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Since Vanek  an d  J irovec [31, 13, 14 ,15 , 16] h a d  described th e  agen t 
responsible for in fan tile  in te rs titia l p lasm ocytic  pn eu m o n ia  and  had  pub lished  
th e  resu lts  of th e ir  d e ta iled  m orphological in v es tig a tio n s , num erous rep o rts  
h av e  been  concerned w ith  th e  taxo logy  o f th e  p a th o g en ic  agen t. H ow ever, no 
f in a l decision has as y e t been reached .

J irovec e t a l., as w ell as som e o th e r au th o rs  believe th e  pathogen ic  
a g en t to  be a pro tozoon, w hile Giese [12], B auch an d  Landstätter  [2], B ie n e n 
gräber  [4], Simon [26], B runs an d  B öttger [6], Szathmáry [29], Székely 
an d  K övér [30], as w ell as Csillag an d  B randstein  [8, 9, 10, 5] have  m ade 
a tte m p ts  a t  proving ex p erim en ta lly  t h a t  th e  agen t w as a c tu a lly  a fungus. A few 
au th o rs  claim  th a t  th e  disease is caused  by  an  as y e t un iden tified  v iru s. T he 
v iru s  th e o ry  had  been  suggested  b y  W eisse  an d  B ieling  an d  was corrobora ted  
recen tly  b y  Moser [19].

T he advocates o f  th e  protozoon th eo ry  h av e  re p o rte d  th u s  fa r on m o r
phological studies o n ly  ; all the  a tte m p ts  a t c u ltiv a tio n  have  failed an d  no 
diagnosis ” ex ju v a n tib u s ”  could be m ade b y  tr ia ls  w ith  protozoicidal ag en ts , 
e ith e r. J irovec e t a l. re fused  to  accep t th e  positive c u ltu ra l results, th e  con
clusions draw n from  th e m  and  th e  ev idence o b ta in ed  in  an im als infected  w ith  
a rtific ia lly  grown fu n g u s. W hile a d m ittin g  th a t  th e  s tru c tu re s  seen in  th e  lung  
o f  an im als infected  w ith  Saccharom yces b ear a ’’su p erfic ia l” resem blance to  
th e  s tru c tu res  observed  in  th e  lungs o f  in fan ts  d ead  w ith  in te rs titia l pneum onia , 
J irovec [13] denied  th e  id e n tity  o f th e  m icroorganism s. N either did he accep t 
as convincing th e  h istopatho log ica l p a tte rn  o f  th e  lu n g  o f mice w ith  ex p eri
m e n ta l disease, th o u g h  B randstein [5] has p o in ted  o u t its  close resem blance 
to  th e  histological changes occurring in  th e  lungs o f  p a tie n ts  dead  of in te rs titia l 
pneum on ia .

Giese  relied on th eo re tica l considerations w hen  he  claim ed th a t  Pneumo
cystis carinii should  be  classified as a fungus an d  sugg ested  th e  nam e Saccharo
myces octosporus [12]. B auch and  Landstätter  [2] lis ted  th e  fungus am ong 
th e  C andidae. These au th o rs  succeeded in  p roduc ing  such  form s of C andidae, 
a s  included  all th e  tra n s ie n t form s o f  th e  p a th o g en  described by J irovec.
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2 A. CSILLAG

Csillag  and B randstein  have re p ea ted ly  succeeded in  g row ing  a S accharo
m y ces from  th e  lungs o f  p a tie n ts  d ied  o f  in te rs titia l pneum onia  a n d , b y  m aking  
m ice  asp ira te  th e  fu n g u s, p roduced  in  th e ir  lungs s tru c tu re s  resem bling  th e  
t r a n s ie n t  and  octosporous form s o f Pneumocystis carinii. In  la te r  experim ents 
[5, 9 , 10] suckling m ice w ere successfully  in fected  an d  developed  p u lm onary  
ch an g es, which, accord ing  to  B r a ndstein , corresponded to  in i t ia l  in te rs titia l 
p n eu m o n ia . T hey  could  n o t be ex p ec ted  to  be  w holly id en tica l w ith  th e  changes 
in  in fa n t lungs, because  th e  m ice succum bed  too soon. Simon [26] regards 
Pneumocystis carinii as a pecu liar v eg e ta tiv e  form  of Candida albicans (th rush ). 
H e  inocu la ted  gu inea  pigs in trap u lm o n a lly  w ith  the fungus, t r e a te d  th em  w ith 
pen ic illin  and , a f te r  som e tim e , found  th a t  th e  anim als developed  th e  tra n s ie n t 
a n d  octosporous form s described  b y  J irovec. B ienengräber  [4] produced 
fo rm s sim ilar to  Pneumocystis carinii b y  inocu la ting  in to  th e  p h a ry n g e a l cav ity  
o f  g u in ea  pigs 3 w ell-defined fungi, viz. Candida tropicalis, Candida pseudotropicalis 
a n d  Candida albicans, an d  also o b ta in ed  th e  form s described w h en  grow ing th e  
fu n g i in  tissue cu ltu res  an d  in  th e  chicken em bryo . SzathmÁry  [29] produced  
th e  ’’ch arac teris tic”  s tru c tu re s  in  th e  sa p ro p h y te  phase o f  a y e a s t grow n from  
th e  lung  o f in fan ts  d ead  o f  in te rs titia l pneum on ia . Székely a n d  K övér [30] 
fo u n d  th a t  th ere  w as a sign ifican t d ifference in  th e  th ro a t sw abs o f  p rem atu re  
in fa n ts  w ith  and  w ith o u t in te rs titia l p n eum on ia , in  th a t  th e  d iseased  in fan ts, 
sw abs contained  Saccharom ycetes, C and idae , Schizosaccharom ycetes an d  a 
’’p e c u lia r  k ind  o f B lastom yces” , th e  la t te r  n o t being p resen t in  sw abs from  
n o rm a l in fan ts. T he sam e fungus could be recovered from  tw o  p a tie n ts  d ied  of 
in te r s t i t ia l  pneum onia w hile i t  w as n o t d e tec ted  in  th e  lungs o f  a  child  dead  
o f  a  d ifferen t d isease. B y  m eans o f ex tensive  h isto topochem ical investiga tions, 
B r u n s  an d  B öttger [6] show ed th a t  Pneumocystis carinii w as n o t a protozoon, 
b u t  a  m icroorganism  o f p la n t n a tu re . T hese au tho rs suggested  th e  fungus to  
be  classified  as a Saccharom yces. W hen  lis ting  th e  pa thogen ic  ag en t am ong 
th e  H ap losporid iae, J irovec h im se lf a d m its  th a t  th e re  a re  a lso  low fungi 
a m o n g  th e  m em bers o f  th is  g roup  [13].

A p a rt from  th e  d ire c t ex p erim en ta l evidences described ab o v e , th e re  are 
a lso  in d irec t a rgum en ts in  su p p o rt o f  Pneumocystis carinii being  a  fu n g u s . A ccord
in g  to  D voracek a n d  N avratil, a n d  Smid (cit. 15) th e  inc idence  o f in te r
s t i t ia l  pneum onia h as  increased  since th e  extensive use o f  su lfonam ides and  
a n tib io tic s . I t  is also com m on know ledge t h a t  th e  incidence o f  d iseases caused 
b y  fu n g i has increased  p ara lle l w ith  th e  use of an tib io tic s . These tw o 
o b se rv a tio n s  obviously  show  th a t  i t  is n o t unreasonable  to  c la im  th a t  in te r
s t i t ia l  pneum onia m a y  be considered a secondary  mycoses co rre la ted  w ith  th e  
u se  o f  an tib io tics. T he p rom otion  o f system ic  mycoses b y  A C T H  a n d  cortisone 
h a s  b een  often rep o rted  [25, 17 ,18]. A ntopol an d  Quittner [1] h a v e  described 
endogenous system ic m ycoses in  m an  as developing after p ro longed  A C TH  ahd  
co rtiso n e  th e rap y . C orre la ting  these  d a ta  w ith  th e  findings b y  W eller  [33],
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a n o th e r evidence p resen ts  itse lf to  th e  view  th a t  Pneumocystis carinii is a fungus. 
W eller has n am ely  succeeded in  in d u c in g  in te rs titia l pneum on ia  in  suck ling  
ra ts  b y  tre a tin g  th e m  w ith  excessive doses o f penicillin a n d  cortisone ; he  a t t r i 
b u te d  th e  resu lt to  an  ac tiva tion  o f  P neum ocystis b y  penicillin  and  cortisone, 
b u t  d id  n o t deal w ith  th e  tax o lo g y  o f  th e  pathogen ic  a g e n t. W ith  reg a rd  to  
th e  above d a ta , we believe th a t  th e  cause m igh t have  been  an  ac tiv a tio n  o f  th e  
y e a s t p resen t in  th e  no rm al r a t .  F in a lly  th e  fungal th e o ry  is supported  also b y  
th e  diagnosis m ade ” ex  ju v a n tib u s”  in  some th e rap eu tic  experim en ts. P etersen  
[20, 21] found P a ra b e n  (para-oxibenzoic acid p ropy lester) in  com bination  w ith  
v ita m in  K 5 to  be effective even in  such cases on in te rs ti t ia l  pneum onia  in  
w hich v itam in  K 5 alone h ad  fa iled . Sabalitschka [24] described in  d e ta il 
th e  effective an tim y co tic  action  o f  P a ra b e n  in a n u m b er o f  system ic m ycoses.

Experimental

In  rep o rts  p u b lished  during  th e  p a s t tw o years [5, 8, 9, 10], i t  h as  been  
described th a t  one a n d  th e  sam e species of Saccharom yces w as recovered  from  
th e  lungs o f a n u m b er of in fan ts  d e a d  o f in te rs titia l pneum on ia . On m ak in g  
suckling  mice to  a sp ira te  th e  fu n g u s th e y  fell ill. T he sm ears m ade o f m a te ria l 
from  th e  lung o f  th e  dead  an im als con ta ined  s tru c tu res  sim ilar to  th e  tra n s ie n t 
an d  octosporous form s of Pneumocystis carinii. B randstein  stu d ied  th e  h is to - 
pa th o lo g y  o f th e  lungs o f mice t h a t  developed th e  disease a fte r  in fection  w ith  
th e  fungus we h a d  iso lated . H e fo u n d  vhe histological p a tte rn s  sim ilar to  tho se  
seen in  p rem a tu re  in fan ts  dead  o f  in te rs titia l p n eum on ia .

A n accoun t o f our fu r th e r  m ycological in v estig a tio n s is p resen ted  
below .

1. W e have m ade a tte m p ts  a t  iso lating  th e  fungus in  question  from  5 
p rem a tu re  in fan ts  dead  of in te rs ti t ia l  pneum onia. In  2 cases th e  fungus could 
be grow n from  ab rased  lung tissu e , in  3 i t  could n o t. In  b o th  positive cases i t  
g rew  to g e th e r w ith  Candida albicans. The fungus could  be iso lated  a f te r  th e  
8 th  and  11th passage, respectively .

2. Two new  an d  one old (1 y e a r  old) s tra in s  w ere u sed  for inducing  disease 
b y  th e  usual tech n iq u e  in su ck lin g  m ice, w ith o u t success. In tra p u lm o n a ry  
in jec tio n  o f th e  fungus also fa iled  to  produce d isease. These observ a tio n s are 
in  agreem ent w ith  th e  earlier experience  th a t  th e  fungus loses its  p a th o g en ic ity  
rap id ly , a f te r  1 o r 2 subcultures.

3. New a tte m p ts  have b een  m ad e  to  p roduce form s sim ilar to  Pneumo
cystis carinii. T he Saccharom yces in  question  h as  been  grow n in v a rious m ed ia  
(blood ag a r con ta in ing  penicillin a n d  s trep tom ycin , corn m eal agar, m a lt agar), 
as well as in tissu e  cultures (ch icken  h e a rt, chicken lung ). A lm ost every  m ethod

1*



4 A. CSILLAG

y ie lded  some tra n s ie n t  form s a fte r d iffe ren t tim es o f g row th , b u t  no convincing 
re su lts  were o b ta in e d  b y  these  m ethods.

H ighly s a tis fa c to ry  resu lts  have been o b ta in ed  b y  th e  use o f  th e  following 
m edium . Adams’ a g a r , contain ing  10 g o f A C TH  and  10 000 U  penicillin per m l, 
w as slanted  in  te s t  tu b e s . A 48-hour cu ltu re  o f th e  fungus w as inocu lated  on 
th e  upper th ird  o f  th e  s la n t so as to  ensure th a t  conditions as soon as possible 
becom e un favourab le  fo r  th e  fungus (exsiccation  o f th e  m edium ). A fter in 
c u b a tio n  for 30 d ay s a t  room  te m p e ra tu re  o r a t  37° C th e  suspension was 
p la te d  out on slides, f ix e d  w ith  m e th an o l a n d  sta in ed  w ith  Giemsa’s sta in .

F ig . 1. Forms of Saccharomyces sp. and Candida tropicalis, containing 1, 2, 4, or 8 smaller
structures 

Giemsa’s stain 
N atural size : 5 to  7 p

T ra n s ie n t and octospo rous form s resem bling Pneumocystis carinii w ere found. 
T h e se  are presen ted  in  F ig . 1.

4. Since th e  a u th o rs  m entioned  in  th e  in tro d u c tio n  h a d  experim ented  
w ith  different k inds o f  C an d id a  and h ad  o b ta in ed  resu lts com parab le  to  ours, 
w e h a v e  cultured Candida tropicalis on th e  above m edium  an d  in  th e  above 
w a y . T he s truc tu res in  q u es tio n  developed as ea rly  as a fte r 20 d ay s . The only 
d ifference  in  th is  re sp ec t be tw een  th e  tw o k in d s  o f fungus w as th a t  th e  cells 
o f  Candida tropicalis exceeded  in  size b y  2 to  3 p. those o f th e  form er fungus 
a n d  t h a t  the  C andida c u ltu re s  contained  n o t o n ly  th e  above m en tio n ed  forms 
a n d  blastospores, b u t  a lso  pseudom ycelia (F ig . 1).
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Discussion

O n th e  basis o f  exp erim en ta l evidence p resen ted  b y  b o th  th e  au th o rs  
re fe rred  to  and  b y  us, as well as a f te r  th e  ev a lua tion  o f  th e  in d irec t evidences 
m en tio n ed , i t  is be lieved  th a t

1. Pneumocystis carinii is a fo rm  o f a k ind  o f y e a s t. I t  is q uestionab le , 
how ever,

2. to  w hich g ro u p  o f yeasts i t  belongs ;
3. w hether th e  tra n s ie n t a n d  octosporous form s develop  b y  sex u a l or 

a sex u a l reproduction  ; an d , f in a lly ,
4 . w hat is a c tu a lly  th e  fro th y  m a te ria l (W abenm asse) d e tec tab le  in  th e  

lu n g  o f  in fan ts d ead  o f  in te rs titia l pneum onia.
A d . 1. J irovec e t al. re ly  exclusively upon  m orphological ev idence  

w hen  th e y  claim th a t  Pneumocystis carinii is a p ro tozoon. J irovec has described  
in  d e ta il th e  m orphology of th e  s tru c tu re  found in  th e  in fan tile  lu ng . T he d e 
sc rip tio n , however, f i ts  well also to  B lastom yces. On th e  basis  o f  carefu l s tu d ie s  
on  th e  stain ing o f  th e  s tru c tu res  observed  in th e  lungs o f  in fan ts , B runs an d  
B öttger [6] s ta te d  th e  pa thogen  to  be a B lastom yces. T he only u n c e r ta in ty  
w as i ts  stain ing p ro p e rty  since B lastom ycetes are u su a lly  G ram -positive, w hile 
Pneumocystis carinii is in itia lly  G ram -positive a n d  becom es G ram -nega tive  
o n ly  la te r  [11, 13, 34]. W hen d escrib ing  our own ex p erim en ts  we have  s ta te d  
concern ing  th e  tra n s ie n t and  octosporous form s p ro d u ced  as described u n d e r  
p o in t 3. th a t  th e y  w ere p a rtly  G ram -lab ile  and p a r t ly  G ram -n eg a tiv e . In  o rder 
to  f in d  ou t w hether th e  n e g a tiv ity  w as not due to  o v erd iffe ren tia tio n  in  s ta in 
in g , G ram -negative an d  G ram -positive  bacteria  ( E . coli an d  Pneumococcus)  
w ere m ixed to  a suspension an d  i t  was shown th a t  th e  G ram -n eg a tiv ity  w as 
rea l. The sim ilarity  o f  th e  tra n s ie n t and  octosporous form s produced  b y  us an d  
b y  o th ers  is very  s trik in g  if  we co m p are  th e  figures in  o u r re p o rt an d  in  Sim on’s 
p a p e r  [26] w ith  th e  draw ings p u b lish ed  in one of th e  re p o rts  [31, page 11] by  
J irovec. In  a recen t rep o rt, W eller  has tried  to  claim  t h a t  he  h ad  n o t b een  ab le 
to  reproduce th e  experim ents e i th e r  of Bauch an d  Landstätter , or o f  Sim on , 
o r  o f  Csillag an d  B randstein . A s to  th e  criticism  concern ing  ou r w ork , we 
a re  unab le  to  accep t W eller’s argum en ts, because he  d id  no t id en tify  th e  
fu n g u s used in h is experim ents. A ll he has w ritten  is th a t  he used ” a fungus 
g row n  from th e  lung  o f in fan ts d e a d  of in te rs titia l p n eu m o n ia” . A wide v a r ie ty  
o f  B lastom yces m a y  be grown fro m  cadaver lungs, th a t  m igh t have  en te red  
th e  lung  by  asp ira tio n  prior to  d e a th .  Thus it  is n o t very  p ro b ab le  th a t  th e  fungus 
used  by  W eller is iden tica l w ith  th e  one we have  iso la ted . On th e  o th e r h a n d , 
even  if  he used th e  fungus we d id , his experim ents could n o t succeed, since th e  
s tra in  had  been ca rried  over m a n y  passages and , as i t  h a s  often  been em phasized , 
th e  fungus loses its  p a th o g en ic ity  very  rap id ly . T h is experience agrees w ith  
th e  s ta tem en t b y  J irovec [14] t h a t  ’’the  p a th o g en ic ity  o f  th e  causative agen t
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is n o t  g reat an d  w ill develop  obviously o n ly  in  a host a lre a d y  d am ag ed ” . The 
sa m e  follows from  th e  observation  p u b lish ed  b y  W eisse  a n d  W edler [32] 
t h a t  in  th e  lungs o f  unse lec ted  cadavers Pneumocystis carinii could  be dem on
s t r a te d  under th e  m icroscope, w ithou t a n y  previous h is to ry  o f  clinical disease.

Ad 2. Since d iffe ren t au tho rs h av e  succeeded in  p ro d u c in g  form s sim ilar 
to  Pneumocystis carinii b y  th e  use o f fo u r d is tin c t, w ell-defined  s tra in s  of fungus, 
th e  place of th e  p a th o g e n  w ith in  th e  g roup  o f B lastom ycetes h a s  no t y e t been 
de te rm in ed . The B lasto m y cetes  are n o t a uniform  taxo log ica l g roup  and  th e  
d is tin c tio n  betw een  subg ro u p s is vague. F o r exam ple, C and idae  m a y  be con
sid e red  to  be E ndom ycopses w-hich h av e  lost th e  a b ility  to  fo rm  asci, o r have 
n o  know n sexual fo rm . Likew ise, one m a y  look upon  C rip tococci as being 
anascosporogenic S accharom ycetes o r a  k in d  o f  C andidae n o t p ro duc ing  m ycelia. 
T h e  developm ent o f  th e  sex u a l form  an d  m ycelium  p ro d u c tio n  are properties 
g re a t ly  dependent u p o n  a c tu a l living cond itions and  th e  inclusion  of one or 
a n o th e r  B lastom yces in  one group or a n o th e r  m ay  n o t a t  a ll be  final. For 
ex am p le , B enham p ro d u ced  a sexual form  o f Criptococcus neoformans [3] and 
th u s  th is  fungus c a n n o t be  considered to  be  one of th e  C rip tococci. Connel 
a n d  Skinner [7] h a v e  s ta te d  concerning 13 Criptococci th a t ,  a lth o u g h  these 
d id  n o t change for tw o  y ea rs  a fte r iso la tio n , a f te r  th a t  t im e  th e y  began to  
p ro d u c e  pseudom ycelia, lik e  C andidae do. Connel an d  Sk in n e r  believe th a t  
C an d id ae  are th e  R  v a r ia n ts  of Criptococci. No f in a l d iv ision  can  be m ade on 
b ioch em ica l basis, e ith e r . R anque and  D epied a  [23] observed  C an d id a  s tra in s 
o v e r  a period o f 5 y ea rs  a n d  found  th a t  on su b cu ltu rin g  th e  fun g i lost th e  ab ility  
to  fe rm en t m altose a n d  laevu lose  and  could fe rm en t glucose on ly . W e, too , have 
fo u n d  th a t  th e  fungus grow n from  the  lung o f  p a tie n ts  w ith  in te rs ti t ia l  pneum onia 
r a p id ly  loses its  fe rm e n ta tiv e  capacity  on su b cu ltu rin g . In  v iew  o f these  facts 
i t  is  n o t a t  all as to n ish in g  th a t  form s s im ila r to  Pneumocystis carinii could be 
p ro d u c e d  from  a v a r ie ty  o f  re la ted  B lastom yces. I t  seems rea so n ab le  to  suggest 
t h a t  th e  stru c tu re  in  q u es tio n  is no t one o f  th e  form s o f a c e r ta in  B lastom yces, 
b u t  is  th e  non-specific form  o f several, re la te d  B lastom ycetes.- T h is theory , 
p u t  fo rw ard  b y  us ea rlie r  [9], seems to  h av e  been  su b s ta n tia te d  b y  th e  evidence 
d e r iv e d  from  our recen t experim en ts. T h e  only  po in t a p p a re n tly  discrediting 
th e  v iew  th a t  th e  p a th o g en ic  agen t m ay  be  a C andida is t h a t  pseudom ycelia 
o r  m y ce lia  are not p resen t in  th e  lungs a f te r  d e a th  due to  in te rs t i t ia l  pneum onia, 
a l th o u g h  Candidae a re  know n  to  produce la rg e  am oun ts o f th o se  s tru c tu re s . The 
a ssu m p tio n  th a t  th e  p a th o g en ic  agen t is non-specific  in  n a tu re  is in  agreem ent 
w ith  S uranyi’s [27] v iew  p u t  forw ard  on g rounds o f c lin ical observa tions th a t  
t h e  d isease  is not n ecessarily  elicited b y  a single m icroorganism  ; i t  suffices to  
c o n s id e r  th e  la tte r  en tire ly  ju s tif ie d  to  m ak e  a single pathogen ic  ag en t responsible 
fo r  th e  disease.

A d  3. I t  has n o t b een  decided, e ith e r , w hether th e  tra n s ie n t  and  octo- 
sp o ro u s  forms arise b y  se x u a l or asexua l rep ro d u c tio n . Gie se , B runs and
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B öttger, as well as Csillag and  B randstein  th in k  th a t  th e  s tru c tu re s  in  
question  are asci. In  su p p o rt of th is  v iew  is the  fa c t th a t  th e y  arise u n d er u n fa 
v o u rab le  conditions a fte r  th e  lapse o f  som e tim e  an d  th a t  th e  num ber o f  th e  
sm aller s tru c tu res  in  th e  cell is lim ited  to  8 ; in  q u ite  ex cep tional cases th e re  
h av e  been  found 16. On th e  o ther h a n d , th e re  is th e  co n trad ic to ry  fa c t t h a t  in  
b o th  th e  s tru c tu res  produced  in vitro a n d  those recovered  from  in fan t an d  m ouse 
lungs th e  sm aller s tru c tu re s  sta in  b ro w n  w ith  sa fran in m alach ite  g reen , an d  
n o t g reen  like ascospores do. In  a sing le  case we have succeeded in  p ro duc ing  
th e  ty p ic a l ascus s ta in in g , b u t th e  experim en t could n o t be rep roduced . In  
genera l, th e  sexual form s of fungi do n o t arise in  th e  pathogenic  phase, th o u g h  
th is  m a y  occur excep tionally . Raabe  [22] found  asci o f  an  Ascom yces in  th e  
k id n ey  o f  a  C ephalopoda : th e  ascus con ta in in g  8 ascospores, p resen ted  in  F ig . 
1, b ea rs  a close resem blance  to  Pneumocystis carinii. A ccording to  Simon (26), 
Pneumocystis carinii is n o t a sexual, b u t  a v eg e ta tiv e  form , which arises u n d e r 
specific conditions. A ccording to  B ien en g r ä ber  [4] i t  is p robab le  th a t  th e  sm all 
s tru c tu re s  d e tec ted  in  Pneumocystis carinii are com posed o f nuclear su b stan ce , 
as i t  is suggested b y  th e ir  reac tion  to  F eulgen’s sta in , th o u g h  he leaves th e  
question  open an d  w ith  th a t  th e  s tru c tu re s  m igh t as well be p lasm agel, ch ro m o 
som es or endospores, too . N either a re  B auch a n d  Landstätter  [2] d e te rm in ed  
on th e  sub jec t ; th e y  believe th e  sm a ll s tru c tu re s  to  arise as a resu lts o f  n u c lea r  
div ision . This view  is corroborated  b y  th e  fa c t t h a t  th ese  form s ra p id ly  arise  
u n d e r th e  m utagen ic  influence of pen icillin  (Levan an d  Tjis [cit. 26]). Szath- 
mary [29] sup p o rts  th e  view  of B auch  and  Landstätter , since i t  w as possib le  
to  p roduce th e  sm all s tru c tu res  b y  th e  po lyp lo id isation  m ethod .

A d 4. T he fro th y  substance fo u n d  in th e  lungs o f  p a tien ts  d e a d  w ith  
in te rs ti t ia l  pneum onia  (W abenm asse) is ex p la ined  unequ ivocally  b y  m ost 
au th o rs . A ccording to  Gie se , th e  f ro th y  substance  is a c tu a lly  a m ass o f  fu n g u s 
colonies, while B auch an d  Landstätter , as w ell as Szathmáry claim  t h a t  i t  
is com posed o f a m ass o f  em pty  B lastom yces cell w all from  w hich th e  c y to 
p lasm  h ad  been dissolved, leaving b e h in d  th e  fuchsin -sta in ing  nuclei an d  n u c lea r  
com ponents, th e  la t te r  being m ost re s is ta n t to  fe rm en ta tiv e  b reakdow n . O ur 
ow n experim ents revea led  th a t  in  th e  colonies o f fungus grow n in vitro fo r m ore  
th a n  a m on th  th u s  are  m an y  forms o f  w hich on ly  th e  e m p ty  cell wall h ad  re m a in e d  
p resen t. In  som e cases m asses o f su ch  form s show  th e  p a tte rn  o f th e  f ro th y  
su b stance . B runs an d  B öttger believe th a t  th e  o p tica lly  em p ty  fro th y  su b 
stan ce  arises in  consequence of a sh rin k in g  o f th e  cy toplasm  and  a loss o f  fa t  
co n ten t during em bedding  and th u s  claim  to  be an  a rte fa c t.
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SUMMARY

We have succeeded in producing transien t and octosporous forms similar to  Pneumocystis 
carinii by growing in  m edia containing ACTH and penicillin both the Saccharomyces we had 
isolated and Candida tropicalis. On grounds of th e  experim ental evidence i t  is suggested th a t 
Pneumocystis carinii is th e  non-specific form of several, related Blastom ycetes.

The literature on th e  fungal nature of Pneumocystis carinii has been reviewed.

Note

After this rep o rt had  been submitted for publication , has U. K. P e t e r s e n ’s paper been 
published in the A rchiv fü r  Kinderheilkunde 151, 215 (1955), stating th a t in terstitia l pneumonia 
is due to fungal infection, since it  could be cured b y  the  adm inistration of antimycotics.

After com pletion of this paper have we received the study by Sch m id  (F rankf Ztschr- 
P a th . 66/4, p. 456. 1955), in  which by isolation and very  careful and detailed experiments 
in  vitro the mycotic n a tu re  o f Pneumocystis carin ii w as established, and the agent identified 
as Saccharomyces frag ilis .

JiROVEC’s and V a n e k ’s critique (Zbl. P a th . A nat. 94. 1956) concerning our work 
will be reflected in a following paper.
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VERWANDLUNG DES PROGESTERONS  
IN 11-EPICORTICOSTERON MIT HILFE  

VON ASPERGILLUS NIGER

Von

G. W ix , E . W e is z  und M. B o d á n sz k y

Forschungsinstitut fü r  Pharmazeutische Industrie, Budapest 

(Eingegangen am  24. Januar 1956)

D ie E in fü h ru n g  von  einer H y d ro x y lg ru p p e  a u f  das K oh lensto ffa tom  11 des 
P rogesterons in  a-S tellung  m it H ilfe v o n  R hizopus-A rten  w urde  von  P e t e r s o n  
u n d  M ita rb e ite rn  [1] bereits f rü h e r  beschrieben. Ä hnliche R esu lta te  e rg ib t 
au ch  d ie  O xydation  des P rogeste rons m it Aspergillus niger [2], Pestalozia foe- 
dans [3] bzw. Trichoderma viride [4 ].

M e y s t r e , V is c h e r  und W e t t s t e in  ste llten  aus P rogeste ron  u n d  an d eren  
S te ro id en  du rch  biologische O x y d a tio n  m it O phiobolus-A rten  21-O xyderivate  
d a r  [5].

N euerd ings fü h rte n  Zaffaroni u n d  [6] M itarbe ite r die S u b stitu ie ru n g  d er 
H y d ro x y lg ru p p e  am  (21)-K ohlensto ffatom  auch m it dem  S tam m  Aspergillus 
niger du rch , so dass sie z. B . aus P rogesteron  D esoxycorticosteron  u n d  aus 
lla -O x y -p ro g e s te ro n  11-E picorticosteron  gew annen [6]. D iese V erfasser b eo b 
a c h te te n  ebenfalls die B ildung w e ite re r , s tä rk e r p o la re r Substanzen .

In  der vorliegenden  M itte ilu n g  w ird über die B eo b ach tu n g  b e ric h te t, 
d ie im  L aufe d er F e rm en ta tio n en  m it dem in  unserem  In s t i tu t  iso lierten  
A spergillus n igcr-S tam m  gem acht w u rd en . Bei diesen F erm en ta tio n sp ro zessen  
w u rd en  gleichzeitig  an  zwei S te llen , an  K oh lensto ffa tom en  11-a u n d  21 des 
P rogesterons H ydroxy lg ruppen  e in g e fü h rt. A usser dem  e n stan d en en  E picortico - 
s te ro n  tr a te n  auch  andere, s tä rk e r  p o la re  Stoffe au f. V on diesen gaben  einige 
m it T ripheny lte trazo lium chlo rid  (T T C ) eine positive F a rb en reak tio n , w äh ren d  
sich diese R eak tio n  bei anderen a ls  n eg a tiverw ies. Die A nw esenheit d e r le tz 
te re n  k o n n te  m it P ap ie rch ro m ato g rap h ie  durch A nw endung von  p h th a lsau rem  
p -P hen y len d iam in  als In d ik a to r [7] nachgew iesen w erden .

B ei der Iden tifiz ierung  der im  L aufe  der F e rm en ta tio n  e n ts ta n d e n e n  P ro 
d u k te  s tü tz te n  w ir uns teilweise a u f  papierchrom atograph ische , teilw eise a u f  
p rä p a ra tiv  chrom atographische A n g ab en . D as zu stan d e  gekom m ene 11-Epi- 
co rtico ste ro n  w urde  in k ris ta llin e r  F o rm  isoliert u n d  die gem essenen W erte  
des Schm elzpunk tes sowie des spezifischen  D rehungsverm ögens w u rd en  m it 
den  L ite ra tu ra n g ab e n  verglichen id e n tif iz ie rt.
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E xperim en te lle r Teil

A) Mikrobiologische Methoden

Der verwendete S tam m  w ar der im In s titu t zur Zitronensäureproduktion isolierte Orga
nism us Aspergillus niger 47. D er Stamm wurde durch m onatlich vorgenommene Überimpfungen 
a u f  Bierwurzeagar erhalten . Die von diesem N ähragar bereitete Sporensuspension diente als 
Im pfsto ff bei Impfung der Schüttei- bzw. Ferm entorkulturen. Die Menge des Impfstoffes betrug 
1 V ol% , die Sporenzahl in  der benutzten Sporensuspension 150 000— 200 000//Л.

Bei Schüttelkulturen w urden 100 ml N ährboden in Erlenm eyerkolben von 500 ml, bei 
Ferm entorversuchen 5 1 N ährboden in Laboratorium sglasferm entoren von 10 1 verwendet. 
E rste re  wurden hei 120° C 15 M inuten lang, letztere bei derselben T em peratur 40 Minuten lang 
sterilisiert. Auf dem Schütte lgerüst in den Kolben betrug  das Ausmass der 0 2-Absorption mit 
d e r Sulphitmethode gemessen [8] 6 mM/l/Std., in den Ferm entoren hingegen 14 mM/l/Std. 
D ie Züchtung wurde bei 28° C durchgeführt.

Zu 100 ml N ährboden w urden 20 mg Progesteron gegeben, letzteres in  Aceton gelöst, 
d u rch  Seitzfilter filtrie rt und  steril zu den K ulturen  hinzugefügt.

B) Isolierung der Oxydationsprodukte

D as F erm en ta t w u rd e  vom  M yzelium  du rch  F iltr ie ren  g e tren n t, das 
M yzelium  m it A ceton  u n d  d a n n  m it Chloroform  gew aschen. D er m it der W asch
flü ssigke it verein ig te F e rm e n tsa f t w urde m it Chloroform  von gleichem  Volum en 
e x tra h ie r t ,  wobei d a s  C hloroform  in d re i g leichen Teilen zugefüg t w urde. Die 
v e re in ig ten  E x tra k te  w u rd en  m it 0,1 n  S alzsäure von  1/10 V olum en, 2% iger 
N a H C 0 3-Lösung u n d  schliesslich m it d es tillie rtem  W asser gew aschen, m it 
N a 2S 0 4 getrocknet u n d  b e i verm indertem  D ru ck  e in gedam pft. D er R ückstand  
w u rd e  in  Chloroform  aufgenom m en, eine M enge von  e tw a 400 у  a u f  P ap ier 
g e tro p f t  und  m it T rip h en y lte trazo liu m ch lo rid  (TTC) u n te rsu c h t. E ine posi
t iv e  F arb en reak tio n  w e is t a u f  die A nw esenheit e iner O xygruppe in  21-Stellung 
h in . 100 y C ortexonlösung  w urden  ebenfalls a u f  d as  P a p ie r  g eb rach t so dass 
a u s  dem  Vergleich d e r  F a rb e n in te n s itä te n  auch  a u f  das A usm ass der U m w andlung 
g efo lg ert werden k o n n te .

C) Ergebnisse

D er von uns iso lie rte  z itronensäu rep roduz ie rende  S tam m  sowie die in te r
n a tio n a l  bekann ten  S tä m m e  72—4 und  72—2 w urden in  je n e r  B eziehung u n te r
su c h t, ob sie das P ro g es te ro n  in eine m it TTC reag ierende V erb indung  verw an
d e ln . D ie U n tersuchung  d e r  F e rm en ta te  e rg ab , dass lediglich d er von  uns iso
lie r te  S tam m  au f TTC reag ie ren d e  F lecke aufw ies. (In  den  e rw äh n ten  V ersuchen 
w u rd e  das P rogesteron  d e n  g u t en tw ickelten  K u ltu re n  in  je  L ite r  10 g Glucose 
u n d  20 g M aisquellw asserkonzen tra t e n th a lte n d e r  w ässriger N ährlösung  
zugegeben . Die Z ü ch tu n g  w urde  nach  Z ugabe  des P rogesterons noch  v ier Tage 
la n g  fortgesetzt.) D a n a c h  w u rd en  die V ersuche in  bezug  a u f  die M öglichkeiten 
d e r  V eränderung d er F e rm en ta tio n sv e rh ä ltn isse  n u r  m it unserem  eigenen S tam m
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Tabelle I
E in fluss der Zusammensetzung des Nährbodens a u f die Produktion einer mit TTC  reagierenden

Verbindung

Z u sam m en se tzu n g  u n d  p H  des v e rw e n d e te n  N ährbodens
p H  beim 
Abstcllën

i
F a rb e n 

in te n s i tä t

.
3,34

2. 10 g Glucose
10 g M aisquellwasserkonzentrat

5 g Casatuin je  1000 ml Leituugswasser, pH  =  7 ............................. 3,47 ; - f - r - T

3. 1000 ml H efeextrakt +  10 g Glucose, p H  — 6 ...................................
4. 5 g Maisqucllwasserkonzentrat,

4,38 : + + + +
1
1

6 .

5 g Casamin,
50 g Glucose je 1000 ml Leitungswasser, pH  =  6 .............................
50 g Pepton,
60 ml H efeextrakt,

5 g Glucose,
12,8 ml F leischextrakt je  100Ö ml Leitungswasser, pH  =  7 ...........

(Bemerkung : Das W achstum des Myzels war selir schwach.)
5 g Sojamehl,

20 g Glucose,
5 g N a d ,
5 g K H ,PO ,,

10 m l H efeextrakt je  1000 ml Leitungswasscr, pH  =  6 , 5 ...............
7. 20 g Malzextrakt,*

10 g Pepton je  1000 ml Leitungswasser ................................................
8. 50 g Glucose,

0,5 g K H ,PO „
2,5 g Na,SO,,

1 g KNOj je 1000 ml destilliertes W asser ..........................................
9. 10 g NH,NO.,,

10 g Glucose,

20 g Maisquellw asserkonzentrat je  1000 ml Leitungsw asser, pH  =  6 
1 g A m inoniinntartarat,
0,25 g MgSO,,

0,50 g K ,H PO „
0,25 g KCl,
0,005 g FeSOj.

25 g Glucose,
5 g Maisquellw usserkonzentrat je  1000 ml Leitungswasscr, pH  =  5

10.

2,67

2,51

3,17

1,86

3,50

! _

+  +  +

- +

2.32 I 4-
Zeichenerklärung : die Anzahl der K reutze zeigt die m it TTC erhaltene F arbenin tensitä t an. 

Vier Kreuze bedeuten eine 25 —30°/oige Umwandlung 
* Die V eränderung der K onzentration beider K om ponenten hat die A usbeute nicht

erhöht.
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vorgenom m en. D ie U ntersuchungen  s in d  in  den  Tabellen I ,  I I ,  I I I  u n d  IV  zu
sam m engefasst.

Tabelle II

Bestimmung des Zeitpunktes der Verabreichung und Umwandlungszeit 
(Den 1- und 2tägigen Kulturen des N ährbodens N r. 7 wurde Progesteron zugegeben 

und  die Ferm entation verschieden lange fortgesetzt.)

V e rw e n d e te r
N ä h rb o d e n

A lte r  d e r  K u l tu r  
bei d e r  Z u g a b e  v o n  

P ro g e s te ro n

Z e itp u n k t d e r  A b s te llu n g  
d e r  F e rm e n ta t io n p H  beim  A bstellen F a rb e n in te n s i tä t

7. 2 t ä g i g ............................... 24 S tunden 2,61 + +
2 t ä g i g  ............................... 48 » 2,89 + + +
2  t ä g i g ............................... 72 » 4,06 + + + +
2  t ä g i g ............................... 96 » 4,00 + + + +
2  t ä g i g ............................... 120 » 4,10 + +
I t ä g i g .............................. 24 » 3,33 +
I t ä g i g ............................... 48 » 2,27 + +
I t ä g i g ............................... 72 » 2,83 + + +

Tabelle II I

Bestimmung der optimalen Substratmenge
(D er 2tägigen K ultur des Nährbodens Nr. 7 wurde Progesteron in wachsender Menge zugegeben,

jeweils in  1 m l A ceton gelöst.)

V e ra b re ic h te s  P rogesteron  
m g

p H  b e im  
A b s te lle n F arb en in ten s itä t

l . 1 0 2,78 + +  +
2 . 2 0 2,85 + + + +
3. 50 2,90 + +
4. 1 0 0 2,87 4*

N ach  Im pfung  m it e iner aus von 6 T ag e  b is 3 M onate a lten  K u ltu r  berei
te te n  Sporensuspension b lieb  die W irkung  s te ts  gleich.

L a u t der besp rochenen  B eobach tungen  e rh ä lt m an also die m eisten  m it 
T T C  reag ierenden  P ro d u k te , wenn der a u f  N äh rb o d en  N r. 7 g ezü ch te ten  2tägi- 
gen  K u ltu r  20 m g P ro g este ro n  zugegeben w erden  u n d  3 Tage s p ä te r  d er V er
su ch  abgeste llt w ird .

»
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Tabelle IV

Resultate bei verschiedenen p H  Werten des Fermentais 
N ährboden №  7

p H -W e rt  bei d e r V erabre ichung
p H  beim  
A bstellen F a rb e n in te n s i tä t

Einstellung m it Z itratpuffer:

2,27 2,62 + + +
2,98 2,86 + + +
3,72 3,58 + + +
4,50 4,00 + + +

Kontrolle 2,17 3,33 + + + +
Einstellung m it Phosphatpuffer :

1,64 1,90 + + + +
1,42 1,62 + + + +
1,12 1,28 + + +
1,05 1,14 +

Kontrolle 1,88 3,19 + + + +

A u f G ru n d  dessen w urden in  S c h ü tte lk u ltu r  3,8 1 F e rm e n ta t b e re ite t u n d  
n ach  Z ugabe  sowie U m w andlung von  760 m g Progesteron die Iso lierung  d er 
e n ts ta n d e n e n  P ro d u k te  versuch t. N ach  V erarbeitung  des F e rm e n ta is  la u t  
d e r besprochenen  M ethode ergab das rohe  E x tra k t  eine positive F a rb e n re a k tio n  
m it TTC . Bei der p ap ie rch rom atog raph ischen  U ntersuchung  (im P ro p y le n 
g lykol-T oluolsystem ) w urden als K on tro lle  C ortexon, sowie fü r  diesen Zweck 
aus lla -O x y p ro g e s te ro n  m it Aspergillus niger dargestelltes lla -2 1 -D io x y p ro - 
gesteron  en th a lten d es  E x tra k t  angew endet. Die C hrom atogram m e w urden  
m it e iner l% ig e n  alkalischen, w ässerigen TTC-Lösung en tw ickelt. D as R eagens 
w urde v o r  d er V erw endung frisch b e re ite t : 0,1 g TTC w urde in  5 m l W asser 
gelöst u n d  m it 5 ml n N aO H  v e rd ü n n t. C ortexon t r a t  n ich t e inm al in  S puren  
au f, es w a r hingegen ein b ed eu ten d  s tä rk e r  polares, m it TTC eine positive  
R e a k tio n  ergebendes P ro d u k t nachw eisbar. (Dies k o n n te  sp ä te r  a ls l la -2 1 -  
D ioxyprogesteron  iden tifiz iert w erden.) (A bb. 1)

Im  selben System , aber als K on tro lle  Progesteron, lla -2 1 -D io x y p ro g este - 
ron  u n d  lla -O x y p ro g este ro n  b en u tzen d , w urde als In d ik a to r  e ine  85% ige 
Isop ropano llö sung  von p h th a lsau rem  p -P heny lend iam in  verw endet (8,3 g P h th a l
säure  in  425 m l Isopropy lalkoho l u n d  2,4 g p -P heny lend iam in  in  75 m l d e s t. 
W asser).

A u f  G rund  des le tz te ren  C hrom atogram m s w ar festzuste llen , dass das 
A usgangsprogesteron  im  L aufe d e r F e rm en ta tio n  völlig verschw and  u n d  dass 
n eben  dem  wenigen lla -O x y p ro g es te ro n  eine m it TTC reag ierende, s tä rk e r
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polare S u b stan z , e in  sp ä te r  als lla -2 1 -D io x y p ro g este ro n  identifiz iertes P ro d u k t 
anw esend w ar (A bb . 2).

D anach  w u rd e  das 1,10 g R o h e x tra k t a u f  B rockm anschem  ak tiv em  
A120 3 ch ro m a to g ra p h ie rt. Das E x tra k t  w urde  in  60 m l Benzol gelöst a u f  die 
au s  30 g A120 3 b e re ite te  Säule au fgetragen , m it 4 X 50 m l Benzol, 4 X 50 m l Ä th er, 
sodann  m it den  G em ischen von 45 m l Ä th e r +  5 m l Ä th y lace ta t, 35 m l Ä th e r -f- 
+  15 ml Ä th y la z e ta t , 25 ml Ä ther +  25 m l Ä th y la z e ta t, 35 m l Ä th y laze ta t +  15

1. E p ic o rtic o e te ro n  R o h e x t r a k t  =  1. 1 5 /a  R o h e x t r a k t  des  E p ic o rtic o s te ro n e  400 y
=  15/a  400 y  2 , A / f 7  330y 3. Cor- 2. A /1 7  330 y  3. 1 la -O x y p ro g c s te ro n  100 y
tex o n  100 y  E n tw ic k lu n g s z e it  : 81' 4. P ro g e s te ro n  100 y

m l Ä th er u n d  sch liesslich  zweim al m it 50 m l Ä th y la z e ta t e lu iert. In sgesam t 
w u rd en  1,050 g des Stoffes zurückgew onnen. D ie einzelnen F rak tio n en  des 
C hrom atogram m s w u rd en  durch  T ro p freak tio n  m it TTC bzw . p h tha lsau rem  
p -P heny lend iam in  a u f  P ap ie r un te rsu ch t. D ie F ra k tio n e n  1 — 6 (der gesam te 
T ro ck en rü ck stan d  b e tru g  0,2526 g) e rg ab en  m it TTC u n d  p h tha lsau rem  p- 
P heny lend iam in  e ine  n eg a tiv e  R eak tio n , die v o n  d e r völligen U m w andlung 
des Progesterons z eu g te . Dies b e s tä tig ten  au ch  die papierchrom atograph ischen  
U ntersuchungen  d e r e inzelnen  F rak tio n en . D ie F ra k tio n e n  7—14 ergaben m it 
TTC  eine positive R e a k tio n , und  zw ar die F ra k tio n e n  11 u n d  12 die in tensiv sten . 
D ie einzelnen F ra k tio n e n  p ap ie rch rom atog raph isch  u n te rsuchend , erschien in
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den  F rak tio n en  7 u n d  8 neben lla -2 1 -D io x y p ro g este ro n  ein s tä rk e r p o la re r  
u n d  m it TTC n eg a tiv  reag ierender F leck , der in  dem  m it p h th a lsau rem  p- 
P hen y len d iam in  ind iz ierten  C hrom atog ram m  g u t w ah rn eh m b ar w ar (A bb. 3 
u n d  4).

D asselbe M uster zeigte im  P ropy leng lyko l-T o luo lsystem , neben C ortexon  
u n d  E p icorticosteron  en tw ickelt, d ie  A nw esenheit des lla -2 1 -D io x y p ro g este ro n s 
ohne E rscheinen  des C ortexons.

D er B u c h s ta b e  « b e d e u te t  
d ie  in te n s iv e re n  F lecke . 
D er B u c h s ta b e  a* b e d e u te t  
d ie  in te n s iv e re n  F lecke , 
d ie  m it  T r ip h e n y l te t ra z o l i-  
u m ch lo r id  (T T C ) R eagens 
n e g a tiv e  R e a k t io n  geben. 
D e r B u c h s lu b e  b b e d e u te t  
d ie  m a t te r e n  F leck e .

Abb. 3
1. 1 5 /a  =  d e r  R o h e x tra k t  des E p i-

c o rtico s te ro n s  400 y
2. А / 17/7 400 у  3. А / 17/8 400 у  

4. 11-« O x y p ro g es te ro n  100 у
E n tw ic k lu n g s z e it :  81'

1. 15 /a  — R o h e x tra k t  400 y  des 
E p ic o rtic o s te ro n s  

2. C o rtex o n  200 у
3. F r a k t io n  А 17/7 200 у
4 . F ra k tio n  А 17/8 200 у

A uch die F rak tio n en  9, 10, 11, 12, 13 und  14 w urden  p ap ie rch ro m ato g ra
phisch  g ep rü ft. Säm tliche F rak tio n en  w urden  paralle l in zwei C hrom atogram m en 
u n te rsu c h t. Im  e rsten  C hrom atogram m  w urde neben  den  K ontro llstoffen  auch  
C ortexon und  E p icorticosteron  im  Propylenglykol-T oluolsystem  en tw ick e lt. 
Als E p icorticosteron  w urde ein R o h e x tra k t des du rch  m ikrobiologische O xi
d a tio n  überw andelten  lla -O x y p ro g este ro n s  verw endet =  15/a und  als In d i 
k a to r  TTC b e n u tz t. Im  para lle len  C hrom atogram m  w urden  neben dem  zu 
p rü fenden  M uster auch lla -O x y p ro g e s te ro n  und  lla -2 1 -D io x y p ro g este ro n  =  
— 15/a en tw icke lt. D anach  w urde  d as  C hrom atogram m  m it ph th a lsau rem  p- 
P heny lend iam in  entw ickelt.
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In  keiner d e r an g efü h rten  F ra k tio n e n  w ar C ortexon anw esend, in  allen 
w aren  11-E picorticosteron  und  ein an  d er A usgangsstelle  verb leibender, m it TTC 
p o s itiv  reag ierender F leck  nachw eisbar, sowie in  einzelnen F rak tio n en , z. B . 
in  d e r  7. auch Ila -O x y p ro g este ro n .

D ie m it TTC p o sitiv  reag ierende, re ich s te  F rak tio n  11 (0,1897 g) w urde 
a u s  Ä th y laze ta t d u rch  Z ugabe von H ex an  k ris ta llis ie rt. D ie K ris ta lle  w urden 
m it  einem  Gem isch von  w enigem  H ex an  u n d  Ä th y laze ta t gew aschen und  in

Abb. 5
1. K ris ta ll in is c h e s  E p ic o rt ic o s te ro n  

100 y
2. А /17/11 F r a k t io n  100 у 

E n tw ic k lu n g s z e it  : 7 .5Ь

Abb. 6
1. 15 /a R o h e x tra k t  400 у  des 

E p ic o rtic o s te ro n s
2. A /17/11  K r is t .  E p ic o rt ic o s te ro n  

a u s  F erm en tlö su n g  200 у  
3. I la -O x y p ro g e s te ro n  100 у

d e r  V akuum pisto le  b e i 61° C getrocknet. D ie A usbeute  w ar 16,4 m g bei 153— 
154° C schm elzendes k ris ta llin es  P ro d u k t. Spezifisches D rehungsverm ögeD : 
[a ]D =  -f- 163° (c =  0,6, in  A lkohol). N ach  L ite ra tu ra n g ab e n  is t d er Schm elz
p u n k t  des E p icorticosterons 150—155° C, sein  spezifisches D rehungsverm ögen 
[a ]D =  -f- 165° (c =  0,8, in  Alkohol) [2]. A uch  die papierchrom atographische 
U n te rsu ch u n g  b e s tä tig te  d ie  Iden tifiz ierung  des isolierten 11-Epicorticosterons 
(A bb . 5 und  6). E in  ähn liches R esu lta t e rg ab  sich bei den F erm en ta tio n en  in  
G lasferm en to ren  von  10 1. In  diesen w ar d a s  S u b stra t 1 g P rogesteron  in  5 1 
F e rm e n ta t .  H ier ge lan g  es ebenfalls, d u rc h  C hrom atographie  an  A l20 3-Säule 
d a s  en ts tan d en e  E p ico rtico ste ro n  an zu re ich em  u n d  als K rista lle  zu isolieren.
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Die A n g ab en  der ch ro m ato g rap h isch en  U n tersuchungen  s tim m ten  m it denen 
von S ch iitte lk u ltu ren  überein .

M it 17a-O xyprogesteron sowie 16-,17-O xydoprogesteron als S u b s tra t 
k o n n te n  in  S chü tte lversuchen  keine m it TTC reag ie renden  F lecke e rh a lte n  
w erden .

*

A n dieser Stelle wollen w ir unseren  M itarbeitern  F ri. I .  A ndrassy  und  
F ri. E . Major fü r ihre w ertvo lle  H ilfe bei den V ersuchen unseren  D an k  au s
sp rechen .

ZUSAMMENFASSUNG

M it Hilfe des in unserem In s titu t zur Erzeugung von Zitronensäure isolierten Aspergillus 
niger Stam m es 47 wurde aus Progesteron in  einer Stufe 11-Epicorticosteron dargestellt. Der 
S toff w urde in Kristallform isoliert und auf Grund des Schmelzpunktes, Drehungsvermögens 
sowie m it Papierchrom atographie identifiziert.

Diese Ümwandlungsfähigkeit is t keine gemeinsame Eigenschaft aller Aspergillus-niger- 
Stäm m e, es gibt solche, die vom S tandpunk t der Biooxydation aus völlig inaktiv  und  solche, 
die zur E inführung nur der einen H ydroxylgruppe (z. B. in 1 la-Stellung) geeignet sind.

Die Umwandlung m it Hilfe des Aspergillus niger-Stammes (7) füh rt n icht zu einem 
einheitlichen P rodukt ; ausser dem 11-Epicorticosteron entstehen auch andere, noch stärker 
polare Stoffe.
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In  1937 and  1938 respective ly  th e  A m erican a u th o rs  B radford a n d  
Sla v in [1], an d  E ldering  an d  K en d r ic k [2] found in  b ac te rio log ica l stud ies o f 
ch ild ren  suspected  o f suffering  from  w hooping cough th a t  in  som e cases no t th e  
classical H . pertussis, b u t  a s im ila r m icroorganism  grew on cu ltu rin g . The la t te r  
o rganism  differed from  H . pertussis in  th a t  it  produced p ig m e n t during g row th  
in  d iffe ren t m edia. E ldering  an d  K endrick  have suggested  th e  te rm  B. para
pertussis to  denote th is  m icroorganism . L ike m ost au th o rs , we use th e  n am e H . 
parapertussis.

D uring  th e  18 years  th a t  e lapsed  since th e  firs t rep o rts  i t  h as  been dem on
s tra te d  th a t  H.parapertussis occurred  no t only in th e  U n ited  S ta te s  o f A m erica, 
w here a f te r  th e  firs t rep o rts  o th e r  au th o rs  (Lawson [3], Miller  [4], Zuelzer 
a n d  W heeler  [5]) d e tec ted  its  presence too , b u t also in  m a n y  o th e r countries. 
T he occurrence of th e  m icroorganism  h as been repo rted  from  Mexico [6], E n g 
la n d  (Cruickshank a n d  K no x  [7], Lacey [8], M edical R esea rch  Council [9]), 
F ran ce  (Sohier and  F auchet [10]), J a p a n  (Y oshino [11]), D en m ark  (Miller

[12]) a n d  Czechoslovakia (Syrucfk  e t al. [14]). The n u m b e r o f verified p a ra 
p e rtu ssis  cases described in  th e  l i te ra tu re  is e stim ated  a t  a ro u n d  650. O f th ese , 
m ore th a n  400 stra ins h av e  been iso la ted  in  D enm ark, w here in  th e  period 1950— 
52 a v e ry  extensive epidem ic o f p a rap ertu ss is  took place. A b o u t 100 stra ins h av e  
been  iso la ted  in  the  U n ited  S ta te s  o f A m erica, nearly  50 in  C zechoslovakia, w hile 
from  th e  o th e r countries m en tioned  above a few cases h av e  on ly  been rep o rted .

A t our in s titu te , bacterio log ical s tud ies of pertu ssis-suspect cases have been  
m ad e  fo r a few years. In  th e  lig h t o f  th e  d a ta  in  th e  l ite ra tu re  i t  seem ed in te re s t
ing  to  ra ise  th e  question  w h e th e r p a rap ertu ssis  infection occurs in  H ungary . To 
o u r know ledge, such s tu d ies  h av e  n o t been carried ou t in  th is  country , an d  no 
re p o rt dealing  w ith th e  problem  h as been published in  H u n g a rian  scientific 
li te ra tu re . W e have, how ever, u n d ersto o d  from  a personal com m unication  th a t  
in  1943 Ú j h e l y i  and  PÁ lóczy  h a d  iso la ted  tw o stra in s o f  H . parapertussis from  
a m o th e r an d  her ch ild .

* Lecture delivered a t the Microbiological Congress, November, 1955.
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M ethods

In  order to isolate H . parapertussis strains, pertussis or parapertussis-suspect colonies 
from  routine cough-plates were inoculated on B o r d e t -Gengou  m edium  and, even in  the firs t 
subculture on common agar. In  the B o r d e t-G e n g o u  medium the pigm ent production so charac
te ristic  of H. parapertussis, and in the common agar medium the typ ica l growth of the micro
organism  were studied. The suspected strains were then subjected to  inform ative pertussis and 
parapertussis agglutination tests. The investigations were begun Ja n u a ry  1, 1955, and un til 
Decem ber 31, 1955, a  to ta l of 849 cough tes ts  was carried out in cases suspect of pertussis. By 
th is  method we have succeeded in isolating H. parapertussis strains from  children suspected 
o f having pertussis on the  basis of clinical sym ptom s and signs.

R esults an d  discussion

From  th e  849 p a tie n ts , H. pertussis grew  in 132, an d  H . parapertussis in  8 
cases, while in  1 case H . pertussis an d  H . parapertussis w ere iso la ted  sim u ltane
o u s ly  from  th e  sam e child .

In  spite o f  th e  sm all n u m b er o f o u r cases it  seems t h a t  p a rap ertu ss is  infec
tio n  is no t uncom m on in  H u n g ary . T h e  above figures m ean  a p a rapertu ssis-per
tu ss is  ra tio  of 6 p e r  cen t, a v a lue  co m p arab le  w ith  the p e rta in in g  d a ta  from  o th e r 
coun tries. These h a v e  n am ely  been e s tim a te d  in  th e  l i te ra tu re  to  v a ry  from  2 to  
32 p e r cent : accord ing  to  th e  15 y e a rs ’ experience o f E l d e r in g  and  K e n d 
r ic k  [15], 2 per c e n t ; according to  M iller [4], 5 per cen t ; accord ing  to  L a c ey  
[8], 12 per cen t. ; a n d  according to  C r u ic k s h a n k  an d  K n o x  [7], 32 per cen t. 
In  D enm ark , w here th e  ex tensive  p a ra p e rtu ss is  epidem ic m en tio n ed  above h a d  
ta k e n  place an d  w here th e  n u m b er o f  parap ertu ssis  cases w as estim ated  a t 
se v e ra l th o u san d s, even  a t  th e  p e a k  o f th e  epidem ic th e  n u m b e r of verified
H . parapertussis s tra in s  w as a m ere 23 p e r cent of th e  n u m b e r o f pertussis 
s tra in s  iso lated  a t  th e  sam e tim e  (L a u t r o p , [13]).

The age o f  th e  p a tie n ts  w ith  p a ra p e rtu ss is  we h av e  ex am in ed  ranged  be
tw e e n  4 m onths a n d  8 y ears . In  four p a tie n ts  th e  clinical sym p to m s suggested 
v e ry  m ild pertussis . I n  4 o th e r cases even  th is  could no t be  spoken  of, since all 
th e y  h a d  was a m ild , c a ta r rh a l disease o f 2 or 3 weeks’ d u ra tio n , believed to  be a 
b a n a l  common cold, w ith o u t p a ro x y sm a l cough, w hooping a n d  vom iting . This 
is  in  agreem ent w ith  th e  rep o rts  from  o th e r  countries (L a u t r o p  [13], E l d e 
r in g  and  K e n d r ic k  [15]). F o r exam ple , am ong th e  135 cases o f parapertussis  
d esc rib ed  b y  L a u t r o p  [13] th e re  w ere on ly  4, in  which b ronchopneum on ia  was 
a b o u t  to  develop. A n tib io tic  tre a tm e n t p rev en ted  th e  dev e lo p m en t of broncho
p n eu m o n ia , and o th e r  com plications w ere to ta lly  absen t. T h e  o n ly  repo rt in  th e  
l i te ra tu re  on le th a l p a rap e rtu ss is  is t h a t  on tw o cases by  Z u e l z e r  and  W h e e l 
e r  [5]. As regards th e  course o f th e  d isease, one of our p a tie n ts , a girl o f 7 years, 
w as  an  exception in  o u r p a tie n t m a te ria l. She h ad  sim u ltan eo u sly  p arapertu ssis  
a n d  pertussis. T he clin ical p ic tu re  w as t h a t  o f  an excep tio n a lly  grave whooping 
co u g h , w ith long periods o f convulsion an d  frequen t ep isodes o f paroxysm al 
co u g h .
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In  none o f  our p a tie n ts  (including th e  la t te r  case) could we d e tec t th e  p re 
sence o f H . parapertussis a f te r  th e  th ird  week o f th e  d isease.

T he s tra in s  iso la ted  b y  us were ty p ic a l. U nder th e  m icroscope, 
G ram -negative, non -m otile  b ac illi were seen, w hich  w ere longer an d  th in n e r  
th a n  th e  coccobacillary  H . pertussis organism s. In  B o r d e t -G en g o u  m ed iu m  th e  
colonies o f  H . parapertussis w ere larger th a n  th o se  o f  sim ilarly  aged H . pertussis 
and , especia lly  in  o lder cu ltu res , th e y  were su rro u n d ed  b y  a th in , d a rk  halo . 
In  b lood a g a r  m arked  haem olysis was observed. E v e n  th e  f irs t sub cu ltu res  grew 
well in  com m on ag ar a n d  p roduced  brow n p ig m e n t. T he p roduction  o f  p ig m en t, 
w hich is v e ry  ty p ic a l o f H . parapertussis in a n y  m ed iu m , w as th e  m ost m a rk e d  
in  th e  B o r d e t -G e n g o u  m edium  m odified b y  E n s m in g e r  [16], con ta in ing  0,1 p er 
cen t ty ro s in e . In  th is  m ed ium , p igm ent p ro d u c tio n  w as ev iden t as e a r ly  as 
a fte r 24 h o u rs  o f g row th . As to  th e  n a tu re  o f  th is  p igm en t, th e  op in ions v a ry . 
A ccording to  B r a d f o r d  [1], H. parapertussis w o u ld  convert in  som e w ay  th e  
iron com pounds o f th e  m ed ium , while E n s m in g e r  [16] believes th a t  th e  ty ro s i
nase enzym e o f th e  p a th o g en  would convert th e  ty ro sin e  in  th e  m ed iu m  to  
m elan in , a n d  th is  w ould accoun t for th e  ty p ic a l colour : brow nish in  blood- 
free, g rey ish  or b lack ish  in  b lood-contain ing m ed ia . W e have never observed  
H. pertussis to  produce such  a colour, th u s  th is  seem s to  be th e  m ost obvious 
d is tin c tiv e  p ro p e rty  o f  H . parapertussis, m ak in g  d iffe ren tia tion  from  H . per
tussis possib le even in  ro u tin e  bacterio logical w ork .

O ur p a rap ertu ss is  s tra in s  d id  produce u rea se  an d  ca ta lase , d id  n o t  sp lit 
sugars, d id  no t produce indo le , n itra te  or H 2S, a n d  d id  no t liquefy g e la tin .

T h e ir  sen sitiv ity  to  chloram phenicol w as 2 /tg /m l, in  co n trast w ith  th e  m ean  
sen sitiv ity  va lu e  for th e  p e rtu ssis  stra ins in  H u n g a ry , 0,75 /tg/ml.

T h e  s tra in s  a g g lu tin a te d  w ith  p a rap ertu ss is  serum  absorbed w ith  H . per
tussis u p  to  th e  end t i t r e ,  w ith  non-absorbed p e rtu ss is  serum  a t a low t i t r e ,  and  
w ith  p e rtu ss is  serum  abso rbed  w ith  H. parapertussis n o t a t  all. This ca n  be  ex 
p la ined  on  th e  basis th a t  pertussis and p a ra p e rtu ss is  s tra in s h av e  a  com m on 
O -an tigen , while th e y  d iffer in  th e  surface an tig en s  (A n d e r s e n  [17]).

T h e  epidem iological aspects  o f the  p rob lem  w ill be dealt w ith  in  a fu tu re  
p ap e r.

SUMMARY

1. S trains of H. parapertussis were isolated for th e  firs t time in H ungary.
2. O ut of a to ta l of 849 cough tests, H . pertussis was isolated in 132 cases, H. para

pertussis in 8 cases, while in one case H . pertussis and H . parapertussis were isolated sim ultane
ously from  the same patien t.

3. In  each of our cases of parapertussis the clinical course was mild.
4. The isolated strains o f H . parapertussis showed a typical behaviour in microbiologic

al tests.
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Die E n tw ick lu n g  der elek tronenm ikroskop ischen  m ikrobiologischen P r ä 
p a ra tiv v e rfah ren  sp iegelt den ständ igen  W unsch  d e r Forscher w ider, die g rösst- 
m ögliche O b jek ttreu e  u n d  K larh e it d er A ufnahm en  zu erreichen. D iese B e s tre 
b u n g en  w urden  d u rch  die von H illier , K naysi u n d  B aker [1] au sg ea rb e ite te , 
n ach  den  A n fangsbuchstaben  d er A u to ren  H K B -V erfah ren  g en an n te  M em b ran 
züch tungsm ethode  verw irk lich t bzw. d u rch  das von  K ellenberger [2, 3] m o d i
fiz ie rte , sog. F iltra tio n sv erfah ren . W ie b e k a n n t, bestehen  diese im  w esen tlichen  
d a rin , dass die B ak teriensuspension  a u f  eine K ollodium m em bran, d ie  a u f  die 
O berfläche d er en tsp rechende N ährsto ffe  e n th a lte n d e n  A garp la tte  a n g e b ra c h t 
w erden m uss, g e träu fe lt u n d  die T ropfen  m itte ls  eines gebogenen G lasstäb ch en s 
a u f  d er M em bran au sg eb re ite t w erden . D ie B ak te rien  verschaffen sich  m itte ls  
Osmose u n d  D iffusion durch  die K ollod ium m em bran  ihre N ahrung . D iese E r 
nährungsw eise is t bei den  m eisten B ak te rien  u n d  P ilzen befriedigend. E in  au sse r
o rden tlicher V orte il dieses V erfahrens is t, dass das erhaltene  P rä p a ra t  keine 
N ährboden  V erunreinigungen e n th ä lt, fe rner, dass es n ich t selektiv  is t u n d  eine 
vollkom m ene topograph ische  O rien tierung  b ie te t.

Die M ethode h a t  jedoch  einen schw achen P u n k t, w eshalb die P rä p a ra te  
n ich t im m er gelingen. W egen ih re r lyophoben  N a tu r  k an n  die K o llod ium 
m em b ran  n u r sch lech t b efeuch te t u n d  a u f  ih r  die wässrige A ufschw em m ung 
schw er ausgeb re ite t w erden. H insich tlich  dieses M angels helfen d ie  d u rch  die 
F a c h lite ra tu r  em pfohlenen, die O berflächenspannung  verm indernden  S toffe 
n ich t viel. Die d ü n n e  M em bran w ird oft b e re its  von den m it der P ip e tte  an g e
b ra c h te n  T ropfen  durchgerissen . Dies geschieh t besonders häu fig  be i A usb re i
tungsversuchen , u n d  die Suspension fliess t u n te r  die M em bran. D er A usgang  
des P räp arie ren s is t  d ah e r unsicher, ausserdem  k a n n  m an bei solcher A usb re i
tu n g s a r t  die F läche  d e r P etrischale  n ich t g u t ausnu tzen , weil die F lüssig k e it 
d ie  M em bran n ich t gleichm ässig b ed eck t, d a  sie sich zurückzuziehen u n d  Inse l 
zu  b ilden  v e rm ag .

Diese U nsicherheit reg te  zu e in er besseren  Lösung des A u sb re itu n g sp ro 
blem s an , die in  F o rm  von Z erstäubung  gefunden  w erden konn te . Im  F a lle  von
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Abb. l a  und lb. 1. Z erstäubungsraum ; 2. hintere K am m er; 3. Trennungswand ; 4. Tropfen" 
fänger ; 5. Saugrohr ; 6. verschiebbare P latte  ; 7. die Petrischale anpressender Plexiglas
streifen  ; 8. H alter des anpressenden Plexiglasstreifens ; 9. Verdichtungsgummiring ; 10. Öffnung 
des G laszerstäubers; 11. G um m irohr des G laszerstäubers; 12. flacher Gummiring; 13. P e tr i

schale ; 14. K örper des Glaszerstäubers ; 15. 1 cm hoher R and
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lebendem  m ikrobiologischem  M ateria l erfolgt dies n a tu rg em äss  in  einer vo ll
kom m en geschlossenen E in rich tu n g . Selbst hierbei b ie te t  lediglich die Z er
s täu b u n g  du rch  V akuum  im  In n e rn  des A p para tes eine in  je d e r  H insich t b e ru h i
gende Lösung. D er äussere grössere D ruck  v e rh in d e rt näm lich  das H in a u s 
gelangen  des ze rs tä u b te n  M ateria ls in  die U m gebung. B eim  P räp arie ren  von 
leblosem  M ateria l — wie es sp ä te r  besprochen w ird  — k a n n  n a tü rlich  auch  
Z erstäu b u n g  d u rc h  Ü b erd ru ck  angew endet w erden.

Beschreibung und Betrieb des Apparates

D er A p p a ra t is t  e in  aus P lex ig lasp la tte  v e rfe rtig te r  K a s te n  (Abb. la  u n d  
lb ) ,  d er in  der M itte  d u rch  eine P la t te  in  zwei gleiche K am m ern  geteilt w ird . 
I n  der Ö ffnung, die in  d er M itte  d ieser P la tte  lieg t, b e fin d e t sich ein g u t schlie-

Abb. 2. Glaszerstäuber

ssender G um m iring ; h ierh in  leg t m an  den H als des G laszerstäubers (A bb. 2). 
In  den  Z erstäu b er w ird  das auszubre itende M ateria l d u rch  die Ö ffnung des 
Z erstäubers m it e iner P ip e tte  e ingeb rach t, sodann  d e r Z erstäu b er in  den  e r 
w äh n ten  G um m iring geschoben u n d  dad u rch  w erden  die zwei K am m ern  
vone inander lu ftd ic h t abgeschlossen. D as a u f  das D ru ck ro h r des G laszerstäu 
bers gezogene G um m irohr w ird  du rch  die Ö ffnung im  D eckel des K asten s  
h in au sg efü h rt u n d  a u f  sein E n d e  eine MoHRsche K lem m e an g eb rach t, so d an n  
die h in te re  K am m er du rch  eine versch iebbare P la t te  abgeschlossen.
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Die vordere K a m m e r is t d er Z erstän b u n g srau m , deren  ru n d e  Ö ffnung m it 
e inem  D urchm esser von  8 cm aussen von  einem  1 cm hohen  R an d  um geben 
w ird . D ieser b e sc h ü tz t den  R a n d  der P e trisch a le  vor den  T ropfen . A u f dem  
R a n d  befindet sich von  aussen  ein f lach er u n d  w eicher G um m iring. A u f diesen 
leg t m an  die A g arm em b ran  en th a lten d e  P e trischa le , die du rch  einen gekrüm m 
te n  elastischen P lex ig lasstre ifen , der in  die Ö ffnungen d er be iden  an  die Seiten

Abb. 3. Pulverisationseffekt (Fixiertropfen auf beleuchtetem  lichtem pfindlichem Papier)

d es K astens gek leb ten  T ra g p la tte n  gefügt w ird, a u f den G um m iring lu ftd ich t 
an  gepresst w ird.

D er A ppara t sch liesst sich m itte ls  eines a u f  das sich a u f  den  Z erstäubungs
ra u m  öffnende S au g ro h r gezogene G um m irohrs durch  d as  m it D esinfek tions
lö su n g  gefüllte L u f tf iltr ie rg e rä t der W asserlu ftpum pe oder e iner an d eren  Pum pe 
u n d  einem  Q uecksilberm anom eter an . E rre ic h t der D ruck  e tw a  100 m m  Hg, 
so lo ck ert m an  die M o H R s c h e  K lem m e u n d  lä ss t eine Z eitlang  L u ft in  den G laszer
s tä u b e r  e inström en. O bw ohl es bei der A usb re itu n g  keine besondere p rak tische  
B ed eu tu n g  h a t, k ö n n en  v o n  dem  D ruck  u n d  der Z erstäu b u n g sd au er bzw. von 
d e r  E n tfe rn u n g  zw ischen dem  Z erstäu b er u n d  A g arp la tte  abhän g ig  kleinere oder 
g rössere , se lbständ ige  o d e r zusam m enfliessende T ropfen a u f  d er M em bran
flä c h e  erzeugt w erden  (A bb. 3 u n d  4).



DURCH ZERSTÄUBUNG MODIFIZIERTES HEB-VERFAHREN UND SEINE WEITERE VERWENDUNG 27

N ach B eendigung der Z erstäu b u n g  w erden die A rb e it der Pum pe und  
dad u rch  d er n iedrigere D ruck  des Z erstäubungsraum es w eiterh in  au frech ter
ha lten , nach  einigen M inuten  die Petrischale  h e run te rgenom m en  und  die Ö ff
nung m it einer sauberen  P e trisch a le  sofort zugedeckt. W äh ren d  der A bnahm e der 
P etrisschale , die infolge des n iedrigeren  D ruckes des Z erstäubungsraum es n u r 
eine kleine K ra f t  b ean sp ru ch t, verm ag  das im  Z erstäu b u n g srau m  eventuell noch

Abb. 4. Z erstäubte Salm onella-Bakterien in Mikrotropfen. Goldschattierung. 8200 x

schw ebende M ateria l n ich t in  die U m gebung zu g elangen , da  dies durch  die in  
den Z ers täu b u n g srau m  streb en d e  L uftbew egung v e rh in d e rt wird.

W ird  d e r A p p ara t n ich t w eiter b en u tz t, so h eb t m an  nach  au fh ö ren  des 
V akuum s auch  den G laszerstäuber heraus, versch liesst w ieder den K asten  m it 
der versch iebbaren  P la t te  u n d  desinfiz iert ihn  d u rch  F o rm alin d am p f. W enn m an  
verschiedene Stoffe n ach e in an d er p räparieren  w ill, w erden  die G laszerstäuber 
n u r ausgew echselt und  d er A p p a ra t am  Ende der A rb e it desinfiziert. In  gewissen 
Fällen  m uss m an  die längerw ährenden  Prozesse, z. B . die Phagenw irkung  oder 
die E nzym w irkung , bis zu  E n d e  verfolgen. D ann  b le ib t d a s  M aterial im G laszer
s tä u b e r u n d  im  A p p a ra t, d e r — falls nötig  — in den  Z erstäubungspausen  auch  
im  T h e rm o sta ten  geh a lten  w erden k an n , und  es w ird  in  den erw ünschten  Z e ita b 
s tän d en  s te ts  a u f  eine neue  P la t te  zerstäub t.
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A u f die beschriebene W eise erh ie lt m a n  m it B ak te rien , sp rossenden  Pilzen 
u n d  P hagen  s te ts  tad e llo se  P rä p a ra te , m it dem  V orteil, dass die ganze Fläche 
d e r  A g a rp la tte  g u t a u sg en u tz t w erden  k o n n te .

Andere Präparativmöglichkeiten

D ie T atsache , dass die m it d em H K B -V erfah ren b zw . m it dessen  von K el
len ber g er  m odifiz ierter V a rian te  b e re ite te n  P rä p a ra te  sa lzfre i s in d  u n d  im  Ge
g e n sa tz  zu r T rop fm ethode kein  n ach träg lich es  W aschen m it destillie rtem  W asser

Abb. 5. A uf A garplatte m it K ollodium m em bran gestäubte Influenza-V iruspartikeln. Fixierung 
in  Form alin, Goldschattierung. 9000 x

b e n ö tig e n , lenk te  die A u fm erksam keit d a ra u f , dass m an aus a n d e ren  biologischen 
S to ffe n , die übrigens m it d e r e in fach sten , sogenann ten  T rop fm ethode p räp a rie rt 
w e rd e n , zu r V erm eidung d e r osm otischen  Schädigungen au ch  m it dem  oben 
b esch rieb en en  V erfahren  P rä p a ra te  d a rs te llen  könn te . Bei E in tro ck n u n g  der 
T ro p fe n  w ird die an fangs iso tonische Salzlösung  im m er k o n z e n tr ie rte r  und  k ri
s ta l l is ie r t  sich schliesslich aus. W eder d ie  W irk u n g  des Salzes, n och  d as  W aschen 
m it  d estillie rtem  W asser zu r E n tfe rn u n g  dessen können als schonende V erfah
re n  angesehen  w erden . D ah e r w erden v o r a llem  beim  P rä p a rie re n  von  Virus- 
u n d  P hagenaufschw em m ungen , G ew eben, Zellen und  Z ellkom ponen ten  diese 
S to ffe  a u f  einer a u f  einem  0,9 / 0 NaCl e n th a lte n d e n  2% igen  A gars angeb rach ten
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M em bran ze rs tä u b t. A u f diese W eise w erden salzfreie P räp a ra te  gew onnen  
(Abb. 5). D ie k o n tra s ta rm e n  T ropfen  f in d e t m an  le ich te r, wenn das M a te ria l 
vor d er Z erstäu b u n g  m it chem isch ind ifferen ten  In d ik a to re n , eventuell z u r  E r-

Abb. 6. Polystyro l-L atex  und Phag F 3 der Pseudomonas pyocyanea au f A garplatte m it K ol
lodium m em bran gestäubt (Pfeil : Tropfengrenzc). Palladium schattierung. 6200 X

le ich te rung  d e r M essung der P a rtik e ln  m it P o ly s ty ro l-L a tex  v erse tz t w ird (A bb . 6 ).
B eim  P räp arie ren  von vo rher fix ie rtem  oder lebendem , aber n ich t m ik ro 

biologischem  M ateria l ben ö tig t m an  keine Z erstäu b u n g  durch V akuum  ; die 
Z ers täu b u n g  w ird m itte ls D ruck  du rch  das a u f  den G laszerstäuber gezogene 
G um m iroh r vorgenom m en.

ZUSAMMENFASSUNG

D as von H i l l i e r ,  K n a y s i  und B a k e r  ausgearbeitete, von Kellenberger m odifizierte 
M em branzüchtungsverfahren wurde zur Vermeidung der Fehler bei Ausbreitung und zur besse
ren A usnutzung der Fläche der Petrischale m it Zerstäubung kom biniert. Die Zerstäubung w ird 
in  einem vollkomm en geschlossenen A pparat, bei lebendem mikrobiologischem M aterial durch 
atm osphärischen Druck unter dem Einfluss des im Inneren des A pparates erzeugten V akuum s 
vorgenom men und auf diese Weise das Hinausgelangen des Stoffes in  die Umgebung verh indert. 
Bei leblosem mikrobiologischem Material oder bei anderen biologischen Stoffen erfolgt die 
Zerstäubung durch unm ittelbaren Druck. Das Verfahren wird auch beim Präparieren biologischer 
und mikrobiologischer Materialien verw endet, bei welchen bisher die Tropfm ethode b en u tz t 
wurde, da sich auf diese Weise die osmotische Schädigung des P räparates und das nachträgliche 
W aschen m it destilliertem Wasser vermeiden lassen.
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BIOLOGISCHE ABWEHR MITTELS VIRUS 
ZUR BEKÄMPFUNG DER HYPHANTRIA CUNEA

DRURY

Von

J .  S z ir m a i

Forschungsinstitut fü r  Pflanzenschutz, Budapest 

(Eingegangen am  2. März 1956)

Im  R ahm en  d e r  biologischen Schäd lingsbekäm pfung  gelang te  die B e k ä m p 
fung  d er R au p en  m itte ls  V iren in  grösserem  M assstab  zu e rst in  U ngarn , in  den  
W äldern  der K a rp a te n , 1892 zu r A usführung . L a u t L ite ra tu ran g ab en  [4] k o n n te  
m an  die R au p en  d e r N onne (Lym antria monacha) d u rch  die künstliche  V e r
b re itu n g  der »W ipfe lk rankheit«  (P o lyederk rankhe it) erfolgreich bekäm pfen .

Im  Ja h re  1946, nach  F ests te llu n g  m ehrerer P o ly ed erk ran k h e iten , w u rd e  
im  F o rsch u n g sin s titu t fü r  P flan zen sch u tz  die A rbeit u n te r  günstigen A ussich 
te n  begonnen, die sich die biologische B ekäm pfung d er Schädlinge m itte ls  V iren  
zum  Ziel se tz te . Im  B erich t ü b e r die gep lan ten  T hem en  im  Ja h re  1947 w u rd en  
bere its  die In fek tionsvorversuche  m it dem  P o lyeder des R ingelspinners (M ala- 
cosoma neustria)  am  Schw an (Porthesia sim ilis)  u n d  an  d e r R aupe des G rossen 
K ohlw eisslings (Pieris brassicae)  b ek an n tg eg eb en . Zugleich w urden au c h  die 
A nsich ten  m itg e te ilt, a u f  w elcher G rund lage  der w irksam e V irusstam m  au sg e 
w äh lt w erden k ö n n te .

D ie e rs ten  im  P ro to k o ll fe s tg ese tz ten  U n te rsu ch u n g en  die an H y p h a n tr ia  
M ateria l d u rch g efü h rt w urden  u n d  die F estste llu n g en  ü b e r den P o ly ed erv iru s  
erfolgten am  30. 6. 1952. Die einsch läg igen  H inw eise w urden  in der im  fo lgenden  
J a h r  (1953) ersch ienenen  P u b lik a tio n  des In s t i tu ts  [5] veröffentlicht.

D as von  d a  an  eingesam m elte  V ersuchsm ateria l sollte 1955 b e re its  im  
B ereich der p rak tisch en  B ekäm pfung  verw endet w erden , einstw eilen a lle rd ings 
im  R ahm en  von  L abo ra to riu m s- u n d  F eldversuchen , um  a u f  G rund der so e rh a l
ten en  R esu lta te  u n d  E rfah ru n g en  in  der Z u kunft eine betriebsm ässige B e k ä m p 
fung  un te rn eh m en  zu können .

Ziel der E x p erim en te  w ar festzuste llen , ob m it dem  virösen In fe k tio n s 
s to ff (K örpersubstanz) d er e ingegangenen R au p en  eine le thale  E rk ra n k u n g  
an gesunden R a u p e n  hervorgeru fen  w erden k a n n , u n d  o b  diese ein A usm ass 
erre ich t, das d er W irkung  e iner o rgan isierten  S chädlingsbekäm pfung g le ich 
k om m t.

Die au sfüh rlichen  V ersuche w urden  m it v irusverdäch tigen  H y p h a n tr ia -  
R au p en  u n d -P u p p e n  begonnen , die in  den Ja h re n  1953 u n d  1954 e ingesam m elt 
w orden  sind . D ie U n tersuchungen  um fassten  e tw a  150 R aupen  u n d  P u p p e n ,
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in  w elchen der fü r  die V irusk rankheit ch arak te ris tisch e  P o lyeder festgestelit 
w u rd e  (A bb. 1). A us den  R aupen  w u rd en  w ässrige V erreibungen  b e re ite t ur.d 
d u rc h  d as  L ich tm ik roskop  die lich tb rech en d en  krista llförm igen  Polyedergebilde 
m i t  ab g estu m p ften  E ck en  festgestellt. Ä hnliche E inschlusskörperchen  sind 
a u c h  in  anderen  an  V irusk ran k h e iten  g le icher N a tu r leidenden  R au p en  zu fin 
d e n  w ie z. R . bei d er Seidenraupe (B om byx móri), der N onne (Lymantria  
monacha) oder dem  Schw am m spinner (Porthetria dispar). D as V irus der drei 
le tz te n  V iru sk ran k h e iten  w urde bereits e ingehend  u n te rsu ch t, w eniger b ek an n t 
i s t  indessen  die V iru sk ran k h e it der H y p h a n tr ia , die zw ar Ch a p m a n  u n d  G la ser
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Abb. 1. Aus dem Gewebebrei der an Virose eingegangenen H yphantria-R aupen stammende 
Polyeder. (Lichtmikroskopische A ufnahm e, Vergrösserung 1350 x )

[1] im  J a h re  1915 e rw äh n t h a tte n , au sfü h rlich e r jedoch e rs t 1953 von Vago 
u n d  Vasiljevic [7] a u f  G rund  ihrer im  J a h r e  1952 d u rch g efü h rten  U n te rsu 
c h u n g e n  beschrieben  w 'urde. Diese V erfasser s te llte n  in  den e rk ra n k te n  R aupen  
d ie  2 — 5 [I grossen h ex ag o n alen  Polyeder fe s t, d ie  fü r die G a ttu n g  B orrelina 
c h a ra k te ris tis c h  sind  ; sie fü h rten  auch  d ie  zu  B estim m ung nö tig en  biolo
g isch en  R eak tio n en  u n d  h istopatho log ischen  U n tersuchungen  d u rch , ste llten  
fe rn e r  in  bezug a u f  d ie  E in sch ränkung  d e r  H y p h a n tria  d u rch  V erbre itung  
des V iru s  gu te  E rfolge in  A ussicht. In  U n g a rn  w urde die e lek tronenm ik rosko 
p isch e  U n te rsu ch u n g  des V irus von Machay u n d  Lovas [3] vorgenom m en ; 
a u f  G ru n d  ih re r U n te rsu ch u n g en  im  Ja h re  1954 fan d en  sie die Grösse des V irus
p o ly e d e r gleich 2 —3 p  u n d  v e rm u te ten  die Z ugehörigkeit desselben zu r G a ttu n g  
B o rre lin a . L a u t eigener lich tm ikroskop ischer U ntersuchungen  b e trä g t das 
A u sm ass d er P o lyeder 1,5—3,6 f i .



Infektionsversuche

Zu d en  In fek tionsversuchen  w urde die w ässrige V erreibung  von  an  V iru s
k ra n k h e it eingegangenen R au p en  verw endet. D ie w ässrige A ufschw em m ung 
w urde b is zu  einer K o n zen tra tio n  v e rd ü n n t, bei d er in  ein  m ikroskopisches 
G esichtsfeld  von 400facher V ergrösserung du rch sch n ittlich  100 P o ly ed er ge
lan g ten .

D ie V ersuchsserien w urden  in  der W eise angeo rdne t, dass die W irkung  d er 
V irusin fek tion  in allen E n tw ick lungsstad ien  des Tieres b eo b ach te t w erden 
k o n n te , d . h . vom  E izu stan d  du rch  die L arv en stad ien  Lx—L 7 bis zu r V erpup
p u n g , so d an n  bis zum  A usschlüpfen des Schm etterlings bzw . zu r E iab lag e . Die 
In fek tionsverhä ltn isse  von  N achkom m en v iru sk ran k e r E lte rn  w urden  ebenfalls 
u n te rsu c h t w obei beide G lieder der E lte rn p aare  (V ater u n d  M utter) gesondert 
b e rü ck sich tig t w urden. D er E in fluss bevorzug ter und  w eniger b ev o rzu g te r 
N äh rp flan zen  au f die G esta ltu n g  d er V irusinfektion , die ep idem iebedingende 
W irkung  d e r ungünstigen  U m w eltsverhältn isse  sowie die sp o n tan en  A n steckungs
m öglichkeiten  der N ach b arn  u n d  die P assagew irkung w urden  gleicherw eise 
s tu d ie r t.

Säm tliche  L abora to rium sversuche w urden in  In sek ta rien  m it D ra h tn e tz  
vo rgenom m en .

V or allem  soll das V erhalten  der aus dem  E i geschlüpften  in fiz ierten  R aupen  
besprochen  w erden. Zu diesem  Zweck w urden 150 E ier, noch vor ih re r G ra u fä r
bu n g  (also  n ich t u n m itte lb a r  vor dem  A usschlüpfen), m it d er oben e rw äh n ten  
V irusaufschw em m ung, die K ontro lle ier hingegen m it L eitungsw asser bep in se lt. 
B ezüglich  des Schlüpfterm ins w ar zwischen den  in fiz ie rten  u n d  den K ontro ll- 
eiern  k e in  w esentlicher U n tersch ied  festste llbar. N ach dem  A usschlüpfen w u r
den die R au p en  a u f in fek tionsfreie  A p felb lä tter gese tz t. D ie R au p en g ru p p e , 
deren  E ie r  m it Viren b ep inse lt w urden , ging n ach  10 T agen ein , w ährend  in  der 
K o n tro llg ru p p e  kein einziges T ie r einging. N achdem  es b eo b ach te t w urde , dass 
sich d ie  k le inen  R aupen  von d er E ihülle e rn äh rten , liegt es an  d er H a n d , dass 
sie sich  infolge dieser E rnährungsw eise p rim är angesteck t h ab en  u n d  n ich t 
b e re its  im  E i durch die H ülle  angesteck t w urden.

E in e  w eitere V ersuchsserie sollte das V erhalten  der aus n ich tin fiz ie rten  E iern  
gesch lüpften  R aupen vom  S tad iu m  Lx k lären , welchen in fiz iertes L au b  d a r 
gere ich t w urde. 150 E ie r w urden  a u f  vorher m it V irusaufschw em m ung b es treu tes  
L aub  g ese tz t. Die b a ld  ausgeschlüpften  R aupen  gingen n ach  8 T agen  ein . Die 
K a d a v e r  sowohl der im  E is ta d iu m  als auch d er du rch  die N ah ru n g  in fiz ie rten  
R au p en  en th ie lten  reich lich  Polyeder.

Z u r U ntersuchung  d er A nsteckungsm öglichkeiten  d u rch  N ach b arn  lieferte  
d er z u le tz t beschriebene V ersuch einen S tü tz p u n k t. E in  K on tro llin sek ta riu in  
s ta n d  20 cm vom in fiz ie rten  e n tfe rn t ; in  dem  ersteren  t r a t  eine W oche nach  
dem  E ing eh en  der b en a c h b a rten , m it Viren an gesteck ten  K u ltu r  V irusk rank -
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h e it  auf, und das K o n tro llm a te ria l ging b in n en  zwei W ochen ebenfalls zugrunde. 
D ie K ontro llraupen  in fiz ie rten  sich also sp o n tan  von den  R aupen  des b enach 
b a r te n , m it V iren v e rseu ch ten  In sek ta riu m s. Diese E rscheinung  w eist d a ra u f  
h in , dass der In fek tio n sb ere ich  des V irus ziem lich k lein  is t.

In  den w eite ren  E x p erim en ten  w u rd en  die A nsteckungsm öglichkeiten  
en tw ickelterer R au p e n  v o m  S tad ium  L 2—L 3 (0,5—1 cm) u n te rsu c h t. D ie R aupen  
w u rd en  wie im  v o rigen  V ersuch  a u f  m it V irusaufschw em m ung bzw . hei den 
K o n tro llie re n  m it W asse r besprengtes L au b  des A pfelbaum es gese tz t. Die 
V ersuche w urden im  a llgem einen  m it 150 R au p en  vorgenom m en. D as E ingehen

Abb. 2. Die R aupen der virusinfizierten W eibchen (links) sind weniger entw ickelt 
als die der gesunden (rechts). (D urchschnittliches Gruppenbild)

d e r  k leineren R aupen  e rfo lg te  auch h ier n ach  e iner W oche, und  w ar b innen  10 
T ag en  vollendet. D ie R a u p e n  krochen  in  den  e rs ten  4 —5 T agen  ap p e titlo s herum , 
v e rz e h rten  wenig L au b  u n d  kam en  d an n  a n  den B lä tte rn , dem  G espinst oder 
a n  d e r  W and des In se k ta r iu m s  haften d  um ; ein  Teil fie l zu B oden. D as ch a rak 
te r is tisc h e  H ängenb le iben  w a r  n u r  bei grösseren , en tw ickelteren  R au p en  zu 
b eo b ach ten . Die eingegangenen  R aupen  w aren  voll von Po lyedern , in  geringerer 
M enge en th ie lt auch d e r K o t E inschlusskörperchen .

Die Infek tions v e rsu ch e  w urden  an  ä lte ren  R au p e n  im  E n tw ick lu n g ssta 
d iu m  L4—L6 (2—2,5 cm) fo r tg e se tz t. A uf dem  m it V irusaufschw em m ung infiz ierten  
L a u b  e rk ran k ten  diese R a u p e n  e rs t sp ä te r , ih r  A p p e tit n a h m  jedoch  schon 
a m  4 —5. Tag augenfällig  a b , u n d  von diesem  Z e itp u n k t a n  begannen  sie auch 
e inzugehen . Sie k rochen  in  ch a rak te ris tisch e r W eise um her, su ch ten  sich Schlupf
w in k e l und  b em üh ten  sich , in  R ich tung  d e r D ecke des In sek ta riu m s w eiterzu
k o m m en . Einige T age la n g  h a f te te n  sie, tö d lich  in fiz ie rt, k au m  eine sich tbare  
B ew egung  ausführend, ch a rak te ris tisch  »hängend«, an  d er D ecke oder dem  L aub 
d e r  N ährp flanze  (A bb. 3). D ie  in  diesem en tw icke lte ren  A lte r in fiz ie rten  R aupen
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gingen e rs t n a c h  2 W ochen ein . Im  feuchten  L u ftrau m  lösten  sich die R au p en  
schleim ig au f, d er schleim ige S a ft w ar anfangs b ak te rien fre i und  en th ie lt led ig 
lich P olyeder. In  tro ck en er L ahora to rium sum gebung  tro c k n e te n  die R au p en  
ein. D ie M o rta litä t der R au p en  w ar n ich t 100% ig, 10—20%  überleb ten  die 
V irusin fek tion , doch blieb se lb st u n te r  diesen n ich t jed es  Ind iv id u u m  in fek 
tionsfrei. Im  L aufe der U ntersuchungen  ste llte  es sich h e rau s , dass sie g rössten -

Abb. 3. Die an  Polyederkrankheit eingegangenen R aupenkadaver hängen m it dem K opf nach 
un ten  auf den Wipfeln der Nährpflanze

te ils  V iru sträg e r w aren. M ehreren, scheinbar gesunden  R au p en  w urde m itte ls  
K ap illa re  S a ft en tnom m en u n d  u n te rsu ch t. In  den S aftp ro b en  fanden sich P o ly e 
der, die in  anderen  P roben  feh lten . D ie tro tz  der A n steck u n g  am  Leben gebliebe
nen  R au p e n  v erp u p p ten  sich.

Lebensweise der infizierten Insekten

Im  näch sten  V ersuch w urden  die V erpuppungsverhältn isse  der befa llenen  
R au p en  m it denen d er gesunden  verglichen.

E s w urden  a u f  K o n tro llau b  gezüchtete  L 6-R a u p e n  e rs te r G enera tion  
m it solchen, die in fiz iertes L au b  erh ie lten  und  am  L eben geblieben w aren , v e r
glichen. D ie R au p en  beider V ersuchsserien v e rp u p p ten  sich zur gleichen Z e it. 
N ach  der üb lichen P u p p en ru h e  sch lüpften  in der K ontro llserie  aus 73%  d e r 
P u p p en  S chm etterlinge (aus 110 P u p p en  80 Schm etterlinge), aus den befa llenen  
P u p p en  jed o ch  n u r 15%  (aus 78 P u p p en  12 S chm etterlinge), selbst von diesen

3 '



3 6 J. SZIRMAI

g ing  die H älfte  e in . D ie am  Leben geb liebenen  drei W eibchen w u rd en  m it gesun
d e n  M ännchen g e p a a r t .  D iese W eibchen leg ten  d u rch sch n ittlich  130 E ier, w äh
re n d  das m it gesundem  M ännchen vere in ig te  gesunde W eibchen d u rch sch n itt
lic h  579 Eier geleg t h a t t e  (Tabelle I). A us den  E iern  sch lü p ften  R aupen  aus.

Tabelle I
Zahlenverhältnisse der E ier aus virusinfizierten und gesunden Populationen stammender 

Schmetterlingseltern und Schliipfverhältnisse der Raupen

E lte rn  aus v iru s in fiz ie r te r  
oder

gesunder P o p u la tio n

E lte rn 
p a a r

Z ah l d e r  
E ie r D u rc h sc h n itt G esch lü p ft

N a c h  3 T ag en  am  Leben

In sg e sa m t D u rch sch n itt

Infiziertes Weibchen ................ I 120 120 59
Gesundes Männchen .................. 2 81 130 73 30 59

3 189 188 89

Gesundes Weibchen .................. 1 625 622 622

Infiziertes Männchen ................ 2 523 585 522 522 599

3 608 667 666

Gesundes Weibchen .................. 1 404 404 404

Gesundes M än n ch en ..................... 2 830 579 828 828 578

3 502 501 501

A m  bem erkensw ertesten  is t es jedoch, dass 50%  der von d er in fiz ie rten  M utter 
s tam m en d en  R au p en  in  3 T agen  eingingen, be i den  K o n tro llie re n  hingegen kein  
b each ten sw erte r V erlu st vorlag . Es fie l eben fa lls  auf, dass d ie  R au p en  aus den 
E ie rn  der verseu ch ten  M u tte r 3—4 T age frü h er sch lüpften  als die aus den 
K on tro lle iern . N och in te re ssa n te r  is t es, d a ss  die am  L eben gebliebenen  R aupen  
d e r  v iru sk ranken  M u tte r  du rchsch n ittlich  1 m m  k ü rzer w aren  als die gesunder 
M ü tte r , obzw ar e rs te re  ein ige Tage frü h er aussch lüp ften  (A bb. 2).

Im  obigen V ersuch  s tam m ten  die N achkom m en von b efa llen en  W eibchen 
u n d  gesunden M ännchen  ; ausserdem  w u rd en  noch gesunde W eibchen  m it aus 
d e r  v irusinfiz ierten  G en era tio n  s tam m en d en  M ännchen g e p a a r t . In  diesem  Falle 
le g te  ein W eibchen d u rch sch n ittlich  585 E ie r, d. h . m ehr als d as  V ierfache deren 
d a s  ein  befallenes W eibchen  se tz te . Die gesch lüpften  R au p en  en tw ickelten  sich 
eb en so  wie im  K on tro llversuch , der A usfall w ar unw esentlich , schliesslich v er
p u p p te n  sie sich auch  in  d e r gleichen W eise.

Einfluss der ökologischen Verhältnisse

N un w urde d ie  W irk u n g  günstiger u n d  ungünstiger N äh rp flan zen  au f die 
m it  infiziertem  u n d  n ich tin fiz ie rtem  L au b  g e fü tte rten  R au p en  u n te rsu ch t. Zu 
d iesem  Versuch w u rd en  L 2—L3 R aupen  v erw en d e t, a u f  zw eierlei N ährp flanzen ,
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a u f  e in e r bevorzug ten , dem  A pfel, u n d  au f einer w eniger bevorzug ten , d er W a l
nuss. A u f  beiden N ä h rp flan zen a rten  w urden R a u p e n  sow ohl an m it V irusau f
schw em m ung b esp ritz ten , als auch  m it W asser b e h a n d e lte n  P flanzen  gezüch
te t .  N ach  sechs T agen w ar die M o rta litä t a u f  dem  K o n tro llap fe lb au m  1 3 % , a u f  
dem  m it  Viren beh an d e lten  2 2 % , a u f  den K on tro lln u ssb au m  16,7%  u n d  a u f  dem  
m it V iren  besp ritz ten  3 5 % . L a u t dieses Versuches w a r die M o rta litä t (35% ) a u f  
der u n g ü n stig en  N äh rp flan ze , d . h . a u f  der W alnuss, am  s tä rk s te n , w odurch  
die T a tsach e  bew iesen w urde , die übrigens auch  fü r  an d ere  In sek ten v iren  als 
R egel zu  b e trach ten  is t, dass die ungünstigen  L ebensverhältn isse , im  gegebenen 
F a ll d ie  N ährpflanze, d as  U m sichgreifen des K ran k h e itse rreg ers  b e trä c h tlic h  
fő id é r t. H ierzu  sei b em erk t, dass diese Versuchsserie w egen h in d ern d er U m stän d e  
n ach  einer W oche abgebrochen  w erden m usste u n d  es keine M öglichkeit gab , 
die vo lle  E n tfa ltu n g  der M o rta litä t der infiz ierten  R au p en  abzuw arten .

B ei einem  w eiteren  V ersuch befand  sich das In se k ta r iu m  in  einem  geschlos
senen feuch ten  R au m  u n te r  ungünstigen  L icht- u n d  W ärm everhä ltn issen . Als 
N äh rp flan ze  d ien te  sowohl in  d er K ontroll- wie au ch  in  d er v iru sb eh an d e lten  
Serie d a s  L aub  des A pfelbaum es. N ach 5 Tagen g e s ta lte te n  sich die M o rta litä ts 
v erh ä ltn isse  folgenderm assen : von  den K o n tro llie re n  gingen 25 ,7% , von  d er 
v irösen  Z ucht 67,5%  ein . B ere its aus dem vorigen , doch vor allem  aus diesem  
V ersuch  geht hervo r, dass die ungünstigen  Z u ch tbed ingungen  auch  die K on- 
tro llra u p e n  dezim ieren, da  die M o rta litä t bei diesen ebenfalls verhältn ism ässig  
hoch  w ar, obwohl in  den  vorhergehenden  V ersuchen — einen F a ll ausgenom 
m en (N achbarin fek tion) — dies n ich t vorkam . B eg rü n d e t schein t die A nnahm e, 
dass h äu fig  eine L a ten z  v o rlieg t, w orau f schon im  L aufe  der vorigen  U n te r
suchungen  hingew iesen w urde , d . h . ein b ed eu ten d e r P ro zen tsa tz  der sche inbar 
gesunden  R au p en  die V irusin fek tion  in  sich t r ä g t .

D ie ungünstigen  Z uch tbed ingungen  m achen  aus den  la te n t  an g esteck ten  
R a u p e n  m anifest v iru sk ran k e  T iere.

M an n im m t im  allgem einen an , dass die T iere  w äh ren d  der V ersuche u n te r  
u n g ü n stig en  U m w eltsbedingungen  leben. Die A bgeschlossenheit u n d  das M ikro
k lim a  des In sek ta riu m s en tsp rech en  keinesfalls d en  n a tü rlich en  V erhältn issen , 
d esh a lb  zeigt sich u n te r  L ab o ra tium sbed ingungen  ein  gewisses P lus zugunsten  
des zu  erreichenden  Zieles in  dem  erhaltenen  B ekäm pfungsergebn is. Diese N ach 
te ile  w erden in  den F e ldversuchen  zum  grössten  T eil bese itig t, da  die Iso la to ren  
die T iere lediglich im  V erlassen d er N ährpflanze b esch rän k en  und  even tu e ll die 
L ich tverh ä ltn isse  beeinflussen , d er L uft- und  R egendurchgang  hingegen g ew ähr
le is te t  ist.

Die F re ilandversuche  w urden  an 2 —3jäh rigen  Jo n a th a n a p fe lb äu m e n  an  
zwei O rten  d u rch g efü h rt, u n d  zw ar im  V ersu ch sg arten  des In s ti tu te s  u n d  in 
B u d a té té n y  im  V ersuchsgebiet des F o rsch u n g sin s titu te s  fü r G a rten b au . Im  
In s t i tu ts g a r te n  w urde a u f  zwei en tgegengesetzten  S eiten  der V ersuchsbäum e je  
ein geeigneter Zweig au sgesuch t, m öglichst m it gleichem  L aubbesa tz , das m it
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e in e m  zylindrischen D ra h tiso la to r  um geben  (A bb. 4) und  u n te n  u n d  oben durch 
M ollino  abgeschlossen w u rd e . Vor A nbringung  der Iso la to ren  w u rd e  das Laub

Abb. 4. An m it Virusaufschwemmung bzw. W asser bespritzten Apfelbaumzweigen fressende
H yphantria-R aupen  u n te r Isolatoren

Abb. 5. R aupenfrass auf dem m it H yphan tria  Virus besprizten (links) bzw. auf dem  Kontroll-
zweig (rechts)

b e h a n d e lt ,  die K ontrollzw eige m it W asser, die in fiz ie rten  m it d er in d en  vo rher
g eh en d en  V ersuchen b e n u tz te n  V irusaufschw em m ung, d an ach  a u f  den  Zweigen 
100 R a u p e n  verschiedener G rösse u n d  E n tw ick lu n g  (L3—L6) u n te rg e b ra ch t.
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D as E ingehen  der R au p e n  u n te r  dem  virösen  Iso la to r  begann  am  8. T ag  
und  d a u e rte  10 T age h in d u rch . W äh ren d  dieser Z eit g ingen im  virösen Iso la to r  
säm tliche R au p en  ein ; im  K on tro lliso la to r h ingegen  b lieben  die R au p en  am  
L eben. W ie aus A bb. 5 ersich tlich , fressen die R a u p e n  a u f  dem  m it V iren  b e 
sp ritz te n  Zweig k au m  2 —3 B lä tte r , w ährend  der K ontro llzw eig  vollkom m en k a h l 
gefressen w urde.

B eim  V ersuch in  B u d a té té n y  w urden  n ich t Zweige, sondern d as  ganze  
B äum chen  m it einem  grösseren , a u f  H olzgerüst g eh än g ten  Iso la to r  b ed eck t. 
H ie r b lieb  ein  B aum  als K o n tro lle , zwei andere w u rd en  m it V iru se x tra k t b e 
sp r itz t. I n  den Iso la to ren  w urden  gleiche M engen v o n  R au p en , je  B aum  200 
S tü ck , u n te rg e b ra ch t. A u f dem  einen  in fiz ierten  B au m  gingen die R au p en  in  10 
T agen  ein , a u f  dem  anderen  k o n n ten  n ach  10 T agen  n och  10—15 lebendige gefu n 
den  w erden , w eshalb d ieser e rn eu t b e sp ritz t w urde . D a ra u fh in  gingen säm tliche  
R au p en  ein . U n te r dem  K o n tro lliso la to r leb ten  alle R a u p e n  w eiter, keine einzige 
ging ein.

Besprechung der Ergebnisse

Aus den besprochenen  V ersuchen können  p rak tisch e  Schlussfo lgerungen  
gezogen w erden. D ie E rgebnisse  d er k ünstlichen  In fek tio n sv ersu ch e  m it H y p h a n t-  
ria-V irus zeugen d avon , dass die künstliche  A n steck u n g  als B ekäm pfungsm e
th o d e  gegen Schädlinge an g ew an d t w erden k a n n . D ie k ü n s tlich  hervorgeru fene 
M asseninfek tion  m üsste  sich gegen die R aupen  r ich ten . Sowohl h in sich tlich  des 
ra sch en  A blaufes als au ch  in  bezug  a u f die q u a n ti ta t iv e  V erhä ltn iszah l w a r die 
In fek tio n  bei den jü n g s te n  R au p en  (L t —L3) am  w irk sam sten , in den  E n tw ic k 
lu n g ss tad ien  L4—Le schon lan g sam er, w ährend  sie im  le tz te n  L arv en stad iu m  
keine 100% ige M o rta litä t h e rb e ifü h rte . Diese T a tsa c h e  w ird  im  allgem einen  
d a m it e rk lä r t, dass die ju n g e n  R au p en  der V irusin fek tion  gegenüber e m p fin d 
licher sind , doch liegt die D eu tu n g  vielleicht noch m eh r an  der H an d , dass die 
ju n g e n  R au p en  von d er in fiz ie rten  B la ttfläch e  v erhä ltn ism ässig  m ehr fressen als 
die ä lte ren  und  sich a u f  diese W eise eine grössere M enge In fek tio n ss to ff e in v e r
leiben. D iese schälen näm lich  die O berfläche d e r B lä t te r  ab , w ährend  sich  die 
ä lte ren  R au p en  von ganzen  S tü ck en  ernäh ren , so dass sich der grössere T eil d e r 
aufgenom m enen N ah ru n g  n ich t aus den in fiz ie rten  O berflächen e rg ib t. E in  
b ed eu ten d e r Teil d er n ich t eingegangenen  ä lte ren  R au p en  tr ä g t  das V irus in 
la te n te m  Z u stan d  in  sich ; in  den  K örpersäften  m eh re re r, scheinbar g esu n d er 
R au p en , die auch sp ä te r  n ich t zug runde  gingen, so n d ern  sich v e rp u p p ten , w u r
den  P o lyeder gefunden . Diese L a ten z  h ö rt u n te r  u n g ü n stig en  L ebensbed ingun
gen a u f  u n d  fü h rt zu e in er a k tiv e n  E rk ra n k u n g  die auch  E pidem ieform en a n z u 
nehm en  verm ag . Die k ü h le , feuch te  W itte ru n g  is t d iesbezüglich ein a k tiv ie re n 
d er F a k to r  sowie die u n g ü n stig e  N ährp flanze  im  F alle  e iner grösseren R a u p e n 
invasion , wo die R au p en m assen , n ach  dem  sie die geeigneten  N äh rp flan zen  k a h l
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gefressen  haben sich m it w eniger geeigneten  zufriedengeben m üssen . E in  d e ra r
t ig e r  E influss der u n g ü n s tig e n  N ä h rp flan zen  w urde n ich t n u r  in  e igenen V er
su c h e n  an  W alnuss b e o b a c h te t, sondern  au ch  V ago  [6 ]  b e ric h te te  d a rü b er 
im  Z usam m enhang  m it dem  P o ly ed erv iru s  d e r S eidenraupe. D ieser A u to r 
e rn ä h r te  s ta t t  M o ru s-B lä tte r  m it M ach lu ra  die R au p en , die in  k u rz e r  Zeit 
v iru sk ra n k  w urden.

Vom S ta n d p u n k t d e r  p rak tisch en  B ekäm pfung  is t das N ach lassen  der 
F ra ssfe rtig k e it der R a u p e n  ein sehr b ed eu ten d e r F a k to r  ; n ach  3 —4 täg ig e r A uf
n a h m e  in fiz ierter N a h ru n g  o ffen b art sich dies bere its  sym p to m atisch . D ie A p p e tit
lo sig k e it is t ein K ran k h e itsze ich en , u n d  in  p rak tisch e r H in sich t b e d e u te t dies 
so v ie l, als ob n u r e in  D r itte l  des v o rh an d en en  R au p en b estan d es  das L au b  fres
sen  w ürde.

L a u t der V ersuche schein t das degenerative V erhalten  d e r  N achkom m en
s c h a f t  der in fiz ierten  P o p u la tio n  ein b e d e u tsa m e r F a k to r  zu sein. E s w ar n äm 
lich  ersichtlich , dass au s  d en  P u p p en  d er b is zu r V erpuppung g e lan g ten  ange
s te c k te n  R aupen  v iel w en iger S chm etterlinge  sch lüpften  als aus denen  d er gesun
d e n  ; bloss ein F ü n fte l d e r Schm etterlinge  sch lüp fte  aus den  P u p p en , u n d  auch  
d essen  H älfte  ging e in . D ie überlebenden  W eibchen leg ten  w eniger E ier, im 
V erg leich  m it den  K on tro llw eibchen  desselben A lters b e tru g  die d u rc h sc h n itt
lich e  Z ah l der E ie r n ic h t e in m al ein  V ierte l ; d a rü b e r h inausgehend , en tw ickelte  
s ich  aus den w enigen E ie rn  eine v e rk ü m m erte  N achkom m enschaft. So is t es zu 
e rw a rte n , dass w enn d as  V irus u n te r  den  R au p e n  der e rs ten  G en era tio n  keine 
10 0 % ig e  M o rta litä t h e rb e ifü h rte , die V erlu ste  bei der V erpuppung  u n d  w ährend  
des Schlüpfens sowie die darauffo lgende M o rta litä t, ferner die h e rab g ese tz te  
E ie rz a h l und  die d a m it v erb u n d en e  D egenera tion  der N achkom m enschaft die 
n o c h  bestehenden  M ängel befried igend  erse tzen .

D er e rö rte rte  pa th o lo g isch e  E n tw ick lungsgang  von d er V erp u p p u n g  der 
k ra n k e n  R aupen  bis zum  Schlüpfen d er S chm etterlinge , so d an n  bis zu r E ia b 
la g e  u n d  zum  S chlüpfen d e r  Ju n g ra u p e n  s te llt  einen  sehr w ich tigen  F a k to r  im  
B ek äm pfungsvorgang  d a r . D ie sch lechten  S ch lüpfverhältn isse  d er aus k ra n k e r  
P o p u la tio n  stam m en d en  S chm etterlinge  u n d  die h e rab g ese tz te  E ie rzah l d er 
W eib ch en  zeugen d av o n , d ass  das V irus die V erm ehrung  bzw . den  E n tw ick lu n g s
g a n g  u n m itte lb a r  oder m itte lb a r  b ee in flu sste . D er V organg zeig t übrigens die 
V erb re itungsm ög lichkeit d e r  V irusepidem ie d u rch  in fiz ie rte  P u p p en  von  einem  
J a h r  in  das andere im  v o ra u s  an . L a u t d e r V ersuche e n tfa lte te  sich d ieser V er
sch lech terungsprozess n u r  a u f  der L inie d er W eibchen und  zeig te sieh u n te r  den 
N ach k o m m en  des in fiz ie rte n  M ännchens u n d  des gesunden  W eibchens n ich t.

E s sei noch eine E rsch e in u n g  e rw ä h n t, die ebenfalls zum  degcn era tiv en  
K o m p le x  gehört. K ein  sy s tem atisch er V ersuch  w urde vorgenom m en, sondern 
led ig lich  beobach te t, dass die P aa ru n g sfäh ig k e it der v iru sk ran k en  M ännchen 
v e rm in d e r t  is t, was sich  je d o c h  n ich t a u f  alle bez ieh t. Bei d er U n te rsu ch u n g  eines 
M ännchens m it h e ra b g e se tz te r  F e rtig k e it w u rd en  in ihm  P o lyeder gefunden ,
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w ährend  diese bei den paaru n g sfäh ig en  feh lten . W ird  diese B eobachtung  d u rch  
system atische  U n te rsu ch u n g en  b e s tä tig t, so lieg t e ine  neuere  A ngabe zu r E n t 
k rä ftu n g  d er N ach k o m m en sch aft der aus in fiz ie rte r  P o p u la tion  s tam m en d en  
E lte rn  vor.

Die F rage  vom  S ta n d p u n k t der p rak tischen  A nw endbarkeit b e tra c h te n d , 
befried ig t die g ep lan te  S chu tzm assnahm e m itte ls  V irus die F o rderungen , die 
h insich tlich  d er B en u tzu n g  eines biologischen A gen ten  in  d er B ekäm fung g es te llt 
w erden.

G ute A ussich ten  b estehen  zur m assenhaften  E rzeu g u n g  des In fek tio n ss to f
fes und  zur W eite rv e rb re itu n g  d er V irusepizootie. D ie eingesam m elten  K a d a v e r  
können  lange J a h re  h in d u rch  au fb ew ah rt und  d as  V irus in  trockenem  Z u s ta n d  
in  ak tiv e r  F o rm  k o n se rv ie rt w erden , so dass d as  M a te ria l jederzeit zu r H erv o r- 
ru fu n g  einer E p izoo tie  v e rw en d b ar is t. Es b e s te h t ausserdem  die H offnung , m it 
e iner anderen , le ich t zü ch tb a ren  In se k te n k u ltu r  eine M assenv irusku ltu r z u s ta n d e  
zu bringen .

Die B eseitigung  ein iger M ängel und  im  Z u sam m en h an g  dam it die S te ige
ru n g  der A n w en d b ark e it m üssen  noch d u rch g efü h rt w erden . Das w esen tlichste  
d a ru n te r  is t die B eschleunigung d er V irusw irkung. D as V irus benö tig t eine gewisse 
Z eit, um  den O rganism us du rchd ringen  und  sich d o rt generalisieren zu k ö n n en . 
Diese Zeit w echselt — in  A bhäng igkeit vom  E n tw ick lu n g sstad iu m  d er R au p en  
— zw ischen 3 u n d  6 T agen . Es gehört zum  W esen des E rfolges, dass die R a u p e n , 
bevor sie noch d u rch  ih ren  F rass  b e träch tliche  S chäden  an rich ten , zu g ru n d e  
gehen. Zur L ösung d er F rag e  b ie ten  sich m ehrere M ethoden ; vor allem  sei h ie r 
die Selektion d e r aggressiveren  S täm m e erw ähn t. Im  L aufe  eines n ich t zu  d ieser 
A rbeit gehörenden  V orversuches w urde b eo b ach te t, d ass  die serienweise P assag e  
die A ngriffsfäh igkeit des A usgangsvirusstam m es e rh ö h t. W ährend  w ir diese 
E rscheinung an  R au p en  des gleichen S tad ium s b e o b ach te ten , k o n n ten  w ir fe s t
ste llen  dass d er u rsp rüng liche  A usgangsstoff bei R au p en  der L2—L3 S tad ien  
e rs t nach  einer W oche eine m erkbare  M o rta litä t h e rb e ifü h rte , w ährend  ein u n d  
derselbe In fek tio n ss to ff  n ach  drei Passagen b e re its  am  5. Tag eine ra sch  zu n eh 
m ende M o rta litä t e rgab .

E ire  an d ere  M ethode zu r Beschleunigung d e r V irusreak tion  w äre die Z u 
gabe von S toffen  erg än zen d er W irkung , die en tw ed e r biologische A gen ten  oder 
chem ische S toffe sein k ö n n te n . D em  ersten  G edanken  w ürde das Bacillus ihürin- 
giensis en tsp rechen , m it dem  bereits K lement [2] günstige R esu lta te  erz ie lte . 
D as Virus u n d  das B ak te riu m  in M ischkultur an w en d en d , könn te  n ich t n u r  an  
eine biologische W irkungsergänzung , sondern au ch  an  ein das P rob lem  der 
B esetzungsfäh igkeit fö rderndes physikalisches H ilfsm a te iia l g edach t w erden .

Dem  anderen  G edanken  w ürde jedes in  n ied rig er K o n zen tra tio n  an g e
w and tes chem isches B ekäm pfungsm itte l en tsp rech en , das in s tä rk e re r  K o n 
zen tra tio n  die H y p h a n tr ia  tö te t ,  die A k tiv itä t des V irus indessen n ich t v e r
m indert.
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D ie  im  Laufe u n se re r N achforschungen  gesam m elten  Y ersuchsangaben  
b ew iesen  ohne A usnahm e, d ass  die gefundene Y iru sart nach  A u sa rb e itu n g  der 
p ra k tis c h e n  A nw endungsm assnahm en in  d er biologischen B ek äm p fu n g  von 
H yphantria  cunea w irksam  angew endet w erden  k an n .

ZUSAMMENFASSUNG

In  Züchten von Hyphantria cunea wurden im Jah re  1952 grosse Mengen an  Polyedrosis 
eingegangener Raupen gefunden. Die Raupen enthielten fü r die V iruskrankheit charakteristische 
P o lyeder. Die infizierten R aupen konnten in Laboratorium s- und Feldversuchen zur weiteren 
In fek tio n  und auf diese Weise zur Bekämpfung des Schädlings erfolgreich verw endet werden. 
Infektionsversuche bewiesen, dass die jungen R aupen am empfindlichsten sind. Die infolge der 
In fek tio n  n icht eingegangenen älteren  Raupen übertrugen die Folgen der Infektion Degenerations
erscheinungen in den w eiteren Lebenszyklen durch die Puppe, die Imago und  das Ei, sogar 
an  die Jungraupen. Eine degenerative W irkung der Infektion ist an der N achkom m enschaft 
w ahrnehm bar, die M ortalitätsm ängel der älteren R aupen ausgleichend. Die W irkung der Virus
in fek tio n  w urde von den ökologischen Faktoren wesentlich beeinflusst, da ungünstige Faktoren 
das la te n te  Virus aktivierten. Die Versuchsergebnisse bieten eine Möglichkeit zur praktischen 
B ekäm pfung .

L ITER A TU R

1. C h a p m a n ,  I. W., G l a s e r ,  R. W. : J . Econ. Entom ol. 8, 140 (1915).
2. E lement, Z. : Mezőg. Kíséri. Közp. Évk. 3, 118 (1951).
3. M a c h a y ,  L. M., L o v a s ,  В. : A cta Microbiol. H ung. 3, 117 (1955).
4. M agy. K ir. Áll. R ovartani Állomás Köziem. 1, (1895).
5. N a g y ,  B ., R e i c h a r t ,  G., U b h i z s y ,  G. : N ovényvéd. K út. In t. K iadványai 1 (1953).
6. V ago , C. : Rév. Canad. Bioi. 10, 299 (1951).
7. V ago, M. M. C., V a s i l j e v i c ,  L. : C . R. Acad. Agric. 39, 735 (1953).



THE NATURE OF THE SPECIFIC 
POLYSACCHARIDES OF TUBERCLE BACILLI. II

By

J. F ö l d e s

Institute o f Microbiology Medical University, Szeged 

(Received, March 9, 1956)

In v es tig a tio n s  in to  th e  M id d l e b r o o k .— D u b o s  te s t  [1] h av e  p roduced  
evidence show ing th a t  th e  com m ercial old tu b e rcu lin  con ta in s tw o k in d s  of 
specific com ponen t [2]. One is capab le  o f adso rp tion  onto  e ry th ro cy tes  an d  th e  
e ry th ro cy tes  th u s  sensitized  are  ag g lu tin a ted  b y  th e  serum  from  p a tie n ts  w ith  
tubercu losis . T he o th e r specific com ponent is no t adsorbed , b u t fixes th e  a n t i 
body , as i t  could  be d em o n stra ted  b y  th e  h aem ag g lu tin a tio n  inh ib itio n  te s t .  
In  a previous re p o rt [2] an  accoun t w as given of th e  iso la tion  of th ese  tw o k inds 
o f specific com ponen t, of th e ir  chem ical charac teristics an d  serological a c tiv itie s .

E x tra c t  P x, o b ta in ed  from  dried  tuberc le  bacilli b y  m ild  tre a tm e n t, 
possesses b o th  of th e  above p ro p erties , while e x tra c t P 2, w hich is o b ta in e d  by  
ro u g h er tre a tm e n t ,  is n o t adso rbed  onto  red  cells an d  fixes th e  a n tib o d y  only . 
Chem ical analy sis  h as  show n b o th  o f these  e x tra c ts  to  be of po lysaccharide  
n a tu re . I t  h a s  been found, how ever, th a t  e x tra c t P j con ta ined  also a re la tiv e ly  
h igh  am o u n t o f desoxyribonucleic acid  (DNA) an d  a sm all q u a n tit iy  o f  r ib o 
nucleic ac id  (R N A ).

A t p re se n t no d e ta iled  in fo rm atio n  is ava ilab le  concerning th e  n a tu re  
o f  th e  sensitiz ing  com ponent. M ost of th e  au th o rs  believe th e m  to  be  p o ly 
saccharides [3, 4, 5], th o u g h  o th ers  claim  th a t  th e  p ro te in  frac tio n  shou ld  be 
held  responsib le  for sensitisa tio n  [6, 7]. Chem ical analysis an d  serological 
s tud ies o f th e  P t an d  P 2 e x tra c ts  suggest th a t  in  th e  e x tra c ts  P j th e  nucleic acid 
lin k ed  to  th e  po lysaccharide p lay s th e  decisive p a r t  in  th e  m echanism  o f ad so rp 
tio n  [2]. T h is assum ption  h as  been  confirm ed by  th e  experim ents to  be rep o rted , 
on  th e  one h a n d , b y  com pleting  th e  know n ch a rac te ris tic  p ro p erties  o f  th e  
e x tra c ts  a n d , on th e  o th e r h a n d , b y  p a r tia l  decom position of th e  e x tra c ts  an d  
b y  chem ical an d  serological analysis o f th e  substances decom posed a n d  th e  
frac tioned  com ponents.

Materials and methods
Preparation o f extracts P , and P 2. The extracts were prepared from autoclaved and dried 

bovine tubercle bacilli grown in Sa uton ' s medium, by the technique already described [2]. 
The extracts studied in this paper were the fractions P[ and P 2 obtained in another, subsequent 
isolation.
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Partial hydrolysis o f  fractions Рг and P 2 fo r  serological studies. Two tes t tubes were placed 
in to  a boiling w aterbath , one containing 8 ml of a 100 mg per cent solution of ex trac t and the 
o ther 2 m l of 0,5 N  HC1. A fter 5 m inutes the ho t solutions were mixed m aintained a t 100° C, 
sam pled (1 ml) a t predeterm ined intervals and neutralised w ith 1 ml of 0.1 N  NaOH containing 
suffic ien t NaCl to  make an  isotonic solution. The neu tral and isotonic solution thus obtained 
w as a 40 mg per 100 ml solution of the partially  degraded ex tract. This was then  used in the 
haem agglutination inhibition  and erythrocyte sensitisation experiments.

P artia l decomposition of extracts w ith NaOH was carried out by an analogous procedure.
Partial hydrolysis o f  extracts P l and P 2 fo r  chemical analysis. In to  a boiling w aterbath 

25 m l of an 0,1 per cent solution of extract and 6,25 m l of 0,5 N  HC1 were placed ; after 5 m inutes 
th e  solutions were mixed and  th e  m ixture was allowed to  stand  in  the boiling w ater until the  
sensitizing resp. agglutination inhibiting properties were lost. The length of tim e required was 
determ ined by serological ac tiv ity  tests after hydrolysis as described above. A fter completion 
of th e  treatm ent, the solutions were transferred to m elting ice, the pH  is adjusted to  6,2 and the 
volum e to  62,5 ml diluting thereby  the ex trac t to  m ake a 40 mg per 100 ml solution.

P artia l degradation o f the extracts w ith N aOH  was carried out by an analogous procedure.
Fractionation with La-acetate. The La-acetate p recip itation  described in  th e  previous 

pap er [2] was carried ou t a t  th e  low pH  (pH =  3) suggested to  be optim al by Stern and Stein
berg [8]. The supernatant of ex trac t P 1 still contains a p a rt of the sensitizing agent. In later 
experim ents it  has been shown th a t  by fractionating a t pH  =  6,2 the to ta l am ount of nucleic 
acid bound to the polysaccharide is split off and the centrifugate thus obtained does not sensitize 
or con tain  phosphorus. F rac tionation  was carried ou t by  adding 1 ml 2,5 per cent L a-acetate to  
20 m l of the partially  degraded solution and the m ix ture  was kep t in a refrigerator overnight. 
The centrifuged precip itate was washed three tim es w ith  2 ml cold 0,1 per cent La-acetate. 
The volum e of the mixed washing fluids and the supernatan t was made up to 40 ml w ith distill
ed w ater.

The m aterial separated  and washed w ith L a-acetate was suspended in  2 ml 0,1 N  Na2C 03. 
The resulting La-carbonate precip itate was centrifuged and repeatedly washed. The volume 
of th e  solution and the washing fluids was made up  to  40 m l w ith distilled w ater.

T en ml of a 100 mg per 100 ml solution of th e  original non-hydrolysed ex trac t P ; were 
frac tiona ted  in the same w ay. Since, however, the excess La in  the  solution agglutinates erythro
cytes, th e  excess La in  th e  supernatan t was removed by the addition of 1 JV N a2C 03. Finally, 
th e  volum es were made up  to  20 ml. The NaCl conten t of th e  w ater used for dilution provided 
for isotonia.

Fractionation with Uranyl-acetate was made by th e  MacFadyen method [9]. Twenty 
m l of a 1,56 per cent U ranyl-acetate, dissolved in 10 per cent trichloracetic acid was added 
to  20 ml of partially hydrolysed ex tract. A fter standing overnight in a refrigerator and centri
fuging, the  sediment was repeated ly  washed w ith th e  reagent diluted 1 in 2,5. The washed 
frac tion  was dissolved in  2 m l 0,1 N  Na2C03 and its  volum e adjusted  to  40 ml.

T en ml of the 100 m g per 100 ml solution of th e  original non-hydrolysed ex trac t P j were 
frac tionated  in  the same w ay. The solution was diluted to  20 ml (50 mg per 100 ml concentration). 
The NaCl contained in th e  d iluen t ensured isotonia.

D ialysis o f the partia lly hydrolysed extract. D ialysis was carried ou t against distilled 
w ater, a t  4° C, for 60 hours. The distilled w ater was renewed a t 12 hour intervals.

Erythrocytes fo r serological tests. Sheep erythrocytes washed three tim es and preserved 
in  Alsever’s solutions [10] were used.

Agglutinating serum. Serum  was obtained by  h ea rt puncture from rabbits infected w ith 
live tubercle  bacilli. A fter titra tio n , the higher titre  sera were mixed and stored in deep-freeze.

A ssay o f sensitizing activity. The sensitizing capacity  of the ex tract P j, the La- and Uranyl- 
ace ta te  fractions and of th e  partia lly  hydrolysed ex trac ts was determ ined by the following 
m ethod. Two ml of the 40 mg per 100 ml ex tract were incubated  w ith 0,1 ml 20 per cent washed 
sheep erythrocytes a t 37° C for 2 hours. The cells were then  washed, taken  up to make an 0,5 
per cen t suspension, of w hich 0,1 m l was added to  each 0,1 ml-volume dilution of the serum 
of know n titre. After incubation  a t  37° C for 2 hours th e  agglutination titre  was read.

Specific inhibition o f haemagglutination. Tests for specific inhibition of agglutination by 
ex trac ts  P 3 and P2, by th e  La- and U ranyl-acetate fractions of P , and by the partially  degraded 
ex trac ts were made by the Takátsy loop method [11], in  to ta l volumes of 0,2 ml. The dilutions 
of th e  ex tracts (0,1 ml in volum e each) were incubated w ith  0,05 ml serum eight times more 
concentrated  than  the titre  d ilu tion  (8 haem agglutination doses =  8 H. D.), a t 37° C for 1 hour. 
A fter th a t , 0,05 ml of the 1 per cent suspension of sensitized red cells was added, the m ixture 
was shaken, kept at 37° C for 2 hours and examined quan tita tive ly  for inhibition of agglutination,

Chemical analysis. R educing components were estim ated by  the Mokrasch method [13], 
using th e  Dreywood anthrone reagent [12]. Pentoses were determ ined quantita tively  by the
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M e y b a u m  orcinol te s t [14]. DNA was estim ated by the D i s c h e  method [15], as modified b y  
B e r g o l d  and P i s t e r  [16]. Q uantitative tes ts  for phosphorus were carried out according to 
H a r w e y  [17], and  for nitrogen by the C l e g h o r n  and J e n d r a s s i k  nesslerisation m ethod [18]. 
Hexosamine was estim ated by the modified [20, 21] method of E l s ő n  and M o r g a n  [19]. The 
above colorimetric tes ts were made in 3 parallels of different quan tity . The results presented 
represent the m eans of the values calculated from  readings on the „Pulfrich-Photom eter” . The 
chrom atographed ex tracts were hydrolysed w ith 4 IV H 2S 04 a t 100° C for 4 hours neutralised  
w ith B aC 03, chrom atographed on W hatm an No 1 paper a t room tem perature for 24 hours, 
using butanol-pyridine-w ater 3 : 2 : 1,5 as a solvent [22]. Reducing agents were dem onstrated  
w ith anilinhydrogen phthalate [23], and th e  nucleic acid bases by th e  alkaline fluoresceine 
method of W i e l a n d  [24].

Experiments and results

The ex p erim en ts  were in te n d e d  to  yield a sensitizing  frac tion  w hich m a y  
be looked upon  as being hom ogeneous, on th e  one h an d , an d  also to  use such  
destru c tiv e  p rocedures which e lec tive lv  affect th e  sensitizing  com ponent. A ccord
ing  to  th e  re su lts  o f a previous p a p e r  [2], th e  P x e x tra c t is n o t hom ogeneous. 
I t  h as  been n am e ly  found th a t  th e  sensitizing  ac tion  is b ound  to  th e  N A -con- 
ta in in g  frac tio n  o f ex tra c t P j. I t  seem ed th a t  th e  m ethod  o f choice fo r p ro 
ducing  th e  hom ogeneous frac tion  w ould  be th a t  causing  specific p rec ip ita tio n  
o f NA, while th e  sensitising pow er could  electively  be abolished b y  b reak in g  
dow n NA chem ically  or e n z y m a tic a l ly .l t  has, how ever, been found th a t  follow 
ing th e  enzym ic hydrolysis of N A  th e re  still rem ains a considerable q u a n t i ty  
o f  n o nhydro lysed  nucleotide, th e  so-called  “ core”  [25, 26]. B earing  in m in d  a 
possible action  o f  th e  “ core”  u n a ffec ted  b y  th e  enzym atic  hydro lysis, th e  d ilu te  
a lkaline  and  acid  hydrolysis seem ed to  be m ore ad eq u a te . T he resu lts o f enzym ic 
hydro lysis w ill be published la te r  [28].

Chemical and serological characteristics o f the preparations 

The ch arac teristics of e x tra c ts  P j  and  P 2 are  sum m arised  in T ab le  I .

Table I
Chemical and serological analysis of extracts Р г and P 2

E x tra c t
R ed u cin g
su b ta n c e s

%

H exose-
am ine

%
P e n to se

%
DNA
%

'P h o sp h o ru s
0//в

N itro g en
о//о A I t i t r e *

P i  ................. 62,0 6,3 8.9 20,05 2,15 3 ,2 1 : 160 000

p., .................. 61,5 3,9 25,4 — 0,6 0,97 1 : 120 000

* A gglutination Inhibition.

I t  c a n  be  seen in T ab le  I  t h a t  w hile e x tra c t P j  w as re la tiv e ly  rich  in  
D N A , th is  could  no t be d e m o n s tra te d  in e x tra c t P 2. T he tw o e x tra c ts  d iffered  
s ig n ifican tly  in  n itrogen  an d  p h o sphorus con ten t, too . I t  was rem ark ab le  th a t
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e x tra c t P 2 should  c o n ta in  as much p en to se  (25,4 p er cen t), as com pared  w ith  
th e  8,9 per cen t in  e x tra c t  Р г.

Sensitizing activity o f extract P v  T h e  q u a n tita tiv e  d a ta  fo r sensitizing 
a c tiv ity  are p re se n te d  in  Table I I .  T he d a ta  rev ea l th a t  even a 10 m g p er

Table II
Estim ation o f the sensitizing activity o f extract P x

1%  red cells d 1 u  t  i о n  s o f  s e r u m
tre a te d  w ith

1 : 2 1 : 4 1 : 8 1 : 16 1 :  32 1 : 6 4 1 :1 2 8 1 :  256

P i  2 0  m g %  . . . . +  +  +  + + + + + +  +  +  + + + + + + + + + +  +  +  + + + + + —

1 0  m g %  -------- +  +  +  + + + + + +  +  +  + + +  +  + + + + + +  +  +  + + + + + —

5 m g %  -------- +  +  +  + + + + + +  +  +  + +  +  +  + + + +  + +  +  +  + — —

2  m g %  . . . . +  +  +  + + + + + + + + + + + + + + + + + +  +  + — —

1 m g %  -------- +  +  +  + + + + + +  +  +  + + + + + + + + — — —

old tuberculin,
1 : 1 0 0  ................... +  +  +  + + + + + +  +  +  + + + + + + + + + +  +  +  + + + + + —

c e n t dilution o f  e x t r a c t  P x could co m p le te ly  sensitize (a  t i t r e  o f 1 in  128) 
a n d  th a t  the  1 in  32 t i t r e  of th e  serum  u se d  w as capab le  o f ag g lu tin a tin g  red  
cells sensitized b y  a d ilu tio n  as low as 1 m g  p e r 100 m l.

Serological activity o f the La- and Ur any l-acetate fractions o f extract P 1. 
I f  nucleic acids b o u n d  to  th e  po lysaccharide a re  a ttr ib u te d  a specific role in  th e  
m echanism  of se n s itiz a tio n , i t  should be ex p ec ted  th a t  following frac tiona tion  
w ith  La- or U ran y l-  a c e ta te , th e  s u p e rn a ta n t w ould n o t a n y  m ore sensitize. 
O u r results p u b lish ed  ea rlie r [2] do n o t co rro b o ra te  th is  view , since a certa in  
degree of sen s itiza tio n  occurred in  th e  re d  cells exposed to  th e  su p e rn a tan t. 
S ubsequent chem ical analy sis  has, how ever, revealed  th a t  a f te r  frac tiona tion  
w ith  L a-n itra te  a t  p H  — 3 th e  su p e rn a ta n t s till con ta ined  ab o u t 40 p er cent 
o f  th e  NA p h o sp h o ru s. I n  a la te r  w ork f ra c tio n a tio n  w as m ade w ith  L a -ace ta te  a t  
p H  =  6, 2, follow ed b y  a detailed  chem ical analysis  o f th e  frac tio n s. The sero
logical ac tiv ity  o f  th e  frac tio n s thu s o b ta in e d  is p resen ted  in  T ables I I I  and  IV  
includ ing  the  re su lts  o f  assays of th e  frac tio n s  ob ta in ed  b y  p rec ip ita tio n  w ith  
U ran y l-aceta te .

According to  th e  d a ta  in  Table I I I ,  th e  40 m g per 100 m l solu tion  of th e  
frac tio n  separa ted  b y  tre a tm e n t w ith  L a -a c e ta te  w as eq u iv a len t in  sensitizing 
c a p ac ity  w ith th e  w h o le  ex trac t. The sam e app lies to  th e  U ran y l-ace ta te  frac
tio n . The su p e rn a ta n t o f  th e  L a-aceta te  fra c tio n  d id  n o t sensitize.

The single f ra c tio n s  differed from  each  o th e r only  s ligh tly  in  agg lu tina
t io n  inhibition t i t r e  (T ab le  IV ). I t  can  be seen  th a t  an  alm ost d irec t re la tionsh ip
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Table III
Erythrocyte sensitizing activity o f  extract P j and o f its various fractions

1%  red  cells tre a te d  
w ith

d i l u t i o n s  o f  s e r u m

1 : 2  j 1 : 4  | 1 : 8  J 1 : 16 1 : 3 2  j 1 :  64 | 1 : 128 | 1 : 256

Whole ex trac t . . . +  +  +  + +  +  +  + +  +  +  + + + + + +  +  +  + +  +  +  + +  +  +  + —

La-acetate fraction +  +  +  + +  +  +  + +  +  +  + + + + + +  +  +  + +  ’+  +  + +  +  +  + —

La-acetate super
n a tan t ............. — — — — — — — —

U -acetate fraction +  +  +  + +  +  +  + 4—1—1—f- + + + + +  +  +  + +  +  +  + +  +  +  + —

Table IV
Inhibition o f haemagglutination by extracts P j and P 2 as well as by the different fractions 

o f extract P lt in  the case o f 8 H . D. sera

40 m g p e r ce n t so lu tions
D  i 1 u t i o n s  о F e x t r a c t  i n  t h о u  s a n  d s

5 10 20 40 80 160 320

P , whole ex tract .......................... — — — — — + + + + +

L a-acetate fraction ........................ — — — — — +  4- + + ' + +

L a-acetate supernatant ............... — — — + +  +  + +  +  +  + + +  +  +

U -acetate fraction ........................ — — — — — +  +  + + +  +  +

P 2 ex trac t ....................................... — — — — + + + + +

H .D . =  haem agglutinating doses

ex isted  betw een  in h ib ito ry  action  an d  po lysaccharide  co n ten t of th e  N A -poly- 
saccharide  fraction  an d , the  su p e rn a ta n t (Table V).

Chemical analysis o f the La- and Uranyl-acetale fractions o f extract P x. 
C hem ical analysis h as  co n trib u ted  in te re s tin g  d a ta  to  th e  in form ation  o b ta in e d  
b y  serological m ethods. The resu lts  o f chem ical analysis  are  presen ted  in  T ab le  V .

Table V
Chemical analysis o f extract P t and o f its fractions precipitated with La-acetate and Uranyl-acetale,

respectively

A nalysis
W hole e x tr a c t

%
L u -a c e ta te

fra c tio n  %  s u p e rn a ta n t  %

U ra n y l-a c e ta te  
f ra c tio n  %

Reducing substances .......................... 62,0 38,0 2-:,o 38,0

Pentose .................................................. 8,9 5,25 3,60 5,25
Nitrogen ................................................ 3,2 2,6 0,65 2,6
Phosphorus ........................................... 2,15 2,15 0,0 2,15
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I t  is seen f irs t o f  a ll th a t  a fter fra c tio n a tio n  a t pH  =  6,2 th e  su p e rn a ta n t 
co n ta in ed  no p h o sp h o ru s  an d , accordingly , i t  d id  no t sensitize (T able I I I ) .  
A lso  th a t  about 2/3 o f  th e  to ta l  am oun t o f  reducing  agents w ere p rec ip ita ted  
to g e th e r  w ith th e  N A  ; th e  sam e app lied  to  th e  pentoses. T h u s th e  frac tion  
s p li t  off by tre a tm e n t w ith  La- and U ra n y l-a c e ta te , respectively , m u st be con
sid e red  NA bound  to  po lysaccharide  ra th e r  th a n  pure NA. O nly  h igh ly  poly
m erised  nucleotides a re  p rec ip ita ted  b y  th e  M a c F a d y e n  m eth o d . T hus, from  
th e  fac t th a t  th e  f ra c tio n  separa ted  b y  L a -a c e ta te  tre a tm e n t co n ta in ed  ju s t  as 
m u c h  of both  N A  a n d  lin k ed  polysaccharides as th e  U ran y l-ace ta te  fraction , 
follow s th a t th e  N A  in  e x tra c t  is com posed exclusively of h ig h ly  polym erised  
nucleo tides.

I : i  t S

Fig. 1. 1. =  Whole ex tra c t P j 2. =  The 
La-acetate fraction of P 2 3. =  The 
supernatant of fraction 2. 4. =  P 2 5. =

D-ribose, arabinose, galactose

Chromatographic studies. The q u a lita tiv e  com position o f  th e  ex trac ts  
and  their fra c tio n , as determ ined  b y  ch rom atog raph ic  an a ly sis , m ay  be o f 
in terest. Since c h ro m a to g ra p h y  can n o t be  expected  to  y ie ld  ab so lu te  values, 
even an e v a lu a tio n  on  a com parative b as is  xvill supply  v a lu ab le  in fo rm ation . 
In  Fig. 1 th e  ch ro m ato g ram s of e x tra c ts  and  its  L a -a c e ta te  frac tions 
are  shown as w ell a s  tho se  of know n su g a rs , as s tan d ard s.
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As i t  can  be seen, th e re  is no d ifference in  q u a lita tiv e  com position  b e tw een  
th e  w hole e x tra c t P x an d  its  frac tio n  p re p a re d  b y  t r e a tm e n t  w ith  L a -a c e ta te . 
T h e  o n ly  sign ind ica ting  th e  presence o f  N A  is th e  p a le  sp o t o f  ribose. T hough  
D N A  is p resen t in  a m uch  h ig h er co n cen tra tio n  (20,5 p e r  cen t), its  la b ility  [27] 
p re v e n ts  i t  from  being dem o n strab le  b y  th is  m ethod . E x c e p t fo r th e  sp o t for 
ribose, th e  ch rom atog ram  o f th e  su p e rn a ta n t  seems to  be  id en tica l w ith  th e  
p a tte rn s  m entioned  above. T hus on th e  basis o f ch ro m a to g rap h y  th e  s tru c tu re  
o f  th e  polysaccharide in  b o th  th e  fra c tio n  conta in ing  N A  an d  th e  su p er
n a ta n t  is b u ilt up o f th e  sam e u n its . C oncerning th e  q u a lity  o f th e  single 
com ponen ts, paralle l te s ts  w ith  know n ca rb o h y d ra tes  supp lied  va luab le  in fo rm 
a tio n . As determ ined  b y  com p ara tiv e  ch ro m ato g rap h y , e x tra c t  P x is com posed 
o f  ribose, arabinose an d  glucose, a n d  e x tra c t  P 2 o f  g a lac to se  an d  arab inose  
u n its . T he p a tte rn  of th e  N A -com ponent dem onstrab le  in  th e se  h y d ro ly sa tes  b y  
th e  WiELAND-method in d ica tes  th a t  th e  com ponents o f th e  w hole e x tra c ts  are  
p re se n t in  th e  frac tions se p a ra te d  b y  t r e a tm e n t w ith  L a -a c e ta te .

Serological activity o f  extracts partia lly hydrolyzed by treatment with 0,1 
N  NaOH. The sensitizing  a c tiv ity  o f  e x tra c t  P x t r e a te d  w ith  0,1 iV N a O H is  
p re sen ted  in  T able V I.

Table VI
The sensitizing activity o f  extract P , after treatment with 0,1 N  NaOH  at 100° C

D u ra tio n  o f D i l u t i o n s  o f  s e r u m

m in u te s 1 : 2 1 : 4 1 : 8 1 : 16 1 : 32 1 : 64 1 :  128 1 :2 5 6

0 + + + + + + + + + + + + + + + + + + + + + + + + + + + + —

1 + + + + + + + + + + + + + + + + + + + + + + + + + + + + —
2 + + + + + + + + + + + + + + + + + + + + + + +  + +  + —
3 + + + + + + + + + + + + + + + + + + + + + + + + + —
4 + + + + + + + + + + + + + + + + + + + + + + — —
5 + + + + + + + + + + + + + + — — — —
6 — — — — — — — —

10 — — — — — — — —

15 — — — — — —

As seen, u n d er th e  cond itions em ployed th e  sensitiz ing  c a p a c ity  o f  
e x tra c t  P j decreased g rad u a lly  an d  d isap p eared  a fte r  6 m in u tes .

T he sam e resu lt h as  been  o b ta in e d  w ith  th e  L a -a c e ta te  frac tio n  o f e x tra c t 
P j ,  as determ ined  b y  a  s im ila r m eth o d .

T he agg lu tin a tio n  in h ib itio n  t i t r e s  for th e  sam e p a r tia lly  hyd ro lyzed  
e x tra c t  are  show n in  T ab le  V II .

4 A c ta  M icrobio logica IV /1
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Table VII
Inhibition o f the 8 H. D. agglutinating serum by extract I \  treated with 0,1 N NaO H  at 100° C

D u ra tio n  o f treat* 
m e n t,  m inutes

D ilu tion  o f e x tr a c t  in  th o u sa n d s

5 1 10 20 40 80 160 320

0 — — — — — + + + + - + -

l — — — — — + + + + + +

2 — — — — + +  + + +  +  +  4 -

3 — — — — + + + + +  +  +  +

4 — — — + +  + + + + + + + + +  +
5 — — — + + + + + + + + + +  +  +  - P

10 — — — + + + + + + + + + + + +  +

15 — — — + + + + + + + + + +  +  +  +

T he d a ta  in  T a b le  V I I  reveal th a t  th e  agg lu tin a tio n  in h ib itio n  t i tre  of th e  
t r e a te d  ex trac t decreases sligh tly  for 5 m in u tes , th en  rem ain s a t  th e  sam e level 
th ro u g h o u t th e  re s t o f  th e  experim en t. T h u s , p a r tia l  hyd ro lysis  b y  alkali w ill 
re d u c e  th e  ag g lu tin a tio n  in h ib ition  c a p ac ity  only  u n til  all sensitiz ing  a c tiv ity  
is  lo s t  b u t after t h a t  no  change in  ag g lu tin a tio n  inh ib itio n  t i t re  occurs.

T he effect o f  p a r t ia l  alkaline hydro lysis on th e  serological ac tiv ity  o f  
e x t r a c t  P 2 is shown in  T ab le  V III .

Table V in
Inhibition o f the 8 H . D . serum by extract P 2 treated with 0,1 N  N aO H  at 100° C

D u ra tio n  o f  t re a t
m e n t ,  m inutes

D ilu tio n  o f  e x tr a c t  P 2 n  th o u sa n d s

5 10 20 40 80 160 320

0 _ — — — + + + +  +  +

l — — — — + + + + + +

5 — — — — — + + + + + +

10 — — — — — + + + + + +

15 — — — — — + + + + + +

20 — — — — — + + + + +  +

I t  is shown th a t ,  u n d e r  th e  given cond itions, p a r tia l  hy d ro ly sis  w ith  alkali 
h a d  no  influence w h a tso e v e r on th e  ag g lu tin a tio n  in h ib itin g  p ro p e rty  of ex 
t r a c t  P 2 which is o f  po lysaccharide  n a tu re . T he sim ilar b e h a v io u r o f ex trac ts  
P a a n d  P x under s im ila r  conditions w as rem ark ab le .

Chemical analysis o f  extract P 1 after partial hydrolysis with 0,1 N  NaOH. 
T h e  serological t e s t  on  the  p a rtia lly  h y d ro lysed  e x tra c t  P x w ere com plet
e d  b y  chemical an a ly sis  o f  th e  e x tra c t t r e a te d  u n til i t  h a d  lo st its  sensitizing 
a c t iv i ty .  The resu lts  o f  th e  analysis o f th e  d ia ly sed  h y d ro ly sa te s  an d  o f those  
f ra c tio n a te d  w ith L a -a n d  U ran y l-ace ta te  p e rm it some insigh t in to  th e  s tru c tu ra l
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changes th a t  h ad  ta k e n  place. T he p e rta in in g  d a ta  have  been su m m arized  in 
T ab le  IX .

Table IX

Chemical analysis o f extract / ’, alter partial hydrolysis with 0,1 N NaO H

A nalysis
D ia ly sed  e x tr a c t

%

L a-ace tu te

fra c tio n  %  I su p e rn a ta n t %

TI ,U ra n y l-a c e ta te  
f ra c tio n  %

Reducing su b s tan ces............................ 54,0 34,0 28,0 26,5
Pentose .................................................... 6 ,i 3,0 6,0 1,5
Nitrogen .................................................. 2,55 2,55

ОvOО

1,6
P h o sp h o ru s ............................................. 1,35 1,35 0,80 1,05

T he d a ta  as com pared  w ith  th e  d a ta  o f T ab le  Y will reveal t h a t  n ea rly  
1/3 o f th e  to ta l  phosphorus in  th e  p a r tia lly  degraded  e x tra c t Р г becam e 
d ia lysab le . T he am o u n t o f d ia lysab le  n itrogenous compo unds (a b o u t 1/5) 
an d  o f pentoses w as less. A com parison o f th e  a n a ly tic a l d a ta  of th e  L a -a c e ta te  
frac tio n  w ith  those  o f th e  U ran y l-ace ta te  frac tio n  show's th a t  on p a r t ia l  d e g ra 
d a tio n  th e  polynucleotides w ere p a r t ly  depolym erised , as in d ica ted  b y  th e  
decrease in  th e  am o u n t of NA separab le  b y  tre a tm e n t w ith  U ran y l-ace ta te .

Serological activity after partial hydrolysis with 0,1 N HCl. T h e  re su lts  
w ere d ifferent i f  p a r t ia l  hydro lysis h a d  been carried  ou t w ith  hydroch lo ric  acid . 
T he changes in  re la tio n  to  tim e  in  th e  sensitiz ing  t i t r e  of ex tra c t th u s  t r e a te d  
are  show n in  T ab le  X .

Table X
The sensitizing activity o f extract 1 \ after treatment with 0,1 N HCl at 100° C

D u ra tio n  o f  D i l u t i o n s  o f  s e r u m
tre a tm e n t,

m in u tes 1 : 2 1 : 4 1 : 8 1 : 16 1 :3 2 1 :6 4 1 : 128 1 : 256

0 +  +  +  + +  +  +  + + + + + +  +  +  + + + +  + + + + + + + + + —

2 +  +  +  + +  +  +  + + + +  + +  +  +  + + + +  + +  + + + + + +  + —
4 +  +  +  + +  +  +  + + + +  + +  +  +  + + + +  + + + + + — —
6 +  +  +  + +  +  +  + + + + + +  +  +  + +  + — — —

8 +  +  +  + +  +  +  + 4 — 1— !—К +  + — — — —
10 +  +  +  + +  +  +  + + + — — — — —
12 +  +  +  + +  + — — — — — —
14 +  +  + + — ~ — — — —

15 — — — — — — —

As i t  can  be seen, in  th e  course o f t re a tm e n t e x tra c t Pĵ  g ra d u a lly  lost 
its  sensitizing  a c tiv ity  w hich d isap p eared  a lto g e th e r a fte r  15 m inu tes.

Id en tica l resu lts  were o b ta in ed  w ith  th e  sim ilarly  tre a te d  L a -a c e ta te  
fraction ;

4»
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The ag g lu tin a tio n  in h ib itio n  titre s  o f  th e  sam e h y d ro ly sa te  a re  show n in 
T a b le  X I.

Table XI
Inhibition o f the 8 H .D . serum by extract after treated 0,1 N  HCl at 100° C

D u ra tio n  o f tre a tm e n t, 
m inu tes

D ilu tions in  th o u sa n d s  o f  th e  tre a te d  e x tra c t  P j

5 10 20 40 80 160 320

0 — — — — — + + + + +

1
2

— — — — — + + III!
3 — — — — + + + + + + + + + +

4 — — — + + + + + + + + + + + + + +

5 — — + + + + + + + + + + + + + + + + + + +

6 — + + + + + + + + + + + + + + + + + + + + + + +

7 + + + + + + + + + + + + + + + + + + + + + + + + + + + +

10 + + + + + + + + + + + + + + + + + + + + + + + + + + + +

15 + + + + + + + + + + + + + + + + + + + + + + + + + + + +

The d a ta  in  T a b le  X I  b rin g  to  ligh t th e  re m ark ab le  fac t th a t  th e  ag g lu tin a 
t io n  inh ib iting  p ro p e r ty  is abolished as e a r ly  as in  th e  7 th  m in u te  o f  ac id  
h y d ro ly sis , i. e. c o n s id e ra b ly  earlier th a n  th e  sensitiz ing  capacity .

The d a ta  fo r th e  p a r t ia l  hydrolysis o f  e x tra c t  P 2 w ith  hydroch lo ric-acid  
a re  p resen ted  in  T a b le  X I I .  T able X I I  rev ea ls  th a t  e x tra c t P 2, w hich  can  be 
considered  to  be  a n  N A -free  po lysaccharide, lo s t all agg lu tin a tio n  in h ib itin g  
a c tio n  capacity  in  th e  7 th  m inu te , i. e. i ts  se n s itiv ity  to  hydroch lo ric  ac id  is 
q u a n tita tiv e ly  s im ila r to  t h a t  o f ex tra c t P x.

Table ХП
Inhibition o f the 3 H .D . agglutinating serum by extract P 2 treated with 0,1 N  HCl at 100° C

D u r a tio n  o f  tre a tm e n t, 
m inu tes

D ilu tion  in  th o u sa n d s  o f  th e  t re a te d  e x tra c t p*

5 10 20 40 80 160 320

0 — — — — + + + + + + + + + +

l — — — — + + + + + + + + + +

2 — — — — + + + + + + + + + + +

3 — — — + + + + + + + + + + + + +

4 — — — + + + + + + + + + + + + + +

5 — — + + + +  +  +  + + + + + + + + + + + + +

6 + + + + + + + + + + + +  + + + + + + + + + + + + +

7 + +  +  + + + + + + + + + +  + + + + + + + + + + + + + + +

1 0 + + + + + + + + + + + + + + + + + + + + + + + + + + + +

15 + + + + + + + + + + + + + + + + + + + + + + + + + + + +
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T h e experim ents supp lied  ev idence  showing t h a t  th e  sen s itiv ity  to  acid  
a n d  th e  re la tiv e  resistance to  a lka li o f  th e  neu tra liz ing  ac tio n  o f e x tra c t P 2 are 
co m p arab le  w ith  th e  sam e p roperties o f  e x tra c t P x a n d  o f  i ts  frac tio n s. I n  view  
o f th is  find ing  i t  seem s ju s tif ie d  to  consider th e  p o lysaccharide  also in  e x tra c t 
P j ,  as th e  carrier o f th e  com m on c h a ra c te ris tic . T he fa c to r  responsib le  fo r  th e  
h ig h  sen sitiv ity  to  a lkali o f th e  sensitis in g  p ro p erty  m u s t h e  sough t fo r in  a 
com ponen t o ther th a n  th e  po ly sacch arid e .

Chemical analysis o f  extracts partially hydrolysed with 0,1 N  HCl. T he 
afore-m entioned  serological stud ies h a v e  been su pp lem en ted  b y  th e  chem ical 
an a ly sis  o f th e  d ialysed  h y d ro ly sa tes  an d  th e  L a- a n d  U ran y l-ace ta te  
frac tio n s  o f th e  e x trac ts . T he p e rta in in g  d a ta  have been  sum m arized  in  T able
X I I I .

Table Х1П

Chemical analysis o f  extract Р г hydrolysed with 0,1 N  HCl, fo r  15 minutes

A nalysis
D ia ly se d  e x tra c t L a -ac e ta te

% f ra c tio n  % s u p e rn a ta n t  %

Reducing substances................................. 50,0 2,5 59,5

Pentose ........................................................ 4,25 1,9 7,0
N itrogen ...................................................... 1,6 1,2 2,0

P h o sp h o ru s .................................................. 1,05 1,30 0,80

T he m ost rem arkab le  fac t is t h a t  no  p rec ip ita te  w as o b ta in ed  w ith  U ran y l- 
a c e ta te . This m eans th a t  th e  15 -m inu te  tre a tm e n t w ith  hydro-ch lo ric  acid 
h a d  com pletely  b roken  up  th e  po lynucleo tide  s tru c tu re . T he d a ta  fo r th e  L a- 
a c e ta te  frac tion  rev ea l th a t  as a re s u lt  o f p a r t ia l  d eg rad a tio n  th e  po ly 
sacch arid e— N A  com plex h a d  b een  sp lit up  a n d  m o st o f th e  reducing  
com ponen ts were to  be found  in  th e  su p e rn a ta n t. T h e  2,5 p e r  cen t reducing  
su b stan ce  in  th e  N A  frac tio n  a p p ro x im a te s  th e  v alue  fo r ribose  in  R N A . O ther 
d a ta  o f  th e  L a-ace ta te  frac tio n  analy sis  ind ica te  a considerab le  decrease in  th e  
a m o u n t o f nucleotides p re c ip ita ted  b y  L a . E ssen tia lly  s im ila r conclusions can 
b e  d raw n  from  th e  values show ing a  decrease in  th e  q u a n ti ty  o f  d ia lysab le  
com ponen ts.

Discussion

N um erous s tru c tu ra lly  d ifferen t po lysaccharides h a v e  been iso la ted  from  
tu b e rc le  bacilli. In  a review  b y  Stacey  [29], th e  su b stan ces iso la ted  are  
d iv id ed  in to  3 groups : 1. com ponen ts from  th e  som atic  p a r t  o f th e  cell, 2 . com 
p o n en ts  linked  to  th e  lip id  frac tio n , a n d  3. po lysaccharides iso la ted  from  th e  
cell-free f iltra te . E x tra c ts  P x an d  P 2 m a y  be listed  am ong  th e  m em bers o f  group



5 4 J. FÖLDES

1, w here the  chem ically  w ell-defined polysaccharides are  characterized  by  th e  
c la ssica l p rec ip ita tion  te s t .  E x tra c ts  P j  an d  P 2 occupy a specia l place in  th is  
g ro u p , since finer d ifferences in  th e  serological a c tiv ity  o f  th is  polysaccharides 
co u ld  be d em o n stra ted  b y  th e  h aem ag g lu tin a tio n  and  in h ib itio n  te s ts  an d  a t  
th e  sam e tim e v a lu ab le  in fo rm atio n  could be o b ta in ed  concern ing  th e  essen tia l 
s t ru c tu ra l  differences. O th e r  au tho rs h av e  p roduced  e x tra c ts  from  tu b erc le  
b a c illi  [30] or from  th e  f i l t r a te  of b ro th  cu ltu res [31] b y  d iffe ren t m ethods, 
in  o rd e r to  isolate th e  sensitiz ing  agen t. The serological a c tiv ity  o f  these e x tra c ts  
h a s  been  stud ied  in  d e ta i l  b y  th e  above te s ts , b u t  chem ical analysis  was e ith e r  
in a d e q u a te  or was n o t ca rried  ou t a t  all.

E x tra c t P j c a n n o t be  considered hom ogeneous. I t  is com posed of p o ly 
sacch arid es  (con tain ing  62 p er cen t reducing  substances), m ore th a n  50 per cen t 
o f  w hich  form a com plex  w ith  NA. A p a rt from  a sm all a m o u n t of R N A , N A  
c o n ta in s  20,5 per c en t D N A . H igh d ilu tions o f  e x tra c t P x can  sensitize sheep 
e ry th ro c y te s , while e x t r a c t  P 2, w hich is a po lysaccharide  w ith  no N A -con ten t, 
c a n n o t.  The tw o e x tr a c ts  co n ta in  a sim ilar am o u n t o f reducing  substances 
a n d  i t  is only b y  c h ro m a to g rap h ic  analysis th a t  differences can  be dem o n stra ted  
in  th e  buildstones o f  th e  po lysaccharide  p a r t ,  inasm uch  as e x tra c t  P x is com posed 
o f  ribose, arabinose a n d  glucose, and  e x tra c t P 2 of arab in o se  an d  galactose 
u n its .

The N A -po lysaccharide fraction  of e x tra c t P x fra c tio n a ted  w ith  L a- 
a c e ta te  a t pH  =  6,2 is e q u ip o te n t w ith  th e  w hole e x tra c t in  sensitization  a n d  
th e  su p e rn a ta n t co n ta in s  on ly  th e  ag g lu tin a tio n  in h ib iting  p ro p e rty . This f in d 
in g  ind ica tes th a t  th e  N A -com ponent of th e  N A -polysaccharide com plex p lay s 
a n  ac tiv e  role in  th e  m ech an ism  of sensitiza tion . This v iew  h a s  been  corrobo
r a te d  b y  ch rom atog raph ic  analysis o f th e  frac tio n s. I t  h a s  b een  found t h a t  
b o th  in  th e  p rec ip ita te  re su ltin g  from  tre a tm e n t w ith  L a -a c e ta te  and  in  th e  
s u p e rn a ta n t  th e  p o ly sacch arid e  p a rts  are  essen tia lly  id e n tic a l and  y e t, th e  
c o m m o n  polysaccharide alone can n o t sensitize sheep red  cells.

F u rth e r  c o rro b o ra tiv e  evidence h as  been  o b ta in ed  b y  th e  serological 
a n d  chem ical e x a m in a tio n  o f  th e  p roduc ts o f p a r t ia l  h y d ro lysis  w ith  d ilu te  
a lk a l i  o r w ith acid. T h e  ag g lu tin a tio n  in h ib itin g  action  o f a 80 m g per 100 m l 
s o lu tio n  o f ex trac t P x is abo lished  a lread y  in  th e  7 th  m in u te  o f  hydrolysis w ith  
0 ,1  N  HC1 a t 100° C, w hile  th e  sensitizing c a p a c ity  is lost o n ly  a fte r  12 m inu tes. 
U n d e r  identical co n d itio n s , th e  sam e applies to  th e  a g g lu tin a tio n  inh ib iting  
a c t io n  of ex trac t P 2. T h u s  w hen te s tin g  th e  in h ib ito ry  ac tio n , in  ex tra c t P x 
i t  is  also the  p o ly sacch arid e  com ponent th a t  shou ld  be looked up o n  as th e  su b 
s t r a t e  o f HC1 hydro lysis . T h is view  is fu lly  su p p o rted  b y  th e  re su lt of d eg rad a
t io n  w ith  dilute a lk a li. U n d e r th e  given ex p erim en ta l cond itions, th e  in h i
b i to r y  action  o f  e x tra c t  P 3 rem ain s unaffec ted  an d  so is th e  serological a c tiv ity  
o f  th e  polysaccharide. T h e  b eh av io u r o f e x tra c t P t is essen tia lly  th e  sam e, th o u g h  
i t s  sensitizing  c a p a c ity  is lo s t in  th e  6 th  m in u te  o f  p a r t ia l  hydro lysis ; on th e
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o th e r  h an d , no change in  th e  in h ib ito ry  ac tion  occurs a fte r th a t  t im e . T hese 
fac ts  suggest th a t  alkaline h y d ro lysis  ac ts  on som e com ponent o th e r th a n  th e  
po lysaccharide. The resu lts  o f  chem ical analysis h a v e  confirm ed th is  a ssu m p tio n . 
In  th e  L a -ace ta te  fraction  o f  th e  p a rtia lly  d eg rad ed  e x tra c t P x th e  p o ly sacch a 
ride p a r t  is p rac tica lly  u n a ffec ted  (as de term ined  from  th e  reducing su b s ta n c e  
co n ten t), w hile th e  com ponen ts o f  NA are m ark e d ly  dim inished. T h e  se n s iti
zing agen t is m ore susceptib le to  a lkali th a n  to  ac id . C onsequently , i f  w e accep t 
th a t  th e  NA is responsible fo r  sensitization , R N A  shou ld  he th o u g h t o f  in  th e  
f irs t  place.

C ertain  d e ta ils  in  th e  re p o rts  b y  o ther au th o rs , as well as some d a ta  in  th e  
p resen t know ledge of NA c o n tr ib u te  in th e  above sense to  th e  re su lts  o f  our 
experim en ts. M id d l e b r o o k  a n d  D ubos [1] ch a rac te rize  th e  n e u tra l so lu tio n  
o f  th e ir  e x tra c t as being th e rm o stab le  and  believe i t  to  be a po ly sacch arid e  
s ligh tly  co n tam in a ted  w ith  tu b ercu lop ro te in . K e o g h  [4] has show n t h a t  th e  
sensitizing e x tra c t is sensitive  to  b o th  alkali a n d  d ilu te  acid, w hich d ep riv e  it  
o f  its  sensitizing , an tib o d y  f ix in g  and  p rec ip ita tin g  p roperties. Some Ja p a n e se  
au th o rs  believe th e  p ro te in  fra c tio n  to  be responsib le  fo r th e  m ost p a r t  o f  sensi
tiz a tio n  [6, 7]. The o b se rv a tio n  b y  these au th o rs , t h a t  th e ir  substance  in a c tiv 
a ted  b y  alcohol-acid h y d ro lysis  was re a c tiv a ted  a f te r  m ain tenance  a t  p H  =  3 
overn ight an d  n eu tra liza tio n , is rem arkab le  [7]. A n analogous phenom enon  
has been described  b y  G u l l a n d  [33], who fo u n d  th a t  th e  d im in u tio n  in  th e  
v iscosity  o f th y m u s DNA in d u ced  b y  tre a tm e n t w ith  ac id  or a lkali w as reversib le . 
N e t t e r  [32], too , has p u b lish ed  no tew orthy  ev idence. This a u th o r h a s  found  
in sensitiza tion  experim ents w ith  ex trac ts  of th e  E . coli stra ins О 26, О 55 
and  0  111 th a t  w ithou t bo iling  th e  filtra te  o f th e  b ro th  cu lture  d id  n o t sensitize , 
while b o th  th e  f iltra te  of th e  bo iled  cu lture an d  th e  boiled  filtra te s  could sensitize  
e ry th ro cy tes , w hich becam e ag g lu tin a tab le  b y  specific  serum . T hough  N e t t e r  
has m ade no a tte m p ts  a t  ex p la in in g  th is  phenom enon , th e  studies b y  Ca l if a - 
no  [34] a n d  th e  d a ta  p u b lished  by  H a m e r  [35] m ake it  c lea r a n d  a t 
th e  sam e tim e  lend support to  th e  view  th a t  NA h as  decisive role in  sen s itiz a tio n . 
C a l ifa n o  lib e ra tes  and  b rin g s in to  solution NA from  th e  bac te ria l b o d y  b y  h e a t 
t re a tm e n t ,  a t  an  op tim um  tem p era tu re . This he  determ ined , am ong  o th e rs , 
for E . coli. I t  is know n t h a t  NA reacts v e ry  s tro n g ly  w ith  p ro te in s. A cco rd 
ing to  H a m e r , th is  linkage is abolished b y  h e a t t re a tm e n t, w hich d e n a tu re s  
p ro te in s. I t  is possible th a t  in  th e  sensitizing so lu tions w hich N e t t e r  o b ta in e d  
b y  sim ple boiling, th e  sen sitiz in g  agen t is l ib e ra te d  according to  th e  above 
m echanism . B o y d e n  [31] h a s  also published o b serv a tio n s concerning th e  effects 
of h e a t t re a tm e n t. He d e m o n s tra te d  tw o d iffe ren t ty p es of ’’h aem o sen sitin ”  
in  cross in h ib itio n  te s t. A lp h a  haem osensitin  is th e  charac teristic  com ponen t 
of fractions p repared  w ith o u t h e a t tre a tm e n t a n d  is believed to  be a su b s ta n c e  
of po lysaccharide while b e ta  haem osensitin , w hose chem ical s tru c tu re  is u n k n o w n , 
is th e  ch a rac te ris tic  com ponen t in  h e a t- tre a te d  frac tio n s .
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According to  G a r d  [36], th e  u p p erm o st la y e r  (in th e  chem ical a n d  im 
m unolog ica l sense) o f  th e  e ry th rocy te  su rface  is p ro te in . This p ro te in  lay e r is 
h ig h ly  reactive, be in g  c a p a b le  of adsorbing a w ide  v a rie ty  o f su b stan ces. T hus, 
in  possession of ou r e x p e rim e n ta l results a n d  sum m arizing  th e  d a ta  availab le , 
i t  m a y  be assum ed t h a t  th e  NA in ex trac t P x h a s  ro le in  sensitizing e ry th ro cy tes . 
T h e  g rea tly  active p ro te in  lay e r of th e  e ry th ro c y te  surface an d  th e  rem ark ab le  
a f f in i ty  to  proteins o f  N A  m ay  be considered th e  bases of sen sitiza tio n  in  th e  
ch em ica l sense, w hile  th e  polysaccharide in  e x tr a c t  P j s till seem s to  rem ain  
th e  ca rrie r of th e  sp ec ific  im m unological p ro p e rtie s .

SUMMARY

In a previous report an  account was given of th e  isolation of extracts from dried tubercle 
bacilli by different m ethods, and  the chemical and serological characteristics of the extracts 
w ere also described. E x tra c t P ,, derived from tubercle bacilli by mild trea tm en t, sensitizes 
sheep red cells and inhib its agglutination. E xtrac t P 2, w hich is obtained by rougher treatm ent 
is capable of only the la tte r . E x tra c t P, contains both  DNA and RNA, while ex trac t P 2 contains 
no  demonstrable nucleic acids. In  view of this finding it  has been suggested th a t th e  sensitizing 
p ro p e rty  is bound to NA. F u rth e r  investigations have  borne out this view.

The La-acetate and  th e  Uranyl-acctate fractions of ex tract P j are equipotent w ith the 
w hole extract as regards sensitizing activity, while the su p ern a tan t has bu t inhibiting properties. 
T he  fractions contain th e  to ta l  amounts of DNA and  R N A , w ith about 2/3 of the  to ta l of 
reducing substances. The su p ern a tan t is a NA-free polysaccharide. Chromatographic analysis 
h as  shown tha t the polysaccharide in the fraction is o f the same composition as th a t  in the 
superna tan t.

In  the 6th to  th e  7 th  m inu te  of hydrolysis w ith  d ilu te  hydrochloric acid, b o th  P j and P 2 
e x tra c ts  lose their p roperties inhibiting agglutination. E x tra c t Pj retains its sensitising activity  
u n ti l  the  15th minute. In  th e  course of partial hydrolysis w ith dilute alkali, ex trac t P j loses 
i ts  sensitising activity in  th e  6 th  minute, while th e  agglutination inhibiting action decreases 
s ligh tly  until the 5th m inute  a f te r  which time it undergoes no further change, the agglutination 
inh ib iting  activity of e x tra c t P 2 does not change a t all during the experiment.

The serological investigations have been supplem ented by chemical analysis of the  whole 
P j  an d  P 2 extracts, th e  d ia lysa tes of partially hydrolysed extracts, and the L a-acetate and 
U ranyl-acetate fractions.

The serological investigations and also the resu lts of chemical analysis confirm  the view 
th a t  th e  property of ad so rp tion  to  the erythrocyte is bound  to  the NA com ponent of the NA- 
polysaccharide complex, w hile the antibody fixing capacity  is bound to the polysaccharide 
com ponent.
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PLEUROPNEUMONIEÄHNLICHE  
EIGENHEITEN IN ALTEN E. COLI-KULTUREN
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(Eingegangen am 2. April 1956)

Als es festgeste llt w urde, dass d ie  L -F orm en  n ich t frem de S ym bion ten , 
sondern  spezielle W achstum sform en sind  und  n ich t n u r  in d er K u ltu r des Strepto
bacillus moniliformis, sondern  auch in  d er zah lre icher M itglieder der E u b a c te -  
ria les-O rdnung angetro ffen  werden k ö n n en , ta u c h te  sofort die bis heute u n e n t
schiedene F rage auf, ob sich diese neuen  b a k te rie lle n  M ikroform en m it d en  von  
früheren  Forschern  h äu fig  beschriebenen f iltr ie rb a ren  Form en der B a k te rie n  
identifiz ieren  lassen.

L a u t K l ie n e b e r g e r -N o b el  h ab en  L ö h isis , FIa u d u r o y , H a d l e y , M e l l o n  
und  viele andere bere its  vor Jah rzen ten  in  den f iltr ie rb a ren  Form en e igen tlich  
schon die L -Form en u n te rsu ch t. K u h n  u n d  St e r n b e r g  sowie P r e is z  w ären  
in den fü r bak te rienphagozy tie rende  P ro tozoen  g eh a lten en  Pettenkoferia  b e re its  
den g igantischen B akterienzellen  d er L -K u ltu ren  begegnet [16]. H a u d u h o y  
d er sich als e rs te r F o rscher m it den in  P h a g ly sa te n  von  B ak terien k u ltu ren  e n t 
h a lten en  filtr ie rb a ren  bak terie llen  P a rtik e lch en  be fasste , h a t te  1954 noch n ic h t, 
aber 1 J a h r  sp ä te r b e re its  entschieden d ah in g eh en d  S te llung  genom m en, d ass  
sich die von den frü h eren  A utoren beschriebenen  f iltr ie rb a ren  Form en u n d  d ie  
M ikroform en der neu  en td eck ten  L -K u ltu ren  im  w esentlichen n ich t v o n e in 
an d er un terscheiden  [11].

D em gegenüber h a lte n  D ie n e s  u n d  W e in b e r g e r  die filtrie rbaren  F o r 
m en u n d  die M ikroform en der L -K u ltu ren  fü r  im  w esentlichen verschiedene 
F orm en . Ih re r  A nsich t n ach  un terscheiden  sich die HADLEYschen g-K olonien 
m orphologisch von den  L-K olonien ; sie w achsen au ch , w enn tierisches n a tiv e s  
Serum  n ich t anw esend is t ; auch in B ouillon  w achsen  sie g u t, in der sich die 
L -F orm en  gew öhnlich rasch  zur üb lichen B a k te r ie n k u ltu r  zurückbilden [3]. 
Sa b in  v e r tra t  1952 die M einung, dass m an  so lange n ich t im  Z usam m enhang 
m it den  L-Form en von  ch arak te ris tisch er p leuropneum onieähnlicher V er
m ehrung  sprechen k ö n n e , bis durch en tsp rech en d e  F iltra tionsversuche d e r 
N achw eis e rb rach t w urde , dass auch h ie r rep roduk tionsfäh ige  P artik e lch en  
von 125—250 M illim ikron existieren. D ie F iltr ie rb a rk e it der L -Form  des 
Streptobacillus moniliformis wurde von  K l ie n e b e r g e r  bedauerlicherw eise 
gerade bei einem  L j-O rganism us nachgew iesen, d e r sich zu der üblichen B ak -
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te r ie n k u ltu r  n ich t m eh r zurückbilden lä s s t  (er stab ilisierte  sich in  L -F orm ) [27].
D iese w ich tige F rag e  is t d ah er n o ch  ungelöst. D as H a u p tp ro b le m , das 

w ir  a u f  G rund eigener B eobach tungen  zu  k lä ren  suchen, b e s te h t also  d a rin , 
ob  sich  die f iltr ie rb a ren  Form en der B a k te r ie n  im  Falle eines ch a rak te ris tisch en  
M itgliedes d er E u b ac te ria les-O rd n u n g  m it d e n  L-Form en iden tifiz ie ren  lassen . 
D ies schliesst auch  die F rage  ein, ob b e i e in e r  solchen, sich du rch  üb liche  Zw ei
te ilu n g  v e rm ehrenden  B a k te rie n a rt d ie  a ls  p leu ropneum onieähnlich  zu  bezeich
n e n d e  V erm eh ru n g sa rt vorkom m t.

D ie F o rm  V eränderungen unseres E .  co/i-Stam m es u n te rsu c h te n  w ir e rs t 
a u f  p en ic illinhaltigen  A g arp la tten . D iese V ersuche ergaben im  V ergleich  m it 
d e n  L ite ra tu ra n g a b e n  [2, 25, 28] k e ine  n e u e n  R esu lta te , w eshalb  w ir sie n ich t 
v erö ffen tlich ten  ; im  R ahm en  v o rlieg en d er A rbeit sei jed o ch  eine A u fn ah m e 
gezeig t a u f d er die a u f  Penicillin W irkung geb ilde te , sich verzw eigende F a d e n 
fo rm  einer E . coli-Zelle und  b e a c h te n sw e rte  A bschnürungserscheinungen  zu  
seh en  sind  (A bb. 1).

In  den le tz te n  2 Ja h re n  b e o b a c h te ten  w ir die F o rm v erän d eru n g en  einzel
n e r  In d iv id u en  a l te r  E . co li-K ultu ren .

Versuchsmaterial und Methode

Unseren JE. eoii-Stamm züchteten w ir aus dem  H arn  eines 34jährigcn M annes m it Cysto- 
pyelitis (V. J .)  ; der S tam m  weist einen geringen spontanen Polymorphismus auf. A lte K ulturen  
w urden in m it gekochter Pferdefleischbouillon gefüllten  und m it Paraffin  verschlossenen Kolben 
durch  mehrm onatige Aufbewahrung hei 37° C im  Therm ostaten bzw. bei Z im m ertem peratur 
hergestellt.

Präparate w urden aus der Bouillon nach  dem  Schütteln der K u ltu r aus der Supernatans- 
flüssigkeit in der Weise bereitet, dass wir m it der P ipette  herausgenommene kleine Tropfen, 
ohne sie zu verwischen, auf dem O bjektträger eintrocknen Hessen. F ü r E lektronenm ikroskopie 
w urde das M aterial au f Mikrorost aufgenommen un d  m it Osmium fix iert. —  Von festen N ähr
böden entnahm en wir m it D eckplatten A bklatschpräparate. Die Färbungsverfahren sind u n te r 
den einzelnen A bbildungen jeweils angegeben. Die elektronenmikroskopischen P räp a ra te  w urden 
von  D r. I. H ollós aufgearbeitet.

Filtrationsversuche. W ir filtrierten ste ts  m itte ls  Vakuum, m it höchstens 60, im  allge
m einen aber 20— 30 cm Hg. Vor der F iltra tion  befreiten  wir die B akteriensuspension von den 
grossen Form elem enten durch 15 Minuten Zentrifugieren m it 2000 Drehungen/m in. Auch durch 
Seitzsche EK-Schichten und in verdam pfendem Lösungsm ittel gelöste N itrozellulose-M embranen 
nahm en  wir F iltra tionen  vor. Letztere w urden von  Dr. F. F o r n o s i  nach der V orschrift von  
E l f o r d  hergestellt [ 6 ,  7 ] .  Das Kalibrieren der Membranen erfolgte ebenfalls nach  E l f o r d .  
Gegenüber dem durch Berechnungen gewonnenen durchschnittlichen Porendurchm esserw ert 
benutzten  wir auf Grund der F iltration  verschiedener biologischer O bjekte eine gewisse — gering
fügige — K orrektion. Diese zur K alibrieriungskontrolle der Membranen dienenden biologischen 
O bjekte waren folgende : B. prodigiosum, der Mikroorganismus der Pleuropneum onie, Veillonella 
parvu la  var. m inim a (für diese beiden B akterienstäm m e sind wir Prof. P. H a u d u r o y  z u  D ank 
verpflichtet), C horioallantoism em bran-K ultur des Vakcinia-Virus, A llantoiskultur der New
castle- und Influenza A PB8-Viren, M äusehirnkultur des Herpes- und  lym phozytären Chorio- 
meningitis-Virus.
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Versuche

Formveränderungen in alten K ulturen. Z u erst beschäftig ten  w ir u n s  m it 
den  F o rm v erän d eru n g en  in  alten  — d re im o n a tig en  — B ouillonku ltu ren . In  den  
n ich t v erstrichenen , a u f  dem  O b je k tträ g e r  ge trockne ten , in  D u b o sq — B r a s il — 
B ouiN -L ösung f ix ie rten  und  nach  G ie m s a  g efä rb ten  P rä p a ra te n  d ieser K u ltu 
ren  w aren  geschwollene B ak terienzellen  in  seh r grosser Z ahl s ic h tb a r ; ih re  
M ehrzah l w ar ru n d lich , ei- u n d  sp indelfö rm ig , d u nke lb lau  oder du n k e llila  
g e fä rb t (A bb. 2, 3, u n d  4). Die F ä rb u n g  is t  an  v ielen  S tellen b lasser, in  einzel
n en  B ak terienzellen  lä ss t sie eine k ö rn ig e  innere  S ubstanz  v erm uten  (A bb. 5), 
an d ere  Zellen sind  b lasen artig  leer (A bb. 6). D ie Zellen m it körn iger S u b stan z  
sind  au ch  v ak uo lisie rt u n d  von zerfa llen d em  C h a rak te r (Abb. 7 u n d  8) ; die 
G ran u la  sind  dunkellila  oder rö tlich . Schliesslich sind  B akterienzellen  zu  sehen, 
in  denen  n ach  d er A uflösung gu t um schriebene , kleine dunkellila  K lü m p ch en  
Z urückbleiben (A bb. 9).

In  den  elek tronenm ikroskop ischen  P rä p a ra te n  a lte r  K u ltu re n  sin d  so 
regelm ässige B ak terienzellen , wie A b b . 10 zeig t, selten  zu sehen ; h ie r  is t  in  
d er M itte  d er Zelle eine kleine E in sc h n ü ru n g  s ich tb a r, die nuk leare  S u b stan z  
is t in  K n o ten p u n k ten  zu sam m engeballt, w elche die E lek tronen  k a u m  d u rc h 
lassen . B ei der M ehrzahl der B ak te rien zellen  is t die nuk leare  S u b stan z  in  so 
grossen K lum pen  s ich tb a r, wie aus A b b . 11 hervo rgeh i ; h ie r w ird die in  K lu m 
pen  k ondensie rte  innere  Substanz e in e r  B akterienzelle  noch von d er Z ellw and 
u n d  von  p lasm atisch en  Brücken zu sam m en g eh a lten , w ährend  die an d e re  Zelle 
völlig  zerfallen  is t. B eachtensw ert s in d  die P la sm aau strittse rsch e in u n g en . M an 
s ieh t Zellen, die bei der Teilung K ugelfo rm  angenom m en und  eine g ep la tz te  
W an d  h ab en  und  aus denen k lum pige  K ern su b stan z  u n d  p lasm atisch e  S ub
s ta n z  t r i t t .  A u f A bb . 12 scheint es a ls  ob ein S tückchen  der die B ak te rien zelle  
verlassenden  K ern su b stan z  T eilungserscheinungen  nachabm en  w ü rd e . A u f 
A bb . 13 is t bere its  zu  sehen, dass sich  d ie au sg e tre ten e  zellw andlose u n d  au sse r
o rd en tlich  b ildungsfäh ige S ubstanz in  S tückchen  gliedern oder zerfa llen  k a n n . 
Im  d an eb en  liegenden G esichtsfeld (A bb . 14) is t d ie  vo llständige D esin teg ra tio n  
e in er B ak terienzelle  zu  beobach ten . M an  sieh t sehr g u t, dass die fü r  E le k tro 
nen  völlig  undurch lässigen  um schriebenen  n u k lea ren  P artike lchen  von  P la sm a 
su b s ta n z  e ingehüllt u n d  durch  p la sm a tisch e  B rücken  verbunden  sind ; dass die 
freigew ordene b ak te rie lle  Substanz ü b e r  eine s ta rre  W and  verfügen w ü rd e , is t 
n ic h t s ich tb a r, im  G egenteil, sie e rsc h e in t als seh r p lastisch , g e s ta ltb a r . A u f 
A bb . 15 u n d  16 s in d  die an  der S te lle  d e r B ak terienzellen  zu rückb le ibenden  
e lek tro n en res is ten ten  K lüm pchen  u n d  die w eiche P lasm asu b stan z  zu  sehen. 
A bb . 17 zeig t eine andere E rsche inungsfo rm  d er D esin tegra tion . H ie r  is t 
s t a t t  d e r B ildung  um schriebener K lü m p ch en  ein Z erfall der ganzen  Zelle zu  
sehen , in  d er die n u k leare  S u b stan z  g leichsam  fein zerfasert in  E rsch e in u n g  
t r i t t .
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Abb. 1. E . coli vom penicillinhaltigen Agarblock : verzw eigte Form  m it A bschnürungser
scheinungen. A bklatschpräparat. Fixierung m it M ethylalkohol, Färbung nach G i e m s a . 1 : 4200. 
Abb. 2 , 3 und 4. Geschwollene Bakterienzellen und verschiedene bizarre Formen in einer 
3M onate  alten Bouillonkultur. F ixierung nach D u b o s q — B r a s i l — B o u i n ,  Färbung nach G i e m s a .

1 : 1600.
Abb. 5. Die körnige innere Substanz einer geschwollenen Zelle. Fixierung nach D u b o s q —  

B r a s i l — B o u i n ,  Färbung nach G i e m s a . 1 : 1800.
Abb. 6. Blassgefärbte, blasenartige Individuen. F ixierung nach D u b o s q — B r a s i l — B o u i n ,

Färbung  nach G i m e s a . 1 : 1600.
Abb. 7, 8. Entwicklung der körnigen S truk tu r der gigantischen Zellen und Zerfall der Zellen.

Fixierung nach D u b o s q — B r a s i l — B o u i n ,  Färbung  nach G i m e s a . 1 : 1600.
Abb. 9. N ach D esintegration der Bakterienzellen zurückbleibende körnige Substanz. F ixierung 

nach D u b o s q — B r a s i l — B o u i n ,  Färbung nach G i e m s a . 1 : 1800.
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Die K oloniem orphologie der a lte n  B o u illo n k u ltu ren  un te rsu ch ten  w ir 
a u f  w eicher A g a rp la tte  du rch  Z erstreuen . D rei versch iedene K olonietypen t r a 
te n  regelm ässig auf. Zwei derselben en tsp rach en  in  je d e r  H insicht c h a ra k te r i
stischen  E . co/i-K olonien in  S- und  R -F o rm . D er d r i t te  K olonietyp e rsch ien  
von d er 48. S tu n d e  an  in  Form  n ad e ls tich g ro sse r K olonien . Diese K o lon ien  
wiesen auch  kleine N abelb ildung  auf. B ei d er U berim p fu n g  wuchsen aus ih n e n  
regelm ässige E . coli-K olonien. Die w inzigen n ab e lig en  K olonien erwiesen sich  
ab er auch  noch bei e in er W eiterim pfung in  e inzelnen  A usnahm efällen  als le b e n s
fäh ig , jedoch  n u r d a n n , w enn wir n ich t d en  sich ü b e r den N ährboden  e rh eb en d en  
Teil überim pften , sondern  m it der Öse tie fe rg re ifen d  d ie ganze Kolonie m it e inem  
kleinen A garstückchen  a u f  die O berfläche des n eu en  N ährbodens s tr ic h e n . 
Dies schein t d a fü r zu  zeugen, dass die in  den  A g a r hineinw achsende K o m p o 
n en te  n ich t ganz die gleiche biologische Q u a litä t au fw eist wie der Teil der K o lo n ie , 
der ü b e r das N iveau  des N ährbodens h in au sw äch st. A bb. 18 zeigt die in  d e r  
zw eiten Ü berim pfung w achsenden w inzigen n ab e lig en  K olonien, die a u f  d em  
Bild deshalb  e tw as v e rze rrt erscheinen , weil sie du rch  das A g arstückchen  
p h o to g rap h ie rt w u rd en , m it w elchem  die Ü berim p fu n g  erfolgte. D e ra r tig e  
K olonien Hessen sich n u r  in  zwei Ü berim pfungen  e rh a lten , spä te r w u chsen  
aus ihnen  s te ts  w enige, aber regelm ässige E . coli K olonien. In  d en  au s  
den w inzigen K olonien  en tnom m enen A b k la tsc h p rä p a ra te n  sind p o lym orphe  
G ram negative  S täb ch en  sich tbar. E s is t jed o ch  anzunehm en, d ass  d e r  
in  den  A gar h ineinw achsende, au s  v iel p o ly m o rp h eren  In d iv id u en  b e 
stehende T eil d er K olonien in d iesen  A b k la tsc h p rä p a ra te n  n ich t e n th a l 
te n  is t.

Die Lebensfähigkeit der in alten Kulturen gebildeten bakteriellen M ikrofor
men. — Die M orphologie der R egen era tio n  u n te rsu c h te n  w ir in den m it S e itz  
E K -F iltra te n  geim pften  B ou illonku ltu ren . Von unserem  E . coli-S tam m  w issen  
w ir, dass die m it 3—4 seiner Zellen geim pfte  B ou illon  in n erh a lb  von 48 S tu n d e n  
reiches W achstum  aufw eist. Infolgedessen v e ra rb e ite te n  w ir bei den F il tra t io n s 
versuchen m it solchen F iltra tp ro b en  ge im pfte  K u ltu re n , bei denen das eben schon  
w ah rn eh m b are  B ak tc rienw achstum  n a c h  72 S tu d e n  in  G ang kam . M ak ro sk o 
pisch b e tra c h te t, is t in  derartigen  R ö h ren  z u n äch s t die B ildung eines se h r  
feinen p u lv c ra rtig en  Sedim ents zu sehen , w onach  diffuse Opaleszenz e n ts te h t .  
W enn w ir die K u ltu re n  zu diesen Z e itp u n k ten  öffnen u n d  ohne A usstre ich en  
P rä p a ra te  h erste llen , is t aussero rden tlicher P o lym orph ism us zu b e o b a c h te n , 
d er ü b er kleine K ügelchen , deren T e ilungserscheinungen , ihre V erlän g eru n g  
u n d  V ergrösserung zu r B ildung k o k k o b az illä re r F o rm en  fü h rt. W ird d ie  K u l
tu r  n ich t geöffnet, sondern  w eite rin k u b ie rt, sehen  w ir 24—48 S tunden  s p ä te r  
k au m  m ehr P olym orphism us, v ie lm eh r sin d  regelm ässige S täb ch en  im  
Ü bergew ich t. Bei Ü berim pfung d er im  po lym o rp h en  S tad ium  b efin d lich en  
K u ltu r  in  B ouillon w ächst innerhalb  von  24 S tu n d e n  eine regelm ässige, l a k to 
seabbauende E . coli-R einku ltu r.
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Abb. 10. E inschnürung aufweisende E. coii-Zelle aus einer alten Bouillonkultur m it zusam m en
geballter nuklearer Substanz. E lektronenm ikroskopisches P räparat. 1 : 10 300.

Abb. 11. Die innere Substanz einer Bakterienzelle in  grosse Klümpchen kondensiert ; die andere 
Zelle is t völlig zerfallen. E lektronenm ikroskopisches P räparat. 1 : 5000.
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A bb . 19 und  20 w urden  von der m it dem  F i l t r a t  e iner a lten  K u ltu r  ge im pf
te n  B ou illo n k u ltu r im  F rü h stad iu m  des gerade  w ahrnehm baren  B a k te r ie n 
w achstum s hergeste llt. V rir  sehen g u t um schriebene kokkoide P a rtik e lch en , 
ih re  v e rlän g erten  V aria tionen  sowie n a c h  G ie m s a  b lassb lau  gefärbte p la sm a 
artig e  S u b stan z . D ie ausserordentliche P la s t iz i tä t  und  der P o lym orph ism us 
d e r in  E n tw ick lu n g  befind lichen  P artik e lch en  w ird  du rch  die Abb. 21 u n d  22

Abb. 17. Völliger Zerfall von Bakterienzellen ; die elektronenundurchlässige K ernsubstanz 
is t zerfasert. Elektronenmikroskopisches P räpara t. 1 : 10 000.

gu t v e ran sch au lich t. A bb. 23 ist b e re its  der b ak te rie lle  C harak ter d e r K u ltu r  
zu en tn eh m en . Die zunehm ende S täb ch en b ild u n g  is t  rech t anschaulich  a u f  den 
A bb. 24 u n d  25 s ich tb a r, die aus dem  S ta d iu m  d e r diffusen O paleszenz s ta m m e n . 
H ier s ind  zusam m en die an  der G renze d er S ich tb a rk e it befind lichen  G ran u la  
in  p lasm atisch e  S u b stan z  e ingebe tte t zu  sehen, fe rn er die geschwollenen grossen 
Zellen, deren  eiförm ige und  in  T eilung  befind liche  Form en, die m a n c h m a l 
eine an  den  B u ch stab en  y  erinnernde F o rm  aufw eisen, sowie auch seh r c h a ra k 
te ris tisch e  S täb ch en . A bb. 26 zeigt e in  elek tronenm ikroskopisches P r ä p a r a t  aus

Abb. 12. Infolge R u p tu r der starren Zellwand t r i t t  aus der rundlichen Bakterienzelle P lasm a
substanz aus; die Plasm asubstanz enthält in K lüm pchen kondensierte Kernsubstanz. E lek tronen

mikroskopisches P räp ara t. 1 : 8500.
Abb. 13. A u stritt der inneren Substanz der B akterienzelle : die plasmatische Substanz en thält 
viele elektronenundurchlässige nukleare K lüm pchen. Elektroncnmikroskopisches P räp a ra t.

1 : 10 000 .
Abb. 14. Vollständige Desintegration einer Bakterienzelle. Die etwa 150— 300 т/г D urch
messer aufweisenden nuklearen Klümpchen sind in  Plasm asubstanz eingebettet u n d  durch 

Plasm abrücken verbunden. Elektronenm ikroskopisches Präparat. 1 : 10 000.
Abb. 15, 16. Aus desintegrierenden Bakterienzellen zurückbleibende Klümpchen E lek tronen

mikroskopisches P räp ara t. 1 : 8000.

0  A c ta  M icrob io log ies IV /1
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Abb. 18. C h a ra k te r is t is c h e  L -K o lo n ie n  a u f  W eich ag a r a u s  a l t e r  E . co /i-B o u illo n k u ltu r. 1 : 40 .
A b b . 19 , 20. K okko ide  u n d  a n d e re  se h r  p la s tis c h e  p o ly m o rp h e  G e b ild e  in  dem  m it  dem  F i l t r a t  d e r  a lte n  K u l tu r  

b e im p f te n  B o u illo n n äh rb o d en . F ix ie ru n g  n a c h  DüBOSQ — BRASIL — BO UIN, F ä rb u n g  n ach  GlEMSA. 1 : 1600.
A bb . 21 , 22. D e r  grosse P o ly m o rp h ism u s  d e r  au s  dem  F i l t ra t  re g e n e r ie re n d e n  P a rtik e lc h e n . F ix ie ru n g  n a c h  DüBOSQ —

BRASIL— BOUIN, F ä rb u n g  n a c h  GlEM SA. 1 : 1600.
A bb . 23 . D ie  E n tw ick lu n g  d e r  b a k te r ie l le n  E in g e n h e iten  in  d e r  a u s  d e m  F i l t r a t  reg en erie ren d en  K u l tu r .  F ix ie ru n g  n a c h  

D ü B O S Q -B R A S IL -B O Ü IN , F ä rb u n g  n a c h  GlEMSA. 1 :1 6 0 0 .
А  ЬЪ. 24, 25. D ie  an  der G renze  d e r  S ic h tb a rk e i t  b efind lichen  K ö rn c h e n  b ild e n  ü b e r  d ie p o ly m o rp h e n , a n  e in z e ln en  
S t e l l e n  k u g e l-  oder Y -fö rm igen  E le m e n te  b is  zu  den  s tä b c h e n fö rm ig e n  B a k te rie n ze lle n  g leichsam  e in e  k o n tin u ie  liehe 
R e i h e :  d ie  zunehm ende  S tä b c h e n b ild u n g  i s t  z u  erkennen . F ix ie ru n g  n a c h  DüBOSQ — BRASIL — BOUIN, F ä rb u n g  n a c h

GlEMSA. 1 : 1600.
A bb . 26 . Z e llm em b ran  rin g s  u m  d ie  a u s  d e m  F i l t r a t  reg en erie ren d e  b a k te r ie l le  M ikroform . E le k tro n e n m ik ro sk o p isch e s

P rä p a ra t .  1 : 5000.
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dem  F rü h s ta d iu m  d er R egeneration . R ings u m  d as  bak te rie lle  K lüm pchen  is t  
h ier au ch  bere its  ein  deu tlich  sich tbares m em b rán  artig es  Gebilde v o rh a n d e n .

Im pfen  w ir die F iltra te  au f fes ten  N äh rb o d en  (weichen Agar), so is t  a u f  
diesem  n ach  w enigen T agen  bereits die R ildung  w en iger K olonien m ikroskopisch  
zu b eo b ach ten . W erden  diese im du rch fa llenden  L ich t p ho tog raph ie rt, s ind  die

Abb. 27. A uf festem N ährboden aus dem F iltra t wachsende Mikrokolonie ; die U m risse
gigantischer Zellen sind sichtbar.

Abb. 28, 29 und 30. A bklatsch der aus dem F iltra t au f W eichagar gewachsenen Mikrokolonien. 
Neben zentralem  Polymorphismus sind an den R andteilen  bakterielle Eigenheiten deu tlich  

sichtbar. Fixierung nach D u b o s q — B r a s i l — В оиш , Färbung  nach G i e m s a . 1 : 1000.

U m risse grosser, geschw ollener Zellen zu en tn eh m en  (A bb. 27). W enn w ir  die 
A g a rp la tte  n ach  A bim pfung des F il tra ts  m it s te rilen  D eckp latten  bed eck en  
(parzellieren), lä ss t sich die M orphologie d er M ikrokolonien  an  den zeitw eise  
abgehobenen, fix ie rten  u n d  gefärb ten  D e c k p la tte n  besser beobachten . D a a u c h  
diese M ikrokolonien in  den A gar h ineinw achsende Teile aufweisen, sind  d e ren  
E lem ente  in diesen P rä p a ra te n  bedauerlicherw eise  w iederum  kaum  e n th a lte n . 
Die A bbildungen  28, 29 und  30 v e ranschau lichen  A bdrücke von M ikrokolonien . 
N eben dem  s ta rk e n  zen tra len  Po lym orph ism us d e r  Zellen sind die b a k te rie lle n  
E ig en arten  an  den R an d te ilen  bere its  deu tlich  zu  e rk en n en . — Aus den  M ikro-

5*
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ko lon ien  w achsen schon  bei der e rs ten  Ü berim pfung  ch arak te ris tisch e  E . coli- 
K olonien .

U m  festzu ste llen , welche Grösse d ie  zu r selbständigen R ep ro d u k tio n  
fä h ig e n  P a rtik e lch en  ungefähr aufw eisen , nahm en  w ir an  e in er G radokol- 
M em branserie  Filtrationsversuche v o r. L a u t  unseren m it Seitz E K -S ch ich ten

Abb. 31, 32 und 33. R egeneration der E. coii-K ultur aus F iltra t auf der A garplatte in Anwesen
h e it von  Sarcina lutea (s. Pfeile). Auffallend is t der Polym orphism us der E . coli-Zellen. A bklatsch, 

p räparat. Färbung n ach  G ram . 1 : 1000

d u rch g e fü h rten  F iltra tions-V orversuchen  w ird  die R egeneration  d u rc h  die 
Z u g ab e  einer ju n g e n  Sarcina lu teo -K u ltu r zu m  F iltra t s tim u lie rt (V o rtrag  a u f 
d e r  W issenschaftlichen  F achsitzung  des S ta a tlic h e n  In s titu ts  fü r  G esun d h eits
w esen  am  18. IV . 1955). Diese F rage  u n te rsu c h te n  wir, indem  w ir d a s  F i l t r a t  
in  zw ei P o rtionen  te ilte n , einen Teil m it e in ig en  Tropfen ju n g er S ai cin  a -K u ltu r  
v e rm isch ten  u n d  0,2 m l von den beiden F il tra tp ro b e n  in R öhrchen m it R ouillon- 
k u l tu r  im pften . N ach  en tsp rechender In k u b a tio n  verglichen w ir m it nach
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G r a m  g e fä rb te n  A usstrichen die A nzahl d e r E .  co /i-K ulturen  in d en  m it  den 
beiden  versch iedenen  F iltra tp ro b e n  geim pften  K u ltu re n . Ebensolche V ersuche 
n ah m en  w ir je tz t  m it G rad o k o l-M em b ran -F iltra ten  vor. Die V ersuchsergebnisse 
sind a u f  T abe lle  I  w iedergegeben.

Tabelle I
Filtrationsversuche m it alten E . coli-Kulturen

P orendurchm eseer
т/л F i l t ra t

F ilt ra t  -+- 
S arcina  lu tea

900— 1000 ........................ 92 90

700—800 ............................ 88 90

500—600 ............................ 11 42

300—400 .......................... 0 5

100—200 ............................ 0 0

N um m ern bedeuten die Regeneration der E . coli-Kulturen in den geim pften Bouillon- 
N ährböden in  % ;  Zahl der m it je  einem F iltra t geimpften Röhrchen w ar ungefähr 
100— 100.

G eschätzte F iltrationsendpunkte fü r »F iltra t«  : etw a 450 mft für »F iltra t +  S . lutea«: 
etw a 300 m/c . Geschätzter Durchmesser der kleinsten regene^ationsfähigen Partikelchen  für 
»F iltrat« : 450 • 0,83 =  373 m/i, für »F iltra t +  S. lutea«: 300 • 0,83 =  249 m/c (S.: D. E. 
LEA: A ctions of Radiations on Living Cell, Cambridge, 1955, p. 103).

D as A m m enphänom en w ollten  w ir au ch  a u f  festem  N äh rb o d en  u n te r 
suchen , in d em  w ir die m it zwei versch iedenen  Seitz  E K -F iltra tp ro b en  g e im pften  
W e ich ag ar-P la tten  m it D eckgläser p a rze llie rten , nach  en tsp rech en d er In k u 
b a tio n  die D eck p la tten  en tfe rn ten , über d e r F lam m e fix ierten  u n d  n a c h  G ra m  
fä rb te n . A ls w ir die E .  eoh-K olonien m ikroskop isch  zu zählen b e g a n n e n , sahen  
w ir, d ass  d a s  W achstum  der E . coli in  A nw esenheit von Sarcina lutea n ic h t in  
iso lie rten  K olonien , sondern  diffus a u f  d e r ganzen  N ährbodenoberfläche  vor 
sich g e h t. D ies is t vielleicht d a ra u f  zu rü ck zu fü h ren , dass die O b erfläch e  des 
N äh rb o d en s  u n te r  den D eck p la tten  n ich t tro c k n e t, so dass d a s  W ach stu m  
u n g e h in d e rt diffus vo r sich gehen k a n n . T ro tzd em  is t b em erk en sw ert, dass 
g leichzeitig  aus der Sarcina Zuteafreien F iltra tp ro b e  die üblichen w en igen , sepa
rie r te n  M ikrokolonien w uchsen. Die A bb ildungen  31, 32 u n d  33 zeigen  die 
R eg en e ra tio n  der polym orphen , ab er b e re its  en tsch ied en  b ak te rie llen  C h a ra k te r  
au fw eisenden  E . coZZ-Kultur a u f  d er A g a rp la tte , u n te r  D eck p la tten , au s  dem  
F i l t r a t  e in e r a lten  K u ltu r , in  A nw esenheit von  Sarcina lutea.

B esprechung

Z u r B ew ertung  unserer E rgebnisse e rsche in t es am  zw eckm ässigsten , 
w enn  w ir vom  Vergleich d er M ikroform en d e r P leuropneum onie-O rganism en, 
d e r L -F o rm en  und  d er im  Sinne frü h e re r  Beschreibungen v e rs ta n d e n e n
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Tabelle II

Vergleich der M ikroformen der Pleuropneumonie-Organismen, der L-Formen souie
der filtrierbaren Formen

V erg leichende
A n gaben

P leu ro p n eu m o n ie -
M ikroorgan ism en L -F o rm e n

F iltr ie rb a re
F o rm e n

F iltr ie rb a rk e it ja  [6] ja  [16, 34] 
nein [3 , 18]

ja  [10, 11, 13, 14, 15, 
20, 29]

Zellw and n ich t vorhanden [17]
nicht vo rhanden  [12, 

24]
vorhanden [30, 33]

nicht vorhanden [15]

B ildung  in  der 
B ouillon ja  [5]

nein [3]
ja  [1] ja  [10, 11, 15, 29]

M orphologie und ihr 
V erhä ltn is zu den 
M akroform en

Die E lem entarkörper 
sind m it Plasma
saum  umgebene nu
kleare Partikelchen; 
en ts tehen  aus den 
M akroformen

Die M ikroform en sind 
m it Plasm asaum  
um gebene nukleare 
Partikelchen  ; ent
stehen aus den 
M akroform en

Bakterielle nukleare 
K lüm pchen, in  P las
m asubstanz einge
bette t [4] ; bilden 
sich aus den M akro
formen

W irksam keit der 
A m m enm ethode ja  [22] nicht un tersuch t ja  [31]

nein [26]

Koloniemorphologie,
m akroskopisch

klein, nabelartig , hin
einwachsend [5] ; 
pathogene Stämme 
wachsen n u r in An
w esenheit von Se
rum , Saprophyten- 
stäm m e auch ohne 
Serum

klein, nabelartig , hin
einwachsend [3] ; die 
kleinen (»3A«, D i e 
n e s )  Kolonien wach
sen n u r au f weichem 
Serum agar

glasartig, w asser
tropfenartig , durch
sichtig, sehr klein, 
abw aschbar [10] ; 
können auch ohne 
Anwesenheit von 
Serum wachsen

K oloniem orpho
logie, mikrosko
pisch

hefepilzartige, anein
ander gedrückte 
grosse Zellen, kleine 
K örnchen [5, 21]

hefepilzartige, anein
andergedrückte 
grosse Zellen, kleine 
K örnchen. B akte
rielle E igenheiten er
kennbar [8,16,23,27]; 
n icht erkennbar [3]

ausserordentlich poly
morphe Individuen : 
plastische grosse Zel
len, Kugeln, kleine 
Körnchen [10, 20, 
29]

W  achstum sge- 
schw indigkeit

rasch [5]
m anchm al langsam  [19]

rasch [3] 
langsam [16] langsam [10, 11, 14]

K ontinuierlichkeit 
der B ildung

ständig, als Entw ick
lungsstadium  [5]

un ter ungünstigen 
U m ständen [3, 34]

unter ungünstigen U m 
ständen [10, 20] ; 
ständig, als E n t

wicklungsstadium  [15]

R ückbildung  zur 
no rm alen  B akte
rien k u ltu r

niemals [5]
gewöhnlich leicht,selte

ner n ich t (Stabili
sierung in  L-Form ) 
[3, 21]

nach m ehreren N äh r
boden- oder T ier
passagen ja  [10, 11, 
13, 16] ; m anchm al 
nicht (9]
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V ergleichende
A n gaben

P leu ro p n eu m o n ie-
M ikroorganism en L -F o rm e n F iltr ie rb a re  F o rm e n

Penicillin wirkungslos [25] w irkungslos [25] nicht un tersuch t

N eutralisierung m it 
Im m unserum positiv  [5] positiv [3, 5] nicht un tersuch t

f iltr ie rb a ren  F orm en ausgehen. Diesem Zw eck soll — in sehr e in facher F o rm  — 
T ab elle  I I  dienen.

Als V ergleichsgrundlage lässt sich u n se re  Tabelle n u r u n te r  B e rü ck 
sich tig u n g  dessen ak zep tie ren , dass sich die e inzelnen  A ngaben n ic h t a u f  die 
L -F o rm en  bzw. f iltr ie rb a ren  Form en derse lben  M ikroorganism en beziehen . 
B ei den  L -Form en gelten  die m eisten  A ngaben  fü r  die am  eingehendsten  u n te r 
su ch ten  B . proteus, bei den  filtrie rb aren  F o rm en  a u f  G rund der sehr g rü n d lich en  
U n te rsuchungen  H a d l e y s  fü r Shigella. W ie aus T abelle  I I  hervo rgeh t, beziehen  
sich  die gegensätzlichen A uffassungen h au p tsä c h lic h  a u f die Z ellw and, die 
F iltr ie rb a rk e it, die K oloniem orphologie, die W irk sam k e it der A m m enm ethode 
u n d  die abw eichenden E igenheiten  der B o u illo n k u ltu ren . U nser M ate ria l lie fe rt 
gerad e  zu  diesen s tr ittig e n  P u n k ten  neue A n g ab en .

D ie a u f  A bb. 18 s ich tb a re  Kolonie, die w ir b e i d er W eiterim pfung d e r  a lten  
B o u illo n k u ltu r gew annen, is t auch  nach  d er D e u tu n g  von D ie n e s  eine ty p isc h e  
L -K olonie . M ikroskopisch b es teh t sie aus po lym o rp h en  Zellen. G leichzeitig  
b e s te h t ke in  Zweifel, dass sie durch  in der B ouillon  gebildete  bakterie lle  E lem en te  
z u s ta n d e  gebrach t w urde . Diese a lte  B o u illo n k u ltu r is t auch f i l tr ie rb a r . D as 
A usm ass des k leinsten  regenerationsfäh igen  P a rtik e lch en s  b e träg t e tw a  400 m p. 
D ie F iltr ie rb a rk e it d er P a rtik e lch en  w ird o ffen b ar d u rch  ihre au ssero rden tliche  
P la s t iz i tä t  erm öglicht ; wie a u f  einigen u n se re r  B ilder, insbesondere a u f  den  
das P hänom en  des P la sm a a u s tr itts  zeigenden (A bb. 12, 13 und 14) s ic h tb a r , 
w eist die die B ak terienzellen  verlassende S u b s ta n z  keine Zellw and au f. Die 
Z ellw and e n ts te h t n u r im  F rü h s ta d iu m  der R e g en e ra tio n  (Abb. 26). D ie A m m en 
m eth o d e  erw eist sich zu r S tim ulierung  der R eg en era tio n  als w irksam  ; n ich t 
n u r  s ind  m ehr P a rtik e lch en  im stande , sich in  A nw esenheit von Sarcina lutea  zu  
regenerieren , sondern auch  e tw as kleinere P a rtik e lc h e n  als die auch se lb s tän d ig  
regenerationsfäh igen .

M it den F iltra tio n s-  und  den A m m enm ethodenversuchen  m ü ssen  w ir 
u ns n och  gesondert beschäftigen . Vor allem  is t  zu  sehen , dass selbst be i d en  m it 
verh ä ltn ism ässig  b e träch tlich e r Porengrösse gew onnenen  F iltra ten  k eine  100% - 
ige R eg en era tio n  s ta t t f in d e t .  D a iau s  geht h e rv o r, dass n u r ein k leiner T e il d e r 
in  a lte n  K u ltu ren  s ich tb a ren  M ikroform en regenerationsfäh ig  is t — im  
G egensatz  zum  P leuropneum onie-O rganism us, wo w ir auch die V erd ü n -
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n u n g e n  10-7  — 10~8 des K u ltu r f i l t ra ts  (M em bran  m it 3 0 0 — 400 m/x d u rc h 
sc h n it t l ic h e m  P orendurchm esser) re g en e ra tio n s fäh ig  fanden. W ah rsch e in lich  
is t  d a s  M ate ria l der völlig  zerfa llenen  Z ellen , in  dem  die n uk learen  E le m e n te  
f a s t  z e r fa se rt  zu sehen s in d , lebensunfäh ig  (A bb. 17.); diese S u b s ta n z  m uss 
n ä m lic h  au ch  du rch  ganz  k le in e  P oren  tr e te n . F e rn e r  is t zu sehen, d a s s  d ie  
A m m en m eth o d e  n u r bei d e r R egen era tio n  d e r ausgesprochenen  M ikrofo rm en  als 
w irk s a m e r  S tim id a tio n s fa k to r  in  F rag e  k o m m t, bei der R e g en e ra tio n  d e r  
m itte lg ro sse n  E lem ente  jed o ch  ind ifferen t is t . D en  du rchschn ittlichen  P o re n 
d u rc h m e sse r  der vom  G esich tsp u n k t der A m m enm ethode k ritisch en  M em bran  
m it  3 0 0 —400 т/л P o ren d u rch m esser h ab en  w ir d u rch  B erechnung m it 311 т/л 
fe s tg e s te ll t . Im  F iltra tio n sv e rsu ch  h a t  jed o ch  diese M em bran den  N ew castle- 
V iru s  m it  einem  P artik e lch en d u rch m esse r von  150—200 m/x leicht u n d  d en  V acci- 
n ia -V iru s  m it einem  P a rtik e lch en d u rch m esse r v o n  225—250 m/x g e rad e  noch 
d u rch g e la ssen . Beim  le tz te re n  V irus b ild e te  d ie  n ic h t filtr ie rte  S u b stan z  in  10” 1 
V e rd ü n n u n g  an  der C horioa llan to ism em bran  des H ühnerem bryos d u rc h sc h n itt
lic h  m e h r  als 20 H erd e  ; n a c h  der F il tra t io n  b ild e te  das A u sg an g sm a te ria l 
im  D u rc h sc h n itt in  zwei M em branen  einen  H e rd . D er d u rchschn ittliche  P o ren 
d u rc h m e sse r liegt d a h e r 400 т/л näher als 300 т/л. D em entsprechend  k a n n  d e r 
D u rc h m e sse r des du rch  d iese M em bran  tre te n d e n  grössten P a rtik e lc h e n s  
höchstens e tw a 300 т/л b e tra g e n  ; diese P a rtik e lc h e n  regenerieren in  B ouillon  
n ic h t  se lb ständ ig , in  A nw esenheit von  Sarcina lutea jedoch in  v ere in ze lten  
F ä lle n . N och kleinere P a rtik e lch en  sind  k e inesfa lls  lebensfähig. E s  sch e in t, 
d e m n a c h , als ob die R egenera tio n sfäh ig k e it a n  so hochm olekuläre P a rtik e lc h e n , 
d . h .  r ic h tig e r  n ich t an  solche von  m oleku lä re r D im ension, sondern a n  d ie  b e re its  
in  d ie  K atego rie  d er Z ello rgane gehörende Partikelchen gebunden  is t ,  deren  
F e h le n  die A m m enm ethode n ic h t zu e rse tzen  v e rm ag .

Aus den e lek tronenm ikroskop ischen  B ild e rn  folgern wir, dass d iese G ebilde 
n u r  d ie  d ie  E lek tro n en  n ic h t durch lassenden  n u k le a re n  K lüm pchen sein  k ö n n en . 
D ie  R eg en era tio n sfäh ig k e it d e r M ikroform en k a n n  m an sich se lb stän d ig  u n d  in 
A n w esen h e it von Sarcina lutea so vo rste llen , w ie aus Abb. 34 e rs ich tlich . A u f 
d ie se r  Zeichnung is t zu  sehen , dass die M ikroform en aus zellw andloser P la sm a 
s u b s ta n z  bestehen , w elche einen  n u k lea ren  K lu m p en  um schliesst. B e i e n tsp re 
c h e n d e r  Porengrösse des F ilte rs  t i i t t  d ie M ikroform  in ta k t du rch  d iesen  u n d  
b le ib t  regenerationsfäh ig . B ei k leinerem  P orendurchm esser t r i t t  d e r  n u k lea re  
K lu m p e n  m it w enig u n d  lä d ie r te r  P la sm a su b s ta n z  h indurch  ; im  L au fe  d er 
F i l t r a t io n  k an n  sich die P la sm a su b s ta n z  a b tre n n e n . In  diesem  F a ll  k a n n  d ie  
A m m en m eth o d e  die R eg en e ra tio n sfäh ig k e it n och  zurückgeben ; v e rm u tlich  
a d so rb ie re n  die S a rc in a-Zellen die k leinen  P a rtik e lch en  u n d  la ssen  sie ze it
w eise  a n  ih rem  eigenen Stoffw echsel te iln eh m en , zum indest ab e r bere ichern  
sie  d en  gem einsam en N äh rb o d en  m it E iw eissbauste inen , V itam in en  u n d  A t
m u n g sfe rm en ten , fe rn e r k ö n n en  sie d as  p H  u n d  R edoxpo ten tia l in  gü n stig er 
R ic h tu n g  v e rän d ern . (D ie M orphologie u n d  Biochem ie d ieser F ra g e  bean-



sp ru ch t n a tu rg em äss noch zahlreiche U n tersu ch u n g en .) Schliesslich t r i t t  d u rch  
F ilte r m it k le iner P orengrösse n u r P lasm asu b stan z  ; d ie  funktionelle E in h e it  
zw ischen K ern su b s tan z  und  P lasm a w ild  u n te rb ro ch en  und  infolgedessen d ie 
in  das F i l t r a t  ge lang te  b ak terie lle  S ubstanz leb en su n fäh ig .

D er e rste  P rozess d er P a rtik e lch en reg en era tio n  m uss notw endigerw eise 
in d er Z ellm em branb ildung  bestehen . Die O berfläche d e r  die nuklearen  P a r t i 
kelchen e n th a lten d en  P lasm ak u g eln  verfüg t o ffen b ar in  F o rm  von O berflächen 
spannung  ü b er freie E nerg ie , die sich im Sinne des C A R N O T -C L A iisiusschen 11. 
therm odynam ischen  G esetzes in  allen d e ra rtigen  F ä llen  zu verm indern su c h t.
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Abb. 34. (1) A ustritt von Plasma- und Kernsubstanz aus einer geschwollenen Bakterienzelle ; 
die frei gewordene Substanz gliedert sich in bakterielle M ikroformen. (2) Filtration der M ikro
formen durch einen F ilte r m it grosser Porengrösse, die völlig in ta k t durchtretenden Partikelchen  
sind auch selbständig regenerationsfähig. (3) Durch den F ilte r m it mittelgrosser Porengrösse 
gelangt das Partikelchen nur m it lädierter Plasm asubstanz ; bei Anwendung der Am m enm ethode 
kann es noch regenerationsfähig werden. (4) Durch den F ilte r m it kleiner Porengrösse t r i t t  nu r 
Plasm asubstanz, der nukleare K lumpen bleibt zurück ; auch bei Anwendung der A m m en

m ethode besteht Unfähigkeit zur R egeneration

Die Senkung d er O berflächenspannung  k an n  a b e r n u r  dann  e in tre ten , w enn  
sich die die O b erfläch en sp an n u n g  verm indernden  S u b stan zen  aus dem  In n e rn  
des K ügelchens an  d e r  O berfläche sam m eln. D e ra rtig e  S toffe sind versch iedene 
Seifen u n d  L ezith in e  ; diese sind im  b ak te rie llen  P la sm a  ste ts in d iffusib lem  
Z u stan d  e n th a lte n . In d em  sich diese no tw end igerw eise  an  der O b erfläch e  
sam m eln , b ilden  sie die Z ellm em bran, d. h . eine G renzoberfläche, die ü b e r  die 
F äh ig k e it des E m ulsionsum schalgs v erfü g t u n d  b e re its  zu r selektiven A d so rp 
tio n  im stan d e  is t. F ü r  die G esta ltung  eines se lb s tän d ig en  und sy n th e tisch en  
Stoffw echsels d ieser P a rtik e lch en  s te llt dies eine seh r w esentliche V orausse tzung  
d a r. D em en tsp rechend  verfügen  — im Vergleich zu  d en  frisch en tleerten  P la s m a 
p artik e lch en  — die in E n tw ick lung  befind lichen  K ügelchen  bereits ü b e r  e ine  
Z ellm em bran . D ie G esta ltu n g  der Zellw and, K ap se lsu b stan z  oder F lag e llen  
is t bere its  ein v iel kom pliz ie rte re r Prozess, d er u n te r  s tren g  spezifischer gene-
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t is c h e r  K ontro lle  s te h t  (z. B. die T ran sfo rm ations-D esoxyribonuk le in säu ren  
u n d  die P neum o k o k k en -K ap se lsu b stan z). A uffallend ist je d e n fa lls , dass m an 
g e ra d e  im  Z u sam m en h an g  m it der R e g en e ra tio n  der b ak te rie llen  M ikroform en 
b a k te rie lle  T ypusveränderungen  (O berflächen-A ntigenveränderungen) beobach
te n  k a n n  [14]. N ach  L ite ra tu ran g ab en  is t  b e i den aus der Zelle tre te n d e n  M ikro
fo rm en  keine [12], bei den M akroform en hingegen eine Z ellw and  vo rh an d en  
[30, 33].

U ntersuchen  w ir nunm ehr T ab e lle  I I  u n te r  B erück sich tig u n g  unserer 
R e s u lta te , können  w ir festste llen , dass d ie  E igenschaften  d er M ikroform en der 
L -F o rm en  und  d er im  Sinne der frü h eren  B eschreibungen v e rs ta n d e n e n  f iltr ie r
b a re n  F orm en e in a n d e r  bedeu tend  n äh erk o m m en . Diese b a k te r ie lle n  M ikro
fo rm en  lassen sich gem einsam  so c h a rak te ris ie ren , dass es sich u m  k le ine  P a r t i 
k e lch en  aus P lasm a- u n d  K ern su b stan z  h a n d e lt, von denen  au s e iner ver- 
g rö sse rten  B ak terienzelle  viele en ts teh en  k ö n n en . Der P leuropneum onie-G ruppe 
g eg en ü b er b esteh t d e r grundlegende U n te rsch ied , dass neben d ieser V erm ehrungs
a r t  au ch  die b ak te rie lle  V erm ehrungsart d e r  Zweiteilung v o rk o m m t. Bei E . coli 
la s se n  die q u a n tita tiv e n  V erhältnisse d ie  A nnahm e zu, dass se h r  se lten  u n te r 
v ie le n  Millionen B ak terienzellen  bei e in ze ln en  die F äh igkeit in  E rscheinung  
t r i t t ,  sich a u f  eine v o n  d e r Zw eiteilung abw eichende A rt, d u rc h  R egenera tion  
au s  f iltr ie rb a ren  M ikroform en zu v e rm eh ren . D iesen Prozess k a n n  m a n  als p leu
ropn eu m o n ieäh n lich e  V erm ehrung b eze ich n en , da es ke inen  g rund sä tz lich en  
U n te rsch ied  b e d e u te t, dass die M ikroform en in  diesem F all g rö sser s ind  als die 
e le m e n ta ren  P a rtik e lc h e n  der P leuropneum on ie-M ik roo rgan ism en  (ab e r n u r 
im  gleichen S inne, w ie w ir die K ra n k h e itse rreg e r  sowohl d e r P o ck en  wie der 
In f lu e n z a  als V iren  bezeichnen, obw ohl ih re  Ausmasse se h r  versch ieden  
s in d ).

ZUSAMMENFASSUNG

In  alten E . coii-Bouillonkulturen gehen fü r L-Form en kennzeichnende morphologische 
V eränderungen vor sich. Aus den geschwollenen Bakterienzellen tre ten  nukleare  Substanz 
en tha ltende  Plasm akügelchen ohne Zellwand aus. U n ter den durch die Kollodium m em bran 
m it durchschnittlich 500— 600 m/i Porendurchm esser tretenden Partikelchen sind einige regene
rationsfähig . Die R egeneration wird durch die Anwesenheit von Sarcina lu tea  gefördert.

Die L-Formen des untersuchten B akterienstam m es unterscheiden sich n ich t wesentlich 
von  den filtrierbaren Form en der früheren B eschreibungen ; die R egeneration von  B akterien
zellen aus Mikroformen lässt sich als pleuropneumonieähnliche Vermehrung bezeichnen.
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DURCH DESOXYRIBONUKLEINSÄUREN  
INDUZIERTE VERÄNDERUNGEN BEI RHIZOBIEN

Von

R . B ala ssa

Genetisches Institut der Ungarischen Akademie der Wissenschaften, Budapest 

(Eingegangen am  20. April 1956)

W ir b e rich te ten  w iederho lt ü b e r W echselw irkungen zwischen u n d  in n e r
h a lb  von  R h izob ienarten , die zw ischen der aufgeschlossenen Z e llsu b stan z  des 
induz ie renden  O rganism us u n d  den  lebenden  Zellen des induzierten  O rgan ism us 
zu s tan d e  kam en  u n d  zu V eränderungen  der sym bio tischen  E ig en sch aften , d er 
A n tig e n s tru k tu r, der E m p fin d lich k e it gegenüber A n tib io tik a , ein iger b io ch e
m ischen M erkm ale und  des K o lon ie typus fü h rten  (1, 2, 3). Im  n ach steh en d en  sei 
n u n  ü b e r jene  V ersuche b e ric h te t, in  denen a n s ta t t  der aufgeschlossenen Z ell
su b s ta n z  D esoxyribonukleinsäure-A uszüge v erw epdet w urden.

M ethodischer Teil

Stämme : M(3 2 ) (Rh- meliloti), Lu(3 p (Rh. lu p in ij, .1(38) (Rh. japonicum ), im  folgenden 
kurz M, Lu und J . Von diesen Stäm m en konnte auf G rund früherer In -v ivo-T ransform ations
versuche [3] angenommen werden, dass sie sich zu Transform ationsveränderungen eignen. Aus 
allen drei Stäm m en wurden — u n te r Anwendung steigender Streptom ycin- (STRM -) K on
zentrationen —  auch STRM -resistente V arianten ausgebildet. Der der Stam m esbezeichnung 
beigefügte Index bezeichnet den Grad der STRM-Toleranz (in /ig/rnl) des Ausgangsstam m es bzw. 
der auf STRM ausgebildetcn V ariante.

Nährlösungen : Die T ransform ationen wurden bei allen drei Stäm m en au f folgender
N ährlösung durchgeführt : K 2I IP 0 4 —  3,6 g, K H 2P 0 4 — 0,4 g, MgS04 (7 H 30 )  —  0,05 g, NaCl
—  0,5 g, Ferriam m onium zitrat — 4,0 mg, Biotin — 0,3 pg, Kaseinhydrolysat —  l g ,  Glukose
—  10 g, Aqua dcst. ad 1000 ml, pH  7,0.

Die Pflanzenkulturen wurden au f modifiziertem T H O R N T O N s c h e n  N ähragar durch
geführt [1].

Desoxyribonukleinsäure- ( D N S -)  Auszüge. Das bei den Pneumokokken übliche V erfahren 
[5] m usste modifiziert werden, da die Resistenz der Rhizobien gegenüber N atrium desoxycholat 
w eit grösser als die der Pneum okokken ist. 24stündige K ulturen der rasch w achsenden, bzw. 
48stündige K ulturen der langsam w achsenden Stämme wurden abzentrifugiert, in na trium zitra t- 
laltigem (0,01 M) physiologischem NaCl resuspendiert (1012—13 Zellen/ml), w orauf zu 10 ml 
'.ellensuspension 2 ml 5%iges N atrium desoxycholat gegeben wurde. Da die Zellaufschliessung 

oei 4° C und bei Z im m ertem peratur auch so nicht befriedigend war oder sich sehr hinauszog 
und da festgestcllt werden konnte, dass eine höhere Tem peratur bei pH  7,0 die biologische 
A ktiv itä t nicht verm indert, wurde im  allgemeinen bei 50° С (1 Stunde) und bei ein oder zwei 
Stäm m en bei 70° C ( l/ i  Stunde) aufgeschlossen. A uf diese Weise liess sich eine w eit grössere 
Ausbeute als bei niedrigerer T em peratur erzielen. Nach der Aufschliessung w urde der Zell
rückstand  durch Zentrifugieren en tfe rn t und der Supernatant m it 4fachem Volum  Alkohol 
ausgefällt. Manchmal wurde die Alkoholausfällung fraktioniert vorgenom m en; bei den hier 
zu besprechenden drei Stäm m en erwies sich dies jedoch als überflüssig, weil die Fällung m it 
einem Glasstäbchen gu t aushebbare und  von den übrigen Fraktionen des N iederschlags gut 
u; л erscheidbare, charakteristische lange Fibrillen ergab. Diese wurden in physiologischer Koch-



78 R. BALASSA

Salzlösung gelöst (Lösen u n d  Ausfällen wurden gegebenenfalls mehrmals wiederholt) und nach 
S ev a g  [6] enteiweisst. D ie so erhaltenen P räpara te  w aren B iuret-negativ, h a tten  eine hohe 
V iskosität und zeigten im  Spektrophotom eter in  u ltrav io lettem  Licht die charakteristische 
Adsorptionskurve. Die vollständige Enteiweissung w urde später wegen der dam it verbundenen 
grossen Verluste weggelassen und  die Anzahl der A usschüttelungen m it Chloroform verm indert.

Die Präparate w urden  un ter einem 4fachen Volum Alkohol hei 4° C aufbew ahrt. Sie 
behielten  ihre A k tiv itä t 1 b is 2 Monate unw erändert bei.

Das Trockengew icht der aus IO13 Zellen gew onnenen Präparate  betrug 20— 30 mg. In  
unseren Versuchen liessen -wir im  allgemeinen 20— 50 fig  des D N S-Präparates auf IO7 Zellen in 
2 m l Nährlösung wirken.

Desoxyribonuklease (D N ase):  Es wurde ein kristallinisches P räpara t der F irm a C. Mann, 
N ew  York, verwendet.

Transformationen : D er 20 Stunden hindurch (bei M 44 Stunden) vorgezüchtete Stam m  
w urde in einer Z ellenkonzentration von 107/ml in 2 m l N ährlösung eingebracht. Die DNS wurde 
am  Ende der Lag-Periode zugegeben (bei J  3, bei Lu 4, bei M 6 Stunden) und eine zweiund- 
einhalb  durchschnittlichen Zellteilungen entsprechende Z eit lang wirken gelassen. Diese Zeit
spanne bezeichnen w ir im  nachstehenden als einen Transform ationszyklus. Eine kürzere E in
w irkung als diese zeitigte schlechtere Ergebnisse, w ährend sich eine längere n icht als wesentlich 
erfolgreicher erwies (4).

Die transform ative A usbildung der STRM -Resistenz wurde nach der in  (4) angegebenen 
M ethode m it der Zahl des STRM -tolerierenden Anteiles der Gesamtpopulation gemessen. Diese 
Z ahl wurde auf die iden tischen  Werte der n ichttransform ierten  Kontrolle bezogen und  der 
G rad  der transform ativen Umwandlung grössenordnungsgemäss als Index der Verschiebung 
ausgedrückt.

Die transform ative A usgestaltung der Knöllchenbildungsfähigkeit wurde auf die bereits 
beschriebene Weise (1) in  Pflanzenkulturen un tersucht.

Experim enteller T eil

A) Die transformative Ausbildung der STRM -Resistenz  w urde bei allen 
d re i S täm m en m it d e r  D N S  d er homologen S T R M -resisten ten  V arian te  u n d  den 
re s is te n te n  V arian ten  d e r  anderen  zwei S täm m e  in d u z ie rt. A u f G rund  der In - 
v iv o -T ran sfo rm atio n  d u r f te  näm lich  angenom m en w erden , dass zw ischen diesen 
S tä m m e n  W echselw irkungen  s ta ttf in d en  [3]. E benso  ko n n te  angenom m en 
w e rd e n , dass der G ra d  d e r  sich  in  einem tra n s fo rm a tiv e n  Zvklus ausb ildenden  
R e s is te n z  bloss sehr n ie d r ig  is t, da die d re i S täm m e  auch  in  G egenw alt von 
S T R M  n u r sehr la n g sa m  u n d  stufenweise eine R esistenz  ausbilden u n d  d a  eine 
A n a lo g ie  zwischen d iesen  b e id en  M echanism en v o n  uns bere its  festgestellt w ur
de  [2]. D er Index  d e r V ersch iebung  w urde d esh a lb  in  niedrigen STR M -K onzen- 
t r a t io n e n  gemessen.

A u f D N S-E inw irkung  d er re s is ttn ten  V a r ia n te n  kom m t es bei allen  drei 
S tä m m e n  zu einer d e u tlic h e n  Verschiebung in  d e r  Z ah l der ST R M -resistenten  
Z e llen  (T ab. I). D iese is t  b e i J  eine lOOOfache, b e i L u  eine 100—lOOOfache und  
b e i M eine 10 OOOfache. Sie i s t  bei J  unabhäng ig  d a v o n , ob sie durch  die DNS der 
h o m o lo g en  oder die d e r  hetero logen  V arian te  ausge löst w ird . D er lim itierende 
F a k to r  is t hier also n ic h t  d ie  DNS, sondern d ie  — genetisch  oder physiologisch 
— b eg ren z te  T ra n s fo rm a b ilitä t des S tam m es.

D ie DNS des G ru n d s ta m m e s  ru ft keine V erän d eru n g  hervor. D ie A k tiv itä t 
d e r  D N S  der resisten ten  V a ria n te n  wird du rch  D N ase  sofort zum  S tills tan d  ge
b r a c h t .  W ie bereits e rw ä h n t, w ar eine W echselw irkung  zwischen den drei S täm -
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Tabelle I
Ausbildung der ST R M -R esislenz a u f Einwirkung von D N S  bei verschiedenen Rhizobiumstämmen 
Index : Zahl der STRM -resistenten Zellen der m it DNS behandelten Population (grössen

ordnungsgem äss) bezogen auf e i n e  STBM -resistente Zelle des Ausgangsstammes 
bei J  au f 0,3 /ig /m l STRM, bei M auf 0,2 /ig/ml und  bei Lu auf 10 /ig/ml. DNase w urde 
vor Beginn der Zellteilung hinzugefügt. /  : n icht geprüft.

DNS
In d ex

Jo„ M0»1 Lu2
— ......... 1 1 1

J0,i . . . . 1 / /
M0il . . . . / 1 /
L u2 . . . . 100—1000 / 1
Jloo • • • • 1000 10—100 /
■̂ 500 . . . 1000 10 000 /
Luioooo 100 / 1000
Jioo 1 1 /
^ 5  00 .+  DNase 1 1 /
L u2 1 1 /
Fuio ooo 1 / 1

m en zu e rw arten . T ro tzdem  ste llte  sieb die F rag e , ob n ich t die DNS jedes STR M - 
resis ten ten  R h izob ium s eine gesteigerte R esistenz v e ru rsa c h t. D as n eg a tiv e  
E rgebnis eines V ersuches m it den D N S-A uszügen ein iger an d erer STR M -resisten- 
te r  R hizobien  [4] zeigte jedoch , dass die tra n sfo rm a tiv e  V erschiebung n u r  in  
spezifischen K o m b in a tio n en  zustande k o m m t.(B e id en  In -v iv o -T ran sfo rm atio n en , 
a u f  G rund d e re r die h ie r u n te rsu ch ten  drei S täm m e ausgesuch t w urden, b e s ta n d  
das Ziel gerade  in  der Selektion solcher K om bina tionen .)

D a J  v o n  den  anderen  zwei S täm m en g u t u n te rsch e id b are  K olonien b il
de t [3], w urden  die a u f  STRM  selek tierten  tra n sfo rm ie rte n  Zellen au f P la t te n  
gestrichen. D er K o lon ie typ  blieb in  allen K o m b in a tio n en  u n v erän d ert, au ch  in  
jenen , in  den en  hetero loge DNS verw endet w u rd e . E s m uss also angenom m en 
w erden, dass Ä nderungen  des K olonietyps in  nach w eisb arer Zahl en tw ed e r 
ü b e rh au p t n ic h t oder von der A usbildung  d e r ST R M -R esistenz u n ab h än g ig  
au ftre ten  u n d  so a u f  STRM  elim iniert w urden .

B) Die transformative Ausbildung der Kndllchenbildungsfähigkeit w u rd e  
in  v ier K o m b in a tio n en  u n te rsu ch t : am  S tam m e J  n ach  In d u k tio n  m it d e r  
DNS von  М0д u n d  Мюо m id am  S tam m e L u  n a c h  In d u k tio n  m it denselben  
zwei D N S-A uszügen.

Die T ran sfo rm atio n en  w urden in  der bere its  beschriebenen  W eise in  v i tro  
au sg efü h rt. M it den n ach  D N S-E inw irkung e rh a lten en  Suspensionen w u rd en  
die steril gezogenen P flan zen k u ltu ren  zur Z eit des E rscheinens der ersten  B lä t-
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t e r  b e im p ft. E ine  Serie w urde  m it e iner Suspension b e im pft, die die a u f  STRM  
se lek tie rten  Zellen des m it der DNS von  M Mo induzierten  J 0,i e n th ie lt. 

K on tro llre ihen  so llten  den Beweis erb ringen , dass :
a) die lebenden  Zellen von J  u n d  L u  allein keine K nöllchen a u f  Luzerne 

b ild e n ,
b)  die D N S -P rä p a ra te  von M k e in e  lebenden  M-Zellen e n th a lte n  u n d  des

h a lb  allein zu k e in e r K nöllchenb ildung  fü h re n  (die P rä p a ra te  w urden  in lO facher 
K o n z e n tra tio n  zugegeben),

c) der D N S-A uszug des a u f  L u zern e  keine K nöllchen b ild en d en  A us
gan g sstam m es k eine  K nöllchenb ildung  in d u z ie rt,

d) D N ase die biologische A k tiv i tä t  des DNS-Auszuges a u fh e b t.
T abelle I I  b r in g t die Z usam m enfassung  von drei V ersuchsreihen . A us den

A n g ab en  der T abelle  lassen  sich folgende F estste llungen  m achen:

Tabelle II
Durch D N S-Auszüge von M  induzierte Knöllchenbildung des Stammes Аол a u f Luzerne 
!}.— 9. Reihe : UNase am Anfang der Lag-Periode (nach 0 Stunden) zugesetzt

10. Reihe : DNase nach zwei Zellteilungen (nach 4 Stunden) zugesetzt

Z ahl d e r

Jsfc. D N S
1

T ra n sfo rm ie r te r  1 
S ta m m b e im p fte n  j

k n ö llch en 
b ild en d en %

S |
i P fla n z e n

1 M „,i......................................................... Jo.X 40 8 20

2 м 100 praep. a) ................................... Jo.l 15 15 100

3 M100 » b) ................................... Jo .i 56 16 ( +  1)* 28,5

4 M100 » b) .....................................
.

Kontrollen

J 01^ S T R M ^ J 0,6 20

5 M01 ....................................................... — 10 — —
6 Mi„o praep. a) ................................... _ 10 — —
7 M10„ praep. b) ................................... — 10 — —
8 Mon +  DNase (nach 0 Stunden) . Jo.i 20 — —
9 MIOO +  DNase (nach 0 Stunden) a) J 0,l 20 — —

Mioo “b DNase (nach 0 Stunden) b) Jo.l 20 — —
10 Mjoo +  DNase (nach 4 Stunden) . . Jo.i 20 4 20

11 Jo,l ........................................................ Jo.l 10 — —
12 — ........................................................... M0l] 20 18 90

13 —  ........................................................... Mi00 10 8 80

14 —  ........................................................... Jo.i 10 — —
15 —  ........................................................... — 10 — —

* Spät gebildete, ineffektive Knöllchen
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D ie D NS-Auszüge von M0 i u n d  Мюо induzieren  die A usbildung von  
J -V a ria n te n , die a u f  L uzerne K nöllchen  bilden (1., 2. u n d  3. R eihe). Die K n ö ll
chen en ts teh en  zur g leichen Zeit wie jen e  der als K o n tro lle  m it lebenden Мод 
Zellen geim pften P flan zen . A n einigen n ich t au fg ea rb e ite ten  Pflanzen k o n n te  
b e o b a c h te t w erden, d ass  sie auch die gleiche E ffe k tiv itä t  aufw eisen. Die m it der 
D NS von  Мюо tran sfo rm ie rten , a u f  STRM  se lek tierten  Zellen von Лод b ild e ten  
keine K nöllchen (4. R eihe). M it D N ase  abgebau te  D N S zeigte keine tra n s fo r
m a tiv e  W irkung, v o rau sg ese tz t, dass d as  E nzym  v o r E in b a u  der DNS zugesetz t 
w urde  (8., 9. und 10. R eihe). D er E ffek t der D N S von  M 0 i  u n d  M10o ist als spezi
fisch  anzusehen, da  die eigene D N S von  Лод keine K nöllchenbildung  in d u z ie rte  
(11. R eihe).

D ie M öglichkeit, dass die sich in  v itro  als s te ril erw iesenen D N S -P räp ara te  
dennoch  lebende Zellen en th ie lten , k a n n  au f G ru n d  fo lgender T atsachen  au s
geschlossen w erden :

a) In  keiner d e r R eihen , die n u r  DNS en th ie lten , b ild e ten  sich K nöllchen  
aus (5., 6. und  7. R eihe).

b) Mit en zy m atisch  ab g eb au te r DNS b e h an d e lte r  J  zeitig te  keine K nö ll
chenb ildung  (8. u n d  9. Reihe).

c) E in  und  dasse lbe  D N S -P räp a ra t fü h rte  bloss bei J  zur B ildung effek 
t iv e r  knöllchenb ildender V arian ten , w ährend die tran sfo rm ie rten  V arian ten  
von L u  lediglich ineffek tive  K nöllchenansätze  ze ig ten  (siehe w eiter u n ten ).

d)  Auch die nach steh en d e  A nalyse der S T R M -E m pfindlichkeit der gebil
d e ten  V arian ten  sch liesst die M öglichkeit der A nw esenheit von lebenden Zellen 
aus.

M it M -Auszügen b ehandelte  L u 2-Suspensionen b ild e ten  erst nach  2 —3- 
w öchiger oder noch grösserer V ersp ä tu n g  1—2 seh r k leine, ineffektive K n ö ll
ch en an sä tze  (Tabelle I I I ) .  In  der u n b eh an d e lten  K on tro llre ih e  kam  es zu  k e iner 
so lchen K nöllchenbildung  (7. R eihe).

D ie knöllchenbildenden  V arian ten  von Лод w urden  einige Tage nach  dem  
E rscheinen  der K nöllchen  aus diesen isoliert.

24 S tunden n a c h  dem  A usstreichen  erschien eine k le ine  A nzahl von c h a ra k 
te ris tisc h e n  Лод-K olonien , von denen  etw a 15 u n te rsu c h t w urden. Sowohl in 
ih re r  A n tig e n s tru k tu r als auch in ih re r  ST R M -E m pfind lichkeit glichen sie dem  
A usgangsstam m , also J . und  b ild e ten  in einem  neuerlichen  P flanzenversuch  
keine K nöllchen. E s is t anzunehm en , dass diese K olonien  ursprünglichen ru h e n 
d en  J-Z ellen  e n ts tam m en , die den K nöllchen a n h a fte te n  u n d  die D esinfek tion  
üb erleb ten . In einem  F alle  erh ielten  w ir jedoch au ch  m it einem  solchen Iso la t 
eine K nöllchenb ildung  ; h ier h a n d e lte  cs sich u m  eine K u ltu r , die e rs t einige 
W ochen  nach E rsche inen  der K nöllchen  isoliert w u rd e .

N ach 48—96 S tu n d en  ersch ienen  m assen h aft K olonien  vom  M -T ypus. 
D iese erwiesen sich au ch  in  ih rer A n tig e n s tru k tu r a ls m it M identisch , sie agglu- 
t in ie r te n  nu r m it M -Serum  und  b ilde ten  in  w iederho lten  P flanzenversuchen

•' ! MifloLiul. iil-H I V /1
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Tabelle III
Durch D NS-Auszüge von M  induzierte Knöllchenbildung des Stammes L u 2 a u f Luzerne 

D ie Knöllchen der 1. und  2. Reihe sind im Vergleich zu denen der 3. und 4. (Kontroll-) Reihe 
m it mehreren Wochen V erspätung erscheinende, sehr kleine, spärliche, knöllchenansatzartige

Gebilde

V
er

su
ch

s
re

ih
e

D N S
T ra n sfo rm ie rte r

S ta m m

Z a h l d e r

!
, . ,  k n ö llc h e n -  
b e im p fte n  ; b ild e n d e n

!

P f la n z e n

7 .

l M » , :  ................................................................................. L u2 20 2 10
2 M io o  ................................................................................. Lu о 20 8 40

Kontrollen
3 MlU o . i  ................................................................................. —
4 M*TAio o  ................................................................................. —

. s. Tabelle II
5 — M ., x

6 — M io o

7 — L u 2 1 0 — —

8 — 10 — —

■wiederum K nöllchen. Sie w aren  ST R M -em pfindlich , und  zw ar au ch  jen e  Kolo
n ie n , die sich in  den  m it D N S von M100 in d u z ie rten  T ran sfo rm a tio n en  gebildet 
h a t te n  (Tab. IY ).

Tabelle IV
Kolonietypus der knöllchenbildenden Varianten 

Die N r. der Versuchsreihen bezieht sich auf Tabelle II.
(J )  : in  neuerlichen Pflanzenversuehen keine K nöllchen bildende, verm utlich  ruhende Zellen 

J  : Spätes Isolat, in einem neuerlichen Pflanzenversuch knöllchenbildend 
S : STRM-empfindlich 
R : STRM -resistent

V er
suchs
reihe

K o m b in a tio n K olon iety p u s

l DNS M o n  -> J,,,, ................ ( J )  — M S

2 DNS M100 a) — J , , . , .................. ( J )  — J  — M S

3 DNS M100 b) .................. ( J )  — M S

Kontrollen
1 2 e  - >  M 0 n  ....................... M S

13 ■9- —> M100................ MR

D ie V ersuche w u rd en  m it zwei versch iedenen  M m o-P räpara ten  dreim al 
n a c h e in a n d e r  an g ese tz t. I n  keinem  einzigen Falle  k o n n ten  ST R M -resistente
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V arian ten  isoliert w erden , dagegen w urden  aus d e r  m it lebenden Mm -Zellen 
be im pften  K ontrollreihe (T abelle IV , 13. R eihe) M10o-Kolonien e rh a lten .

W ie bereits e rw äh n t, b ilde ten  die tra n s fo rm a tiv  en ts tan d en en  STRM -resi- 
s ten ten  Zellen keine K n ö llchen  (Tabelle 1 1 ,4 . R eihe). N un  sehen w ir, dass die 
knöllchenbildenden  V a ria n te n  n ich t S T R M -resisten t s ind . Die beiden U m w an d 
lungen spielen sich also u n ab h än g ig  vone inander ab  u n d  schliessen sich in n erh a lb  
eines T ransfo rm ationszyk lus aus.

D ie V arian ten  d e r L u 2-Reihen, die bloss eine geringfügige Z ahl von  in ef
fek tiv en  K nöllchenansätzen  aufwiesen, w urden  n ich t n äh er u n te rsu ch t.

B esprechung der E rgebnisse

In  jenen  früheren  In -v itro -T ran sfo rm atio n en , die лук zivischen zwei S tä m 
m en verschiedener A rt u n d  verschiedener A m inosäure-V erw ertungsfäh igkeit 
d u rch fü h rten  und  in d en en  die induzierende K o m ponen te  noch aufgeschlossene 
Z ellsu b stan z  w ar [2], t r a t e n  zwei versch iedene M echanism en in E rsche inung . 
Diese beiden  M echanism en луегйеп von K alina  sc h a rf  un tersch ieden  [7]. D er 
eine M echanism us t r a t  u n te r  Bedingungen auf, die die A d ap ta tio n  der in d u z ie rten  
A rt b egünstig ten , u n d  fü h r te  zur V eränderung  n u r  e iner einzigen E igenschaft 
(niedrige ST R M -R esistenz), w ährend d er zw eite u n te r  V erhältn issen  in  E rsche i
nung  t r a t ,  die für den induzierenden  S tam m  g ü n stig  w aren , u n d  zu einer völligen 
A ngleichung an diesen fü h r te . In  den vorliegenden  V ersuchen tre te n  die beiden 
M echanism en wieder in  ana loger W eise in  E rsche inung , w enngleich u n te r  an d e 
ren  V ersuchsbedingungen . D er eine fü h rt auch  h ie r zu r A usgesta ltung  e iner e in 
zigen neu en  E igenschaft (niedrige ST R M -R esistenz), u n d  zw ar u n te r  g u t erfass
b a ren  u n d  q u a n tita tiv  verfo lgbaren physio logischen  V erhältn issen  [4]. D er 
andere  (E rw erb der K nöllchenb ildungsfäh igkeit) v e rm itte lt das B ild e iner vo ll
s tän d ig en  R egeneration  des DNS spendenden  S tam m es m it A usnahm e der 
ST R M -R esistenz. D ieser ziveite M echanism us b le ib t auch w eiterh in  u n k la r  
u n d  lä ss t sich q u a n ti ta t iv  n ich t verfolgen. F e s t s te h t nu r, dass beide Prozesse 
gleichzeitig  und  m it dem selben  DNS-Auszug au s lö sb a r sind, dass jedoch  in n e r
ha lb  eines T ransfo rm ationszyk lus in denselben  Zellen entw eder n u r  d er eine 
oder n u r  der andere P rozess s ta ttf in d e n  k a n n . D er vorherige enzym atische A bb au  
der D N S verh indert d ie  A usbildung b e id e r P rozesse.

V on jenen äu ssers t m ann ig faltigen  U m w and lungen , die w ir in  den  du rch  
Z ellsubstanz  indu z ie rten  T ransfo rm ationen  [1, 2] bzw . in  den In -v iv o -lra n sfo r-  
m a tio n en  [3] b eo b ach te ten , konn ten  w ir m it D N S-A uszügen yorläufig n u r  zwei 
rep roduzieren . So k o n n te  z. B . weder die A usb ildung  einer hochgradigen STRM - 
R esistenz  noch die e in e r  gem ischten A n tig e n s tru k tu r  nachgew iesen w erden. 
E benso  fehlen u n te r d en  knöllchenbildenden  V a ria n te n  jene, die ih ren  u rsp rü n g 
lichen K olonietypus beibeh ie lten , von einem  einzigen F all — einem  sp ä te n

6*
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I s o la t  — abgesehen. D ies b e k rä ftig t unsere  A uffassung , dass e in  G rossteil d e r  
in  d en  In -v iv o -T ran sfo rm atio n en  e in tre ten d en  V eränderungen  d as  E rgebn is 
m e h re re r  au fe inanderfo lgender tra n sfo rm a tiv e r  S ch ritte  is t. Es is t  jed o ch  auch  
m ög lich , dass es im  L au fe  d er D N S -E x trak tio n  zu r Schädigung irg en d e in e r d er 
h e te ro g en en  K o m p o n en ten  k o m m t oder d ass  die m it D N S-A uszügen n ich t 
rep ro d u z ie rb aren  V erän d eru n g en  keine T ran sfo rm ationsm echan ism en  im  enge
re n  S inn, sondern die E rg eb n isse  anderer genetischer W echselw irkungen  sind .

•

An dieser Stelle sei B. G y ö b ffy  für seine R atschläge und kritischen B em erkungen sowie 
F ra u  S. L eten a y  für ihre H ilfe bei der D urchführung der Untersuchungen der beste D ank 
ausgesprochen.

ZUSAMMENFASSUNG

Desoxyribonukleinsäure-Auszüge eines Rhizobium  meíiíoli-Stammes führen bei einem 
R h. japonicum -Stamm zur B ildung von V arianten, die au f Luzerne effektive K nöllchen bilden, 
u n d  bei einem Rh. lup in i-Stam m  zur Bildung von V arianten , die späte ineffektive K nöllchen
an sä tze  entwickeln.

Desoxyribonukleinsäure-Auszüge von Streptom ycin-resistenten R h.-Stäm m en, bzw. deren 
Streptom ycin-resistenten V arian ten  bilden aus Streptom ycin-em pfindlichen Stäm m en Strepto- 
m icin-resistente V arianten aus. Innerhalb eines Transform ationszyklus en ts teh t nu r eine 
n iedrige Resistenz. Diese is t in  der Zahl der überlebenden Zellen messbar, die sich im Ver
gleich m it den analogen W erten  des Ausgangsstammes um  das 100— 10 OOOfache erhöht.

Desoxyribonuklease b rin g t die biologische A k tiv itä t der DNS-Auszüge zum  Stillstand.
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EINIGE BEDINGUNGEN DER AUSBILDUNG  
EINER DURCH DESOXYRIBONUKLEINSÄUREN  

INDUZIERTEN NIEDRIGEN  
STREPTOMYCINRESISTENZ BEI RHIZOBIEN

Von

R . B ala ssa

Genetisches Institu t der Ungarischen Akademie der Wissenschaften, Budapest 

(Eingegangen am 20. April 1956)

E s w urde von  u ns nachgew iesen, dass sich an  R hizobien  (R h.) d u rch  
D esoxyribonuk le insäure- (DNS-) A uszüge von S täm m en  an d ere r R h izo b ien arten  
K nö llchenb ildungsfäh igkeit und  eine niedrige S trep to m y c in - (STRM-) R esistenz  
ausb ilden  lassen. Im  nachsteh en d en  sollen einige B ed ingungen  der A usb ildung  
d e r ST R M -R esistenz e rö r te r t  w erden. D er grösste T eil d e r U ntersuchungen  w urde  
m it dem  m it J ( 3 8 > beze ichneten  S tam m  von Rh. japonirum  du rchgefüh rt, d a  sein 
ra sch es W achstum  m it grossen m ethod ischen  V o rte ilen  verb u n d en  is t, obw ohl 
d er langsam  w achsende S tam m  M(3 2 ) von  Rh. meliloti in  d er Zahl der STRM - 
to le rie renden  Zellen eine w eit grössere tra n s fo rm a tiv e  V erschiebung zeig te. 
B ei den  S täm m en М(3 2 > u n d  Lu(3 i) (R h. lup in i) b e sc h rä n k te n  wir uns a u f  die 
W iederholung d e r b e i J ( 3 8 ) gem ach ten  B eo b ach tu n g en .

M ethodischer Teil

Stämme : Die au f Grund von In-vivo-Transform ationen [2] ausgewählten Stäm m e J(38), 
M(3 2 ) und Lu(3 i) (im folgenden kurz J ,  M, Lu). Der der Bezeichnung des Stammes (der V arian te) 
beigefügte Index gib t den Grad der STRM-Toleranz (in //.g/m l) an.

DNS-Extraktion : s. (3).

D NS-Konzentration : Im  allgemeinen, wo dies n ich t anders angegeben ist, Hessen w ir 
20— 50 /<g (Trockengewicht) D N S-Präparat au f 107 Zellen in  2 m l Nährlösung wirken. U m  10 /<g 
zeigten schon viele P räp a ra te  eine verm inderte A ktiv ität. Bei weniger als 1/ig erwiesen sich nur 
1— 2 Präparate als w irksam.

Desoxyribonuklease (DNase) : Es w urde ein kristallinisches P räp a ra t der Firm a C. M ann, 
New York, verwendet.

Nährlösung : s. (3).

Transformationen : Die 20 Stunden (bei M 44 Stunden) vorgezüchteten Zellen w urden 
in  1,8 ml Nährlösung eingebracht, und zwar, wenn nicht anders angegeben, in einer Zellkon
zentration von etwa 107/m l. Wo nicht anders angegeben, fügten  w ir am  Ende der darauffolgenden 
Lag-Periode (bei J  1% , bei Lu 2 und bei M 6 Stunden — 29° C) die entsprechende V erdünnung 
der DNS in 0,2 ml Nährlösung hinzu und  Hessen sie eine zweiundeinhalb durchschnittlichen 
Zellteilungen entsprechende Zeit lang wirken. Vor und nach der Teilung bestim m ten w ir in 
flüssiger Nährlösung m it Hilfe der V erdünnungsm ethode die wahrscheinlichste Zeilenzahl. 
Aus der transform ierten Suspension und  ihrer 10*— 102— 103-fachen Verdünnung w urden je  
0,2 ml in Nährlösungen von verschiedener STRM -K onzentration verteilt. Die Verschiebung
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w urde in  jenen STRM -K onzentrationen gemessen, in denen der nichttransform ierte Ausgangs- 
s tam m  in der grössten angewandten Zellkonzentration noch W achstum zeigte und in einer 
geringeren bereits n ich t mehr. Dabei wurde die transform ative Verschiebung dadurch aus
gedrück t, um wieviel Grössenordnungen diejenige K onzentration niedriger war, in der die 
transform ierte Suspension noch W achstum  zeigte. W enn z. B. auf 0,3 /«g/ml STRM 2,5 . 10® 
Zellen der DNS-freien Suspension noch W achstum  zeigten und 10® Zellen n ich t mehr, die m it 
DNS transform ierte Suspension hingegen bei E inbringung von 103 Zellen noch W achstum  zeigte 
u n d  bei 102 Zellen n icht m ehr, so wurde dies als lOOOfache Verschiebung be trach te t und grössen
ordnungsgemäss durch den Index der transform ativen Verschiebung ausgedrückt (im vor
liegenden Fall 1000).

Nach der S tandardisierung dieser Methode arbeiteten wir im allgemeinen nur noch m it 
d re i Zellkonzentrationen.

E xperim en te ller Teil

Die Rolle der Zellteilung. A nfäng lich  verw endeten  w ir grosse Zellenm engen 
u n d  erh ie lten  auch  d a n n  serienw eise n eg a tiv e  Ergebnisse, w enn  w ir die DNS- 
K o n z e n tra tio n  e rh ö h ten . E rs t  die V erm inderung  der Z ellko r,zen tration  erwies 
sich  als erfolgreich.

Tabelle I
Rolle der Zellkonzentration in  der Transformabilität von ,/(M (ausgedrückt im Index der Verschiebung)

a) Zahl der Zellen am Ende der Lag-Periode (bei Zugabe der DNS)
b) Zahl der Zellen 1%  Stunden später

Z ahl d e r  Zellen/m l In d ex
a b ( a u f  0 ,3  / /g /m l STRM )

—  (K ontrolle) ...................... 9,3X10* 9,ЗХ'Ю* l

9,3X 106 5,9X10® l

T
J 100 ................................................ 9 ,3X 104 9,3X10® 10

99 .......................................................................... .... 9,3X10" 9,3X W 7 10

99 ....................................................................... 9,ЗХЮ 6 5,4X10’ 100
99 • • • • .............................. .... 9,3X 105 5,4X10® 1000

99 ....................................................................... 9,ЗХ Ю 4 5,4X10® 1000

J.j ,j (K ontrolle) .......................... 2,3X 103 2,3X10® 1

99 99 ....................................... 2,ЗХЮ 4 1 8X10® 1

L u 2 ........................................................................... 2.3X 108 2,3X10® 1

99 • • • • ................................................................................... 2,ЗХ Ю е 1,8X107 1000

................................................................................... 2,3X 104 1,8X10® 1000

A us Tabelle I  g eh t h e rv o r, dass sich  ausg ep räg te  tra n s fo rm a tiv e  V er
sc h ieb u n g en  n u r d a n n  e rg ab en , w enn d ie  Z e llk o n zen tra tio n  107 o d er w eniger 
b e tru g .  G leichzeitig is t  auch  ersich tlich , dass in  den h ö h eren  Z ellkonzen
t r a t io n e n ,  die n ich t m e h r zu  V eisch ieb u n g en  fü h rte n , w äh ren d  d e r än d e rt-
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h a lb  S tunden  zw ischen dem  E nde  der L ag -P erio d e  u n d  dem  T esten  (E in 
b rin g u n g  in  STRM ) k eine  Z ellteilung s ta t t f a n d . D er Z usam m enhang  zw ischen 
der Z ellteilung u n d  d e r Z e llkonzen tration  is t in  A bb . 1 darg este llt.

D ie Teilung se tz t  bei jed e r Z e llkonzen tra tion  n ach  einer gleich lan g en  
L atenzperiode ein, g ib t jedoch  (in den e rs ten  3 S tu n d en ) n u r  bei K o n z e n tra tio 
nen  von  107 u n d  w eniger exponentielle  W erte .

D ie DNS ü b t also n u r  in  solchen Z e llk o n zen tra tio n eh  eine biologische 
A k tiv itä t  aus, die eine exponentielle  T eilung  erm öglichen.

Abb. 1. Abhängigkeit der Zellteilung von verschiedenen A usgan^szellkonzentrationen bei ,10 L
Nährlösung : 2 ml

— о — 3,8 X 105 Zellen/ml
—  X —  3 ,8 X 1 0 ’
—  3,8 X 108

D er Z usam m enhang  zw ischen D N S -A k tiv itä t u n d  Zellteilung geh t au ch  
aus T abelle I I  h e rv o r. H ie r w urde die DN S zu 2,5 • 107 Zellen am  A nfang  d er 
L ag-Periode h inzugefüg t u n d  die V erschiebung in  versch iedenen  W ach stu m s
perioden  gemessen.

Tabelle II
D N S-Einwirkung a u f J 0tl in  verschiedenen Wachstumsabschnitlen (2,5 x  IO7 Zellen/ml) 

a) Mit DNS-Auszug von J 100 behandelte Zellen 
h) Mit DNS-Auszug von Lu2 behandelte Zellen 
c) U nbehandelte Zellen

D a u e r d e r  D N S-
E in  W irkung

Zahl d e r  
T eilu n g en

In d ex
(a u f  0,3 /ig /m l S T R M ) 

» Ь

10 M inuten .......................................... 1 1 1
1 S tunde ................................................ 1 1 1
2 S tunden .............................................. — 1 1 1
4 S tu n d e n .............................................. i , 6 1 0 / 1

Щ  ......................................................... 2,5 1 0 0 0 1 0 0 1
6 ......................................................... 4,75 1 0 0 1 0 0 1
8 „  .............................................. 5,35 1 0 1 0 1

D ie a u f  die L ag -P eriode  b esch rän k ten  D N S -E inw irkungen  fü h r te n  zu  
k e in e r V erschiebung. N ach  2 %  Zellteilungen e rh ie lten  w ir eine m ax im ale  Ver-
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Schiebung. N ach e tw a  5 Z ellteilungen is t die exponentielle P h ase  b een d e t (s. 
a u c h  K urve  in  A bb . 1) u n d  neuere Zellen w erden  n ich t m eh r tra n s fo rm ie r t. 
Im  S inken  des Indexes gelang t verm u tlich  die langsam ere T eilung  d e r tran sfo r-  
m a t iv  um g esta lte ten  Zellen oder v ielle ich t eine » tran sfo rm ativ e  V erzögerung« 
z u m  A usdruck.

N ach  d u rch sch n ittlich  einer Z ellteilung erh ie lten  w ir noch  keine o p tim ale  
V ersch iebung. Die naheliegende E rk lä ru n g  h ie rfü r dü rfte  sein, dass in  d ieser 
Z e itsp an n e  noch n ic h t jed e  Zelle der P o p u la tio n  bis zu r T eilung g e lan g t is t.

H o tc h k iss  [5] k o n n te  m it einem  V erfah ren , das zu r S ynchron isierung  
d e r  Z ellteilung fü h rte , eine erhöh te  tra n sfo rm a tiv e  A k tiv itä t nachw eisen .

Abb. 2. Teilung von J 0ll nach Behandlung m it DNS von J 100 (105 Zellen/ml). 
: — X — : U ltraschallsensibilisierung am  E nde der 3stündigen Lag-Periode 
: — 0  — : Ohne U ltraschallsensibilisierung

W ir m ach ten  den  V ersuch , die Zellen  m it U ltra sch a ll zu  sensib ilisieren  
u n d  zw ar setzten  w ir die zu  tran sfo rm ie ren d e  P o p u la tion  am  E n d e  d er L ag - 
P e rio d e  kurzen , noch  k a u m  eine L e ta l i tä t  veru rsachenden  U ltra sch a lle in 
w irk u n g en  von v e rsch iedener Z e itd au er aus u n d  füg ten  u n m itte lb a r  n ach  d e r 
B e s tra h lu n g  die DN S von  J 100 h inzu  (A bb. 2).

E ine  dieser U ltra sch a llb eh an d lu n g en  b ew irk te  eine 1 %  s tän d ig e  T eilungs
h em m u n g , nach  3 S tu n d e n  erre ich te  jed o ch  die Zeilenzahl d e r m it U ltra sch a ll 
b e h a n d e lte n  Suspension d ie der u n b eh an d e lten  K ontro lle , d . h . d ass  sich w ä h 
re n d  1 y2 S tunden  ebenso viele Zellen te il te n  wie in  der n ich t m it U ltra sch a ll 
b e s tra h lte n  K ontro lle  w äh ren d  3 S tu n d en . D er Z usam m enhang zw ischen d e r 
tra n s fo rm a tiv e n  V ersch iebung  u n d  d er Z ellte ilung  is t augenfällig .

D esoxyribonuklease v e rn ic h te t die biologische A k tiv itä t  d e r D N S, w enn  
sie v o r  dem  E in se tzen  d e r Z ellteilung zugegeben w ird. B ei Z ufügung  n a c h  
2 y2 Z ellteilungen is t  sie b e re its  w irkungslos (S. T ab . I I I ) .

A us diesen V ersuchen  geh t jedoch  a u c h  die Lehre h e rv o r, d ass  w ir u n te r  
d e n  angew andten  V ersuchsverhältn issen  — in  einem  geschlossenen S ystem  — 
m e h re re  au fe inander b eru h en d e  T ran sfo rm atio n ssch ritte  n ich t nachw eisen
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Tabelle 1П
Inaktivierende Wirkung von DNase in verschiedenen Abschnitten des Wachstums 

(DNS-Zugabe am Anfang der Lag-Periode. Dauer der D N S-Einw irkung  4% Stunden)

D N S D N aee Zugabe
In d ex

(au f 0,3 /ig /m l S T R M )

JlOO nach 30 M inuten (0 Teilung) ...................................... l

Оe ,, 3 S tunden (0 T e ilu n g )........................................ l

JlOO „ 4 Stunden  (1,6 Teilungen)................................. 100

Jioo ,, 4 S tunden  20 Minuten (2%  Teilungen) . . . . 1000

JlOO - 1000

können , se lb st d a n n  n ic h t, w enn w ir die D N S -E inw irkung  am  E nde des e rs te n  
Zyklus n ich t u n te rb rech en , u n d  auch d an n  n ic h t, w en n  w ir m it D N S -Ü ber- 
schuss a rb e iten . Gehen л vir näm lich  z. B . von  e in e r  K o n zen tra tio n  von  107

Abb. 3. Die Grenzen der transform ativen Verschiebung bei J 0ll in  einem geschlossenen System . 
A uf der Abszisse is t jene Zellkonzentration aufgetragen, die in  der gegebenen STRM -Konzen- 
tra tion  noch ein W achstum  zeigt. E in höherer Index als 1000 kom m t bei J 0>1 nich t vor. Bei 
Anwendung von ungefähr 107 Zellen t r i t t  keine transform ative Umwandlung mehr ein. DieVer- 
schiebung kann  deshalb nu r in  jenen STRM -Konzentrationen (/Ug/ml) gemessen w erden, bei 

denen der 10— lOOOfache Index in das rech te  u n te re  Q uadrat fällt

Zellen aus, so e rh a lten  w ir n u r  4 —5 exponen tie lle  Z ellteilungen, w o n ach  d ie  
M öglichkeit d er tra n s fo rm a tiv e n  U m w andlung a u fh ö r t .  Stellen w ir h in g eg en  
niedrigere Z e llk o n zen tra tio n en  ein , so fallen in  d en  K ontrollreiheD  der m it D N S 
n ich t b eh an d e lten  Suspension  die G renzw erte d e r ST R M -resisten ten  Zellen schon  
aus, so d ass  w ir keine V ergleichsgrundlage h a b e n . E b enso  is t das geschlossene 
System  u n gee igne t, eine even tuelle  Z unahm e v o n  Zellen  höherer S T R M -R esi- 
stenz  nachw eisen  zu k ö n n e n . So is t z. B . u n te r  109 Z ellendes J o i  eine Zelle
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(g rössenordnungsgem äss) 1 ^itg/rnl ST R M  gegenüber re s is ten t. K ä m e  es nach 
D N S -E inw irkung  schon aus einer P o p u la tio n  v o n  10® Zellen zu einem  W achstum , 
so b e d e u te t dies eine lOOOfache V ersch iebung , d. h . den be i Jo,i em pirisch 
m a x im a le n  W ert. Zu seinem  N achw eis w ä re n  jedoch Z e llk o n zen tra tio n en  von 
10®— 107 und  108 n o tw end ig , doch k o m m t in  le tz te re r keine T ran sfo rm atio n  
m e h r  zustande , w eil k e ine  Teilung s ta t t f in d e t .  A uf 2/rg/ml ST R M  k o m m t es 
sch o n  in  keiner der zum  N achw eis des 1000er Indexes notw endigen Z ellkonzen tra 
t io n  (1010, 109, 108) zu  e iner Teilung (A bb. 3).

Z um  N achw eis von  T ran sfo rm a tio n en , die aus a u fe in a n d e r folgenden 
S c h r it te n  bestehen , is t deshalb  n u r  d er C h em o sta t geeignet.

Zwischen dem  Grad der ST R M -R esistenz der D N S spendenden Variante 
u n d  d em  In d ex  d e r V ersch iebung w urde  v o n  uns kein Z u sam m en h an g  gefun
d e n  (T ab . IV).

Tabelle IV
A usbildung der STR M -R esistenz bei J 0ll nach Induktion  mit D N S-Auszügen von J -, Lu- 

und M -Varianten verschiedenen Resistenzgrades

DN S
In d ex

( a u f  0 ,3  Atg/ml STRM )

Jo,l ............. 1

Jio............... 1

Jioo .............. 100 0

JlOOO ..................... 10

L u 2 .................................... 100 0

h U 10 000 .......................... 100

Mioo ............ 100 0

M 5OO ................................. 1 0 0 0

Jjo  fü h rte  zu  k e in en  V eränderungen , J 1U0 zeigte die grösste , J10oo w iederum  
v e rm in d e r te  A k tiv itä t. R ei L u  hingegen erw ies sich die A k tiv itä t des L u 2 grösser 
a ls  d ie  des L ur) 003. I n  d e r  A k tiv itä t d e r u n te rsu c h te n  M -V arian ten  ze ig ten  sich 
k e in e  U ntersch iede.

Der gleichzeitige Zusatz mehrerer verschiedener D N S-A uszüge  fü h r t  zu 
k e in e r  k u m u la tiv en  V ersch iebung. (E ine ev en tu e lle  add itive  W irk u n g  is t m it 
d ie se r  M ethode, die n u r  g rössenordnungsm ässige  A bw eichungen an ze ig t, w eder 
n a c h w e isb a r  noch aussch liessbar. S. T a b . V .)

U n te r  den hsterologen D N S-E inw irkungen  w urden b ish e r n u r  jen e  der 
r e s is te n te n  V arian ten  von  M und  L u  a u f  d en  S tam m  J  besp rochen . T abelle  V I 
f a s s t  n u n  das E rgebn is von  U n te rsu ch u n g en  ü b e r  die E inw irkung  v o n  versch ie 
d e n e n  D N S-A uszügen a u f  verschiedene R h -S täm m e  zusam m en.
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Tabelle V
Ausbildung der Resistenz bei J 0il nach gleichzeitiger Einwirkung mehrerer D NS-Auszüge. 

(Eine kulum ative W irkung ist nicht nachweisbar)

D N S
In d ex

(a u f  0,3 /Ug/ml S T R M )

JlOO .............................................. 1 0 0 0

M ioo  ........................................... 1 0 0 0

L u 2 ............................................... 1 0 0 0

J loo +  M100 - r  L u 2 . . 1 0 0 0

Tabelle VI
Die Wirkung der D N S  von Rhizobiumstämmen verschiedener Arten und ihrer resistenten Varianten 

a u f die Ausbildung der Resistenz bei ,/0.,
(Von den drei bisher n icht besprochenen A rten zeigt die V ariante des Stammes P i, ebenfalls

DNS-Aktivität)

D N S R h izo b iu m -A rt
in d e x

(a u f  0 ,3  / /g 'm l STR M )

J (38)0,1 ............. japonicum l

J(38)I00............. 1 0 0 0

L u ( 3 | ) 2 .................... lupini 1 0 0 0

Lu(3i)|o 000 • • • 1 0 0

M (3 2 )0 ,I  ................. meliloti 1

M(32)!00........... 1 0 0 0

O ( 7 ) ! 0 .................... legumin. 1 0 0

Pi(2)10............. 1

Pi(2)100........... 1 0 0 0

H ( l ) 5  .................... lupini (Hartweghii) 1

H(l)10 000 ----- 41 1

Die A k tiv itä t  von P i(2) u n d  die Indifferenz von  0(7) (beide R h . legum ino- 
sarum -S täm m e) w ar a u f  G ru n d  vorheriger In -v iv o -T ran sfo rm atio n en  [2] zu 
erw arten . D esoxyribonuk lease  in ak tiv ie rte  säm tlich e  a k tiv e  P rä p a ra te .

W ir verfügen  noch ü b e r keinerlei K rite riu m  d e r D NS-Kompatibilität. 
E ine DNS, die tra n s fo rm a tiv e  A k tiv itä t besitz t, is t n a tu rg em äss auch  k o m p a
tib e l, doch sind  die beiden  E igenschaften  n ich t u n b e d in g t iden tisch . Als k o m p a
tib e l m üssen w ir auch  die eigene DNS eines S tam m es b e tra c h te n , obw ohl sie 
keine von den genetischen  G egebenheiten  des S tam m es abw eichende u n d  som it 
nachw eisbare  V eränderungen  hervorzurufen  v e rm ag . So fü h rt die D N S des 
J од zu  k e in e r V erän d eru n g  d er STR M -R esistenz. W enn  w ir aber die K o m p a
tib il i tä t  als eine spezifische A dsorp tion  an  irgendw elche R ezeptoren  d er Zell-
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O berfläche auffassen, d a n n  dürfen  w ir e rw arten , dass die n u r  k o m patib le  DNS 
d ie  A dsorption e iner s p ä te r  zugefügten, a n  sich tran sfo rm  a tiv  ak tiv en  DNS 
spez ifisch  hem m t. D iese r G edankengang w ird  du rch  Tabelle V I I  bek räftig t.

Tabelle VII
Hemmwirkung der kompatiblen D N S  des STRM -em pfindlichen Ausgangsstammes a u f die Aktivität 

der später zugesetzten kompatiblen D N S  des STRM-resistenten Stammes
a) Zusatz am E nde der Lag-Periode
b) Zusatz nach einer Zellteilung 
Thymus : K albsthym us-D N S

D N S
а  —г b

In d e x
(a u f  0 ,3  /ig /m l STR M )

.— Jo,i l
— JlOO 1 0 0 0

— Thymus 1

Jo,l Mioo 1

T hym us Mioo 1 0 0

— — 1

D er zuerst v e ra b re ic h te  kom patib le , a b e r  n ic h t ak tiv e  Jo, 1 -A uszug hem m t 
v o lls tä n d ig  die W irk u n g  des an  sich ak tiv en  M100-P rä p a ra te s . D ie nich* ak tive, 
a b e r  auch  nicht k o m p a tib le  K alb sth y m u sn u k le in säu re  v e ru rsa c h t n u r eine 
g e rin g ere  H em m ung.

2 ml Nährlösung

Die transformative Verschiebung der STRM -Resistenz bei M 01 und Lu2. 
D ie  Z ellteilung g e s ta lte t s ich  in  einer K o n z e n tra tio n  von  e tw a 106 Zellen bei 
d e n  b e id en  S täm m en la u t  A b b . 4.

A u f  G rund der e rh a lte n e n  K urven  w urde d ie  DNS bei L u  n a c h  4 S tunden , 
b e i M n ach  6 S tunden  z u g e se tz t und  nach  5 ]/2 bzw . 14 S tu n d en  in  STRM  ü b er
g e fü h r t .  Tab. V I I I  u n d  I X .
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Tabelle VIII
Ausbildung der STRM -Resistenz von L u2 a u f E inwirkung der D N S  seiner resistenten Variante

DNS
In d e x

(auf 10 //g /m l STRM)

LUj, —  40 /ág .................... I

Lu10 ooo 2 0 0  / i g ........................... 1 0 0

L u io  ooo 2 0  / / g ........................... 1 0 0 0  ( 1 0 0 )

L u io ooo 2 / i g .................... 1 0 0

Lu10 ooo 0 ,2  /*g........................... —

DNase ( v o r  der Teilung) :

+  Lu10 000 — 2 0 0  /<g ........................... 1

L u10 ooo —  2 0  / i g ........................... 1

D ie T ran sfo rm ab ilitä l von M is t  b e i In d u k tio n  d u rch  DNS der ho m o 
logen resis ten ten  V a ria n te  um  eine G rössenordnung  h ö h e r als die von J .  D ie 
A k tiv itä t  von hetero logen  D N S -P räp ara ten  ist im  G egensatz  zu den B eo b ach 
tu n g en  bei J  v e rm in d e rt. $

Tabelle IX
Ausbildung der STRM -Resistenz von Mot\ a u f  Einwirkung der D N S  verschiedener resistenter

Varianten

DN S
In d e x

(a u f  0 ,2  / ig /m l S T R M )

Mo,, —  40 / < g .................. 1

■̂ 500 —  40 ng  .................. 10  o o o

M500 —  4  n g .................. 1 0  0 0 0

•̂500 —  0,4 n g .................. 1 0 0

JlOO —  60 / t g ........................... 1 0

L u 2 —  30 / , g .................. 1 o o o

M500 +  DNase — 40 /,g
vor der Teilung .................... 1

nach 2  y 2 Teilungen .............. 10  o o o

B esprechung der E rgebnisse

U nsere D N S-A uszüge w urden von D esoxyribonuk lease in  allen K o m b in a
tio n en  in a k tiv ie rt. D as bew eist, dass d ie ak tiv e  K o m p o n en te  un serer ro h en  
A uszüge hochpo lym erisierte  DNS is t . In  früheren  V ersuchen  ko n n te  b e re its
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m it g rösster W ah rsche in lichke it d a ra u f  h in  gewiesen w erden  [1], dass die 
A d so rp tio n  der DNS b in n en  w eniger M in u ten  und  auch an  ru h e n d e n  Zellen 
e in t r i t t .  W enn w ir j e tz t  fan d en , dass d ie  D NS w ährend  d e r ganzen  D auer 
d e r  L ag-P eriode en zy m a tisch  ab g eb au t w erden  k an n , so m üssen  w ir annehm en, 
d a ss  sie auch noch n a c h  d e r A dsorp tion  fü r  d as  E nzym  zugänglich  is t , und  zw ar 
b is  zu m  Z e itp u n k t, wo d a s  M olekül in  d ie  Zelle e ingebau t w ird . D ies is t der 
k r it is c h e  Z e itp u n k t, d e r  — wie w ir gesehen h ab en  — m it  einem  d er 
A b sc h n itte  der Z ellte ilu n g  zu sam m en fä llt. N achher h ö rt die W irksam keit 
d e r  D N ase auf.

W ir b en u tz ten  m eh re re  Male den  B egriff der » T ran sfo rm ab ilitä t« . Die 
in  d e n  V ersuchen e in tre te n d e n  V erän d eru n g en  erstrecken  sich im  allgem einen 
a u f  1 — 0,01°/o der P o p u la tio n . Bei M k ö n n en  z. B . nach  T ran sfo rm a tio n  u n te r  
10" Zellen  10 000 Zellen gefunden  w erden , die 0,2 /^g/ml STBM  ü berleben  (1 °/0), 
in  d e r  n ich ttran sfo rm ie rten  A usgangspopu la tion  hingegen n u r  eine. Müssen 
w ir  annehm en , dass n u r  l° /0 der Popxdation  tran sfo rm ie rb a r i s t?  Es w ar zu 
se h e n , dass die T ran sfo rm a tio n  an  äu sse rs t charak te ris tisch e  physiologische 
B ed ingungen  gebunden  is t .  E s is t ferner zu  berücksich tigen , dass in  dem selben 
T ran sfo rm atio n szy k lu s  u n ab h än g ig  von  d e r A usbildung d er ST R M -R esistenz 
a u c h  andere  U m w and lungen  s ta ttf in d e n , so z. B . die A usbildung d e r K nöllchen- 
b ild u n g sfäh ig k e it [3] sow ie in  ihren E inze lhe iten  noch n ich t g ek lä rte  bioche
m isch e  U m w andlungen u n d  solche der A n tig e n s tru k tu r. D ie A n zah l der tra n s 
fo rm ie r te n  Zellen b e trä g t  also m öglicherw eise soviele Male 1%  (oder m ehr oder 
w en iger), als wir V erän d eru n g en  u n te rsu ch en .

D ie » T ran sfo rm ab ilitä t«  se tz t sich  aus m ehreren  P h asen  zusam m en. 
D ie  e rs te  Phase — die  A dso rp tio n  von  k o m p a tib le r DNS — ta n g ie r t  anschei
n e n d  die überw iegende M ehrzah l der Zellen. Die m it der Z ellte ilung  zusam m en
h ä n g e n d e n  physio logischen B edingungen  spielen  w ahrscheinlich  in  der zweiten 
P h a s e  — irreversibles E in d rin g en  d er D N S — eine w esen tliche Rolle. D ies 
s c h a ff t  die po ten tie lle  M öglichkeit fü r  die tran sfo rm a tiv en  V eränderungen . 
W elch e  U m w andlungen in  d er d r itte n  P h a se  s ta ttf in d e n , w ird  ausser U m w elt
b ed in g u n g en  (Rolle d e r A m inosäuren) [1] d u rch  die H e te ro g e n itä t der DNS 
u n d  d u rc h  die innere  S elek tio n  von S to ffw echsela lternativen  im  S inne H i n s h e l - 

w o o d s  [4] b estim m t.
E in ige wenige A n g ab en  sp rechen  fü r  die U n te rsch e id b a rk e it von 

K o m p a tib ilitä t u n d  tra n s fo rm a tiv e r  A k tiv i tä t  der DN S. W en n  sich diese 
a u f  G rund  eines g rösseren  V ersu ch sm ateria ls  b e s tä tig en  so llten , w ürde 
s ich  v ielleich t eine M öglichkeit b ie ten , an  d ie  F rag e  der S p ez ifitä t m it einer neuen 
M eth o d e  heranzugehen . Im  vorliegenden F alle  m üsste m an  z. B . jeden  R h i
z o b iu m  Typus als m it J  n ah e  v e rw an d t b e tra c h te n , dessen D N S die tr a n s 
fo rm ie ren d e  W irkung  d e r  D N S von J 1(i0 — falls sie vor d ieser zugesetz t w ird 
— h em m t.

*
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E s sei hier B . G y ő r f f y  der b e s te  D a r k  fü r  sein ständiges In te resse  am  
F o r ts c h r it t  dieser A rb e it u n d  für seine k ritisch e  D urchsich t des M anusk rip tes 
u n d  F ra u  S. L e t e n a y  fü r  die gew issenhafte u n d  selbständ ige A u sfü h ru n g  der 
U n tersuchungen  ausgesprochen .

ZUSAMMENFASSUNG

Desoxyribonukleinsäure-Auszüge von Streptom ycin-resistenten Varianten dreier Rhizo- 
bium stäm m e verschiedener A rt erhöhte die Anzahl der niedrigen Streptom ycin-K onzentrationen 
gegenüber resistenten (überlebenden) Zellen der Ausgangsstäm m e um mehrere Grössenordnungen. 
Diese transform ative V eränderung tra t nur dann ein, w enn die Desoxyribonukleinsäure au f sich 
teilende Zellen zu wirken verm ochte. Eine bloss au f die Lag-Periode beschränkte Desoxy
ribonukleinsäure-Einwirkung oder die Anwendung einer Zellkonzentration, bei der die Zellteilung 
nicht m ehr exponentielle W erte erreicht, führte dagegen zu keiner transform ativen V eränderung. 
Vor Beginn der Zellteilung zugesetzte Desoxyribonuklease verhinderte die Desoxyribonuklein
säure-A ktivität. Nach durchschnittlich zwei Teilungen is t Desoxyribonuklease bereits wir
kungslos.

Die eigene Desoxyribonukleinsäure des Ausgangsstam m es hem m t die biologische A ktivi
tä t der später zugesetzten Desoxyribonukleinsäure einer resistenten  Variante vollständig. K albs
thym us Desoxyribonukleinsäure hingegen bew irkt nur eine partielle Hemmung.
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IMMUNOBIOLOGICAL STUDIES ON ENDOTOXINS

I I I .  D ER M A L R E A C T IO N S  TO  E N D O T O X IN S  IN  T H E  R A B B IT *

By

S. B o z s ó k y

State Institute o f  Hygiene, Budapest 

(Received A pril 25, 1956)

In  previous re p o rts  [1, 2] th e  problem s o f ac tive  im m u n ity  producib le  
a g a in s t le th a l doses o f  endotoxins h a v e  been d e a lt w ith . In  th e  experim en ts 
d iscussed  in  th is  p a p e r  i t  h as  been exam ined  w h e th e r i t  is possible to  induce  
im m u n ity  against th e  to x ic  derm al reac tions a n d  ag a in s t th e  S h w artzm an  
phenom enon  elicited b y  endotoxins.

R a b b its  were im m unized  in trav en o u sly  w ith  k illed  ty p h o id  b ac te ria . T he 
im m unized  anim als a n d  th e  u n tre a te d  controls w ere in o cu la ted  once or severa l 
tim es w ith  d ifferent in tra d e rm a l doses o f S. typhi, Sh. flexneri-5  and  S. typhi- 
m urium  endotoxins. O bserv ing  the  inocu la tio n  reac tio n s , in  th e  m a jo rity  o f  th e  
ra b b its  a tte m p ts  w ere m a d e  to  elicit th e  S hw artzm an  phenom enon by  th e  in tr a 
venous in jection  of ty p h o id  endo tox in . The ty p h o id  О agglu tin in  titre s  w ere 
d e te rm in ed  several tim es  in  the  course of th e  exp erim en ts .

Materials and methods

Endotoxins. The endotoxins used in th is work were extracted  w ith trichloracetic acid, 
dialysed and dried in vacuum  [ l j .T h e  Sh. flexneri-5  endotoxin was obtained from I. Hollós. 
The MLD values of the endotoxins in the rabb it w ere: S. typhi endotoxin, 2,0 m g/kg; 
Sh. flexneri-5  endotoxin, 2,0 m g/kg; S. typhim urium  endotoxin, 1,0 mg/kg.

Immunization. R abbits weighing from 3 to  4000 g were inoculated intravenously a t 
3-day intervals with increasing doses of a suspension of S. typhi 0— 901 boiled for 1 hour 
(the doses administered of th e  5000 million germ s per ml suspension were 0,5, 1,0, 1,5, 2,0 
3,0 and 3,0 ml).

Intradermal inoculations. The intraderm al inoculations were made 3 days, 2 weeks or 
3 m onths after the last im m unizing dose, into the epilated back skin of 22 immunized and 
14 contro l rabbits. D ifferent doses of the S. typhi, Sh. flexneri-5  and S. typhimurium  endo
toxins were injected, the volum e of single inocula being 0,1 ml. The doses varied accord
ing to  th e  tenfold dilution series, from 1,0 m g to 0,01 pg.

Shwartzman reaction. 24 or 48 hours a fte r the in traderm al inoculation, 15 immunized 
and 12 non-immunized rabb its  were injected intravenously w ith  0,5 to  5,0 mg/kg S. typhi 
endotoxin , in an a ttem pt a t  eliciting the Shw artzm an reaction.

* Lecture delivered a t  the October, 1955, Meeting of the H ungarian Microbiological 
Society.

7 Acta Microbiologies IV/1
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Reeulte

A) Toxic dermal reactions

As th e  f irs t s tep  in  o u r w ork i t  h a s  been  exam ined  w h e th e r th e  active 
im m u n iz a tio n  of ra b b its  ag a in s t ty p h o id  h a d  a m odifying action  on th e  develop
m e n t  o f  tox ic  d e rm al reac tio n s to  end o to x in s .

S ix teen  ra b b its  w ere im m unised  a t  3 -d ay  in te rva ls  in tra v e n o u s ly  w ith  
in c re a s in g  doses o f th e  k illed  ty p h o id  0 —901 b ac te riu m  suspension . Follow ing 
th e  s ix th  im m unizing dose a f te r  3 d ay s , 8 ra b b its  ; a f te r  2 w eeks, 4 r a b b its ;  and  
a f te r  3 m o n th s, 4 ra b b its  w ere in o cu la ted  in tra d e rm a lly  w ith  d iffe ren t d ilu tions 
o f  th e  S . typhi, Sh. flexneri an d  S. typhim urium  endotoxins. A t th e  tim e  w hen 
th e  f i r s t  group of im m unized  ra b b its  w as in o cu la ted  in trad e rm a lly , 8 u n tre a te d  
a n im a ls  were also in o cu la ted  in  th e  sam e w ay . The inocu la tions w ere m ade 
in to  th e  ep ila ted  b a c k  sk in , th e  doses v a ry in g  from  1,0 m g to  0,01 pg , in  0,1 m l 
sin g le  volum e. T he reac tio n s to  inocu la tio n  w ere checked a fte r  6 a n d  24 hours, 
th e n  each  d ay  over a period  o f 1 w eek. O n th e  d a y  of th e  in tra d e rm a l inocu la
t io n s  th e  ty p h o id  O -agg lu tin in  t i tre s  w ere de te rm ined  in  th e  ra b b its .

T he observations m ad e  can be  sum m arized  as follows :
1. In  non-im m unized  ra b b its  th e  sam e d ilu tions of th e  S. typhi, Sh. flexneri 

a n d  S . typhimurium  endo to x in s  elicited  d e rm al reactions of com parab le  in ten s ity . 
T h e  1,0 m g doses p ro d u ced  w ith in  6 to  24 hours e ry th em a  m easu rin g  20 to  
30 m m  in d iam ete r a n d  a dense in f il tra tio n , w hich show ed p a r t ia l  necrosis 2 
to  3 d ay s  a fte r in o cu la tio n , th e n  h ea led  w ith  sca r fo rm ation . T he 100 pg  doses 
p ro d u c e d  redness o f  th e  skin  20 m m  in  d iam e te r  and  an  in f iltra tio n , w hich 
d isap p ea red  in  3 to  4 d ay s. The 10 pg  doses produced  tra n s ito ry  e ry th em a  5 
to  8 m m  in d iam e te r an d  in f iltra tio n . D oses o f 1 pg  an d  sm aller p roduced  no 
v is ib le  derm al reac tio n .

2 . The in o cu la tio n  reac tio n s o f  ra b b its  im m unized in trav en o u s ly  w ith  
k il le d  ty p h o id  b a c te r ia  w ere n o t m ilder th a n  those  seen in  th e  non-im m unized  
an im a ls . The ra b b its  in o cu la ted  in tra d e rm a lly  2 weeks or 3 m o n th s a fte r  th e  la s t  
im m uniz ing  dose ex h ib ited  th e  sam e changes as in  non-im m unized  an im als. 
T h is  applies also to  5 o f  th e  8 ra b b its  in o cu la ted  in trad e rm a lly  3 d ay s  a fte r  th e  
l a s t  im m unizing dose. H ow ever, th e  rem ain in g  3 rab b its  show ed a n  increased  
se n s itiv ity  to  end o to x in s , as in d ica ted  b y  th e  fac t th a t  in  th ese  an im als  a m ark ed  
d e rm a l reaction  an d  in f iltra tio n , 10 to  15 m m  in d iam eter, developed  a t  th e  s ite  
o f  th e  10 and  1,0 pg  inocu la tio n s, to o . T h e  derm al changes d isap p eared  w ith in  
3 to  4  days, excep t fo r th e  reac tio n s to  th e  1,0 m g doses, w hich necrosed an d  
h e a le d  w ith  scar fo rm a tio n .

3. The level o f th e  ty p h o id  O -agg lu tin in  in  th e  b lood o f non-im m unized  
ra b b i ts  varied  from  1 : 8 to  1 : 128 on th e  d a y  th e  in tra d e rm a l inocu la tions 
w ere  m ade. The im m unized  an im als show ed th e  following ty p h o id  O -agglu tin in  
t i t r e s  on th e  d a y  o f  in tra d e rm a l in o cu la tio n s : group 1. ( in tra d e rm a l inocu la tions
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3 d a y s  a fte r the  la s t  im m unizing dose) : 1 : 40 960 to  1 : 81 920 ; group 2. (in
ocu la tions 2 weeks a f te r  th e  last im m uniz ing  dose) : 1 : 20 480 to  1 : 40 960 ; 
g roup  3. (inoculations 3 m onths a f te r  th e  la s t  im m unizing  dose) : 1 : 1  280 to  
1 : 5 120.

Sum m ing up  th e  above observations, i t  can  be s ta te d  th a t ,  in  general, 
e q u a l doses of S. typ h i, Sh. flexneri a n d  S. typhim urium  endo tox ins e lic ited  
d e rm al reactions o f  com parab le  in te n s ity  in  b o th  th e  im m unized an d  th e  u n 
tr e a te d  rab b its . T h u s , im m unization  w ith  k illed  ty p h o id  b ac te ria  (a lthough  it  
p ro d u ced  high levels o f  an tib o d y  in  blood) d id  n o t d im in ish  th e  sev erity  o f  th e  
d e rm a l reaction  to  ty p h o id  endotoxin . O n th e  c o n tra ry , im m uniza tion  induced  
in  a  few  cases an  in c rea sed  derm al se n s itiv ity  to  b o th  hom ologous an d  h e te ro 
logous endotoxins.

B) Shwartzman phenomenon

N ex t, th e  effect o f  active im m uniza tion  a g a in s t ty p h o id  on th e  develop
m en t o f  S hw artzm an  reac tio n  was s tu d ied  in  ra b b its . A ttem p ts  were m ade 
a t  e lic iting  th e  phenom enon  in 3 ra b b its  from  each  o f th e  afore-m entioned  3 
im m unized  groups a n d  in  6 lab b its  w hich h a d  received on ly  th e  in tra d e rm a l 
in o cu la tio n . On th e  d a y  following in tra d e rm a l inocu la tions th e  non-im m unized 
ra b b its  were given 0,5 m g/kg, and th e  im m unized  ones 0,5 to  5,0 m g/kg S. 
typhi endo tox in  in trav en o u sly .

T he observations m ad e  can be sum m arized  as follows :
1. In  5 ou t o f th e  6 rabb its  w hich  h a d  n o t been  im m unized  b u t  w ere 

in o cu la ted  w ith  v a rio u s  in trad e rm a l doses of th e  S. typhi, Sh. flexneri an d  S. 
typhim urium  endo tox ins a n d  given 24 hours la te r  ty p h o id  endo tox in  in t r a 
v en ously , th e  S h w artzm an  phenom enon developed 2 to  3 hours a fte r  th e  ad m i
n is tra tio n  of th e  in tra v e n o u s  in jection . The d e rm al h aem orrhage w as m ost 
m ark ed  a t  th e  area in o c u la te d  w ith 1,0 m g  en do tox in  an d  decreased in  in te n s ity  
w ith  th e  reduction  o f th e  eliciting  dose. N o S h w artzm an  phenom enon ap p eared  
in  th e  a ie a s  inocu la ted  w ith  1,0 ц g or sm alle r doses o f  th e  endo tox ins. In  4 of 
th e  5 ra b b its  S h w artzm an  phenom enon developed in  th e  areas p re -tre a ted  
w ith  a n y  of th e  3 en d o to x in s , w ith com parab le  in te n s ity  (F ig . 1). In  1 ra b b it , 
how ever, i t  was only to  th e  S. typhi a n d  to  th e  an tig en ica lly  re la ted  S. typhi
m urium  endotoxins t h a t  haem orrhage developed follow ing th e  in trav en o u s a d 
m in is tra tio n  of th e  ty p h o id  endotoxin , w hile in  th e  a reas p re - tre a ted  w ith  th e  
Sh. flexneri endo tox in  th e  haem orrhage w as ab sen t or in sign ifican t in  degree
(Fig- 2).

T h e  s ix th  ra b b it o f  th is  group did  n o t  develop th e  derm al signs of S h w artz 
m an  phenom enon. T h is  an im al died a b o u t 3 h o u rs  a fte r  th e  a d m in is tra tio n  
o f  th e  in trav en o u s ty p h o id  endotoxin  in jec tio n . A t necropsy , haem orrhages 
w ere fo u n d  in  th e  p e rito n eu m , in th e  m ucosa o f th e  sm all in te stin e  an d  in  th e

7*
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re n a l  co rtex . The necropsy fin d in g s show ed th e  p a tte rn  of a generalised  S hw artz- 
m a n  phenom enon.

2. In  th e  rab b its  im m unized  in trav en o u sly  w ith  k illed  ty p h o id  b ac te ria  
a n d  in o cu la ted  in tra d e rm a lly  3 days an d  2 weeks la te r , respectively , S hw artz- 
m a n  phenom enon w as o f l i ttle  in te n s ity , or could be elicited b y  la rg e  in tr a 
v e n o u s  endotoxin  doses o n ly . In trav en o u s  doses of ty p h o id  en d o to x in  as high 
a s  0,5  to  1,0 m g/kg in d u ced  n o t appreciab le  changes. E ven  3,0 to  5,0 m g/kg 
d oses produced  only sligh t h a e m o n h a g e s  a t th e  sites w here the  1,0 m g a n d  100 fig

Figs. 1—3. Shwartzm an p h t îomenon, as it  occurred in non-immunized rabb its  (F ig . 1, 
Fig. 2) and in a rabb it I imunized intravenously w ith S. typhi endotoxin (F ig . 3).

The order of the intraderm al inoculations is as follows. From left to righ t : inoculations 
w ith  S . typhi, Sh.flexneri-5  and S. lyphimurium  endotoxins. In  the upw ard direction : inoculations 
w ith  doses of 1,0 mg, 100 fig, 10 fig, 1.0 fig and 0,1 fig.

In terval between p reparato ry  and eliciting inoculations, 24 hours.
Eliciting dose for non-im m unized rabbits 0,5 mg/kg, for immunized ones 5,0 m g/kg, 

S . typh i endotoxin intravenously.
The photographs show th e  changes 4 hours following adm inistration of th e  eliciting endo

to x in  dose.

doses o f th e  3 endo tox ins h a d  been in jec ted  (Fig. 3). The in h ib ito ry  ac tion  o f 
im m u n iza tio n  on S h w artzm an  phenom enon w as no t an y  m ore p resen t 3 
m o n th s  a fte r th e  im m u n iza tio n  cycle. In  th e  ra b b its  in o cu la ted  in tra d e rm a lly  
a t  t h a t  tim e S h w artzm an  phenom enon developed w ith  th e  sam e in te n s ity  
a n d  could be induced  w ith  com parab le  doses of ty p h o id  en do tox in  as in  th e  
non-im m unized  an im als.

As it  has been m en tio n ed  a lread y , in 1 o f th e  6 non-im m unized  ra b b its  
in v o lv ed  in th e  S h w artzm an  phenom enon series th e  developm ent o f th e  pheno-
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m enőn show ed a ce rta in  g rad e  o f  specificity . In  response to  the  in trav en o u s 
ty p h o id  endo tox in , ex ten siv e  haem orrhages ap p ea red  only  in those d e rm al 
areas w hich h ad  been p re - tre a te d  w ith  S. typhi a n d  S. typhimurium  end o to x in s , 
b u t n o t in  those in o cu la ted  w ith  th e  Sh. flexneri en d o to x in . In  fu rth e r  s tu d ie s  
i t  w as in vestiga ted  w hether one could no t m ake th e  S hw artzm an  phenom enon 
specific in  n a tu re  b y  chan g in g  experim en ta l cond itions. Six rab b its  w ere 
im m unized  b y  th e  described  m eth o d  w ith  in trav en o u s  ty p h o id  b ac te ria . T h e  
observations were m ade 10 to  14 days a fte r th e  im m u n iza tio n  cycle.

Figs 4— 5. Shw artzm an phenomenon, as it occurred in a non-imm unized rabbit (F ig . 4 ) ,  
and in  a rabb it im m unized intravenously w ith S. typhi endotoxin (F ig. 5).

The order of intraderm al inoculations is as follows. From  left to  right : inoculations 
w ith S. typhi, Sh. flexneri-5  and S. typhim urium  endotoxins. In  th e  upw ard direction : inocula
tion of 1,0 mg, 100 pg, 10 pg , 1,0 p g, then  again 1,0 mg, 100 pg, 10 pg, 1,0 pg.

In terval between the p reparatory  and eliciting inoculation in the case of the four 
lowermost rows of inoculations, 24 hours ; in the case of the 4 upperm ost rows, 48 hours.

Eliciting dose for the non-immunized rabb it, 0,5 mg/kg ; for the immunized one, 5,0 
mg/kg, S. typhi endotoxin, intravenously.

The photographs show the changes 4 hours following adm inistration of the eliciting 
endotoxin dose.

a) A t f irs t, a tte m p ts  w ere m ad e  to  increase th e  len g th  of th e  in te rv a l 
betw een th e  p re p a ra to ry  an d  th e  eliciting  inocu la tions. T h ree  im m unized a n d  
3 contro l rab b its  were in o cu la ted  in trad e rm ally  w ith  S. typhi, Sh. flexneri an d
S. typhimurium  endo tox ins, th e  doses of each end o to x in  v a ry in g  from  1,0 m g 
to  1,0 pg. The in tra d e rm a l inocu la tio n s were re p e a te d  th e  following d ay , th is  
tim e  in  o ther areas o f th e  sk in  o f th e  back . A n o th e r 24 hours la te r  th e  non- 
im m unized an im als w ere g iven 0,5 m g/kg, th e  im m unized  ones 5,0 m g/kg 
ty p h o id  endo tox in  in trav en o u sly . In  th e  non-im m unized ra b b its  th e  in trav en o u s 
ty p h o id  endo tox in  elic ited  m u ch  m ore extensive h aem o rrh ag es  in th e  derm al



102 S. BOZSÓKY

a re a s  inocu la ted  24 h ours p rio r  to  th e  ad m in is tra tio n  of th e  e lic iting  dose th a n  
in  th o se  areas w hich h a d  been  in ocu la ted  48 hours prior to  th e  a d m in is tra tio n  
o f  th e  eliciting dose. H ow ever, com parab le  changes were induced  in  th e  areas 
in o c u la te d  w ith an y  o f  th e  3 endo tox ins (F ig . 4). The leng then ing  o f  th e  in terval 
b e tw e e n  th e  p re p a ra to ry  a n d  th e  elic iting  doses failed to  enhance th e  specificity  
o f  S h w artzm an  phenom enon  in  im m unized  ra b b its , too . In  th e  a rea s  inocu
la te d  24 hours p rio r to  th e  ad m in is tra tio n  o f  th e  eliciting dose th e  haem orrhage 
w as som ew hat m ore ex ten siv e  and  developed  fa s te r , b u t th e re  w as no appreciab le

Figs 6—7. Shwartzman phenomenon, as it occurred in a non-immunized rabbit (Fig. 6), 
and in a rabbit immunized intravenously with S. typhi endotoxin (Fig. 7).

The order of intradermal inoculations is as follows. From left to right : inoculations with 
S. typhi, Sh. flexneri-5 and S. typhimurium endotoxins. In the upward direction : 100 pg doses 
in each dermal area.

Interval between the preparatory and eliciting inoculations, 24 hours.
Eliciting dose for the non-immunized rabbit, 0,5 mg/kg, for the immunized one 5,0 mg/kg, 

S. typhi endotoxin, intravenously.
The photographs show the changes 4 hours following administration of the eliciting 

endotoxin dose.

d ifference in  th is  re sp ec t betw een  th e  a rea s  inocu la ted  w ith  th e  d ifferen t endo
to x in s  (Fig. 5).

b) In  su b seq u en t experim en ts i t  w as exam ined  w h e th e r th e  developm ent 
o f  S hw artzm an  phenom enon  in  th e  a rea s  inocu la ted  w ith  th e  Sh. flexneri 
en d o to x in  could n o t be  in h ib ited  b y  increasing  th e  p re p a ra to ry  doses o f S. 
typh i and S. typhim urium  endo tox ins. T h ree  im m unized an d  3 con tro l rabb its  
w ere  inocu la ted  w ith  S . typhi, Sh. flexneri-5  an d  S. typhim urium  endotoxins, 
in je c tin g  single doses o f  100 fxg a t  7 d iffe ren t sites of th e  sk in  o f  th e  back . 
N e x t d ay  th e  non -im m unized  an im als  w ere given 0,5 m g/kg, th e  im m unized
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ones 5,0 m g/kg, o f th e  ty p h o id  endo tox in , in travenously . A b ou t 3 h o u rs  a fte r  
th e  elic iting  ty p h o id  en d o to x in  dose, one o f  th e  non-im m unized ra b b its  died. 
N o haem orrhages w ere v isib le  in  th e  skin o f th e  d ead  an im al. A t n ecropsy , m uch 
c lo tte d  blood was found  in  th e  abdom inal c a v ity  an d  in  th e  sm all in te s tin e . The 
p e rito n eu m , th e  m ucosa o f th e  sm all in te s tin e  a n d  th e  ren a l co rtex  e q u a lly  d is
p lay ed  haem orrhages. T h e  necropsy  find ings ex h ib ited  th e  p a tte rn  o f  a gen era l
ised  S hw artzm an  phenom enon . S h w artzm an  phenom enon developed  in 
th e  form  o f extensive d e rm a l haem orrhages in  th e  non-im m unized ra b b its  a n d  in 
a considerab ly  less severe form  in  th e  im m unized  ones. H ow ever, th e  a t te m p t 
a t  m ak in g  th e  S hw artzm an  phenom enon specific fa iled  u n d er th e  ex p e rim en ta l 
cond itions em ployed.

Discussion

A ccording to  th e  re su lts , rab b its  im m unized  in travenously  w ith  k illed 
ty p h o id  b ac te ria  do n o t acqu ire  p ro tec tion  ag a in s t th e  tox ic  ac tio n  o f  in tra -  
d e rm ally  in jec ted  ty p h o id  en d o tox in , in  sp ite  o f th e  presence o f a h igh  hom olog
ous a n tib o d y  ti tre . T hese observations h av e  le n t fu rth e r  su p p o rt to  th e  view  
th a t  an tibod ies p roduced  to  endo tox ins can  “ n eu tra lize”  th e  la t te r  o n ly  in  th e  
serological sense o f th e  w o rd , b u t  do n o t abolish  th e ir  to x ic  ac tion  [1, 2 ] . S tud ies 
on th e  im m unization  o f  h u m a n  subjects a g a in s t ty p h o id  fever likew ise show  
th a t  th e  tox ic  com ponen t o f  th e  ty p h o id  inocu la tion  reaction  c an n o t h e  su p 
pressed  b y  im m unizing th e  organism  [3].

As i t  h as  been re p o rte d  [2] ra b b its  im m unized  in travenously  w ith  ty p h o id  
en d o to x in  acquire re s is tan ce  to  th e  pyrogenic an d  le th a l actions o f th e  endo
to x in . T h is resistance is n o t specific in  n a tu re , n o r is i t  based  on th e  presence 
o f an tib o d ies . I t  can  be d em o n stra ted  to  ta k e  effect aga in st serologically  in d if
fe ren t endo tox ins, too , a n d  n o t on ly  ag a in st th e  hom ologous en d o to x in . A cco rd 
ing to  th e  resu lts  ju s t  described , th e  an ti-en d o to x ic  resistance, w hich  ca n  be 
induced  b y  in trav en o u s in o cu la tio n  o f ty p h o id  endo tox in , is n o t effective a g a in s t 
th e  to x ic  ac tion  on th e  sk in  o f in tra d e rm a lly  in jec ted  endotoxins. T h is f in d in g  
m ay  b rin g  us n ea re r to  a b e tte r  u n d e rs tan d in g  o f th e  m echanism  o f a n ti-e n d o 
to x ic  res is tan ce . A ccording to  M o r g a n  [4] an d  B e e s o n  [5], res is tan ce  a g a in s t 
th e  pyrogenic  action  o f endo to x in s  is based  on an  increased ra te  o f en d o to x in  
e lim in a tio n  b y  the  re ticu lo -endo thelia l a p p a ra tu s  — w hen th is  is b lo ck ed , th e  
an ti-en d o to x ic  îesistance  is suspended  [5, 6]. B i o z z i , B e n a c e r r a f  an d  H a l p e r n  
[7] h av e  p resen ted  re liab le  evidence show ing th a t ,  para lle l w ith  th e  d ev e
lopm ent o f th e  an ti-endo tox ic  resistance  induced  b y  in travenous in o cu la tio n  o f 
ty p h o id  endo tox in , th e  re ticu lo -endo thelia l system  is g rea tly  ac tiv a te d . I f  th e  
m echan ism  of th e  an ti-en d o to x ic  resistance is a c tu a lly  based  on an  increased  
ra te  o f  e lim ina tion  from  th e  b lood  stream  o f endo tox in , th is  re s is tan ce  will
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o b v io u s ly  no t be able to  in flu en ce  the  toxic ac tio n  on th e  sk in  of in tra d e rm a lly  
in je c te d  endotoxin.

O n th e  o ther h a n d , i t  is know n th a t  b y  re p e a te d  in trad e rm a l inocu la tions 
th e  se n s itiv ity  of th e  sk in  to  endo tox ins can be d im in ished . H e g e m a n n  [8] in je c t
ed  E . coli vaccine in tra d e rm a lly  in m an and  fo u n d  th a t  e ry th em a an d  oedem a 
d ev e lo p ed  and persisted  fo r a b o u t 30 hours a t  th e  s ite  o f inocu lation . The sam e 
sk in  a re a  was then  re p e a te d ly  inoculated  a t  3 to  4 d a y  in te rv a ls  w ith  th e  sam e 
doses o f  th e  vaccine an d  th e  d e rm a l reaction  g ra d u a lly  decreased in b o th  in ten s ity  
a n d  d u ra tio n . Likewise, th e  sk in  area th u s  t r e a te d  w as less sensitive to  in tra d e r-  
m a l ty p h o id  or cholera v a c c in e , or to  h is tam in e . A ccording to  H e g e m a n n , th e  
p h en o m en o n  observed b y  h im  was one of p ro m u n ity , th u s , i t  w ould be analogous 
w ith  th e  resistance th a t  c a n  b e  induced ag a in st th e  pyrogenic and  le th a l àctions 
o f  th e  endotoxins. H o w ev er, i t  is not a t  a ll im possib le  th a t  th e  experim en ta l 
re s u lts  ob ta ined  by  H e g e m a n n  were based  on a m echan ism  m uch m ore general 
in  n a tu re  th a n  th a t  o f  an ti-en d o to x ic  resistance . A n in flam ed  area of th e  skin 
n a m e ly  responds less in te n se ly  to  a new b u t s im ila r  stim ulus, as i t  h a s  been 
d e m o n s tra te d  b y  K a u f m a n n  [9] for tre a tm e n t w ith  can th a rid in e , iodine an d  
u ltra v io le t  irrad ia tio n .

I n  th e  second p a r t  o f  our investiga tions we have been concerned w ith  
th e  S hw artzm an  p h e n o m e n o n .l t  has been know n since long th a t  th is  phenom e
n o n  is nonspecific, i. e. i t  develops also w hen  d iffe ren t an tigens have been  used 
fo r  th e  p repara tive  a n d  e lic itin g  inoculations [10, 11]. In  sp ite  of th is , we en d ea
v o u re d  to  clarify w h e th e r  th e  S hw artzm an phenom enon  did  no t show  some 
d eg ree  o f specificity. N o ta b ly , i f  the  p re p a ra to ry  inoculations h a d  been carried  
o u t  sim ultaneously  w ith  d iffe ren t endotoxins a n d  th e  eliciting  inocu la tion  was 
m a d e  w ith  only one o f  th e m , w ould the d e rm a l haem o rrh ag e  no t develop more 
m a rk e d ly  or fa s te r in  th e  a re a s  th a t  h ad  b een  in jec ted  w ith  th e  sam e antigen 
as th e  one used for e lic itin g  th e  response. In  th e  p e rta in in g  experim ents, d ifferent 
doses o f th e  S. typhi e n d o to x in , and  s im u ltan eo u sly , o f th e  serologically closely 
r e la te d  S. typhimurium  e n d o to x in , as well as o f  th e  serologically ind iffe ren t Sh. 
flexneri-5  endotoxin  w ere in jec ted  in th e  p re p a ra to ry  phase . The eliciting  dose 
o f  ty p h o id  endotoxin , w h ic h  w as in jected 24 h o u rs  la te r , m ostly  p roduced  derm al 
b aem o rrh ag es of c o m p arab le  in tensity  in  th e  a rea s  inocu la ted  w ith  th e  th ree  
en d o to x in s . I t  occu rred  in  one anim al on ly  t h a t  th e  ex tensive haem orrhage 
d ev e lo p ed  exclusively in  th e  areas in o cu la ted  w ith  th e  S. typhi an d  S. typhi
m urium  endotoxins, b u t  n o t  in  those in o cu la ted  w ith  th e  Sh.flexneri endo tox in . 
W e a re  unable to  offer a n y  acceptable e x p la n a tio n , nor have  we succeeded in 
rep ro d u c in g  th e  p h en o m en o n . In  fu rth e r s tu d ie s , in  w hich th e  exp erim en ta l 
co n d itio n s  em ployed h a v e  been varied  (ch an g in g  th e  num ber of p re p a ra to ry  
in o cu la tio n s , th e  dosage , th e  du ra tion  o f th e  in te rv a l betw een  th e  p re p a ra to ry  
a n d  eliciting in o cu la tio n s), th e  Shw artzm an  p h enom enon  showed no specific ity  
w h a tso ev er.
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T h e ra b b its  im m unized  in travenously  w ith  ty p h o id  b ac te ria  an d  in o cu la ted  
in tra d e rm a lly  3 days an d  2 w eeks, respectively , a f te r  th e  la s t  im m uniz ing  inocu 
la tio n , ex h ib ited  a d efin ite  resistance ag a in st th e  developm ent o f S h w artzm an  
phenom enon. T hus, our experim en ta l resu lts confirm  th e  sim ilar find ings describ 
ed b y  C l u f f  an d  B e n n e t t  [17]. The in h ib ito ry  ac tion  o f im m u n iza tio n  on 
S h w artzm an  phenom enon w as no t dem onstrab le  3 m on ths a fte r th e  im m u n iz a 
tio n  cycle.

T h e  resistance of im m unized  anim als to  S h w artzm an  phenom enon seem s 
to  be b e s t ex p la inab le  b y  th e  assum ption  th a t  th e  ty p h o id  agglutin ins p ro d u ced  
in response to  im m unization  neutralize  th e  in trav en o u sly  in jected  hom ologous 
en d o to x in , an d  p rev en t th e re b y  th e  developm ent o f  th e  phenom enon. W e do no t 
believe, how ever, th a t  th is  w ould ac tu a lly  be th e  responsible m echanism , since 
th e  dose o f ty p h o id  endo tox in  le th a l for th e  r a b b it  can  in  vitro be co m ple te ly  
n eu tra lized  serologically, i. e. com pletely p re c ip ita te d , b y  5,0 m l o f a  1 : 5  000 
t i tre  hom ologous ra b b it  im m une serum  [13]. 3 m o n th s  a fte r  th e  im m u n iza tio n  
cycle o u r ra b b its  h a d  ty p h o id  O -agglutinin ti tre s  v a ry in g  from  1 :2  800 to  1 : 5 160. 
T hus, frac tio n s  of th e  c ircu la ting  an tibodies w ere am ply  sufficient fo r serolog
ical n e u tra liz a tio n  o f th e  in travenous doses of th e  ty p h o id  endo tox in  a n d  y e t 
th e  ra b b its  show ed no resistance  to  S h w artzm an  phenom enon. E a rlie r in v e s ti
ga tions in  o th e r  d irections show ed th a t  th e  an tib o d ies  p roduced  ag a in st e n d o to 
xins ’’n e u tra liz e d ”  th e  la t te r  only in  th e  serological sense of th e  w ord, b u t  could 
not abolish  th e ir  tox ic  ac tion  [1, 2]. The to x ic  com ponen t of th e  en d o to x in s  
is id en tica l w ith  th e  p a r t  o f th e  m olecule responsib le  fo r th e  S hw artzm an  a c tiv ity  
[14]. O n th e  basis o f  a ll th ese , i t  seems ju s tif ie d  to  assum e th a t  th e  re s is tan ce  
ag a in st S h w artzm an  phenom enon, as i t  occurs in  ra b b its  im m unized  in t r a 
venously  w ith  ty p h o id  b a c te r ia , is no t b ased  on  th e  presence o f hom ologous 
an tib o d ies , b u t  r a th e r  on a change in  th e  responsiveness o f th e  o rgan ism , ju s t  
as it  is th e  case w ith  th e  resistance  against th e  pyrogenic  and  le th a l ac tio n s  o f 
the  en d o to x in s .

Tw o o f th e  to ta l  o f 12 non-im m unized ra b b its  involved in  th e  s tu d ie s  of 
S h w artzm an  phenom enon developed no d e rm al haem o rrh ag e  in response to  th e  
in trav en o u s  inocu la tio n  w ith  th e  ty p h o id  en d o to x in , b u t  d ied  w ithin a few  h o urs. 
The p o st-m o rtem  changes corresponded to  a generalized  S hw artzm an p h e n o 
m enon. P re su m ab ly , p a r t  o f th e  in trad e rm a lly  in jec ted  endotoxins h a d  been 
abso rbed  from  th e  sk in  an d  elicited  th e  sam e response w hich would h a v e  been 
given to  an  in trav en o u s  p re p a ra to ry  in jec tion . Since none o f th e  15 im m unized  
an d  in tra d e rm a lly  in o cu la ted  ra b b its  invo ved  in  t h a t  series developed th e  g en er
alized fo rm  o f S h w artzm an  phenom enon, in tra v e n o u s  im m unization  p ro b a b ly  
induces re s is tan ce  n o t only to  th e  local, b u t also to  th e  generalized S h w artzm an  
phenom enon .
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SUMMARY
1. Rabbits immunized intravenously with killed typhoid bacteria and untreated rabbits 

were intradermally inoculated simultaneously with S. typhi, Sh.flexneri-5  and S. typhim urium  
endotoxins. Equal doses of the 3 endotoxins elicited dermal responses of a comparable intensity, 
in both the immunized and the untreated animals. Thus, immunization of rabbits with killed 
typhoid bacteria, although it led to ample antibody production, has failed to diminish the 
toxic action of the typhoid endotoxin on the skin.

2. Rabbits inoculated simultaneously with S. typhi, Sh. flexneri-5  and S. typhim urium  
endotoxins through the intradermal route and given 24 hours later typhoid endotoxin intra
venously, developed, with one exception, Shwartzman phenomenon ' in all areas inoculated 
with the three kinds of endotoxin with about the same intensity. Rabbits immunized intra
venously with typhoid bacteria and inoculated intradermally with S. typhi, Sh. flexneri-5  and 
S. typh im urium  endotoxins required much greater doses of intravenous typhoid endotoxin to 
develop Shwartzman phenomenon, which was even then of slight intensity. The inhibitory 
effect on Shwartzman phenomenon of immunization was demonstrable 3 days and 2 weeks 
after the immunization cycle alike, but was not any more present after 3 months, although the 
level of typhoid antibody in the rabbits was still high at that time.

LIT ER A TU R E

1. B ozsóky, S. : A cta Microbiol. Hung. 3, 67 (1955).
2. B ozsóky, S. : A cta Microbiol. Hung. 3, 77 (1955).
3. H egyessy, G y . ,  Bozsóky, S., U h l ,  K. : A cta Microbiol. Hung. 3, 261 (1955).
4. Morgan, H . R. : J . Im m unol. 59, 129 (1948).
5. B eeson , P. B. : J . Exp. Med. 86, 39 (1947).
6. Beeson , P. В. : Proc. Soc. E xp . Biol. Med. 64, 146 (1947).
7. B iozzi, G., Benacerraf, B ., H alfern, В. W. : B r. J .  Exp. Path. 36, 226 (1955)
8. H egemann, F. : Ztschr. Im munforsch. I l l ,  155 (1954).
9. Kaufmann, F. : Ztschr. K lin. Med. 135, 572 (1939).

10. Sanarelli, G. : Ann. In s t. P asteu r 38, 11 (1924).
11. Shwartzman, G. : Phenom enon of Local Tissue R eactiv ity . Ed. P . H oeber N. Y . (1937).
12. Cluff , L. E ., Bennett, I. L. : Proc. Soc. E xp . Biol. Med. 77. 461 Cl951J.
13. B ozsóky, S. : U npublished data .
14. T akeda, Y., Kashiba, M. : Ja p . J .  Exp. Med. 22, 9 (1952).



ISOLATION AND CHARACTERISATION OF SOME 
PSEUDOMONAS PYOCYANEA BACTERIOPHAGES*

By

L. A l f ö l d i

Institute o f Microbiology, Medical University o f Szeged 

(Received April 24, 1956)

C onsiderab le  a tte n tio n  h as  la te ly  been p a id  to  th e  bac te riophage  o f  Ps. 
pyocyanea. D ic k in s o n  [1], D ic k in s o n  an d  Co d d  [2] an d  Ch a n t h il l  e t  a l. [3] 
s tu d ied  th e  lysogenic p roperties o f pyocyaneus s tra in s  an d  in vestiga ted  to  w h a t 
e x te n t th e ir  phage p ro d u c tio n  is in fluenced  b y  various chem ical su b stan ces . 
W a r n e r  [4, 5] iso la ted  pyocyaneus phages from  lysogenic stra ins a n d  s tu d ied  
th e  re la tio n sh ip  betw een  lysogeny  an d  iridescence. V a n  d e n  E n d e  e t  a l. [6, 7, 
8, 9] iso la te d  15 phage s tra in s  from  lysogenic p y ocyaneus cultures a n d  described  
th e  serological, electron-m icroscopic, an d  biological characteristics o f som e se lec t
ed  s tra in s .

O f g re a t significance is J a c o b ’s w ork a im ed  a t  clarifying th e  lysogenic 
p ro p e rty  o f  th e  s tra in s  of Ps. pyocyanea. H is re su lts  an d  general b ea rin g s  h av e  
been  su m m arized  in  an  excellen t m onogiaph  [10].

A ll th e  above stud ies dea l w ith  te m p e ra te  ph ag es, a lthough a w ell-defined  
v iru le n t s tr a in  h a s  also been included  in  J a c o b ’s investigations. J a c o b  an d  
W o llm a n  [12] an d  D ic k in s o n  [13], have  show n th a t  tem p era te  p y o cy an eu s  
phages m a y  have  v iru len t v a r ia n ts .

T he p ro p erties  o f v iru len t pyocyaneus p hages h a d  been h a rd ly  s tu d ie d  
and  o u r a im  was to  iso late  som e o f th em  an d  to  m ak e  a biological s tu d y  o f  th e  
s tra in s  ch a rac te rized .

T h e  p re se n t p a p e r gives an  account of th e  iso la tio n  and  c h a rac te risa tio n  
o f som e p h ag e  s tra in s  of Ps. pyocyanea.

M ateria l and  m ethods

Bacterium. The strain  Ps. pyocyanea 3R was used as indicator. I t  originated from  the 
collection of th e  In s titu te  of Microbiology of Medical U niversity  of Szeged. I t  produces on horse- 
m eat-peptone agar pyocyanin ; in  peptone broth  it  ferm ents glucose in 48 hours ; i t  clots 
and peptonizes milk and liquefies gelatin. The stock culture was transferred b i-m onthly. The 
cultures used in  the experim ent were subcultured from day  to  day.

* The present paper forms p a rt of the au thor’s thesis ’’Studies of virulent and tem pera te  
bacteriophages of Pseudomonas pyocyanea” subm itted to  the  H ungarian Academy of Sciences.



108 L. ALFÖLDI

N utrient media. The following were employed :
a) H orsem eat-peptone bro th  (subsequently referred to  as broth). In  aqueous horsem eat 

e x trac t 1 per cent R ichter peptone and 0,5 per cent NaCl were dissolved. The pH  was adjusted 
to  7,2 w ith  NaOH. The m edium  was sterilised in an autoclave a t 120° C for 30 m inutes.

b ) Synthetic medium (F  medium). The strain  Ps. pyocyanea 3R grew well in  th e  lac ta te  
m edium  described firs t by F r i e d l e i n  [14], composed o f 10 g of Na lactate, 1 g of N H .C l, 0,7 g 
of K 2H P 0 4, 0,3 g of K H 2P 0 4, 0,1 g o f Na2S 04 • 7H20 ,  0,01 g of MgSo4 • 7HaO, and distilled w ater 
to  1000 ml. pH  =  7,2.

T he solid media were prepared by adding suitable quan tities of agar in the liquid medium.
Cultivation methods. The indicator bacterium  suspension (strain Ps. pyocyanea 3R), 

required  for the titra tion  of bacteriophages, was ob ta ined  by washing a 16-hour slan t agar 
cultu re  in  physiological saline.

A homogeneously suspended culture of the bacte rium  was also obtained if  th e  culture 
has been  grow n in a shaking appara tus, a t 37° C in a w a te r bath.

One step growth experiments. They were carried o u t according to D e l b r ü c k  and  L u r i a ’ s  
m ethod  [15], in  gently shaken cultures.

Plaque count methods. In  isolating the phages th e  generally applied agar-layer m ethod [16] 
was used, while for quan tita tive  titra tions H o r v á t h  and  A l f ö l d i ’s  [17, 18] p lexiplate m ethod 
was em ployed.

Preparation o f antiphage serum. The lysates p repared  in  broth or lactate  m edium  were 
filte red  th rough  a Seitz E K  pad to  free them from bacte ria l debris. Of the phage suspension 
contain ing  109 to 1010 particles per ml, 5 ml were injected intravenously into each of tw o rabbits, 
tw ice w eekly for three weeks. The lysates proved to  be tox ic  to  the rabbits, and by  the end 
of th e  im m unisation procedure about one third of th e ir body weight was lost. On the ten th  
day  following the last injection 20 to  30 ml samples of blood were drawn from th e  ear of the 
anim als. The sera obtained were inactivated for 30 m inu tes in  a water bath  a t 56° C and stored, 
w ithou t preservatives, in  the  frozen state a t — 20° C.

E xperim ental

Isolation o f  pyocyaneus phage strains from  sewage water

A n  e q u a l vo lum e o f sew age w ater w as a d d e d  to  an 8-hour b ro th  c u ltu re  
o f th e  s t r a in  of Ps. pyocyanea  3R  and  th e  m ix tu re  w as placed in  a th e rm o s ta t  a t 
37° C fo r  24 hours, w h e rea fte r  i t  was filte red  th ro u g h  a Seitz E K  p a d . R ep ea ted  
sing le  p la q u e  iso lation  y ie lded  one phage s tr a in  o f  a sm all-p laque-type , an d  one 
o f a la rg e -p laq u e-ty p e  (s tra in s  FI and F2). E a c h  p hage  s tra in  t i t r a te d  on th e  su r
face  o f  ho rsem ea t-p ep to n e  a g a r  appeared  to  b e  o f a hom ogeneous po p u la tio n .

H ow ever, w hen  each  o f  th e  tw o s tra in s  w ere t i t ra te d  sim u ltan eo u sly  on 
th e  su rface  of h o rsem eat-p ep to n e  agar an d  la c ta te  agar, it  was found  th a t  while 
th e ir  p o p u la tio n s w ere a p p a re n tly  hom ogeneous on th e  form er, on th e  la t te r  
th e re  ap p ea red  g rea t n u m b ers  of sm all tu rb id  p la q u e s  am ong those  o f b o th  phage 
s tr a in s .

R e p e a te d  experim en ts  led  us to  conclude  th a t  th e  ly sa te  o f each  o f th e  
FI a n d  F 2  phage s tra in s , appearing  hom ogeneous on horsem eat-pep tone  ag a r, 
m u s t  co n ta in  a th ird  p h ag e . This th ird  p h ag e  does no t form  v isib le  p laq u es on 
h o rsem ea t-p ep to n e  a g a r a n d  its  existence cou ld  be dem o n stra ted  on  la c ta te  
a g a r  o n ly . Therefore, th e  p h ag e  m ate ria l o f  F I a n d  F2 stra in s w as freed  of th is  
th i rd  p h ag e  (F3 s tra in ) , b y  p laq u e  iso lations c a rr ie d  ou t on th e  su rface  o f la c ta te  
a g a r .
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P re p a ra tio n  o f  a pure phage m a te ria l o f th e  s tra in  F3 was ren d ered  d iff i
cu lt b y  th e  fa c t th a t  from  its  ly sa te , p rep ared  in  la c ta te  m edium , th e  v iru s  p a r 
ticles w ere absorbed  b y  th e  Seitz E K  asbestos p a d . I t  w as, however, fo u n d  th a t  
th e  F3 ly sa tes , p rep ared  in  la c ta te  m edium  can  also be filte red  w ithou t a consi
derab le  loss o f phage partic les, i f  one th ird  vo lum e o f b ro th  was ad d ed  to  th e  
ly sa te  before  f iltra tio n .

Characterisation o f  phage strains F l ,  F2 and F3

a) Plaque morphology. T w en ty  m l of 1 p e r  cen t ho rsem eat-pep ton  a g a r  
m edium  w ere p ou red  in to  P e tr i d ishes and  b y  to ta l  am ount of 3 m l o f  a g a r  
m edium  a n d  phage d ilu tion  m ixed w ith  th e  in d ic a to r  bac te rium  suspension  w as

Fig. 1. 24-hour plaques of phage F I  in  b ro th  agar (x 1,5)

layered  on its  su rface . The f in a l co n cen tra tion  o f  ag a r in  th e  to p  la y e r  w as 
0 ,75% .

P h ag e  F I  form ed c lear-cu t p laques 1 to  1,5 m m  in  d iam eter w hich in  th e  
te n th  h o u r increased  to  2 to  3 m m . T he 24-hour o ld  p laques were 3 to  4 m m  in  
d iam e te r a n d  s till c lear (Fig. 1).

P h ag e  F2 y ielded  p laques 2 to  2,5 m m  in  d ia m e te r  in 5 hours, w ith  th e  
d iam ete r increasing  to  3 to  3,5 m m  b y  th e  te n th  h o u r. A t th a t tim e n u m ero u s 
re s is tan t b a c te r ia l colonies were observed  in  th e  p laq u es (Fig. 2).

In  c o n tra s t  w ith  these , F3 ph ag e  form ed no  visib le p laques on h o rsem ea t-  
pep tone  ag a r, w hereas well developed p laques w ere seen on lac ta te  ag ar in o c u la 
te d  u n d e r id en tica l conditions b y  th e  a g a r lay e r tech n iq u e .

T he tu rb id  p laq u es of F3 grew to  1 to  3 m m  in  size b y  the  5 th  ho u r (F ig . 3). 
T en-hour o ld  p laques su rrounded  b y  a tu rb id  h a lo  developed to  3 to  5 m m  in 
d iam ete r.
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The stock  ly sa te  o f  F 3  phage p rep a red  a t  th e  firs t iso lation  o f  th is  s tra in  
w as s to red  for a consid erab le  tim e in th e  fro zen  s ta te . The ly sa te  o f  a passage  of 
th is  m a te ria l in  la c ta te  m ed iu m  gave rise to  p la q u e s  of a different c h a ra c te r . Most 
p la q u e s  were tu rb id , as a lread y  described. A m ong  these tu rb id  p laq u es  some 
c le a r  ones occurred . T h is c lear p laque ty p e  s t r a in  w ill be designated  su b seq u en tly  
as  F 3 c .

Fig. 2. 24-hour plaques of phage F2 in  broth  agar ( x  1,5)

Fig. 3. 10-hour plaques of phage F3 in  F  medium ( x  1,5)

On la c ta te  a g a r  th e  p laques of F3c deve loped  to  a size of 2 to  2,5 m m  in 
5 h o u rs , and  w ere o f a  c lear-cu t ap p earan ce . I n  th e  te n th  hou r, th e y  m easured  
2 ,5  to  3 m m  in  d ia m e te r  a n d  were su rro u n d ed  b y  a tu rb id  halo (Fig. 4).

A  strik ing  fe a tu re  o f  th e  F3c phage, as com pared  to  its  p a re n t s tra in , was 
i ts  ab ility  to  form  p la q u e s  on h o rsem ea t-p ep to n e  agar. These p laq u es w ere well 
v is ib le  for 5 to  10 h o u rs  an d  were id e n tic a l w ith  those observable on la c ta te
a g a r .
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b) Bacterial spectrum o f  strains. W e have exam ined  th e  a c tiv ity  o f  th e  
s tra in s  FI an d  F2 on 55 Ps. pyocyanea, 9 S. typhi, 1 S. paratyphi A ,  1 S. paratyphi 
B , 1 S. paratyphi Hirszfeld, 1 S. breslauensis, 1 S. gärtneri, 1 Aërobacter aëroge- 
nes, 4 E . coli, 1 each o f  Sh. shigae, Sh. flexneri, Sh. schmitzi, Sh. sonnei, Proteus 
morgani, an d  2 Micrococcus pyogenes v a r . aureus strains.

T he sen sitiv ity  o f  th e  55 s tra in s  o f  Ps. pyocyanea is illu s tra te d  in  T a h ié i .  
T he s tra in s  o f  o th e r b a c te riu m  species w ere no t sensitive to  th e  tw o  phages.

Fig. 4. 10-hour plaques of phage F3c in F  medium (x 1,5)

Table I

Activity o f phage F I and F2 on Ps. pyocyanea strains

N u m b e r o f 
p y o cy an eu s  s tra in s  

te s te d

N u m b e r  o f  p y o c y a n e u s  s t r a i n s

eq u a lly  ly sed  b y  
F I  a n d  F 2  p h ag es

ly se d  on ly  
b y  F I  p h ag e

lysed  o n ly  
b y  F 2  p h ag e

e q u a lly  re s is ta n t  
to  F I  an d  F 2  p h ag es

55 27 i l 7 10

T ab le  I  shows th a t  11 s tra in s  o f  Ps. pyocyanea were on ly  lysed b y  th e  v iru s  
FI, an d  7 on ly  b y  th e  v iru s  F 2 , w hich  m ean s th a t  th ere  w as a c lear-cu t h ost ran g e  
difference b e tw een  th e  tw o  phages.

T he specific ity  o f th e  F3 s tra in  could  n o t be exam ined  as w idely, because 
its  effect could be  d em o n stra ted  on ly  on th e  s tra in  of Ps. pyocyanea 3R, used  for 
iso la tion .

c) Antigenic structure. T he  resu lts  o f th e  n e u tra lisa tio n  te s ts  are show n 
in  Tables I I  an d  I I I .

T he d a ta  in  T able I I  show  th a t  th e  a n ti-F I  serum  w as w ith o u t effect on 
th e  F2 s tra in  ; in  a 1 : 10 d ilu tio n  i t  fa iled  to  reduce th e  n u m b er o f in fec tive  
phage partic les  even as la te  as in  60 m inu tes.
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Table П
Inactivation o f the F I and F2 phages with immune serum

Im m u n e  serum A n t i  - F I A n  t  i - F2
C o n t r o l
( b r o t h )Serum  d ilu tio n 1 : 10 1 1 : 100 1 : 1000 1:10 1 : 100 1 : 1000

P hage tes ted F 2 F I F I F 2 F I F2

0 min. 412 000 140 000 140 000 140 000 412 000 412 000 140 000 412 000

5 „ — 100 126 000 — 100 30 000 — —

N um ber of in- 10 „ — — 64 000 — — 7 000 — —

fective phage . 20 „ — — 26100 — — 100 — —

particles 30 „ — — 23 600 — — 10 — —

40 „ — — 9000 — — — — —

50 „ — — 4300 — — — — —
60 „ 400 000 — 2000 182 000 — — 186 000 490 000

The sign — m eans: n o t tested

The hom ologous F I  s tra in  was m o st m ark ed ly  n eu tra lized  b y  th e  serum , 
a n d  from  th e  p h ag e  m a te r ia l  k ep t in  to u c h  w ith  its  1 : 100 d ilu tion  i t  was no t 
possible to  d e m o n s tra te  infective v iru s p a rtic le s  even a f te r  as sh o rt a tim e as 10 
m inu tes.

B y  th e  a n ti-F 2  se ru m  th e  hom ologous ph ag e  w as likew ise neu tra lised  to  a 
g re a t ex ten t, b u t  ev e n  in  a 1 : 10 d ilu tio n  i t  failed  to  h av e  an  effect on th e  
s tra in  F I .

Table II I
Inactivation o f  the F3 and F3c phages with immune serum

Im m u n e  se ru m A  n  t  i - F 3
C ontro l
(b ro th )S erum  d ilu tio n 1 : 100 1 : 1000 1 : 100 1 : 1000 1 : 10 1 : 10

F3
P h ag e  te s te d F3 F3c F I F2

0 m in. 542 000 542 000 203 000 203 000 663 000 677 000 542 000

5 я 2060 22 700 1400 13 400 — — —

N um ber of in- 10 99 1160 3500 375 8000 — — —
fective phage 20 500 910 0 5600 — — —

particles 30 80 930 — 1630 — — —

40 — 380 — 880 — — —

50 — 820 — 1250 — — —
60 99 — 750 — 960 502 000 423 000 620 000

The sign — m eans: no t tested.
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T he d a ta  lis ted  in  T ab le  I I I  perm it th e  s ta te m e n t th a t  s tra in  F 3  h as  no 
serological a ff in ity  w ith  s tia in s  F I  and F2. A t th e  sam e tim e it shows t h a t  th e  
an ti-F 3  serum  n eu tra lises  th e  F3 and F3c s tra in s  in  alm ost the sam e deg ree .

d) Heat resistance. H e a t resistance of th e  s tra in s  was com pared in  la c ta te  
m edium . F rom  th e  ly sa te s  p repared  in th a t  m ed iu m  dilutions were m a d e  con
ta in in g  5Д 08 pa rtic le s  p e r m l. H ow ever, the  d ilu tin g  m edium  was kep t in  a w a te i 
b a th  a t  th e  te m p e ra tu re  requ ired  by  the ex p erim en ts . T hereafter, th e  n u m b e r 
of infective p artic les in  th e  sam ples draw n a t in te rv a ls  were determ ined .

w 91

Fig. 5. H eat inactivation a t 60° C 
in  F  m edium

Fig. 6. H eat inactivation a t  65° C 
in F  medium

Figs. 5 an d  6 illu s tra te  th e  differences in  th e  h e a t  sensitiv ity  o f th e  v iru s  
s tra in s . R em ark ab le  is th e  h e a t lab ility  of s tra in  F I .

e) Sensitivity to citrate. In  th e  la c ta te  m ed ium , N a c itra te  was s u b s ti tu te d  
for N a -lac ta te , and  p a ra lle l partic le  counts w ere m ad e  on th e  two m ed ia  from  
th e  ly sa te  o f  every  v iru s  s tra in . The s tra in  Ps. pyocyanea 3R was found to  grow  
equally  well in b o th  m ed ia .

O n t i t r a t in g  th e  F2 an d  F3 viruses, th e  sam e num ber of p a rtic le s  w as 
encoun tered  in  each  o f  th e  tw o m edia ; in o th e r w ords, th e  particles of th e  s tra in s  
are no t sensitive to  c itra te . On th e  o ther h an d , th e  F I  v irus was found to  fo rm  
50 per cen t less p laq u es in  c itra te  th a n  in la c ta te  m ed ium , i. e. 50 per cen t o f  th e  
partic les of th e  FI s tra in  can  be regarded as sensitive  to  c itra te .

f) One step growth. T he experim ents w ere ca rr ied  out in shaken c u ltu re s  
in  a w a te r  b a th  a t  37°C, using  D e l b r ü c k  and  L u r i a ’s m ethod [15].

T he de ta ils  ch a ra c te ris tic  of th e  grow th cycle o f th e  F l  s tra in , o b ta in e d  
a t  various in p u t ra tio s

8  Acta Microbiologica IV/1
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n u m b e r of the  b a c te r ia l  cells
( in p u t ra tio  — ---------- -—  ,  ,-----, — —.......... .— present

n u m b e r ot th e  phage p a rtic le s

in  th e  system  stud ied ) in  expertim en ts m ade on different da tes, a re  p resen ted  
in  T a b le  IV .

Table IV
Data characterising one step growth o f  phage F I in broth

S e ria l
No.

In p u t
ra t io

A dsorption  
in  8 m in.

L a te n t  period,* 
m in. B u r s t  size**

l 0.057 64% 30 244

2 0.056 66% 30 179
3 0.041 67% 30 213
4 0.16 82% 30 238

5 0.51 71% 30 230

* The la ten t period is th e  minimum length of tim e  from  adsorption of virus to  host cell 
to  lysis o f the host cell and release of the progeny o f th e  infecting virus particle.

** B urst size is the average yield of virus partic les per infected host cell.

T ab le  IV  c learly  show s th a t  th e  la te n t  perio d  was un iform ly  30 m inu tes 
in  e a c h  o f th e  5 ex p erim en ts . For de te rm in in g  th e  percentage of a d so rp tio n  th e  
cen tr ifu g a tio n  m eth o d  w as used. F rom  66 to  82 p e r  cent of phage F I  w ere found 
to  a d so rb  on th e  su scep tib le  bac te ria  in 8 m in . adsorp tion  tim e. T h e  b u rs t  size

Fig. 7. One step growth curve of phage F I  in broth
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ran g ed  from  179 to  244. T h e  one s tep  grow th curve for th e  F I  phage is i l lu s tra te d  
in  F ig . 7.

A n o th er ch a rac te ris tic  o f  th e  grow th o f th e  s tra in  F I  was th e  m a rk e d  
v iscosity  of th e  liquid  m ed ium  w hen th e  susceptib le  b ac te ria  h ad  been  lysed . 
H ow ever, in  an  ho u r or tw o th is  v iscosity  o f th e  ly sa te  ceased a lto g e th e r . In  
cu ltu res  undergoing lysis upon  th e  action  of th e  o th e r tw o v ira l s tra in s  in v e s ti
g a te d  no change in  v iscosity  w as observed.

T he resu lts o b ta in ed  b y  th e  one step  g row th  experim en ts m ade w ith  th e  
s tr a in  F2 are shown in T ab le  V.

Table V
Data characterising one step growth o f phage F2 in broth

S eria l In p u t A d sorp tion L a te n t  period .
B u r s t  sizeN o. ra tio in  8 m in. m in .

1 : 0.67 21% 15 33
2

i
0.80 18% 15 56

Ь wo
-О

Бэс«
?I  50  
о.
5
о
"31о:

Л * ’
9J
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10 20  3 0  4 0  50  60  70 В О  30

Fig. 8. One step growth curve of phage F2 in broth

T he fea tu res ch a rac te ris in g  th e  grow th o f  th is  phage were a low a d so rp 
tio n  o f  ab o u t 20 p er cen t, a sh o rt la te n t period n o t exceeding 15 m in u te s , a n d  
a low  average b u rs t size. A ccord ingly , th e  one s tep  g row th  curve differed g re a tly  
from  t h a t  o f phage F I  (F ig . 8).

T he F3 v irus was fo u n d  com pletely  to  lyse th e  cu ltu re  in  la c ta te  m ed iu m  
a t th e  beginning , b u t u n ab le  to  b rin g  abo u t com plete lysis a f te r  a few passag es. 
In  b ro th , i t  caused no s ig n ifican t lysis of th e  cu ltu re , w ith  th e  one step  te c h n iq u e  
its  g ro w th  was nevertheless d em onstrab le .

T he d e ta ils  ch a rac te ris in g  th e  grow th cycle o f th e  F3 s tra in  are p re se n te d  
in  T ab le  V I.

Low  adsorp tion  o f a b o u t 30 p er cent, a 20-m inu te  la te n t  period, a n d  a v e r
age b u rs t  size ab o u t 170 or 180 d istingu ish  th is  v iru s . A ccordingly, its  one  s tep  
g row th  curve is sim ilar to  t h a t  o f  phage F I  (F ig. 9).

8*
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Table VI
Data characterising one step growth o f  phage F3 in F  medium

S e ria l
X o .

I n p u t
r a t io

A dsorp tion  
in  8 m in .

L a te n t  period , 
m in . B u r s t  sise

. 0.32 27% 2 0 179
2 0.30 30% 2 0 169

F ig. 9. O ne step growth curve o f phage F3 in bro th

D iscussion

Phage s tra in s  c a n  b e  classified b y  th e ir  in d iv id u a l p ro p erties . In  A dam ’s 
o p in ion  [19], th e  fo llow ing  properties are  o f  im p o rtan ce  in  g rouping  b ac te ria l 
v iru se s ;  1. serological re la tionsh ip ; 2. size a n d  sh a p e ; 3. sen s itiv ity  to  in a c tiv a 
t in g  agents ; 4. p h y sio lo g ica l properties ; 5. th e  resu lts  of m ixed  in fec tions. Com
p a r in g  these fea tu res  i t  is possible to  d iffe re n tia te  betw een phage s tra in s  th a t  are 
v e ry  sim ilar to  one a n o th e r .

In  characterising  th e  Ps. pyocyanea p h ag es  stu d ied  b y  us i t  ap p ea red  suffi
c ie n t to  com pare th e  m orphological tra i ts  o f  th e  p laque, th e  b a c te r ia l spectrum , 
an tig en ic  s tru c tu re , h e a t  in ac tiv a tio n , s e n s itiv ity  to  c itra te s , an d  th e  charac
te r is tic s  of grow th . O n th e  basis of these  p ro p e rtie s  i t  was possible to  estab lish  
t h a t  each of th e  p h ag es  F l ,  F2, and F3, re p re se n ts  an  independen t species. U nder 
th e  electron m icroscope a ll th ree  phages a re  spherica l [20]. T ab le  V II  presents 
a sum m ary  of th e  c h a ra c te r is tic  properties o f  th e  th ree  s tra in s .

According to  th e  nom encla tu re  of J a c o b  et al. [21], th e  F I  a n d  F2 s tra in s 
can  be regarded v iru le n t  phages, as th e y  c a n n o t tran sfo rm  th e  suscep tib le  bac
te r iu m  to a lysogenic o n e , an d  the  p laques th e y  fo rm  are o f a c lear-cu t ch arac ter.
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To define th e  ch a ra c te r  of th e  s tra in  F3 is fa ir ly  d ifficu lt. As to  its  p ro p e r ty  
of form ing p láques i t  resem bles th e  tem p era te  ph ag es. However, it  c a n n o t be 
regarded as a ty p ic a l one, for i t  is a w ell-defined physiological p ro p erty  o f  te m 
p era te  phages th a t  th e y  are capab le  of giving rise  to  a lysogenic system  [21], a n d  
no such c a p ac ity  could so fa r  be d em onstra ted  in  th e  s tra in  F3.

Table VU
Sum m ary o f characteristics o f isolated phage strains

A n ti
genic

s tru c tu re

S e n s itiv ity  to La-

Phage
P la q u e

size
c itra te s h e a t

P ercen tage
ad sorp tion

te n t

Hod.
m in.

A v erag e  
b u r s t  size R em ark s

F I small A 50% high 60—80 30 150— 250
F2 large В 0 low 20—25 15 30— 60
F3 large C 0 low 25—30 20 120— 180 Plaque formation on 

F agar only
F3c small C

_ — — ” “’

The sign — means, no t studied.

On th e  o th e r h a n d , th e  p laq u e  form ation  o f th e  s tra in  F3 m ay be of in te re s t 
for no t g iv ing  p laques in  a com plete m edium . T he pa rtic le s  of th is  phage can  o n ly  
be d em o n stra ted  on th e  surface of la c ta te  a g a r  p oo r in n u tritiv e  in g red ien ts . 
F u r th e r  ex perim en ts a re  needed  to  e lucidate th is  phenom enon.

As to  th e  process o f  origin of th e  F3c m u ta n t fu r th e r  researches are req u ired . 
Am ong th e  colonies o f th e  F3 s tra in  these v a r ia n ts  appeared  in a single occasion, 
b u t th e n  in  large  n um bers. T he F3c m u ta n t is n o t s tab le . I f  an  iso lated  co lony  
is p icked  from  th e  ag a r, suspended  in  la c ta te  m ed iu m , an d  its ind iv idual p a r t ic 
les are im m ed ia te ly  te s te d  fo r p laq u e  fo rm ation , each  will b ea r the  F3c c h a ra c 
te r . If , on th e  o th e r h a n d , th e  suspension of th e  p ick ed  F3c p laque will be once 
passaged in  th e  liqu id  m edium , on the s tra in  Ps. pyocyanea 3R , in th e  ly sa te  
there  will again  ap p ea r large num bers of partic les o f  th e  original F3 ty p e  p la q u e s . 
Closer s tu d ies  o f th is  phenom enon  a ie  in  progress.

SUMMARY

From  sewage w ater, three different bacteriophages of Pseudomonas pyocyanea have been 
isolated and designated as strains F l ,  F2, and F3, respectively. Separation of the stra ins was 
possible only on lactate  agar as the strain  F3 failed to  form  plaques on complete horsem eat- 
peptone agar.

The plaque morphology, bacterial spectrum, antigenic structure, sensitivity to  hea t and 
citrate, and the  one step grow th cycle of all three strains have been determined. Each of th e  th ree  
phages has been found to  represent an independent pyocyaneus phage species. A m u ta n t of 
the F3 stra in  forming clear-cut plaques has also been dem onstrated.
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I t  is w ell-know n th a t  lysogeny is a f req u en t p ro p e rty  o f b a c te r ia . As 
B urnet  [1] s ta te d , m a n y  Salm onella s tra in s  a re  lysogenic. H ow ever, th e ir  
frequency  varies from  one species to  an o th er. F o r  in stance , Salmonella thompson 
s tra in s  m ay  be lysogenic up  to  84 p er cent. In  c o n tra s t w ith  th is , no lysogenic  
s tra in s  h av e  been fo u n d  in  th e  S. pullorum  species [2]. A ccording to  B oyd  [3, 
4], m ost o f th e  s tra in s  o f S. typhimurium  are lysogenic, an d  so are m a n y  E . coli 
s tra in s  [5]. F isk  [6] found  th a t  Staphylococcus s tra in s  were phage ca rrie rs  to
44,2 p e r cen t an d , accord ing  to  R ountree [7], som e of th em  can be po ly-lysoge
nic. In  C. diphtheriae, lysogeny appears to  be closely re la ted  to  th e  to x in -p ro d u 
cing p ro p e rty  of th e  b ac te riu m  [8].

Among the strains of Ps. pyocyanea, lysogeny is a very common phenom e
non, as it m ay be concluded from the work o f W arner  [9] and D on, and Van  
d en  E n d e  [10]. Their investigations, however, do not state us the frequency  
of lysogeny among pyocyaneus strains.

T he p resen t p a p e r  is a s tu d y  on the  freq u en cy  of lysogeny in  d iffe ren t 
s tra in s  o f Ps. pyocyanea.

M aterials

Bacterial strains. Twenty-six of th e  50 Ps. pyocyanea strains investigated h ad  been 
isolated from pus, urine, etc. a t our In s titu te  and 24 by  Mrs: G. I v á d y  in  the Szeged S ta tion  
of the S tate  Institu te  of Hygiene. All strains were identified by means of staining, culturing , 
and biochemical methods. The characteristic biological tra its  of the strains are listed in  Table I.

Culture media. Y P  medium (yeast ex tract and peptone) : In  200 ml of yeast ex trac t 
10 g of W itte peptone were dissolved and the solution was made up to 1 litre. The p H  was 
adjusted to  7,2. Sterilization was made a t  120° C for 20 minutes.

Y east ex tract : 2 kg of baker’s yeast were suspended in  8 litres of tap  w ater, th en  au to 
claved a t  110° C for 30 m inutes. The supernatant obtained after sedim entation was m ade to  
pass through an asbestos filte r pad.

U V  lamp : A ’’H anau”  mercury lam p was used as source of u ltraviolet ligh t. The 
characteristics of the lam p was given earlier [11].

* The present paper forms p art of the author’s thesis, “ Studies of virulent and  tem pera te  
bacteriophages of Pseudomonas pyocyanea”, subm itted to  the H ungarian Academy of Sciences.
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Table I
Characteristics o f  the Pseudomonas pyocyanea strains studied

N u m b e r  o f P roducing L iq u e fy in g C lo tting F o rm in g
T e rm en tin g

I r id e sc e n ts t r a in s pyo cy an in g e la tin m ilk indole
glucose

I
sucrose

50 50

•

50 50 0 42 (A) 
8 (AG)

1
9 (A) 
1 (AG)

23

(A) =  acid 

(AG) =  acid, gas

Experim ents an d  resu lts

L w o f f  e t al. [12] h a v e  show n th a t  b y  U Y  irrad ia tio n  certa in  lysogenic 
s t r a in s  o f B. megaterium c a n  be induced  to  p ro d u ce  phages. Inducib le  s tra in s  of 
P s. pyocyanea  have  b een  discovered  an d  p ro p e rly  investig a ted  by  J a c o b  [13]. 
T h e  indu c in g  effect o f U V  irra d ia tio n , s ta te d  b y  th e  above m entioned  au th o rs , 
w a s  u sed  to  increase th e  d em o n strab ility  o f th e  lysogenic properties o f  o u r own 
p y o c y a n e u s  stra in s : F ro m  each  of th e  cu ltu res  grow n in Y P  b ro th  fo r 16 hours, 
7 m l w ere tran sfe rred  in to  P e tr i  d ishesjo f 10 cm  in  d iam ete r to  be exposed  to  
U V  lig h t from  a d is tan ce  o f  40 cm for 30 seconds. Follow ing irrad ia tio n  th e  P e tr i 
d ish e s  w ere k ep t a t  37° C fo r tw o hours, th e n  th e  cu ltu res were cen trifu g ed . The 
s u p e rn a ta n ts  were th e n  in v e s tig a te d  for th e  p resence  of phages.

T h e  presence of p h ag es  was d e m o n s tra te d  on th e  surface o f a Y P  m edium  
c o n ta in in g  2%  agar, p o u re d  on m eta lfram ed  glass p la tes m easuring 30 cm  b y  
15 cm .

T w en ty -hour s la n t a g a r  cu ltures o f Ps. pyocyanea  were used  as in d ica to rs . 
T h e  b a c te ria  were w ash ed  w ith  physio logical sa line  and  d ilu ted  to  s ta n d a rd  
tu r b id i ty  (0,400 o p tica l d en sity ) by  an  “ O R ÍP H O T ” m icropho tom eter. Y7ith  
th e s e  suspensions, 5 m m  w ide s treaks w ere d raw n  on th e  surface o f th e  ag ar 
p la te  a n d  th e  p la tes w ere d ried . T h ereafter, from  a ll su p e rn a tan ts  to  he exam ined  
fo r  p resence  of te m p e ra te  p hages a loop-ful w as d rip p ed  on each  of these  s treak s 
o f  in d ic a to r  s tra in s.

A ll 50 of ou r Ps. pyocyanea  s tra in s w ere in v estig a ted  fo r th e  p resence of 
te m p e ra te  phages an d  as in d ic a to r  37 of th e  s tra in s  were used.

Since th e  only  p u rp o se  o f th e  te s ts  w as to  show  w hether th e  s tra in s  were 
o r  w ere  no t lysogenic, w henever th e  su p e rn a ta n t  caused lysis in  a n y  o ther 
s t r a in ,  th e  given s tra in  w as reg ard ed  as lysogenic an d  was n o t stud ied  a n y  fu r
th e r .  T h e  resu lts o f th e se  experim en ts  are  su m m arized  in  T able I I .

T ab le  I I  gives th e  n u m b e r of in d ic a to r  s tra in s  used, and  th e  n u m b er of 
th o s e  found  to  be su scep tib le . I t  shows th a t  each  o f th e  50 s tra in s  o f Ps. pyocya
nea  w as lysogenic. H o w ev er, th e  d e m o n s tra b ility  o f th e  lysogenic p ro p e r ty  is
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g rea tly  dependent on th e  n u m b er o f s tra in s  used as in d ica to rs . T hus, fo r in stan ce , 
som e su p e rn a ta n t lysed only  2 o u t o f th e  37 s tra in s  used as in d ica to rs .

Table II
Lysogenic properties in Pseudomonas pyocyanea strains

R eg . N o . o f 
b a c te r ia  tes ted

N u m b e r o f  
in d ic a to r 

s tra in s  used

N u m b e r  o f 
in d ic a to r  s tra in s  

fo u n d  to  be 
su scep tib le

R eg . N o . o f  
b a c te r ia  tes ted

N u m b e r  o f 
in d ic a to r  

s tra in s  used

N u m b e r  o f  
in d ic a to r  s tra in s  

fo u n d  to  be 
su scep tib le

5 4 1 5 9 1 7 2 3 R 2 4 5

5 5 7 0 1 1 7 1 3 S 2 4 3

5 6 2 1 9 1 7 4 4 2 4 1 2

5 6 7 0 9 1 7 1 3 0 0 6 2 4 1 3

5 6 7 6 5 1 7 1 3 1 8 8 2 4 1 4

5 7 2 7 9 1 7 4 2 1 4 2 4 1 3

5 7 4 4 0 1 7 6 3 2 0 2 4 9

5 7 4 5 5 1 7 1 2 5 2 5 2 4 1 6

5 3 8 9 6 2 0 1 7 8 5 9 2 4 5

5 4 1 2 7 2 0 5 8 8 8 2 4 1 2

5 4 1 4 9 2 0 6 9 3 1 2 4 8

5 4 1 5 5 2 0 7 2 2 6 3 2 4 1 0

5 4 1 5 9 2 0 1 2 2 6 3 S 2 4 1 4

5 4 1 8 5 2 0 3 2 2 6 3 1 ? 2 4 1 4

5 4 2 0 5 2 0 6 2 5 5 9 2 4 6

5 4 2 0 7 2 0 6 2 5 6 0 2 4 8

5 4 2 2 1 2 0 3 2 6 0 4 2 4 1 0

5 4 2 4 4 2 0 2 4 4 3 7 8

5 4 2 5 7 2 0 8 3 4 2 3 7 2

5 4 2 5 9 2 0 4 6 8 1 3 7 1 2

5 4 2 6 3 2 0 6 5 3 8 8 6 3 7 6

5 4 3 4 6 2 0 6 5 4 2 4 7 3 7 2

1 2 4 3 5 4 2 5 3 3 7 4

2 2 4 9 5 4 2 6 1 3 7 4

3 2 4 3 5 4 2 6 9 3 7 3

Discussion

T he experim ents rep o rted  in  th is  p ap er were carried  ou t to  see how  freq u en tly  
lysogens occurred in  s tra in s  o f  Fs. pyocyanea. To d em o n stra te  th e  lysogenic 
p ro p e rty  o f our s tra in s  num erous in d ica to r s tra in s  were used, i t  being w ell know n 
th a t  som e phages are v e ry  m ark ed ly  specific. I t  w as there fo re  en d eav o u red  to  
use as ind ica to rs  as m an y  s tra in s  as possible, an d  th e reb y  to  increase  th e  pro-
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b a b i l i ty  of d e m o n s tra tin g  th e  lysogenic p ro p e rty . T he resu lts  o f these  efforts 
h a v e  indeed confirm ed t h a t  th e  more read ily  is lysogeny d em o n stra ted  th e  
g r e a te r  th e  num ber o f  s t r a in s  used as in d ica to rs . W ith  th e  n u m b er o f in d ica to r 
s t r a in s  raised to  37, i t  w as possible to  prove th e  lysogenic n a tu re  o f all th e  50 
s t r a in s  of Ps. pyocyanea te s te d .

J acob [14] h as sh o w n  th a t  am ong Ps. pyocyanea s tra in s  th e re  are  some 
w h ic h  are capable o f p ro d u c in g  an  an tib io tic  su b stan ce  (pyocin), an d  th a t  th is  
su b s ta n c e  is dem o n strab le  on  ce rta in  sensitive Ps. pyocyanea s tra in s . T he m ethod  
a p p lie d  by  us did n o t ex c lu d e  th e  possible p resence o f pyocin-producers am ong 
th e  s tra in s  te sted , fo r th e  g row th  of th e  sensitive  Ps. pyocyanea s tra in s  m ay 
e q u a lly  be inh ib ited  b y  p h a g e  or b y  pyocin. I n  th e  p resen t s tu d y  no p a rtic u la r  
e f fo r t  was m ade to  d is tin g u ish  betw een th ese  tw o  phenom ena.

SUMMARY

In  50 strains of Ps. pyocyanea  of different origin th e  frequency of the lysogenic property 
w as studied. By increasing th e  num ber of strains used as indicators i t  has been possible to  prove 
t h a t  all the 50 strains were lysogenic.

Acknowledgement

We are indebted to Mrs. G. I vády for the isolation of 24 Ps. pyocyanea strains.

LITERA TU RE

1. B urnet, F. M. : J . Path . Bact. 35, 851 (1932)
2. Smith, H. W. : J . Gen. Microbiol. 5, 458 (1951)
3. B oyd, J. S. K. : J . P ath . Bact. 62, 501 (1950)
4 . B o y d ,  J . S. K. : J .  H yg. Camb. 49, 442 (1951)
5 . G i l d e m e i s t e r ,  E., A h l f e l d ,  I. : Zbl. f. Bakt. 147, 417 (1941)
6 . F i s k ,  R. T. : J . Infect. D is. 71, 152 (1942)
7. R o u n t r e e , P. M. : J .  G en. Microbiol. 3, 153 (1949)
8. F reeman, V. J ., Morse, J .  V. : J. Bact. 63, 403 (1952)
9. W a r n e r , P. T. J . C. P . : B rit. J .  Exp. P ath . 31, 112 (1950)

10. D o n  P. A. a n d  V a n  d e n  E n d e ,  P. A. : J . Hyg. Camb. 48, 196 (1950)
11. I v á n o v i c s , G., A l f ö l d i ,  L . : A cta Microbiol. H ung. 2, 275 (1955)
12. Lwoff, A., Siminovitch, L ., K jeldgaard, N. : C. R . Acad. Sei. 231, 190 (1950)
13. J a c o b ,  F. : C. R. Acad. Sei. 231, 1585 (1950)
14. J a c o b ,  F. : Ann. Inst. P a s t. 86, 149 (1954)

A  k ia d á s é r t  felel az A k ad ém ia i K ia d ó  ig a z g a tó ja M ű szak i felelős : F a rk a s  S á n d o r

A k é z ira t n y o m d á b a  é rk e z e t t  : 1956. V i l i .  15. — T erje d e le m  : 10,75 (A /5 ) ív ,  74 á b ra

Akadémiai Nyomda, Gerlóczy u. 2. — 40437 — Felelős vezető : Puskás Ferenc



THE VIRULENCE OF CHLORAMPHENICOL-  
RESISTANT S. TYPHI STRAINS

By

L. VÁczi and G. T o l n a i

State Institute of Hygiene, Budapest 

(Received January  13, 1956)

G ram -negative in te s tin a l b ac te ria , in c lu d in g  S. typhi, c a n  read ily  be 
ren d ered  re s is tan t to  chloram phenicol in  vitro. M any aspects o f th e  developm ent 
o f  th is  resistance are, how ever, n o t y e t c lear a n d  th e re  is no su ffic ien t in fo rm atio n  
av a ilab le  concerning th e  changes in  th e  v iru lence  o f resistan t s tra in s , e ith e r .

T h e  p e rta in in g  d a ta  in  th e  li te ra tu re  are  con trad ic to ry . M c K e e  and 
H o u c k  [1], B l a i r  e t al. [2], R a k e  e t a l. [3] claim  th a t  the  d ev e lo p m en t o f in 
vitro resistance  to  penicillin  is associated  w ith  a  sim ultaneous decrease  in  general 
enzym ic functions an d  in  viru lence. A ccord ing  to  o ther au tho rs ( P e t r o f f  and 
L u c a s  [4], R o b i n s o n  [5]), th e  s trep to m y c in -re s is tan t G ram -negative  bac te ria  
w ould be  no t less pa thogen ic  th a n  th e  su scep tib le  ones. This view  h a s  n o t  gained 
u n iv e rsa l acceptance ( S c h w a r t z  and  L a z a r u s  [6]). C a r r e r e  e t  a l. [7] have 
rep o rted  th a t  th e  G ram -negative in te s tin a l b a c te r ia  re sistan t to  ch loram phenico l 
(including  B. proteus) show  an  unchanged  v iru lence . D e  and  B h u t t a c h a r y a  [8] 
found  th a t  th ere  was a lm ost no difference in  M LD betw een ch lo ram phen ico l- 
re s is ta n t and  chloram phenicol-susceptib le S. ty p h i strains.

In  th is  paper th e  changes tak in g  p lace in  th e  biochem istry , v iru len ce  and 
o th e r  p roperties o f ch loram phenico l-susceptib le  and  resis tan t v a r ia n ts  of S. 
ty p h i s tra in s  will be discussed.

Materials and methods
S. typhi strains. These were : Panam a carrier 42A58, its avirulent m u ta n t 42A58V, 

a laboratory strain designated 300, and a strain of Ty2.
Induction of in I ,tro resistance. The strains were passaged every other day  in  b ro th  with 

increasing chloramphenicol concentration.
Biochemical properties. Essential nitrogen dem and and ferm entation, carbohydrate 

degradation  were examined. The soluble and to ta l N -content of different s tra in s  was also 
estim ated.

Essential nitrogen demand was determined in th e  following basal medium :

ammonium s u lp h a te ............................................  0,5 g
N a C l........................................................................  0,05 g
KH2P 0 4 .................................................................. 0,2 g
glucose ..................................................................  0,5 g
distilled w ater, a d ...............................................  100,0 g

To this m edium  were added the different amino acids, in  0,05 and 0,02 per cent concentrations.

1 Acta Microbiologica IV/2.
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Soluble and total nitrogen content was estimated b y  th e  K j e l d a h l  method. The suspensions 
p repared  from 24-hour solid-m edium  cultures were washed tw ice w ith physiological saline and 
m ain ta ined  a t 100° C in a w ater b a th  for 20 minutes. Subsequently  the suspensions were centri
fuged a t  3000 r. p. m. and n itrogen  was estimated in the  su p ern a tan t and sediment.

Test for virulence. Albino m ice weighing 16 to  18 g w ere inoculated intraperitoneally  w ith 
0,5 m l o f bacterial suspensions prepared  from H a r t l e y  agar slope cultures of different strains, 
or w ith  organisms from peptone w ater cultures after d ilu tion  w ith  a  5 per cent mucin solution. 
V irulence was tested on groups o f 20 to 24 mice each. P o tency  ratios were calculated by  probit 
analysis.

Results

T h e  various te s t  s tra in s  o f S. typh i d id  n o t  differ sign ifican tly  in  th e ir  
a d a p ta t io n  to  ch lo ram phen ico l. The sta tem en ts  m a d e  earlier (VÁCZi, M ih á l y f i

[9]) concerning la b o ra to ry  s tra in s  of S. ty p h i a p p ly  also to  these w ell-defined  
s t r a in s  o f typho id  o rgan ism s. A dap ta tion  to  ch lo ram phen ico l developed in  steps 
a n d  a f te r  6 weeks re s is tan ce  w as about 50 tim es h ig h e r  th a n  the  original, h av in g  
r ise n  from  2 /xg/ml to  100 /xg/ml. The only s t r a in  d ifferen t in  th is  re sp ec t w as 
th e  a v iru le n t m u ta n t o f th e  P a n am a  carrier s tra in , th e  one designated  42A 58V , 
w h ich  developed resis tan ce  to  chloram phenicol a t  a slow er ra te .

Morphological a nd  biochemical studies o f  resistant strains

T h e carb o h y d ra te -d eg rad in g  activ ity  o f su scep tib le  and resis tan t s tra in s  a re  
p re se n te d  in  Table I .

Table I/a

Fermentation by the chloramphenicol-resistant S. typhi strain 42A58

Strain Carbohydrate
6 hrs

\cid production at

8 hrs j 24  h rs

S. t.yphi, Dextrose + + + + + +
susceptible Maltose + + + + + +

Mamiit ± + + + + +

Xylose ± + + + + +

Lactose - —
Arabinose — —

S. ty p h i, Dextrose ± + + +
re s is tan t Maltose — — +

Mannit — ± + +

Xylose — ± + +

Lactose — — —

Arabinose — — —
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Table I/b

Fermentation by the chloramphenicol-resistant S. typhi strain 42A58V

Acid p ro d u ctio n  a t
S tra in  j  C arb o h y d ra te  i j

6 h re  j 8 h rs  J 24 hr«

S. typh i, 
susceptible

Dextrose 
Maltose 
Mamiit 
Xylose 

1 Lactose 
Arabinose 1 

1 
1 

H-
 

+
 

+
 

j

+ +
+ +
+ +

+ +

+ + +

+ + +
+ + +
+ + +

_

S. typh i, 1 Dextrose _ + + +
resistant Maltose — ± + +

M annit — ± + +
Xylose — ± + +

I Lactose — — —
Arabinose

1
_ —

As th e  d a ta  in  T ab le  I  reveal, th e  only difference in the  biochem ical c h a r
ac te rs te s te d  betw een  th e  susceptib le an d  re s is ta n t S. ty p h i s tra in s  w as t h a t  th e  
la t te r  fe rm en ted  a t  a slow er ra te .

T here  are  no sign ifican t m orphological d ifferences betw een suscep tib le  and 
re s is ta n t s tra in s . A lthough  sho rter, ro d le t, o r coccus-like form s d id  occur in  
s ta in ed  p rep a ra tio n s  o f  re s is ta n t s tra in s , such form s did  no t c o n s titu te  m ore 
th a n  a few p ercen ts o f  th e  popu la tion .

T he fa c t th a t  susceptib le  s tra in s  differ b iochem ically  from  re s is ta n t ones, 
is in d ica ted  b y  th e  following observation . The re s is ta n t s tra in s of S. ty p h i do n o t 
grow in  th e  b ism u th su lfite  ag ar (a m edium  com m only used in  ro u tin e  la b o ra to ry  
p ractice) an d  if  resistance  to  chloram phenicol rises above 50 /xg/m l, th e  colonies 
of th e  re s is ta n t s tra in s  on blood ag ar are  su rro u n d ed  b y  a b e ta  haem o ly tic  halo  
(YÁczi and  M ih á l y f i [9]).

The m u ltip lica tio n  o f these re s is ta n t b a c te r ia  w as re ta rd ed  para lle l w ith  th e  
increase in  th e  degree o f resistance (VÁczi an d  M ih á l y f i  [9]).

Is  th is  redu c tio n  in  th e  ra te  o f m u ltip lica tio n  due to  a change in  th e  essen tia l 
n itrogen  d em and , or is i t  th e  re su lt o f an  in te rfe ren ce  w ith  th e  in trace llu la r  
u tilisa tio n  o f n itro g en ?  To elucidate  th is  q u estio n , we determ ined  th e  essen tia l 
n itrogen  dem and  o f susceptib le an d  re s is ta n t s tra in s  in  m edia con ta in in g  in o r
ganic n itrogen  and  d iffe ren t am ino acids. T he re su lts  are show n in  T ab le  I I .

I t  can  be seen th a t  for g row th in  sy n th e tic  m edia s tra in  Ty2 needs on ly  
inorgan ic  n itro g en  an d  try p to p h a n e . T he P a n a m a  42A58 s tra in  d em an d s also 
cystine , an d  th e  av iru len t s tra in  42A58V x a n th in e , too. The ch lo ran ^  henicol- 
re s is ta n t v a r ia n ts  o f these  s tra in s  also m u ltip ly  in  th e  m edia con ta in ing  th e  above
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a m in o  acids, though  th e ir  g row th  is so m ew h at p ro trac ted . T hus, th e re  is no 
d ifference  betw een re s is ta n t an d  susceptib le  s tra in s  in  essential n itro g en  d em and .

Table II

A m in o  acid demand o f chloramphenicol-resistant and chloramphenicol-susceptible S. typh i strains

Amino acid

S t r a i n s

42A58 42A58V MO Ту 2

S R S R s R S

P h e n y la la n in e ......................................................... — — — — — — —

L y s in e  ....................................................................... — — — — — — —

T y r o s in e .................................................................... — — — — — — —

C y s t i n e ....................................................................... — — — — — — —

T r y p to p h a n e ........................................................... — — — - + ± +
T r y p to p h a n e  - f  c y s t in e ....................................... + + — + + +

T ry p to p h a n e  - f  cystine +  x a n t h i n e ............ + + + + + + +

Is  there  any  d ifference betw een  th e  tw o ty p es o f s tra in  in  th e  u tilisa tio n  
o f  n itro g en  and am ino ac id s?

T o answer th is  q u es tio n , 18-hour cu ltu res  of susceptib le an d  re s is ta n t S. 
ty p h i  s tra in s  were te s te d  fo r  soluble am ino acids an d  for o ther soluble substances 
c o n ta in in g  n itrogen. T he tech n iq u e  o f e lu tion  w as essen tially  th a t  described  b y  
Gale  [10] : a fter bo iling  fo r  20 m inu tes, th e  b a c te ria l suspensions w ere cen tr i
fu g e d  an d  the  n itrogen  in  th e  orig inal suspension  an d  in  th e  su p e rn a ta n t o f the  
b o iled  p roduc t was e s tim a te d  b y  th e  K jeldahl  m ethod . In  Table I I I  th e  am o u n t 
o f  so luble  N is given as th e  p ercen tage  of to ta l  N.

Table III
Soluble N  content o f  chloramphenicol-susceptible and chloramphenicol-resistant 

S. typh i strains in percentage o f  total N

S tra in s su scep tib le re s is ta n t

No. 1 ........................... 25 31
No. 2 ............................. 26 27

No. 3 ............................. 24 32
No. 4 ............................. 17,5 25

Mean ............. 23,1 28,7

T he d a ta  in  T ab le  I I I  reveal th a t  th e  re s is ta n t cells con ta ined  som ew hat 
m o re  soluble n itrogen  th a n  th e  susceptib le  ones, ind ica tin g  th a t  th e  sy n th e tic  
processes were som ew hat slow er.
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How do these  changes affect th e  v irulence o f  re s is ta n t m icroorgan ism s?
The d iffe ren t s tra in s  o f S. ty p h i were te s te d  fo r v iru lence  by  the  te c h n iq u e  

already  described . The resu lts  a re  presen ted  in  T ab le  IV . In  th e  upper sec tio n  
o f th eT ab le  th e  m ouse M LD o f s tra in  Ty2 is th e  reference  m ouse MLD, w hile in  
th e  lower sec tion  i t  is th e  m ouse M LD o f s tra in  42A 58. P o ten cy  ra tios h av e  b een  
determ ined  b y  p ro b it analysis.

Lethal action
Table IV

on mice o f the test strains 
(Mucin method)

o f  S . typhi

S tra in s P o ten cy  ra t io

Ty2 1
42A58 0,3 1,3 6,4

300 S 2,3 • 10“ 4

ГОCO 2,8 • 10-3

300 R 0

42A58 1
42A58R 2,0 ■ IO“ » 1,2 ■ 10“ « 1,1 • 10 8

42A58V 3,4 • 10~7 2,5 • 10 « 1,1 ■ IO-5
42A58VR 6,7 • 10“ ’ 3,2 • 10“ « 1,3 ■ 10 8

I t  is obvious th a t  as resistance  to  chloram phenicol increased , the  v iru len ce  
declined. As com pared  to  o th e r s tra in s , th e  lab o ra to ry  s tra in  300 É  had  a v e ry  low  
virulence fo r m ice and  its  ch lo ram phen ico l-resistan t v a r ia n t  was p rac tica lly  no n - 
le th a l for th e  m ouse.

On reach in g  a 100 U/ml level o f resistance to  chloram phenico l, the v iru lence  
o f the  P a n am a  s tra in  42A58 decreased by  6 lo g arith m ic  u n its . Like B a t s o n  e t  
al. [11] we, to o , found  th e  av iru len t m u ta n t 42A58V to  possess alm ost no le th a l 
effect on m ice. T he ch lo ram phen ico l-resistan t o f th is  m u ta n t  was closely s im ila r 
in  le tha l a c tio n  on th e  m ouse to  th e  re s is tan t v a r ia n t.

W h at is responsible fo r th e  decreased v iru lence o f  ch lo ram phenico l-resist- 
a n t  S. ty p h i s tra in s?

In  d e ta lied  stud ies o f th e  S. ty p h i s tra in s  42A 58 an d  42A58V, F o r m a l  
e t  al. [12] found  th a t  th e  a v iru le n t m u ta n t n o n -le th a l fo r m ice (stra in  42A58V) 
increased i ts  v iru lence to  a lm o st th e  level o f th e  o rig inal s tra in  when in je c te d  
in to  mice in  com bination  w ith  x an th in e . I t  has been  p o in ted  o u t above th a t  on  
becom ing re s is ta n t to  ch loram phenico l th e  v iru lence  o f  th e  av iru len t m u ta n t  
does n o t decrease fu r th e r  in  a m easurab le  degree, y e t, th e  s tra in  undergoes a t  th e  
sam e tim e all th e  b iochem ical changes described fo r th e  o th e r stra ins.

The questio n  therefo re  arose w hether i t  w ould be possib le to  action on m ice 
o f  th e  av iru len t, ch lo ram phen ico l-resistan t m u ta n t b y  x a n th in e ?  I f  so, th a n  th is
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w o uld  sp eak  against the  claim  th a t  while acq u irin g  resistance to  ch loram phenico l 
th e  s tra in s  undergo such im p o rta n t q u a lita tiv e  changes w hich a ffec t viru lence. 
T o  decide  th e  problem , m ice were in jec ted  w ith  th e  re sistan t s tra in  suspended  in 
m u c in , to g e th e r w ith  10 m g of x an th in e , su spended  in  a pH  7,2 bu ffe r, in  a to ta l 
v o lu m e  o f 0,5 m l, b y  th e  in trap e rito n ea l ro u te . The resu lts a re  p resen ted  in 
T a b le  V.

Table V
Lethal action on mice o f  the m utants o f strain 42A58  

(M ucin m e th o d )

42A58

S tra in s P o te n c y  r a t io

l
42A58V w ithout xanthine . 

42A58V w ith xanthine . . . .  
42A58VR w ithout xanthine 
42A58VR w ith xanthine . .

3,4 ■10-’ 2,5 • io-* 1,1 • IO '3

1,3 ю -i 5,8 10-1 2,3 10-°

6,7 ю - i 3,2 ■10-« 1,3 ■ 10-5

4,4 ■ 10-s 1,0 ■ io - 3 9,9 • 10-3

T h e d a ta  in  T ab le  V reveal th a t  th e  viru lence of th e  r e s is ta n t av iru len t 
m u ta n t  could be g rea tly  enhanced  b y  x a n th in e . As re la ted  to  th e  o rig inal s tra in , 
th e  v iru lence  and m ouse-killing po tency  o f  th e  re sis tan t s tra in  increased  1000- 
fo ld , th o u g h  i t  d id  n o t reach  th e  v iru lence  o f  th e  original, su scep tib le  stra in . 
T h e  difference m ay be ascribed  to  the  d iffe ren t grow th ra tes  of th e  tw o v a rian ts .

D iscussion

B acte ria l viru lence, £. e. th e  ab ility  o f  a  bacterium  to  induce  disease in the 
h o s t ,  is th e  re su ltan t o f a v a rie ty  o f ce llu lar ac tiv ities . E ven  a m in im u m  change in 
b a c te r ia l  m etabolism  m ay  cause a sh if t in  viru lence. The Vi a n tig e n  is known 
to  p la y  a role o f considerable im p o rtan ce  in  th e  virulence of S. ty p h i stra ins, 
a n d  fo r  long i t  was generally  considered as b e ing  th e  principle fa c to r  o f virulence. 
E a r l ie r  investiga tions b y  VÁczi and  M i h Á l y f i  [9], as well as d a ta  in  th e  lite 
r a tu r e  ind ica te  th a t ,  as com pared to  su scep tib le  stra ins, th e  chloram phenicol- 
r e s is ta n t  S. ty p h i s tra in s  con ta in  considerab ly  less Vi antigen . T h u s , a change has 
ta k e n  place in  the  surface an tigen . Is i t  accord ing ly  due to  th e  loss in  V i antigen 
t h a t  th e  considerable loss in  v irulence ta k e s  place or is i t  a change in  th e  m e ta 
b o lism  o f th e  re s is tan t b ac te riu m  w hich is responsible for i t?  O u r observations 
co n cern in g  the  g row th  of, an d  ra te  o f sy n th es is  in , b ac te ria  te n d  to  su p p o rt the 
l a t t e r  possib ility . These changes in  m e tab o lism  can be cha rac terized  as follows.

W hile  developing resistance  to  chloram phenico l, th e  m e tab o lism  of S. 
ty p h i  s tra in s  is slowed dow n and  th e ir  sy n th e tiz in g  ab ilities are  decreased.
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In  ad d itio n , th e ir  fe rm en ta tiv e  ac tiv ities also d im in ish . As a resu lt o f  th e  d im i
nu tio n  effecting  th e  above tw o princip le m etabo lic  processes, the re s is ta n t s tra in s  
will d iffer in  g row th  ra te  from  th e  susceptib le ones. G row th ra te  is one  o f  th e  
fac to rs o f b a c te ria l v iru lence. A general red u c tio n  in  g row th  ra te  m ay  th u s  re su lt 
in  a decrease o f v iru lence. U nlike De an d  Bhuttacharya, we have fo u n d  th a t  
each o f  ou r te s t  s tra in s  lo st considerable v iru lence  in  th e  course o f acq u irin g  
resistance to  chloram phenicol. T he fu n d am en ta l issue is w hether th is  loss of 
viru lence resu lts  from  a general slow ing-dow n of assim ilation  or w h e th e r  som e 
o th e r m echanism  is also involved.

Batson e t al. [11] rep o rted  th a t  on in jec tin g  th e  av iru len t m u ta n t  42A 58V  
in com bination  w ith  x an th in e , its  viru lence could be raised  to  a degree c o m p ar
able to  th a t  o f th e  v iru len t s tra in . In  our experim en ts, x an th in e  enhanced  a p p ro x i
m ate ly  1000-fold the  viru lence of th e  ch loram phenico l re s is tan t a v iru len t m u ta n t .  
This seem s to  ind ica te  th a t  a decrease o f general cellu lar m etabolism  ra te  a n d  th e  
slower ra te  o f m u ltip lica tio n  secondary  to  i t  a re  p rim arily  responsib le fo r th e  
loss o f v iru lence.

A n o th er p roo f sup p o rtin g  th is  view  is th a t  x an th in e  will resto re  th e  v iru 
lence o f  re s is ta n t s tra in s  only  in  a m easure com parab le  to  the q u a n tita tiv e  d iffe r
ence in  groAvth ra te  betw een  th e  susceptib le a n d  re s is tan t cells. As re la te d  to  
the v iru len t P a n a m a  s tra in , th e  po tency  ra tio  o f  s tra in  42A58Y is o f  th e  o rd er 
of 2,5 • 10~°. A t th e  sam e tim e, th e  p o ten cy  ra tio  o f the  s tra in  d e s ig n a ted  
42A 58R (w hich has a m uch slower m etabolism , a longer resting  p h ase  a n d  a f la t  
logarithm ic  phase) is 3,2 • 10~6 w ith o u t x an th in e . W hen given in  co m b in a tio n  
w ith x an th in e , th e  p o tency  ra tio  increases to  10-6 . This m eans th a t  th e  re s is t
a n t a v iru le n t s tra in  is n o t so v iru len t as th e  susceptib le av iru len t one g iven  in 
com bination  w ith  x an th in e , b u t the  increase (by  3 orders of m ag n itu d e) o f  the  
po tency  ra tio  po in ts a t  a com m on m ode o f ac tion .

Summary

1. Chloramphenicol-resistant S. typhi strains ferm ent the various carbohydrates in a 
similar way as, bu t a t a slower ra te  than , susceptible strains.

2. R esistant S. typhi strains do no t grow in bism uthsulfite agar.
3. The amino acid dem and of resistant S. typh i strains is not different from  th a t of 

susceptible strains.
4. R esistant S. typh i strains utilise organic and inorganic nitrogen at a slower ra te  than  

susceptible strains and in ra te  of grow th lag far behind the la tte r.
5. As compared to th a t of susceptible strains, the virulence of resistant strains is consider

ably reduced.
6. Like in the original strain , the loss of virulence of the resistant variant of the xan th ine- 

dependent m utan t 42A58V could also be counterbalanced w ith xanthine.
7. The above statem ents indicate th a t the high loss of virulence suffered by chloram phe

nicol-resistant S. typhi strains has to be ascribed first of all to a general decrease in th e  cellular 
metabolism rate.
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I. Innere K lin ik  und K lin ik  fü r  Lungenkrankheiten der Medizinischen Universität, Budapest 

(Eingegangen am 2. März 1956)

A us der D iskussion ü b e r PA S u n d  ih re  D eriva te  ging hervor, dass die m ik ro 
biologische U n tersuchung  d er W irkung  an titu b erk u lö se r M itte l je  nach  b e n u tz tem  
N äh rboden , S tam m  u n d  Grösse des Inoku lum s, Z e itp u n k t u n d  A rt d er A blesung  
sehr verschiedene R e su lta te  e rg ib t. E s kam en auch  100— 200fache D ifferenzen 
vo r [2, 13, 22, 23, 27, 37]. Die einzelnen M ittel zeig ten  A bw eichungen n ic h t n u r 
im  abso lu ten  W ert, sondern  auch  im  V erhältn is  zueinander.

D ie a u f diesem  G eb ie t herrschenden  U nstim m igke iten  tre te n  seh r deu tlich  
aus d er L ite ra tu rzu sam m en ste llu n g  von  Lembke u n d  K rüger-Thiemer [37] 
h e rv o r. D ie U n te rsuchung  d er von  den A utoren  e rw äh n ten  898 S u b stan zen  
w urde von  nahezu 200 F o rsch ern  a u f  etw a 25 N äh rb o d en v a rian ten  m it versch ie
denen S täm m en und  den  versch iedensten  E inm essungs-und  A blesjingsm ethoden 
vorgenom m en.

N achfolgend w ollen w ir unsere  bei der A usw ertung  der A n titu b e rk u lo tik a  
an g ew an d te  M ethode u n d  die d a m it zusam m enhängenden  B eobach tungen  
m itte ilen .

E in  wichtiger G esichtspunkt bei der Untersuchung der A ntituberkulotika ist die B enutzung 
eines entsprechenden N ährbodens. Im  Hinblick darauf, dass sich die Koch-Bakterien (K B ) sehr 
langsam vermehren, schien ein N ährboden am geeignetsten, der auch bei Anwendung kleiner 
Inokula rasches W achstum  gewährleistet. Dieser Anforderung entspricht in erster Linie der 
DuBOSsche Nährboden, der jedoch den N achteil aufweist, dass die detergente Substanz „Tween 
80”  die W irkung einzelner A ntituberkulotika hem m t und die anderer steigert [3, 20, 29, 49, 62]. 
E in ähnlicher Einwand wurde auch schon im  Zusammenhang m it S treptom ycin-R esistenzunter
suchungen geäussert(FlscHER[19]; W i l l i s t o n  und Y o u m a n s  [60]). Wie auch aus der zusam m en
fassenden A rbeit von L e m b k e  und K r ü g e r — T h i e m e r  [37] hervorgeht, bevorzugen daher zahl
reiche A utoren die Anwendung von flüssigen N ährböden (Typus Kirchner) ( S o l t y s  [48], W e l s c h  
[59]), Y o u m a n s  und M itarbeiter füh rten  die U ntersuchung von 3500 Substanzen ebenfalls au f dem 
modifizierten B e c k —PROSKAUERschen synthetischen und durch Serum ergänzten N ährboden 
durch.

Bezüglich der synthetischen N ährböden müssen wir uns dem Einwand von I v á n o v i c s  [26] 
anschliessen, wonach die W irkung der untersuchten Substanzen auf die O berflächenspannung des 
N ährbodens die Oberflächenkulturen —  unabhängig von ihrer bakteriostatischen W irkung — 
hochgradig zu beeinflussen verm ag. D er Gebrauch synthetischer N ährböden ist zweifellos auch 
um ständlich und ausser der M aterialverschwendung sind auch die R esultate weniger zuverlässig. 
Auch is t die Relation der serum haltigen N ährböden zu den in  vivo-Verhältnissen günstiger als die 
der synthetischen [37].

A u f G rund dieser Ü berlegungen  nahm en  w ir unsere  U n tersu ch u n g en  au t 
dem  m odifiz ierten  SuLAschen [48a] N ährboden  vor. D ie M odifikation  b e s ta n d
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d a r in ,  dass wir die 10 V o l% ige  A szitesflüssigkeit du rch  lyoph ilisiertes R inder
p la sm a  substitu ie rten  [12, 6, 16, 34], welches d e r N ährboden  in  4 % ig er Menge 
e n th ie l t .  Die g rav im etrisch  zugem essene P ro te inque lle  von  k o n s ta n te r  Z usam 
m en se tzu n g  erm öglichte k o n s ta n te  V ersuchsbedingungen . A usserdem  verm in 
d e r te n  w ir den M alach itg rü n g eh a lt des N ährbodens, indem  w ir je  L ite r  1 m l 
0 ,l% ig e  wässrige L ösung  b en u tz ten . M alach itg rün  verzögert näm lich  das 
A n g eh en  der K u ltu ren , w o ra u f  auch Vietinghoff-Scheel [58] hingew iesen 
h a t .  D ie zur B ereitung  des N ährbodens verw en d eten  Chem ikalien w aren  a n a ly 
tis c h e r  Q ualitä t. Die ev en tu e llen  V erunrein ingungen  der Chem ikalien sowie die

Abh. I. Das mikroskopische Bild der zur Infektion angew andte KB-Suspension

H em m ungsw irkung  d er u n te rsu c h te n  S ubstanzen  können  sich sum m ieren  und 
A n lass  zu Irrtü m m ern  geben  [43].

F ü r  die V ersuche b e n u tz te n  wir d icke, randlose, 1 6 x 1 6 0  m m  grosse 
R eagensgläser. Die neuen  E p ro u v e tte n  w urden  3— 4 T age in  W asse r oder 2%  
S a lzsäu re  en thaltendes W asse r gelegt, d an n  ausgekoch t und  e rs t h ie rnach  in 
G eb rau ch  genom m en. D ie R öhrchen  w urden  m it P a p ie rw a tte  zugestöpselt und 
in  T rocken lu ft bei 160° C 2 S tu n d en  lang e n tk e im t. W ir stim m en  m it T ison [55] 
d a r in  überein , dass die A nw endung  von P a p ie rw a tte  [10a] keinen  N achteil 
b e d e u te t.

Zum  genauen A bfü llen  des N ährbodens k o n stru ie rten  w ir einen A p p a ra t [34].

Dieser sterile A bfü llapparat bildet ein geschlossenes System. Das W esentliche der Vor
rich tu n g  besteht darin, dass der N ährboden aus dem aufgehängten Kugelkolben in den rechten 
Schenkel eines U-förmigen R ohres und dann durch den in  der M itte befindlichen V-förmigen 
H ah n  in den als B ürette gesta lte ten  kalibrierten linken Schenkel fliesst. Beim Umdrehen des 
V -förm igen Hahns fliesst der N ährboden aus der B ürette  in das Ausflussrohr u n te r der Glocke 
bzw. in die dorthin gestellten E prouvetten . W enn die allgemeinen Vorschriften fü r den Abfüll
rau m  eingehalten wurden, en th ielten  unsere Nährböden keine Verunreinigungen. Die Sicherheit 
der A rbeit lässt sich noch durch  Anwendung eines Quarzlam pe erhöhen.
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Die Suspensionen zu r In fek tio n  b e re ite ten  w ir im  allgem einen au s O b er
fläch en k u ltu ren , w obei w ir n u r die ch a rak te ris tisch e  R -V arian te  in  A n sp ru ch  
nahm en . B ei der H erste llu n g  d er Suspensionen w urden  die K B -K n äu el einige 
Male a u f  sterilem  F ilte rp ap ie r gew endet, a u f  d e r analy tischen  W aage gew ogen 
und  m it neuen  u n v e rle tz ten  G laskügelchen zerstossen . Die so h e rg este llte  S u s
pension w ar v e rh ä ltn ism ässig  hom ogen u n d  le ich t opaleszierend.

Die Suspension w urde auch m ikroskopisch nachgeprü ft. Zu diesem  Zw eck 
k leb ten  w ir m it E iw eiss einen 1 cm 2 F läche um schliessenden G laszy linder m it 
geschliffenem  E nde a u f  den O b jek tträg e r, d er m ehrm als durch  die F lam m e 
gezogen w urde. N ach d er F ix ierung  h a fte te  d er G laszylinder sehr fest am  O b je k t
träger. H iern ach  s trich en  w ir au f den O b je k tträ g e r innerhalb  des G laskreises eine 
dünne E iw eissschicht ; d an n  gaben w ir einen k o n s ta n t grossen T ro p fen  der 
К В -Suspension h inzu  u n d  Hessen das P rä p a ra t  an  d er L uft trocknen . N a c h  E n t 
fernung d er G laszylinderscheibe w urde die fix ie rte  Suspension nach  Ziehl— 
Neelsen —  ohne G egenfärbung —  g efä rb t. D as m ikroskopische Bild k a n n  neben  
einzelnen B ak terien  au ch  einige locker zusam m enhängende B ak terienkong lo - 
m era te  aufw eisen (A bb. 1).

D ie B eim pfung des N ährbodens erfolgte m it e iner Spritze, an der eine lange 
dünne N adel befestig t is t. Die T ropfengrösse d er N adel w urde m it d e s t. W asser 
au f d er T orsionsw aage k o n tro llie rt. W ir w äh lten  N adeln , bei deren A nw endung  
1 m l 30— 33 Tropfen en tsp rach . D as G ew icht d e r T ropfen  stim m te  bei g leicher 
S p ritzen h a ltu n g  und  gleichem  V erfahren  im  allgem einen an n äh ern d  ü bere in . 
Die Suspension w urde d e ra r t  v e rd ü n n t, dass die zu inokulierende M enge a u f  
5 ml N äh rb o d en  g erechnet 0,1 m g H alb tro ck en g ew ich t KB en tsp reche  und  in 
3 T ropfen e n th a lten  sei.

D ie Grösse des Inoku lum s und die In k u b a tio n sd au e r stehen  in n e rh a lb  
gewisser G renzen in  K o rre la tion  zu e in an d er [24, 46, 52].

D ie bei der A blesung der E rgebnisse b eo b ach te te  W a c h s tu m in te n s itä t w ird  
im  allgem einen m it K reuzen  bezeichnet, und  zw ar das beginnende W ach stu m  
m it einem  K reuz (-|-), d as  m itte lm ässige m it zwei (—|—|—). starkes W ach stu m  
m it d re i und  v ier K reuzen . Die m eisten  A u to ren  überlassen  jedoch die D e u tu n g  
der A bw eichungen zw ischen den  einzelnen A bstu fungen  dem  Leser. Ü b er die 
Z usam m enhänge zw ischen der Grösse des Inoku lum s sowie D auer und  A usm ass 
des W achstum s o rien tieren  nachfolgende schem atische Zeichnung u n d  P h o to 
graphie (A bb. 2). D ie A bbildung  w urde a u f G rund  von 4 P a ra lle lversuchen  
zusam m engestellt.

D ie zu  versch iedenen  Z e itp u n k ten  b eo b ach te te  W ach stu m sin ten s itä t lässt 
sich von  d e r A bbildung  ablesen. Bei unseren  V ersuchen rechneten  w ir die 
i - W e r t e  zu r H em m ung. M it R ücksich t d arau f, dass die einzelnen S u b stan zen  
w ährend  d er langen In k u b a tio n sd au e r an  W irkungsw ert verlieren kö n n en , a n d e r
seits bei IN H  und  seinen D erivaten  die In k u b a tio n sze it die H em m ungsw erte  
s ta rk  beein flusst [14, 15, 33], nahm en  w ir bei unseren  V ersuchen bei einem
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In o k u lu m  von 0,1 m g d ie  Ablesung paralle l n a c h  2 und  3 W ochen vo r. Die 
E rgebn isse  der 14tägigen A blesung waren seh r g u t  bew ertbar. Die A blesung  n ach  
2 u n d  3 W ochen e rgab  im  allgem einen keine abw eichenden  R esu lta te  ; wo die 
A bw eichung auffallend w ar, w ird in der T ab e lle  gesondert d a ra u f  verw iesen. 
D u rc h  die dreiwöchige A blesung  lässt sich v e rm eid en , dass ein even tueller sp ä te r

Abb. 2. Zusammenhang zwischen der Grösse des Inoculum s und dem W achstum der Kocli-
Bazillen. b) Das +  +  +  +  W achstum

W ach stum sbeg inn  —  den  w ir z. B. bei A ureom ycin  beobach te ten  —  als H em 
m u n g  angesehen w ird .

Die zu tes tie ren d e  S u b stan z  wurde in  A lkoho l gelöst sterilisiert. D ie w eite
re n  V erdünnungen  n a h m e n  w ir aus der a lkoho lischen  S tam m lösung m it s terilem  
d e s t. W asser vor. D ieses a u f  Em pfehlung v o n  I vánovics [28] d u rch g efü h rte  
V erfah ren  h a t  sich bei unseren  V ersuchen b e w ä h r t u n d  die A rbeit v e re in fach t. 
D ie in  A lkohol un löslichen  Substanzen  w u rd en  in  Х/2Э n  natron lauge- oder salz
säu reh a ltig em  A lkohol ge löst. Gelegentlich w u rd e  fü r  die unlöslichen S u b stan zen
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G lyzerin b en u tz t. G ranegillin  [10] w urde uns v o n  der H erste llerin  b e re its  in 
gelöstem  Z ustand  zu r V erfügung gestellt. D as U n te rsu ch u n g sm ate ria l w urde 
e tw a 60— 72 S tu n d en  n ach  d er In fek tio n  dem  N äh rb o d en  zugem essen.

Besprechung

D ie u n te rsu ch ten  S ubstanzen  lassen sich in  m ehrere G ruppen  ein re ihen  : 
A n tib io tik a , Isin iko tin säu rehydraz id - sowie Z yanessigsäurehydrazid -D erivate , 
andere  H ydrazine , PA S, O xychinolin, B iguan id in - u n d  T riaz in -D eriv a te , Thio- 
k a rb am id  und andere V erb indungen .

U n te r  den A n tib io tik a  (Tabelle I) v e rd ien t A ureom ycin  B each tu n g , das 
sich a u f  dem  DuBOSschen N ährboden  in  e iner M enge von 5 bis 10 gam m a/m l 
als w irkungshem m end  erw ies. A uf dem  SuLASchen M edium  hem m te es in  den er
s ten  10 V ersuchstagen  bis zu 5 gam m a die К В -V erm ehrung au sg ep räg t, h iernach  
h ö rte  seine tu b erk u lo sta tisch e  W irkung plö tzlich  auf, und  selbst bei 50 gam m a/m l 
sahen  w ir noch W ach stu m . Bei W iederholung d er V ersuchsserie s te llte n  wir 
e rn eu t den  verzögerten  B eginn der V erm ehrung fest. Auch nach  Steenken  und 
Wolinsky [47] h ä n g t die H em m ungsw irkung des A ureom ycins vom  b en u tz ten  
N äh rb o d en  und  von d er In k u b a tio n sd au er ab . Im  T ierversuch  und  bei d e r khni- 
schen A nw endung h a t  es sich jedoch als w irkungslos erw iesen [39, 47, 50].

D ie hem m ende W irk u n g  von C hloram phenicol is t b ek an n t. In  d e r L ite ra tu r  
w ird  als tu b e rk u lo s ta tisch e r T ite r  6,25— 25 gam m a/m l angegeben [1, 30]. Nach 
unseren  U ntersuchungsergebnissen  hem m te razem isches C hloram phenicol in  der 
K o n zen tra tio n  10 gam m a/m l das W achstum  des S tam m es H 37R V . Im  T ierversuch  
w ar es su b k u tan  gegeben w irkungslos; in 0 ,5% iger Menge zum  F u t te r  gem ischt 
he ilte  es b is zu einem  gewissen G rade die experim en telle  T uberkulose d e r  M äuse. 
D as gleiche b eo b ach te ten  auch Youmans u n d  M ita rb e ite r [63].

Z u r ausgedehn ten  U ntersuchung  d er Iso n ik o tin säu reh y d raz id -D eriv a te  
(T abelle I I I )  v e ran lasste  uns d er U m stand , dass einzelne D erivate  an n ä h e rn d  die 
gleiche tu b erk u lo sta tisch e  W irkung wie IN H  besitzen , w ährend  sich jed o ch  ihre 
a k u te  T o x iz itä t w esentlich  günstiger g e s ta lte t [6]. A u f diese T a tsach e  w urde 
auch  von  Stschukina [44] und  Domagk sowie von den ungarischen  A utoren  
Toldy u n d  M ita rb e ite r [54] hingewiesen. E in ige H ydrazo n -D eriv a te  gelangten  
auch  in  H andel : F tiv a s id  (Sow jetunion), M ycobactil (F rankre ich). Im  Laufe 
un serer U n tersuchungen  fanden  wir m ehrere w irksam e D erivate  :

1552. l-Iso n iko tiny l-2 (ae thy l)-ae thy liden -hydraz in .
1453. l-Ison iko tiny l-2 (an isy liden)-hydrazin .
1454. l-Ison iko tiny l-2 (a-aethy l-oxybenzy liden )-hydrazin .
1534. l-Ison iko tiny l-2 (a -carb o x y m eth y l-cy k lo p en tan y lid en )-h y d raz in .
1457. l-Ison iko tiny l-2 -cyk lohexany liden-hydrazin .
1456. l-Ison iko tiny l-2 -fu rfu ry liden -hydrazin .
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Tierversuche w erden  e rs t  klären m üssen, ob sich diese in  v itro -R e su lta te  
in  d e r  H um antherap ie  v e rw erten  lassen. Z ur U n tersuchung  d er H ydrazon- 
D e r iv a te  h a tten  uns a b e r  au ch  andere G esich tsp u n k te  v e ran lasst. B ei IN H - 
A u ssch e idungsun te rsuchungen  w ar näm lich fe s tg es te llt w orden, dass die tu b er- 
k u lo s ta tisc lie  W irkung des H a rn s  lediglich 7— 15%  der per os eingenom m enen 
IN H -M enge  en tsp rich t.

V on der B eo b ach tu n g  W ollenbergs [61] ausgehend , w onach bei Z ucker
k ra n k e n  IN H  im H arn  a n  Z ucker gebunden e rsch e in t —  w odurch seine H em 
m u n g sfäh ig k e it w esentlich  h erabgesetzt w ird — , su ch ten  w ir der a u f  biologi
sch em  W ege vor sich g eh en d en  unerw ünschten  H ydrazonb ildung  du rch  e n t
sp rech en d e  B indung des H y d raz in -R ad ik a ls  vorzugreifen .

Zyanessigsäure u n d  ih re  D erivate  w aren schw ach w irksam . Die bei den in 
v itro -V ersuchen  gew onnenen  H em m ungsw erte w aren  n iedriger als d er in  d er 
T h e ra p ie  beobachtete m itt le re  Zyanessigsäure-B lutspiegel (Tabelle IV ). A usser
d e m  is t  Z yanessigsäurehydrazid  au f IN H -resis ten te  S täm m e —  wie w ir bere its  
m it te i l te n  — ohne W irk u n g  [7]. Unsere L ab o ra to riu m su n te rsu ch u n g en  b ie ten  
d a h e r  keine E rk lärung  f ü r  d ie  günstigen k lin ischen  R esu lta te  [22a, 35, 40, 42, 
4 5 ]. A u f G rund von in  v i tro -  u n d  in v ivo-V ersuchen gelangten  Szabó u n d  M it
a rb e i te r  zu den gleichen F es ts te llu n g en  wie w ir [52].

M it der tu b e rk u lo s ta tisc h e n  W irkung d e r P A S -D erivate  h ab en  w ir uns 
b e re i ts  in  m ehreren M itte ilu n g en  befasst [8, 11, 13, 14, 15, 32, 38] (Tabelle I I ) . 
D iese  w irk ten  —  was au c h  Staub [51] h e rv o rh eb t —  fa s t ausnahm slos w eniger 
g ü n s tig  als die M u tte rv e rb in d u n g  [13, 23, 25, 53]. L a u t F reiere [21] w irk te  der 
S a lo l entsprechende P A S -P h en y leste r [8] in  v itro  u n d  in  vivo besser als PAS 
se lb s t. W ir sahen bei A n w en d u n g  von P A S -P ropy lester im  T ierversuch  günstigere  
H e ilu n g sresu lta te  als v o n  P A S  [11]. P A S -H ydrazid  erwies sich in  v itro  als w irk 
sam  [14, 31, 32], w irk te  a b e r  im  Tierversuch n ic h t besser als PAS [38].

E rlenmeyer u n d  M ita rb e ite r [17] h a t te n  nachgew iesen, dass 8-Oxy- 
u n d  8-Am inochinolin in  v i t ro  über b e träch tliche  tu b erk u lo sta tisch e  W irkung  
v e rfü g e n . Born und M ita rb e ite rn  [4, 5] kom m t d as  V erd ienst zu, die tu b e rk u 
lo s ta tisc h e  W irkung der 8 -O xychinolin-D erivate  e ingehend  u n te rsu ch t zu h ab en . 
Im  A nschluss an ihre A rb e ite n  fanden  einige A u to ren  die 8-O xychinolin-D erivate 
a u c h  in  vivo w irksam  [56].

B ei unseren in  v itro -U n te rsu ch u n g en  ze ig ten  das von Born em pfohlene 
D ib ro m  sowie 5-M ethyl-8-oxychinolin  ta tsäch lich  eine auffallende, dem  S tre p to 
m y c in  gleichwertige oder d iese  noch übertreffende tub erk u lo sta tisch e  W irkung .

D ie infolgedessen in  G an g  gesetzten T ierversuche b rach ten  jedoch  —  wie 
d ies be i tu b e rk u lo sta tisch en  Substanzen so h ä u fig  vo rk o m m t —  eine E n t tä u 
sc h u n g . Auch NógrÁdy u n d  M itarbeiter [41] fan d en  8-O xychinolin in  vivo 
u n w irk sam . In  w eiteren  V ersuchen  w aren w ir d a h e r b e s treb t, 8-O xychinolin  
n a c h  en tsprechender L ö su n g  als grobes D esinfiziens u n d  S pü lungsm itte l zu 
e rp ro b e n .
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Von den u n te rsu ch ten  B iguanid- und T h io k arb am id -D eriv a ten  w aren  n u r 
p -C blo rphenyl-b iguanid  bzw . T h iokarbam id  ein igerm assen w irksam  (Tabelle V). 
V on den  anderen V erb indungen  zeigte ausschliesslich V uzinbihydrochloricum  
(1544) H em m ungsw irkung.

Zusammenfassung

Die antituberkulostatische W irkung der grösstenteils von uns selbst synthetisierter Ver
bindungen wurde in Reagensglasversuchen erm ittelt. In  diesem Zusammenhang erfolgt die 
eingehende Mitteilung der angew andten Versuchsmethoden. E s wird betont, dass bei der U nter
suchung von A ntituberkulotika auf flüssigen N ährböden zuverlässige und reproduzierbare 
Ergebnisse nur bei Verwendung entsprechend zusam mengesetzter Medien, Chemikalien von pro 
anal.-Q ualität und K onstanz der Proteinquelle gewonnen werden können. F ü r die Versuche 
wurde ein virulent erhaltener H 17RV-Stamm benutzt, der aus einer H tägigen Oberflächenkultur 
gewonnen wurde. Die Infektion des Nährbodens erfolgte u n te r Verwendung einer Spritze m it 
kalibrierter Tropfenzahl aus einer verhältnismässig homogenen Suspension. Die Nährböden 
wurden je  5 ml m it 0,1 mg Koch-Bakterien (H albtrockengewicht) infiziert und die Ergebnisse 
am 14. Tage abgelesen. Die Entkeim ung des U ntersuchungsm aterials erfolgte in Alkohol ; die 
alkoholische Stammlösung w urde m it dest.W asscr weiter verdünnt. Die Untersuchungsergebnisse 
sind in Tabellen zusammengefasst.
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Tabelle I

N r. N am e F orm el
M ol

g ew ich t
S ch m elz 

p u n k t

B ak te rien
T ite rw erk e

n ach
2 W ochen

у
/m

l n
ac

h 
3 

W
oc

he
n

а

'И
£

1577 Streptom ycin 582.59 l l
1578 Chloramphenicol (Racem) C u H rA N .C l, 323.14 225— 30° 10 10
1579 Aureomycin c22h 23o 9n 2ci 494.88 210° 50

n ic h t  g eh em m t

1581 Granegillin C12H so0 2N , 224.30

ОО7оfH 70 70

Tabelle П

N r. N am e F o rm el
M ol

gew ich t S ch m elzp u n k t

ß a k te r ie n -
T ite rw e rte

n ach
2 W ochen

у/m l n a c h  
3 W ochen

1570 PAS

COOH
1

y \  OH
' II
V

1
N H .

169,13 220°(b) 0 ,2 —0 , 5 0 ,2 — 0 , 8

1403 PAS-propylester

COOC3 H,

C ) - 0H
1
N H j

211,21 103— 104° 0 , 5 0 , 5

IAO 2 PAS-hydrazid

c o n h n h 2

A - ° h

4/
1
n h 2

167,17 200—202° 0 , 2 0 , 5

1487 PAS-semicarbazid

c o n h n h c o n h 2

0 “ 0 HV
1

n h 2

210,19 218—20° 5 5

1580
Thiomicid (p-ace- 

tylaminohenz- 
aldehyd-thiose- 
m icarbazon)

c h = n n h c s n h 2
1

/ \0
1
N H —OC—CH3

236,29 224— 26° 5 5

2  Acta Microbiologica IV/2.



Tabelle III è

N r. N a m e  * Form el
Mol-

gew ich t
Schm elz-

p u a k t
B ak terien - 
T ite r  w erte  

n ach  2 W ochen

y /m  1 n ach  
3 W ochen

T o x ic itä t fü r  M auee 
in  L D ,0 E in h e iten  p ro  kg 
K ö rp erg ew ich t in tra p e r i

to n ea le  V erab re ich u n g

1410 Nikotinsäurehydrazid
-C O N H N H .C il

4 N /

137,13 158—59° 50

1411 Isonicotins äurebydrazid

CON HN H,

Ó
137,13 169— 70° 0,05

1
0,05—0,1

1460 l-Isonicotinyl-2-isopropyliden-
hydrazin

/С Н ,
CON HN =C<

Л  CB*

V
177,20 156— 57° 0,05 0,05

>  720 mg 
Ablesung nach 48 

St.

1459 l-Isonicotinyl-2-isopropyl-
hydrazin

/ С Н ,
CON HN H —CH 
i \ r i j

0
179,22 112— 13° 0,5 0,5

1552 l-Isonicotinyl-2-(äthyl)-äthyli-
denhydrazin

/С Н »  

CO N H N =C  
1 \ C иA

0
191,23 78— 80° 0,075 0,1

E
ID

U
S

, О
. C

L
A

U
D

 E
R

 und K
. V

Â
G

I-K
O

L
B

A
N



1466 l-Isonicotinyl-2-(amyl)-äthyli-
den-hydrazin

CH. /  *
C O N H N =C
1 \ r  H

Л 233,31 81—84° 0,1 0,2

1446 l-Isonicotinyl-2-benzyliden-
hydrazin

C O N H N = C H -< ^  y

J \
0

207,26 196—200° 0,5 0,5
350 mg
Ablesung nach 48 

St.

1448 l-Isonicotinyl-2-(p-oxybenzyli-
den)-hydrazin

C O N H N = C H - < ^ ^ > - O H

Ô
241,24 294— 95° 5 5

750 mg
Ablesung nach 48 

St.

1463 l-Ieonieotinyl-2-anisylidcn-
hydrazin

C O N H N = C H - < ^ ~ ^ -O C H j

Л
X N/

255,27 138—40° 0,05 0,1

1462 l-Isonicotinyl-2- salicylal- 
hydrazin

C O N H N = C H У

Л /н
4 N /

241,24 241—43° 0,2 0,2—0,5
425 mg
Ablesung nach 48 

St.

E
R

G
E
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N

IS
S

E
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N

D
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E
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N r. N am e F orm el
M ol

gew icht
Schm elz

p u n k t
B ak terien - 

T ite rw e rte  
n ach  2 W ochen

y/m l n a c h  
3 W ochen

T o x ic itä t fü r  M äuse 
in  L D Ba E in h e iten  p ro  kg  
K ö rp erg ew ich t, in tra p e r i

to n ea le  V erab re ich u n g

1452 l-Isonicotinyl-2-(3'-methoxy-4'-
oxybenzyliden)-hydrazin

C 0 N H N = C H -< ^  ^ - O H

A  ~ <, A \  0C H 3
1 li
% /

271,27 220—22° 0,1 0,2
240 mg
Ablesung nach 48 

St.

1447 l-Isonicotinyl-2-(3', 4'-methoxy- 
benzyliden)-hydrazin

C 0 N H N = C H — 0 C H3

1 = <
0C H 3

1 II
4 N /

285,94 190—91° 0,5 0,5

1458 l-Isonicotinyl-2-(p-acetamino-
benzyliden)-hydrazin

C O N H N  =  C H — ^  ^ > - N H C 0 C H ,

Л
V

282,94 283—85° 2 2

1444 l-l9onicotinyl-2-dimethylamino-
benzyliden-hydrazin

CH3

C 0 N H N = C H -^  \ - N ^
1 N -= /  \  

/ Ч  СНз

0

268,31 204— 206° 0,5 0,5

1443 l-Isonicotinyl-2(a-methyl-
benzyliden)-hydrazin

CONHN = C - ^  ^

A  ^ " 
V

239,26 171—73° 0,5 0,5
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1449 1 -Isonicotinyl-2-( a-m ethyl-p- 
oxybenzyliden)-hydrazin

CONHN =  C— /  4 — OH 
1 1

У \  CH3

0

255,29 280—82° 0 , 2 0 , 2

1455 l-Isonicotinyl-2-(a-aminoiu ithyl- 
benzyliden)-hydrazin

C O N H N =C — ^

J \  Ц  '

V '  " H ,

254,28 151—54° 5 5

1454 l-Isonicotinyl-2-(a-äthyl-oxy-
benzyliden)-hydrazin

C O N H N =C — У  OH
1 1 W  

y \  C2H 5

í  I IV
269,29 242—44° 0,05 0,05—0,1

Über 1500 mg 
Ablesung nach 48 

St.
(Eine Suspension 

injiziert)

1445 l-Isonicotinyl-2-(a-äthyl-
anisyliden)-hydrazin

C O N H N = C — OCH3

1 1 \ = /  
y \  c 2 H 3

f IIV
283,23 183—85° 0,5 1

1470 l-Isonicotinyl-2-benzoyI-
hydrazin

CONHNHCO— ^  \

ЛV
241,24 226—28° 2 0 2 0
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N r. N am e F orm el
M ol

gew icht
Schm elz

p u n k t

B ak terien - 
T ite rw e rte  

n ach  2 
W ochen

у /m l nach  
3 W ochen

T o x ic itä t für M äuse in  
L D t0 E in h e ite n  p ro  kg  
K ö rp e rg ew ich t, i n t r a 

peritonea le  V erabre ichung

1450 l-Isonicotinyl-2-(p-oxybenzoyl-
methylidsn)-hydrazin

CONHN=CHCO— /  * V O HЛ 268,24 264—65° 0,2 0,2
720 mg
Ablesung nach 48 

St.

1468 l-Isonicotinyl-2-(benzoyl-äthyli-
(len)-hydrazin

CO N H N =C —CO— ^

J\ ™ ,0 267,28 188—90° 0,2 0,2

1464 l-Isonicotinyl-2-(a-phenyl-
benzyliden)-hydrazin

C .H ,
CONHN=C'

J\ Ч н -Q
301,33 124—25° 0,2 0,5

1463 l-Isonicotinyl-2-zinnamyliden-
hydrazin

COjNHN=CHCH=>CH— ' f  y

J\
f  11

251,28 199—200° 0,2 0,2
140 mg
Ablesung nach 48 

St.

1511 1 -Isonicotin yl-2-cyclopen tanyli- 
den-hydrazin

C O N H N ^ -/- 1

Ó 203,24 201—203° 0,5 0,5
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N r. N am e F orm el
M ol

gew icht
S chm elz

p u n k t

B ak terien -
T ite rw erte

n ach
2 W ochen

y/m l n ach  
3 W ochen

T o x ic itä t f ü r  M äuse in  
L D 60 E in h e ite n  p ro  kg  

K ö rp e rg ew ic h t, 
In tra p erito n e a le  
V  e r  ab re ichung

1549
l-Isonicotinyl-2- [4", 4"-dioxy- 

fuchson-tricarbonsâure(3', 3", 
3"')]-hydrazin

V - C O O H

—  / \  / - 0H
c o n h n = < ; z z f1 V°h

CO O H  \ = / - C O O H

V

445,38 218—20° 0,2 l

1483 Usonicotinyl-2-phthaloyl-hyd-
razin

0

CONHNH—C—/NГ H O O C - 1 J I

0
267,24 224—26° 0,2 0,2

1465 l-Isonicotinyl-2-isatmal-
hydrazin

CONHN=i-------/ \

i

( f  il NH4N/
266,25 287—89° 50 50

1469 l-Isonicotinyl-2-pyridoxal-hyd-
razin

/ C H 3

C O N H N = C H -< f N

1 r '
f \  CH2OH

V

270,28 242—44° 5 5

È
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Tabelle í v

N r.

I
N am e F orm el Mol-

gew acht
Schm elz

p u n k t
B a k te rie n - 
T ite rw e r te  

n a c h  2 W o ch en

у/m l nach  
3 W ochen

T o x ic i tä t .  L D 50 p ro  kg 
M aua. In tr a p e r i to n e a le  

V e ra b re ic h u g

1488
I

Cyanessigsäure-hydrazid
c h 2c o n h n h 2

Í n
99,09 114° 20 20

1495 l-Cyanacetyl-2-isopropyliden-
hydrazin

/ С Н 3
CH.CONHN =  Cr
1 X CH CN СНз

139,16 147—49° 50 50

1506 l-Cyanacetyl-2- [(a-äthylacetyl)- 
äthyliden ]-hydrazin

CH2C O N H N =C —CH2COOC„H6 

CN CH„
211,22 93— 95° 50 nicht 

gehemm t

1490 l-Cyanacetyl-2(p-oxybenzyli-
den)-hydrazin

CN2C O N H N = C H - /  o h  

CN
203,20 212— 13° 30 50

> 7 5 0  mg 
Ablesung nach 72 

St.

1497 l-Cyanacetyl-2-(3'-m ethoxy-4'-
oxybenzyliden)-hydrazin

CH2CONHN= C H - < f ^ V - O H

CN i c H 3
233,22 200—201° 50 nicht 

gehemm t

1499 l-Cyanacetyl-2-(a-äthyl-
anisyliden)-hydrazin

CH2C O N H N = C — — OCH3 

CN C2H6
245,27 161—63° 50 nicht 

gehemm t

1553 l-Cyanacetyl-2-(a-äthyl-p- 
oxy benzy lid en)-hydrazin

CHaC O N H N =C —^  ^ — OH 

CN d 2H ,
231,25 184— 85° 100 100

1496 l-Cyanacetyl-2-(a-pbenyl-
benzyliden)-hydrazin

/ C 6H 6
c h 2c o n h n = c^

CN C»Hs
263,29 104— 106° 10 20

1498 1 -Cyanacetyl-2-zinnamyliden- 
hydrazin

C H ,C O N H N  =  C H - C H = C H - / ^ 4>
1 \ __/
CN

231,23 174—75° 10 30
210 mg
Ablesung nach 72 

St.

1507 l-Cyanacctyl-2-cyclopentanyli-
den-hydrazin

C H 2C O N H N = /

CN
165,19 156—58" 20 50

550 mg
Ablesung nach 72 

St.

1491 l-Cyanacetyl-2-cyclohexanyJi-
den-hydrazin

C H 2C O N H N = / \  

CN
179,22 123— 24° 50 50

680 mg
Ablesung nach 72 

St.

1492 l-Cyanacetyl-2-furfuryliden-
hydrazin

CH2CO N H N =C H —II 1 
1 X0  
CN

177,16 204—205° 50 50
680 mg
Ablesung nach 72 

St.

1510 a-Cyanpropionsäurehydrazid
C H .—CHCONHNHj

113,12 175° 50

1494 l-(a-Cyanpropionyl)-2-iso-
propyliden-hydrazin

/С Н ,
CH3—CHCONHN =  C ^

lN X CH3
153,18 234— 36° 50 nicht 

gehemmt

1508
l-(a-Cyanpropionyl)-2-(3'-

methyoxy-4'-oxybenzyliden)-
hydrazin

C H ,-C H C O N H N  =  C H -  . ^ ^ - O H

CN 1
O C H .

247,25 262—63° 50 nicht 
gehemmt

1509 l-(a-Cyanpropionyl)-2-(a-
äthyl-anisylidcn)-hydrnzin

C H . - C H C O N H N - C - ^  V - O C H ,
1 1 \ = /
CN  C .H .

259,30 199—201° 50 nicht 
gehemmt

1493 l-(a-Cyanpropionyl)-2-furfuryIi-
den-hydrazin

H .C  — C H C O N H N  = C H —li 1
1 \ 0 /  

CN

191,19 212— 13° 50 nicht 
gehemmt

1512 ß-Cyanpropionsäurehydrazid
CH,CH2CO N H N II2
1
CN

113,12 163—65° 50 nicht 
gehemmt



.

I



Tabelle V

N r. N am e F o rm el
M ol

gew icht
S chm elz

p u n k t
B ak te rien - 

T i te rw e r te  
n a c h  2 W ochen

у/m l n ach  
3 W o ch en

1571 6-Oxychinolin 4 0 145,15 193° l l

1572 8-Oxy cliinolin cp 145,15 76° l l

1573 5-Methyl-8-oxy chinolin

CH 3

f r 4 'T„v/ 159,18 122—24° 0,5 0,5

1574 5,7-Dibrom-8-oxy chinolin

Br

A / \
302,97 196° 0,8 0,8

1478 Phenylbiguanid H Q 0'4 /  NH NH 
1 11 II 

N H —C - N H —C—N H , • H Q

231,67 258—60° 50 50

1415 p-Chlorphenylbiguanid. HCOOH

CI

Л
4 /  NH NH

[ Il II
N H - C - N H - C - N H , HCOOH

257,68 245—47° 20 20

1477

1476

p-Sulfophenylbiguanid

SO,H

Л
\ /  NH NH

1 II II 
NH—C— NH—C—N H ,

257,27 294—95° 50, nicht 
gehemmt

p-Toluylbiguanid. HCl

CH,

Л
4 /  NH NH 

1 II II 
NH—C—NH—C— N H , • H Q

227,70 130—32° 50, nicht 
gehemmt

1541 1,1-Dimethylbiguanid. HCl

NH NH
H 3c  II II

y N —C—NH—C—N H , • HCl
H,C

165.63 218—20° 100, nicht 
gehemmt

1542 Isopropy lbiguanid. H Q

N H  N H
Н.Сч » ,

\ C N - N H - C - N H - C - N H ,  H Q

H ,C '
179,66 197—98 100, nicht 

gehemmt

1479 2-Amino-4-p-bromanilino-l,3,5- 
triazin. HCl

N H — /  4 — Br

Л "

L J —  NH.HCl

302,57 • 242—43° 50, nicht 
gehemmt

1416 2-Araino-4-p-sulfanilino-l,3,5- 
triazin. HCOOH

N H — f r f r — S 0 3H

L J—NH,-H COO H  
N x

267,27 257—58° 20 20

1480 2-Amino-4-p-tolnidino-l,3,5-
triazin

N H — \ ~ * У — CH3

À " 201,23 224—26° 50, nicht 
gehemmt



1547 Phenyl thioharnstoff
9 N H —CS—NHa

152,22 153— 54° 100, nicht 
gehemm t

1546 p-Chlorphenylthioharnstoff

CI

Л
V /

N H —CS—NH2

186,67 167—68° 5 5

1481 cc-Naphtylthioharnstoff

N H —CS—NH2

0 Ô

203,28 193—94° 10 20

1400 Pyridoxal-äthylacetal. HCl

OH

CH—OC2H 5 . HCl 

HOH2C - / \
233,69 103— 105° 50 ( ± ) 50 ( ± )

1404 Fluorescein
H 0 < X ° X > ° H

/ \ Л

Cac?„
330,30 312— 15°

(Ь)
50, nicht 
gehemmt

1405 A5,3-Acetoxy-cholens äure - 
m ethylester

CH,
1
CH-CH,-COOCH,

CH,|

С . Л Л

CHiC00- Ö v /

415,57 163—65° 50, nicht 
gehemmt

1418 Camphorsäureallylamid

CHs-CH-COOH

C/CH,/.
ICH,-C/CH,/-C()iNHCH.CH=CH,

239,31 142—45° 50, nicht 
gehemmt

1419 Allyl-succinyl-harnstofl CH,=CHCH_. -  NHCONH -  COCH,CH,COOH 200,19 139—41° 50, nicht 
gehemmt

1540 Guanidin. HCl

n h 2

<^=n h

1
NHa . HCl

95,52 96—98° 100, nicht 
gehemmt

1544 Vuzin-bihydrochloricum C27H10O2N2-2H C 12H 2O 533,29 161—63= 10 10

1550 Aurintricarbonsäure

COOH

0 = \  / = С<
\ — OH

COOH
COOH

322,11 128—30° 100, nicht 
gehemmt

1520 Dicyandiamid
NC—N H —C—NH2

II
NH

84,08 205° 100, nicht 
gehemmt

1535
2-Methyl-5-formyl-furan-3- 

carbons äure äthylester
Il II с н ° СгН5
| \ 0 /  СНз 
сн о

182,17 57—58° 50 50 ( + )

1537
2-M ethyl-5-tetraoxybutyl-furan-

3-carbonsäureäthylester

If Г с н ° С®Нб
N 0 /  3

/сн он /3

СН2ОН

274,26 146—47° 50, nicht 
gehemmt

1406 Salicylsäureamid

c o n h 2

Л-°н
ч /

137,13 137—38° 100, nicht 
gehemmt

1426 p-Nitrosalicylsäurepropylester

СООС3Н7

6 “ о н
n o 2

225,20 30—32° 100, nicht 
gehemmt

1575 Vitam in B2 ^17-^20^6^4 376,36 274— 82°
(Ь)

50, nicht 
gehemmt

1576 Vitam in B , 2 ^*63^96^14^14^^° 1357,38 50, n icht
gehemmt



N r. N am e F orm el
Mol-

gew icht
Schm elz

p u n k t
B ak té  r ie n - 

T ite rw e rte  
n ach  2 W ochen

у /m l n ach  
3 W ochen

1471 H ydrazinhydrat N H j—NH2 . H20 50,06 Fp. < —40° 100, nicht 
gehemmt

1530 Laevulinsäure-hydrazon
CH3—C—(CHjJjj—COOH

II
N—NH2

130,15 76—79° 50, nicht 
gehemmt

1467 Phenylhydrazin, H Q

N H N H , . HC1

Л0
144,60 240—41° 100, nicht 

gehemmt

1526 Acetophenon-hydrazon O r " '
N - N H j

134,18 118—20° 50, nicht 
gehemmt

1527 p-M ethoxypropiophenon-
hydrazon

H 3C O — /  0— C—C , H ,
\ = /  II

N—N H j
178,23 125—27° 50, nicht 

gehemmt

1482 Vanillin-hydrazon

OH

___П Г Н

Y
C H =N H N H j

166,18 110— 12° 50, nicht 
gehemmt

1425 p-Nitrosalicylsäure-hydrazid

CONHNHg

Лг°н
V

NOj

197,15 178—79° 100, nicht 
gehemmt

1525 2-M ethyl-5-tetraoxybutyl- 
fur an- 3-carbons äure -hy dr azid

- P O N H N H

260,24 193—96° 50, nicht 
gehemmt

Il II LiVJI’I JL lll l l o

\  J L C H >
! о

/ с н о н / ,

CH3OH





BACTERIAL BLIGHT OF THE UMBELS 
OF CARROT IN HUNGARY

By

J .  L e h OCZKY and Z . K lEMENT

College o f  Horticulture and Viticulture, Budapest, Research Institute fo r  Plant Protection, Budapest

(Received M ay 3, 1956)

In  th e  sum m er o f  1955, in  Ju n e  a n d  J u ly , th e  seed fields of ca rro t (Daucus 
carota L . var. sativa DCJ were affected  b y  a disease u p  to  th e n  n o t know n  to  
occur in  H ungary . T he affected  area  w as in  B ékés coun ty . The um bels grew 
til te d  to  one side and  single um bellets d ied  off, show ing a brow n co louration  a t  
th e  tim e  th e  um bel w as in  full bloom . T he pedicles o f th e  coloured um belle ts  
tu rn e d  yellow, tran s lu cen t, w ith  succin-coloured tra n s lu c e n t d roplets (exudate) 
ap p ea rin g  on th e ir  surface. All these sym ptom s suggested  bacteria l in fection .

T h e  severest sequelae were recorded  in' th e  fie lds used for p roducing  seeds, 
because th e  m assive loss o f um bels re su lted  in  a considerable loss in y ie ld . The 
in fec tio n  o f  the  foliage led  to  a general w eaken ing  o f  th e  roo ts, w hich w as m an i
fested  in  a reduction  o f  yield.

O n th e  basis o f th e  sym ptom s, o f  a r tif ic ia l in fec tion  carried  o u t in  g lass
house, an d  of the  physiological reac tions o f  th e  m icroorganism  iso la ted  from  
in fec ted  p lan ts , th e  path o g en  could be id en tified  as Xanthomonas carotae (K en d 
rick) Dowson.

T h e  pathogen h a s  so fa r been know n to  occur on ly  in  certa in  s ta te s  o f th e  
USA, in  C anada an d  A ustra lia  [2]. I t s  occurrence h as  n o t been  rep o rted  from  
E u ro p e . According to  th e  evidence h ith e r to  o b ta in ed , in  th is  coun try  th e  disease 
has sp read  extensively  in  seed fields.

Sym ptom s

a)  Leaf, petiole an d  stem  : On th e  leaves sca tte red , tran s lu cen t sp o ts  of 
necrosis, sm all, round , som etim es ob long  or irreg u la r in  shape and  b row n in 
colour, appear. The in fection  shows a ten d en cy  to  a ffec t f irs t th e  tips o f segm ents 
(F ig . 1). T his fea tu re  h as  been po in ted  o u t b y  J .  B . K e n d r ic k  [4] who suggested  
th a t  a t  those sites th e  prolonged accum ula tion  o f m oistu re  creates favourab le  
co n d itions for infection. The infection s ta r t in g  th e re  o ften  spreads to  th e  w hole 
seg m en t, though  i t  occurs th a t  the  n e rv u re  in  th e  ax is  o f th e  segm ent p rev en ts  
th e  sp read  of the  process to  th e  o th e r side an d  th is  w ill m ostly  resu lt in  a sickle- 
shaped  curling  of th e  segm ent tow ard  th e  in fected  side.
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T he brow n necrosed  spots are often  su rro u n d ed  b y  a yellow  halo . T h is 
m a y  be  absen t w hen  th e  patho log ic  process develops under op tim u m  cond itions ; 
o n  th e  o th e r h a n d , i t  m ay  be ra th e r  ex ten siv e  under glasshouse cond itions 
{a t 18 to  20 °C). T h is is in  ag reem ent w ith  th e  observation  m ade b y  J .  B . K e n d 

r ic k  [4].

Fig. 1. In fec ted  segm ents o f  leaf, show ing th e  ch aracte ris tic  yellow  halo

T h e  sym ptom s developing on th e  leaves are  in m any  a case closely s im ila r 
to  th o se  produced b y  th e  Alternaria porri (E ll.) Neerg. f. sp . dau c i (K ü h n ) 
N eerg .

O n the  petiole and  peduncle th e  disease is characterised  by  th e  ap p earan ce  
o f  th in  and  long brow n strip es . On th e  la t te r ,  ligh t yellow tra n s lu c e n t d rops o f
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Fig. 2. Total destruction  of umbel

Fig. 3. Characteristic appearance of infected umbels. On the left the outlines of a norm al um bel
are visible
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e x u d a te  are visible, w hich  often  run  down th e  s te m  and  dry  there  to  fo rm  h a rd  
s tru c tu re s .

b)  U m bel. T h e  d isease  produces th e  m o s t conspicuous sym ptom s on  th e  
um b el. The sym ptom s accom panying  infection  a n d  th e  sequelae of in fec tion  v a ry  
accord ing  to  the  s tag e  o f  developm ent of th e  u m b e l a t  the  tim e it  is a ffec ted , a n d  
accord ing  to  th e  m easu re  o f  infection.

W hen in fec ted  in  th e  in itia l phase o f  deve lopm en t, the um bel becom es 
com pletely  destroyed  (F ig . 2). Infection o f th e  b a se  of the um bels n e a r  to  fu ll

Fig. 4. Destruction of single umbellets

bloom  often resu lts  in  a d estru c tio n  of th e  co lla rin g  overleaves and  in  an  in te r 
ference w ith  th e  a rra n g e m e n t of um bellets in  one p lan e  (Fig. 3). The d e s tru c tio n  
o f  single um bellets w ith in  um bels in  full bloom  is com m on (Fig. 4). In  such  cases 
th e  pedicle of th e  b ro w n ed  um belle t tu rn s  yellow ish-green  in  colour an d  becom es 
tra n s lu c e n t an d  glass-like. I n  these areas, to o , am p le  exudate  d rop lets, c lea r an d  
lig h t yellow in colour, o ften  occur. The d ro p le ts  ru n n in g  down th e  pedicles o f  
single um bellets co llect a t  th e  base of the  um b el, ru n  down a sho rt d is tan ce  on  
th e  m ain  stem  an d  h a rd e n  there . I f  infection  occurs a fte r bloom ing, th e  p a th o 
logic process m ay in te rfe re  w ith  the  developm ent o f  th e  m ericarpium , w hich  m a y  
th u s  becom e valueless, easily  friable by  h a n d .

T he infection  is o ften  restric ted  to  one th ird  or one half of th e  u m b e l, 
re su ltin g  in a curling  o f  th e  um bel tow ard th e  a ffec ted  side.
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c) R oot. P . A . A r k  an d  M. W . G a r d n e r  [1] rep o rted  th a t  th e  disease m ay  
invo lve  also th e  roo t, and in case o f  early  infection  th e  site  o f  th e  la tte r  m ay  be  
m ark ed  by  th e  presence of in tra c tio n s  or b y  spots o f oblong-oval shape, b ro w n  
in  colour, visible on th e  surface o f th e  roo t. On the  spo ts grey ish  b ac te ria l ex u d a te  
appears.

O ur a tte m p ts  a t  find ing  su ch  an  infected  roo t on Ju ly  28, 1955, in  a  m ore 
in ten siv e ly  affected  p lan ts  in  th e  neighbourhood o f G yula , Békés co u n ty , 
ended in  failure.

Isolation  and iden tifica tion  of the pathogenic agen t

T he pa thogen  was iso la ted  from  affected  um bels an d  leaves collected on 
J u ly  28, 1955, on po ta to -d ex tro se  an d  b ro th -a g a r p la te s . T he sm all, corn-yellow ,

Fig. 5. Electronmicroscopic appearance of Xanlhomonas carotae (Kendrick) Dowson. Magni
fication, X 22.000. (Microphotograph taken  a t the Electronmicroscope Laboratory, Hungarian

A c a d e m y  o f  Sciences)

reg u la rly  circular, sligh tly  p ro tru d in g , sh iny , sm ooth  colonies becam e visible on 
th e  th ird  day  o f grow th  in b ro th -a g a r .

T h e  b ro th  becam e sligh tly  clouded and the  b ac te ria  aggregated  to  fo rm  
a yellow  p rec ip ita te . S im ilar changes occurred  in  liquefied  gela tin , too.

A s determ ined  by  m icroscopic s tu d y , th e  bacilli m easured  on av erag e  
1 .5 9 x 0 .6 8 ,«  in  size and  occurred  one by  one o r in  p a irs , w ith  one o r tw o 
flagellae  a t th e  end  (Fig. 5). T h ey  w ere G ram  negative .
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A t 20 °C th e  o rgan ism s liquefied  g e la tin  a t  a re la tive ly  slow ra te , in  a cu p 
sh ap ed  form  a t  9 d ay s.

T he m ilk w ith  litm u s becam e pep to n ized  in  5 days, w ith o u t coagulation . 
N o acid  production  could  be observed.

In  th e  sy n th e tic  n itra te  liquid  m ed ium  n itr ite  was n o t dem onstrab le  even 
a f te r  5 days.

Indole an d  BUS production  did n o t occur.
In  the  b ro th -a g a r  p la te  con ta in in g  soluble s ta rch  th e  s ta rc h  was n o t 

h y d ro ly sed  in  5 d ay s.
T he b reakdow n o f d ifferen t c a rb o h y d ra tes  was stu d ied  in  a sy n th e tic  an d  

in  a pep tone-w ater b a sa l m edium , in  th e  presence of th e  A n d r a d e  in d ica to r. 
In  th e  p ep to n e-w ater b a sa l m edium  a s lig h t acid  p roduction  w as observed  w ith  
galac tose . U nlike i t  w as repo rted  b y  K e n d r ic k , no acid p ro d u c tio n  took  place 
in  saccharose. In  th e  sy n th e tic  basa l m ed ium  acid p roduction  was usually  sligh t 
an d  slow, observable a f te r  4 days from  glucose, galactose, a rab inose, lactose, 
raffinose , saccharose, m annose, m an n ito l an d  glycerol. No ac id  w as produced 
from  m altose, d e x tr in , du lcite  or a sp a rag in e  during  th e  one m o n th  of obser
v a tio n .

E xcep t for th e  g e la tin  m edium , all in cu b a tio n s were ca rried  o u t a t  28 °C.
In  its  m orphological, physiological an d  biochem ical ch a rac te rs , as well as 

in  th e  sym ptom s p ro d u ced , th e  path o g en  w as com pletely  id en tica l w ith  Xantho- 
monas (Pseudomonas)  carotae (K endrick) Dowson, described  b y  K e n d r ic k .

Artificial infection experiments

In  Ja n u a ry , 1956, seedlings o f th ree -leav ed  age were a rtific ia lly  in fected , 
b y  sp ray ing  th e  leaves w ith  organism s from  a 3-days old cu ltu re  suspended in  
s te rile  w ater. P la n ts  o f  th e  sam e species a n d  age were sp ray ed  w ith  sterile  
w a te r , as contro ls. A fte r  incu b a tio n  for 48 h o urs, th e  exp erim en ta l p lan ts  were 
tra n sfe rre d  to  th e  g lasshouse. A t 14 d ay s  th e  in fected  p la n ts  c learly  showed 
th e  sym ptom s of th e  d isease, n o tab ly  th e  yellow ish-brow n sp o ts  a t  th e  tips o f  
segm ents, w ith  th e  yellow  halo a round  th e m .

D uring  in c u b a tio n  th e  tem p era tu re  in  th e  glasshouse v a ried  from  13 to  
21 °C, w ith  an av e rag e  o f  15° to  19 °C. R e la tiv e  h u m id ity  v a ried  from  60 to  90 
p e r  cen t.

In fec tion  w ith  p a th o g en  recovered  from  infected  leaves again  yielded 
p o sitiv e  resu lts.
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Sum m ary

The bacterium Xanlhomonas carotae (K endrick) Dowson was isolated for the f irs t tim e in 
Europe. I t  has spread rather widely in H ungary. I t  produces most damage by destroying the 
umbels, though the leaves, too, are severely affected by it. So far we have been unable to  detec t 
roots showing the changes described by Ark and Gardner.

The pathogenic agent is identical w ith Xanthomonas (Pseudomonas) carotae (K endrick) 
Dowson in its morphological, physiological and biochemical characters, as well as in the sym ptom s 
produced by it.

Successful artificial infections have been carried ou t under glasshouse conditions w ith 
bacteria isolated from affected plants.
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I n  d er U m gebung d er in N ordw estungarn  gelegenen O rtsch aft K a p u v á r  
w ar im  Som m er 1951 eine L eptosp irose-E pidem ie a u fg e tre ten  [1]. E s e rk ra n k te n  
in  den um liegenden D örfern  w ohnende ju n g e  landw irtschaftliche  A rb e ite r, d ie 
in  der d e r E rk ran k u n g  vorangegangenen Z eitperiode  v o r allem  in  dem  als H an ság  
bezeichneten  früheren Sum pfgebiet g ea rb e ite t h a tte n . E ine V erm ehrung  d e r 
K ran khe itsfä lle  t r a t  zu r Z eit des M ähens u n d  d er H eu ern te  ein. Bei den ä tio lo 
gischen U n tersuchungen  konn te  aus dem  B lu t eines K ranken  ein L. grippo- 
typhosa-S tam m  gezüch te t w erden, und  auch  die du rch  serologische M ethode 
b e s tä tig te n  Fälle erw iesen sich säm tlich  als G rip p o -typhosa-In fek tionen . D as 
Bild d e r E pidem ie und  d er Typ des K ran k h e itse rreg e rs  d eu te ten  d a ra u f  h in , 
dass die Infek tionsquelle  in  erster L inie u n te r  den  im  H anság  lebenden F e ld 
n ag e tie ren  gesucht w erden  m üsse. U m  diese A nnahm e b estä tigen  zu k ö n n en , 
nahm en  w ir im  Som m er des folgenden Ja h re s  (1952) in  der U m gebung d er 
O rtsch aft K ap u v á r N agetierun tersuchungen  vor, u n d  zw ar vor allem  im  H an ság . 
Ü ber diese wollen wir h ie r berichten .

Die geographischen und klimatischen Verhältnisse des Untersuchungsgebiets

D ie H anság  g en an n te  Gegend lieg t im  N ordw esten  des Landes u n d  w ar 
früher Sum pfgebiet. D ie V ersum pfung w ar d ad u rch  e n ts tan d en , dass die in  dem  
tiefer a ls  d as  N iveau d er U m gebung gelegenen B ecken vorhandenen  k le ineren  
F lüsse u n d  Bäche n ich t zu dem  nörd lich  b e find lichen  hoch gelegenen F lu ssb e tt 
der D onau  gelangen k o n n ten , so dass sie sich a u f  dem  G ebiet des B eckens in  
zahlreiche Zweige te ilten  u n d  in  k le ineren  Seen endeten . Insbesondere die im  
F rü h ja h r  von  den A lpen kom m enden gew altigen  W asserm engen, ab e r auch  
grössere R egenfälle Hessen die an  sich k leinen  F lüsse u n d  Bäche beträch tH ch  
anschw ellen, w odurch riesige Ü berschw em m ungsgebiete en ts tan d en . H ä u fig  
s tan d  d ie  ganze Gegend vom  F ertő  b is zu r D on au  u n te r  W asser. D as S u m p f
gebiet w urde  seit M itte  des vorigen Ja h rh u n d e r ts  du rch  F lu ssregu lie rungs-und  
E n tw ässerungsarbe iten  allm ählich san ie rt, und  h eu te  befinden  sich au f d iesem

3  Acta Microbiologies IV/2.
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G eb ie t bere its W iesen u n d  Ä cker bzw. im  m ittle ren  Teil ein kleines W aldgeb ie t 
(É ger-W ald). D as G ebiet is t  aber auch h e u te  noch  sehr w asserreich. D ie k leinen 
F lü sse  und  Bäche sind  d u rch  zahlreiche K an ä le  verbunden , d er G rundw asser
s ta n d  is t hoch, u n d  nach  grossen R egenfällen  s te h t häufig  ein Teil d er tie fe r 
gelegenen W iesen u n d  F e ld er vorübergehend  u n te r  W asser. Die Gegend is t überall 
f la c h , stellenw eise erheben  sich 2— 3 m  hohe d iluv iale  Kieskegel aus dem  B ecken ; 
d iese  w aren die ehem aligen sog. M oorinseln (H osszúdom b, D őridom b usw .). 
D e r Boden is t an  vielen  S tellen  to rfa rtig , d ie  O berflächenschich t b e s te h t im  allge
m ein en  aus m it Löss gem ischtem  F lu g san d , d e r m eist sauer reag ie rt. —  D ie

k lim a tisch en  V erhältn isse  sind  du rch  d ie  D om inanz des ozeanischen K lim as 
gekennzeichnet. D ie G egend zäh lt zu d en  n iedersch lagreichsten  G ebieten  des 
L an d es . Die A nzahl der R egen tage  b e trä g t  p ro  J a h r  du rchsch n ittlich  115, die 
d u rch sch n ittlich e  N iederschlagm enge 610 m m . Die m eisten  N iederschläge 
e n tfa llen  au f die S om m erm onate , vo r a llem  J u n i  und  Ju li. D ie jäh rlich e  D u rch 
sc h n itts te m p e ra tu r  b e trä g t  11,1° C (M axim um  35° C, M inim um  m inus 15° C). 
In fo lge  der häufigen  Som m erregen u n d  des hohen  G rundw asserstandes kom m t 
T ro ck en h e it im  H an ság  se lb st in  sehr w arm en  Som m ern n ich t vor.

Zu V ergleichszw ecken nahm en  w ir au ch  südlich vom  H an ság  U n te rsu 
ch u n g en  vor. Dieses G eb iet is t  ebenfalls f la ch  und  h a t landw irtschaftlichen  
C h a rak te r , auch d ie k lim atisch en  V erhä ltn isse  sind ähnlich, doch is t  es bei 
w e item  n ich t so w asserreich  wie das tie fe r gelegene Becken des H anság .

A bb. 1 v e ran sch au lich t das U n tersuchungsgeb ie t. Die U n te rsu ch u n g sö rte r 
d e r  N agetiere w urden  so gew ählt, dass w ir vom  ganzen H anság  ein B ild ge
w in n en  ko n n ten . E rs t  e rfo lg te  die E in sam m lu n g  in  den F e ldern  d er G em einde 
A gyagosszergeny, sodann  in  der N ähe d e r von  dieser nordöstlich  gelegenen 
M eierei K istö lgyfa. H ie rn ach  k am  die am  östlichen  R an d  des H an ság  gelegënè 
H osszúdom b-G egend an  die R eihe u n d  sodann  die im  w estlichen Teil
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befindliche Gem einde F e rtő d . G leichzeitig m it d iesen  U ntersuchungen geschah  
auch die E insam m lung  in  den Feldern  d er als K ontrollgebiet g ew äh lten  
G em einde R ábakecöl, die sich bere its ausserhalb  des H anságer Beckens b e f in d e t. 
Bei der E insam m lung  d er Feldnagetie te  such ten  w ir wahllos die v ersch iedensten  
N agetiere einzufangen, um  ein U n tersu ch u n g sm ateria l zu gewinnen, d as  e in  den  
n a tü rlichen  V erhältn issen  annähernd  en tsp rechendes Bild b ietet. Die e rs te  P h ase  
der M ateria lau farbe itung  erfolgte in  dem  zum  U ntersuchungsgebiet n a h e  
gelegenen K rankenhaus zu K ap u v ár, d am it die D urchsich t der zahlreichen T iere  
in m öglichst kurzer Z eit v o r sich gehen könne u n d  die V erg leichbarkeit d er 
Ergebnisse bei den einzelnen G ruppen durch  die möglicherweise v o rh a n d e n e n  
saisonbedingten  V aria tionen  der V erseuchung n ic h t beeinflusst w ird. Z u r D u rc h 
führung  der U ntersuchungen  w äh lten  w ir die Som m erzeit, in der d a s  sog. 
»Feldfieber« vorzukom m en pflegt.

U n t er si 1 chungsm ethod e

Bei der Untersuchung der Tiere suchten wir die Leptospirenentleerung naehzuweisen, die 
lokalen Leptospiren typen zu isolieren und zu bestimmen, weshalb wir folgendermassen vorgingen: 
Die lebend gefangenen Feldnagetiere Hessen wir in Ä thernarkose entbluten und sezierten sie dann 
steril. Aus der Niere wurde in Korthof-Nährboden überim pft und sofern die H arnblase H arn  
enthielt, dieser im Dunkelfeldmikroskop auf Leptospiren untersucht. Einige Tiere verendeten  
während der EinUefcrung ; auch diese wurden un tersuch t, wobei wir darauf achteten, dass die 
Aufarbeitung innerhalb weniger Stunden nach dem Eingehen erfolge. Die beimpften N ährböden 
wurden 2 Monate lang bei 30 °C im Therm ostaten gehalten und  wöchentlich mikroskopisch nachge
prüft. Die Typenbestim m ung der gezüchteten Stäm me w urde unter Anwendung der A ggluti
nationslysistechnik m it Kaninchen Immunsera durchgeführt. Bei diesen U ntersuchungen 
benutzten wir folgende Standard-Leptospirentypen bzw. die entsprechenden Im m unsera : 
L. grippq-typfwsa, L. sejrő, L . pomona (P 3) , L. ictero-haemorrhagiae, L. canicola. In  einigen 
Fällen war die Typusbestim mung nicht durchführbar, weil sich einzelne frisch isolierte S täm m e 
sehr schwach verm ehrten und rasch zugrunde gingen.

U ntersuchungsergebnisse

Vom  16. V II.— 16. V III . 1952 w urden in sg esam t 467 Feldnagetiere u n te r 
sucht. D as M ateria l b e s ta n d  grösstenteils aus F eldm äusen  (M icrotus arvalis) 
doch befan d en  sich d a ru n te r  auch einige W ald m äu se  (  Apodemus sylvaticus) u n d  
H am ster (Cricetus cricetus). A nzahl u n d  A rten  d e r an  den bezeichneten S te llen  
eingesam m elten  T iere sind  au f Tabelle I  w iedergegeben. Am ersten  U n te r 
suchungsort, in A gyagosszergény, n o tie rten  w ir lediglich die Art d e r u n te r 
suchten  T iere , sp ä te r b each te ten  w ir aber auch  ih r  A lte r (E n tw ick lungszustand) 
und G eschlecht, um  die R esu lta te  der versch iedenen  Gebiete m ite in an d er v e r 
gleichen zu können . A us L ite ra tu ran g ab en  geh t n äm lich  hervor, dass d ie  L e p to 
sp irenen tleerung  bei den N agetieren  im  höheren  A lte r häufiger v o rk o m m t, so 
dass die A ltersverte ilung  der u n te rsu ch ten  T ierg ru p p en  die R esu lta te  b e e in 
flussen k a n n  [2, 3, 4, 5, 6]. D eshalb te ilten  w ir d ie  T iere in 3 G rössengruppen

3*
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Tabelle I

Anzahl und Art der an den einzelnen Untersuchungsörtern eingesammelten Nagetiere

U  n te rsu c  hu  n g so rt
Z e itp u n k t A nzahl d e r

der
E insam m lung F e ld m ä u se W aldm äuse H a m s te r In sg esam t

Agyagosszergêny ................................... 16. VII. 
22. VII. 98 98

M eierei K istö lgyfa ................................. 30. VII. 
16. V III. 104 2 l 107

H o ssz ú d o m b ............................................ 6. V III. 
11. V III. 145 2 6 153

R á b a k e c ö l................................................ 6. V III. 
10. V III. 71 — — 71

12. V III. 34 4 38

Insgesamt ........................... 452 8 7 467

e in  : kleine, m itte lg rosse  und  grosse. Bei d en  F e ld - und W aldm äusen erfo lg te  die 
G ru p p ie ru n g  fo lgenderm assen  : Zur e rs ten  G ru p p e  rechneten w ir d ie  T iere  m it 
G ew ich t bis zu 6 g, in  d ie  zweite G ruppe d ie  6— 15 g schweren, in  die d r itte  
G ru p p e  die ü b er 15 g schw eren Tiere. B ei d en  H am stern  legten w ir folgende 
G ew ichtsgruppen  fe s t : k leine bis zu 100 g, m itte lgrosse zwischen 100— 200 g, 
g rosse  über 200 g. H insich tlich  der D iffe renzen  zwischen den G eschlechtern  
fa n d e n  w ir keine A n g ab en , um  aber auch e tw a ig e , sich daraus ergebende A bw ei
ch u n g en  auszuschliessen, berücksich tig ten  w ir b e i den weiteren U n te rsuchungen  
a u c h  das G eschlecht. Im  folgenden teilen w ir d ie  E rgebnisse der einzelnen  U n te r
su ch u n g sö rte r ausfü h rlich  m it.

Agyagosszergêny. Z um  Schauplatz d e r  e rs te n  orientierenden U n te rsu ch u n g  
h a t te n  w ir deshalb diese Gem einde gew ählt, w eil im  vorangegangenen Som m er die 
m e is te n  m enschlichen E rk rankungen  in  d iese r Gegend vorgekom m en w aren. 
D ie  h ie r eingesam m elten  98 Feldnagetiere w a re n  säm tlich  Feldm äuse. D ie L ep to 
sp iren zü ch tu n g  w ar in  10 F ällen  von E rfo lg  b eg le ite t, die m ikroskopische U n te r
su ch u n g  des H a rn s  jed o ch  bei allen T ieren  n eg a tiv . Bei 8 der 10 gezüch te ten  
S täm m e  gelang auch  die T ypusbestim m ung  ; es handelte sich durchw egs um 
G rip p o -ty p h o sa -S täm m e.

Meierei Kistölgyfa. W ir sam m elten in sg e sa m t 107 N agetiere, u n d  zw ar 104 
F e ldm äuse , 2 W ald m äu se  u n d  1 H am ster. D ie  Z üchtungsm ethode erg ab  in  12 
F ä lle n  positives R e su lta t . Bei 1 T ier w ar d ie  m ikroskopische H a rn u n te rsu ch u n g  
p o s itiv , sonst s te ts  n e g a tiv . Von 10 S täm m en  v erm och ten  wir den T y p  zu  b es tim 
m en , der sich in  allen  F ä llen  als G rippo-typhosa  erwies. Diese G ruppe w urde  auch 
b e re its  nach den E n tw ick lungszustand  u n d  G eschlecht der T iere au fg ea rb e ite t
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(Tabelle I I ) . Wie ersich tlich , kam en die positiven F älle  u n te r den  grossen  und  
m ittelgrossen  Tieren v o r, fe rn e r w aren m ehr M ännchen  L ep to sp iren träg er. T ro tz  
der w enigen W aldm äuse k o n n te n  aus einem  T ier L ep tosp iren  gezüch te t w erden , 
die sich bei der T ypu sb estim m u n g  ebenfalls als G rippo-typhosa  erw iesen.

Tabelle II

Leptospirenverseuchung der Feldnagetiere in der Gegend der Meierei Kistölgyfa

N ag e tie ra rt
M ännchen W eibchen

In sg e sa m t
k lein m itte lg ro ss gross k le in m itte lg ross grosa

Feldmäuse ................................ 0/5 2/21 5/25 0/3 0/15 4/35 11/104
W aldmäuse .............................. 0/1 — — — 1/1 — 1/2
H a m s te r .................................... 0/1 — — — — — 0/1

Hosszúdomb. In  d iesem  G ebiet w urden 153 N agetiere  u n te rsu c h t : 145 
Feldm äuse, 2 W aldm äuse u n d  6 H am ster. A us den  F eldm äusen  iso lie rten  w ir 
4 S täm m e (säm tlich G rippo-typhosa) ; bei einem  d er T iere w ar auch  d e r  H a rn  
positiv . A uch aus einem  H a m ste r  verm ochten  w ir L . grippo-typhosa zu züch ten  
und  bei diesem  T ier auch  im  H a rn  nachzuw eisen. D ie E rgebnisse nach  G eschlecht 
und Grösse sind a u f  T abelle  I I I  zusam m engefasst. D ie kleinen T iere, die h ie r  den  
grössten Teil des M ateria ls ausm ach ten , ergaben säm tlich  negativen  B efund , 
und auch h ier w aren p ositive  E rgebnisse u n te r den M ännchen häufiger.

Tabelle III

Leptospirenverseuchung der Feldnagetiere in der Umgebung von Hosszúdomb

N a g e tie ra rt

M ännchen W eibchen
In sg e sa m t

k lein m itte lg ross gross k le in m itte lg ro ss gross

Feldmäuse ................................ 0/30 0/19 3/26 0/21 1/24 0/25 4/145

W aldmäuse .............................. 0/1 — — — — 0/1 0/2

H a m s te r ..................................... 1/3 — — 0/3 — — 0/6

Rábakecöl. In  dem  ausserhalb  des H anság  gelegenen K ontro llgeb iet w urden  
71 F eldnagetiere  —  säm tlich  Feldm äuse —  eingesam m elt. Die Z üch tu n g  fie l in  
2 F ällen  positiv  aus, die m ikroskopische H a rn u n te rsu ch u n g  s te ts  n eg a tiv . E in e r 
der gezüchteten  S täm m e w urde  als L . grippo-typhosa festgestellt, w äh ren d  der 
andere (m it L. Rk-16 bezeichnete) eine h iervon  abw eichende A n tig e n s tru k tu r  
aufw ies. S päter verg lichen  w ir den S tam m  L. R k-16 m it säm tlichen  u n s  zur 
V erfügung stehenden S tan d a rd s täm m en . Bei den  K reu zag g lu tin a tio n su n te r
suchungen zeigte er ledig lich  m it L . sejró' w esentlichere V erw and tschaft. D ieser 
S tam m  gehört also aller W ahrschein lichkeit nach  zu d er von P e t e r s e n  [7 ] auf-
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g e s te llte n  H ebdom adis-G ruppe, doch b e d a rf  es noch w eiterer U ntersuchungen , 
u m  festzustellen , ob es sich  um  einen der einschlägigen bek an n ten  T ypen  oder 
u m  einen  neuen h a n d e lt. A us der A ufteilung des M aterials nach  G rösse und 
A lte r  d e r Tiere geht h e rv o r, dass die L ep to sp iren träg er auch h ier u n te r  den e n t
w ick e lten  Tieren an zu tre ffen  sind, wenn auch  in  dieser G ruppe beide positive 
T ie re  W eibchen w aren  (T abelle  IV).

T a b e l l e  IV

Leptospirenverseuchung der Feldnagetiere in der Umgebung von Rábakecöl

N ag etie rart
M ännchen W eibchen

In sg esam t
k le in m itte lgross g ross k le in m itte lgross gross

Feldm äuse ................................ 0/15 0/17 '
1

0/7 0/4 0/18 2/10 2/71

Fertőd. Im  w estlich en  H ansággebiet w u rd en  38 N agetiere  u n te rsu ch t : 
34 F eldm äuse  und 4 W aldm äuse . D er H arn  d er T iere  w ar in allen F ä llen  negativ , 
d ie  au s  der Niere vorgenom m ene Z üchtung  e rg ab  jedoch  in  5 F ällen  ein  positives 
R e s u l ta t .  Säm tliche 5 L ep to sp iren träg er w aren  Feldm äuse u n d  —  wie aus 
T a b e lle  V ersichtlich —  a lle  grosse Tiere. S äm tliche  gezüchtete S täm m e w aren 
L . grippo-typhosa.

T a b e l l e  V

Leplospirenverseuchung der Feldnagetiere in  der Umgebung von Fertőd

N agetie rart
M ännchen W eibchen

In sg esam t
k le in m itte lgross gross k lein m itte lgross

1
gros» J

Feldm äuse ................................ 0/3 0/7 3/8 0/4 0/3 2/9 5/34
W aldm äuse .............................. 0 / 1 0 / 2 — 0 / 1 ~  Í

0/4

Besprechung

W ie die U ntersuchungsergebnisse  zeigen, w a r  die L eptosp irenverseuchung 
u n te r  den F e ldnagetieren  des H anság  im  Som m er 1952 überall nachw eisbar, 
a b e r  auch  in  der südlich  gelegenen, als K on tro llg eb ie t gew ählten G egend anzu
tre f fe n .

U n te r  den F e ld n ag e tie ren  der Gegend k o m m t die grösste B ed eu tu n g  den 
F e ld m äu sen  zu, die a u f  a llen  G ebieten am  m eisten  ve rb re ite t s ind . A uch die 
überw iegende M ehrheit u n se res  M aterials, näm lich  452 der eingesam m elten  467 
N a g e tie re , w aren F e ld m äu se . B evor w ir die V erseuchungsverhältn isse  aus- 
w e r te n , wollen w ir u n te rsu c h e n , inwieweit die U ntersuchungsbefunde bei den 
e in ze ln en  G ruppen d u rch  A lte r  und  G eschlecht d er T iere beein flusst w erden.
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Die B edeu tung  des A lters  geh t aus den  T abellen  I I ,  I I I ,  IV  und  V deutlich  h e rv o r. 
W ie aus diesen ersich tlich , erwiesen sich die ju n g e n  Feldm äuse an  allen  U n te r 
suchungsstellen  übere instim m end  als n eg a tiv , u n te r  den  m ittelm ässig en tw ick e l
ten  T ieren  kam en  L ep to sp iren träg er bere its  vo r, w äh ren d  die m eisten lep to sp iren - 
en tleerenden  T iere u n te r  den ä lteren , en tw icke lte ren  Exem plaren  zu  f in d e n  
w aren. D ie altersm ässige Z usam m ensetzung d e r  U ntersuchungsgruppe v e rm ag  
also das E ndergebn is b e träch tlich  zu  beeinflussen , weil im  Falle des Ü b e r
gew ichts ä lte re r T iere e in  h ö h ere r V erseuchungsgrad , bei der A ufarbeitung  v ie ler 
ju n g er T iere jedoch  w eniger positive Fälle  zu  e rw arten  sind . Es genügt also n ic h t 
die M itte ilung  des globalen  V erseuchungsw ertes, v ielm ehr is t zu seiner B ew er
tu n g  u n d  insbesondere zu Vergleichszwecken im b ed in g t auch die A ngabe d e r 
A ltersverte ilung  innerh a lb  der G ruppen  erforderlich . In  bezug au f den  L e p to 
sp irenbefall der G eschlechter is t keine G esetzm ässigkeit zu  beobachten . A n zwei 
Ö rte rn  w aren  M ännchen und  W eibchen an n äh e rn d  gleich häufig  m it L ep to sp iren  
besiedelt, andersw o w urden  einm ál von M ännchen, ein  anderm al von W eibchen  
häufiger L ep tosp iren  en tlee rt. Z ur B ew ertung  d e r V erseuchungsangaben is t  also 
die T ren n u n g  der G eschlechter n ich t erforderlich .

Tabelle VI

Häufigkeit der Leptospirenentleerung unter Feldmäusen

A nzahl d e r le p to sp ire n e n tle e re n d e n  Feldm äuse
U n te rs u c h u n g s o r t

k lein ir.itte lg roas g  ГО К.
In sg esam t о//•

Agyagosszergény ................................... — — — 10/98 10,2
Meierei K istö lgy fa .................................. 0/8 2/36 9/60 11/104 10,5
Hosszúdomb ........................................... 0/51 1/43 3/51 4/145 2,7
Rábakecöl ................................................ 0/19 0/35 2/17 2/71 2,8
Fertőd ...................................................... 0/7 0/10 5/17 5/-4 14,7

H iern ach  wollen w ir die V erseuchung d e r M icro tus-Population  d e r v e r 
schiedenen G ebiete u n te rsuchen . Die H äu fig k e it des Vorkom m ens der L e p to 
sp iren träg e r is t  a u f  T abelle  V I v eranschau lich t. A u f G rund  vo rstehender A u s
führungen  sind  in  der T abelle n ich t n u r die G esam tzah len  der L ep to sp iren träg er 
der einzelnen G ruppen  angegeben, sondern  zur E rg än zu n g  auch die Z usam m en
setzung  nach  dem  E n tw ick lungszustand  u n d  die d a ra u f  beruhenden E rgebn isse , 
m it A usnahm e der e rs ten  U ntersuchungsstelle  (A gyagosszergény), wo eine d e r
a rtige  T rennung  noch n ich t erfolgte. W as die A nzah l d er L ep tosp irenen tleerer 
u n te r  den einzelnen G ruppen  be trifft, w ar der h ö chste  W ert am  w estlichen R a n d  
des H anság  (Fertőd) zu beobach ten  ; von W esten  n a c h  O sten  zu w aren u n te r  d en  
F eldm äusen  im m er w eniger L ep tosp iren träger anzu tre ffen . Im  K o n tro llgeb ie t 
herrsch ten  ungefähr die gleichen V erhältn isse w ie am  östlichen  R and  des H an ság .
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D ieses C h arak te ris tik u m  än d e rt sich auch d a n n  n ich t, wenn w ir die V erte ilung  
n a c h  dem  E n tw ick lungszustand  berücksich tigen , da in  der Z usam m ensetzung  
d e r  einzelnen G ruppen  keine extrem en A bw eichungen vorliegen. D och sind  die 
b e o b ach te ten  U n tersch iede  bei dieser B etrach tungsw eise  weniger gross, d . h. 
d iese  kom m en teilw eise infolge der abw eichenden  Z usam m ensetzung des E n t 
w icklungsgrades d e r lokalen  N agetierpopu la tionen  zustande. Die en tw ick lungs
b e d in g te  A ufteilung  d er Feldm äuse ist n äm lich  in  der in  der Gegend von  H osszú
d o m b  gesam m elten  G ruppe am g leichm ässigsten , w ährend in den hohe V erseu
ch u n g  aufw eisenden G ruppen  aus F e rtő d  u n d  K istölgyfa die grossen T iere 
dom in ieren  und  k leine T iere, insbesondere im  le tz tgenann ten  O rt, in  erheblich 
g erin g erer Zahl u n te rsu c h t w urden. W äre die A nzahl der kleinen T iere in diesen 
b e id en  eben e rw äh n ten  O rtschaften  m it d e r  Z ah l der grossen T iere id en tisch  
u n d  d e r negative B efund  bei den kleinen F e ldm äusen  unverändert, w ürde  der in 
F e r tő d  festgeste llte  14,7% ige W ert au f 11 ,0%  sinken, der der G ruppe aus K is
tö lg y fa  aber von 10,5%  au f 7,0% . N a tü rlich  is t es n ich t sicher, ob n ic h t die 
A n zah l der L ep tosp irenen tleere r etw as zu n im m t, wenn m ehr ju n g e  T iere zur 
U n te rsu ch u n g  gelangen, doch ist auch u n te r  B erücksich tigung  dieser M öglichkeit 
e rk e n n b a r , dass die zw ischen den versch iedenen  Ö rtern  beobach tete  A bw eichung 
au c h  in  diesem F a ll geringer wäre. Die L ep tosp irenen tleerung  w ar also im  w est
lichen  Teil deshalb häu figer, weil sich e in erse its  u n te r den grossen u n d  m itte l
g rossen  Tieren m eh r L ep tosp iren träger b e fan d en  und anderseits an  den  F a n g 
ö r te rn  m ehr en tw ickelte  T iere vorkam en. —  Ü berb lick t m an d ie  V erseuchungs
w erte  der versch ieden  entw ickelten T iere, m uss m an annehm en, dass als A us
g an g sp u n k te  der E p izo o tien  u n te r den F e ld m äu sen  und gleichzeitig als A u frech t
e rh a lte r  der In fek tio n  in  erster Linie die ä lte re n  Tiere in F rage kom m en. Von 
d iesen  w ird m it zunehm endem  A lter m it s tä n d ig  grösserer W ahrschein lichkeit 
au ch  die jüngere  G enera tion  infiziert. (N atu rg em äss bedeu te t dies n ic h t, dass 
sich  die Feldm äuse ausschliesslich gegenseitig  infizieren , da die In fek tio n  auch 
v o n  anderen  T ie ra rte n  ausgehen kann.) D iese A nnahm e fin d e t eine S tü tze  auch 
in  d en  B eobach tungen , dass zur Zeit d er E p izo o tien  n ich t n u r u n te r  den  grossen 
u n d  m itte lgrossen , sondern  auch u n te r d en  k leinen  Tieren zahlreiche In fiz ie rte  
V orkom m en, w äh ren d  in  epidem iefreien Z e iten  lediglich bei einem  geringen 
P ro z e n tsa tz  der ä lte ren  Feldm äuse L ep tosp irenen tleerung  nachgew iesen w erden 
k a n n . Es is t auch  h e u te  noch ungek lä rt, a u f  G rund  welcher F a k to re n  d ie  gele
gen tliche  um fangreiche A usbreitung  der V erseuchung  zustandekom m t. E inzelne 
L ite ra tu ra n g ab e n  b e to n en  die B edeutung  des F euch tigkeitsgehalts  u n d  günstigen  
p H -W ertes  des B odens, andere als die A u sb re itu n g  der In fek tion  b egünstigende  
F a k to re n  die B ed eu tu n g  der k lim atischen  V erhältn isse  (N iedersch lagreich tum , 
h o h e  M itte ltem p era tu r) [5, 6, 8, 9, 10]. S icherlich  spielen diese U m stän d e  in  d er 
E n tw ick lu n g  der L eptosp irosenherde u n te r  d en  N agetieren  eine Rolle, w ahrsche in 
lich  in  der W eise, dass die In fek tionske tte  in  e iner fü r die A usbre itung  d er In fek 
tio n  günstigen U m gebung  schwerer u n te rb ro ch en  wird und d ah e r 1— 2 L epto-
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sp iren träg e r in  der P o p u la tio n  s te ts  vorhanden  sind . H ie rau f d e u te t au ch  die 
B eobach tung , dass sich die endem ischen G egenden der N agetier-L ep tosp irose  
ü bera ll a u f  derartige G ebiete  lokalisieren. Die periodischen S chw ankungen  des 
In fek tionsg rades und  insbesondere  die E ntw ick lung  der E pizootien  lassen  sich 
jed o ch  allein au f d ieser G rund lage  n ich t e rk lären . A uch in  unserem  U n te r 
suchungsgebiet finden w ir keine U m w elt- oder K lim afak to ren , welche die lokalen  
A bw eichungen in der V erseuchung  begründen kön n ten . W ahrscheinlich  d ü rf te  der 
U m stan d , in  erster L inie a u f  lokale V eränderungen  in  den heu te  noch  w enig  
b e k a n n te n  L ebensum ständen  u n d  in  der Lebensweise der Tiere zu rü ck zu fü h ren  
sein, w elche durch  die e rw äh n te  günstige U m gebung lediglich gefö rdert w erd en .

W ir isolierten aus F e ld m äu sen  32 S täm m e u n d  k o n n ten  die T y p b estim m u n g  
in  27 F ällen  vornehm en. D ie S täm m e erwiesen sich als rech t e inheitlich , d a  sich 
m it A usnahm e eines (L . Rk-16) säm tliche als G rippo-typhosa erw iesen. Die 
A n tig en s tru k tu r von L. R k-16  zeigte lediglich m it L . sejró' w esentliche V er
w an d tsch a ft, so dass d er S tam m  w ahrscheinlich zur sog. »H ebdom adis-G ruppe«  
gehört. U n te r den F e ld m äu sen  w ar also der G rippo-typhosa-T ypus allgem ein  
v e rb re ite t, w as den eu ropäischen  E rfahrungen  en tsp rich t und  a u f G ru n d  des 
lokalen  Vorkom m ens d er m enschlichen G rippo-typhosa-In fek tionen  v o ra u s
zusetzen w ar. Neu is t jed o ch  das V orkom m en des S tam m es L. R k-16 , ins 
besondere in  den F e ldm äusen . Von den T ypen  der »H ebdom adis-G ruppe«  
w urden  näm lich  bisher in  E u ro p a  n u r L. sejró' u n d  L . saxkoebing nachgew iesen 
und  als charak te ris tische  W irts tie re  u n te r den N agetieren  M us musculus 
spicilegus, Apodemus sylvaticus und  Apodemus jlavicollis e rw äh n t ; dagegen  
w urden  sie in  M icrotus noch  nirgends festgestellt [11, 12]. In  J a p a n  jed o ch , 
wo das erste  M itglied d e r G ruppe —  L. hebdom adis —  beschrieben w urde , 
b ild e t den N agetierw irt dieses T ypus eine do rtige  F e ld m au sart, M icrotus 
montebelloi [13]. Obwohl w ir den S tam m  L. Rk-16 in  unserem  M ateria l aus 
e iner F eldm aus iso lierten , erw ecken die U ntersuchungsergebnisse n ic h t den 
E in d ru ck , als ob das H a u p tw ir ts tie r  dieses S tam m es die F e ldm aus w äre. 
H iergegen sp rich t die T a tsa c h e , dass der S tam m  u n te r  säm tlichen  U n te r
suchungsstellen  nu r in  e inem  G ebiet gezüchtet w erden konn te , u n d  auch 
h ie r n u r  bei einer einzigen  G elegenheit, im  G egensatz zur d iffusen  V er
b re itu n g  der L . grippo-typhosa. W ahrscheinlich d ü rfte  sich die F e ld m au s 
m it diesem  S tam m  n u r zufällig  in fiz ie rt haben , w enn auch die F rage u n g e k lä rt 
is t, u n te r  welchen U m stän d en  dies geschah. Jeden fa lls  i§t als in te re ssa n t zu 
bezeichnen, dass dieser T y p u s  u n te r  den N agetieren  der Gegend keine V erb re i
tu n g  gefunden h a t, obw ohl n ach  der In fek tion  L ep tosp irenen tleerung  erfo lg te . 
E s b e d a rf  d ah er w eiterer U n tersuchungen , um  zu k lä ren , ob L. Rk-16 m it irg en d 
einem  T y p u s der H ebdom adis-G ruppe iden tisch  is t oder ob es sich u m  einen 
neuen  T y pus dieser G ruppe  h an d e lt. G leichzeitig w äre auch die Ö kologie des 
S tam m es k larzustellen . D ie F rag e  is t auch von p rak tisch e r B ed eu tu n g , denn  
obw ohl h ie r der erste  F a ll vo rlieg t, dass ein d e ra rtig e r L ep to sp irastam m  in
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U n g a rn  isoliert w erden k o n n te  und  die Z üch tung  aus einem  F eldnagetier erfolgte, 
b eo b ach te ten  wir bei d e r  Iden tifiz ierung  m ensch licher L eptospirosen in  anderen 
G egenden  des Landes sch o n  vorher E rk ran k u n g en , wo die serologische U n te r
su c h u n g  das V orkom m en eines zur H ebdom adisgruppe gehörenden L ep to sp ira 
ty p u s  ergab [14].

Im  V erhältnis zu r H äu fig k e it des V orkom m ens der F eldm äuse is t die 
B e d e u tu n g  der an d eren  N ag e tie ra rten  als gering  zu  bezeichnen, u n d  auch  die 
A n z a h l der au fg ea rb e ite ten  T iere genügt n ic h t, u m  a u f G rund des vorliegenden 
U n tersu ch u n g sm ateria ls  allgem eine Schlussfolgerungen in  Bezug a u f ihre Ver
seuchungsverhältn isse  zu  ziehen. Doch scheinen  uns einige B eobach tungen  
erw ähnensw ert. In  e inem  F a ll  isolierten wir L ep to sp iren  aus einer W aldm aus, und 
z w a r  einen G rippo-typhosa-S tam m . Die A podem us-A rten  sind in  E u ro p a  vor 
a lle m  als W irtstiere d e r L . sejró' und L. saxkoebing b ek an n t, doch h a tte  bereits 
R i m p a u  [5] d a rau f h ingew iesen , dass in  dem  in  d er N ähe der m it L . gippo- 
typhosa  infizierten F e ld m äu se  lebenden Apodem us sylvaticus G rippo-typhosa- 
A n tik ö rp e r nachgew iesen w erden  können. E s sch e in t dem nach, dass sich A pode
m u s  in  derartiger U m g eb u n g  auch m it diesem  T y p u s  infizieren können , ja  wie aus 
u n se re n  gegenw ärtigen W ahrnehm ungen  h e rv o rg eh t, können sie auch als V er
b r e i te r  des S tam m es a u f tre te n , da die In fek tio n  in  ihnen n ich t en d e t, sondern 
L ep tosp irenen tleerung  a u f t r i t t .  —  Auch die A u fa rb e itu n g  d er H a m ste r  w ar in 
e in em  Fall erfolgreich, d a  w ir einen G rippo-typhosa-S tam m  zu isolieren ver
m o c h te n . Die L ep tosp irenverseuchung  des w ild  lebenden H am sters  ( Cricetus 
cricetus) wurde zu e rs t v o n  P o p p  [6] b eo b ach te t, doch erw ähn te  er n ich t den 
T y p u s  des Stam m es. N ach d em  in dem  se inerse its  u n te rsu ch ten  G ebiet eine 
m enschliche G rippo-typhosa-E p idem ie  au fg e tre ten  w ar und  auch in  den  F eld 
m ä u se n  dieser T ypus an g e tro ffen  wurde, d ü rf te  w ahrscheinlich  auch  in  den 
H a m s te rn  dieser anw esend  gewesen sein. E s i s t  keinesw egs als überraschend  zu 
bezeichnen , dass sich d ie  H am ste r u n te r n a tü rlic h e n  V erhältn issen  in  erster 
L in ie  m it dem G rippo-typhosa-T ypus in fiz ieren , d a  sie au f den  Ä ckern m it den 
F e ld m äu sen  zusam m en h a u se n  und  nach e inzelnen  B eobach tungen  auch  an der 
V e rn ich tu n g  der F e ld m äu se  teilnehm en. D a a u f  die In fek tio n  auch h ie r E n tlee 
r u n g  fo lg t, muss m an  in  d e r  In fek tionskette  des G rippo-typhosa-T yps auch  m it 
d e r  V erbreitung d u rch  d ie  H am ste r rechnen.

D as L eptosp irose-S ituationsb ild  des u n te rsu ch ten  G ebietes lä ss t sich 
dah in g eh en d  zusam m enfassen , dass bei den F e ld n ag e tie ren  der Gegend um fang
re ic h e  V erseuchung m it L . grippo-typhosa v o rlieg t und  dies offenbar n ich t nur 
f ü r  das Hanság, so n d ern  au ch  für seine U m gebung  ch arak te ris tisch  is t. Die 
w ich tig s ten  W irtstie re  d e r  L . grippo-typhosa s in d  die überall in  grosser Zahl 
anw esenden  Feldm äuse, d o ch  nehm en an d er A u frech te rh altu n g  d er In fek tio n s
k e t t e  auch A podem us u n d  H am ste r teil. N eben  den  L . grippo-typhosa  kom m t 
je d o c h  auch ein d e m S e jro  ähnlicher L ep to sp iren ty p  —  L. Rk-16 — vor, den  die 
F e ld m äu se  scheinbar n u r  gelegentlich b eherbergen , w ährend  sein H au p treserv o ir
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andere T iere b ilden . Im  H anság  und in den um liegenden G ebieten muss d a h e r  
überall m it d er Infek tionsm öglichkeit gerechnet w erden , da  die lep to sp iren en t
leerenden N agetiere  für die a u f  den Feldern arb e iten d en  M enschen oder sich d o r t  
au fha ltenden  em pfänglichen T iere eine G efahr b ed eu ten . Je  nach dem lokalen  
Z ah lenverhältn is , der V erseuchung und der A ltersverte ilung  der N agetierarten  is t  
jedoch  der E xpositionsg rad  jew eils verschieden. A u f die im  U n tersuchungsjah r 
bestehenden  E xpositionsverhältn isse  verm ögen w ir Schlüsse zu ziehen, w enn wrir 
den L eptosp irenbefall der an  den einzelnen U n tersuchungsste llen  eingesam m elten

Tabelle VII
Häufigkeit der Leptospirenentleerung unter den Feldnagetieren der einzelnen Gebiete

Anzahl
Untersuchungsort der Nagetiere der Leptospircn- 

ent leerer %

Agvagosszergénv .............................. 98 10 10,2

Me-erei K is tö lg y fa .............................. 107 12 11,2

153 5 3 2
Rábakecöl ........................................... 71 2 2,8

38 5 13.1

N agetierg ruppen  in B e tra c h t ziehen (Tabelle V II) . W ie daraus ersich tlich , 
bestan d  die M öglichkeit zu r In fek tion  von den F e ld n ag e tie ren  vor allem  im  
w estlichen u n d  m ittle ren  Teil des H anság. Die im  J a h re  1952 b eobach te ten  
m enschlichen G rippo-typhosa-In fek tionen  s tam m ten , obw ohl sie nur sporad isch  
vorkam en, fa s t ausschliesslich von diesem Gebiet. In teressan terw eise  w aren au ch  
die zahlreichen m enschlichen E rk rankungen  im  Som m er des vorangegangenen 
Jah re s  gleichfalls in der M ehrzahl in  dieser Gegend au fg e tre ten . D a sich die F e ld 
a rbeiten  ausfüh rende B evölkerung  au f das ganze G eb ie t des H anság ziem lich  
gleichm ässig v e r te ilt , lä sst sich die Lokalisierung d e r F älle  n u r  dam it e rk lä ren , 
dass m enschliche E rk ran k u n g en  in  erster Linie an  je n e n  S tellen  häufiger au ftre -  
ten , wo auch die T iere m it L ep tosp iren  am  stä rk s ten  befa llen  sind. Infolgedessen 
is t anzunehm en, dass die V erseuchung der N agetiere im  Som m er 1951 in  d iesem  
G ebiet noch grösser w ar. D as H anság  und seine U m gebung  zählt also a lle r  
W ahrschein lichkeit nach  zu den  endem ischen G rippo-typhosa-G ebieten , wo im  
w estlichen und  m ittle ren  Teil 1951 eine grössere E p izo o tie  entlangzog, sich ab e r 
die V erseuchungsverhältn isse  im  U n tersuchungsjah r (1952) bereits au f die fü r  
ruhende endem ische G egenden charak teris tischen  W erte  von  einigen %  z u rü c k 
zuentw ickeln begannen .

Zusam m enfassung

Im  Sommer 1951 wurde in der in Nordwestungarn gelegenen Gegend des Hanság eine 
H äufung menschlicher Grippo-typhosa-Infektionen beobachtet, weshalb im Sommer des folgen
den Jahres zur K lärung der Infektionsquellen unter den Feldnagetieren ausgedehnte U n te r
suchungen vorgenommen wurden. An 5 verschiedenen P unkten  der Gegend wurden die N age
tiere wahllos cingesammelt und zur Feststellung der H äufigkeit des Vorkommens von L ep to 
spirenträgern aus den Nieren Züchtungen durchgeführt und der H arn  m it dem Dunkelfeldmikro-
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skop untersucht. Insgesam t w urden 467 Feldnagetiere untersucht und zwar 452 Feldmäuse 
(M icrotus arvalis), 8 W aldm äuse (Apodemus sylvaticus) und 7 Hamster (Cricetus cricetus).

Die Verseuchung m it L . grippo-lyphosa w ar in der Gegend überall nachw eisbar. Grippo- 
typhosa-T räger kam en vor allem unter den Feldm äusen, aber auch un ter den W aldm äusen und 
H am stern  vor. Neben L . grippo-lyphosa konnte jedoch  auch ein in die Hebdomadis-Gruppe 
einzureihender Leptospira-Stam m  (L. Rk— 16) isoliert werden, der über eine ähnliche Antigen
s tru k tu r  verfügt wie L . sejrö. Der Stamm L. R k— 16 w urde aus der Niere einer Feldm aus isoliert, 
jedoch  nur in einem Fall, w oraus gefolgert werden k an n , dass das H auptw irtstier dieses Typus in 
der Gegend unter anderen Tieren gesucht werden m uss.

Die Häufigkeit des Leptospirenbefalls der Feldm äuse variierte an den einzelnen Stellen 
zwischen 2,7% und 14,7%. Die höchsten W erte w urden im westlichen und  zentralen  Teil des 
H anság  festgestellt. Leptospirenentleerung war in e rs te r Linie unter den voll entw ickelten älteren 
T ieren  zu beobachten und  kam  bei mittelgrossen Tieren in erheblich geringerem Umfang, bei 
ju n g en  Tieren jedoch überhaup t nicht vor.

Im  Hinblick auf die ausgedehnte V erseuchung der Nagetiere m it L . grippo-lyphosa und 
das wiederholte A uftreten menschlicher E rkrankungen ist die Gegend als grippo-typhosa-ende- 
m isches Gebiet zu betrachten .
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Im  Som m er 1952 t r a t  u n te r  D reschern  in  d er in  Südostungarn  gelegenen 
G em einde Ú jkígyós explosiv eine L eptosp irose-E pidem ie auf [1]. Im  H in b lick  
d a rau f, dass w ir von  der Epidem ie und  der m öglicherw eise lep to sp irab ed in g ten  
Ä tiologie e rs t e rfuhren , als die D urch füh rung  des Z üchtungsverfahrens k au m  
m ehr A ussich t a u f  E rfolg  h o t, erfolgte die ätio logische U ntersuchung m it sero 
logischen M ethoden. Bei den serologischen P ro b en  ergaben die B lu tse ra  der 
K ran k en  m it zwei L ep to sp iren ty p en  (L . sejró', L . pomona P 3 P rag ) positive  
R eak tio n  m it b e träch tlichem  T ite r, so dass d er T y p  des K rankheitserregers n ich t 
m it S icherheit festgeste llt w erden k onn te . Z u r K läru n g  der Ä tiologie ersch ien  
als gan g b arste r W eg, den fü r die Epidem ie v e ran tw ortlichen  L ep to sp iren stam m  
bei den an  O rt und  Stelle anzu treffenden  N ag etie ren  und grösseren H a u s tie re n  
zu suchen. Auch deshalb  schien es zw eckm ässig, die U ntersuchungen in  d ieser 
R ich tu n g  du rchzuführen , weil w ir a u f  diese W eise n ich t nu r über d en  T y p  des 
K rankhe itse rregers, sondern auch  über die w ahrscheinliche Quelle d e r In fek tio n  
A ngaben gewinnen konn ten . Z uerst such ten  w ir uns über die L ep to sp ira -In fek 
tio n  d er N agetiere zu orien tieren . Die E rgebnisse  d ieser U ntersuchungen  wollen 
w ir im  folgenden m itte ilen .

D ie U n tersuchung  der N agetiere  erfo lg te in  zwei A bschnitten , im  Som m er 
1952 u n d  1953. In sgesam t u n te rsu ch ten  w ir 402 T iere, die teils aus dem  G ebiet 
d er G em einde Ú jkígyós, teils von  den W iesen u n d  G etreidefeldern d e r  U m ge
b u n g  s tam m ten . D ie G em einde Ú jkígyós lieg t im  südöstlichen Teil d e r  u n g a ri
schen  T iefebene im  K o m ita t Békés, in  etw a 15 k m  E n tfernung  von B ékéscsaba . 
E s is t eine charack teristische  S iedlung der T iefebene, deren Gebiet u n d  U m ge
bung  vollkom m en flach  und  von  G etreidefeldern  und  W eiden um geben  is t. 
W aldgebiete  sind in  der U m gebung n ich t v o rh an d en . In  der Nähe b e f in d e t sich 
w eder ein Fluss noch ein Teich. Die Gegend is t  ebenso wie die anderen  T eile der 
T iefebene arm  an  N iederschlag.

W ir w aren b em ü h t, von  säm tlichen  vorkom m enden N ag e tie ra rten  m ög
lichst viele E xem plare  zu sam m eln , um  uns auch  über die In fek tio n  d e r v e r
schiedenen N ag e tie rg a ttu n g en  zu u n te rrich ten . D ie A ufteilung der im  L aufe  der 
beiden  Ja h re  u n te rsu ch ten  N agetiere nach  A rten  geh t aus Tabelle I h e rv o r.
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Tabelle I

Die A rten der in Újkígyós gesammelten Nagetiere

N a tu r
Anzahl der Tiere

1952 1953 Insgesamt

Feldm äuse (Microtus arvalis) .................................................... 5 5 1 8 8 2 4 3

Ährenm äuse (M us sp ic ileg u s) .................................................... 5 4 1 5 5

W aldm äuse (Apodem us sylvaticus) ......................................... 7 3 0 3 7

Ziesel (Citellus citellus) ............................................................... 1 5 5 0 6 5

Spitzm aus (Crocidura leucodon) ................................................ — 1 1

R a tte  (Ratlus ra ttu s) ...................................................................... — 1 1

Insgesam t ........................................... 1 3 1 2 7 1 4 0 2

U ntersuchungsm cthoden  und  Ergebnisse

Die Untersuchung der Nagetiere geschah an O rt und Stelle nach folgender M ethode. Die 
lebend gesammelten Tiere w urden in Äthernarkosc g e tö te t und seziert. Aus den beiden Nieren 
überim pften wir in K orthof-N ährboden, während das B lu t der Tiere für die A gglutinations
untersuchung in sterile R öhren gefüllt wurde. Im ersten J a h r  impften wir auch von der Leber in 
Korthof-Nährboden und untersuchten den Harn bei der Sektion im Dunkelfeld. Die beimpften 
N ährböden wurden im T herm ostaten  bei 30 °C 2 M onate lang aufbewahrt und alle 5 Tage mikro
skopisch nachgeprüft.

Im  ersten U ntersuchungsabschnitt, vom 23. V III. bis 15. IX. 1952, wurden 131 Nagetiere 
gesam m elt. In der Umgebung der auf dem Gebiet der Gemeinde vorhandenen W ohnhäuser kam 
die Ä hrenm aus (M us spicilegus)  am  häufigsten vor, w ährend auf den Äckern der Umgebung h au p t
sächlich Feldmäuse (M icrotus arvalis) und in geringerer Zahl Waldmäuse ( Apodemus Sylvaticus) 
gesam m elt werden konnten. Die Ziesel (Citellus citellus) fingen wir auf den Weiden neben dem 
Dorf. Das Zahlenverhältnis der zur Untersuchung gekom m enen Nagetierarten gibt naturgem äss 
n ich t ganz das tatsächliche V erhältnis ihres Vorkommens wieder, da sich einzelne leichter, andere 
schwerer fangen Hessen. E s sei bem erkt, dass in diesem Somm er sehr wenige Mäuse vorkam en, 
weshalb die Einsammlung ziemlich langsam vor sich ging. Die Tiere waren grösstenteils ent
wickelte, grosse Exem plare, und in sämtlichen G ruppen waren die Weibchen in der Mehrzahl, 
ausgenommen die Feldm äuse, wo die Anzahl der M ännchen grösser war. Sämtliche Tiere kamen 
lebend zur Aufarbeitung.

In  den O rganen u n d  im  H arn  der 131 T iere  k o n n ten  m it den oben b esch rie 
b en en  V erfahren L ep to sp iren  in keinem einzigen  Fall nachgewiesen w erden . 
E b enso  ergab die serologische U ntersuchung des B lu tserum s von 103 N agetie ren  
m it den  L . grippo-typhosa-, L. pomona- (P 3 P rag ) und  L. seyró'-Stammen ein 
n eg a tiv es  R esu lta t. D as negative  E rgebnis des e rs ten  Jahres fü h rten  w ir vo r 
a llem  d a ra u f  zurück , dass n u r  verhältn ism ässig  w enige Tiere der versch iedenen  
N a g e tie ra rten  zur A u fa rb e itu n g  gelangten, w eshalb  w ir die U n tersu ch u n g  der 
T iere  im  Som m er des fo lgenden Jahres fo rtse tz te n . Vom  13. Ju li bis 20. Ju li  1953 
w u rd en  271 N agetiere  gesam m elt. In  d iesem  Som m er verm ochten w ir m ehr 
T iere  zu  fangen, w as sich te ils  m it dem v e rm e h rte n  V orkom m en der N agetiere , 
te ils ab e r m it dem  U m sta n d  erklären lässt, d ass  die E insam m lung zu r E rn te z e it 
e rfo lg te , wo die T iere le ich te r einzufangen sin d . W ie aus Tabelle I  e rsich tlich , 
k am en  u n te r  den im  L aufe  des zweiten J a h re s  gesam m elten  N agetieren  6 ver-
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schiedene A rten vor, u n d  zw ar w ar die A nzahl d er Feldm äuse am  g rössten , 
w esentlich geringer die Z ahl d er Ziesel und W aldm äuse, w ährend w ir n u r je  1 
Ä hrenm aus, S p itzm aus und  R a tte  zu fangen verm och ten . D ie E in sam m lu n g  
erfolgte in diesem J a h r  in  e rs te r Linie an der P eripherie  der O rtsch aft, w eshalb 
von d er in der U m gebung  der W ohnhäuser heim ischen E rdm aus lediglich  ein 
einziges E xem plar u n te rsu c h t w urde. Feld- und  W aldm äuse w urden  a u f  zwei 
verschiedenen G ebieten  gesam m elt. Die W aldm äuse s ta m m te n  von den e tw a 3 km  
südlich der Gem einde gelegenen Ä ckern, wo ebenso wie im  vorangegangenen  J a h r  
n u r wenige Feldm äuse anzu treffen  w aren. F eldm äuse hingegen fanden  sich in 
grösserer Zahl au f den  e tw a 6 km  nördlich von d er G em einde liegenden G etre ide
feldern . Die Ziesel fin g en  w ir a u f  denselben W eiden wie im  vorigen J a h r .  D ie T a t
sache, dass wir n u r  je  eine S p itzm aus und R a tte  fangen kon n ten , d ü rf te  d a ra u f  
zurückzuführen sein, dass diese in  der Gegend n u r in  verhältn ism ässig  geringer 
Z ahl Vorkommen. In  d iesem  J a h r  w aren kleine u n d  m ittelgrosse T iere  in  der 
M ehrzahl, M ännchen u n d  W eibchen kam en u n g efäh r gleichm ässig h ä u fig  vor. 
U n te r den M äusew eibchen w aren  viele träch tig . Die m eisten  T iere kam en  lebend 
zur A ufarbeitung , einige Feldm äuse und  die R a tte  jedoch  e rs t 4 S tu n d en  nach 
dem  V erenden, w as ab e r sowohl lau t L ite ra tu ran g ab en  als auch n ach  unseren  
früheren  B eobachtungen  den Erfolg der Z üch tung  aus der N iere n ic h t beein
flusst.

Die U n tersu ch u n g  d er zahlreichen N agetiere w ar in diesem  J a h r  bereits 
von Erfolg begleite t, da  w ir aus der Niere von 2 T ieren  L eptospiren  zu isolieren 
verm ochten . Die beiden  S täm m e w urden nach d er Isolierungsstelle  — Ú jkígyós —  
und  nach  der N r. d er T iere  m it L. Uk-2 und L. Uk-4 bezeichnet. B eide S täm m e 
w urden  aus W aldm äusen  ( A p n d e m u s  s y l v a t i c u s )  gezüch te t, der eine aus einem  
grossen M ännchen, d e r andere  aus einem grossen grav iden  W eibchen. Beide 
N ieren der Tiere e n th ie lten  L eptosp iren , da jede  der para lle l vorgenom m enen 
A bim pfungen positives R e su lta t ergab.

Zwecks U n te rsu ch u n g  der M eerschw einchenpathogenitä t d er beiden 
gezüchteten  S täm m e im p ften  w ir junge Tiere aus v iru len ten  S tägigen K u ltu ren  
in trap e rito n ea l. S äm tliche  geim pften M eerschw einchen blieben am  Leben ; 
ausser m ehrtägigem  F ieb er beobach te ten  wir bei ihnen  keine pathologischen  
Sym ptom e.

Im  weiteren nahm en wir orientierende Untersuchungen zur Feststellung der Antigen
s truk tu r der beiden Stäm m e vor. Zu diesem Zweck führten wir m it in Kaninchen erzeugten 
Im munsera die gekreuzte Agglutinationslysisprobe unter folgenden Leptospirenstäm m en durch : 
L. Uk— 2, L. Uk—4, L . grippo-typhosa, L . sejrö, L. ротона (P3 Prag), L. pomona T R k, L. 
canicola, L. ictero-haemorrhagiae, L . australis A , L. australis И . L . bataviae, L . bullám, L . mitis 
(Johnson). Im Laufe der Proben reagierten L .  U k — 2  und L . U k — Í unter unseren Standardsera 
lediglich im Sejrö-Serum in beträchtlicherem  Ausmass, und um gekehrt gab in den m it den beiden 
neuen Stäm men erzeugten Im m unsera von unseren Standardstäm m en lediglich L. sejrä eine 
stärker positive Reaktion. L .  U k — 2  und L .  U k — 4  ergaben bei den serologischen Proben 
übereinstimmende K reu tz tite r, weshalb angenommen werden kann, dass die beiden neuen 
Stäm me miteinander identisch sind. Die A ntigenstruktur der beiden neuen Stäm me wich also 
von der aller unserer S tandardstäm m c ab und zeigte nur m it L. sejrö nähere V erwandtschaft.
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D as B lu tserum  v o n  158 d er 271 N agetie re  u n te rsu c h te n  w ir auch  m it 
d e r  A g g lu tina tionslysisp robe  u n te r  V erw endung der S täm m e L. grippo- 
typhosa, L ■ pomona (P 3 P ra g ) , L. U k—2  u n d  L. U k—4. M it L. grippo- 
typhosa  und  L. pomona  P 3 erw iesen sich säm tlich e  B lu tse ra  als nega tiv , 
w ä h re n d  die Sera von  3 W aldm äusen  m it d en  S täm m en  L. U k—2 und 
L . U k —4 positives R e s u l ta t  ergaben. 2 d ieser 3 B lu tse ra  s ta m m te n  von 
d e n  T ie ren , aus deren  N ie re  d ie  beiden S täm m e gezüch te t w urden , w ährend 
d a s  d r i t te  B lu tserum  v o n  e inem  m itte lg rossen  W ald m au sm än n ch en  h e rrü h rte , 
au s  d em  L eptospiren  n ic h t  gezüch te t w erden  k o n n ten .

Besprechung

D ie Ergebnisse d e r im  Laufe der beiden J a h re  du rch g efü h rten  U n tersu 
c h u n g e n  lassen sich fo lgenderm assen  zusam m enfassen. In  der U m gebung von 
Ű jk íg y ó s kom m t L ep to sp iren -In fek tio n  u n te r  den  N agetieren  vo r, doch w ar diese 
z u r  Z e it der U n te rsuchungen  n ich t bedeutend . V on den a u f  dem  G ebiet und  an  
d e r P eripherie  der G em einde vorzufindenden  6 N ag e tie ra rten  w ar n u r  eine, die 
W a ld m a u s  ( Apodemus sylvaticus) in fiziert. Bei 3 von  402 u n te rsu ch ten  N age
t ie r e n  konn te  L ep to sp ira -In fek tio n  nachgew iesen w erden. Es is t  beach tensw ert, 
d a ss  u n te r  den in  grosser Z ah l gesam m elten F eldm äusen  L. grippo-typhosa- 
In fe k tio n  weder du rch  Z ü c h tu n g  noch m it serologischen M ethoden nachgew iesen 
w e rd e n  konnte , obw ohl d iese r T y p  u n te r den F eldm äusen  in  T ran sd an u b ien  sehr 
v e rb re i te t  ist. Ferner is t  in te re s sa n t, dass auch u n te r  den A lirenm äusen  kein  L ep to 
sp ire n trä g e r  vorkam  ; d a b e i sind  Ä hrenm äuse in  D än em ark  die H au p tw irts tie re  
d e r  L . sejrő. Alle üb rigen  N agetiere , d a ru n te r auch  die in  b e träch tlich e r A nzahl 
e ingefangenen  Ziesel, e rw iesen  sich als n egativ . D ie allgem eine V erseuchung der 
N a g e tie re  is t sehr gering, n u r  0 ,7%  ; nehm en w ir jedoch  n u r  die W aldm äuse, 
b e t r ä g t  der W ert 8 ,1% . D a  die E insam m lung d er W aldm äuse im  zw eiten  Ja h r  
w o an d e rs  erfolgte als im  vo rangegangenen , gew innen w ir ein charak teris tischeres 
R e s u lta t ,  wenn w ir den  V erseuchungsgrad  lediglich au f diese le tz te re  P opu la tion  
b ez ieh en . So können w ir fe s ts te llen , dass die V erseuchung der im  Som m er 1953 
v o n  e in e r Stelle gesam m elten  W aldm äuse 10%  ausm ach te . M it R ü ck sich t au f 
d ie  verhältn ism ässig  geringe  Z ah l der au fg earb eite ten  W aldm äuse is t  ab er auch 
d ie se r  W ert nur von o rien tie ren d em  C harakter.

A u f G rund ih re r A n tig e n s tru k tu r  gehören unsere iso lierten  S täm m e zur 
H ebdom ad is-G ruppe. E s b e d a r f  w eiterer U n te rsuchungen , u m  festzustellen , 
ob d ie  von  uns iso lierten  S täm m e m it irgendeinem  anderen  Glied der H eb
dom adis-G ruppe id en tisch  oder als neuer S ero ty p  zu b e tra c h te n  sind . Von 
d e n  M itgliedern d er G ru p p e  kom m en in  E u ro p a  L . sejrő u n d  L . saxkoe- 
bing  v o r, w ährend die a n d e re n  verw and ten  T y p e n  (L . hebdomalis, L . meda- 
.lensis, L . woljfi) in  J a p a n  bzw . Indonesien  gefunden  w urden  [2]. Ü ber die 
so lie ru n g  der europäischen  T y p en  und ih r  V orkom m en u n te r  den  N agetieren



s teh en  folgende w ichtigeren  A ngaben  zur V erfügung. L. sejró' w urde 1937 d u  
P etersen  u n d  Christensen  [3] aus m enschlicher E rk ra n k u n g  isoliert. Spät« ■ 
k o n n te n  die genann ten  A u to ren  d iesen  Leptospiren  ty p  a u f  einem  B au ern h o t, 
wo auch  m enschliche S ejro -In fek tion  vorkam , auch aus M us spicilegus isolieren 
1942 iso lierte  P etersen [4] aus d er N iere von Apodemus flavicollis einen m it I 
sejró' serologisch nahe  v e rw an d ten  neuen  L ep tosp iren typ , den  er L. saxkovhing 
b e n a n n te . Zwischen 1939 u n d  1949 zü ch te te  P etersen [5] u n te r  164 Ä hren m ausen 
au s d e r N iere von 16 L . sejró'u n d  aus d er N iere eines T ieres L . saxkoebing. G leich
ze itig  verm och te  er diese T y p en  bei Feldm äusen niem als anzu tre ffen , sondern  
b eo b ach te te  bei diesen lediglich In fek tio n  m it L.grippo-typhosa. In  N ord ita lien  
h a t te  Mino [6] 1941— 42 550 N agetie re  un te rsu ch t, die er in  Vercelli u n d  den 
um gebenden  R eisfeldern sam m elte . Von den aus W aldm äusen  g ezüch te ten  
S täm m en  d iagnostiz ierte  e r 8 als L . sejró'. Von diesen S täm m en wies jed o ch  
P etersen  nach , dass sie n ich t als Sejro-S täm m e zu b e tra c h te n , sondern m it L. 
saxkoebing iden tisch  sind . S p ä te r gelang es Ba bu d ier i [7], L. sejró' auch  in 
I ta lie n  zu finden , wo er diesen T y p  aus der Niere von  A podem us sy lvaticu - in  
d e r  U m gebung  von R om  züch te te . R impau [8] u n te rsu ch te  1942 h au p tsäch lich  in 
versch iedenen  G ebieten B ayerns 362 N agetiere, u n d  zw ar g rössten teils F e ld 
m äuse  sowie insgesam t 32 W a ld -u n d  R ötelm äuse. U n te r  Feld- und  R ö te lm äusen  
fa n d  er n u r  L . grippo-typhosa-In fek tio n , Avährend die Sera von 3 W ald- 
m äu  en  m it L. sejró’ positive A gglu tina tionslysisreak tion  gaben  G leichzeitig sah 
e r L ep tosp iren  auch in  den aus d e r N iere dieser T iere en tnom m enen  P ro b en . 
S täm m e verm ochte  er aber n ich t zu  züchten , so dass n ich t en tsch ieden  w erden  
k o n n te , ob die T iere L . sejró' oder andere , m it diesem  v erw an d te  L ep to sp iren 
ty p e n  aufw iesen.

Z u r H ebdom adis-G ruppe zäh lende T ypen w urden b isher, wie aus den ange
fü h rte n  L ite ra tu ran g ab en  ersich tlich , u n te r  N agetieren  in  M icro tus-G attungcn  in 
E u ro p a  bis 1952 nirgends angetro ffen , sondern kennzeichnenderw eise n u r in den 
M äusearten  M us spicilegus, Apodem us sylvaticus u n d  Apodemus flavico llis , 
w äh ren d  sie in  J a p a n  im  M icrotus ( Microtus montebelloi) häu fig  V orkom m en. 
In  U n g arn  züch te ten  w ir 1952 zum  erstenm al einen zu r H ebdom adis-G ruppe 
gehörenden  S tam m  (L . Rk-16)  au s d er Niere e iner F e ldm aus im n o rd w est
lichen  G ebiet des Landes [9]. A m  S ta n d o rt der gegenw ärtigen U n tersuchun- 
gen w ar jedoch  die L. U k -In fek tio n  n u r bei W aldm äusen  an zu tre ffen . Es 
sch e in t dem nach, dass in  U n g arn  die zur H ebdom adis-G ruppe gehörenden  
S täm m e je  nach  den  örtlichen  V erhältn issen  sowohl bei den  M icrotus- wie bei den 
A podem us-G attungen  Vorkom m en können .

In  K enn tn is  des R esu lta te s  d e r N age tie run te rsuchungen  e rg ib t sich  die 
F rag e , ob fü r die 1952 in  Ú jkígyós au fg e tre ten e  E pidem ie der aus den N agetieren  
g ezü ch te te  S tam m  v eran tw o rtlich  gem ach t werden k an n . Z ur K lärung  d e r F rage  
n ah m en  w ir die A gglu tina tionslysisp robe m it den au fb ew ah rten  B lu tse ra  der 
K ra n k e n  u n d  m it folgenden L ep tosp irenstäm m en  v o r: L . L k-2, L . l  k-4 , L . sejrő,
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L . pomona (P3 P rag ). Im  H inb lick  darauf, dass die neuerliche U n tersuchung  der 
S e ra  nach  ungefähr 2— 2 ̂ jä h r ig e m  S tehen  erfo lg te , ergaben die T ite r  im  Ver
g le ich  zu den früheren  in  a llen  Fällen n iedrigere W erte . B esonders ausgepräg t w ar 
d ie  Senkung der m it L . pomona  P 3 gew onnenen T ite r, der in  vielen Fällen  sogar 
g a n z  verschw and. L . Uk-2  u n d  L. Uk-4 e rgaben  bei säm tlichen  P roben  das 
g leiche R esulta t u n d  re a g ie r ten  m it erheblich höherem  T ite r  als die gleichzeitig 
u n te rsu c h te n  L. sejrő u n d  L . pomona P 3. Die E rgebnisse  der serologischen Proben 
m i t  den B lutsera e in ig e r K ranken  sind a u f  T abelle I I  an g efü h rt, wobei die 
R e su lta te  der 1952 u n d  gegenw ärtig  du rch g efü h rten  U n tersuchungen  nebenein-

Tabelle II
Ergebnisse der mit den Blutsera von 5 anlässlich der Leptospirose-Epidemie in Újkígyós im Sommer 

1952 erkrankten Personen durchgeführten serologischen Proben

Z e i tp u n k  t  
d e r  B lu te n tn a h m e , 

v o m  B e g in n  
d e r  E rk ra n k u n g  

g e re c h n e t

B lu tse ru m tite r

N r .
Bezeichnung 

des  B lutserum s 
d e r K ranken

1952 1954

L . sejrő
L . p o m o n a
( P .  P '«g>

L . sejrő
L . p o m o n a  
(P s  P rag ) L . U k-2 L . U k-4

i V. P ........... 27 T age 1600 200 200 neg. 800 800
2 B .  P ........... 27 « 400 400 100 « 200 200
3 V. L ........... 32 « 800 100 200 « 400 400

4 B .  M.......... 27 « 20 400 20 « 800 800
5 B .  L ................ 27 « 800 400 200

« 800 800

a n d e r  gestellt sind. D as E rgebn is der serologischen P roben  d e u te t d a ra u f hin, 
d a ss  es sich bei dem  K ran k h e itse rreg e r der 1952 b eo b ach te ten  E pidem ie um  einen 
m it  den  aus den N ag e tie ren  isolierten S täm m en  übere instim m enden  L epto
s p ire n ty p  handelte .

Schliesslich b e sc h ä ftig te n  w ir uns m it d e r F rage , w elche Schlüsse w ir in 
b e z u g  au f die In fek tio n sq u e lle  der erw ähn ten  E pidem ie aus den  Ergebnissen der 
N ag e tie ru n te rsu ch u n g en  ziehen können. E s b e s te h t kein  Zweifel, dass der die 
E p id em ie  hervorrufende L ep tosp irenstam m  u n te r  den N agetieren  angetroffen 
w e rd e n  kann, indessen w a r  die V erseuchung geringen  A usm asses und  beschränk te  
s ich  a.uf eine M äuseart, d ie  im  allgem einen in  der N ähe der W ohnhäuser n ich t 
v o rk o m m t, sondern eh er n u r  in  den das D o rf um gebenden  Ä ckern  h au st. U n ter 
d e n  in  der U m gebung d e r  W ohnhäuser heim ischeren E rd m äu sen  verm ochten 
w ir  keine L e p to sp iren träg er zu finden. D ie D rescharbeiten  w urden  jedoch 
im  w ahrscheinlichen Z e itp u n k t der In fek tio n  a u f den H öfen der W ohn
h ä u s e r  ausgeführt. D esh a lb  is t  anzunehm en, d a ss  als In fek tionsquelle  m öglich
erw eise  andere a u f dem  H o f  d er W ohnhäuser anw esende T iere in  F rag e  kom m en. 
I n  d e r  uns zur V erfügung s teh en d en  L ite ra tu r  fan d en  w ir keinerlei A ngaben  über 
e in e  diesen Typ m ensch licher Infek tion  ve rb re iten d e  Rolle der H au stie re . Ledig
lic h  L übbers [10] e rw ä h n t m enschliche S axkoeb ing-In fek tionen  au f einem
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B au ern h o f, wo auch die H unde m it d iesem  Typ in fiz ie rt w aren . Am  S ch au p la tz  
d er unserseits beobach te ten  E pidem ie s ieh t m an fa s t ü b e ra ll H unde a u f  den  
H öfen , ferner is t auch die Schweine-, R inder- und  P fe rd eh a ltu n g  sehr v e rb re ite t. 
Z u r K lä ru n g  der E n ts tehungsu rsache  d e r Epidem ie erschein t d ah er die U n te r
su ch u n g  aller angeführten  T ie ra rten  erforderlich .

Zusammenfassung

Zur Klärung der näheren U m stände einer 1952 aufgetrelcnen menschlichen Leptospirose- 
Epidem ie wurden in der in Südostungarn befindlichen Gemeinde Újkígyós (K om itat Békés) 
im Sommer 1952 und 1953 N agetieruntersuchungen vorgenommen. Im  Laufe der beiden Jah re  
w urden insgesamt 402 Nagetiere untersucht, und zwar 243 Feldmäuse (Microtus arvalis), 55 Ä hren
m äuse ( M us spicilegus), 37 W aldmäuse ( Apodemus sylvaticus), 65 Ziesel (Cilellus citellus), 
1 Spitzm aus (Crocidura leucodon), 1 R a tte  {Battus ra ttusj. Leptospirenverseuchung konnte nur 
un ter W aldmäusen nachgewiesen werden. Aus der Niere von 2 W aldm äusen wurden m it L . sejrö 
in naher A ntigenverwandtschaft stehende Leptospirenstäm m e isoliert (L . Uk-2 und L. U k-4). 
Die beiden gezüchteten Stämme erwiesen sich bei der K reuzagglutinationsprobe als identisch. 
Bei einer weiteren W aldmaus wurde serologisch eine Verseuchung m it ähnlichem Typ fest- 
gestellt.

Bei der Beobachtung der 1952 in der Gemeinde Újkígyós aufgetretenen Epidemie bestand 
n ich t die Möglichkeit zur genauen Bestimm ung des K rankheitserregertyps, da die B lutsera der 
K ranken m it zwei Leptospirentypen (L . sejtő, L .pom ona  [P3 Prag]) A gglutinationslysisreaktion 
von beträchtlichem  Titer gaben. Die Ergebnisse der m it den neuerdings isolierten Leptospiren
stäm m en und den aufbew ahrten Blutsera der K ranken durchgeführten serologischen Proben 
deuten  darau fh in , dass als Infektionsquelle aller W ahrscheinlichkeit nach der in den Nagetieren 
vorkom m ende Leptospirentyp verantw ortlich ist.

U nter den in der Umgebung der W ohnhäuser anzutreffenden Nagetieren, dort also, wo 
die im  Laufe der Epidemie E rkrankten  im wahrscheinlichen Zeitpunkt der Infektion arbeiteten, 
konnten Leptospirenträger nicht festgestellt werden, weshalb die U ntersuchung fortgesetzt und 
die Infektionsquelle unter den anderen dort vorhandenen Tieren gesucht wird.
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Von
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Staatliches Institut fü r  Hygiene, Budapest, und Biochemisches Institut 
der Ungarischen Akademie der Wissenschaften, Budapest

(Eingegangen am  30. Mai 1956)

In  unseren vorhergehenden  A rb e iten  [1— 3] w urde ü b er die H e rs te llu n g s
m ethode der aus den  M uskeln versch iedener Säuger iso lierbaren  Phosphog lyzerin - 
aldehyd-D ehydrogenasen  (PGAD) u n d  ü b er einige E igenschaften  d ieser F e r 
m ente  be rich te t. Diese A ngaben liessen den  Schluss zu, dass zwischen den  e n z y 
m atischen  E igenschaften , der K o ferm en tb in d u n g  u n d  den  N -end stän d ig en  
A m inosäuren der aus den  M uskeln v o n  K an inchen , Schw ein, R ind, K a tz e  u n d  
H u n d  isolierbaren F erm en te  kein w esen tlicher U n tersch ied  b esteh t. D em gegenü
b e r w eicht das aus dem  M uskel des F lusskrebses gew onnene k rista lline F e rm e n t 
in  einigen E igenschaften  s ign ifikan t v o n  dem  aus den  Säugerm uskeln g ew inn
b aren  F erm en t ab  [4].

In  der vorliegenden A rbeit sollen n u n  die im m unbiologischen E ig en sch aften  
der aus Säugerm uskeln  iso lierbaren P G A D  u n te rsu ch t w erden .

M aterial u n d  M ethoden

Die Isolierung der Fermente und die Messung der Fermentaktivität erfolgte m it den bereits 
geschilderten Methoden [1— 3]. In  den Versuchen wurden 3—4mal umkristallisierte Eiweisse 
benutzt, deren H om ogenität m it E lektrophorese kontrolliert w urde (in 0,1 M Phosphatpuffer, 
pH  7,0—9,5).

Immunisierungsmelhode. Das aus Schweine- oder R inderm uskeln isolierte, dreimal um kris
tallisierte Ferm ent wurde gegen mehrmals gewechselte physiologische Kochsalzlösung dialy- 
siert, bis es ammoniumsulfatfrei war. Mit dem so erhaltenen P räp a ra t wurden je 2 K aninchen von 
2500— 3000 g Körpergewicht bei zunehmenden Dosen jeden d ritten  Tag i. v. im m unisiert. Die 
Immunisierung erfolgte in drei Versuchsreihen, wobei während der 4— 6 Wochen eines Im m uni- 
sationszyklus die den einzelnen Tieren injizierte Gesamteiweissmenge in der ersten Reihe 200 mg, 
in  der zweiten 600 mg und in  der d ritten  1900— 2000 mg betrug. Eine Woche nach der le tz ten  
Im munisierung wurden die Tiere unter sterilen Verhältnissen durch Verbluten getö te t. Die 
gewonnenen Seren wurden m it Seitzfilter sterilisiert, m it 0,01% M erthiolat konserviert und  im 
Eisschrank aufbew ahrt.

Serologische Methoden. Zu den serologischen U ntersuchungen gelangte dreimal um krista l
lisiertes Schweinemuskelferment und vierm al um kristallisiertes R inderm uskelferm ent zu r V er
wendung. Die P räparate  wurden gegen m ehrm als gewechselte Glykokollpufferlösung (pH  8,5) 
48 Stunden dialysiert, bis sie am m onium sulfatfrei waren, dann m it Hilfe von Seitzfilter sterili
siert, m it 0,01% M erthiolat konserviert und im  Eisschrank gelagert. Die Stammlösungen w ur
den innerhalb 2—3 Tage benutzt und die w eiteren V erdünnungen m it 0,01% M ertthiolat en t
haltender physiologischem Kochsalzlösung vorgenommen.
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a) Präzipitation. Zu je  0,5 ml der gegen Schweine- bzw. Rindcr-PGAD produzierten A nti
seren  sowie zu je 0,5 m l der im Verhältnis 1 : 4 verdünnten  Seren w urde, 2,5 mg, 250 y , 
25 y  und 2,5 y  homologes bzw. heterologes E nzym präpara t hinzugefügt, und zwar gleichfalls in 
einem  Volum von 0,5 ml. A ls Kontrolle dienten norm ales Kaninchenserum, in Kaninchen gewon
nenes Typhus-O-Im m unserum  (Agglutinintiter 1 : 3200) und auch physiologische Kochsalz
lösung, m it denen die R eak tion  in ähnlicher Weise eingestellt wurde. Die Präzipitationssystem e 
w urden teils 2 Stunden im  T herm ostat bei 37° C und danach bis zum nächsten Tag im Eisschrank, 
te ils eine Woche bei 4° C gehalten.

b )  Hämagglutinationsmethode. Zur H äm agglutination fand eine M odifikation der M i d d l e -  
b r o o k — DuBOSschen M ethode [5] Anwendung. E s wurden m it physiologischer Kochsalz
lösung dreimal gewaschene H ammelerythrozyteil abzentrifugiert, wonach der R ückstand in 
einem  zehnfachen V olum  l,0% iger bzw. 0 ,l% iger Papainlösung (Merck) suspendiert wurde. 
N ach  30 Minuten S tehen in  einem Wasserbad von 37° C wurden die m it Papain  behandelten 
E ry throzy ten  dreimal vorsich tig  mit physiologischer Kochsalzlösung gewaschen (5 minutiges 
Zentrifugieren bei 1500 U/M in.) und dann eine 2,5% ige Suspension m it physiologischer Koch
salzlösung bereitet. J e  ein Teil der mit l,0% igem  bzw. 0,l% igem  Papain behandelten E ry thro
zytensuspensionen w urde m it einer gleichen Menge von  a) 5,0 mg/ml, b) 0,5 mg/ml Schweine- 
PGAD-Lösung, c) 5,0 m g/m l, d)  0,5 mg/ml Rinder-PGAD-Lösung, e) 5,0 m g /m l,//  0,5 mg/ml 
Typhus-O-Antigenlösung un d  g )  physiologischer Kochsalzlösung versetzt. N ach einstündiger 
Inkubation  bei Z im m ertem peratur wurden die m it den verschiedenen P räpara ten  sensibilisierten 
un d  die Kontroll- (nur m it physiologischer Kochsalzlösung behandelten) Erythrozytensuspensio
nen  zentrifugiert, dreim al vorsichtig mit physiologischer Kochsalzlösung gewaschen (Zentri
fugieren während 5 Min. bei 1500 U/Min.) und dann  aus den verschiedenen E rythrozyten  m it 
physiologischer Kochsalzlösung 2,5%ige Suspensionen bereitet, von denen 0,025 ml zu den ver
schiedenen Serum verdünnungen hinzugefügt w urde.

Danach folgte die B ereitung von Verdünnungsreihen aus den un tersuchten  Seren (Schwei
ne- bzw. R inder-PGAD-Antiserum , Typhus-O-Im munserum, normales Kaninchenserum ) von 
einer Konzentration von 1 : 100 angefangen in V olum ina von 0,5 ml. Nach Einm essung der en t
sprechenden Erythrozytensuspensionen standen die Systeme eine S tunde lang bei Zimmer
tem peratur, dann bis zum  nächsten Tag im E isschrank, wonach die Ergebnisse m it Hilfe eines 
Agglutinoskops abgelesen wurden.

Anaphylaktische Untersuchungen, a) Aktive Anaphylaxie. Zu den U ntersuchungen fanden 
Meerschweinchen von 280— 350 g Körpergewicht Verwendung. Die Tiere erhielten in traperi
toneal — in der in der T abelle II angegebenen Menge — die Rinder-, Schweine- bzw. Kanin- 
chen-PGAD, die zuvor 48 S tunden lang gegen physiologische Kochsalzlösung dialysiert wurde, 
b is Ammoniumsulfat in  d e r letzten Salzlösung n ich t mehr nachweisbar w ar. 11—16 Tage 
n ach  der Sensibilisierung w urden den Tieren in traperitoneal verschiedene Mengen des en t
sprechenden Ferm entes verabreicht. Die Tiere w aren während drei S tunden nach der E r 
folgsinjektion einer sorgfältigen Beobachtung ausgesetzt, sodann wurde ih r Zustand noch 
5 Tage hindurch kontro lliert.

b) Passive A naphylaxie. Meerschweinchen von 280—320 g Körpergew icht erhielten i. v. 
0,1— 5,0 ml unverdünntes Schweine- bzw. Rinder-PGAD-Antiserum. N ach 48 S tunden wurde den 
T ieren  10—200 mg entsprechendes Enzym präparat in  einem Volum von je  0,5 ml gleichfalle 
in travenös injiziert. V or u n d  10— 15 Minuten nach  der Zweitinjektion w urde die Tem peratur 
d e r Tiere rektal kontro lliert. D ie Tiere standen 2 S tunden  nach der Erfolgsinjektion un ter Beob
ach tung , danach w urde ih r Z ustand noch eine W oche lang täglich geprüft.

Elektrophoretische Untersuchung der Immunseren. Die Elektrophorese erfolgte in einem 
A p p ara t vom Typ Fokal В in  0,1 M Phosphatpuffer (pH  8,8) in einer norm alen, einteiligen analy
tischen Zelle, bei A nw endung einer Spannung von 150 V und einer S trom stärke von 16— 18 mA 
bei + 2 —3°C.

Ergebnisse

In  den zwei e rs te n  Im m unisierungsreihen  w urde den einzelnen  T ieren je  
200 bzw. je 600 m g v o n  d en  Ferm enten v e ra b re ic h t. Diese E iw eissm enge s tim m t 
m it  der im allgem einen  zu r Im m unisierung verw endeten  E iw eissm enge übere in  
bzw . ü bertrifft diese im  zw eiten Fall. E s gelang  n ich t, in  den  gew onnenen A nti- 
se re n  Präzip itine nachzuw eisen . Diese S eren  w u rd en  m it ke iner an d eren  M ethode
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u n te rsu ch t. D a angenom m en w urde, dass das F erm en t ein  seh r schw aches A ntigen  
d a rs te llt, w urden in d e r d r it te n  V ersuchsreihe ex trem  grosse Eiw eissm engen 
in jiz ie rt, und  zwar rund  2000 mg je  T ie r. Im  w eiteren sollen die A ngaben d er in  
d ieser d r it te n  Im m unisierungsreihe gew onnenen Seren e rö r te r t  w erden.

Tabelle I

Hämagglutinationsuntersuchungen

B ezeichung d e r  E ry th ro zy ten su sp en a io n

H ä m a g g lu tin a tio n a tite r
m it

hom ologem  n o rm a lem  
A n tise ru m  ) K an in ch en se ru m

A  )  Untersuchungen m it Schweine-PGAD

1. 1% Papain, 5,0 mg E n zy m .............................................. 1 : 200 1 : 400
2. 1% « 0,5 mg « ..............................................

Оосч 1 : 400
3. 0,1%  « 5,0 mg « ............................................. 1 : 400 1 : 400
4. 0,1%  « 0,5 mg « ............................................. 1 : 200 1 : 400

B )  Untersuchungen m it Rinder-PGAD

5. 1% Papain, 5,0 mg E nzym .............................................. 1 : 400 1 : 400
6. 1% « 0,5 mg « .............................................. 1 : 400 1 : 200
7. 0,1% « 5.0 mg « .............................................. 1 : 400 1 : 400
8. 0,1% « 0,5 mg « ............................................. 1 : 200 1 : 400

C ) Untersuchungen m it Туphus-O-Antigen

9. 1% Papain, 5,0 mg Antigen .......................................... 1 : 25 600 1 : 400
10. 1% « 0,5 mg « .......................................... 1 : 25 600 1 : 400
11. 0,1%  « 5,0 mg « .......................... ............... 1 : 51 200 1 : 800
12. 0,1%  « 0,5 mg « ......................................... 1 : 51 200 1 : 800

D ) K ontrolle

13. 1% Papain, —  .......................................... — 1 : 400
14. 0,1%  « —  .................................................... — 1 : 400

Präzipitation. N ach  In k u b a tio n  d e r im  m ethod ischen  Teil beschriebenen  
P räzip ita tionssystem e im  E isschrank  k o n n te  in  ke inem  einzigen R öhrchen  eine 
P räz ip ita tb ild u n g  b eo b ach te t w erden, se lb s t w ährend  e iner g anzen  W oche n ich t. 
Im  F alle  von  In k u b a tio n  bei Z im m ertem p eratu r liess sich in  einzelnen R öhrchen
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sch o n  nach  einigen S tu n d e n  eine T rü b u n g  u n d  d an ach , in n e rh a lb  24 S tu n d en , 
d ie  B ildung  eines N iedersch lages festste llen . D as A usm ass d er N iederschlag
b ild u n g  s tan d  zu den  an g ew an d ten  A ntigenm engen  in  einem  geraden  V erhältn is. 
I n  d e n  eine gleiche A n tig en m en g e  e n th a lten d en  R öhrchen  e n ts ta n d  ein gleich 
s ta r k e r  N iederschlag, u n a b h ä n g ig  davon , ob die b e treffenden  R öhrchen  hom olo
ges o d e r heterologes Im m u n se ru m , N orm alserum  oder physiologische K ochsalz
lö su n g  en th ielten . D ie e n ts ta n d e n e n  N iederschläge sind also n ic h t P ro d u k te  
e in e r  A n tig en -A n tik ö rp e rreak tio n , sondern  kam en  infolge d e r grossen W ärm e
em p fin d lich k e it des E n z y m s zustande.

N ach  den E rg ebn issen  d er P räz ip ita tio n su n te rsu ch u n g en  e n th ä lt  d as  Serum  
d e r  m it extrem en M engen von  PG A D  im m u n isie rten  K an in ch en  keine P rä z i
p i t in e  gegenüber den  hom ologen  oder hetero logen  E n z y m p rä p a ra te n .

Hämagglutinationsuntersuchungen. U nsere  A n tiseren  w u rd en  auch noch  
m i t  d e r H äm ag g lu tin a tio n sm eth o d e  in  d e r im  m ethod ischen  T eil angegebenen 
W eise  u n te rsuch t. Als K o n tro lle  w urde die H äm ag g lu tin a tio n  au ch  m it T yphus-O - 
A n tig e n  und  m it T y p h u s-A n tise ru m  eingestellt. D as E rgebn is d e r diesbezüglichen 
U n te rsu ch u n g en  g eh t au s  d e r  T abelle I  hervo r.

A us den A ngaben  d e r  T abelle  I  is t  ersich tlich , dass w äh ren d  bei der ange
w a n d te n  M ethode im  T yphu s-O -Im m u n seru m  ein hoher A n tik ö rp e rtite r  n a c h 
gew iesen  w erden k o n n te , in  den  P G A D -A ntiseren  keine häm ag g lu tin ie ren d en  
A n tik ö rp e r  gefunden w u rd en .

Anaphylaktische Untersuchungen

a) Aktive Anaphylaxie. A ngesichts d er B eobach tung , d ass  in  den  serologi
sc h e n  U ntersuchungen  e in  negatives E rgebn is e rh a lten  w u rd e , gelangte zu r 
A uslö su n g  der ak tiv en  A n ap h y lax ie  als sensibilisierende D osis eine v e rh ä ltn is 
m äss ig  grosse E iw eissm enge (5— 80 mg) zu r A nw endung. G leichfalls eine v e rh ä lt
n ism ässig  grosse E iw eissm enge w urde fü r  die auslösende In je k tio n  b e n u tz t 
(15— 70 mg). Die i. p. In je k tio n  von  100 m g oder noch m ehr E n zy m  fü h rte  in n e r
h a lb  1— 2 S tunden zum  T o d e  des Tieres. D er S ek tionsbefund  d er eingegangenen 
T ie re  ergab keine V e rän d e ru n g  der inneren  O rgane.

Die Ergebnisse d e r ak tiv en  an ap h y lak tisch en  U n tersu ch u n g en  sind in  
T a b e lle  I I  zusam m engefasst. A us Tabelle I I  erhellt, dass sich  bei einer 14— 16 
T a g e  nach  der E rs tin je k tio n  in trap e rito n ea l gegebenen E rfo lgsin jek tion  des 
E n z y m s  an den M eerschw einchen keinerlei an ap h y lak tisch e  E rscheinung  au s
b ild e te , sondern dass die T ie re  sym ptom fre i blieben.

b) Passive A naphylaxie. E s w urde v e rsu ch t, an  M eerschw einchen du rch
i. V . In jek tio n  von in  K a n in ch en  erzeugten  PG A D -A ntiseren  und  d an n  nach 48 
S tu n d e n  der en tsp rech en d en  E nzym e eine passive A naphy lax ie  auszulösen. Die 
U ntersuchungsergebn isse  s ind  in  Tabelle I I I  en th a lten .
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Tabelle II

Aktive anaphylaktische Untersuchungen

N r.
des Tieree

S ensib ilisie rende  In je k tio n  
m g

A uelösende
In je k tio n

mg
S y m p to m e

A )  U ntersuchungen m it Kaninchen-PGAD

1. 1 0 5 0 0
2 . 3 2 6 0 0
3 . 5 0 1 5 0
4 . 6 0 2 5 0

B )  U ntersuchungen m it Schweine-PGAD

5 . 5 3 0 0
6. 1 0 3 0 0
7 . 4 0 7 0 0
8 . 8 0 2 5 0

C) Untersuchungen mit Rinder PGAD

9 . 5 4 0 0
1 0 . 3 0 7 0 0
1 1 . 5 0 4 0 0
1 2 . 7 0 2 5 0

Aus den  A ngaben d e r T abelle I I I  geh t hervor, dass es selbst m it seh r gros
sen D osen d er Schweine- bzw . R inder-P G A D -A ntiseren  n ich t gelang, die M eer
schw einchen in  passiver Y eise den  en tsp rechenden  E n zy m p räp a ra ten  gegenüber 
zu sensibilisieren. Die V ersuchstiere  blieben alle am  L eben und  zeigten m it zwei 
A usnahm en keinerlei S pur eines überem pfindlichen  Z ustandes. Die infolge der 
E nzym gabe au ftre ten d e  T em pera tu rsen k u n g  k o n n te  auch  an  jenen  T ie ren  fe s t
gestellt w erden , die keine V orbehand lung  m it Serum  erh a lten  h a tte n .

Elektrophoretische Untersuchung der Immunseren. A us den h ier an g efü h rten  
A ngaben  is t  zu sehen, dass es n ic h t gelungen is t, im  Serum  der m it Schw eine- 
u n d  R inder-PG A D  im m u n isie rten  K aninchen  m it serologischen u n d  im m u n 
biologischen M ethoden A n tik ö rp e r nachzuw eisen. A us diesem  G runde w urde 
u n te rsu ch t, ob in  unseren  PG A D -A ntiseren  ü b e rh a u p t eine G am m aglobu lin 
zunahm e b eo b ach te t w erden  k an n . Als K on tro lle  w urden  auch die E iw eiss
frak tio n en  von  norm alem  K aninchenserum  u n d  v o n  T yphus-O -Im m unserum  
b estim m t. A us den  diesbezüglichen A ngaben d er T abelle  IV  geht h e rv o r, dass 
kein  m erk b are r U ntersch ied  zw ischen dem  G am m aglobulingehalt des norm alen
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Tabelle III
Passive anaphylaktische Untersuchungen

R e k ta lte m p e ra tu r

Nr. S e ru m d o e is
m g

E nzym dosie
mg

v o r  1 n ach S y m p to m e

G ab e  des  E nzym s

A  )  Untersuchungen m it Schweine-PGAD

l. 0,1 2,5 38,4 38,2 0

2. 0,1 25 38,4 38,2 0

3. 0,1 25 38,1 38,0 0

4. 1,0 50 38,4 37,8 0

5. 1,0 50 38,3 37,8 0
6. 1,0 100 38,2 37,6 0
7. 1,0 100 38,0 37,6 0

1!. 5,0 200 38,3 37,6 0
У. 5,0 200 38,1 37,8 0

10. 5,0 200 38,2 37,8 0

11. — 200 38,4 37,5 0
12.

-
200 38,1 37,8 0

В )  Untersuchungen m it Rinder-PGAD

13. 0,1 20 38,0 37,0 0
14. 0,1 20 38,4 37,4 0

15. 1,0 10 37,6 37,4 0
16. 1,0 10 37,6 36,4 0
17. 1,0 50 37,4 36,2 0
18. 1,0 50 38,2 37,2 N asenkratzen

19. 1,0 100 37,6 37,0 0
20. 1,0 200 37,6 37,0 0
21. 1,0 200 37,6 36,8 0

22. 5,0 200 38,2 36,6 N asenkratzen
23. 5,0 200 38,2 36,0 0

24. — 200 37,6 36,2 0
25. — 200 37,6 35,6 0

K an inchenserum s u n d  d e m  der PG A D -A ntiseren  b eo b ach te t w erden  k o n n te . 
D e r  G am m aglobu lingehalt des einen A g g lu tin in tite r  von 1 : 3200 aufw eisenden 
T yphus-O -A ntiserum s b e tru g  etw a das D o p p e lte  des G am m aglobulingehaltes 
d e r  norm alen  und  P G A D -A ntiseren .
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Tabelle IV

Menge der Eiweissfraktionen t on verschiedenen Kaninchenseren bei Bestimmung durch Elektro
phorese

M enge d e r F rak tio n en  in  %

S eru m
A lb u m in *

° 1 --a»

G lobuline

ß Y

Normales Kaninchenserum .................................. 42,9 18,4 22,4 16,3

41,7 18,8 23,5 16,2

Schw eine-PG A D -A ntiscrum .................................. 43,4 18,3 20,6 16,5

44,5 22,4 18,3 14,6

Rinder-PGAD-Antiserum ..................................... 39,8 22,5 24,2 14,2

T yphus-O -A ntiserum ................................................ 39,5 16,0 20,0 27,8

D iskussion

D as Ziel der h ie r  beschriebenen U n te rsu ch u n g en  w ar, die serologische bzw . 
im m unbiologische B eziehung k larzuste llen , d ie zw ischen den aus d em  M uskel 
versch iedener Säuger iso lierbaren P hosphog lyzerinaldehyd-D ehydrogenasen  b e 
s te h t. E s wurde v e rsu c h t, m it Schw eine- u n d  R inder-PG A D  in K a n in c h e n  ein 
Im m u n seru m  hervo rzu ru fen , um  m it dessen H ilfe  die an tig en stru k tu re llen  V er
hä ltn isse  dieser zwei A rten  von P G A D  zu s tu d ie ren . Unsere U n te rsu ch u n g en  
e rgaben  jedoch, dass es selbst im  B lu tse ru m  v o n  K an inchen , die m it se h r  grossen 
M engen (2000 m g) v o n  dreim al u m k ris ta llis ie r te n , hom ogenen P G A D  aus 
Schw eine- bzw. R inderm uskeln  im m u n is ie rt w u rd en , n ich t möglich is t ,  P rä z i
p itin e  oder häm agglu tin ierende Im m u n sto ffe  nachzuw eisen. Es is t an zu n eh m en , 
dass die Im m unisie rung  m it diesen E n zy m en  m öglicherweise zu r P ro d u k tio n  
von ink o m p le tten  A n tikö rpern  g e fü h rt h a t .  Z u r K lärung  dieser F ra g e  w urde  
v e rsu c h t, m it diesen PG A D -A ntiseren  a n  M eerschw einchen eine p ass iv e  A n a 
p h y lax ie  auszulösen. N ach  den U n te rsu ch u n g en  v o n  K ab at  und B e n a c e r r a f  [6] 
k ö nnen  näm lich  die M eerschw einchen m it in k o m p le tten  A ntikörpern  ebensoseh r 
sensib ilisiert w erden w ie m it den eine s ich tb a re  R eak tio n  gebenden, k o m p le tte n  
A n tik ö rp e rn . M it d e r M ethode der p assiv en  A nap h y lax ie  gelang es jed o ch  n ic h t, 
in  u n se ren  PG A D -A ntiseren  A n tik ö rp e r nachzuw eisen . Auch in  d e r  G am m a
g lobu lin frak tion  des Serum s der m it  PG A D  im m unisierten  K an in ch en  k o n n te  
keine Z unahm e b e o b a c h te t w erden. Schliesslich fü h rte n  auch u n sere  a k tiv e n  
an ap h y lak tisch en  V ersuche an M eerschw einchen zu  einem  n eg a tiv en  R e su lta t .

D ie h ier m itg e te ilten  U ntersuchungsergebn isse  weisen d a rau f h in , dass  die 
aus Schweine- bzw . R inderm uskeln  h e rg es te llte , k rista lline PG A D  w ed er fü r 
den  O rganism us des K aninchens n o ch  fü r  d en  des M eerschweinchens e in en  A n ti
genreiz  b ed eu te t. D iese B eobachtung  is t  ü b e rrasch en d , da  das M olekulargew icht
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d e r PG A D  etw a 120 000 b e trä g t und auch  ih r  T yrosin - und T ry p to p h a n g e h a lt 
b e trä c h tlic h  is t [7]. D a s  E n zy m  verfügt a lso  ü b e r  jene E igenschaften , die im  
allgem einen als c h a ra k te ris tisch  fü r die E iw eisse  m it A ntigenw irkung g eh a lten  
w erd en . T ro tzdem  lö s te  a b e r  i. v . Im m u n isie ru n g  m it PGAD la u t u n se re r V er
su ch e  w eder im  K a n in c h e n  noch im  M eerschw einchen eine A n tik ö rp e rp ro d u k tio n  
au s. W eitere  U n te rsu ch u n g en  w erden en tsch e id en , ob  die Schweine- u n d  R inder- 
P G A D  auch u n te r  a n d e re n  V ersuchsverhältn issen  (Anw endung v o n  A d ju 
v a n tie n , Im m unisierung  von  N ichtsäugern) d a s  Fehlen der A n tigene igen 
sc h a ft zeigt.

Zusammenfassung

Im  Serum von K aninchen , die m it grossen Mengen von  aus Muskeln verschiedener Säuger 
isolierter Phosphoglyzerinaldehyd-Dehydrogenase (PG AD ) immunisiert w urden, gelang es 
n ich t, durch Präzip itation , H äm agglutination und  V ersuchen zur Auslösung einer passiven 
A naphylaxie A ntikörper nachzuweisen. Auch die Gammaglobulinfraktion des Serum s von 
K aninchen, die m it PGAD im m unisiert wurden, zeigte keine Zunahme. Des w eiteren konnte 
m it dem  Enzym an Meerschweinchen keine aktive A naphylaxie hervorgerufen werden. D ie E r
gebnisse dieser U ntersuchungen weisen darauf hin, dass die aus den Muskeln von Schweinen 
u n d  R indern isolierte krista lline PGAD keinen A ntigenreiz fü r den Organismus des K anin
chens und  Meerschweinchens bedeutet.
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T he in te ra c tio n  betw een  th e  Coxsackie (C) an d  th e  poliom yelitis v iruses 
have been  s tu d ied  b y  a num ber of au th o rs  in  an im al experim en ts. These in v es tig a 
tions w ere m o stly  confined to  th e  d em o n stra tio n  w h e th e r th e  ra te  o f th e  m an i
fe s ta tio n  o f poliom yelitis, o r th e  severity  o f th e  disease, m ig h t be altered  b y  m ixed 
infection  w ith  C v iru s. The significance of such in v estiga tions lies in  th e  possi
b ility  th a t  th e ir  resu lts  m ig h t be o f  some p ra c tic a l v a lu e  in  re la tion  to  h u m an  
patho logy . T h e  anim als used in  these  experim ents w ere m onkeys [1, 2, 3] an d  
mice [2, 3, 4, 5]. All th e  m onkey experim en ts h ith e rto  pub lished  have in v ariab ly  
given n eg a tiv e  resu lts, regardless w h e th e r th e  v iruses w ere given sim ultaneously , 
or w h e th e r th e  C v irus was given prev iously . Some a u th o rs  [2] w orking on m ice 
rep o rted  n eg a tiv e  resu lts , while o thers [3, 4, 5] succeeded in  d em o n stra tin g  an  
in terference  betw een  th e  tw o viruses. A ccording to  th e  resu lts  so fa r  availab le , 
i t  seem s th a t  th ere  is a difference betw een  th e  G roups A a n d  В o f th e  C v iruses 
even in  th e  in terference  phenom enon. T he an tag o n ism  ag a in s t th e  poliom yelitis 
v irus w as on ly  observed w hen s tra in s  of th e  G roup В  were used ; a precise 
analysis o f th e  phenom enon, how ever, has n o t y e t been  forthcom ing .

T he p re sen t s tu d y  w as concerned w ith  som e in terference  experim en ts 
carried  o u t w ith  th e  G roup В Type 1 s tra in  o f th e  C v iru s a n d  th e  L ansing s tra in  
o f po liom yelitis  v irus, in  order to  exam ine how  fa r  th e  resu lts  o f sim ultaneous 
in fection  o f  m ice would be in fluenced  b y  th e  age o f th e  anim als, th e  ro u te  of 
in fection  an d  th e  q u a n tita tiv e  re la tio n s betw een  th e  v iruses used. In  ad d itio n , 
the  resis tan ce  o f the  m ice surv iv ing  th e  experim en ts w as also stud ied  by  challeng
ing th e m  w ith  th e  L ansing  v irus on th e  36 th  d ay  o f  th e  experim ents.

Materials and Methods
Virus strains. The Group В Type 1 strain  of C virus (in the following: B1 strain) was 

obtained by courtesy of Dr. G. Dalldorf (Albany, USA.). The collection No. of the strain  was 
49 683. In  our experim ents samples of the 39th and 40th passages were used. The mouse adapted 
strain  of the Lansing poliomyelitis virus (in the following : Lansing strain) was kindly supplied 
by Dr. P. von Magnus (Copenhagen). The la tte r  strain  had already undergone several passages 
in our laboratory  a t the time our experim ents were commenced. In  all bu t one of the experi
m ents dealt w ith  here, virus m aterial from the same passage was used.



184 . DÖMÖK

Mice. Albino mice from  the polygamic breeding stock of our Institu te  were used. The age 
of th e  animals to be used in the experiments was determ ined according to the following consider
ations. Two groups of anim als were w anted, one partially  susceptible to the B1 strain , and another 
n o t showing any neurological response a t all. For the la tte r purpose, according to  the literary 
d a ta , mice 21 days of age are suitable (in the following, older group of mice). In  the partially 
susceptible group, the choice of age was guided by the consideration th a t the m ajority of the 
anim als should survive the experim ental disease. This was achieved by testing the susceptibility 
of mice from 1 to 12-day old to  103and 105 LD50 units of the B1 strain. (The LD50 was determined 
in one-day-old mice.) As in  the interference experim ents, the inoculations were made intra- 
cerebrally with 0,02 ml dose. Two separately performed experiments showed th a t mice w ith an 
average weight corresponding to  their age, were fully susceptible until the 6 th  day of life, i. e. 
all th e  infected animals died. The m ajority of the 7 to  8-day old animals also succumbed to  the 
infection. From the 9th day on both doses of the virus caused only a low incidence of disease w ith 
certa in  variations, which, however, depended on the litte r used. Accordingly, in our experiments 
9 -day old mice (in the following, younger group of mice) were used as partially susceptible animals. 
T he variations in the susceptibility of the 9-day old litters seemed to depend ra ther on the litte r 
th a n  on the actual weight of the animals. The littcr-m ates were, therefore, divided evenly into 
each of the experimental groups. In one experim ent, however, the grouping was made according 
to  th e  weight of the animals.

Standard viral suspensions. 20 per cent suspensions were prepared from the torsos of 
new born mice infected w ith B l strain, as described in  an earlier publication [6]. A num ber of mice 
14 to  16 g of weight were inoculated intracerebraUy w ith 0,03 ml of the Lansing virus in the form 
of a  10 per cent mouse-brain suspension. From  the central nervous tissues of mice paralysed 
w ith in  10 days following the infection, a 10 per cent suspension was prepared and refrigerated a t 
— 8° C overnight. After thaw ing, the m aterial was centrifuged a t 4000 r. p. m. for 20 minutes. 
T he supernatan t was p ipetted  off, and after addition of 1000 U. penicillin and 2 mg of strepto
m ycin  per ml, the m aterial was distributed, scaled in  vials and stored in solid C 02.

Titration o f the viral suspensions. The standard  viral suspensions were always titra ted  
before use. Moreover, the B1 strain was titra ted  m onthly during the experiments. All the ti tra 
tions were made in tenfold dilution series. As a diluent, physiological saline was used. Each dilution 
o f the B1 strain was inoculated into one or two newborn litters, while for each dilution of the 
L ansing strain a t least 10 mice weighing 14 to  16 g were used. In both cases, the infection was 
m ade intracerebraUy in 0,02 m l volume. The infected anim als were under observation for 10 days 
w'hcn the B l, and for 30 days when the Lansing strain , was used. On the basis of the specific 
dea th s , the LD50 was estim ated according to  R eed and Muench [7]. The titre  of the Bl strain 
w as 10~6 while th a t of the Lansing strain  was about 10“ 4. The dilutions of the Lansing strain  
w-ere calculated by the weight of the central nervous tissue.

Experimental

Experiments on 9-day old mice. T hree  series o f experim en ts w ere perform ed. 
In  th e  f irs t  series th e  an im als were g rouped  accord ing  to  b o d y  w eigh t, while in  
th e  o th e r  tw o series th e  sep a ra te  litte rs  w ere d is tr ib u te d  as described in  th e  ch ap 
te r  on  th e  m ethods.

In  th e  f irs t an d  second series o f th e  exp erim en ts , th e  m ice w ere inocu la ted  
w ith  10-2 , 10“ 3, a n d  10“ 4 fin a l d ilu tions o f th e  L ansing  s tra in  th a t  w as m ixed 
to  103 an d  105 LD 50 u n its  o f th e  B l  s tra in , respective ly . As a co n tro l o f th e  L an s
in g  in fec tion , suspensions o f norm al suckling  m ice torsos were used  in s te a d  o f C 
v iru s , w hile n o rm al m ouse-brain  suspension w as added to  th e  C v iru s  controls 
in s te a d  o f  th e  L ansing  v iru s . The infections w ere perform ed in tracereb raU y  w ith  
a f in a l  volum e o f 0,02 m l.

In  th e  th ird  series o f  experim en ts, th e  C v iru s w as given subcu taneously , 
a n d  th e  Lansing s tra in  in tracerebraU y. T h e  an im als were in jec ted  in to  th e  in te r 
s c a p u la r  snace, w ith  105 LD 50 doses in  0,03 m l o f th e  B l s tra in , w hile th e  10“ 2,
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10-3 an d  1 0 '4 d ilu tions o f th e  L ansing v irus w ere g iven in tracereb ra lly  in  0,02 m l. 
A pprop ria te  contro ls w ere used. As an im als o f  th e  sam e age were n o t a lw ays 
availab le  in  ad eq u a te  num bers to  te s t  all th e  d ilu tio n s  of th e  L ansing  v iru s  
a t th e  sam e tim e, these  experim en ts could only  be carried  ou t in frac tions. (T he 
firs t in  th ree , th e  second an d  th ird  in  tw o frac tio n s  each.) The experim en ta l a n d  
control g roups were in o cu la ted  a t  th e  sam e tim e  w ith  th e  sam e sam ples o f  th e  
virus.
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Fig. 1. Percentage of deaths in experim ents on 9-day old mice.
M poliomyelitic deaths, :it:| deaths following mixed sym ptom s caused by the poliom yelitis 

and the B1 virus, |jjl deaths caused by B1 virus, □  deaths caused by other factors

T he m ice were k e p t u n d er observa tion  fo r 30 to  35 days follow ing th e  
infection . T hey  were exam ined  ind iv idually  every  d ay , an d  the  ac tua l sy m p to m s 
were recorded . There were no d ifficulties en co u n tered  in  th e  d ifferen tia tion  o f  th e  
sym ptom s caused b y  th e  C a n d  th e  poliom yelitis v iruses. In  m ost of th e  p o lio 
m yelitis cases, ty p ica l para ly sis  o f th e  ex trem itie s  could be observed. Less 
frequen tly  nuchal r ig id ity  w as th e  only sy m p to m  ; m oreover, there  occurred  som e 
dea th s  w ith o u t an y  observable  poliom yelitic  sy m ptom s. The fa ta litie s  w ere 
regarded  as specific only i f  th e y  coincided w ith  th e  ty p ica l poliom yelitic d e a th s , 
and if  no sym ptom s of an y  o th e r disease could be observed.

The B1 s tra in  d id  n o t cause any  observab le  disease in m ost mice in  th e  
younger group . Some o f th e  anim als developed a ta x ia ,  assum ed a typ ical positio n  ; 
la te r  th e y  w ere incapab le  o f s tan d in g  up , w ith  th e ir  ex trem ities spastic  th o u g h  
actively  m ovable. The m ice were trem bling  w ith  occasional spastic  a tta c k s , b u t  
no para ly sis  w as observable . Such anim als lo st considerab le  w eight in  th e  course 
of a few day s and  m ost o f  th em  died . A lthough  som e o f th e  anim als overcam e a 
serious d isease , th e y  rem ain ed  underdeveloped  an d  exh ib ited  a d ifferen t b eh av -
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T a b l e  I

Results o f  the interference experiments on mice 9 days o f age

E x p e ri-
m e n t

V irus D ead w ith sig n s  o f
P olio

m yelitic
m o rta -
l i t y .%

x

R ecover
ed from

A v erag e  in c u b a tio n  
(d a y .)

C. B1 
(L D 50)

L an s in g
(d ilu tio n )

Number
of

mice P P + C c X P C
P

till  d e a th
c

t i l l  g e tt in g  illin fection

I O 3 1 0 - * 2 3 2 — — l 9 _ 1 2 2 4 *

1 0 s 1 0 - ‘ 2 3 2 1 1 — 1 4 l 1 2 0 , 3 9

— 1 0 - * 2 2 8 — — — 3 6 — — 1 1 , 7 —

1 0 * 1 0 - 3 2 2 4 1 3 — 2 6 — 3 2 0 , 4 6

1 0 s i o - 3 2 1 9 — — — 4 3 — l 2 2 , 3 1 2 *

I. — I O ' 3 2 1 1 9 — — — 9 0 — — 9 , 9 —

1 0 5 1 0 - 5 2 3 1 9 — — l 8 6 — 1 1 3 ,3 4

1 0 3 1 0 - 3 2 4 2 2 — — — 9 2 — — 1 1 , 4 —

— 1 0 - 2 2 4 1 9 — — 5 1 0 0 — — 7,6 —
1 0 5 — 1 4 — — 3 — — — — — 6
1 0 » — 8 — — 4 — — — 1 — 6

Ю3 1 0 ~ 4 3 1 6 2 3 1 3 0 — 3 2 0 , 9 5,5
1 0 3 1 0 - 4 2 2 1 — — — 5 1 1 6 ‘ 4 *

— 1 0 - 4 3 1 1 3 — — — 4 2 — — 1 6 , 6 —

1 0 5 1 0 - 3 3 1 1 3 2 — — 4 8 — 1 1 8 ,5 5
и . 1 0 3 1 0 - 3 2 1 7 2 — — 4 3 — 2 1 3 , 4 4 , 8

— 1 0 - 3 3 1 2 4 — — 1 8 0 — — 1 2 , 9 —

1 0 5 1 0 - 2 3 2 1 4 2 8 — 6 7 — 1 1 3 , 6 6 , 6

1 0 3 1 0 - 2 3 2 2 7 1 1 1 9 3 — — 1 4 ,1 7*
— 1 0 - 5 3 1 2 5 — — 5 9 6 — — 1 1 , 5 —

1 0 s — 3 3 — — 2 1 — — 5 — 9 , 5

1 0 3 — 3 2 — — 2 1 — — 6 — 9 , 3

1 0 5 1 0 - 4 2 8 4 — 5 4 2 1 — — 2 0 5 , 6

— 1 0 ~ 4 2 4 5 — — 4 2 5 — — 2 1 , 2 —

h i . 1 0 5 1 0 - 3 2 3 7 1 7 — 5 0 — — 1 9 , 6 6 , 1

— 1 0 - 3 2 2 1 4 — — 3 7 4 — — 1 3 , 4 —

1 0 5 1 0 - 2 2 9 8 3 8 5 69 l — 1 2 , 2 4,3

— 1 0 - 2 2 9 2 4 — — 5 1 0 0 — — 1 0 , 6 —
1 0 5 — 3 1 — — 1 3 3 — — — 4 , 5

E xp lan ation s P  : p o lio m y elitis  ; C : C oxsack ie B l  ; X  : non  specific.
X  D eath s ca u sed  b y  C oxsackie in fection  or b y  n o n -sp ec ific  factors h a v e  b een  su b tra cted  

fro m  th e  to ta l n u m b er o f  an im als.
* S ingle case.
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iour to  th a t  of the  n o rm al ones ; th ey  were excited , ju m p in g  an d  restless. A m ild  
disease usually  passed  w ith o u t any  noticeable consequences.

No troubles due to  in te rc u rre n t disease were en coun tered  during th e  experi
m en ts. A few anim als w ere lo st by  th e  tra u m a  o f inocu la tio n . M ost o f th e  n o n 
specific deaths w ere d u e  to  th e  cannibalism  o f th e  m o th ers . F ig. 1 shows th e  
percen tage of d ea th s  in  o u r younger group o f m ice, th e  d ea th s  being grouped  
according to  the  sym p to m s of th e  disease. T able I  co n ta in s th e  detailed  d a ta  o f  
these  experim ents.

In  F ig . 1, th e  p ercen tag e  o f poliom yelitic d e a th s  w as referred  to  th e  to ta l  
num ber o f an im als in  th e  group, w hereas in  F ig . 2 a n d  in  th e  Tables, th e  non- 
poliom yelitic dea th s  w ere su b trac ted  from  th e  to ta l  n u m b er o f anim als an d  th e  
re s t w as tak en  as 100 p e r cen t. Such an  ev a lua tion  can  be regarded  as reliab le 
because all the  non-poliom yelitic  deaths occurred in  th e  early  phase  of the ex p eri
m en t, an d  there  is no reaso n  to  assum e th a t  an y  o f th e  an im als dead early  w ould 
a fte rw ard s  have succum bed  to  poliom yelitis.

In  th e  f irs t series o f  experim ents 225, in  th e  second 327, anim als were used. 
In  b o th  series th e  B1 v iru s  exhib ited  a m arked  sp a rin g  effect against th e  L ansin g  
s tra in . This appeared  b o th  in  th e  low ering of th e  po liom yelitic  m o rta lity , an d  in  
th e  lengthening  o f th e  incub a tio n  period. The resu lts  o f th e  f irs t tw o ex p eri
m en ta l series are, on th e  whole, unequivocal, b u t  in  th e  d e ta ils  some differences 
can be observed. In  th e  f irs t  series 105 LD50 u n its  o f  B1 v iru s exerted  a m ore 
m arked  in h ib ition  o f th e  le th a l effect o f th e  L ansing  s tra in  th a n  103 LD50. In  th e  
second series, no co rre la tio n  betw een th e  dose and  th e  in h ib ito ry  effect o f th e  B1 
v iru s w as observed. I f  th e  various titre s  o f th e  L ansin g  v iru s  o b ta ined  in  th e  
experim en ta l an d  co n tro l g roups are ca lcu la ted  acco rd ing  to  B e e d  and  M u e n c h  
—  using th e  d a ta  o f  poliom yelitic  m o rta lity  show n in  T ab le  I  —  th e  follow ing 
num erica l resu lts a re  o b ta in ed . In  th e  con tro l g roup  o f  th e  f irs t  series, 10-3 '72 . 
in  presence of 105 L D 50 B1 v irus, 10-2 '84 ; in  th e  presence o f 103 LD50 B1 virus^

Table П
Statistical analysis o f the summarized data from  Experiments I  and I I

In fec tiv e  ag e n t

D ilu tion o f  th e  L an sin g  v iru s
R ela tiv e F id u c ia l

10— « 10— > 1 0 — *
p o ten cy lim its

'i, *-î<U Lansing ............................. 8/22* 19/21 19/19 100

S '8ы  g
Lansing+ Coxsackie . . . . 5/44 14/40 41/46 11,3 4,0— 29,5

• l-H'Z >-*V Lansing ............................. 13/31 24/30 25/26 100

К В
w  в

Lansing ~f Coxsackie . . . . 9/49 24/52 44/54 12,6 4,2—32,5

* N um erator, mice dead with signs of poliomyelitis.
Denominator, sum  of the survivors and the animals dead of poliomyelitis. 
The relative potency was calculated by probit analysis (13).

5 A cta Microbiologies IV/2
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j q -2-92_ The correspond ing  titre s  of th e  second series were 10~3'88, 10 2 97 and 
1 0 ^2’84, respectively .

A ccording to  th e  s ta tis tica l ana lysis , th e  difference betw een  th e  effective
ness o f 103 and 10s LD 50 un its of th e  B1 v iru s is no t sign ifican t. O n th e  o ther

III.

____ JBU 10SLDso
~ ~  P ic[yLans.: 10'** 

IBUw ’LDso

Í Nts
A*Lans.‘-1 0 ~

a y s f o i l n f  e c t

Fig. 2. Cumulative poliomyelitic m orta lity  in experiments on 9-day old mice 
I., II., III.: m arkings of the series of experim ents. Nts.: normal torso suspension
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hand , th e  differences are  stro n g ly  sign ifican t w hen  th e  ra te  of po liom yelitic  
dea th s  in  th e  dual-in fected  groups is com pared  w ith  those in  th e  g roups 
infected w ith  th e  Lansing s tra in  alone. T able I I  gives a sum m ary o f th e  d a ta  
of the  f irs t and second experim en ta l series, to g e th e r wdth the  ca lcu la ted  
values o f re la tiv e  po tency  an d  fiducial lim it.

T he incu b a tio n  period o f poliom yelitis w as longer in  the s im ultaneously  
infected  th a n  in the  contro l g roups, and to  a ce rta in  e x te n t i t  seemed to  be in f lu 
enced b y  th e  adm in istered  dose o f B1 virus. T he m od ifica ting  effect o f th e  B1 
stra in  on experim en ta l poliom yelitis is illu s tra ted  in  F ig . 2 which p resen ts  th e  
percentages o f the  poliom yelitic  deaths in te rm s o f  tim e.

In  th e  contro l gfoups in fec ted  w ith  po liom yelitis  no anim al su rv ived  th a t  
had  prev iously  exh ib ited  an y  sym ptom s of the  d isease. In  one instance a m ouse 
from  a d u a lly  infected  group  o f th e  firs t series o f  experim ents (see T ab le  I) 
developed paralysis o f its le ft h ind  lim b on th e  6 th  d a y  of the  experim en t, b u t  
th e  para ly sis  did n o t progress an d  th e  anim al recovered  abou t the te n th  d ay .

O ur investiga tions h av e  failed to  give in fo rm atio n  abou t the  rec ip ro c ity  
of th e  in terference  phenom enon under the  p re se n t experim ental co n d itions. 
In  o rder to  decide th is  p rob lem , m ore anim als o u g h t to  have been em ployed  in  
th e  C v iru s  contro l groups.

T he th ird  series of experim en ts shows th a t  th e re  was no difference in  th e  
in terference phenom enon w h e th e r the  B1 v irus w as given subcutaneously , or 
in trace reb ra lly . The titre s  o f th e  Lansing s tra in , ca lcu la ted  w ith  the  m e th o d  o f 
R e e d  an d  M u e n c h , were in  th e  contro l group 10-3 '*9, and  in th e  sim u ltaneously  
infected  group 10-2 '94.

In  one o f th e  sim ultaneously  infected groups (see Table I), one an im al su r
vived th e  m an ifest poliom yelitis. On the  14th d ay  follow ing the  inocu lation , th e  
righ t h in d  lim b o f th is  m ouse w as paralysed  b u t com plete  recovery ensued b y  th e  
30th d a y  o f  th e  experim en t.

Experiments on 21-day old mice. The m eth o d s used in these ex p erim en ts  
were s im ila r to  those of th e  second experim en ta l series on mice 9 days o f  age. 
The an im als were k ep t u n d e r observation  for 33 d ay s following the  in fec tio n . 
The d e ta iled  d a ta  are  sum m arized  in  Table I I I .

T he poliom yelitic m o r ta lity  ra te  in  th e  ex p erim en ta l and control g roups 
exh ib ited  some sligh t differences only when we used  dilu tions of th e  L an sin g  
virus n ea r to  its  f in a l t i tre . A sligh t and n o t s ig n ifican t difference was observed  
betw een th e  incuba tion  periods o f  the  tw o groups. T itres of the L ansing  v iru s  
proved  to  be sim ilar in  b o th  th e  sim ultaneously  in fec ted  (10-3<i4 and 1 0 -3'59) 
and in th e  contro l groups (10~3®5).

I t  appeared  th a t  th e  sim ultaneous infection  o f  th e  older group of m ice w ith  
the  L ansing  v irus slightly  increased  th e ir  su scep tib ility  to  the  C virus. O u t o f  th e  
57 m ice in fec ted  sim ultaneously  w ith  105 LD 50 u n its  o f th e  B1 s tra in  an d  th e  
L ansing  v irus, 6 developed a C v irus encephalitis , while only 1 ou t o f  th e  35

5*
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con tro ls . Such a s ligh t difference, how ever, does no t perm it to  d raw  a n y  defin ite  
conclusions.

Table II I
Results o f  the interference experiments on 21-day old mice

V irus D ead  w ith signs o f Recover- A v erag e  in c u b a tio n  
(d ay s)

N u m b e r
P o lio 

m y e litic
ed from

C. B1 
(L D 5 0 )

L ansing
(d ilu tio n )

o f
m ice p P + C c X

m o r ta 
l i ty ,  %

P  1

infection
P

till  d e a th
c

t i l l  g e ttin g  ill

1 0 * 1 0 - 4 3 2 1 0 — 3 1 — 4 1 5 ,8 5

1 0 s 1 0 - 4 3 2 8 — — — 2 5 — — 2 0 —

1 0 - 4 3 2 1 2 — — 1 3 9 — — 1 7 —

1 0 “ — 2 2 — — — — — — — — —

1 0 s — 1 6 — — 1 — — — — — 5 *

1 0 - 3 2 5 1 9 1 1 — 8 3 — 1 9 , 3 6 ,5

— 1 0 - 3 2 4 2 1 — — — 8 8 — — 1 4 ,5 —
1 0 3 1 0 - 3 2 1 1 7 — — — 8 1 — — 1 5 , 4 —

— 1 0 - 3 2 1 1 7 — — — 8 1 — — 1 2 ,8 —
1 0 3 — 1 3 — — 1 — — — — — 5 »
1 0 3 — 1 5 — — — — — — — — —

I 0 3 1 0 " 3 2 4 2 1 — — — 88 — 7 , 5 —

— 1 0 - 2 2 2 2 1 — — — 95 — 9 ,1 —
I 0 3 — 1 6 — — — _ _ — — — —

Explanations ». Table I.

On the 33rd day  of the experiment, blood w as taken  from the animals. Two days later, 
one of the animals th a t  had been injected with 105 LD50 units of the B1 and a 10“ 1 dilution of the 
L ansing virus, became paralysed and died three days la ter. In  the group infected w ith  103 LD50 
u n its  of the B1 and 10 4 dilution of the Lansing v irus, paraly tic symptoms were observed on the 
day  o f taking the blood samples in one, the nex t day  in  three, and on the th ird  day  in  one animal. 
T hree  of the six paralysed anim als survived, and th ey  were still alive 30 days la ter. All the three 
survivors exhibited paralysis of the hind limbs. N one became paralysed of the control animals 
infected  w ith a 10—1 dilution of Lansing virus.

Resistance to the Lansing virus o f  the survivors in interference experiments. 
O n  th e  36 th  d a y  o f  th e  experim ents, th e  su rv iv o rs  from  th e  yo u n g er g roup  b o th  
in  th e  f irs t an d  in  th e  second series w ere challenged in trace reb ra lly  w ith  the  
L an sin g  v irus, as  well as all th e  surv ivors o f  th e  o lder group of m ice. T he infection  
w as perform ed w ith  0,02 m l o f inoculum , a lw ays in to  the  hem isphere n o t p re 
v io u sly  tre a te d . A t th e  sam e tim e n o rm alm ice  o f  a sim ilar body w eig h t w ere also 
in fe c te d  as con tro ls . A ll th e  anim als w ere k e p t  under observation  fo r 30 days. 
T h is  m ethod  w as em ployed  in  order to  decide w hether the im m unising  effect o f 
th e  L ansing  v iru s  w as in fluenced  by  a s im u ltan eo u s infection w ith  th e  C v irus.
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Table IV
Poliomyelitis mortality rate o f the survivors o f the younger experimental group after challenge with

the Lansing virus

In  th e  in te rfe ren ce  < x p e r im e n ts  w ith  B l  v iru s

in o cu la ted

(LD 50)
Sum

n o t
ino cu la ted

10‘ 10»

In
 t

he
 i

nt
er

fe
re

nc
e 

ex
pe

ri
m

en
ts

 w
ith

 L
an

si
ng

 
vi

ru
s

ж 
. 

» 
. 

in
oc

ul
at

ed
 

no
t 

in
oc

ul
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I. 2/20« 6/18 8/38 12/13

II. 7/19 13/21 20/40 16/18

I. 1/14 0/2 1/26 2/2

II. 7/14 6/11 13/25 6/6

I. 0/3 1/2 1/5 —

II. 3/7 1/2 4/9 —

Sum 20/77 27/66 47/143 36/39

I. 4/10 0/4 4/14 23/30

II. 7/29 14/29 21/58 23/30

Sum 11/39 14/33 25/72 46/60

Explanations.
I.: Experim ent I. Mice challenged with 10 LD50 of Lansing virus.

II.: Experim ent II . Mice challenged with 20 LD50 of Lansing virus. 
* N um erator : num ber of dead animals.
Denominator : num ber of inoculated animals.

Table V
Poliomyelitis mortality rate o f the survivors o f the older experimental group after challenge

with the Lansing virus

In  th e  in te rfe ren c e  
e x p e rim e n ts  

w ith  L a n s in g  v iru s

in o cu la te d  J n o t in o cu la ted
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15/25 29/34
Ö
d 103 15/25 41/46

Sum •30/50 70/80

not
inoculated 24/27 •49/60

Num erator : num ber of dead animals.
Denominator : num ber of inoculated animals.
•Values of sta tistical significance calculated from th e  dually infected and uninfected 

groups : х г =  5,30  ̂ P  <  2%-
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T h e d ea th  ra te  due to  th e  challenge in  th e  younger group o f  m ice is given in 
T ab le  IV , while th a t  in  th e  older g roup , in  T ab le  V.

Survivors o f  th e  f ir s t  series o f th e  younger group were challenged  w ith 10 
L D 50 un its of th e  L ansing  v irus, w hile tho se  o f the  second series w ith  20 LD50 
doses. The resu lts o f  b o th  series were in  good agreem ent, an d  so th e y  could be 
e v a lu a te d  to g e th er. O u t o f the  60 n o rm a l contro l mice, 46 (77 p e r cent) died, 
w hile  o f  the  39 m ice in fec ted  prev iously  w ith  th e  Lansing v iru s a lone, 36 anim als 
(92 p er cent) d ied. T his m akes i t  p ro b ab le  th a t  a single in tra c e reb ra l infection 
w ith  th e  Lansing v iru s  does no t cause a n y  dem onstrab le  im m u n ity . O n th e  o ther 
h a n d , am ong th e  challenged  mice t h a t  h a d  been subjected  to  a d u a l infection 
o r  a single one w ith  B1 v irus, th e  m o rta li ty  ra te  was m uch low er. O u t of the  143 
m ice infected  s im ultaneously , only 47 (34 p e r  cent) died and  o u t o f th e  72 anim als 
w h ich  h ad  been g iven  C v irus alone, on ly  25 deaths (35 p er cen t) occurred. 
T h e  enhanced resistance  o f the la s t m en tio n ed  two groups w as in d ic a te d  also by 
th e  incub a tio n  period  w hich w as 17 d ay s  on th e  average as opposed  to  the  12 
d ay s  in  the  contro l group .

T he resu lts th u s  o b ta ined  have  show n th a t  a previous L an sin g  infection 
e x e rte d  a ra th e r  u n favourab le  influence on th e  course of a homologous challenge 
on  th e  36th  day , w hile a previous C v iru s  in fection  ensured m ark ed  p ro tec tion  
a g a in s t the  heterologous L ansing v irus, even  a f te r  such a long tim e . T he m o rta lity  
r a te  w as essentially  th e  sam e in  th e  d u a lly  infected  groups an d  in  th e  groups 
in o cu la ted  w ith  th e  C v iru s  alone. C onsequen tly , the  decrease o f  suscep tib ility  
in  th e  groups su b jec ted  to  diutl in fec tion  m u s t n o t be a ttr ib u te d  to  th e  Lansing 
com ponen t, b u t exclusively  to  th e  C v iru s  infection .

N o sim ilar re su lts  were o b ta ined  in  th e  analogous ex perim en ts carried  o u t 
on o lder mice (see T ab le  V).

A sta tis tica lly  s ign ifican t decrease o f th e  susceptib ility  (P  <  2 per cent) 
w as observed only in  d u a l infections. T h e  incu b a tio n  period w as closely sim ilar 
in  a ll th e  groups.

D iscussion

A ccording to  o u r resu lts , an  in te rfe ren ce  phenom enon ex is ts  betw een  th e  
B1 a n d  th e  Lansing v iruses in  9-day old m ice, even if  infection has been  perform ed 
sim u ltaneously . T he in terference m an ifes ts  itse lf  bo th  in  th e  low ering of the  
po liom yelitic  d ea th  ra te , an d  in  th e  len g th en in g  of the  in cu b a tio n  period . I t  has 
b een  observed regard less w hether th e  B1 v iru s  h ad  been given in trace reb ra lly  or 
subcu taneously . In  experim en ts carried  o u t only  w ith  the  in tra c e re b ra l m ethod  
no  s ign ifican t difference could be observed  betw een  the  in te rfe rin g  capac ity  of 
103 a n d  of 105 LD 50 u n its  of the  B1 v iru s . T he effect was, how ever, influenced 
b y  th e  dose of the  L ansin g  v irus ; th e  in te rfe ren ce  was m ost m ark ed  w hen 10 3 
d ilu tio n  (10 LD50) o f  v iru s had  been g iven .
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In  experim ents perform ed b y  sim ultaneous in tra c e reb ra l infection o f 21 d a y  
old m ice, we were unab le  to  d em o n stra te  any in h ib ito ry  effect of th e  C v iru s  on 
the L ansing  stra in . In  these  experim en ts, only few an im als becam e ill or d ied  as 
a re su lt of the  in trace reb ra l in fection  w ith  th e  B1 v iru s . This observation  c o n tra 
d icts those  of H owes [8, 9], who on th e  basis  o f m o rta lity  was able to  t i t r a te  
th e  sam e v irus even in  norm al a d u lt m ice. To accoun t for th is  d iscrepancy , th e  
role o f severa l fac to rs m u st be considered, such as th e  d ifferen t s tra in  o f  m ice, 
the  m eth o d  of in fection , th e  h is to ry  of th e  v irus s tra in , e tc . In  our opin ion , th e  
la s t fac to r  is the one m ost im p o rta n t. I ts  significance was f irs t po in ted  o u t b y  
D alldorf a n d  Gifford  [10].

D alldorf pub lished  d a ta  [4] show ing how the  age o f th e  mice an d  th e  
in te rv a l betw een th e  tw o infections affected  th e  in terference  betw een G roup В 
of the  C virus and  th e  Lansing v irus. H e found th a t  b o th  in  th e  younger (5-—8 
days old) and  th e -o ld e r (9— 12-day old) mice, in terference  could be co rrec tly  
e s tim a ted  only w hen th e  in te rv a l betw een  th e  C an d  L ansing virus in fec tions 
w as a t  least 4 days. In  sim ultaneous infections, D alldorf was able to  d e m o n s t
ra te  only  a m inim al, i f  any , in h ib ition . T ab le  I  in  h is pub lica tion  shows am ong  
o thers th a t  all th e  8 n in e -d ay  old m ice th u s  tre a te d  died w ith  ty p ic a l 
sy m p to m s o f p o lio m y e litis ; th e  in cu b a tio n  period observed  was also s im ila r  
to  th a t  in th e  con tro l group. T he ap p a re n t d isc rep an cy  betw een his an d  
our re su lts  m ust be due  to  a difference in m e th o d s an d  experim en ta l co n d i
tions. T h u s  D alldorf used B3 v iru s in  p a r t  o f  his experim en ts, an d  in 
m ost o f  them  he w orked  w ith  a 10-1 d ilu tio n  o f th e  L ansing v irus, a d ilu 
tio n  th a t  rep resen ted  ab o u t 100 to  1000 LD 50 u n its . W ith  such la r  e doses 
of th e  v iru s  we, to o , observed  a lower degree of in terference.

Stanley  [3], in  experim en ts on a d u lt m ice, observed th a t  s im u ltan eo u s 
in fec tion  w ith  the  E  46 s tra in  of G roup В of C v iru s w as able to  pro long  th e  
incu b a tio n  period of th e  disease caused  b y  th e  M E F 1 s tra in  o f poliom yelitis v iru s . 
S im ilar effects were observed  in som e of our ex p erim en ts  on 21-day  old m ice, 
b u t co n trad ic to ry  cases also occurred.

S ulkin , W allis an d  Murphy  [5] d em o n stra ted  a n  interference betw een  
the  C an d  poliom yelitis v iruses also w hen using 28-day  old mice. T heir fin d in g s 
can n o t be com pared w ith  ours since th ey  used o th e r ty p es o f G roup B, an d  also 
because in  th e ir  cases th e  in te rv a l betw een  th e  tw o infections was 5 days. In  som e 
of th e ir  experim ents th e y  used th e  G roup В T ype 3 s t r a in  as an  in terfering  a g e n t, 
an d  found  th a t  it  a lte red  th e  ty p e  o f poliom yelitic p ara ly sis . S im ilar effects h av e  
no t been observed in  o u r experim en ts w ith  th e  B1 v iru s.

I t  is w ell-known th a t  w ith  a num ber o f v iruses th e  in te rv a l betw een th e  
inocu la tions is a m ost im p o rta n t fac to r  in  in fluencing  th e  interference p h en o m e
non. T he fa c t th a t  in  ou r experim en ts in terference  developed even a f te r  a 
sim ultaneous in fection , suggests th a t  in  th e  b ra in  o f suckling mice th e  g ro w th  
cycle o f  th e  C virus is sh o rte r th a n  th a t  o f th e  poliom yelitis v irus. This is su p 
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p o r te d  b y  the  observa tion  th a t  th e  m an ifest d isease caused b y  th e  B1 s tra in  in  9- 
d a y  o ld  mice is p receded  b y  an average in c u b a tio n  o f 6 days, while th e  average 
in c u b a tio n  of th e  L ansing  virus is 8—9 d ay s , even if  com parative ly  large doses 
are  g iven . Sim ilar inferences as to  the  g ro w th  cycle of th e  C v irus m ay  be d raw n 
fro m  th e  d a ta  o f Levaditi and  Vaisman [11] w ho observed th a t  in  th e  b ra in  o f 
y o u n g  mice th e  sim u ltaneously  in o cu la ted  poliom yelitis v irus w as overgrow n 
a f te r  a  few passages b y  th e  C virus.

W e wish to  call a tte n tio n  to  our re su lts  on  th e  resistance o f tho se  anim als 
t h a t  h a d  survived th e  in terference ex p erim en ts  and  were th en  challenged w ith  
po liom yelitis  v irus on  th e  36th  day . As h as  b een  shown, th e  resis tan ce  differed 
m a rk e d ly  in  th e  tw o age-groups in v es tig a ted . A nim als in fected  on th e  9 th  d ay  of 
life s im ultaneously  w ith  b o th  viruses, or w ith  th e  C virus alone, a p p e a re d  to  have 
a d e fin ite  resistance w hen challenged w ith  10 to  20 LD50 u n its  o f th e  L ansing  
v iru s . These observa tions can b y  no m eans be  exp la ined  b y  im m une response 
since  no an tigenic  re la tio n  has been p roved  to  ex is t betw een C an d  poliom yelitis 
v iru ses , and also because in  our experim en ts no signs of hom ologous im m u n ity  
h a v e  been observed in  th o se  control m ice w hich  had  been p re tre a te d  only w ith  
th e  L ansing  v irus. T hese an im als p roved  to  be even m ore susceptib le  to  th e  
hom ologous v irus th a n  th e  u n trea ted  co n tro ls . F u rth e r  experim en ts on th is  
su b je c t are in  progress. W e have n o t found  a n y  references in  lite ra tu re  concerning 
a pro longed  resistance  caused by  an a n tig en ica lly  un re la ted  v iru s, excep t in  a 
p u b lic a tio n  b y  R hodes an d  Chapman [12], b u t  th e ir  in v estiga tions w ere p e r
fo rm ed  on LCM an d  MM viruses.

A d ifferent re su lt w as ob tained  w hen  th e  survivors from  th e  o lder group 
o f  m ice (21-day old) h a d  been challenged w ith  th e  L ansing  v irus. A decrease in  
su scep tib ility  w as observed  only in  those  an im als th a t  h ad  undergone a dual 
in fe c tio n , b u t  none a t  a ll in  those th a t  h a d  been  tre a te d  e ith er w ith  th e  C, or 
w ith  th e  Lansing v iru s . W e are inclined to  suggest th a t  un d er th ese  conditions 
th e  im m une reac tio n  a g a in s t th e  L ansing  s tra in  m u st be som ehow enhanced  b y  
th e  presence of th e  B1 v irus.

Sum m ary

1. The B1 strain  of the Coxsackie virus, adm inistered either intracerebrally or subcutane
ously to  mice 9 days of age, inhibited the pathogenic effect of the simultaneously inoculated 
poliom yelitis virus. As a result of the inhibition, th e  ra te  of m orbidity and m ortality  decreased 
and  th e  incubation period was lengthened. The effect was observed when either 103 or 106 LD50 
u n its  of the B1 virus were given, bu t there was no significant difference in  effect between the 
tw o doses. As to  the dem onstrability of the interference phenomenon, a 10~ 3 dilution (about 
10 LD50 units) of the Lansing virus proved to be optim al.

2. Moreover, the 9-day old mice infected w ith  th e  Coxsackie B l virus have shown an 
increased resistance to  a challenge carried out w ith  10— 20 LD50 units of the Lansing virus on the 
36th  day  following th e  Coxsackie infection. T his increased resistance was also observed in 
anim als which had been subjected to a dual infection w ith  the B l strain  and the Lansing virus, 
b u t i t  was absent if the anim als had been trea ted  only w ith the Lansing virus. The prolonged 
resistance cannot be explained by some im m une mechanism since no antigenic relations are 
know n to  exist between the B l and the Lansing viruses.
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3. If  21-day old mice were used, no interference could be observed between the simul
taneously injected B1 and Lansing viruses. Animals surviving a dual infection exhibited some 
resistance against a Lansing virus infection 36 days later, in con trast with those animals th a t had 
been infected either with the Lansing virus, or with the B1 virus.

Acknowledgements: The au thor is greatly indebted to Dr. G y . B a r s y  for making the 
statistical calculations and to Dr. E. F a r k a s  for his help and advice.
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The recent developm ent in the  field of poliom yelitis research, the cu lti 
v a tion  of the  agent in  tissue cu ltu re  [1] has m ade i t  possible to s ta r t  la b o ra to ry  
stud ies on the epidem iological re la tions of th e  disease in  H ungary . T he f ir s t  
isolations of poliom yelitis virus h ad  been repo rted  a t  th e  M eeting of the  H u n 
g arian  M icrobiological A ssociation in  May 1955 by  P i n t é r , A b ra h a m  an d  
R a v n a y  and  by the p resen t au th o r. The firs t ty p in g  experim ents and  som e 
serological stud ies concerning th e  incidence of th e  poliom yelitis in fection  in  
d ifferen t age groups were published by  P in t é r  e t al. [2]. T he present paper deals 
w ith  th e  iso lation  a n d  ty p in g  o f nine s tra in s o f poliom yelitis virus iso la ted  in 
H u ngary  during  the 1954 epidem ic.*

M aterials and m ethods

Tissue cultures. The cultures were prepared from hum an embryonic tissues obtained at 
artificial interruption of pregnancy. The best results were achieved using embryos of about 
3 months of age.

The material removed a t operation was put directly in Petri-dishes and used on the same 
day, or after storage at 4 °C for not more than 24 hours. Pieces of skin-and-muscle were selected, 
transferred to a watch-glass and minced w ith Cowper scissors, the tissue pieces thus obtained 
were transferred by means of a Pasteur p ipette into an Erlenm eyer flask and after being washed 
3 or 4 times w ith saline, they were stored a t 4 °C until used.

In  further processing, the method suggested by E n d e r s  et al [1], was used th roughout, 
using bovine amniotic fluid as nutrient.

Type specific sera. S tandard  type specific sera were obtained by the courtesy of H. P e t t e  
(Hamburg).

Type 1 and 3 sera were prepared also by us. In order to prepare type 1 serum, a Rhesus 
monkey weighing 3 kg was inoculated intram uscularly with 105 TCI D 50 units of living type 1 virus, 
in the form of a lipovaccine. The to tal volume injected was 3 ml. Fifteen days following the 
inoculation, the monkey developed tetraplegia. The animal was bled by cardiac puncture.

Type 3 serum was also prepared in a monkey with lipovaccine. The vaccine contained 
104 TCID 50 units of living type  3 virus. Two injections were given intram uscularly in an in terval 
of a fortnight. Two weeks after the second injection the animal was bled by cardiac puncture.

* The epidemic had broken out in May, 1954, *n the north-w estern part of the country  
and spread in east-east-southern direction. Later a separate centre spreading in western direction 
was observed in the eastern p a rt of the country. The epidemic reached its peak in July and August 
bu t it extended even to the firs t months of 1955. The number of cases observed was about three 
times th a t of the previous years.
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The sera prepared by us were controlled by comparing their specificity to th a t of the 
s tan d ard  type sera m entioned above.

As no type 2 serum  had been prepared, we used the standard type 2 serum throughout.
Our type 1 serum diluted 1 : 20 neutralized 104 TCID50 (tissue culture 1D50) units of the 

homologous virus. No neutralization was observed in 1 : 5 dilution against the other two types. 
T he type  3 immune serum  in  1 : 5 dilution neutralized 103 TCID50 units of the homologous strain, 
w hile the other two types were no t neutralized.

The type strains were kindly supplied by D r. Sven Gard (Stockholm) to  whom wc are 
g rea tly  indebted. The stra ins originally m aintained on hum an embryonic lung tissue in Sweden 
were in our laboratory stored in solid C02 and la te r transferred to human embryonic skin-muscle 
tissue cultures.

R esu lts

Isolation o f the strains. The iso lation  w a s  a tte m p te d  p a r tly  from  sp in a l cord 
sam p les  rem oved from  f a ta l  cases of po liom yelitis  and p a rtly  from  faecal sam ples. 
T h e  cord sam ples w ere sto red  in a m ix tu re  o f saline and glycerol a t  4 °C, u n til 
u sed . The faecal sam ples were also s to red  a t  4 °C for no t m ore th a n  2 days. F o r 
th e  iso lation  ex p erim en ts  th e  cord sam ples w ere m ade up to  20 p er cen t suspen
sions w hich were cen trifu g ed  f irs t a t  3000 r . p . m ., then  a t 8000 r. p . m . The faecal 
sam ples prepared  s im ila rly  were t re a te d  w ith  e ther to  avoid  th e ir  even tua l 
to x ic ity . A fter ev ap o ra tio n  of the e th er residues, 0,1 ml of th e  m a te ria l w as used 
as inoculum .

The even tual to x ic ity  of the  faecal m a te r ia l was alw ays ta k e n  in  accoun t. 
O f th e  18 e th e r-tre a te d  faecal sam ples 5 p ro v ed  to  be toxic if  th e  suspension was 
u sed  undilu ted . T herefo re , the  inocu la tion  o f  faeces was ro u tin e ly  m ade in  th ree  
d iffe ren t dilu tions ( i. e. undilu ted , in  10 1 an d  in  10~2 d ilu tions). Table I 
p re se n ts  the schem e o f reg is tra tio n  of an  iso la tion  experim ent from  faeces. The 
ce llu la r destruction  o f  to x ic  or v iral origin cou ld  easily  be d iffe ren tia ted . N everthe
less, th e  d estruc tion  can  only be looked up o n  as one due to  th e  v iru s ,- if  i t  is 
re g u a rly  observed in  a t  leas t th ree consecu tive  passages and  is also neu tra lized  
b y  ty p e  specific im m u n e  serum .

Table I
The isolation o f  a poliomyelitis virus strain ( M . S .)  from  faeces

D ay s
of recording

D ilu tio n  o f  th e  faeces susp.

u n d ilu ted 10“- , i ° - «

l T T 0/5 0/5 0/5 0/5
2 T T 5/5 3/5 1/5 0/5

3 T T 5/5 5/5 5/5 2/5

4 T T 5/5 5/5 5/5 5/5

Explanations : T  =  toxic effect. The fractions present the num ber of expiants exhibiting 
a cytopathogenic effect, divided by the num ber of expiants inoculated.

O ut of th e  13 necropsy  sam ples 2, o u t o f th e  17 faecal sam ples 7, s tra in s  
w ere  isolated.
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Typing o f the strains. O ur s tra in s  were tested  in  10~3 d ilu tion  a g a in s t each 
o f the  th ree  ty p e  specific im m une sera . B oth  the  ty p e  1 an d  2 sera were used in 
1 : 40 d ilu tio n , while the  ty p e  3 serum  was d ilu ted  on ly  1 : 5. The se rum -v irus 
m ix tu res w ere k ep t a t 37 °C fo r one h our and  th e n  in o cu la ted  in to  tw o tis su e  
cu ltu re  tubes each. T hus, six  tu b es  were used for th e  ty p in g  o f each  s tra in . The 
resu lts  are sum m arized  in T ab le  I I .

Table II

Typing o f the strains

Strain?
Sera

1 T y p e  1 T ype 2

«hH

Sz. К .............. positive - —

T. I............... — positive —
Sz. A.............. — positive —
K. M............ — positive —
T. F ............... positive — —
F. I ............... — positive —
P. J ................ positive — —
K. P ............... — positive —
M. s ................ — ; positive

;

Discussion

P i n t é r  et al. have iso la ted  four type  1, five ty p e  2 and  one ty p e  3 s tra in s  
in 1954. T hey  called a tte n tio n  to  the relatively  h igh  incidence of th e  ty p e  2 
s tra in s , as com pared  to  th e  lite ra ry  d a ta  [4, 5, 6]. T hey  d id  n o t draw  conclusions 
regard ing  th e  role of the d iffe ren t typ es in the 1954 epidem ic in  H u n g ary  because 
o f th e  sm all num ber of the s tra in s  iso lated . As four o f th e  five ty p e  2 s tra in s  were 
iso lated  from  children a d m itte d  w ith in  a short tim e  to  th e  P a ed ia tr ic  D e p a rtm e n t 
in  Szeged, th e  au th o rs  were inclined  to suppose th a t  th e  re la tiv e  frequency  o f th e  
ty p e  2 v iru s  m ight be a local accum ulation .

O ur s tra in s  iso lated  from  p a tie n ts  ad m itted  from  differen t p a r ts  o f the 
co u n try  to  th e  László H o sp ita l o f Infectious D iseases in  B udapest w ere also 
m ostly  of ty p e  2. Thus, b o th  o u r d a ta  and those o f  th e  above au th o rs  g rea tly  
su p p o rt th e  view  th a t  in  th e  1954 epidem ic in H u n g a ry  ty p e  2 was prevailing .

As we have po in ted  o u t in  th e  in tro duc tion , th e  m ethod  of E nders e t al. 
has m ade i t  possible to  co n d u c t a worldwide s tu d y  o f  th e  epidem iology o f  polio
m yelitis. T he f irs t stud ies o f t h a t  ty p e  were pub lished  by  Melnick e t al. [7]. 
S um m arizing the  d a ta  of six  N orth -A m erican  epidem ics from  1949 u n til 1952, he 
succeeded in  d em o n stra tin g  th a t  each epidem ic h a d  been caused b y  tw o , b u t
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n o t  in frequently  b y  all th e  th ree , types sim u ltaneously . O f th e  six  epidem ics 
re fe rred  to above, five  w ere  caused m ostly  by  th e  ty p e  1, and  one m ostly  by  the  
ty p e  3 virus. S im ilar re su lts  were obtained b y  S a b i n  [8] who on th e  basis  of the 
d a ta  o f the A m erican T y p in g  Com ittee s ta te d  th a t  m ost of th e  poliom yelitis 
ep idem ics are caused b y  th e  ty p e  1 and a few b y  th e  ty p e  3 v irus.

Poliom yelitis ep idem ics caused by  th e  ty p e  2 v iru s are  n o t frequen t. 
A n  epidem ic of th is  ty p e  w as recorded in A u stra lia  (V ictoria S ta te ) in  1952— 1953
[9 ]  . T he retrospective sero log ica l studies m ade b y  P a u l ,  R i o r d a n  an d  M e l n i c k

[10] have  also revealed  a n  epidem ic caused b y  th e  ty p e  2 v iru s in A laska in the  
1930-es.

In  the 1954 ep id em ic  in  H ungary  i t  w as possible to  iso la te  all the  th ree 
ty p e s .  The peculiarity  o f  th e  epidem ic w'as its  long d u ra tio n  causing  h igh m orbi
d i ty  ra te  in the w in te r m o n th s . (One of our s tra in s  w as iso lated  in  J a n u a ry , 1955.) 
F u r th e r  studies a re  n eed ed  to  decide w hether th e re  w as any  co rre la tio n  betw een 
th e  long duration  o f th e  ep idem ic  and the  p revalence of th e  ty p e  2 v irus.

Summary

Nine strains of poliom yelitis virus were isolated in tissue cultures during the 1954 epi
dem ic in Hungary. For typ ing  of the strains isolated im mune sera were prepared in monkeys. 
T yp ing  was made by neu tralization  tests in tissue cultures. Three of our strains belonged to type 1 
(B runhilde), and six to type 2 (Lansing). From the results obtained by P intér et al. and also by 
us, we suppose tha t in the 1954' epidemic in Hungary type  2 virus was prevailing.
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The au th o rs’ observ a tio n s during  an epidem ic period of infantile  en te ric  
infection  in 1952, have suggested  th a t  phages m ay p lay  an  aetiological role in  th is  
condition . The resu lts  have been published in a p rev ious com m unication [1].

B oth  in the prev ious and  in the  present w ork, paralle l records o f clinical 
and lab o ra to ry  find ings w ere com pared. The p resen t d a ta  were collected b y  
exam ining th e  faeces o f  p a tie n ts  w ith  and w ith o u t en te ritis  ; in an o th e r series 
the  faeces of in fan ts k e p t in  a w ard  w ith eight beds w ere exam ined  alm ost d a ily . 
Clinical records were m ade o f 1174 infan ts and a lto g e th e r 5186 faecal sam ples 
from  these were sub jec ted  to  bacteriological and phage exam ination .

The p resen t investig a tio n s were focussed on th e  following problem s.
1. Connection betw een  clinical and  lab o ra to ry  find ings regarding th e  p os

sible pathogen ic  role o f bac te riophage  i. e. the  d ifference betw een groups o f  
in fan ts w ith  and  w ith o u t en te ritis  as to  the p roportion  o f isolation of phage an d  
the  corresponding b ac te riu m .

2. The influence of faecal phages on the in te s tin a l flo ra .
3. V aria tions in th e  serological behaviour o f  b a c te ria  exposed to  p h ag e .
4. The role of phage an d  b a c te ria l v a rian ts  o b ta in ed  b y  exposure to  p h ag e .
5. The role of phage in th e  spread of infection .

M aterials and m ethods
A) Laboratory methods

The method for demonstrating phages has been described in  a previous paper [1]. The num 
ber of indicator strains has become greater, as a t present 7 phage types of E. coli 111 : B4 and 4 
phage types of 55 : B5 strains can be distinguished. These and o ther, serologically non-identified 
strains were used as indicators. The la tte r strains were isolated from the faeces of infants w ith 
enteritis and on the basis of their phage sensitivity they were supposed to be pathogenic. These 
cultures were selected on the one hand by taking into consideration their sensitivity to  the phage 
isolated from the same faeces, and on the other by examining their behaviour to phages occurring 
in the faeces of o ther infants w ithin the same community.

The different phage types of 0 :1 1 1  and 0 : 5 5  strains were designated w ith A rabic 
numerals : 111/1, 111/2, 111/3, 111/4, 111/5, 111/6, 111/7 ; 55/1, 55/2, 55/3, 55/4.

0 :1 1 1  strains were typed w ith phages “ a” , “ a ,” , “ a2” , and “ b” , O : 55 strains with phages 
“ k” and “ 1” , respectively [2]. Serologically non-identified E. coli strains thought to be responsible
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for enteritis were designated as C /l, C/2, C/3 . . .  C/21 and the corresponding phages as F /l , F/2, 
F/3 . . .  F/21, respectively.

For agglutination, E . coli sera 111 : B4, 55 : B5, 26 : B6 ; H : 2, H  : 6, H : 11, H  : 12 
were used. The sera were prepared and controlled by the Departm ent of Bacteriology, State 
In s titu te  of Hygiene, B udapest. Serological exam ination was performed by slide agglutination, 
th e  determ ination of H  antigens being done after a passage through U-tubes.

Phage sensitivity tests were carried out w ith bacteria belonging to both known and unknown 
serological types. For determ ining the sensitivity to  phages, type- and /hr-phages were prepared 
in th is laboratory by th e  m ethod of Craigie and Y e n .

Type-phages served for distinguishing betw een strains belonging to  the same, known 
serotype ; fix-phages were used to identify stra ins w ith  unknown antigenic structure.

The phages were examined as to their titre , specificity, and connection to  other phages 
w hich had been fixed and adapted previously.

The relationship betw een strains used for propagation was also considered.
Sensitivity to  phages was determined by transferring bacteria from a 2-hour broth  culture 

to  agar plates and subsequently dropping phages onto the culture. Every strain  was tested against 
all phages prepared in th is laboratory. On one agar plate 12 to 16 various phages could be tested 
a t  the  same time.

Sera from  patients were examined by tube  agglutination, the serial dilutions beginning 
a t  1 : 50. Antigens were obtained by suspending the growth of 24-hour agar slants in saline. 
C ontrol examination of the antigens was done in  0,85, 2,5, and 5,0 per cent NaCl. Readings were 
m ade after incubation of 2 and 20 hours a t 37 °C.

Antibodies against bacteriophage were detec ted  in various dilutions of the serum to be 
exam ined, to which the minimum dilution of phage no t giving confluent lysis had been added. 
Sera  were examined in  twofold serial dilutions beginning a t 1 : 5. The m ixture of serum and phage 
dilutions was incubated  for 1 y2 hours a t 37 °C, then  left to  stand in the refrigerator at 4 °C 
for another 1% hours. Phage action on bacteria was demonstrated by the technique described 
above. In  the readings, the maximum dilution of serum  inhibiting lytic activ ity  to about 90 per 
cen t was considered. Sera of normal individuals and of rabbits immunized w ith the corresponding 
phage served as controls.

Preparation o f antibacteriophage immune sera. R abbits were injected a t  three-day intervals 
w ith  subsequent doses of 0,3, 0,5, 1,0, 1,5, 2,0, 2,5 m l of phage th a t gave confluent lysis. 3 or 4 
days after the last injection the blood of the rabb its  was tested for antiphage titre  and specificity. 
Bleeding of the anim als was performed w ithin a week. As a preservative, phenol (0,5%) was 
added  to  the sera.

Variation o f bacteria after exposure to phage was investigated by treating  susceptible bac
te ria  w ith the corresponding phage in vitro.

To 5,0 ml of a phage diluted 1 : 10 1 or 2 drops of a 2-hour broth  culture of the bacterium 
w as added. In the experim ents phages giving confluent lysis were used and dilutions were made 
w ith  yeast extract bro th . The cultures were incubated  a t 37 °C for 20 hours, then  washed twice 
in  saline. After washing the sediment was streaked on agar plates.

After such trea tm en t the bacteria were examined for agglutinability no t only with 
diagnostic E. coli sera b u t also with antiphage sera.1

The change in phage sensitivity of the trea ted  strains was also examined.
Both agglutinability and phage-sensitivity were determined again after subculturing and 

storing the strain.

B) Individual analysis o f the cases

The detailed analysis of microbiological and clinical findings regarding the individual 
cases was considered to  be very im portant. The w ay to be followed was often shown by the 
connection between these data . Serological changes shown by patients due to  bacterial variations 
could also be followed th is way.

C) Statistical methods

For evaluating the connection between clinical and laboratory findings the method of the

1 The difference in  agglutinability betw een th e  treated  and untreated  stra in  indicates some 
changes in antigenic structure . The variations have no t been analysed in detail, the antigens 
n o t being considered in  cross-absorption tests.
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2 x 2  contingency tables was applied. For estimating the degree of association, Yule’s coefficient 
of association was used [3].

( A B )  (aß) -  (Aß)  (aB)
9 -  ( A B ) ( aß) +  ( Äß ) ( a B)

Significance was estimated by the у  square test, using the tables of F ischer and 
Yates [4].

Results

A) Results o f  statistical evaluation

Tables I  and  I I  sum m arize th e  resu lts  o f exam ination  of 1663 faecal sam ples 
from  737 p a tien ts  who w ere under h o sp ita l t re a tm e n t in  1952 [5]. I t  should  be 
n o ted  th a t  these d a ta  w ere confirm ed by  subsequen t investiga tions in  th e  follow 
ing years.

Table 1
Frequency distribution o f infants with and without enteritis, according to faecal examinations

R e su lt o f  faecal e x a m in a tio n  for
N u m b e r 

o f  p a tie n ts
P e rcen tag e  
o f  p a tie n ts C cefficient

V alues o f

phages b a c te r ia w ith
en te r itis

w ith o u t
e n te r itis

w ith
e n te ritis

w ith o u t
e n te r itis

o f  association
4 X* P ( % )

n e g a tiv e .................... negative 202 146 39,4 65,2 — 0,48 12,9 <  0,1
n e g a tiv e ................... positive 62 23 12,1 10,3 0,09 0,3 > 5 0 ,0
positive .................... negative 156 40 30,4 17,9 0,33 12,0 <  0,1
heterologous pos. . . positive 58 14 11,3 6,2 0,31 4,0 <  5,0
homologous pos. . . positive 35 1 6,8 0,4 0,88 12,3 <  0,1

513 224 100,0 100,0

Positive for both bacteria and 
phages ..................................... 93 15 18,1 6,6 0,51 15,4 <  0,1

Positive only bacteriologically 155 38 30,2 16,9 0,36 13,5 <  0,1
Positive only for p l ia g e ........... 249 55 48,5 24,5 0,49 36,1 <  0,1

T ahié I  shows th a t  o f th e  in fan ts  513 h ad  en te ric  infection , th e  rem ain ing  
224 suffered from  o th e r disease. In  th e  le ft side colum ns of T able I  the  re su lts  o f  
faecal exam inations are  show n. P ositive  bacterio log ical exam ina tion  m eans in  
m o st o f th e  cases th a t  E. coli 111 : B4 or 55 : B5 w as cu ltu red  from  th e  faeces. 
Som e o f th e  stools w ere positive for Shigella flexneri o r .sonnei. F o r a b a c te r iu m  
s tra in  a phage was regarded  hom ologous if  it  h ad  been  iso la ted  from  th e  sam e 
faeces and  h ad  a ly tic  a c tiv ity  on th a t  s tra in . The p h ag e  was called hetero logous 
if  i t  h a d  a ly tic  ac tion  on one o f th e  in d ica to r s tra in s , b u t  no sensitive b a c te r ia  
could be shown in th e  faeces it  h ad  been iso lated  from .

6  Acta Microbiulngica IV - .
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From  Table I  th e  following facts h av e  to  be po in ted  ou t.
a)  In  the  g ro u p  o f  p a tien ts  w ith  en te ric  infection  th e  n u m b er o f n egative  

lab o ra to ry  find ings w as significantly  sm alle r th a n  th a t  in  th e  group w ithou t 
en te ritis .

b)  There w as n o  im p o rta n t d ifference betw een  th e  tw o groups as to  th e  
p ro p o rtio n  of p a tie n ts  w ith  positive bacterio log ical and  n egative  phage ex 
am ina tion .

c) The p ro p o rtio n  o f  pa tien ts  p o sitiv e  only for phage w as s ign ifican tly  
h ig h er in the en te ric  group .

d) A considerab le  difference ex isted  betw een  th e  tw o ex am in a tio n  groups 
as regards the  n u m b e r o f  faeces positive fo r b o th  phage and  id en tified  b ac te ria . 
T h ere  was an  even  g re a te r  difference w hen  considering th e  faeces positive fo r 
b a c te r ia  and  th e  hom ologous phage.

I t  should be n o te d  t h a t  pa tien ts  w ere exam ined  on m ore th a n  one occasion. 
So in  Table I  th e  p a t ie n ts  were included  accord ing  to  positive find ings. In  th e  
follow ing case th e  p a t ie n t  was included in  th e  group positive b y  b o th  bac te rio 
logical and phage ex am in a tio n .

1st exam in a tio n  : faeces positive on ly  bacterio logically ,
2nd exam in a tio n  : faeces positive fo r phage and  iden tified  b ac te ria ,
3rd exam in a tio n  : faeces negative (for bo th ).
In  Table I I  th e  re su lt  of exam ination  o f  p a tie n ts  w ith  en te ritis  is p resen ted , 

de ta ilin g  w hether th e  faeca l sample w as ta k e n  before, during , or a f te r  th e  m an i
fe s ta tio n  of sym ptom s.

Table П

Examination o f  infants with enteritis, according to the clinical course o f the disease

R e su lt o f faecal e x a m in a tio n N u m b er o f  e x a m in a tio n s P e rcen tag e  o f  ex am in a tio n s

Before D u rin g A fter Before D u rin g A fter

phages b a c te r ia
M anifest sy m p to m s

negative negative 136 484 416 64 60 65
negative positive 16 91 63 7 1 1 » 10 »

positive negative 50 172 136 23 2 2 2 1

positive positive 1 2 59 28 6 7 2 42

Total .................. 214 806 643 1 0 0 1 0 0 1 0 0

Positive only bacteriologic
ally ................................... 28 150 91 13 18s 14

Positive only for phage . . . 62 231 164 29 29 25

1 0,69 > 3 0
2 5 , 1  < 5
3 4,8 <  5
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A ccording to  th e  s ta tis tic a l evaluation  of T ab le  I I ,  i t  is clear th a t  th e  to ta l  
n u m b er o f faeces bacterio log ically  positive was s ig n ifican tly  g rea ter during  th e  
sym ptom s th a n  a fte r  th em . T he difference is even m ore  rem ark ab le  in  th e  g roup  
o f faeces positive fo r b o th  serologically iden tified  b a c te r ia  and  phage. A fter th e  
sym ptom s had  d isappeared , th e  num ber of bacterio log ically  positive find ings 
showed a non-significant decrease only.

B) Results o f microbiological examinations

1. Studies on the in vivo influence o f phages on bacteria

A t th e  beginning  of th e  investiga tions the  iso la ted  s tra in s  were id en tified  
only serologically. L a te r  on th e  s tra in s  were exam ined  w ith  th e  phages p rep ared  
in  th e  lab o ra to ry  [6].

A num ber of s tra in s  w ere iso la ted  which show ed sen sitiv ity  to  type  p hages 
111 or 55 b u t d id  no t ag g lu tin a te  in  sera 111 : B4 or 55 : B5. B y  the  daily  ex am in a 
tio n  o f the  faecal sam ples th e  following observations w ere recorded.

A t the  f irs t ex am in a tio n  E . coli 111 : B4 o r 55 : B5 was cu ltu red  fro m  
th e  faeces. The su b seq u en t exam inations yielded E . coli s tra in s  in ag g lu tinab le  
in  th e  corresponding OB serum , b u t  sensitive to  ty p e  p hages 111 or 55. In  m o st 
o f  these  cases phages lysing  E. coli 111 : B4 or 55 : B5 s tra in s  w'ere found in  th e  
prev iously  exam ined faeces o r in  th e  sam e sam ple from  w hich the  inag g lu tin ab le  
s tra in  h ad  been cu ltu red . T he phage-sensitiv ity  o f  E . coli 111 : B4 or 55 : B5 
an d  o f the  corresponding  inagg lu tinab le  s tra in s  w ere n o t perfectly  id en tica l ; 
nevertheless, th e  d ifference w as found to  be w ith in  th e  ty p e  phages. O th e r  
exam inations show ed an  inverse phenom enon, viz. th e  inagg lu tinab le , p h a g e - 
sensitive s tra in  h ad  been iso la ted  before E. coli 111 : B4 or 55 : B5 appeared  in  
th e  faeces.

The varia tio n  o f  ce rta in , serologically non -iden tified  E . coli stra ins was also 
observed. These s tra in s  w ere supposed to  be path o g en ic  on th e  basis o f p h ag e  
exam inations. In  su b seq u en t isolations th ey  show ed changes in  th e ir  b eh av io u r 
tow ards fix  phages a n d  to w ard s th e  corresponding an tip h ag es  [7]. A ccording to  
recen t investiga tions, som e o f th e  E. coli s tra in s  d esig n a ted  as C /l . . . C/21 a re  
each o th e r’s v a rian ts . (These s tra in s  had  been iso la ted  an d  designated  in th e  o rd e r 
o f  iso lations before ty p e - an d  fix-phages were o b ta in e d . A t the  tim e o f th e  
iso la tion  of s tra in  С /Х  no 55 ty p e  phages were ava ilab le , therefore th is  s tra in  
could th en  n o t be classified  as belonging to  phage-type  55. S tra in  111/4, how ever, 
could im m ediately  be id en tified  w ith  th e  available ph ag e  as belonging to  phage- 
ty p e  111 of E. coli).

T he investiga tions have  show n th a t  the  in te s tin a l flo ra  of in fan ts who a re  
being  tre a te d  a t th e  sam e tim e , in th e  sam e wra rd , is fa irly  hom ogeneous. In  th e

6*
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sam e  period  th e  m a jo r ity  of th e  faecal sam ples contains b a c te r iu m  or phage 
s t r a in s  id en tica l in  se n s itiv ity  or in  ly t ic  ac tion . In  a c e r ta in  tim e , how ever, 
th e ir  faeces con ta in  a new  m icroflora, d iffe ren t from  the  p rev ious one.

I t  was observed as early  as in  th e  su m m er and  au tum n  o f 1951 th a t  in fan ts  
h a rb o u rin g  F /X  (a ph ag e  for th e  serologically  non-identified  E . coli s tra in  С/Х) 
in  th e ir  in te s tin a l f lo ra , a t  subsequen t exam inations excre ted  E . coli 55 : B5 
b a c te r ia . I t  was found  th a t  phage “ k ”  (a ty p e  phage for 55 : B5 s tra in s) h a d  a 
ly t ic  action  on s tr a in  С /Х . This o b se rv a tio n  suggests th a t  a connection  exists 
be tw een  55 : B5 an d  F /X .

In  s tudy ing  a n  o u tb reak  of in fan tile  en te ritis  in  1953, th e  follow ing resu lts 
w ere ob ta ined . E. coli 55 : B5 w as cu ltu red  from  the  faeces o f  32 in fa n ts  during 
th e  o u tb reak , while in  th e  post-cpidem ic period only 24 in fa n ts  w ere found to  
ex cre te  th is  organism .

D uring  th e  o u tb re a k  5 in fan ts  ex c re ted  F /X  and  on su b seq u en t exam ina
tio n s  E. coli 55 : B5. O n th e  co n tra ry , 8 p a tie n ts  excreted  55 : B5 f i r s t  and  F /X  
la te r . F rom  the  faeces o f  4 p a tien ts  55 : B5 an d  F /X  were a lte rn a te ly  iso lated . 
O ne in fan t who h ad  no en te ritis  was found  positive  for 55 : B5 a t  th e  f ir s t  exam ina
tio n  a n d  for F /X  a t  th e  second. In  th e  post-epidem ic period , one in fa n t w ith  
e n te r it is  excreted  F /X  a t  th e  f irs t ex am in a tio n  and  55 : B5 a t  th e  subsequen t 
ex am in a tio n  [8].

B ased on th ese  observations, i t  is suggested  th a t  b ac te ria l v a r ia t io n  due to  
p h ag es m ay exist in  vivo, i t  being w ell-know n th a t  there  is a possib ility  o f b ring
in g  a b o u t b ac te ria l v a r ia n ts  in vitro b y  exposu re  to  phages.

The role of b ac te rio p h ag e  in in vivo b a c te r ia l varia tions h a s  been  confirm ed 
b y  fu r th e r  observations. O f serially  exam ined  in fan ts, 14 proved  to  be excreting  
E . coli 111 : B4 [9]. T he in fan ts  were genera lly  found to  be po sitiv e  on 2 to  7 
occasions. From  one o f  th em  111 : B4 w as iso la ted  ten  tim es, w hile from  ano ther 
o n ly  once. Of the p ositive  faeces, 4 co n ta in ed  hom ologous phage. T he subsequen tly  
iso la ted  111 : B4 s tra in s  found  in  faeces n eg a tiv e  for phage p ro v ed  to  be sim ilar 
in  sen sitiv ity  to  b o th  phages an d  an tib io tic s . In  th ree cases 111 : B4 stra ins 
iso la te d  from  faeca l sam ples positive fo r p h ag e  differed from  each  o th e r  a t  the 
re p e a te d  iso lations. In  th e  rem ain ing  one phage-positive case, how ever, th e  rep ea t
ed ly  iso la ted  111 : B4 s tra in s  behaved  in  a s im ila r w ay. In  tw o o f th e  fo rm er th ree 
cases th e  stra ins iso la ted  before and  a f te r  th e  appearance o f p h ag e  d iffered  bo th  
in  an tigen ic  s tru c tu re  a n d  p h ag e-sen sitiv ity . In  one case th e  v a ria tio n  was 
lim ite d  only to  a lte ra tio n  in  p h ag e-sen sitiv ity  and , a t  the  n e x t iso la tio n , in  a n ti
b io tic -sensitiv ity .

2. Exposure o f bacteria to phages in vitro

T he supposed b a c te r ia l va ria tio n s ta k in g  place in  the  in te s tin a l t r a c t  were 
a t te m p te d  to  be b ro u g h t ab o u t in vitro [7].
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Table III

In  vitro variation o f E . coli 111 : BA strains, after exposure to phage

D esig n atio n  o f  s tra in s

U nexposed
111/1

E x posed  
111/1— a/1

U nexposed
111/4

Exposed  
111/4— a/1

E x p o s e d  
1 11 /4— к

Antigenic structure ......... 111 : B4 : - ? Not related to 
Escherichia 0  
groups 1 to 111

O : 111 b, 
( 0 :1 9 )  [B4] 

Unilaterally 
related to 
strain С/Х

0 :1 1 1 a ,Ь 
B4

A gglut inability
in serum  111 : B4 + — — + -f-

in antiphage serum a/1 — ~h +
_

in antiphage serum к — — +
_

Phage sensitivity
to  phage F /a /1 ............... CL — — — —
to phage F / k .......................... — — few plaques —

K ey : 111/1 — a/1 =  strain  111 : B4 exposed to  phage F/a/1 
111/4 — a/1 =  strain  111/4 exposed to  phage F/a/1 
111/4 — к =  strain  111/4 exposed to phage F /k  

CL =  confluent lysis

Table IV

In  vitro variation o f E . coli 55 : В 5 strains after exposure to phage

D esignation  o f  s tra in s

U nexposed
55/3

E x posed
55/3—X

U nexposed
С /Х

E x p o sed
С /Х — X

A ntigen ic  s tru c tu re  ............................... 55 : B 5 : 6 E scherich ia  0 : 4  
R e la ted  to  S. 
flex n eri VIII.,* 
and s tra in  С /Х

9 55 : B5
U nilaterally 
related to  
strain  С/Х

Agglulinability
in se ru m  55 : B 5 .............................. + — — +
in  an tip h ag e  serum  X .................... — + + —

Phage-sensitivity
to  p h ag e  F /X ..................................... — — CL —

K ey : 55/3 — X  =  strain  55 : B5 : 6 exposed to  phage F /X  
С/Х — X =  strain  С/Х exposed to  phage F /X  

CL =  confluent lysis
* Designated according to  Rauss' antigenic schema.
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Table V

In  vitro variation o f E. coli strains o f unknown serotype exposed to phage

D esignation  o f  s tra in

U uexposed
C/7

Exposed
C/7— 7

U nexposcd
C/10

E xposed  
C /10— 10

Agglutinability
in  antiphage serum 7 .................... — — — +
in antiphage serum 1 0 .............................. — + — +

Phage-sensitivity
t o  phage F / 7 ..................................... CL — CL few plaques
t o  phage F / 1 0 ................................... CL — sCL —

K ey : C/7— 7 =  stra in  C/7 exposed to  phage F/7 ; C/10— 10 — strain C/10 exposed to 
phage F/10 ; CL =  confluent lysis ; sCL =  sem i-confluent lysis.

T aking  in to  co nsidera tion  th e  la b o ra to ry  find ings, s tra in s  w ere selected 
w hich  were supposed to  produce v a r ia n ts  easily .

T ables I I I ,  IV , V show  th e  an tigen ic  s tru c tu re , ag g lu tinab ility , an d  phage 
sen s itiv ity  of such s tra in s , before and  a f te r  exposure to  phages.2

F rom  th e  T ab les  i t  can  be concluded th a t  b ac te ria  exposed to  phages 
u n d e rg o  rad ica l v a r ia tio n s .

T able I I I  show s th a t  the' original E .coli 111 :B 4-stra in  tre a te d  w ith  phage 
“ a j”  produces a v a r ia n t  no  more ag g lu tin ab le  in  serum  111 : B4 an d  no m ore 
sen sitive  to  phage “ a j” . T he s tra in , how ever, becom es agg lu tinab le  in  an tiphage 
se ru m  “ a j” . E. coli 111/4 (an  undescribed se ro type) a fte r tre a tm e n t w ith  phages 
“ a j”  an d  “ k ”  becom es agg lu tinab le  in  serum  111 : B4 and , according to  th e  О 
a n tig e n  de te rm in a tio n , th e  new v a r ia n t a c tu a lly  belongs to  th e  an tigen ic  group 
О : 111. The stra in  loses its  ag g lu tin ab ility  in  an tiphage  sera “ a j”  a n d  “ k ” , and  
acqu ires resistance to  p hage  “ k ” .

T able IV  shows th e  behav iour o f s tra in  55/3 (55 : B5 : 6) a f te r  exposure to  
p h ag e  “ X ” . The s tr a in  loses its  a g g lu tin ab ility  in  serum  55 : B5, b u t  becomes 
agg lu tinab le  in  a n tip h a g e  serum  “ X ” . T he new  v a ria n t belongs to  a n o th e r E. coli 
О an tig en  group. S tra in  С /Х  (an undescribed  E . coli serotype), a f te r  tre a tm e n t 
w ith  phage “ X ”  w ill ag g lu tin a te  in  se rum  55 : B5 and  will belong to  О group 
55. T h e  new v a ria n t is n o t an y  m ore ag g lu tin ab le  in  an tiphage serum  “ X ” , b u t 
is  re s is ta n t to  phage “ X ” .

T ab le  V show s th e  changes produced  in  tw o E. coli s tra in s  o f unknow n 
se ro ty p e .

2 The authors are indebted  to Professor K . R a u s s  for the antigenic analysis of these 
strains.
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I t  should  be n o ted  th a t  th e  m echanism  of ag g lu tin a tio n  of b ac te ria  by  
an tiphage  sera is y e t unsolved.

3. Examination o f sera from  patients

A group o f in fan ts  suffering  from  en teritis  w as exam ined  for an tibod ies 
ag a in st b ac te ria  and  phages [6].

I t  should  be em phasized  th a t ,  although th e  n u m b er o f exam inations p re 
sen ted  here  is re la tiv e ly  sm all, th e  resu lts  call for fu r th e r  investiga tions.

The in fa n ts ’ faeces were exam ined daily  d u rin g  th e  m an ifesta tion  o f  e n te 
ritis , w hile blood sam ples w ere ta k e n  6 to  8 weeks a f te r  recovery . All in  all, 23 
p a tien ts  were exam ined  in  tw o groups.

1. 12 of th e  sera were ta k e n  from  in fan ts whose faeces h a d  proved  to 
con ta in  phage. O nly 7 o u t o f th e  12 sera were exam ined  for the  cap ac ity  to  
neu tra lize  phage ac tiv ity .

2. 11 sera were o b ta in ed  from  in fan ts whose faeces h ad  con tained  serolo
gically iden tified  b ac te ria  b u t no phage. 4 of these sera  were sub jected  to  n e u tra 
liza tion  te s t.

F o r ag g lu tin a tio n , th e  following E. coli s tra in s  were used as an tigens.
1. Serologically iden tified  s tra in s  ; 2. s tra in s  w hich could no t be iden tified  

w ith  th e  availab le  d iagnostic  sera , b u t  could be classified  as m em bers o f ce rta in  
phage ty p es ; 3. s tra in s  w hich h a d  been exposed to  ty p e  or fix-phages in vitro.

F o r n eu tra liza tio n  te s ts  in  group 1, type- an d  fix -phages corresponding to  
phages iso la ted  from  th e  faeces w ere used. For te s tin g  th e  sera  in  group 2, phages 
were selected  th a t  w ere th o u g h t to  play  p a r t  in  th e  supposed developm ent of 
pathogen ic  b ac te ria .

B ecause o f the  sm all n u m b er of in fan ts  exam ined , th e  resu lts are on ly  
b riefly  sum m arized , as follows.

10 o u t o f th e  12 sera  in  group  1 contained an tib o d ies  fo r b a c te r ia . Six sera 
ag g lu tin a ted  only those s tra in s  th a t  h ad  been exposed to  phage in vitro. No sera 
con ta ined  ag g lu tin in s a g a in s t b ac te ria  of know n sero type , a lthough  four of th em  
belonged to  p a tien ts  p rev iously  positive for E. coli 111 :B 4 . O f th e  7 sera ex am 
ined for phage in ac tiv a tio n , 4 co n ta in ed  neu traliz ing  an tibod ies.

O f th e  sera exam ined  in  group  2, 4 gave a p o sitiv e  agg lu tina tion . 3 o f th em  
ag g lu tin a ted  only u n tre a te d  b ac te ria  of u n iden tified  sero type . The rem ain ing  
serum  ag g lu tin a ted  a non -id en tified  E. coli s tra in , w hich h a d  been exposed to  
phage. P h ag e  neu tra liz in g  an tibod ies could n o t be show n in  an y  of group 2 sera.

In  one o f th e  in fan ts , n ine  subsequent faecal ex am in a tio n s yielded n e ith e r  
E. coli 111 : B4 nor 55 : B5 b ac te ria . The faeces, how ever, con ta ined  a phage 
ac tin g  on  E. coli 55 : B5.

F ro m  T able V I i t  is ev id en t th a t  the in fa n t’s se ru m  d id  n o t con ta in  a n t i 
bodies a g g lu tin a tin g  E. coli 55 : B5 : 6 a t a d ilu tion  o f  1 : 50 o r higher.



2 1 0 M. F.ftRSI, L. JABLONSZKY, H. MILCH and G. BARSY

Table VI

a) Showing agglutinins in infant K . D.'s serum

A n tig en
S erum  d ilu tio n s

1 :  50 1 : 100 1 :2 0 0

E. coli 55 : B5 : 6  ..........................................

E. coli 55 : B5 : 6 — F /k * ............. +  +  + +  + ±

*Strain 55 : B5 : 6 a fter exposure to  phage F /k .

b) Showing phage-neutralizing antibodies in  infant K . D .'s serum

R e su lt o f  phage  ac tio u  
on  E . coli 55 : B 5 : 6

F /k  +  N aC l....................................................
F /k  +  normal rab b it’s serum  ...............
F /k  +  reconvalescent p a tie n t’s serum . . .

CL
CL

few plaques

K ey : CL =  confluent lysis.

T he same s tra in , how ever, a fte r i t  h a d  been exposed to  p hage  “ k ” , becam e 
ag g lu tin ab le  in  th e  sam e serum  even a t  a 1/200 d ilu tion . T he serum  neutralized  
p h a g e  “ k ”  a t  the  d ilu tio n  o f  1 : 10.

C) Results o f epidemiological studies

T he role of b ac te rio p h ag e  in  th e  sp read  of infection  w as suspected  as early 
as 1952.

Table VII
The spread o f E . coli 111 : B 4 or 55 : B 5 and the homologous or heterologous phages

P ositive  faecal e x a m in a tio n
ex am in ed

У u m b er o f  in fa n ts

causing  fu r th e r  
in fec tion in fec ted

E. coli 111 : B4 or 55 : B 5 ...................... 9 l i
E . coli 111 : B4 or 55 : B5 plus phage 4 4 20
P h a g e ............................................................... 15 9 63

T able V II shows th e  observations as to  th e  sp read  of E. coli 111 : B4, 55 : B5 
a n d  heterologous phages- T hese d a ta  w ere o b ta in ed  from  seria l exam ina tion  of 
in fa n ts  trea ted  in  th e  sam e w ard . 9 of th e  in fan ts  p roved  to  h a rb o u r  E. coli 
b a c te r ia  know n to  b e  asso c ia ted  w ith  in fan tile  en te ritis . N one o f th ese  in fan ts 
w ere  found  to  be p ositive  fo r  phages. Spread ing  o f infection  to  a n o th e r in fan t 
w as observed only in  one case.
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The faeces o f  4 in fan ts  co n ta in ed  n o t only E. coli 111 : B4 or 55 : B 5, b u t  
also phage. A ll th e  four cases caused  fu rth e r in fec tions, in  a ltogether 20 in fa n ts . 
A m ong th e  fo u r cases an  in fec tion  due to  E. coli 111 : B 4 occurred. D u rin g  th e  
spread  o f th is  infection , b o th  E .co li 111 : B4 an d  th e  hom ologous phage w ere  
iso lated  from  th e  fu rn itu re  o f th e  w ard .

15 in fa n ts  were positive on ly  for phages. I t  is rem ark ab le  th a t  9 o f  th e m  
caused fu r th e r  infections [8].

A re g u la rity  can also be observed as to  th e  sp re a d  o f  o ther phages a c tin g  
on serologically  non-iden tified  E. coli stra ins. T his is show n b y  the  fact th a t  th e  
w ide sp read  o f  each phage w as observed  in  certa in  d e f in ite  periods. The o b se rv a 
tions are  w ell illu s tra ted  b y  tra c in g  the  spread  o f  p h ag e  F /9 . This phage w as iso 
la ted  from  18 cases o f in fan tile  en te ritis  in  16 days [10].

Table VIII

Spread o f phage F /9 in a hospital ward, M a y  1953

D ay s

D esignation  o f  beds

1 2 3 4 5 6 7 8 9 10 11 12 13

May 5 — — — — — — —
_

— 1 1 1 / 1

6 ч> — — <p <p — — <p т / i — —

7 <p s 0 0 — — — —

8 — — — — — r7 1 — —

9 — <p — <p — 1 1 1 / 2 2L —

11 _ - <P
= <p

1 2 =
0 0

_
' 0 — — 0

13 — <p 0 0 0 — — —

14 — 0 =
— ■ 0 — — h i

1 1 1 / 1

15 а <p = — — • 0 0 — 0
18 а 0

=
0 — 0 0 0 = 0

1 9 0 0 0 0 — — 0 — =
0

20 0 0 0 0 0 <p 0 0 — 0 0

K ey : I—. — infant adm itted  ; ,__ =  infant discharged
Faecal exam inations : 19 1 =  phage F/9 lysing E. coli C/9; <p =  phage lysing o th er 

E. coli strains ; 111/1 =  E. coli 111 : B4 :— ; 111/2 =  E. coli 111 : B4 : 2 ; — =  negative ex 
am ination ; • =  no exam ination performed.

T ab le  V I I I  shows th e  re su lt o f faecal ex am in a tio n s in  a w ard w ith  13 b ed s. 
W ith in  th e  period  from  M ay 5 to  M ay 20,1953, th e  fa s t  sp read  o f F /9 w as ob -
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se rv ed . I t  should be n o te d  th a t  during  th is  period  the  sporadic occurrence  of E. 
coli 111 : B4 w ith o u t ph ag e  w as no ted , b u t  th is  infection d id  n o t  spread to 
o th e r  in fan ts.

D iscussion

F rom  th e  s ta t is t ic a l  evaluation  o f  th e  p resen t in v es tig a tio n s  i t  can be 
concluded  th a t  th e re  w as no corre la tion  betw een  the  freq u en cy  o f findings 
p o s itiv e  for E. coli 111 : B4 or 55 : B5 a n d  th e  frequency o f en te ric  infections. 
T h e  sam e results w ere o b ta in ed  by  th e  a u th o rs  in  1953, w hen 1161 faecal sam ples 
f ro m  115 p a tien ts  w ere exam ined . L ikew ise R u d n a i  and  M i h á l y f i  [11] showed 
t h a t  in  nurseries th e  occurrence of E. coli sero types associa ted  w ith  in fan tile  
e n te r i t is  was found  to  be  nearly  as fre q u e n t am ong h ea lth y  in fa n ts  as am ong 
in fa n ts  w ith  en te ritis .

The fact th a t  som e pathogenic o rg an ism  does not cause in fec tio n  on every 
o ccasion  has been a p rob lem  since the  ea rly  d a y s  o f bacteriology. T h e re  is no doubt 
t h a t  factors such as te m p o ra ry  im m unity , d isposition  and co n d ition  o f  th e  m acro 
o rg an ism , certa in ly  p la y  a  p a r t  in  th e  re s is ta n c e  to  infectious d iseases. On the 
o th e r  h an d , b a c te ria  th o u g h t to  be p a th o g en ic  sim ply can n o t be  regarded  as 
a lw ay s  capable o f  causing  disease b y  th em selves. N or can th e y  alone determ ine 
th e  clinical course o f  th e  disease.

From  the p re sen t investiga tions we h a v e  concluded th a t ,  in  add ition  to 
b a c te r ia , bac te riophages are  th e  fac to r responsib le for in fec tions o f  infantile  
e n te r it is .

N e t e r ’s ex am in a tio n s  [12] suggest th e  sam e conclusions, i. e. t h a t  phages 
p la y  an  im p o rtan t aetio log ical role in t h a t  disease.

A ccording to  th e  p resen t in v es tig a tio n s , in  infantile  e n te r itis  th e  simple 
d e te c tio n  of pa th o g en ic  b a c te ria  is n o t sa tis fac to ry , as th e  p resence  o f these 
b a c te r ia  does n o t a c tu a lly  necessita te  t h a t  th e y  will give rise to  pathological 
d is tu rb an ces .

Sum m arizing th e  s ta tis tic a l ev idence o f  th e  p resen t in v es tig a tio n s , the  
fo llow ing  conclusions can  be draw n.

1. The p ro p o rtio n  o f  lab o ra to ry  f in d in g s  positive for he tero logous phage is 
s ig n ifican tly  h igher in  th e  group of p a tie n ts  w ith  enteric in fec tio n  th a n  in  the 
g ro u p  w ithou t en te ritis .

2. A n even g re a te r  difference ex is ts  betw een  th e  tw o g ro u p s as to  the 
p o s itiv e  findings fo r b o th  serologically id e n tif ie d  b ac te ria  a n d  hom ologous phage.

3. The p ro p o rtio n  o f  positive fin d in g s fo r  b o th  phage an d  b a c te r ia  is signi
f ic a n t ly  higher d u rin g  th e  tim e there  are  m an ifest sym ptom s th a n  a fte r  th a t. 
T h e  sam e is no t tru e  fo r cases positive on ly  bacterio logically .

T he results o f  th e se  investiga tions a r e  closely connected  w ith  each o ther 
a n d  a re  in  accordance w ith  the  a u th o rs ’ h y p o th es is  th a t  phages cause  th e  libe-
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ra tio n  o f endo tox ins responsible for the clinical sy m p to m s and  for develop ing  
a severer ty p e  of th e  disease. T he com parison o f th e  s ta tis tic a l d a ta  w ith  th e  
clinical course o f  the  disease m akes i t  possible to  reach  fu r th e r  conclusions.

I t  is com m on th a t  in fan ts  exposed to  an y  u n u su a l change should re a c t w ith  
d iarrhoea . B o th  pathogenic organism s and  those th a t  a p p e a r  to  be non-pathogen ic  
m ay ex ert som e influence on th e  h u m an  body. In  m o st cases the  infection  w ith  
one o f th e se  b a c te ria  produces a reaction  of lesser im p o rtan ce . I t  is no t im possib le 
th a t  in  response  to  th is  stim ulus the  in fan ts acquire som e im m unity .

A sev erer reaction  m ay  be induced  by  exposing th e  organism  s im u lta n e 
ously to  sev era l effects ; such  as th e  transfo rm ing  effect o f faecal phages on 
bac te ria , w hen  a t  th e  sam e tim e  endotoxins are lib e ra ted .

A ccord ing  to  th e  s ta tis tic a l evaluation , th e  n u m b er o f phage po sitiv e  
faeces is s ig n ifican tly  la rger in  en teric  infections th a n  in  o ther diseases. T he 
presence o f  phage m eans th e  developm ent o f a new  b ac te ria l flora, w hich w ill 
be re s is ta n t to  th e  sam e phage. I t  should be n o ted  th a t  in  th e  few fa ta l cases th e  
iso lated  p h ag es h ad  a ly tic  ac tion  on all th e  in d ic a to r  stra ins. In  th e  la t te r  
in stance  d e a th  ensued w ith  g rea t rap id ity  an d  w as p ro b ab ly  due to endo to x in s  
libera ted  b y  th e  po lyvalen t phage.

T he p ro p o rtio n  of faeces positive bo th  for ph ag e  an d  serologically id en tified  
b ac te ria  show s a s trik ing  d ifference betw een th e  tw o exam ination  g roups. 
In  these  cases th e  in fan ts  p ro b ab ly  develop a severe a t ta c k  o f en teritis  caused  b y  
bacteria  an d  th e  libera ted  endo tox ins. The com bined  effect of b ac te ria  a n d  
phages is confirm ed by th e  fa c t  th a t  a fte r th e  sy m p to m s have d isappeared  th e  
findings a re  a lm o st in v a riab ly  n egative  for b o th  p h ag e  an d  bacterium .

T hus th e  s ta tis tic a l evidence is in  accordance w ith  th e  conclusion th a t  th e  
bacte rio p h ag e  is the  fac to r e ith e r  d irec tly  or in d irec tly  responsible for th e  clin ica l 
m an ifesta tio n s of th e  disease.

T he use o f  type-phages h a s  m ade i t  possible to  subd iv ide  the E. coli a n t i 
genic ty p es  in to  sub-types.

T y p e  a n d  fixed  phages allow ed an  ex tensive an a ly s is  o f the  faecal flo ra . 
The resu lts  o f  these  investiga tions have shown th a t  th e  in  vivo va ria tion  o f  b a c 
te ria  is a fa c to r  n o t to  be neglected .

V a ria tio n  o f bac te ria  b y  exposure to  phages h as  been  stud ied  by  num erous 
au th o rs  [13, 14]. Most of th em  h av e  em phasized th a t  such  varia tions occur in  th e  
body  b u t  ra re ly , therefore  are  o f little  im p o rtan ce . F o r  m any  years in  th is  
lab o ra to ry  w e have been phag e-ty p in g  Salmonella typhi s tra in s  th a t  had  r e p e a t
edly  been  iso la ted  from  ty p h o id  carriers all over th e  co u n try . The records show  
th a t  v a r ia tio n  in  th e  phage ty p e  o f subsequen tly  iso la ted  s tra in s occurred v e ry  
ra re ly  [15].

In  th e  faeces o f in fan ts  w ith  en te ritis , how ever, bacteriophage can be show n 
to be p re se n t in  a h igh percen tage.

T he d a ily  exam ination  o f  faecal sam ples from  th ese  in fan ts  showed reg u la r
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v a r ia tio n s  in  th e  ag g lu tin ab ility  and p h ag e-sen sitiv ity  of th e  iso la ted  b ac te ria  
a f te r  th e  hom ologous phage h ad  appeared . T hese facts call th e  a tte n tio n  to  th e  
im p o rta n c e  of phage. T he b ac te ria l v a r ia n ts  b ro u g h t abou t by  p hages m ay  also 
b e  responsib le for th e  disease.

New po in ts o f  view  have been opened  b y  following the  b a c te r ia l v a ria tio n s  
w ith  th e  aid o f phages. T here  is no reliab le  in te rp re ta tio n  of th e  fa c t th a t  a n ti
b o d ies  ra re ly , if  ever, occur in  th e  blood o f  in fa n ts  w ith  en te ritis . B y  exam ining  
se ra  from  recovered in fa n ts  whose faecal ex am in a tio n  had show n th e  presence of 
p a th o g en ic  m icroorganism s, it  has been  observed  th a t  an tibod ies seem  to  be 
p ro d u ced  ag a in s t th e  new  b ac te ria l v a r ia n t a n d , also, against th e  p h a g e . I t  should 
be  n o te d  th a t  only a sm all n um ber of such ex am in a tio n s has so fa r been  m ade, and  
f u r th e r  observations a re  requ ired  to  c lear th e  problem .

T he p resen t in v estiga tions as to  th e  sp read  of the in fec tion  also  confirm  
o u r  prev ious hypo thesis . T he transm ission  o f  in fection  from  one in fa n t to  o thers 
d id  n o t occur if  th e  in fa n t w as h a rb o u rin g  on ly  serologically id e n tif ie d  E. coli 
s tra in s , b u t  no phage. O n th e  co n tra ry , fu r th e r  infections w ere observed  i f  an  
in f a n t ’s faeces were found  to  be positive also  fo r phage. Iso lation  o f  th e  pathogen ic  
b a c te r iu m  (E . coli 111 : B4) from  th e  fu rn itu re  o f the  w ard  w as succesful only 
in  th e  la t te r  cases.

F u r th e r  in v estig a tio n s are requ ired  to  th ro w  ligh t on th e  m ode o f  sp read . 
N e t e r  an d  Sh u m w a y  [16], L a u r e l l  e t  a l. [17], B r a u n  an d  H e n c k e l  [18], 
V é g h e l y i  e t al. [19], F a r k a s  and  Sz é c s e y  [20] and th e  p re se n t au tho rs 
show ed  th a t  th e  sam e sero type  o f E. coli c an  often  be iso lated  from  th e  faeces 
a n d  from  th e  th ro a t  a t  th e  sam e tim e. F ro m  o u r recen t in v estig a tio n s lysogenic 
s t r a in s  o r la te n t phages lib e ra ted  from  th e m  seem  to  be responsib le  fo r th e  
tran sm iss io n  o f th e  d isease. The n a tu re  o f  th e  spreading o f p h ag e  strong ly  
su g g ests  th e  possib ility  o f  d ro p le t in fection .

T h e  resu lts o f  th e  p resen t w ork show  new  clinical and  m icrobiological 
a sp e c ts  fo r s tudy ing  in fan tile  enteric  in fec tio n s.

As bacteriophage a n d  b ac te ria l v a r ia n ts  b ro u g h t abou t b y  th e m  u n d o u b t
ed ly  p la y  a p a r t  in  th e  aetio logy  of en te ric  in fec tions, for th e  sak e  o f  successful 
th e ra p y  and  p rophy lax is fu r th e r  in v estig a tio n s should be m ade in  th is  d irection .
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Summary
5186 faecal samples from  1174 infants w ith  en teritis have been subjected to  bacterio

logical and phage exam ination. From the results some conclusions of in terest have been draw n, 
as follows.
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1. Bacteria associated with infantile enteritis are not capable of causing disease by them 
selves. Another factor, the bacteriophage is also necessary.

2. The phage may act by liberating endotoxins from bacteria and, on the other hand, by 
inducing variations in the bacteria. Against these new bacteria the infant may have no imm unity. 
The direct and indirect roles of phage have been confirmed by a few phage-neutralization tests. 
Bacterial variations due to phage were reproduced in vitro.

3. Spread of the infection was observed only when phage could be isolated from one of 
the infants, and it might be due to lysogenic bacteria or latent phages liberated from them. In this 
case the phage could mostly be isolated from the throat.
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I t  has been  know n for long th a t  th e  bac te ria l cell co n ta in s m ore th a n  one 
an tig en . Gruber  and  D urham [5] w ere th e  firs t to  d em o n stra te  th a t  b a c te ria  
could be d iffe ren tia ted  from  one a n o th e r b y  m eans o f th e  ag g lu tina tion  te s t. 
S ta r tin g  o u t from  th is  observation , D urham [2] developed his th eo ry  o f th e  
m osaic p a t te rn  o f  bac te ria l an tigens. L a te r , in  stud ies on th e  an tigenic  s tru c tu re  
o f  b a c te ria  belonging  to  th e  Salm onella group, W hite , an d  still la te r  K a u f f - 
mann [9] m ade use of the  ag g lu tin a tio n  and  ag g lu tin in  abso rp tio n  te s ts  to  
d em o n stra te  in  th e  mosaic various com ponents, w hich fac ilita te  d istin c tio n  to  be 
m ade betw een , an d  iden tification  of, th e  single m em bers o f th e  Salm onella g roup . 
T here  are  a t  p resen t 144 typ es know n to  belong to  th is  g roup  b y  v irtu e  o f  th e ir  
som atic  and  flag e lla r an tigens an d  th is  num ber is s tead ily  increasing as new  an d  
new  b ac te ria  are  described to  possess such properties w hich ju stify  th e ir  inclusion  
in  th is  group . In  stud ies on the  chem ical s tru c tu re  o f som atic  an tigens, Morgan 
[13 ,14], th en  Morgan and Partridge [15, 16] po in ted  ou t th a t ,  from  th e  com 
pon en ts  o f som atic  antigens d e te rm in in g  th e  serologic ty p e , th e  po lysaccharide is 
responsible fo r th e  specificity , w hereas th e  p ro tein  com ponen t is com m on to  all 
m em bers o f th e  Salm onella and  Shigella groups.

F reeman was the first to study the carbohydrate com position of the hydro
lysed polysaccharide o f S. typhi [4] and found that it was built up of d-glucose, 
d-m annose and d-galactose. J okoyama [7] added rhamnose to the list.

The a d o p tio n  o f paper ch ro m ato g rap h y  to  th is  ty p e  o f w ork has m ark ed  
th e  onset o f new , vigorous a tte m p ts  a t  the full e luc idation  of the  p rob lem . 
W estphal  e t al. [10, 27] have  exam ined  the  ca rb o h y d ra te  p a tte rn  o f  a few 
h y d ro ly sa tes  p rep ared  from Salm onellae by  the phenol ex trac tio n  m e th o d  
described by  th em . The above m en tioned  sim ple sugars w ere dem o n stra ted  b y  
W estphal e t a l., too. H ow ever, th e y  iso la ted  also such desoxy-sugars, w hich h ad  
n o t been know n to occur in  n a tu re  elsewhere : m ethyl-aldose-pentoses w ere 
iso la ted  from  S. typhi and S. abortus ejui ,  respectively . P on and Staub [20] 
co rrobora ted  th e  findings of W estphal e t al.

The investigations described in this paper were aimed at the elucidation o f  
the following problems.
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a)  By m eans o f  serological m ethods, M o r g a n  an d  P a r t r id g e  showed th a t  
th e  pro te in  com ponen t w as common to  a ll e x tra c ts  p rep ared  from  stra in s o f the  
Salm onella group . W e w ished to  es tab lish  w h e th e r th is  id e n tity  w ould m an ifest 
i ts e lf  also in  th e  am in o  acid com position o f  th e  p ro te in  com ponen t o f ex tra c ts .

b)  A ttem p ts  h a v e  been m ade to  d e te rm in e  even tu a l d ifferences, q u a lita tiv e  
a n d /o r q u a n tita tiv e , in  th e  po lysaccharide sp ec tru m  o f single s tra in s  belonging 
to  d ifferen t g roups o f  th e  K a u f f m a n n — W h it e  classification .

c) A cetone-dried  bac te ria l pow der p rep a red  from  cu ltu res o f s tra in  T y 2 
o f  S. typhi, and  th e  B o iv in  ex trac t derived  from  i t  have been  exam ined  com pa
ra tiv e ly  for am ino  ac id  and  ca rb o h y d ra te  com position .

Materials and methods
Bacterium strains. These were the représentants of the various groups of the K auffmann— 

W h ite  scheme :
Group A : S. paly A

« В : S. paty B-, S. typhimurium , S. abortus equi
« C : S. kunzendorf, S. bareilly
« D : S. typhi О 901, H  901, T y2, Vi 965, S. enteriiidis
« E  : S. analum, S. meleagridis

From other groups: S . veneziana, S. minnesota, S. coli (Vi)
Cultivation, media. T he methods employed were those already described [29].
Preparation o f exIracts.The Boivin extract wag prepared according to  K abat and Me y e r [8] 

from  acetone-dried bacteria  grown in dialysed medium. A fter three extractions all the super
n a tan ts  were pooled, th en  dialysed against running w ater for 48 hours a t room tem perature, then  
against distilled w ater for 24 hours under refrigeration, and dried a t room tem perature.

Paper chromatography. Using Schleicher- and Schiill paper 2043/a, both  the descending [1] 
and  the ascending [28] m ethods were carried out. For determining the amino acid content of 
ex trac ts , the solids obtained  by drying were hydrolysed in 20 per cent hydrochloric acid a t 160 °C 
for 16 hours, neutralised w ith  freshly prepared silver oxide, dried in vacuo and the solids were 
taken  up in distilled w ater, in  the desired volume [23]. In  a to ta l volume of 0,02 ml 4000 micro- 
gram s were dripped on th e  paper. To dem onstrate carbohydrates the extracts were dissolved in 
norm al sulphuric acid to  m ake a concentration of 20 mg/ml and the solution was hydrolysed a t 
100 °C for 6 hours. A fter neutralisation w ith barium  chloride the vacuum -dried material was 
dripped on the paper in volum es of distilled w ater specified in the experim ental section.

Solvents. In  studies on amino acids, the solvent used in ascending paper chrom atography 
w as the mixture of bu tano l— glacial acetic acid— w ater rccommanded by Partridge [17], while 
w ith  the descending m ethod phenol buffered a t pH  1 and 12, and butanol buffered a t pH  2 were 
used [11]. In the case of carbohydrates pyridin : bu tano l : w ater (2 : 3 : 1,5) was used w ith both  
m ethods [30].

For developing am ino acids 0,2 per cent ninhydrine in butanol sa turated  w ith w ater [17], 
for the dem onstration of carbohydrates, aniline-hydrogen-phthalate [18], and for the detection 
o f glucosamine, a basic triphenyltetrazolium  chloride (TTC), [26] were used.

The chrom atogram s were run a t 20 ^  2 °C for 30 hours.
Nitrogen was determined by the Kjeldahl method. Polysaccharide was estimated by the 

Molisch—Udránszky method, as modified by Szára [24], using the alpha naphthol potassium 
sulfonate reagent.

R esults
A m ino acid composition

In  the B o iv in  e x tra c t  o f the  S alm onellae  te s ted  th e  to ta l  n itrogen  varied  
fro m  2 to  3 p er c e n t. F o r  th is reason a liq u o ts  w ith  th e  sam e solid co n ten t w ere 
hydro lysed . T he am ino  acids appearing  in  th e  hydro lysed  B o iv in  ex trac ts  o f
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th e  16 b a c te r ia  tested  and  in  th e  hyd ro lysa te  o f th e  T y 2 bacteria l p o w d er are  
p resen ted  in  F ig . l /а  and  F ig . 1/b, respectively . In  te s ts  m ade in  d iffe re n t 
so lvents b y  th e  descending a n d  ascending m ethods i t  w as ascerta ined  t h a t  th e  
B o iv in  e x tra c t  o f d ifferen t m em bers of the  Salm onella group p ro d u ced  q u a li
ta tiv e ly  id en tica l b u t  q u a n tita tiv e ly  d ifferent am ino acid  spots. The descen d in g  
ch ro m ato g rap h y  in  b u tan o l buffered  a t pH  2 show ed good separa tion . E x c e p t

CGC O q ü OOO o'»»'“
C © C ( i , 0  Q  &»U
1  f i  £  %  g « 0 g l  Î Ï Ï b

2  Â  ÿl£ .  ~
a rg in in e

О  П П О  i Г C j ly s in e  
(Ь' 4 / 'Ц ^  ^  ^  c y s tin e

1 2  3 *+ 5 6  7  8 , 9 ,

Fig. la . The amino acid spectrum  of hydrochloric acid hydrolysates of different Salmonella 
strains. Solvent : bu tano l buffered a t pH  2. Descending method

fo r th e  pro line  spot of S. coli, th e  sam e am ino acids appeared  in  th e  h y d ro 
ly sa tes . T hese were iden tified  b y  runn ing  single h y d ro ly sa tes  w ith  k n o w n  am ino  
acids an d  com paring th e  R ; va lu es  fo r th e  spots th a t  appeared . I t  is n o te w o rth y  
th a t  th e  T y 2 bacteria l pow der and  th e  trich lo race tic  acid e x tra c t p rep a red  
from  i t  show ed th e  sam e am ino  acid com position.

In  view  of the  fac t th a t  in  te s ts  w ith  d iffe ren t so lvents of d iffe ren t p H  th e  
hyd roch lo ric  acid hyd ro lysa tes o f  the  ex trac ts  co n ta in ed  identical am ino  acids, i t

i  Acta Microbiologies IV/2.



2 2 0 G. TOLNAI

seem s probable th a t  th e  p ro te in  fraction o f th e se  hyd ro lysa tes is com posed of the  
sa m e  amino acids.

Carbohydrate composition

According to  th e  d a ta  in  Table I, th e  po lysaccharide  co n ten t o f  th e  B o iv in  
e x tra c ts  prepared fro m  th e  stra ins tested  v a r ie d  from  10,2 to  34,8 m g p e r 100 g.

leucine

f  valine  
X (m e th io n in e )

alanine
9lufam ic acid,

Ж  9
th e r o n in e  

a s p a r t i c  a c id  
serin  e Cg I у  c in e  ) 
a r g i n i n e

l y s i n e
c y s tiç e

1 2 ' З Ь  5 6 7  8

F ig. lb . The amino acid spectrum  of hydrochloric acid hydrolysates of different Salmonella strains 
Solvent : b u tan o l buffered at pH  2. Descending method

F o r  th is  reason th e  in v e s tig a tio n s  have been co n d u c ted  in  tw o d irec tions. In  one 
ca se  th e  hydrolysates o f  e x tra c ts  identical in  so lid  con ten t were exam ined , and  
in  th e  o ther case th e  e x t r a c ts  were hydrolysed, a d ju s te d  to  an equal ca rb o h y d ra te  
co n cen tra tio n  and  w ere ex am in ed  in th is w ay .

In  order to  d e te rm in e  th e  adequate c o n cen tra tio n  for the  d em o n stra tio n  of 
a ll  th e  simple sugars p re s e n t , 0,02 ml a liquo ts w ere  dripped onto  th e  chrom ato-
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graphic paper from  each o f  3 hydro lysed  ex trac ts  o f  a  20 m g/m l or 40 m g /m l 
concen tra tion . T he low er co n cen tra tio n  proved also  su ffic ien t for the d e tec tio n  
of all th e  sim ple sugars p resen t.

Table I

Carbohydrate content o f Salmonella strains 
(Caclculated in dextrose. M o l i s c h — U d r á n s z k y  reaction , a s  modified by S z á r a )

S. typh i Ty2 baci ......................................... 12,8 mg/%
S. typhi Vi 965 ............................................  16,4 «
S. typh i Ty2 endo .....................................  20,0 «
S. ty p h i H 901 ............................................  25,2 «
S. typhi О 901 ............................................  24,2 «
S. e n te r it id is ..................................................  21,2 «
S. m in n eso ta ................................................... 22,8 «
S. c o li................................................................ 34,8 «
S. pa ty  A .......................................................  17,4 «
S. pa ty  В ..................................................... 10,2 «
S. ty p h im u riu m ............................................  23,2 «
S. abortus e q u i ............................................  17,4 «
S. k u n zen d o rf................................................. 33,0 «

S. b a re i l ly .......................................................  31,2 «
S. anatum  .....................................................  27,6 «
S. m eleagrid is................................................. 29,0 «
S. v e n e z ia n a ................................................  23,6 «

In  ad d itio n  to  th e  m onosaccharides a lready  m en tio n ed , no tab ly  d-glucose, 
d-galactose, d -m annose and  rham nose, the  su lfu ric  ac id  hydrolysates o f  th e  
single e x tra c ts  co n ta in ed  a sugar sim ilar in  R evalue to  xylose, as well as th e  p e n 
toses called th e  “ fa s t co m p o n en t”  by  W e s t p h a l  e t  a l. T h e  single kinds o f c a rb o 
h y d ra te  were id en tified  b y  ru n n in g  simple sugars to g e th e r  w ith  2 h y d ro ly sed  
ex trac ts . W e have  so fa r  n o t succeeded in  iden tify in g  p recisely  the  sugar s im ila r  
in  R j v a lue  to  xylose. T he resu lts  o f these te s ts  are  p re se n te d  in  Fig. 2.

T he hydro lysa tes o f th e  16 te s t  stra ins were ex am in ed  in  p y rid ine-bu tano l- 
w a te r b y  th e  ascending an d  descending m ethods. B y  th e  ascending m ethod  th e  
sugar co n ten t o f  e x tra c ts  id en tica l in  solid co n ten t, a n d  b y  th e  descending m e th o d  
th e  e x tra c ts  a d ju s ted  to  th e  sam e carbohydrate  co n c e n tra tio n  were com pared . 
I t  is obvious th a t  th e  c a rb o h y d ra te  com position o f  th e  e x tra c ts  is far from  b e in g  
as un iform  as th e ir  am ino  acid  com position. The d ifferences in  the case o f c a rb o 
h y d ra tes  are  n o t only  q u a n tita tiv e , b u t also q u a lita tiv e . Since the  two m eth o d s  
yielded h igh ly  com parab le  values, only the  resu lts  o f  th e  te s ts  on h y d ro ly sa tes  
ad ju sted  to  th e  sam e c a rb o h y d ra te  concen tra tion  a re  p resen ted  in  Fig. 3/a a n d

7*
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F ig. 2. The spectrum  and identification of carbohydrates in the sulphuric acid  hydrolysates 
of 2 strains of Salmonella. Solvent : bu tano l : pyridine : water. Descending m ethod

Fig. 3a. The carbohydrate spectrum  of sulphuric acid hydrolysates of Salmonella stra ins, adjusted 
to  equal sugar concentration. Solvent : bu tano l : pyridine : water. Descending method
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Fig. 3 /b .I t  c an  be also seen th a t  abequose and  tyvelose, w hich have been described 
b y  Westphal e t al. [27], are  p resen t also in th e  Boivin ex trac ts  p repared  from  
certa in  stra in s of Salm onella.

In  view o f th e  fa c t th a t  1,5 to  6,5 per cen t N  acetyl-glucosam ine w as 
p resen t in  the  hydro lystes o f e x tra c ts  p repared  by  d iffe ren t m ethods by  E lkin [3], 
Westphal e t al. [10, 27], P on and  Staub [20], as w ell as in  th e  h y d ro ly sa te  
of Sh. flexneri (Slein an d  Schnell [22]) we, too , te s te d  our hydrolysed Boivin

Fig. 3b. The carbohydrate spectrum  of sulphuric acid hydrolysates of Salmonella strains, ad justed  
to  equal sugar concentration. Solvent : butanol : pyridine : w ater. Descending m ethod

e x tra c ts  for glucosam ine. In  th e  contro l te s ts  th e  20 fi g doses of g lucosam ine 
appeared  in v ariab ly  in  th e  form  of a spot a t th e  corresponding  R / value a fte r  
developm ent w ith  TTC, w hereas no such spot ap p eared  in  an y  of the  te s t  h y d ro 
lysates.

D isc u s s io n

N um erous au th o rs  h av e  been concerned w ith  th e  problem  of com pounds 
determ in ing  th e  serologic ch a rac ters  o f b ac te ria . O ne o f th e  m ethods used fo r  
iso lating  these com pounds is to  tr e a t  the  b ac te ria l cell w ith  various so lvents, 
w hich elu te f irs t th e  com pounds in  th e  more sup erfic ia l layers, th en  those in  
th e  deeper layers. T he trich lo racetic  acid e x trac tio n  m ethod  o f  B o iv in  re su lts  
p resum ably  in  the  d isso lu tion  o f  substances a t  th e  cell surface. A ccording to
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M i l e s  and  P i r i é  [12], a n d  H a a s  [6 ] , th e  an tig en  th u s o b ta in e d  re ta in s  th e  
serological specificity o f  th e  b ac te ria l cell. Owing to  the  n a tu re  o f  th e  ex trac tin g  
a g e n t, no proteins o f  h igh  m olecular w eigh t can  be found in  th e  e x tra c ts , w hich 
c o n ta in  2 to  3 per cen t n itrogenous com pounds an d  from  10,2 to  34,8 m g poly
sacch a rid e  per 100 g. T hese values a re , in  general, lower th a n  tho se  given in 
th e  lite ra tu re , p resu m ab ly  because o f d ifferences in  the  q u a lity  o f  ex tra c ts , in 
g ra d e  o f  p u rity  and  in  th e  m ethods used  for e s tim ating  p o lysaccharide. A part 
f ro m  th e  above com pounds, th e  e x tra c ts  con ta in  also considerab le q u an tities 
o f  phospholip id .

I n  the  hydrochloric acid  h y d ro ly sa tes  o f th e  ex trac ts  te s te d  12 am ino acid 
Spots were detected , ex cep t for S. coli, w hich yielded 13 spo ts. In  te s ts  m ade 
b y  d iffe ren t solvents an d  m ethods th e  sam e am ino acids appeared  in  th e  hyd ro ly 
sa te s , in  obviously d iffe ren t q u an titie s . These q u a n tita tiv e  d ifferences were 
m ere ly  indicated  b y  ou r ch rom atog ram s; no q u a n tita tiv e  te s ts  w ere perform ed 
fo r  single am ino acids. T h e  s im ila rity  in  am ino acid com position o f o u r hyd ro ly 
s a te s  to  the  bacteria l cell w all p rep a ra tio n  o f S a l t o n  [21] is rem ark ab le  an d  seems 
to  p o in t a t  a re la tionsh ip  betw een  th e  B o iv in  an tigen  and  th e  b ac te ria l cell 
su rfa c e .

M o r g a n  [13,14] a n d  M o r g a n  an d  P a r t r id g e  [15, 16] h av e  show n by 
sero log ica l m ethods th a t  th e  p ro te in  com ponen t p resen t in  th e  d iethyleneglycol 
e x tr a c ts  of Salm onellae is com m on to  th e  m em bers of th e  group , a n d  th a t  if  a 
sp ec ific  Salm onella po lysaccharide  is linked  to  th e  p ro te in  iso la ted  from  the 
e x t r a c t  p repared  from  b a c te r ia  o f th e  Shigella group, i t  will re a c t w ith  the 
im m u n e  serum  of th e  corresponding  Salm onella s tra in . O ur ex p erim en ts  lend 
s u p p o r t  to  th is id e n tity  o f  p ro te in s  w ith in  th e  Salm onella group , b y  dem ons
t r a t in g  th a t  the  p ro te in  frac tio n  w as com posed o f th e  sam e am ino  acids.

C onfirm ing th e  v iew  p u t  forw ard  b y  M o r g a n , our experim en ts show ed th a t  
th e  polysaccharide w as th e  fac to r o f decisive im portance in  serological speci
f ic ity . As early  as 1902, P i c k  [19] called a tte n tio n  to  the  im p o r ta n t ro le played 
b y  th e  polysaccharide in  th e  serology o f  ty p h o id  fever. I n  S. typhi cu ltures 
d ig e s te d  w ith  try p s in  a n d  pepsin  P ic k  d em o n stra ted  th e  presence o f  a poly
sac c h a rid e , which gave a positive  p rec ip ita tio n  reaction  w ith  ty p h o id  im m une 
se ru m  a fte r  depro te in isa tion . Considering th a t  m ore th a n  144 m em b ers  of the 
S a lm o n e lla  group are serologically  d is tin c t, i t  seem s obvious to  hold  d ifferences in  
p o ly sacch arid e  com position  responsib le for th e  differences in  serological p ro p er
tie s .. O u r investigations seem  to  lend su p p o rt to  th is  view. S ig n ifican t differences 
in  th e  q u a n tity  of po lysaccharide  ex ist betw een  th e  single s tra in s , y e t  th is  is no t 
th e  o n ly  difference. T he h y d ro ly sa te s  o f c e r ta in  ex trac ts  co n ta in , in  d ifferen t 
v a r ia t io n s ,  desoxy-m ethyl-pentoses, w hich h av e  n o t been know n to  occur in 
n a tu r e  elsewhere. C lassified accord ing  to  th e  groups of th e  K a u f f m a n n — W h it e  
sch em e , th e  results o f c h ro m a to g rap h y  a n d  th e  po lysaccharide c o n te n ts  o f the  
sin g le  s tra in s  are p resen ted  in  T ab le  I I .
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Table П

The polysaccharide content and post-hydrolysis carbohydrate composition o f the Salmonella extracts
tested

K a u ffm a n n — Salm onella
P o ly - 

eacch arid ae
S u g ars  in  h y d ro ly se d  e x tra c ts

W h ite  g ro u p ■train c o n te n t ,
m g % glucose ga lac

tose
m annose xylose rh am -

nose
fast abe- 

quose
c o m p o n e n t

ty v e lo se

A paty  A 17,4 + + + + +

p aty  В 10,2 + + + + + +
В typbim urium 23,2 + + + + + +

abortus equi 17,4 + + + + + +

Ç kunzendorf 33,0 + + + +
bareilly 31,2 4- + + +

typhi Ту» 20,0 + 4- + ■f* - f +
typh i 0  901 24,2 + + + + + +

D typhi H 901 25,2 + + + + + +
Vi 965 16,4 + +
enteritidis 21,2 + + + + + +

E
anatum 27,6 + + + + +
meleagridis 29,0 + + + + +

F veneziana 23,6 + + + + +

ininnesota 22,8 + + + + +

coli 34,8 + +

F in a lly , we w ished to  de te rm ine  w hether th e  ace to n e-trea ted  T y 2 b a c te r ia l 
pow der y ielded com ponents id en tica l w ith , or d ifferen t from , those y ie lded  b y  th e  
h y d ro lysed  trich lo racetic  ac id  e x tra c t o f th e  sam e b ac te ria l pow der. H y d ro ly sis  
o f th e  p ro te in  fractions y ie lded  th e  sam e am ino acids. T he b a c te ria  co n ta in ed  12,8 
m g polysaccharide per 100 g, as com pared  to  th e  20 m g p e r 100 g v alue  fo r th e  
B o iv in  e x tra c t. A fte r hydro lysis th e  po lysaccharide com position  rem ain ed  th e  
sam e, in d ica tin g  th a t  th e  sam e am ino acids and  polysaccharides are p re sen t in  th e  
b ac te ria l cell and  in its  e x tra c t.

Sum m ary

The to ta l  nitrogen and polysaccharide conten ts have been examined of the trichloracetic 
acid ex tracts of 16 Salmonella strains belonging to different groups of the K a uffm a n n— W h it e  
scheme, as well as of the acetone-treated bacterial powder of strain  T y2. The to tal nitrogen con
ten t varied in the extracts from 2 to  3 per cent. As determined by paper chrom atography, th e
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hydrochloric acid hydrolysates of the extracts of each stra in  contained the same 12 amino acids ;
S . coli contained also proline, as the 13th amino acid.

The polysaccharide co n ten t of the extracts varied from 10,2 to 34,8 mg per 100 g. As deter
m ined  by paper chrom atography, the sulphuric acid hydrolysates showed also qualitative 
differences, in accordance w ith  the serological types of the K a u f f m a n n — W h i t e  schema.

The bacterial pow der and  the hydrolysed B oivin  ex trac t of the S. typhi strain  T y2 con
ta in e d  the same amino acids and  simple sugars.
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T here  is no general ag reem en t in  th e  lite ra tu re  concerning th e  ex p e rim en ta l 
m odels an d  ev a lu a tio n  of ac tive  an d  passive m ouse p ro tec tio n  te s ts  u sed  in  th e  
assay  of ty p h o id  vaccines. In  th e  p resen t w ork  we h av e  m ade a rev is io n  o f  th e  
know n ex p erim en ta l m odels o f ac tive  m ouse p ro te c tio n  te s ts  an d  a n  a t te m p t  
was also p erfo rm ed  to  im prove th e  passive m ouse p ro tec tio n  te s t  b y  u s in g  a 
s ta n d a rd  serum .

Materials and methods

Challenge o f mice. Ty2 strain was used throughout. W ith  the F e l i x  method [4] a 6-hour 
old culture grown on H a r t l e y  agar was suspended in R i n g e r ’s solution and was used in  0,5 ml 
volumes. The bacterial count of the challenge dose in  the different groups (Tables I and II) 
increased in geometrical progression. W ith the mucin m ethod, standard lyophilized culture of 
the Ty2 stra in  was used. One of the ampoules containing the lyophilized culture was opened 
6 hours before use and the content was suspended in  5,0 ml peptone water, as recom m ended 
by  R a u s s  [14]. A fter incubation a t 37° C for 6 hours dilutions were made of the culture and the 
dilution chosen for infection was mixed well w ith 5 per cent W i l s o n  granular mucin. According 
to  earlier experim ents [22], the results obtained by the m ucin m ethod were comparable to  those 
obtained w ithout the use of mucin.

Experimental animals. In  general, albino mice from a home stock were used. Occasionally 
for comparison fawn-coloured mice from a home stock and strains В and M obtained from  the 
Phylaxia S tate In stitu te  for Vaccine Production were also used.

Im m unization. Vaccines AD and ADt were adsorbed bacillary vaccines, bearing th e  pro
duction No. 20 and 21, respectively [20].

The standard  vaccine was prepared from Ty2 bacteria grown in the dialyzed medium 
of D o l e  [3], as modified by us [21]. I t  was centrifuged under aseptic conditions, killed and dried 
w ith acetone, making 15 g powder a t  a tim e. The dried bacteria were stored a t  room tem pera
ture and were suspended im mediately before use, in  the desired concentration. On analytical 
scales, 125 mg bacterial powder was weighed, homogenized in physiological saline in  an  achate 
m ortar and suspended in 50 ml-volume to  yield approxim ately 10 000 million germs per m l [10]. 
The tenfold dilution of this suspension (made by means of a calibrated pipette) represented 
the standard vaccine.

The standard  serum was a m ixture of sera from patients convalescing after typhoid fever. 
The sera were kindly supplied by the Central Hospital for Infectious Diseases, B udapest. 
In  1954 30, and in  1955 50 such samples were obtained ; equal volumes of each sam ple were 
mixed. They were Seitz-filtered and lyophilized in 1,2 ml volumes per ampoule. A pproxim ately 
100 ampoules were obtained in  this way. This standard serum was m atched with the „Provisional 
In ternational S tandard” obtained in  the lyophilized form from WHO.

Im m unization was made invariably through the subcutaneous, and infection through 
the intraperitoneal route. In the passive protection test intraperitoneal im m unization was 
employed. The post-infection observation period was 48 hours. Rlood from a t least tw o dead 
animals from each group was obtained by heart puncture and cultured to prove the specificity 
of the cause of death.

1 A c ta  M ic ro b io lo g ies  IV /3 .
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Statistical analysis. E xcep t for sex, the animals were selected a t random , making use of 
the tab le  described by F i s h e r  and  Y a t e s  [7]. LD50 was calculated according to  R e e d  and 
M u e n c h  [18]. (Potency ra tio s were calculated by p rob it analysis.)

Experimental

Active mouse protection test

T his te s t is co m m o n ly  used in  th e  a ssay  o f ty p h o id  vaccines. T here is , 
how ever, no in te rn a tio n a l ag reem ent concern ing  th e  theo re tica l aspec ts  of the  
te s t ,  o r th e  technique o f  im m unization  an d  in fec tio n . The m odels o f th e  active 
m ouse  p ro tec tion  te s ts  m a y , in  general, be  classified in to  ttvo m ain  groups.

a)  The te s t an im a l is im m unized w ith  a single fixed dose an d  is in fec ted  
w ith  increasing  doses.

b)  Im m u n iza tio n  is ca rried  out w ith  g rad ed  doses o f th e  vaccine and  
th e  challenge dose is th e  single, fixed one.

O f th e  tw o m e th o d s , t h a t  described u n d e r  a)  is th e  o lder an d  m ore e x ten 
siv e ly  used  one. T he p ro ced u re  has been accep ted , e. g., b y  the  Civil H ealth  
A d m in is tra tio n  of th e  U SA  [13], b y  the S o v ie t U n io n , C zechoslovakia an d  H u n 
g a ry . Theoretically , th e  t e s t  is based on th e  co nsidera tion  th a t  th e  p ro tec tive  
v a lu e  o f the vaccine is d e te rm in ed  by  th e  m ag n itu d e  of th e  d an g er ag a in st 
w hich  i t  affords p ro te c tio n . A ttem p ts  have  b een  m ade to  express th is  k in d  of 
p ro te c tiv e  value q u a n ti ta t iv e ly . For exam ple , L o v r e k o v ic h  an d  R a u s s  [11] 
in tro d u c e d  in  1942 th e  co n cep t of mouse u n its  in  th e  ti tra tio n  o f  vaccines. One 
m ouse  u n it is the  sm a lle s t am o u n t of the  e x tra c t  capable of p ro tec tin g  a m ouse 
w eigh ing  18 to  20 g a g a in s t th e  le tha l ac tio n  o f  an  ad eq u a te  dose (le thal dose) 
o f  T y 2 bacteria . R ecen tly , a sim ilar u n it called  ty p h o id  im m u n ity  u n it (TIU ) 
h as  b een  in troduced  b y  L u ip p o l d  [12].

E arlier, the  m e th o d  described  under a)  w as d ifficu lt to  ca rry  o u t, because 
th e  p rep a ra tio n  of th e  in fe c tiv e  suspension w as a ra th e r  delicate ta sk . Excessive 
n u m b e r  of b ac te ria  h a d  to  be  used to  ach ieve d ea th s  am ong te s t  an im als less 
su scep tib le  to  ty p h o id  a n d  th e  m argin  b e tw een  th e  ineffective dcse an d  th a t  
cau s in g  100 per cen t m o r ta l i ty  was always v e ry  narrow . M oreover, th e  su scep t
ib il i ty  o f te s t an im als show ed seasonal changes. F o r th is  reason , th e  techn ique 
o f  in fec tion  dem anded  u tm o s t precision a n d  a tte n tio n  and  even th e n  failure 
w as n o t  inev itab le , e ith e r  because all the  te s t  an im als  died or because no evalu 
ab le  m o rta lity  occurred  in  a n y  of the  groups. In  such  cases th e  en tire  p rocedure 
h a d  o f  course to  be re p e a te d . The in tro d u c tio n  o f th e  m ucin  tech n iq u e  [13] 
h a s  b ro u g h t considerab le im provem ent. T he m u c in  techn ique [19], an d  its  use 
in  H u n g a ry  [14, 20, 22] h a v e  been dealt w ith  in  th e  lite ra tu re .

T he m ethod in v o lv in g  im m unization  w ith  a single fixed dose an d  infection  
w ith  g raded  doses has b een  s tu d ied  by using  vaccines of know n po ten cy . Vaccine
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AD was te s te d  in  tw o para lle l experim en ts, com paring  a t  first half, and th e n  
q u a r te r  o f th e  orig inal concen tra tion . The resu lts  a re  show n in Tables I  an d  I I .  
In  b o th  cases im m u n iza tio n  w ith  th e  fixed dose an d  challenge w ith  an increasing  
num ber of b a c te ria  in d ica ted  th a t  th e  %  and  %  co n cen tra tio n s were less p o te n t 
th a n  th e  o rig inal. A com parison  of th e  LD 50 values does n o t, how ever, p e rm it 
even an  ap p ro x im ate  e stim a tio n  of the  tru e  d ifference betw een  the  -*4 an d  %  
concen tra tions. T his phenom enon has been ascribed  to  th e  fac t th a t  th e  re la tio n  
betw een th e  am o u n t o f an tig en  in jected  and  th e  im m u n e  response a tta in a b le  
ex ists  only w ith in  ce rta in  lim its. B eyond these th e  increase of the  am o u n t of 
an tig en  in jec ted  is n o t an y  m ore accom panied b y  a p ro p o rtio n a te  increase in  
th e  im m une response, w hich m igh t even decrease, as we, too, have observed 
i t  [20]. T hus, overdosage o f th e  vaccine is a source o f  e rro r d isto rtin g  th e  re su lt 
o f com parison alw ays in  fav o u r o f th e  vaccine of poorer q u a lity . This is th e  ex 
p lan a tio n  o f th e  fa ilu re  o f th e  experim ents show n in  T ables I and  I I .  In  o rder 
to  e lim in a te  th e  above source o f error, i t  is com m on p rac tice  to  em ploy low er 
con cen tra tio n s for inducing  im m u n ity  in  sim ilar te s ts  [1, 23]. H ow ever, when 
vaccines o f unknow n p o ten cy  are  used i t  is n o t possible to  foretell w hich dose o f 
th e  vaccine will exceed th e  sm allest am o u n t in d u c in g  m axim um  im m u n ity .

I t  has been also show n b y  our paralle l ex perim en ts th a t  unreliable in fo r
m ation  can only be o b ta in ed  by expressing th e  p ro tec tiv e  value o f th e  te s t  
vaccine in  te rm s o f th e  hazard  averted  b y  it . I t  m ay  suffice in th is  respect to  
analyse th e  resu lts  o b ta in ed  for th e  orig inal co n cen tra tio n  of vaccine A D . In  
th e  earlie r exp erim en t th is  vaccine had  been found to  be capable of p ro tec tin g

Table I

The protective value of typhoid vaccine AD and of its 1/2 dilution

Method : Im m unization with one dose, graded infection.
Inoculation : 0,5 ml to each mouse.
Infection : 4 weeks following im munization.

Number of bacteria 
in challenge dose, 

millions

Mortality in groups 
of 25 mice each

AD AD/2

50 l l
75 7 и

112,5 8 12
168,75 17 16

LD50 (million bacteria) 125,4 109,1

Control LD50 (million bacteria) 26,7
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Table П

The protective value of the typhoid vaccine A D  and of its 1[4 dilution

Method : Single immunizing dose, graded infection.
Inoculation : 0,5 m l into each mouse.
Infection : 4 weeks after im m unization.

N u m b e r  o f  b a c te r ia  
in  challenge dose, 

m illions

M o rta lity  in g ro u p s 
o f  22 m ice each

A D A D /4

50 l l
75 5 9

112,5 10 13
168,75 14 19

LD50 (million bacteria) 120,6 94,4

Control LD50 (million bacteria) 15,9

50 p e r  cen t o f th e  im m unized  m ice a g a in s t 125,4 m illion b a c te ria  in  th e  challenge 
dose a t  th e  sam e tim e , the  LD 50 fo r co n tro l m ice was 26,7 m illion  germ s.

T h e  ra tio  betw een  these tw o L D 5 0 v a lu es  was app ro x im ate ly  1 to  5. One week 
la te r  th e  sam e vaccine afforded 50 p e r cen t p ro tec tion  a g a in s t 120,6 m illion 
b a c te r ia  in  th e  challenge dose as com pared  to  th e  LD50 v a lu e  o f  15,9 m illion 
germ s fo r th e  contro ls : th is tim e  th e  L D 50 (im m unized) to  LD 50 (non-im m unized) 
ra t io  w as 1 to  8.

T h u s , th e  resu lts  were d iv e rg en t w ith in  such sho rt a period , in  sp ite  of 
th e  fa c t  th a t  th e  conditions of b o th  ex perim en ts were id en tica l. I t  is obvious 
t h a t  b y  decreasing  th e  am o u n t o f a n tig e n  in jec ted , as well as b y  th e  use o f th e  
m u c in  tech n iq u e  th e  above resu lts  could  be  im proved . H ow ever, one feels re luc
t a n t  to  accep t th e  v iew  th a t  for exam ple  th e  T IU  suggested b y  Luippold  w ould 
b e  o f  a n y  p rac tica l significance.

In  1949, B atson [1], p resen tin g  convincing  experim en ta l a n d  s ta tis tic a l 
ev id en ce , p roved  th e  su p erio rity  o f  im m u n iza tio n  w ith  v a riab le  doses and  
in fe c tio n  w ith  a single fixed dose to  th e  aforem entioned  m eth o d . A ccording 
to  h is final conclusion, in  th e  m ouse p ro te c tio n  te s ts  of ty p h o id  vaccines graded 
im m u n iz a tio n , an d  in fection  w ith  a  fixed dose proved  to  be  superio r to  th e  
m e th o d  o f im m u n iza tio n  w ith  a fixed dose, an d  infection  b y  g rad ed  doses. W ith  
th e  fo rm er m ethod  m inor changes in  dose y ielded  m ore sign ifican t differences, 
th e  slope o f th e  dose-response curve w as s teep er an d  th e  50 p e r cen t p o in t could 
b e  d e te rm in ed  m ore accu ra te ly  ; m oreover, sex h ad  less influence on th e  resu lts .

O n th e  basis o f th e  investig a tio n s o f  B atson et. al [2], th e  US A rm y  H ea lth  
Serv ice has ad o p ted  th e  g raded  im m unization -fixed  dose in fec tio n  m eth o d  in
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active m ouse p ro tec tion  te s ts  for th e  assay of ty p h o id  vaccines. K ohler , of 
S w itzerland  [9], and  Grabar an d  Le Minor, of T he P a s te u r  In s titu te  o f P a r is  
[8], use s im ila r procedures.

T he reversed  g rad a tio n  is n o t th e  only d ifference betw een  the  tw o m eth o d s . 
W ith  th e  first m ethod  th e  p rin c ip a l tre n d  of th o u g h t in  th e  experim ents is th a t  
th e  p ro tec tiv e  value of th e  te s t  vaccine is re la ted  to  th e  hazard  a g a in s t w hich  
i t  affords p ro tec tio n . On th e  o th e r h an d , th e  o th e r m e th o d  is no t in te n d e d  to  
yield an y  abso lu te  value ; i t  expresses the  p ro tec tiv e  value of the  te s t  vacc ine  
in  re la tio n  to  a vaccine of know n po tency , w hich th u s  p lays the  role o f a re fe r 
ence s ta n d a rd . The p roper choice of th e  reference s ta n d a rd , and  th e  m a in te 
nance o f its  co n stan t po tency  a re  th e  factors o f fu n d a m e n ta l im portance  in  th is  
m ethod . W e used  acetone-killed  an d  pow dered T y 2 organ ism s for p rep a rin g  th e  
s ta n d a rd  vaccine , ta k in g  care th a t  th e  conditions of p rep ara tio n  be alw ays 
iden tica l. So fa r, our s ta n d a rd  has m e t the  req u irem en ts  ; i t  was h ighly  effective 
and  th e  p rep a ra tio n s  m ade a t  d iffe ren t tim es p roved  to  possess co n stan t a c tiv ity . 
U nder o u r w ork ing  conditions te s ts  on adsorbed  vaccines involved specific 
problem s. O u r s ta n d a rd  is a sim ple bacilla ry  v accine . T he mice in jec ted  w ith  
i t  reach  th e  p eak  of im m u n ity  one week a fte r  in o cu la tio n  and  m a in ta in  th a t  
for one w eek. T he im m une response to  adsorbed vaccines develops slow er, re a c h 
ing th e  p eak  in  mice in  ab o u t fo u r weeks. F o r th is  reason , im m uniza tion  w ith  
th e  s ta n d a rd  w as carried  o u t tw o  weeks a fte r im m u n iza tio n  w ith  the ad so rb ed  
vaccine, w hile infection  w as carried  ou t s im u ltaneously .

I n  T ab le  I I I  are show n th e  su rv ival ra te s  fo r m ice im m unized w ith  d if
fe ren t d ilu tio n s  of th e  s ta n d a rd , A D , and  AD/2 v accines, th e  la t te r  b e in g  th e  
34 d ilu tio n  o f th e  AD vaccine. I n  all th ree  cases fo u r im m unizing doses w ere 
given. As i t  c an  be seen, th e  increase in  the  a m o u n t o f an tigen  in jec ted  w en t 
paralle l w ith  th e  increase of su rv iv a l ra te  of mice in  all th ree  groups. T he p o te n c y  
ratios in d ica te  th a t  th e  p o ten cy  o f th e  adsorbed v acc ine  is superior to  t h a t  o f 
the  bac illa ry  vaccine, an d  offer useful in fo rm ation  concern ing  the  re la tiv e  p o te n 
cies of th e  tw o te s t  vaccines. As re la ted  to  th e  s ta n d a rd  vaccine, the  co n c e n tra ted  
vaccine h a d  a p o tency  of 320 p e r cen t, the  34 d ilu tio n  o f i t  168 per cen t. A n  even 
m ore precise m ethod  is to  com pare th e  value o f th e  o rig inal co n cen tra tion  w ith  
th a t  o f th e  34 concen tra tion . T he 34 d ilu ted  vaccine possessed 50,3 p e r  c e n t o f 
the a c tiv ity  o f th e  orig inal co n cen tra tion . This h igh  degree o f accuracy  is n a tu 
ra lly  also a re su lt of chance ; how ever, the  lim its  o f  e rro r shown alongside th e  
po tency  ra tio s  suggest th a t  sa tis fac to ry  resu lts m a y  be ob tained  even  u n d e r 
less fav o u rab le  conditions.

In  T ab le  IV  are show n th e  re su lts  for th e  e x p e rim e n t carried  o u t one w eek 
la te r. T he sam e vaccine was used as in  th e  earlie r ex p erim en t, ex cep t t h a t  it  
was d ilu ted  1 to  4, in s tead  o f th e  fo rm er 1 to  2. T he o rig inal co n cen tra tio n  w as 
found to  h av e  an  a c tiv ity  o f 309 p er cen t, as re la te d  to  th a t  of th e  s ta n d a rd , 
alm ost th e  sam e value h ad  been  o b ta in ed  one w eek earlie r. The a c tiv ity  o f  th e
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Table III

Potency of vaccine AD and of its 1/2 dilution

Method : graded im munization, single infecting dose.
Standard : T y2 vaccine.
Infection : AD and AD/2 4 weeks a fte r immunization.

S tandard  2 weeks after im m unization.
Infective dose : I 0 —4 dilution of a 6-hour peptone-water ampoule culture.
Control LD50 10 ~  8 dilution.

D ilu tio n  o f  vaccine
o f  16 m ice each

S t A D A D /2

1 : 160 0 3 —

1 : 80 2 TO 4
1 : 40 6 12 10
1 : 20 10 15 11
1 : 10 — — 15

V acc in e
R e la t iv e
p o te n c y

(%)
F id u c ia l l im its  

(%)

Standard ............................ 100
AI) ....................................... 320 203 — 597
A D /2 ..................................... 168 103 — 340

AD .......................................... 100
AD/2 ..................................... 50,3 29,2 —  83,2

Yf. d ilu tio n , as re la ted  to  th a t  of th e  s ta n d a rd , w as 76 per cen t, i. e. a lm ost %  
o f th e  309 per cen t va lue . T h e  ac tiv ity  of th e  %  d ilu tion , as expressed  in  pe rcen t
age o f  th e  ac tiv ity  o f th e  orig inal co n cen tra tio n , was 27 per cen t in stead  of 
th e  25 p e r cent expec ted , w ith  v e ry  n a rro w  lim its  of error.

T h e  graded im m u n iza tio n  —fixed dose in fec tio n  m ethod , as well as th e  use 
o f  th e  s ta n d a rd  vaccine y ie lded  excellent re su lts  in  our experim en ts. The results 
w ere  rep roducib le  an d  th e  tru e  differences in  p ro tec tiv e  value ex is tin g  betw een 
th e  te s t  vaccines could be show n w ith  a h ig h  degree of accu racy . The o ther 
m e th o d  ( th a t  involv ing  im m u n iza tio n  w ith  a fix ed  dose an d  g rad ed  infection) 
y ie ld e d  no reproducible re su lts  and  i t  could on lv  indicate th a t  th e  ac tiv ity  of 
th e  o rig in a l concen tra tion  d iffered from  t h a t  o f  th e  %  and %  d ilu tio n s, b u t 
m ad e  no  q u a n tita tiv e  ev a lu a tio n  possible.

T h e  success o f th e  t i t r a t io n  m eth o d  g re a tly  depends u p o n  th e  q u a lity  
a n d  c a re  o f th e  ex p e rim en ta l anim als. F o r th is  reason  the  ex p erim en ta l anim als 
w ere k e p t  under carefu lly  contro lled  cond itio n s. In  a series of ex p erim en ts  we
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Table IV

Potency of vaccine AD and of its 1/4 dilution

Method : graded im m unization, single-dose infection.
Standard : Ty2 vaccine.
Infection : AD and AD/4 : 4 weeks following im m unization.

Standard : 2 weeks following im m unization.
Infective dose : 5 • 10 “ 3 dilution of a 6-hour peptone-w ater ampoule culture. 
Control LD50 10“ 8 dilution.

D ilu tio n  o f  v acc in e

N u m b e r  o f  su rv iv o rs  in  groups 
o f  25 m ice each

St A D A D /4

1 : 160 0 5 —

1 : 80 2 12 —
1 : 40 8 16 4
1 : 20 13 21 12

1 : 10 — — 18

1 : 5 — — 22

V  accinc
R e la tiv e
p o ten c y

<%)
F id u c ia l  l im its

(%)

Standard ............................ 100

A D ........................................ 309 190 —  589

AD 4 ..................................... 76 50 131

A D ........................................ 100

AD/4 ................................... 27 17 — 43

■could observe the  d ifferen t b eh av io u r of the  d iffe ren t s tra in s  of m ice. In  th is  
series 3 s tra in s  of mice were used , th e  Phy lax ia  s tra in s  В an d  N and  th e  hom e 
s tra in  D ..G roups of each s tra in  w ere inoculated  w ith  th e  s tan d a rd  vaccine and 
w ith  th e  vaccine A D j, resp ec tiv e ly . Vaccine A D j o rig in a ted  from  p ro d u c tio n  
series o th e r th a n  the  adsorbed  vaccine used in  th e  p rev ious te sts . In  th is  series 
the  im m unogenic  capacity  of th e  adsorbed  vaccine w as de te rm ined  a fte r  2 w eeks, 
as we d id  w ith  the  s ta n d a rd  vaccines instead  of a fte r  4 weeks. The re su lts  are 
show n in  T able V. The p o ten cy  ra tio s  were th is tim e  low er because of th e  sh o rte r  
im m u n iza tio n  period of th e  ad so rb ed  vaccine. I t  is rem ark ab le  th a t ,  a lth o u g h  
d iffe ren t resu lts  were o b ta in ed  for th e  d ifferent g roups o f m ice, each p o ten cy  
ra tio  p roved  to  fall w ith in  th e  lim its  o f error de te rm in ed  in  the  o ther tw o cases. 
The lim its  o f erro r varied  h ig h ly  from  stra in  to  s tra in . F ro m  th is i t  obv iously  
follow s th a t  th e  te s ts  should alw ays be carried  o u t on th e  sam e s tra in .
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Table V

The potency of vaccine ADX in different strains of mouse

Method : graded im m unization, single-dose infection.
Standard : Ty2 vaccine.
Infection : 2 weeks after immunization.
Infecting dose : 1 <) 4 dilution of a 6-hour peptone-water am poule culture.
Control LD50 1 0 ~ 8 dilution.

Mouse s tra in V acc in e

N u m b e r  o f  su rv iv o rs  in  g ro u p s 
o f  16 m ice each , 

p e r  d i lu t io n  o f  vaccine

1 : 160
ОCO 1 : 40 1 : 20

St 0 1 4 9
в A D t 1 2 8 15

St 1 2 5 7
N ADj 2 4 7 14

St o 1 5 9
D ADj 2 8 8 13

M o u se  s tr a in

P o te n c y  o f  vaccine  A D t 
in  p e rc e n ta g e  o f  th e  s ta n d a rd

re la tiv e  p o te n c y
%

f id u c ia l  l im its
%

в 187 126—286
N 207 122—444
D 254 149—530

Passive mouse protection test

S im ilar to  th e  p ra c tic e  in  foreign  co u n tries , a f te r  h a v in g  m ade th e  
la b o ra to ry  assay te s ts , o u r  In s t i tu te  e s tim a te s  th e  po tency  a n d  th e  reac tiv ity  
o f  a  vaccine  in  sm all g roups o f  hum an  su b jec ts .

T h e  potency  te s t  is  b a se d  on the  g en era lly  accepted  a ssu m p tio n  th a t  the  
p o te n c y  o f typho id  v acc in es  is p ro p o rtio n a te  to  th e  co n cen tra tio n  o f mouse- 
p ro te c tin g  antibodies in  th e  serum  of in o cu la ted  persons [10, 14, 15].

R a u s s  [16] carries o u t th e  passive m ouse p ro tec tion  te s t  w ith  sera from  
in o c u la te d  persons fo r th e  a ssay  of d y se n te ry  vaccines in  th e  follow ing w ay. 
F ro m  persons im m unized  w ith  a fixed dose, b lo o d  is ta k e n  b o th  befo re  an d  after 
in o c u la tio n . Mice are  im m u n ized  in tra p e rito n e a lly  w ith  0,1 m l o f th e  pre-inocu
la t io n , an d  w ith  0,01 m l o f  th e  po st-in o cu la tio n  sera, re sp ec tiv e ly  ; th e n  in  
b o th  groups of m ice th e  L D 50 is de te rm ined  b y  challenging th e  m ice b y  differ-
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e n t n u m b e r of b a c te r ia . F ro m  th e  ra tio  of th e  tw o  LD 50 values, th e  p ro te c tiv e  
in d ex  is ca lcu lated .

T h is  m eth o d  has b een  ad o p ted  b y  th e  V accine  Control D e p a rtm e n t o f  our 
In s t i tu te  fo r th e  e s tim a tio n  o f m ouse-p ro tec ting  a n tib o d y  appearing  a f te r  th e  
use o f  ty p h o id  vaccines.

In  an  earlier w ork  [20] th e  p ro tec tive  v a lu es  of d ifferen t serum  m ix tu re s  
were com pared . We m od ified  th e  above m e th o d  as follows : the  g roups o f m ice 
im m u n ized  w ith  d iffe ren t d ilu tions of th e  tw o k in d s  o f serum  m ix tu re  w ere cha l
lenged  w ith  equal n u m b er o f  b ac te ria  and  th u s  th e  p ro tec tive  values could  be 
co m p ared  d irec tly . B ased  on th e  resu lts i t  w as suggested  th a t  in  th e  m ouse- 
p ro te c tio n  te s ts  th e  fixed-dose im m uniza tion  a n d  g rad ed  infection m e th o d  m ig h t 
be em ployed  in s te a d  o f th e  g raded  im m u n iza tio n  a n d  fixed-dose in fec tio n .

T he value of th is  experim en ta l model could  also be enhanced co n sid e rab ly  
b y  u sin g  a s ta n d a rd  reference serum  for com parison . W e have o b ta in ed  5,0 m l 
o f th e  “ P rov isional In te rn a tio n a l S tan d a rd ”  o f  th e  W H O  [5].

F o r  ro u tin e  pu rposes, how ever, we have  p re p a re d  a home s ta n d a rd  from  
pooled h u m a n  convalescent sera  as described in  th e  m ethodical sec tion . A ccord 
ing  to  R a u s s  [17] such sera  have a high p ro te c tiv e  value . W e suppose m oreover 
th a t  w hen  h u m an  sera  a re  to  be te s ted  h u m an  re ference  sera m ay he  m o re  con
v e n ie n t th a n  horse sera.

Table VI

Comparison of the protective value of the provisional international standard serum 
and of the serum mixture recommended as home standard

Survival rates for groups of 12 mice each.
Method : graded im m unization, single-dose infection.
Infecting dose : 10— 6 dilution c f a 6-hour peptone-w ater ampoule culture.
Control LD50 5 • 10"“ 9 dilution.

In te rn a t io n a l  p ro v is io n a l 
s ta n d a r d

H o m e  s ta n d a rd

D ose o f  se ru m  
10— 6 m l

N u m b er of 
su rv iv o rs

D ose o f  s e ru m  
10— 3 m l

N u m b er o f 
su rv ivors

0,0625 l 0,03125 l
0.125 3 0,0625 2
0,25 4 0,125 3
0,5 5 0.25 4
1 6 0,5 10

S eru m
R e la tiv e  p o ten c y  

<%)
F id u c ia l  l im its  

(%)

I P St 100

H St 2,12
■

0,83—5,57
.
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T h e  p ro tec tive  v alue  o f  convalescent se ra  m ay  offer a sa tis fa c to ry  m eans 
o f co m p ariso n  for ju d g in g  th e  po tency  o f  th e  vaccine it  being obv ious th a t  
one  c a n n o t require  th e  vacc in e  to  produce an  im m u n ity  higher in  deg ree  th a n  
th e  p ro te c tiv e  value o f th e  convalescent se ru m . O ur own s ta n d a rd  h as  been 
c o m p a re d  w ith  th e  in te rn a tio n a l s tan d a rd  for p o te n c y . The resu lts a re  p resen ted  
in  T a b le  V I. A ccording to  th e  analysis, th e  co n v a lescen t serum  rep re sen ted  ab o u t 
1/50 o f  th e  p ro tec tive  va lu e  o f  the  in te rn a tio n a l s ta n d a rd . Though th e  s ta b ility  
o f  o u r  hom e s ta n d a rd  has p roved  to  be sa tis fa c to ry , i t  is adv isab le  to  rep ea t 
th is  c o m p ara tiv e  te s t  a t  in te rv a ls .

Sum m ary
Two models of the active mouse protection test employed in the assay of typhoid  vaccines 

have been subjected to study. The m ethod involving im m unization with a fixed dose and infection 
b y  graded  doses can be criticized for the following reasons.

1. A fixed dose m ay be easily overdosed, resulting in  a distortion of the results of assay 
in favour of vaccines of poorer quality , i. e. the m ethod does not truly indicate the differences 
in  p ro tec tive  value existing betw een the vaccines.

2. The method fails to  express the protective value of the vaccine in  term s of the hazard 
averted . H ighly variable results have been obtained for th e  same vaccine in tests m ade a t short 
in tervals.

Im m unization by graded doses and infection by a fixed dose, with the sim ultaneous in tro
duction  of a standard vaccine indicated  reliably and w ith in  rem arkably narrow lim its of error 
th e  tru e  measure of the difference in  the protective value of different vaccines, on th e  one hand, 
and  yielded reproducible results, on the other.

T he la tter method is recommended for use in  passive mouse protection tests, w ith  pooled 
sera from  patients convalescent from  typhoid as the standard .
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(Eingegangen am 18. Juli 1956)

A u f die V erbreitung  der Toxoplasm ose in  U ngarn  sind  unsere H au s tie re  
noch n ic h t eingehend u n te rsu ch t w orden. In  e iner 1952 verö ffen tlich ten  A b h a n d 
lung  h a tte n  w ir bereits m itg e te ilt, d aß  wir in  A u ss trich p räp ara ten  aus d e r Milz 
und  L unge eines verendeten  F eldhasen  T oxoplasm en nachw eisen k o n n te n , deren  
Z üch tu n g  aber dam als n ich t gelang . In  der ungarischen  hum anm ediz in ischen  
L ite ra tu r  sind  m ehrere au f das V orkom m en der Toxoplasm ose d eu ten d e  M itte i
lungen  ersch ienen  ( F o c h e r , 1951 ; L e i c h n e r  u n d  S z e p e s ,  1951 ; C s e r m e l y , 

1953 ; Z o l t a i  u n d  C s a b a , 1953 ; W e i n s t e i n , 1954). A ußer C s e r m e l y  h a tte n  
jedoch  die einheim ischen A u to ren  a u f  das V orliegen der Toxoplasm ose lediglich  
aus der k lin ischen  U n te rsuchung  geschlossen.

D ie Wenigen ungarischen  A ngaben  sowie die E rfah ru n g , daß  d ie  Quelle 
d er m enschlichen In fek tionen  in  der T ierw elt zu suchen is t, ließen es n ö tig  ersch e i
nen , die V erb re itung  der T oxoplasm ose bei unseren  H au stie ren  zu u n te rsu ch en . 
Im  H inb lick  darau f, d aß  der H u n d  im  Z usam m enhang  m it der m enschlichen  
In fek tio n  an  e rs te r Stelle s te h t, n ah m en  w ir unsere  U n tersuchungen  zum  N ach 
weis des V orkom m ens d er T oxoplasm ose in  U ngarn  in  e rs te r L inie an  H u n d en  
vor, zum al die M ehrzahl der G ro ßstad tm enschen  zu d ieser T ie ra rt in d er en g sten  
B eziehung s te h t.

U nsere U ntersuchungen  lassen sich in d re i A b sch n itte  ein teilen . Im  ersten 
Abschnitt b e rich ten  w ir ü b er unsere  system atisch en  U n tersuchungen  an  d en  m it 
d er D iagnose H und estau p e  zur Sek tion  gelang ten , im  L eben  neurale S ym ptom e 
aufw eisenden  H unden  zwecks N achw eis der T oxoplasm ose, im  zweiten Abschnitt 
ü b e r die an läß lich  unserer R o u tin eu n te rsu ch u n g en  an  e iner K atze  u n d  einem  
K an in ch en  festgestellten  T oxoplasm ose und  im  dritten Abschnitt ü b e r d ie  Z ü ch 
t u n g  eines T oxoplasm a-S tam m es aus dem  erw äh n ten  K an inchen .

I.

B ei B eginn der h isto logischen U ntersuchungen  zum  N achw eis d e r T o x o 
p lasm a bei H unden  schien es im  H inblick  a u f die Ä hnlichkeit des K ra n k h e its 
b ildes m it dem  der H u n d estau p e  am  zw eckm äßigsten , H un d e  zu u n te rsu ch en , 
die u n te r  h u n d estau p eartig en  S ym ptom en zugrunde gegangen  w aren . Jed o ch
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m it R ü ck sich t d a rau f, d a ß  es p rak tisch  seh r schw ierig  gewesen w äre, von  den 
a n  H u n d estau p e  e in g eg an g en en  v e rh ä ltn ism äß ig  zahlreichen H u n d ek ad av ern  
jew eils  m ehrere O rgane e in g eh en d  histo logisch  zu  u n te rsu ch en , n ah m en  w ir die 
U n te rsu ch u n g en  a u f  T oxop lasm ose  lediglich a n  den  K ad av ern  d er H u n d e  vor, 
d ie  u n te r  neuralen S y m p to m e n  zugrunde geg an g en  w aren . Im  vergangenen  u n d  
g eg en w ärtig en  J a h r  w u rd e n  im  Laufe von  8 M o n aten  die K ad a v e r von  20 H u n 
d e n  u n te rsu ch t, deren  k lin ische  D iagnose E n zep h a litis  bzw. E nzephalom yelitis  
w a r . N ach  der p a th o log isch -ana tom ischen  U n te rsu ch u n g  der T iere  n ah m en  w ir 
in  e rs te r  Linie aus dem  Z en tra ln e rv en sy s tem , v o n  einigen A usnahm en  abgesehen 
a b e r  auch  aus a n d e ren  O rganen , pathoh isto log ische  U n te rsu ch u n g en  vo r. Bei 
2 d e r  20 H u n d ek ad av e r v erm o ch ten  w ir m it  d e r  pa thoh isto log ischen  U n te rsu 
c h u n g  durch  T oxop lasm a v e ru rsach te  m eh r o d er m inder schw ere E nzepha litis  
fe s tzu ste llen . D er pa th o h is to lo g isch e  und  p a tho log isch -ana tom ische  B efund  der 
b e id e n  Fälle sei n ach fo lg en d  m itge te ilt.

Fall N r. 1

K ad av er e iner 6 M onate  a lten , b ra u n e n  irisch en  S e tte r-H ü n d in  aus dem  
B e s itz  des B udapeste r E in w o h n ers  K . G y. K lin isch e  D iagnose : F eb ris  ca tar- 
rh a lis  nervosa in fe c tio sa  can is.

Sektionsbefund : M äß ige  A bm agerung. D ie B in d eh au t is t g e rö te t, m it w enig 
sch leim ig-eitrigem  S e k re t b ed eck t. A n den  S oh lenpo lstern  u n d  am  N asenspiegel 
i s t  d ie  H ornschicht v e rd ic k t  (3— 5 m m  dick), h a r t ,  stellenw eise riß ig . D ie D ü n n 
darm sch le im h au t is t  le ic h t g e rö te t und v a sk u lä r  in jiz ie rt. In  der R indensubstanz  
e in e r  N iere is t ein  b o h n en g ro ß e r, g rauw eißer, speckg länzender H erd  s ich tbar. 
A n  d en  anderen in tra a b d o m in a le n  sowie in tra th o ra k a le n  O rganen  sind  keine 
p a tho log ischen  V e rä n d e ru n g en  w ah rn eh m b ar. D ie B lu tgefäße d er H irn h äu te  
s in d  e rw eitert, sonst s in d  a n  der Oberfläche u n d  S chn ittfläche des G ehirns m ak 
ro sk o p isch  keine k ra n k h a f te n  V eränderungen  zu  sehen.

Histologische Untersuchung: Im  G ehirn , a u f  den  H irn m an te l besch rän k t, 
re ch tsse itig  im G yrus sigm oideus, linksseitig  am  G yrus an sa tu s- u n d  P a rs  cauda- 
lis -A b sch n itt der H irn r in d e , sind  ausgedehn te  en tzünd liche H erde  vo rhanden . 
D ie  H erde  befinden sich  im  allgem einen u n te r  d er w eichen H irn h a u t in  der 
oberflächlichen S ch ich t d e r  grauen S ubstanz , obw ohl sie sich  h ier u n d  da  zu 
d e n  tiefergelegenen T e ilen  h in , fast ganz b is z u r  w eißen S u bstanz  ausdehnen. 
A u f  diesen G ebieten  i s t  d a s  Lum en der B lu tg e fäß e  erw eite rt u n d  e n th ä lt viele 
ro te  B lu tkö rperchen  u n d  w eiße B lutzellen. D ie W an d  einzelner B lu tgefäße  is t 
v e rd ic k t  und  von e in e r  sich  m it Eosin hom ogen  ro sa  fä rb en d en  S ubstanz  d u rch 
t r ä n k t .  In  der U m g eb u n g  einzelner B lu tg efäß e  sind  geringere oder schw erere, 
au s  h is tio zy ten a rtig en  Z ellen  bestehende m a n te la r tig e  In filtra tio n en  zu beobach
te n .  D as ektoderm ale G eb ie t is t  d ich ter oder lockerer m it M ikro- u n d  M akro- 
g liazellhaufen  in f il tr ie r t , zw ischen denen au ch  einige L y m phozy ten  u n d  weiße 
B lu tze llen  m it g e lap p tem  K e rn  zu erkennen  s in d . D ie K erne  d er in  den  H erden
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befind lichen  Zellen sind  g u t g efä rb t. A ußer den eben  beschriebenen  H erden  
sind  auch kleinere umschriebene Herde von 150— 200 // D urchm esser w ah rn eh m 
b a r, häu fig  auch  in  den tieferliegenden  Schichten d e r g rau en  S ubstanz. Diese 
H erde  b estehen  im  w esentlichen  aus ebensolchen Zellen wie die großen. M it 
T h io n in -F ärb u n g  k a n n  nachgew iesen w erden, d aß  einzelne der au f dem  G ebiet

Abb. 1. Infiltration in der grauen Substanz der Hirnrinde und in den weichen H irnhäuten . 
H .-E .-Färbung. Vergrößerung 1 : 80 (H und)

Abb. 2. Überwiegend aus Gliazellen bestehende Infiltration in der grauen Substanz der H irnrinde. 
H .-E .-Färbung. Vergrößerung 1 : 400 (H und)

der en tzünd lichen  H erde  an zu tre ffenden  N ervenzellen  geschw ollen sind , die 
Tigroidscliollen in  ih rem  P lasm a sind  zerfallen, und  d e r K e rn  der Zellen lieg t 
exzentrisch . A n einzelnen A b sch n itten  der weichen H irn h a u t, insbesondere den  
großen  und  k le inen  H erden  en tsp rechend , aber auch an  an d eren  S tellen, sind  die 
B lu tgefäße sehr s ta rk  e rw eite rt ; sie en th a lten  viele ro te  B lu tkö rperchen  u n d  weiße 
B lutzöllen. D ie S ubstanz  der w eichen H irn h au t is t  h au p tsäch lich  p e riv ask u lä r 
von  L ym phozy ten  u n d  h is tio zy ten a rtig en  Zellen in filtr ie r t (Abb. 1 u n d  2).
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I n  den  in  der R in d en su b stan z  des G ehirns beschriebenen H erd en  verm och
te n  w ir  fü r  Toxoplasm ose ch a rak te ris tisch e  P seudczysten  nachzuw eisen  (Abb. 3). 
Ih re  A n zah l und  V erte ilu n g  in  den einzelnen  H erden  is t seh r versch ieden . Die 
g rö ß e re n  H erde k ö n n en  auch  8— 10 P seudozysten  e n th a lten , in  den  kleineren 
b e f in d e t sich ü b e rh au p t keine oder ledig lich  eine P seudozyste . N ic h t selten  sind 
P seu d o zy sten  auch in  gerin g erer oder g rößerer E n tfe rn u n g  v o n  den  beschriebe
n e n  en tzünd lichen  H erd en  vorzufinden , wo sie ohne jede Z e llreak tio n  im  H irn 
gew ebe liegen. D er D urchm esser d er P seudozysten  schw ank t zw ischen 10,4— 
15,6 fi. A u f den m it H äm ato x y lin -E o sin  g e fä rb ten  S chn itten  w eisen die Zysten 
e ine  fe ine , b laß  g e fä rb te , sich aber von  der U m gebung g u t differenzierende

r

Abb. 3. Pseudozyste in der H 'rnrindensubstanz (H und). H .-E .-Färbung. V ergrößerung 1 : 480

d ü n n e  H ülle au f ; d e r  K ern  der T oxoplasm aexem plare  in  d en  Z ysten  t r i t t  in 
d e r  b laß ro sa  g e fä rb te n  G ru n d su b stan z  in  F o rm  von  fe ineren  oder gröberen 
b la u e n  P u n k ten  in  E rsche inung . A n e iner Stelle, in  der U m gebung  eines B lu t
g e fäß es , fanden w ir auch  in  e iner k le inen  G ruppe frei ge lagerte  Toxoplasm en 
(A bb . 4). M it der FEULGENschen T h y m o n u k le in säu re -R eak tio n  fä rb t  sich der 
K e rn  d er T oxoplasm en hellro t.

D ie T oxop lasm a-P seudozysten  s in d  den  von E nzepha litozoen  hervorge
ru fe n e n  Z ysten seh r ähn lich . D ie in  den  von  uns b eo b ach te ten  Pseudozysten  
befind lichen  P arasiten ex em p lare  w aren jedoch  g ram negativ , w ährend  bei den 
E nzepha litozoen  die G ram -F ärb u n g  b ek an n tlich  positiv  au sfä llt.

A ußer den an g e fü h rten  V eränderungen  fanden  w ir a u f  an d eren  H irnge
b ie te n  lediglich H y p eräm ie  in  d er g rau en  S ubstanz. In  d er w eißen  Substanz 
d e r  H irn rin d e  k o n n te n  w ir m it d er SpiELMEYERschen M arkscheidenfärbung  
k le in e re  oder größere unregelm äßig  geform te dem yelin isierte  G ebiete nach- 
w eisen  (Abb. 5). A uch  a u f  k le ineren  G eb ie ten  des H irn stam m es, u n d  zw ar in  der 
G egend  der V ierhügel, d er VAHOLschen B rücke und  des S tr ia tu m s  sahen w ir 
d em yelin isierte  Z onen . H ie r u n d  da  w aren  in  der N ach b a rsch aft der dem yeli- 
n is ie r te n  Gebiete le ich te re  gliazellige R eak tio n en  und  V akuo lenb ildungen  s ich t
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b a r. D ie B lutgefäße des R ück en m ark s w aren erw eite rt ; einzelne N ervenzellen 
am  L u m b a lab sch n itt sind  blaß  g e fä rb t u n d  gedunsen; ih r  K ern  liegt exzen trisch .

B ei der h isto log ischen  U n te rsu c h u n g  der p eripheren  N erven fan d en  wir 
am  N ervus ischiadicus keine e rw äh n en sw erten  V eränderungen . In  e inem  Seh-

«
« à

Abb. 4. Frei gelegene Toxoplasmen neben einem  Blutgefäß. H irnrinde (Hund). H .-E .-Färbung.
V ergrößerung 1 : 480

Abb. 5. Démyélinisation der m arkhaltigen Nervenfasern in der H irnrinde (H und). 
Markscheidenfärbung n ach  Spielmeyer. Vergrößerung 1 : 80

n e rv  k o n n ten  w ir in  d er Nähe des C hiasm as eine P seudozyste  nachw eisen, die 
n ic h t von en tzünd licher Z ellreak tion  um geben w ar.

In  der L eber w ar leichte se rö se  E n tzü n d u n g  zu b eobach ten .
In  beiden N ieren  is t im a llgem einen  H yperäm ie , hie und  da in  d e r U m 

g eb u n g  der B lu tgefäße  m äßige ru n d ze llig e  In filtra tio n  zu sehen. In  e in e r N iere 
is t  das In te rs titiu m , von der R in d e n - bis zur M arksubstanz  au f e inem  u n g e fäh r 
keilförm igen  G ebiet von L y m p h o zy ten , H istiozy ten  u n d  G ranu lozy ten  s ta rk
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in f il tr ie r t .  Die K a p illa re n  d e r G lom eruli s ind  a u f  diesem  G ebiet h y a lin  degene
r ie r t ,  im  freiem  R a u m  e inzelner BowMANsche K ap se ln  befindet sich geronnene 
F lü ss ig k e it, und  die K a n ä lc h e n  sind  m it Z ellfragm ente  e n th a lten d en  H y alin zy lin 
d e rn  angefü llt.

I n  der Lunge k o n n te n  im  allgem einen H y p eräm ie  und  in  einzelnen G ebieten 
Ö d em  nachgew iesen w erd en . E in ige A lveolenhöhlen  en th ie lten  au ß er Serum  auch 
n e u tro p h ile  G ranu lozy ten  sowie geschwollene u n d  desq u am m ierte  E p ithelze llen . 
I n  d e n  E pithelzellen  d e r  B ronch ien  w aren  S tau p ek ö rp ech en  nachw eisbar.

Fall N r. 2

K ad av e r e iner 8 M o n a te  a lten , w olfsgrauen  d eu tsch en  S chäferhünd in  aus 
d e m  B esitz  des B u d a p e s te r  E inw ohners R . K . B . K lin ische D iagnose: E nzephalo 
m y e litis , Febris c a ta rrh a lis  in f. canis.

B e i der Sektion s te ll te n  w ir lediglich a k u te  H erzerw eiterung , L ungenödem  
u n d  M agenkata rrh  fe st. Im  G ehirn w aren  m akroskop isch  V eränderungen  n ich t 
zu  b eobach ten .

Histologische Untersuchung : M it der SpiELMEYERschen M arkscheidenfär
b u n g  w aren  an  v ielen  S te llen  der w eißen S u b stan z  d e r H irn rin d e  sowie in  den 
H a u p tb lä t te rn  des K le in h irn w u rm s k leinere u n d  größere, un regelm äß ig  geform te 
d em y elin isie rte  G ebiete nachw eisbar. In  d er U m gebung  d er e n ta r te te n  m a rk 
h a lt ig e n  N ervenfasern  is t  eine leich te  gliazellige R eak tio n  sich tb a r. In  der 
H irn r in d e , in  der G egend des Sulcus p raesy lv ius, u n m itte lb a r  u n te r  der H irn 
h a u t ,  k o n n ten  einige k le in e re , g röß ten te ils  aus G liazellen bestehende H erde 
fe s tg e s te ll t  w erden. I n  e in em  G liazellherd w ar eine T oxoplasm en en th a lten d e  
P seu d o zy ste  von 12 ц  D urchm esser nachzuw eisen. T ro tz  so rg fältigen  Suchens 
fa n d e n  w ir nu r noch a n  e in e r  Stelle, u n d  zw ar im  N ucleus cau d a tu s , in  N ach
b a rs c h a f t  der seitlichen  H irn k am m er, eine P seudozyste , die ohne jed e  Zell
re a k tio n  im  H irngew ebe saß . Sonst w aren im  H irn  keine patho log ischen  V erän
d e ru n g en . Die anderen  O rgane  des H u n d ek ad av ers  w urden  histo log isch  n ich t 
u n te rs u c h t.

W ir konn ten  d em n ach  an  einem  H u n d  H y p erk era to se  der N asenspiegel 
u n d  Sohlenpolster sowie k a ta rrh a lisch e  D arm en tzü n d u n g  m it dem  histo logischen 
B efu n d  einer wohl au sg eb ild e ten  d issem in ie rten  p ro d u k tiv en  E nzep h a litis  und  
D ém y élin isa tio n  der m a rk h a ltig e n  N erven fasern , am  an d eren  H u n d  M agen
k a ta r r h ,  ak u te  H erze rw eite ru n g  u n d  L ungenödem  m it dem  histo log ischen  B e
fu n d  e in e r  ausgedehn ten  D ém yélin isa tion  der m ark h a ltig en  N ervenfasern  und  
g erin g fü g ig en  H erd en zep h a litis  p ro d u k tiv en  C h arak te rs . Im  B ereich d er e n t
zü n d lich en  H erde, ab e r au ch  von  diesen e n tfe rn t, fan d en  sich in  beiden  Fällen  
to x o p lasm ah a ltig e  P seu d o zy sten .

Im  G ehirn von H u n d e n , d ie von T oxoplasm en te ils durch  n a tü rlich e  A nstek- 
k u n g , te ils  durch ex p erim en te lle  Ü b ertragung  befa llen  w aren , beschrieb  C o h r s
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(1952) zwei F orm en d e r V erän d eru n g en : eine m it N ekrosen  einhergehende u n d  
eine andere , bei der in  d er H irnsubstanz  g ran u lo m artig e  H erde  hauptsäch lich  au s 
G liazellen  gebildet w u rd en . In  unseren  beid en  F ällen  w aren  die h isto log ischen  
G eh irn v erän d eru n g en  d e r le tz te rw ä h n ten  F o rm  ähnlich , u n d  die en tzü n d lich en  
P rozesse b esch rän k ten  sich fast aussch ließ lich  au f den  H irn m an te l.

In  le tz te r  Zeit ta u c h te  die F rag e  au f, ob die zum  V erenden der H u n d e  
fü h ren d en  Prozesse in  den  von T oxop lasm en  befallenen H u n d en  von den  T o x o 
p lasm en  allein hervo rgeru fen  w erden, o d e r ob in  der E n tw ick lu n g  der K ra n k h e it 
n ic h t gegebenenfalls auch  andere F a k to re n  m itw irken . In  d ieser H insich t bezie
h en  w ir uns au f die M itteilungen  v o n  M ü l l e r  (1951), S e i b o l d  und  H o e r l e i n  

(1955) sowie C a m p b e l l ,  M a r t i n  u n d  G o r d o n  (1955), die bei Toxoplasm ose in  
den  versch iedenen  Zellen die für H u n d e s ta u p e  bezeichnenden  azidophilen  Z y to 
p lasm a-E insch lußkörperchen  b e o b ach te ten  und  infolgedessen annehm en , d a ß  
das V irus der H u n d estau p e  D isposition  zu  Toxoplasm ose erzeugt. In  dem  u n se r
se its  u n te rsu ch ten  e rs te n  H unde v e rm o c h te n  auch w ir in  den E p ithelzellen  d er 
B ronch ien  azidophile S taupekörperchen  zu b eobach ten . W ir haben  d a h e r den  
E in d ru c k , daß  die Toxoplasm ose auch  in  diesem  Fall im  A nschluß an  die H u n d e 
s ta u p e a is  ihre K om p lik a tio n  a u ftra t. V erm utlich  w ar auch  im  zw eiten F a ll die 
H u n d estau p e  die G ru n d k ran k h e it, d a  d ie toxop lasm abed ing te  E nzep h a litis  in  
d iesem  T ier so schw ach in  E rscheinung  t r a t ,  d aß  sie das V erenden allein  n ic h t 
lie rvorru fen  konn te .

U nsere U ntersuchungsergebnisse  b ie ten  neuere A ngaben  zur Ä tio logie d e r 
sog. » H ard  pad  disease«, da wir im  e rs te n  F all das charak te ris tisch e  B ild d ieser 
K ran k h e itsfo rm  (H yperkeratose  des N asenspiegel- u n d  Sohlenpolsters, d ie 
D ém yélin isation  d e r m arkhaltigen  N erv en fasern  im  H irn ) b eo b ach te ten . A u f 
G ru n d  unserer U n te rsu ch u n g sre su lta te  sind w ir in  Ü bere instim m ung  m it 
m ehreren  A utoren  ( L a u d e r  und M ita rb e ite r , 1954 ; u . a.) der M einung, d a ß  die 
sog. H a rd  pad  d isease keine se lb s tän d ig e  K ran k h e it d a rs te llt, sondern  sich  
v erm u tlich  als eine Teilerscheinung d e r  H u n d estau p e  en tw ickelt. D ie D ém y élin i
sa tio n  der m ark h a ltig en  N ervenfasern  im  G ehirn ko m m t unserer A nsich t n a c h  
w ahrscheinlich  a u f  allergischer G ru n d lag e  u n te r  M itw irkung des H u n d e s ta u p e 
v iru s  zustande. Als U rsache der D ém yélin isa tion  k ö n n te  in  unseren  F ällen  m ögli
cherw eise auch die W irkung  der von  d e n  T oxoplasm en erzeugten  Toxine in  F rag e  
kom m en. D agegen sp rich t allerd ings, d a ß  zwischen dem  A usm aß der D ém y élin i
sa tio n  und  der A nzahl der T oxoplasm en k e in  Z usam m enhang  zu bestehen  sch e in t, 
d a  die D ém yélin isation  in  unserem  zw eiten  Fall, wo Toxoplasm en n u r in  g e r in 
g er Z ahl anw esend w aren , g rößeren U m fanges w ar als im  ersten  F all, d e r eine 
schw erere Form  d e r to x o p lasm ab ed in g ten  E nzepha litis  aufwies.

E s erg ib t sich  die Frage, w ie häu fig  m it dem  V orkom m en der T o x o p las
m ose u n te r den H u n d en  in U ngarn  g e rech n e t w erden  m uß. In  dieser H in s ic h t 
b ie te n  unsere verhältn ism äß ig  w en ig en  U n tersuchungen  keine b ew ertb a ren  
E rgebnisse . D ie T a tsach e  jedoch, d a ß  w ir bei 2 von  20 u n te r  neuralen  S y m p to 

2  Acta Microbiologie» IV/3.
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m en eingegangenen  T ieren  toxop lasm ab ed in g te  E nzephalitis  bzw . A nsteck u n g  
m it T oxoplasm en festste llen  konn ten , bew eist, d aß  diese K ra n k h e it in  U n g arn  
n ic h t selten  v o rk o m m t, insbesondere w en n  w ir berücksich tigen , d aß  w ir n u r  
die m it N eurosym ptom en  verbundenen  F o rm en  der K ran k h e it gesucht h a tte n . 
D as A usm aß der V erseuchung ließe sich  in  größerem  M aßstab  lediglich du rch  
serologische U n te rsu ch u n g en  festste llen , obw ohl h insich tlich  d er Z uverlässig
k e it der versch iedenen  serologischen V e rfah ren  noch kein  e inheitlicher S ta n d 
p u n k t zu tage t r i t t .  V om  G esich tspunk t des öffentlichen G esundheitsw esens 
d e u te n  auch die b ish erig en  Ergebnisse d a ra u f  h in , daß  m it der Toxoplasm ose 
d e r H u n d e  auch in  U n g a rn  gerechnet w erden  m uß  und  h ier, ebenso wie im  A us
lan d  vielfache G elegenheit zur Ü b e rtrag u n g  a u f  M enschen b es teh t.

I I .

N eben den a n  H u n d en  vorgenom m enen system atischen  U n tersuchungen  
verfo lg ten  w ir auch  d ie  T oxop lasm aerk rankungen  anderer T ie ra rten . W enn bei 
d en  im  In s t i tu t  sez ie rten  verschiedenen T ie ren  V eränderungen  vorkam en , die 
V erd ach t au f T oxoplasm ose erwecken k o n n te n , w urden  die O rgane der K ad av er 
e ingehend  h isto log isch  u n te rsu ch t u n d  aus den  V eränderungen  aufw eisenden 
O rganen  auch experim en te lle  Ü bertragungsversuche vorgenom m en. Im  w eiteren  
te ilen  w ir unsere be i e in e r K atze  und  bei e inem  K aninchen  gem ach ten  B eobach
tu n g e n  m it. Aus le tz te re m  verm ochten w ir d u rch  experim entelle  Ü bertrag u n g  
d ie  T oxoplasm en zu iso lieren .

K ad av er e iner 4 jäh rig en , k a s trie rten , schw arzen  Hauskatze aus dem  B esitz  
des B u d ap este r E in w o h n ers  É . J .  K lin ische D iagnose : E n zepha litis .

D er Sektionsbefund der in traab d o m in a len  u n d  in tra th o ra k a len  O rgane 
w ar im  w esentlichen n e g a tiv . Die B lu tgefäße  d e r H irn h äu te  w aren  e rw eitert, die 
S chn ittfläche  der H irn su b s ta n z  in  der G egend des rech ten  N ucleus cau d a tu s  
w ar gelb gefleckt.

B ei der histologischen Untersuchung des G ehirns w aren rech tsse itig , in s
besondere im  N ucleus cau d a tu s , im  N ucleus len tifo rm is  u n d  im  v o rd eren  D ritte l 
des T halam us, schw ere V eränderungen  zu sehen . A n dem  d er seitlichen  H irn - 
k am m er u n m itte lb a r  b en ach b a rten  A b sc h n itt des Nucleus cau d a tu s  is t  die 
H irn s tru k tu r  in  e in er ziem lich  schm alen Z one noch  gu t e rk en n b ar. D ie W and  
d er k leineren  und  g rö ß eren  B lutgefäße is t  v e rd ic k t und fä rb t sich m it Eosin 
in te n s iv  und  hom ogen, d ie  E ndothelzellen  s in d  geschwollen, stellenw eise v e r
schw unden . P e riv a sk u lä r  sind  ly m p h o zy tä re  u n d  h is tio zy tä re  In filtra tio n en  
s ic h tb a r  (Abb. 6). A n d en  anderen  A b sch n itten  des N ucleus cau d a tu s  sowie am  
k ra n ia le n  A b sch n itt des N ucleus len tifo rm is u n d  des T halam us is t  die H irn 
su b stan z  völlig z e rs tö r t. Ih r  spongiös au fgelockertes Gewebe is t  m ehr oder 
w eniger m it M ikrogliazellen angefüllt (A bb. 7 u n d  8). Die G liazellen sind  an  e in 
zelnen S tellen  gu t g e fä rb t, v ielenorts s ind  a b e r  an  ih rem  K ern  A nzeichen d er 
K ary o rrh ex is  zu  b eo b ach ten . Das P lasm a v ie le r G liazellen is t  von  vakuo löser
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Abb. 6. Perivaskuläre Infiltration im Nucleus caudatus (Katze). H .-E.-Färbung. V ergrößerung 1:340

Abb. 7. Diffuse Infiltration irn Nucleus caudatus. In der Mitte des Gesichtsfeldes eine Pseudo
zyste (Katze). H .-E .-Färbung. Vergrößerung 1 : 340

Abb. 8. Nucleus caudatus. Aufgelockerte, spongiöse H irnsubstanz (Katze). H .-E .-Färbung.
V ergrößerung 1 : 340
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S tru k tu r .  Die V akuo len  erw eisen sich n ach  S u d an  I I I -  bzw. S ch arlach ro tfärb u n g  
g rö ß te n te ils  als F e tt-T rö p fc h e n  (F e ttkö rnchenzellen ). A u f den  von  G liazellen 
in f il tr ie r te n  und  n e k ro tisc h e n  G ebieten s in d  d ie  U m risse d er B lu tg efäß e  n u r  
verschw om m en zu e rk e n n e n , der K ern  d e r E n d o th e lze llen  is t  b laß  g e fä rb t, ja  
ste llenw eise  sogar v e rsch w u n d en  oder p y k n o tisc h . In  der W an d  m ehrere r B lu t
g e fä ß e  können im  P la sm a  der adven titie llen  Zellen kleinere u n d  größere F e t t 
trö p fc h e n  nachgew iesen w erden . A uch in  d en  h ie  u n d  da noch e rk en n b aren , 
sch w er degenerierten  N ervenzellen  sind F e tt-T rö p fc h e n  s ich tbar. A u f den  v o rh in  
besch riebenen  G eb ie ten  befinden  sich in  z iem lich  großer Zahl to xop lasm ahaltige  
P seudozysten . Die P seu d o zy sten  sind u n reg e lm äß ig  v e rs treu t, ih r  D urchm esser 
b e t r ä g t  im  allgem einen 10— 15 ji, ih r A u fb au  g le ich t im  w esentlichen dem  der 
v o rh erg eh en d  b esch rieb en en .

I n  anderen G eh irn reg io n en , und  zw ar im  v o rd eren  D ritte l des H irn m an te ls  
a u f  be id en  Seiten, in  s tä rk e re m  A usm aß in  d e r w eißen  als in  der g rauen  S ubstanz  
sow ie in  der Gegend d e r  C orp. quadrigem ina, des linksseitigen  N ucleus cau d a tu s  
u n d  T halam us, sind  r in g s  u m  die k leineren  u n d  größeren B lu tgefäße  bre ite , 
au s  L ym phozy ten  u n d  H is tio z y te n  b esteh en d e , m an te la rtig e  In filtra tio n en  zu 
b e o b a c h te n . P seu d o zy sten  fan d en  w ir in  d iesen  G ebieten  n u r vere inzelt.

D ie weichen H irn h ä u te  weisen an  v ie len  S tellen  s ta rk e  ly m p h o zy täre  I n 
f iltra tio n e n  auf.

A us der B esch re ib u n g  geh t hervor, d a ß  d ie  T oxoplasm en in  d er von  uns 
u n te rsu c h te n  K atze , im  G egensatz  zu der a n  d en  beiden  H u n d en  b eo b ach te ten  
p ro d u k tiv e n  E n zep h a litis , m it  ausgedehn teren  N ekrosen  verbundene  Prozesse 
h e rb e ig e fü h rt haben .

D as etw a 8 M o n a te  a lte , weiße K an inchenw eibchen  ergab  folgenden 
Sektionsbefund: K a d a v e r e ines s ta rk  abgem agertes T ieres. Die Milz is t verg rö ß ert, 
a n  ih re n  R and teilen  s in d  linsengroße, an  d e r O berfläche etw as hervo rstehende , 
in  d ie  Tiefe ungefäh r ke ilfö rm ig  h inein re ichende, andersw o h irsekorngroße, 
u n g e fä h r  runde g rauw eiße k le ine  H erde zu  sehen . D ie k leinen H erde  sind  von 
d e r U m gebung n ich t s c h a r f  g e tren n t, ih re  S ch n ittfläch e  is t grauw eiß , im  a ll
g em ein en  trocken u n d  b rö ck lig . Die S chn ittfläche  einzelner k leinerer H erdchen  
i s t  schw ach  speckg länzend . D ie Schleim haut des M agens und  D ü n n d arm s is t 
e tw a s  g e rö te t und ste llenw eise  vasku lär in jiz ie rt. D ie U m gebung der m esen te ria 
le n  L y m p h k n o ten  is t  serös in filtrie rt. D ie m esen te ria len  L y m p h k n o ten  sind  
geschw ollen , ihre S u b stan z  is t  ungew öhnlich w eich . Ih re  Schnittfläche is t  galler- 
a r t ig  g länzend  und  sehr fe u c h t. In  der S ubstanz  eines L ym phkno tens sind  einige 
h irsek o rn g ro ß e , g rauw eiße , m a ttg länzende  H erd ch en  zu sehen. L eber u n d  N ieren  
s in d  n o rm a l. Die L unge is t  hellziegelro t und  fü h lt  sich au f h irsekorngroßen  Ge
b ie te n  k o m p ak t an. A n ih re r  Schnittfläche s ind  h irseko rn - bis k leinerbsengroße, 
g rau w e iß e  H erde m it verschw om m enen  G renzen zu  beobach ten .

D ie  B lutgefäße d e r H irn h ä u te  sind e rw e ite rt, d ie H irn su b stan z  is t  schw ach 
ö d em a tö s  in filtrie rt. D ie au s  d e r  Milz, der L eber u n d  den  m esenteria len  L ym ph-
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k n o te n  vorgenom m enen bak terio log ischen  U n tersu ch u n g en  fielen n eg a tiv  aus. 
Im  A u sstr ich p räp a ra t aus der Milz v e rm o ch ten  w ir du rch  m ikroskopische U n 
te rsu c h u n g  T oxoplasm en n ich t nachzuw eisen .

Histologische Untersuchung: D ie M ilz is t  im  allgem einen b lu tre ich , d ie 
Zellen der ro ten  P u lp a  sind  locker g e la g e rt. Zw ischen den  Pulpazellen  b e fin d e t 
sich  eine seröse F lü ssigke it. H ie u n d  d a  s in d  u n te r  der M ilzkapsel auch k le inere  
oder größere B lu tu n g en  sich tbar. I n  d e r  M ilzsubstanz k a n n  m an v e rs tre u t, 
d en  m akroskopisch beobach te ten  H e rd e n  en tsp rechend , N ekrosegebiete w a h r
n eh m en . Die ausgedehn teren  nek ro tisch en  G ebiete liegen u n m itte lb a r  u n te r  d er

Abb. 9. Ausgedehnter Nekroseherd in  der Milzsubstanz (Kaninchen). H .-E .-Färbung.
V ergrößerung 1 : 80

M ilzkapsel und  e rin n e rn  an  In fa rk te  (A bb. 9). In  ih re r m it H äm ato x y lin -E o sin  
im  allgem einen hom ogen rosa g e fä rb te n  S u bstanz  sind  die U m risse d er Zellen 
u n d  B lutgefäße n u r  verschw om m en zu  erkennen . D ie nekro tischen  G eb ie te  
e n th a lte n  d ich t ge lagerte  kleinere u n d  größere F e tt-T rö p fch en . A m  R a n d  d e r 
N ekrosegebiete s in d  hie und  da in  g erin g er A nzahl neu troph ile  G ran u lo zy ten  
u n d  L ym phozy ten  anzutreffen . D ie in  an d eren  A b sch n itten  der M ilzsubstanz  
anw esenden nek ro tischen  G ebiete s in d  im  allgem einen k le iner als die v o rig en , 
ru n d  oder unregelm äßig  geform t, u n d  befinden  sich einm al in  der ro te n  P u lp a , 
e in  anderm al in  d en  M alpighischen K ö rp erch en . In  der ro te n  P u lp a  u n d  in  den  
M alpighischen K örperchen  ist die W a n d  einzelner B lu tgefäße  v erd ick t u n d  m it 
E o sin  hom ogen h e llro t gefärb t.

In  den m esen teria len  L y m p h k n o ten  sind  die Follikel ause inandergeschoben , 
d ie  S ubstanz  d er L ym phkno ten  is t au fge lockert, d ie G ew ebsspalten sind m it  se rö 
ser F lüssigkeit gefü llt. In  der au fge lockerten  L y m p h k n o ten su b stan z  t r e te n  u n 
regelm äßig  geform te nekrotische G eb ie te  in  E rsche inung , die im  w esen tlichen  
ähn lichen  A ufbau  zeigen wie die in  d e r M ilzsubstanz beschriebenen  N ek ro se 
h erd e .
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N ach langem  S uchen  sind in  d er M ilz, in  der U m gebung der N ekrosen , 
sowie in  den L y m p h k n o te n  winzige p seu d o zy sten artig e  Gebilde zu sehen. F re ie  
T oxop lasm aexem plare  verm ochten  w ir n ic h t  zu finden.

In  der L unge s in d  an  m ehreren S te llen , a u f  um schriebenen, ru n d en  oder 
unregelm äßig  g e fo rm ten  Gebieten, d ie A lveolen  m it p roliferierendem  B in d e
gew ebe angefü llt. Im  G ehirn , in  der g ra u e n  S ubstanz  der H irn rin d e , u n m itte l
b a r  u n te r  der H irn h a u t  sowie im  H irn s ta m m  sind  kleinere, haup tsäch lich  aus 
G liazellen b estehende  H erdchen  s ich tb a r (A bb. 10). P seudozysten  k o n n ten  w ir 
in  diesen H erden  n ic h t  nachweisen.

4bb. 10. H auptsächlich aus Gliazellen bestehender kleiner Herd in der H irnrinde (K aninchen). 
H .-E.-Färbung. V ergrößerung 1 : 340

I I I .

Aus der Milz des oben  besprochenen K an in ch en k ad av ers  v e rsuch ten  w ir, 
d ie  Toxoplasm en d u rc h  experim entelle Ü b e rtra g u n g  a u f  V ersuchstiere zu isolie
re n . W ir b e re ite ten  au s d e r Milz des K an in ch en s  m it physiologischer K ochsalz
lösung  eine Suspension , v o n  dem  w ir 0,3— 0,4 m l in  die B auchhöhle von  2 M äusen 
sp r itz te n . N ach d er Im p fu n g  wiesen die b e id e n  M äuse keinerlei K ran k h e itssy m p 
to m e  auf. E ine  d e r M äuse tö te te n  w ir 5 W ochen  nach  der Im p fu n g  ; die aus 
ih rem  H irn  b e re ite te  E m u lsio n  wurde in  d ie  B auchhöhle  von  4 M äusen in jiz ie rt. 
3 M äuse gingen am  10., 12. u n d  19. Tage n a c h  d e r Im pfung  ein. Die m ikroskopische 
U n te rsu ch u n g  d er A u ss trich p räp a ra te  aus d e r  B auchhöhlenflüssigkeit, aus der 
M ilz u n d  Leber a u f  A nw esenheit von  T o x o p lasm en  fiel in  allen  F ällen  neg a tiv  
aus. Im  G ehirn d er am  19. Tage eingegangenen  M aus fanden  w ir jedoch  bei der 
h isto log ischen  U n te rsu c h u n g  (die an d eren  M äuse w aren diesbezüglich n ich t 
u n te rsu c h t w orden) zah lre iche  P seudozysten , die sich ohne jed e  R eak tio n  im  
H irngew ebe befanden . I n  den  weichen H irn h ä u te n  w ar eine um schriebene, ch ro 
n ische  E n tzü n d u n g  festzuste llen . Die 4. M aus w urde am  64. T age n ach  der
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Im p fu n g  g e tö te t. D ie h istologische U n te rsuchung  ergab das gleiche R esu lta t 
wie bei der am  19. Tage e ingegangenen  M aus.

M it dem  aus dem  G ehirn d e r am  64. Tage g e tö te ten  M aus m it physio log i
sch er K ochsalzlösung hergeste llten  Suspension infizierten w ir 10 M äuse u n d  2 
G o ld h am ste r durch  E in sp ritzu n g  in  die B auchhöhle. 5 M äusen v e rab re ich ten  
w ir gleichzeitig  m it der Suspension u n d  nochm als 24 S tunden  sp ä te r  jeweils 
5 m g  C.ortison-Azetat su b k u tan . V om  4. Tage nach der In fek tio n  beg innend , 
u n te rsu c h te n  w ir die in traab d o m in a le  F lüssigkeit täg lich  oder zw eitäglich  au f 
A nw esenheit von Toxoplasm en. In  d e r  B auchhöhlenflüssigkeit der m it Cortison-

A b b . 11 . Freie Toxoplasmen in der Bauchhöhlenflüssigkeit einer Maus. Experimentelle 
Übertragung. Färbung nach G iem sa . Vergrößerung 1 : 480

A z e ta t b ehande lten  M äuse w aren  vom  6. Tage an , bei einem  Teil d er n ic h t m it 
C ortison-A zeta t b ehande lten  T iere  vom  8. Tage an au f den nach  Giemsa gefä rb ten  
A u ss trich p räp a ra ten  teils frei anw esende, teils in  Zellen eingeschlossene T oxo
p lasm en  nachw eisbar (Abb. 11). D ie m it C ortison-A zetat b eh an d e lten  5 Mäuse 
g ingen  am  9. u n d  10. Tage n ach  d e r In fek tio n  ein. 1— 2 Tage vo r dem  V erenden 
w aren  die Mäuse m a tt .  Die T o x op lasm en  w aren in  den A u ss tr ic h p rä p a ra ten  aus 
dem  B auchhöh lenexsudat sowie d e r  Milz und  Leber säm tlicher M äuse fests te ll
b a r . Von den n ich t m it C ortison -A zeta t behandelten  M äusen g ingen 3 am  11. 
u n d  12. Tage nach  der In fek tio n  e in ;  auch ihre U n tersuchung  a u f  A nw esenheit 
von  Toxoplasm en ergab ein p o sitiv e s  R esu lta t. Zwei m it C ortison -A zeta t n ich t 
b eh an d e lte  M äuse verendeten  e rs t  am  28. und  29. Tage. Bei säm tlichen  M äusen, 
d ie  9— 12 Tage nach  der In fe k tio n  ve ren d e ten , b eo b ach te ten  w ir an läß lich  der 
S ek tion  D arm en tzündung , m äß ig e  M ilzschwellung, L eberschw ellung u n d  d ich t 
gelagerte , nadelstichgroße g rau e  H erde  in  der Leber. Bei der h isto logischen 
U n tersu ch u n g  finden sich in d er L e b e r  der Mäuse unregelm äßig  gelagerte , ste llen 
weise konfluierende N ekroseherde, die zu r U m gebung h in  n ich t von  en tzünd licher 
R eak tio n  um schlossen sind. Die L eberzellkerne  sind im A llgem einen gesch rum pft
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u n d  dunkel gefä rb t o d er in  geringerem  oder g rößeren  M aße gequollen u n d  
e n th a lte n  grobkörniges C h ro m atin . In  der L eb e rsu b stan z  sind  v e rs tre u t T oxop las
m a h a u fe n  zu erkennen . I n  d e r Milz sind h isto log isch  ebenfalls fre i anw esende 
T oxop lasm en  nachw eisbar. I n  der N iere eines T ieres w aren  freie Toxoplasm en 
a u c h  in  den  G lom eruli. I n  d e r  Lunge is t das h isto log ische B ild  einer beginnenden  
in te rs titie lle n  P neu m o n ie  s ich tb a r, die fre ien  T oxop lasm en  liegen in  H äufen . 
Im  G eh irn  einiger d er a n  a k u te r  Toxoplasm ose v e ren d e ten  M äuse befanden  sich 
au s G liazellen b estehende  k le ine  H erde sowie h ie  u n d  da  in  G ruppen  freie T oxo
p lasm en .

Abb. 12. Milzschwellung, Nekroseherde in  der Leber und Milz (Kaninchen). 
Experimentelle Ü bertragung

Zwei der n ich t m it  C ortison-A zeta t b e h a n d e lte n  M äuse, von  denen eine in 
ih re r  B auchhöhlenflüssigkeit T oxoplasm en e n th ie lt, v e ren d e ten , wie schon e r
w ä h n t  w urde, e rs t am  28. u n d  29. Tage n ach  d e r In fek tio n . B ei e iner dieser 
M äuse w ar in  den dem  V eren d en  vorangehenden  T agen  die partie lle  L ähm ung  
d e r  h in te re n  E x tre m itä te n  festzustellen . B ei d e r Sek tion  w ar n ich ts  als eine 
m ä ß ig e  M ilzschwellung zu  seh en , Toxoplasm en w aren  in  d er B auchhöhlenflüssig
k e i t  in  d er Milz u n d  L eb e r n ic h t vorhanden . D as G ehirn  d ieser M äuse w urde 
n ic h t  un te rsu ch t.

D ie  beiden G o ld h am ste r hock ten  vom  3.— 4. T age n ach  d er Im pfung  zu 
sam m en g ek au ert im  K ä fig , w a ren  appetitlos, m a g e rte n  in  k u rze r Zeit s ta rk  ab 
u n d  v e ren d e ten  am  15. T ag e  n a c h  der A nsteckung . B ei der Sektion  verm och ten  
w ir  n eb e n  der A bm agerung  n ic h ts  festzustellen . I n  d en  aus B auchhöhlenflüssig
k e it ,  M ilz und  Leber h e rg es te llten  A u ss tr ic h p rä p a ra ten  w aren  T oxoplasm en 
n ic h t  nachw eisbar. B ei d e r  h isto logischen U n te rsu ch u n g  sah  m an  in  der Leber 
A k tiv ie ru n g  der R E S-Z ellen  u n d  hie und  da die B ild u n g  von  subm iliaren  H erd- 
ch en , d ie  aus RES-Zellen b e s ta n d e n . In  der L unge w aren  in te rs titie lle  Pneum onie 
u n d  ein ige  winzige P seu d o zy sten , in  der H e rzm u sk u la tu r  h e rd a rtig e  h istio zy tä re  
u n d  lym p h o zy täre  In f il tra tio n  u n d  in  den  H erzm uske lfasern  g u t ausgebildete
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P seudozysten  zu beobach ten . D as G eh irn  en th ie lt p ro d u k tiv e , v o r allem  aus 
G liazellen b estehende H erde u n d  P seu d o zy sten .

M it der B auchhöh lenflüssigkeit e iner an  a k u te r  Toxoplasm ose e rk ra n k te n  
M aus infiz ierten  w ir zwei K an in ch en , u n d  zw ar in  d er W eise, d aß  w ir in  die 
B auchhöhle d er k ran k en  M aus 2 m l physiologische K ochsalzlösung e in fü h rte n  
u n d  0,2 bzw. 0,4 m l der zurückgew onnenen  to x o p lasm ahaltigen  F lüssigkeit den  
K an inchen  in trav en ö s  in jiz ie rten . D ie T iere  veren d e ten  am  5. und  6. T age n ach  
d er A nsteckung . B ei der Sektion  w aren  in  beiden  K an in ch en  M ilzschw ellung, 
in  L eber und  Milz zahlreiche n ek ro tische  H erde  (Abb. 12), D ü n n d a rm en tzü n d u n g , 
Schw ellung der m esen teria len  L y m p h k n o ten  u n d  L ungenödem  festzuste llen . 
D ie V ersuchskan inchen  wiesen d em n ach  im  w esentlichen dieselben V erän d e ru n 
gen a u f  wie das A usgangsm ateria l, d ie a u f  n a tü rlich e  W eise e rk ra n k te n  K an in ch en .

Zusammenfassung

Im  vergangenen und gegenwärtigen J a h r  wurden 8 Monate hindurch alle sezierten H unde, 
bei denen im Leben neurale Symptome aufgetreten w aren, auf Toxoplasmose untersucht. Bei 2 
der 20 untersuchten H unde konnte histologisch toxoplasm abedingte produktive herdartige 
Enzephalitis bzw. Befall m it Toxoplasma festgestellt werden. A uf Grund der in einem H unde
kadaver in den Epithelzellen der Bronchien nachgewiesenen azidophilen Staupekörperchen wird 
angenommen, daß in  diesem Fall die Toxoplasmose im  Anschluß an H undestaupe aufgetreten  
war. Im  weiteren wurde im Laufe der R outineuntersuchungen bei einer un ter neuralen Sym pto
men zugrunde gegangenen Katze und bei einem Kaninchen Toxoplasmose nachgewiesen. Aus 
dem K aninchenkadaver konnte durch Überim pfung auf Versuchstiere ein neuer Toxoplasm a- 
Stam m  isoliert werden. Bei den m itgetcilten Toxoplasmosefällen handelt es sich um die ersten 
diesbezüglichen Beobachtungen in U ngarn an H und, Katze und Kaninchen.

LITERATUR

1. B ringmann, G. u . H olz. J.: Ztsclir. Tropenmcd. Parasit. 5, 54 (1954); ref. Vet. Bull.
25, 406 (1955).

2. Campbell, R. S. F., Martin, W. B., Gordon, E. D.: Vet. Rec. 6 7 ,  708 (1955).
3. Cohrs, P.: Dtsch. Z. Nervenheilk. 168, 227 (1952); ref. Zbl. Bakt. Ref. 154, 65 (1954).
4. Cohrs, P., Carstensen , H.-Ch.: Dtsch. Tierärztl. Wsehr. 59, 161 (1952).
5. Csermely, H.: Orv. Hetik 94, 1052 (1953).
6. E richsen, S., H arboe, A.: Acta Path. Microbiol. Scand. 33, 56 (1953).
7. Bankhäuser, R.: Schweiz. Arch. Tierheilk. 92, 217 (1950); 93, 128 (1951).
8. F lir , K.: Mh. Vet. Med. 9, 197 (1954).
9. F ocher, L. : Gyermekgyógy. 2, 39 (1951).

10. H olz, J .: Tierärztl. Uinsch. 8, 88 (1953).
11. J asper, D. E.: J. A. V. M. A. 118, 22 (1951).
12. K ardeván, A., K app, P.: Magy. Állatorv. L. 6, 363 (1951).
13. Lauder , I.M ., Martin , W. B., Gordon, E. B., L awson, D. D., Campbell, R. S. F. und

W atrach, A. M. : Vet. Rec. 66, 607 (1954).
14. L eichneh , Zs., Szepes, L: Orv. Hetik 92, 124 (1951).
15. Moulton, J . E., L inton, G. A.: Cornell Vet. 43, 445 (1953).
16. Müller, T.: Nord. Vet. Med. 3, 1973 (1951) ; rcf. Zbk Bakt. Ref. 154, 66 (1954).
17. Otten , E., W estphal, A., K ajahn , E.: Mh. Prakt. Tierheilk. 2, 305 (1950) ; ref. Vet. Bull.

22, 71 (1952).
18. P iekarski, G.: Klin. МЫ. Augenheilk. 119, 1 (1951); ref. Zbk Bakt. Ref. 154, 77 (1954).
19. W ildführ, G.: Toxoplasmose, Jena, 1954.
20. W ildführ , G., H udemann, H.: Zbk Bakt. Orig. 159, 115 (1952—53).
21. W einstein , P.: Szemészet, 91, 85 (1954).
22. Zoltai, N., Csaba, K.: Népegészségügy, 34, 331 (1953).
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B E I  D E N  M IT C H L O R A M P H E N I C O L  B E H A N D E L T E N

T Y P H U S K R A N K E N

Von

I. F ű r é s z , M. K u b in y i-Sc h w a n n e r  und G y . J ózsa

Staatliches Institut fü r  Hygiene und László-Krankenhaus, Budapest 
(Eingegangen am 8. August 1956)

D urch  die A nw endung  v o n  C hloram phenicol (iin  w eiteren  Chi.) in  der 
T herap ie  d er T y p h u se rk ran k u n g en  h a t  sich n ich t n u r  d er klinische V erlau f des 
T yphus v e rä n d e rt, sondern  auch  die N otw endigkeit e in e r Revision in der B ew er
tu n g  der d iagnostischen  L abora to rium sverfah ren  ergeben . In  erster L inie gilt 
dies fü r die WiDALsche R eak tio n . Über ih r v e rä n d e rte s  V erhalten  s tehen  zah l
reiche L ite ra tu ra n g ab e n  zur V erfügung, die ab er d u rch au s  kein e inheitliches 
B ild zeigen. N ach  ein igen A utoren  wird die WiDALsche R eak tio n  von 
Chi. ü b e rh a u p t n ich t b ee in flu ß t (Scuro und Sorice [1], B echermann und 
Otto [2], B roglie [3], R omano [4], W oodward [5], K night und M ita rb e ite r 
[6], F oster u n d  Condon [7], Mollaret [8] und viele andere). Sehr viele A utoren  
b eh au p ten  h ingegen , d a ß  d er WiDALsche T ite r be i d e r  C hi.-B ehandlung rasch 
s in k t, ja  sogar n eg a tiv  w ird  (B reda  und Tasca [9], D ’A lessandro u n d  B evere  
[10], Laporte [11], Musotto [12], Pellegrini [13], Fajn  und Lihatschewa 
[14], Nadschmiddinow  u n d  Swesnikowa [15] u. v . a.). L au t Á ngyán und  
M ita rbe ite rn  [16] zeigt die WiDALsche R eaktion  im  L aufe  der B ehandlung  au s
gepräg te  Schw ankungen . D ie diesbezüglichen M einungsversch iedenheiten  gehen 
am  d eu tlich sten  aus d er die E rgebnisse von 35 A u to ren  zusam m enfassenden 
Tabelle von Scuro und  Sorice [1] hervor. H iernach  w u rd en  bei 543 K ran k en  sog. 
norm ale A g g lu tin in tite r  b e o b a c h te t, w ährend die T ite r  be i 589 rasch sanken  und  
bald  n eg a tiv  w urden . E in  V ergleich der versch iedenen  A ngaben w ird d ad u rch  
erschw ert, d aß  m an in  v ie len  M itteilungen die O- u n d  H -A gglutin ine n ich t 
u n te rsch e id e t bzw. g ar n ic h t e rw äh n t und n u r ganz  allgem ein  von der W id a l - 
schen R eak tio n  sp rich t. D ie w enigen A utoren, die sich  m it der E n tw ick lung  der 
O- u n d  H -T ite r  befassen , s tim m en  im  großen g an zen  d a rin  überein , d aß  der 
H -T ite r von  Chi. w eniger beein fluß t wird und  w äh ren d  d er K ran k h e it w eiter 
s te ig t, der O -T iter dagegen  a u f  Chi.-W irkung u n v e rä n d e r t  b leibt oder s in k t. 
L a u t  Matthaei [17], K napp und  Gerner [18], R omano [4], Christ [19], 
Seeliger u n d  V orlaender [20J entw ickelt sich d e r  O -T iter bei den m it Chi. 
b eh an d e lten  K ran k en  en tw ed er langsam  oder ü b e rh a u p t n ich t, w ährend d er H- 
T ite r  von Chi. n ich t w esentlich  beeinflußt w ird.

A uf G rund  der v o rs teh en d  angeführten , d u rch au s  n ich t vo llständ igen  A n
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g ab e n  h ie lten  w ir es fü r  n ö tig , auch  u nserse its  die F rage zu p rü fen , w ie die Chl.- 
T h e ra p ie  au f die die L abora to rium sergebn isse  w irk t. Die W mALsche R eak tion  
h ie l te n  w ir auch b isher schon fü r  eine n u r  m it V orbehalt u n d  U m sich t bew ert
b a re  in d ire k te  M ethode, die von  zahllosen F a k to re n  abhäng t u n d  d ie  b ak te rio lo 
gische D iagnose keinesfalls zu  ersetzen  verm ag . A us diesem G runde b esch rän k ten  
w ir  u n s  n ich t allein a u f  die B eo b ach tu n g  ihres V erhaltens, so n d ern  verfo lg ten  
g le ichze itig  auch die bak terio log ischen  R e su lta te , d. h . Z üchtungen  au s dem  S tuhl 
u n d  H äm o k u ltu ren .

Material und Methode

Aus dem K rankenm aterial des László-Krankenhauses wurden 76 K ranke system atisch 
nach  folgendem Verfahren untersucht :

V on jedem K ranken entnahm en wir zweitäglich B lut und m it dem R ectum stäbchen 
S tuh l. B ei jedem  neu aufgenommenen K ranken wurde also die erste U ntersuchung bereits am 
A ufnahm etage, spätestens aber am folgenden vorgenommen. Aus den B lutsera fü h rten  wir mit 
dem  bei uns und im ganzen Lande gebräuchlichen, von uns hergestellten H- und O-Diagnostikum 
bei jed e r Gelegenheit von der Verdünnung 1 : 100 beginnend die O- und H -A gglutination durch. 
Die Ergebnisse wurden nach 20— 22stündiger Inkubation  m it dem Agglutinoskop abgelesen. 
Zwecks Vermeidung der subjektiven Bewertung und der sich daraus ergebenden Abweichungen 
w urde die Ablesung stets von derselben Person vorgenommen. Wir rechneten dam it, daß sich 
der K rankheitserreger aus dem B lu t oder Stuhl seltener züchten lassen wird als vo r der E in
führung  der A ntibiotikum therapie, weshalb wir unsere Technik zu verbessern und  möglichst 
viele positive Ergebnisse zu erzielen suchten. Von den Häm okulturen, d. h. von der die B lut
gerinnsel enthaltenden Galle, strichen w ir n icht nu r nach 24 und 48 Stunden au f den B rillant- 
grün-N älirboden, sondern inkubierten diesen 6 Tage lang und stellten die ausgebreiteten P la tten  
täg lich  fest. Die Stuhlproben w urden auf 3 N ährböden, W ismut-, Brillant- und Desoxycholat- 
z itra t-P la tten  gestrichen, hiernach die rektalen Röhrchen in Anreicherungsnährboden gelegt und 
aus diesem  nach 24 Stunden auf W ismut- und B rillantp latten  gestrichen. Als anreichernden 
N ährboden  verwendeten w ir u n te r den zahlreichen zur Züchtung von D arm bakterien , haupt
sächlich Salmonellen, gebräuchlichen N ährböden den von S t o k e s  und O s b o r n  [21] neuerdings 
em pfohlenen, Na selenit, N a taurocholat und B rillantgrün enthaltenden, der nach  den ver
gleichenden Untersuchungen dieser Autoren die besten R esultate gibt. Der N ährboden wurde 
von uns in  Modellversuchen kontrolliert.

D ie Diagnose Typhus abdominalis wurde un ter Berücksichtigung der klinischen Symptome, 
epidemiologischen Angaben und Laboratorium sbefunde aufgestellt ; hiernach litten  57 der un ter
suchten  76 K ranken wirklich an Typhus. Von diesen w aren 7 weniger als 10, 20 K ranke 10— 19 
und  30 P atien ten  über 20 Jah re  a lt.

Untersuchungsergebnisse

Z w eck unserer U n tersu ch u n g en  w ar, w ie schon erw ähnt w urde , d ie aus der 
C h i.-B ehand lung  resu ltie ren d en  V erän d eru n g en  der L abora to riu m sb efu n d e  zu 
v erfo lg en . In  den ausländ ischen  M itte ilungen , die sich m it den V erän d eru n g en  
d e r WiDALschen R eak tio n  beschäftigen , s in d  die R esu lta te  n ich t zusam m enge
f a ß t ,  so n d ern  w erden n u r  allgem ein  b e h a n d e lt, oder m an fü h r t  die a u f  jeden  
e in ze ln en  K ranken  bezüglichen  A ngaben  gesondert an. W ir h ie lten  dieses V er
fa h re n  n ic h t  fü r genügend ü b ersich tlich  und  w aren  daher b e s tre b t, unsere 
E rg e b n isse  nach  e inheitlichen  G esich tspunk ten  zusam m enzustellen . Z u r A u fa r
b e itu n g  w a r  es daher u n b e d in g t erforderlich , d aß  uns von den L ab o ra to riu m s
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ergebnissen jedes einzelnen K ran k en  vom  Z e itp u n k t vor der СЫ.-B ehand lung , 
m indestens von  3 U n tersu ch u n g en  w ährend  d er B eh an d lu n g  und  auch v o n  2 
U n tersu ch u n g en  nach  B eendigung der T h erap ie  A ngaben zur V erfügung  
s ta n d e n . V on d iesem  G esich tsp u n k t w aren zur e inhe itlichen  A u farb e itu n g  des 
M ateria ls n u r 39 der 57 u n te rsu c h te n  K ran k en  geeignet. D ies b ed eu te t jed o ch  
n ich t, d aß  w ir n ich t auch  K ran k e  h a tte n , bei den en  in  den einzelnen P e rio d e n  
viel m ehr U n te rsu ch u n g en  vorgenom m en w urden  ; n eben  den  in  der e in h e itlich en  
A u fa rb e itu n g  an g efü h rten  P a tie n te n  w ird n a tu rg e m ä ß  auch von d iesen  die 
Rede sein.

Die K ran k en  te ilte n  w ir in  3 G ruppen ein. In  d ie  erste  G ruppe (a) n ah m en  
w ir die K ran k en  auf, bei denen  zwischen B eg inn  d er E rk ran k u n g  u n d  СЫ.- 
B chand lung  w eniger als eine W oche, in  die zw eite G ruppe  (b) jene, bei denen  ein  
bis zwei W ochen, in  die d r it te  (c) d iejenigen, be i denen  m ehr als zwei W ochen  
v erstrichen  w aren.

T abelle I /a  e n th ä lt  die E rgebnisse der 8 K ra n k e n  der ersten  G ruppe.
N u r bei 2 K ra n k e n  w ar d er S tuh l vo r der B eh an d lu n g  positiv , u n d  bei d er 

H älfte  der K ran k en  w aren , wie zu erw arten  w ar, in  d e r Z eit vor der B eh an d lu n g  
die H äm o k u ltu ren  positiv . Die A nzahl der K ra n k e n  m it 1 : 100 oder höherem  
H - oder O -T iter w ar vor, w ährend  und  nach  d e r C hi.-B ehandlung  p ra k tis c h  
u n v e rän d e rt.

Tabelle I /b  zeig t die A ngaben  der 18 K ra n k e n , bei denen zw ischen 
K ran k h e itsb eg in n  u n d  C hi.-D osierung 1-—2 W ochen v erstrichen  w aren.

In  d ieser G ruppe w ar be re its  der S tuh l bei d e r H ä lfte  der K ran k en  p o sitiv , 
die H ä m o k u ltu r  h ingegen , wie zu erw arten  w ar, n u r  in  4 Fällen . Die Z ü c h tb a r
ke it des K ran k h e itse rreg ers  aus dem  S tuhl w äh ren d  d er B ehandlung  v e rrin g e rte  
sich sehr rasch , u n d  auch  h ier w urde die H ä m o k u ltu r  in  allen Fällen  n eg a tiv . D ie 
A nzahl der K ran k en  m it b ew ertb aren  H- und  O -T ite r w ar p rak tisch  b is z u le tz t 
u n v erän d ert.

Die B efunde der 13 K ran k en  der 3. G ruppe, bei denen  seit dem K ra n k h e its 
beg inn  m ehr als 2 W ochen verstrichen  w aren , s in d  a u f Tabelle I/c  v e ra n 
schaulich t.

Es e rschein t auffallend  u n d  w idersinnig , d a ß  der K ran k h e itse rreg e r, 
obw ohl in  d ieser G ruppe vo r B eginn der B ehand lung  die m eisten  positiven  S tu h l
befunde h ä tte n  festgeste llt w erden m üssen, led ig lich  bei 3 K ran k en  aus dem  
S tuh l gezü ch te t w erden k o n n te  und  gleichzeitig in  2 F ällen  bei der K ra n k e n h a u s 
aufnahm e auch  noch positive H äm o k u ltu ren  b e o b a c h te t w urden . Dieses sch e in 
b a r w idersprechende E rgebn is kann  d a ra u f  zu rü ck zu fü h ren  sein, d aß  diese 
G ruppe m ehrere  K ran k e  e n th ie lt, die m it R ezid iv  aufgenom m en w urden . Die 
WiDALsche R eak tio n  w ar bei 11 bzw. 8 K ran k en  beim  T ite r  1 : 100 oder d a rü b e r  
positiv , die A nzahl der H -T ite r aufw eisenden K ra n k e n  p rak tisch  u n v e rä n d e rt 
und  der O -T iter bei jew eils einem  K ranken  m ehr w äh ren d  und  nach der B e h a n d 
lung positiv .
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E influß  der seit Krankheitsbeginn bis zum Beginn der Chloramphenicolbehandlung verstrichenen
Zeit auf die Laboratoriumsbefunde

Tabelle I /a

Seit Ausbruch der K rankheit verstrichene Zeitdauer : 1 Woche.
Anzahl der K ranken : 8

U n te rsu ch u n g
V o r der I 

B e h a n d lu n g  j w ä h re n d  der

B e h a n d l u n g

Anzahl der K ranken mit positivem Befund

S t u h l ........................................... 2 1 2 — 1
H äm oku ltu r ............................ 4 1 — —
W i d a l  1/100 oder höherer

T ite r
»H« .................................. 5 5 5 5 6
» 0 «  .................................. 5 5 1 6 7 6

4. T ag e  

d e r

1

4

7

Tabelle I/b
Seit Ausbruch der K rankheit verstrichene Zeitdauer : 1 — 2 Wochen. 
Anzahl der K ranken : 18

U n te rsu ch u n g
V o r der 

B e h a n d lu n g

A m  2.
4 - 1 6. 2. 4. T age

w ä h re n d  d e r n a c h  d e r

B e h a n d l u n g

Anzahl der K ranken m it positivem Befund

S t u h l ........................................... 9 6 2 2 2
H äm oku ltu r ............................ 4 2 1 — —

W i d a l  1/100 oder höherer 
T ite r

»H « .................................. , 12 11 12 15 12
» o «  .............................................. 13 12 15 17 13 •

9
9

Tabelle I /c
Seit Ausbruch der K rankhe it verstrichene Zeitdauer : mehr als 2 W ochen. 
Anzahl der K ranken : 13

U n te rsu c h u n g
V o r der 

B e h a n d lu n g

A m  2. I 4. 6. 2. 4. T ag e

w ä h re n d  d e r n a c h  d e r

B e h a n d l u n g

Anzahl der K ranken m it positivem Befund

S t u h l ........................................... 3 2 2 1 1

H äm oku ltu r ............................ 2 2 — — —

W i d a l  1 /1 0 0  oder höherer 
T ite r

»H « .................................. 11 12 1 2 10 10

» 0 «  .............................................. 8 9 9 9 9

1
1

11
9
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D ie Entwicklung der WiDALschen Titer und ihre geom etrischen M ittel
werte bei den 3 Gruppen ergeben sich aus Abb. 1.

W ie aus A bb. 1 h erv o rg eh t, s ind  die H -T ite r höher als die O -T iter. 
A uffallenderw eise sind  die H -T ite r  d er e rsten  G ruppe höher als die d er zw eiten, 
doch  h a n d e lt es sich le tz ten  E n d es  n u r  um  eine V erdünnungsd ifferenz , d. h . 
um  den T ite r  1 : 200 oder 1 : 400, so d a ß  die A bw eichung n ich t s ig n ifik an t sein

Titer Reagenzgläser

A b b .  1 .  E n tw ick lu ng  der d u rch sch n ittlich en  W iDALschen T iter  nach  K rankengruppen

k an n . W ie zu erw arten  Avar, fan d en  w ir die höchsten  H -T ite r im  B lu tse ru m  der 
d r i t te n  G ruppe, d. h . hei den  K ran k en , die nach  der längsten  P eriode  ohne 
B eh an d lu n g  ins K ran k en h au s aufgenom m en w urden . D ie O -T iter d e r drei 
G ruppen  zeigen ähnlichen V erlauf, ke iner ste ig t ü b e r den  W ert 1 : 200. N ach 
A bb. 1 b e s te h t dem nach in  d er E n tw ick lung  der O -A gglutin ine, in  w elcher 
K ran k h e itsp e rio d e  die C h i.-B ehand lung  auch im m er begonnen  w u rd e , kein  
w esen tlicher U ntersch ied . Im  V erh ä ltn is  zu den A usgangsw erten  k ö n n en  w ir 
be i den H -T ite rn  höchstens a u f  eine einer V erdünnungsdifferenz en tsp rechenden  
E rh ö h u n g  rechnen . Auch der O -T ite r v e rh ä lt sich ähnlich  u n d  w eist am  4. oder
6. T age d er T herap ie  geringe E rh ö h u n g  auf, was bei der üb lichen  M ethodik  
m öglicherw eise gar n ich t w ahrgenom m en w ird.

B ei den  b isher m itg e te ilten  A ngaben  h an d e lt es sich, wie b e re its  e rw ähn t 
w urde, u m  D u rch schn ittsw erte . W ir h a lten  es deshalb  fü r  nö tig , u ns m it den 
K ra n k e n  d er einzelnen G ruppen  noch  eingehender zu befassen.



258 I. FŰRÉSZ, M. KUBINYI-SCHWANNER und GY. JÓZSA

B ei der ersten  G ru p p e  (a) w urden in  W irk lich k e it n ic h t 8, sondern  11 
K ra n k e  u n te rsu ch t. B ei 5 k o n n te n  aus dem  S tu h l w eder w ährend  noch nach  der 
B eh an d lu n g  jem als T y p h u sb az illen  gezüch te t w erden  ; indessen befand  sich in  
d iese r G ruppe ein K ra n k e r , aus dessen S tu h l d er E rreg er 8m al gezüch te t w urde. 
D e r H -T ite r von 4 K ra n k e n  stieg  au f 1 : 800 oder d a rü b e r h in au s, bei 3 K ran k en  
e rg ab  der O -T iter e in -zw eim al 1 : 800 ; diese B eo b ach tu n g  h ä tte n  w ir n ich t m a
chen  können , wenn w ir —  w ie in  der P rax is ü b lich — die U n tersuchungen  w öchen t
lich  einm al vorgenom m en h ä tte n . D em gegenüber b es tan d  bei 3 K ran k en  w äh
re n d  d er ganzen U n te rsu ch u n g sd au er n iem als auch  n u r  e in  H - oder O -T iter 
v o n  1 : 100. Die h ö ch sten  H -  u n d  O -T iter sahen  w ir be i dem  K ran k en , bei dem  
d e r  K rankhe itse rreger 8m al aus dem  S tuh l g ezü ch te t w erden k o n n te .

In  der zw eiten G ru p p e  (b) verm ochten  w ir die B efunde von  säm tlichen  18 
K ra n k e n  aufzuarbeiten . W ie schon aus der T abelle h e rv o rg eh t, k o n n te  der K ra n k 
he itse rreg e r aus dem  S tu h l v o n  9 K ran k en  n iem als k u ltiv ie r t w erden. D agegen 
b e o b ach te ten  w ir e in en  K ra n k e n , aus dessen S tu h l T yphusbazillen  bei 22 von  
28 U ntersuchungen  g e z ü c h te t w erden k o n n te n  ; g leichzeitig  stieg  der H -T ite r 
dieses K ran k en  bis zu  1 : 3200, der O -T iter b is 1 : 800. B ei einem  anderen  K ra n 
k e n  ließ  sich der E rreg e r b e i 17 von 25 U n te rsu ch u n g en  züch ten . In  diesem  Fall 
w a r jed o ch  keine E rh ö h u n g  d er H- und  O -T ite r festzuste llen . A uch in  dieser 
G ru p p e  gab es zwei K ra n k e , bei denen kein  bzw . nach  m ehrm aliger U n tersu 
ch u n g  jeweils e inm al e in  H - oder O -T iter 1 : 100 festg este llt w urde.

D ie d ritte  G ruppe (c) e n th ie lt in  W irk lich k e it 24 K ran k e , doch w aren  im  
H in b lick  au f die v o rh in  e rw äh n ten  G esich tspunk te  n u r  die B efunde von  13 zur 
A u fa rb e itu n g  geeignet. D ies w ar die am  w en igsten  einheitliche G ruppe, da es 
sich  j a  u m  K ranke m it 14— 30tägiger A nam nese h an d e lte . A us dem  S tuhl von 
14 K ra n k e n  k o nn ten  w ir d en  K rankhe itse rreger n iem als züch ten , h ingegen w ar 
d ie  H äm o k u ltu r bei 4 K ra n k e n  vor der B ehand lung  positiv . W ährend  des K ran 
k en h au sau fen th a lts  w urde  d ie  H äm o k u ltu r noch  be i w eiteren  5 K ran k en  positiv . 
D ie  positive  H äm o k u ltu r w äh ren d  oder nach  d e r B eh an d lu n g  s te llten  w ir in  3 
F ä llen  gleichzeitig m it dem  A u ftre ten  neuer k lin ischer S ym ptom e, v o r allem  dem  
E rsch e in en  des F iebers, d . h . eines R ezidivs fe s t, doch sei in teressan terw eise  
b e m e rk t, daß  wir po sitiv e  H äm o k u ltu ren  in  2 F ä llen  am  E n d e  d er 4. K ra n k h e its 
w oche sahen  und  diese n ic h t  von  klin ischen  S y m p to m en  beg le ite t w aren . Bei 
e in em  K ran k en  w ar d ies d e r  einzige positive bak terio log ische  B efund  w ährend  
d e r  g anzen  K ran k h e itsd au e r, obwohl die WiDALsche R eak tio n  bere its  bei der 
A u fn ah m e einen O -T ite r v o n  1 : 1600 ergab . Im  L aufe der B ehand lung  san k  
d iese r T ite r  sodann. W ä h re n d  der ganzen U n tersuchungsperiode  b eo b ach te ten  
w ir  b e i den  57 K ran k en  in sg esam t 8 R ezidive. D iese Z ahl is t n ich t als hoch zu 
b eze ich n en  ; verschiedene A u to ren  b eo b ach te ten  w äh ren d  der C hi.-Therapie im  
a llgem einen  m ehr R ezid ive .

4 K ranke w u rd en  in s  K rankenhaus m it p ositivem  bak terio log ischen  
B e fu n d , aber bereits sy m p to m fre i aufgenom m en ; diesen v e rab re ich ten  w ir
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kein  Chi., so daß  sie in  un sere r S ta tis t ik  n ich t b e rü ck sich tig t w erden k o n n ten . 
Ih re  A nzahl is t jed o ch  so gering , d aß  sie gegenüber den  B ehandelten  keine 
V ergleichsgrundlage b ie ten .

W ie bereits e in le iten d  e rw äh n t, w urden  die H äm o k u ltu ren  6 T age in k u b ie r t 
u n d  a u f  B rillan tg rü n -N äh rb ö d en  ü b ertrag en . D ie E rgebnisse  d ieser U n te r
suchungen  sind in  T abelle I I  zusam m engefaßt.

Tabelle II
Anzahl der positiven Hämokulturen nach der Inkubationsdauer

In k u b a t io n sd a u e r  
in  T a g e n P o s itiv er B efu n d

l 13
9 9

3 6

4 1

5 —

6 1

In sgesam t : 30

W ie aus T ab . I I  h e rv o rg eh t, w ären  7 der 30 p o sitiv en  H äm o k u ltu ren  v e r
lorengegangen, w enn  w ir die K u ltu re n  n ich t 4 T age lan g  in k u b ie rt h ä t te n  ; 
eine w eitere positive H ä m o k u ltu r  gew annen w ir am  6. T age. A uf G rund  dieses 
B efundes erschein t es u n b e d in g t angezeigt, d aß  w ir u ns n ich t m it 2 täg ig er 
In k u b a tio n  begnügen , sondern  die H äm ok u ltu ren  mindestens an  4 au fe in an d er
folgenden T agen  in k u b ie ren  lassen.

Die bei A nw endung des an re ichernden  N ährbodens gew onnenen R esu lta te  
sind  a u f  Tabelle I I I  w iedergegeben.

Tabelle III
Durch unmittelbare Untersuchung und mit dem Anreicherungsverfahren gewonnene 

positive Züchtungsergebnisse

B e f u n d

Zah l  d e r  Fä l le
U n m i t t e lb a r e
U n t e r s u c h u n g Anre iche rung

-j- — 2 0

+ + 5 2

— + 19

Insgesamt 91

W ir gew annen in sg esam t 91 positive Z üchtungsergebnisse . In  19 dieser 
F älle  k o n n ten  die T yphusb az illen  n u r bei A nw endung des an re ichernden  N ähr-

A cta  M icrobiologica IV /3 .
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b o d e n s  gezüch te t w erden . D ie A nreicherung  w ird  in  u n se re r A b te ilu n g  seit 
e in ig e r  Z eit auch ro u tin e m ä ß ig  bei der A u fa rb e itu n g  der m it d er B ezeichnung 
»B azillen w irt«  bzw. » k ra n k «  e ingesand ten  U n te rsu ch u n g sm ate ria lien  vorge
n o m m en . Diese R esu lta te  w aren  besser als bei d en  v o rh in  an g e fü h rten  : b isher 
g e w a n n e n  w ir bei 22 von  71 positiv en  U n te rsu ch u n g en  n u r d u rch  A nreicherung  
p o s itiv e  E rgebnisse.

D ie B ehandlung  v o n  T y p h u sk ran k en  m it Chi. w ird b e re its  se it Ja h re n  
a u sg e ü b t. D eshalb ersch ien  es uns zw eckm äßig  zu u n te rsu ch en , ob w irklich 
sä m tlic h e  T yphusstäm m e Chi. gegenüber E m pfind lichke it aufw eisen. W ir u n te r 
su c h te n  m it der R eagenzg las-V erdünnungsm ethode die C h i.-E m pfindlichkeit 
v o n  200 aus B azillenw irten  u n d  200 aus K ra n k e n  gezüch te ten  S täm m en . Die. 
E rg e b n isse  sind au f T abelle  IV  zusam m engefaß t.

Tabelle IV

CMoramphenicol-Empfindlichkeit der aus dem Stuhl von Bazillenwirten und Kranken
gezüchteten Typhusstämme

C h lo ram p h en ico l-
K o n z e n tra t io n

№ 'm l

A n z a h l d e r  W a ch s tu m  
au fw e isen d en  S tä m m e

B az illen w irte K ra n k e

1,56 16 3
3,12 171 178
6,25 13 19

12,50 - -

Insgesam t 200 200

V on 12,5 jUg/ml Chi. w urde  das W ach stu m  säm tlicher S täm m e gehem m t. 
B e i 6 ,25 /tg/m l wiesen b e re its  13 bzw . 19 S täm m e W achstum  auf. D ie m eisten 
S tä m m e  w uchsen bei 3,12 ц g/m l, w oraus also h e rv o rg eh t, d aß  die E m pfind lich 
k e i t  d e r  überw iegenden M ehrhe it der S täm m e zw ischen 6 u n d  3 /tg /m l lieg t.

U n te r  B erücksich tigung  des U m standes, d a ß  der erzielbare B lu tsp iegel bei 
d u rch sch n ittlich e r C hi.-D osierung zw ischen 16— 32 //g/m l liegt, re ic h t die unser
se its  festgeste llte  E m p fin d lich k e it u n b ed in g t aus, um  von Chi. auch  w eiter
h in  g u te  therapeu tische  R e su lta te  e rw arten  zu können .

E s  sei bem erk t, d aß  d e r größ te  Teil der v o n  B azillenw irten  gezüch te ten  
200 S täm m e  von versch iedenen  P ersonen  h e rrü h rte , w ährend  w ir v o n  ein und 
d em se lb en  K ranken  auch  m ehrere  S täm m e u n te rsu ch ten , w enn w ir solche zu 
z ü c h te n  verm ochten . E s  is t  d ah e r erw ähnensw ert, daß  der bei d er 22. bzw. 17. 
Z ü c h tu n g  isolierte S tam m  derse lben  K ran k en , bei denen  w ir den K ran k h e itse rreg e r 
aus d em  S tuh l 22- bzw . 17m al züch ten  k o n n te n , dieselbe E m pfind lichkeit au f
w ies w ie  die das erste M al k u ltiv ie r te n  S täm m e. D . h . im  L aufe d e r B ehänd-
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lung  entw ickelte  sich keine C hi.-R esistenz. D ies s te h t im  W id ersp ruch  
zu d er unseres W issens einzigen, in  der L ite ra tu r  m itgete ilten  B eo b ach 
tu n g  von  C o l q u h o u n  und  W e e t c h  [22], w onach  d er von einem  K ra n 
ken  gezüch te te, 12 /ig /m l C.hl. gegenüber em pfindliche T yphusstam m  n ach  
e rn e u te r  Z üch tung  an läß lich  eines R ezidivs im  A nsch luß  an  20tägige B e h a n d 
lung n u r noch 35 /ig /m l gegenüber E m pfin d lich k e it zeigte. Indessen genügen  
w eder der einzige F a ll der e rw ähn ten  A u to ren  noch  unsere  beiden Fälle , u m  h in 
sich tlich  der gegebenenfalls in  vivo zur E n tw ick lu n g  kom m enden C hi.-R esistenz 
S te llung  nehm en zu  können .

B esprechung

A u f G rund u n se re r U ntersuchungen  lä ß t sich  in  bezug  au f die V erw endung  
u n d  B ew ertung  d e r L abora to rium sbefunde folgendes feststellen :

Die bak terio log ische D iagnose b ie te t bessere O rien tierung  als die E rg e b 
nisse der serologischen R eak tionen . Im  F rü h s ta d iu m  der K ran k h e it is t auch  
w e ite rh in  v o r allem  die H äm o k u ltu r en tscheidend . W ir h a lten  die D u rch fü h ru n g  
der H äm o k u ltu r auch  im  sp ä te ren  K ra n k h e itss ta d iu m  fü r w ichtig , da  sie b e 
züglich der se it E in fü h ru n g  der Chi.-Therapie häu figer vorkom m enden R ezid ive  
v ielfach  genaue A u fk lä ru n g  g ib t. —  A us dem  S tu h l lassen sich die T y p h u s 
bazillen  im  Laufe d er C hi.-B ehandlung im m er se lten er züchten , u n d  in  d e r 
großen  M ehrzahl d e r Fälle w ird der S tuh l bere its  in  den  ersten  Tagen d e r Chl.- 
V erabre ichung  n e g a tiv . —  Die E rgebnisse d er WiDALschen R eaktion  sin d  n u r  
in  sehr b esch rän k tem  M aße v erw ertb a r und  m it noch  größerem  V o rb eh a lt zu 
bew erten , als dies schon b isher geschah. U n ab h än g ig  davon, welche Z e itd au e r 
zw ischen dem  K ran k h e itsau sb ru ch  und  dem  B eg inn  der Chi.-D osierung v e r s t r i 
chen is t, können  w ir im  allgem einen n ich t d a m it rechnen , daß  der O- oder 
H -T ite r  w ährend  d er B ehand lung  s te ig t. H ieraus fo lg t, d aß  wir bei einem  k lin isch  
T y p h u s en tsp rechenden  K ran k h e itsb ild  die D iagnose auch  dann  aufrech  te rh e l
te n  m üssen, w enn die A g g lu tin a tio n stite r des B lu tse ru m s im  V erlauf der K ra n k 
h e it keine E rh ö h u n g  aufw eisen, ferner au f G ru n d  d er vorangegangenen  A u s
füh rungen  auch d a n n , w enn aus dem  S tu h l w äh ren d  d er ganzen E rk ra n k u n g  
K ran k h e itse rreg e r n iem als gezüch te t w erden k ö n n en . H ohe H - u n d  O -T ite r 
gew innen w ir im  allgem einen n u r in  den F ä llen  wo der S tuhl tro tz  d e r Chl.- 
V erabfolgung p o sitiv  b le ib t;  in  diesen F ällen  ab e r b enö tigen  w ir die E rgebn isse  
d er WiDALschen R eak tio n  ohnehin  n ich t. Bei den  m it Chi. B ehandelten  is t  also 
die WiDALsche R eak tio n  auch zur re tro sp ek tiv en  D iagnose n ich t g ee ig n e t. 
L e tz ten  E ndes m üssen  w ir uns also in  g este igertem  M aße au f die b a k te rio lo g i
schen  Befunde s tü tz e n , w eshalb es zw eckm äßig  erschein t, A n re icherungs
näh rböden  zu verw enden  bzw. die H äm o k u ltu ren  m ehrere  Tage zu in k u b ie re n .

3*



2 6 2 I. FŰRÉSZ, M. KUBINYI-SCHWANNER und GY. JÖZSA

Z usam m enfassung

1. Die Laboratorium sbefunde von 57 m it Chloramphenicol behandelten Typhuskranken 
Wurden fortlaufend beobachtet.

2. Die negative WiDALsche Reaktion is t bei gleichzeitiger Chloramphenicolbehandlung 
noch vorsichtiger zu bew erten, als dies bisher geschah. Die H- und O-Titer weisen w ährend der 
E rk ran k u n g  im allgemeinen keine Erhöhung auf. Infolgedessen zeugt das Ausbleiben der T iter
erhöhung bzw. eine positive WiDALsche R eaktion m it negativem oder nur niedrigem T iter 
n ich t gegen Typhus. Hohe T iter sind im allgemeinen nu r dann zu erwarten, wenn der K ranke 
den K rankheitserreger tro tz  der Behandlung längere Zeit hindurch entleert.

3. Im  Laufe der Chloramphenicoltherapie verschw indet der K rankheitserreger gewöhnlich 
sehr rasch  aus den Sekreten des Kranken.

4. Die zuverläßigsten R esultate ergeben sich auch weiterhin aus der zu Beginn der E rk ran 
kung vorgenommenen H äm okultur.

5. Im  Interesse der bakteriologischen Diagnose erscheint es zweckmäßig, die H äm okulturen 
m indestens vier Tage h indurch zu inkubieren und  bei der Aufarbeitung des Stuhls neben der 
unm itte lbaren  Untersuchung auch flüssigen, anreichernden Nährboden zu verwenden.

6. Sämtliche untersuchten  Typhusstämm e (400) erwiesen sich Chloramphenicol gegen
über als empfindlich.
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A ccording to  p resen t know ledge, two an tigen ic  com ponents, th e  som atic  
O an d  Vi an tigens, are responsib le  for all the  im m unobio logical p ro p erties  of 
Salmonella typhi. The flagellar an tigen  [4] does n o t p lay  an y  role in  
th is  respect.

The im m unological im p o rtan ce  of the  tw o a n tig en s  m entioned  has been 
g rea tly  confirm ed b y  th e  ex ten siv e  w ork carried o u t d u rin g  th e  p a s t tw o decades 
[1— 9], in  w hich num erous au th o rs  succeeded in  iso la tin g  th e  tw o an tig en s in  
chem ically  pure  form .

D espite th e  w ide v a r ie ty  o f m ethods em ployed fo r th e ir  iso lation , th e  a n t i 
gens ob ta ined  p roved  to  be id en tica l bo th  chem ically  a n d  im m unobiologically , 
excep t for m inor d ifferences ; th e y  possess th e  im m unobio logical p ro p ertie s  of 
th e  in ta c t  cell an d  th e  ac tiv e  im m u n ity  induced b y  th e ir  use is n o t in fe rio r to  
th a t  induced  b y  w hole b a c te r ia l vaccines.

Chem ical analysis h as  show n b o th  antigens to  be  com posed m ain ly  o f p o ly 
saccharides. The О an tig en  p ro v ed  to  be a lip id -po lysaccharide-p ro te in  m olecular 
com plex [7, 8, 9, 10]. R ecen t investigations h av e  revealed  th a t  th e  p ro te in  
com ponent of th e  О an tig en  does n o t play  an y  s ig n ifican t role in  inducing  
im m u n ity . The lipopo lysaccharide  itself, w hich is v e ry  low in N, is a t  least 
as p o ten t, or is even m ore p o te n t, th a n  th e  a n tig e n  com plex com plete w ith  
p ro te in  [10].

A ccording to  recen t in v estig a tio n s, the  Vi an tig en  is a po lym er o f N -acety l- 
am inohexuronic  acids [5]. T he V i an tigen , too, occurs as a p ro te in  com plex in  
th e  b ac te ria l cell.

The an tigen ic  substances are  ex trac ted  from  b a c te r ia l cu ltures b y  th e  use 
o f chem icals b reak in g  dow n p ro te in , b u t leaving the  po lysaccharides unaffec ted . 
These agen ts sep a ra te  th e  specific an tigen ic  po lysaccharide  from  th e  lip o p ro te in  
com plex p a rtia lly  or com plete ly . Such ex trac to rs  a re  trich lo racetic  ac id  [6], 
e thyleneglycol [13], phenol [14], 15, form am ide [17], u rea  (17 a), acetic  acid  [10], 
d ilu te  hydrochloric  acid [5], etc. T he antigenic su b stan ce  can  be derived from  th e  
b ac te ria l cell also b y  d igestion  w ith  trypsin , w hich causes th e  po lysaccharides 
to  go in to  so lu tion  along w ith  th e  o ther products o f p ro te in  digestion .
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T h e single m ethods o f  ex trac tio n  derive from  b ac te ria  an tig en ic  substances 
n f  v a r ia b le  po lysaccharide co n ten t. A cetic acid  an d  tr ich lo race tic  acid yield 
a n  a n tig e n  re la tive ly  h ig h  in  p ro te in , w hereas th e  form am ide an d  phenolic 
e x tra c tio n s  yield an  a n tig e n ic  substance h ig h er in  po lysaccharide.

T h e  work carried  o u t re c e n tly  b y  Landy et al. w hich led to  th e  p rep ara tio n  
o f  p u rified  Vi an tigen  [5, 12] an d  О an tigen  [10] is o f g rea t significance. Landy 
et al. h a v e  produced a v acc in e  from  th e  Vi an tig en  ob ta ined  from  E . coli 5396/38 
s t r a in  a n d  from  th e  О a n tig e n  o b ta ined  from  s tra in  Т у  0  901 (b o th  an tigens were 
p u rif ied ). The vaccine w as te s te d  first in  an im als and  th e n  in  m a n  [18, 19, 20, 
21 , 22]. T he results w ere h ig h ly  favourable  from  th e  p o in t o f  v iew  o f potency 
a n d  re a c tiv ity  alike.

T h e  experim ents co n d u c ted  over a lm ost 2 years, w hich c o n s titu te  the 
s u b je c t  m a tte r  of th e  p re se n t paper, were in ten d ed  to develop a m ethod  by 
w h ic h  re la tive ly  pu re  О a n d  Vi an tigens could be p repared  on a tech n ica l scale. 
T h e  an tig en s  had  to  be  su ita b le  for use in  th e  p rep a ra tio n  o f a ty p h o id  vaccine 
p o te n t  enough and  cau sin g  li ttle  reaction .

I n  th e  first ex p e rim en ts  th e  specific, an tig en ic  po lysaccharides w ere e x tra c t
ed  f ro m  bac te ria  b y  t r e a tm e n t  w ith  phenol an d  form am ide. A m m onium  sulphate 
a n d  alcoholic frac tio n a tio n  w ere em ployed for th e  separa tion  o f О an d  Vi an tigens 
f ro m  th e  products of p ro teo ly sis  and  from  polysaccharide co n ta m in a n ts . Only 
m in u te  am ounts of О a n d  V i an tigen  could how ever be o b ta in ed  in  th is  way. 
O ne a n tig e n  was c o n ta m in a te d  by  th e  o th e r  an d  none show ed sa tisfac to ry  
im m u n o lo g ica l p ro p erties . T he single b a tch es showed v a riab le  p rec ip ita tion  
t i t r e s .  I n  a few cases t r e a tm e n t  w ith  form am ide a t  80° C s tro n g ly  reduced  the 
p re c ip ita tin g  power o f th e  О an tigen . B e tte r  re su lts  were o b ta in e d  b y  alcoholic 
f ra c t io n a tio n  o f th e B o iv iN  e x tra c ts  of b ac te ria l suspensions. H ow ever, th e  yield 
w as  v e ry  low, an d  th e  an tigen ic  com ponents could n o t  be isolated 
sa tis fa c to rily .

T h e  afore-m entioned difficu lties induced  us to  t r y  o ther m e th o d s. B acterio ly 
sis by  t ry p s in  d igestion , as described  b y  Raistrick and  Topley (16), proved 
su p e r io r  to  any of th e  m e th o d s  m etioned . T he m ethod  is th e  g en tle s t one as 
w ell. B y  em ploying a m od ifica tio n  of th is  m e th o d , 0  and  Vi a n tig e n s  could be 
s e p a ra te d  and purified a n d  th e  to x ic ity  of th e  h igh ly  tox ic  О an tig en  could be 
re d u c e d  w ithou t any  loss in  a c tiv ity .

A s a resu lt of o u r ex p erim en ts , a m eth o d  has been developed  ensuring a 
re la t iv e ly  high yield o f  p u rified  О and  Vi an tig en  from  S. typh i and of 
V i a n tig e n  from  E. coli a n d  P. ballerup. The 0  an tig en  th u s o b ta in e d  is less toxic 
th a n  th e  form erly know n p rep a ra tio n s , w ith o u t being  in fe rio r to  th e  la tte r  in  
a n tig e n ic ity .

T h is  paper deals w ith  th e  m ethod  of p re p a ra tio n  an d  w ith  som e chem ical 
p ro p e r t ie s  of the  an tig en ic  substances o b ta in ed . The resu lts o f im m unological 
s tu d ie s  w ill be described in  P a r t  I I .
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M aterials and m ethods

Strains used. S. typhi24 S. typhi 899, S. typhi Nova ; E. coli 5396/38, P. bal 1er up
107.

Precipitating sera. О immune serum produced w ith strain  О 901 in the rabbit. Agglutinin 
titre , 1 : 20 000. Vi immune serum produced in the rabb it w ith strain Ту 965 “ pure Vi” . Agglu
tin in  titre , 1 : 3200.

Precipitation test. In a to tal volume of 0,5 ml serial dilutions are made with NaCl, beginning 
w ith dilution 1 : 2, and to each dilution is added 0,1 ml of concentrated or 1 : 3 diluted О or Vi 
immune serum. A fter 2 hours in a 45° C water h a th  the tubes are placed into a refrigerator 
overnight and then read.

Trypsin. Trypsin was obtained a t our institu te, by acetonic fractionation of the dilute 
alcoholic extract of bovine pancreas. Potency, 1 : 250 USP units.

Chemical tests.
Estimation of nitrogen. N was estimated by the semi-micro KjELDAHL method after 

digestion with sulphuric acid in the presence of selenium and copper sulphate [21).
Estimation of phosphorus. P was estimated by the F iske and Subbarow method, using 

a Pulfrich photometer [21].
Test for amino acids. For the detection of amino acids by paper chrom atography the 

test antigen was hydrolysed with 25 per cent HC1 in a sealed ampoule, a t 100° C for 16 hours. 
The hydrolysate was evaporated until dry in a w ater ba th  then  it  was dried in vacuo (after 
repeated wetting) until all HC1 evaporated. The solid residue was taken up in 1 ml distilled 
water. The am ount of the solution containing the amino acid hydrolysate to be added to  the 
paper was adjusted according to the am ount measured in. Macherey-Nagel 618 EH  filter paper 
was used in two-dimensional paper chromatography. Phenol saturated with water and containing 
0,1 per cent ammonia and traces of potassium cyanide was used for running in one direction, 
whereas in the other direction butanol:glacial acetic acid: w ater (40 : 10 : 50) served as solvent. 
An 0,2 per cent ninhydrin in butanol was used as developer.

Demonstration of sugar components. The test antigen in a sealed ampoule is hydrolysed 
w ith 0,5 N  sulphuric acid a t 100° C for 8 hours. After th a t Ba(OH)2 is added to neutralise the 
sulphuric acid. The precipitated hydrolysate is fdtered and the filtrate is dried in vacuo a t not 
more than 30° C. The solid residue is diluted to the required volume with distilled w ater. From 
th is stock solution such a volume is added to the filter paper Schleicher Scliüll 2043/b th a t the 
test dose of each carbohydrate component be around 20 jug. An aliqout mixture of butanol : 
pyridine : w ater (6 : 4 : 3) and butanol : glacial acetic acid : w ater (40 : 10 ! 50) was used for 
running. Running time was 20 to 22 hours. The residue of the solvent mixture was expelled 
in vacuo and the dry filter paper was sprayed w ith anilinephthalate. After 15 min. a t  100° C 
developm ent was complete. Parallel w ith the test substance glucose, galactose, arabinose, rham - 
nose, xylose and ribose standards were also run. The preparations were partly Merck’s, partly  
Schering and K ahlbaum ’s and partly May and Baker’s products.

Molisch reaction. To 1 or 2 ml solution containing about 5 mg hexose are added 4 to 5 
drops of 10 per cent alpha-naphthol. Two ml concentrated sulphuric acid is then allowed to  flow 
down the side of the inclined tube, thus forming a layer of acid beneath the sugar. In  case of 
positivity  a blue zone appears a t the junction between the two liquids.

Tollens reaction. To 5 ml of the test aqueous solution and an equal volume of hydrochloric 
acid (sp. gr. 1,19) is added 1 ml 1 per cent alcoholic resorcine solution. The m ixture is slowly 
brought to the boil and m aintained in mild boiling for 1 to 3 minutes. After cooling under tap 
w ater a colour appears characteristic of the kind of sugar present.

Ekkert reaction. A bout 5 mg m eta-dinitrobenzene is taken up in 5 drops of alcohol, 2 ml 
of the test solution containing 5 to 10 mg of test substances is added, and the m ixture is gently 
heated in the presence of N  NaOH. In  the presence of reducing sugars a dark purple colour 
develops rapidly.

Demonstration of proteins. 20 per cent sulphosalicylic acid solution : 1 per centpicric acid 
solution.

Electrophoretic studies. These involved the use of a Boskamp electrophoresis apparatus 
of the Antweiler type ; a 0,4 per cent solution of fraction О in a borate buffer of pH  9,2 ; and 
a 0,8 per cent solution of the Vi antigen in an acetate buffer of pH  4,2.

Fractionated solubility test. An acetate buffer of pH  5,3 was used as a solvent and the 
determ ined quantities of the test substances were serially extracted with buffer.

Determination of solubility in distilled water at different pHs. A determined am oun t of 
the test fraction was extracted with equal volumes of distilled water, by shaking w ith  glass 
beads.
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E xperim ental

Preparation o f  cultures. The s tra in s  s to re d  in  lyophil am poules w ere sp read  
on t r y p t ic  d igest b e e f  ag a r p la tes. A m ong th e  iriza tin g  opaque colonies those 
sh o w in g  th e  m ax im u m  Vi an tig en  co n ten t b y  ag g lu tin a tio n  w ere se lected . The 
b a c te r ia  w ere grow n p a r t ly  b y  th e  com m on m e th o d  of cu ltiv a tio n  in  d igested  
b e e f  a g a r  m edium  in  R o u x  flasks (18 hours a t  37° C), and p a r tly  b y  m ass cu lti
v a t io n  in  a fe rm en to r (16 to  18 hours a t  37° C). On com pletion o f cu ltiv a tio n  
m icroscop ic  te s t  fo r p u r i ty , agg lu tin a tio n  te s t  (w ith  О and Vi sera) fo r an tig en  
c o n te n t  an d  e s tim a tio n  o f th e  m icrobial co u n t b y  e lec tropho tom etry  w ere carried  
o u t. T o  1 volum e o f suspension  were ad d ed  2,5 vo l. o f d istilled  acetone an d  th e  
m ix tu re  w as allow ed to  s ta n d  overn igh t. A fte r  d ecan ta tion  an d  c e n trifu g a tio n  
th e  b a c te r ia l sed im en t w as w ashed  tw ice w ith  acetone , once w ith  e th e r  a n d  dried  
in  vacuo. This d ried  b a c te r ia l pow der w as u sed  in  the  experim en t.

Preparation o f purified  0  and Vi antigens. 10 g bac te ria l pow der is su spended  
in  1500 m l d istilled  w a te r  b y  hom ogenization  in  a China m o rta r  in  th e  presence 
o f  sm a ll volum es o f  d is tilled  w ater, in  o rd e r to  fac ilita te  suspension. To th e  b ac 
te r ia l  suspension is ad d ed  0,4 g 1 : 250 U S P  try p s in  and  th e  p H  is a d ju s te d  to  
8 ,4 . T h e  flask is p laced  in  a 37° C w a te r b a th  a n d  th e  pH  is checked a t  5 m in u te  
in te rv a ls . p H  soon falls to  a round  7, a n d  th e n  i t  is read ju sted  to  8,4 w ith  2 N  
N a O H . T his is done w h en ev er i t  sinks below  8. I n  ab o u t 1 h o u r’s tim e  th e  re d u c 
t io n  in  p H  will be s lig h t, n o t  am oun ting  to  m ore  th a n  0,1 to  0,2. M eanw hile, 
th e  b a c te r ia l suspension  h as  becom e tra n s lu c e n t due to  bacterio lysis. O nly  ab o u t 
3 to  6 p e r  cen t o f th e  in it ia l  b ac te ria l m ass rem a in s  insoluble.

A t  th a t  p o in t d ig estio n  is d iscon tinued  a n d  th e  solution is se p a ra te d  from  
th e  s lig h t solid residue  b y  cen trifuga tion  a t  3000 r . p . m. for 30 m in u te s . The 
o p a le scen t su p e rn a ta n t is a d ju s ted  to  p H  8 a n d  3 volum es of 96 p er cen t e th an o l 
a re  a d d e d  to  it. A fte r s ta n d in g  a t  -j-4° C fo r 4 h ou rs the  m ix tu re  is cen trifu g ed  
a t  3000 r. p . m . for 30 m in u tes , th e  su p e rn a ta n t  is d iscarded, th e  p re c ip ita te  is 
su sp en d ed  in  300 m l d e h y d ra te d  acetone a n d  is centrifuged. C en trifu g a tio n  and  
resu sp en sio n  are re p e a te d  tw ice m ore an d  th e  sed im en t is suspended  in  300 m l 
e th e r  a n d  cen trifuged . T he resu ltin g  sed im en t becom es a ir-dry  in  10 to  15 m in u tes  
a t  ro o m  tem p era tu re  (F rac tio n  1). F rac tio n  1 co n ta in s  the  О an d  th e  V i an tig en , 
s id e  b y  side. The tw o an tig en ic  com ponents a re  separa ted  an d  p u rified  b y  th e  
fo llow ing  procedure.

1 g o f frac tio n  1 is d issolved in  150 m l d is tilled  w ater a t  p H  7,6. 2,6  m l 20 
p e r  c e n t N a N 0 2 is ad d ed  a n d  th e  solu tion  is h e a te d  to  60° C. T he p H  is a d ju s ted  
to  1,7 to  1,9 by  ad d in g  0,6 m l co n cen tra ted  HC1. T he m ix tu re  w hich from  th e  
l ib e ra te d  n itrous acid  h as  becom e greenish-yellow  in  colour an d  p re c ip ita te d  is 
m a in ta in e d  a t  60° C fo r 20 m in u tes , th en  cooled fa s t  an d  cen trifuged . T he yellow 
ish  se d im e n t is d ried  in  e th e r  and  acetone (F ra c tio n  2). To th e  s u p e rn a ta n t are  
a d d e d  3 volum es o f 96 p e r  cen t e thano l a n d  a f te r  1 h o u r a t 1° C th e  se ttle d  p rec i
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p ita te d  liquid  is cen trifuged . T he sedim ent is d ried  in  acetone and  e th e r (F rac tion  
3). T he su p e rn a ta n t is d ried  in  vacuo or b y  exposure to  h o t a ir  flow an d  dissolved 
in  7 m l d istilled  w a te r  a t  p H  1,8 to  2,0. The so lu tion  is clarified by  cen trifu g a tio n . 
T he dried  substance  is e x tra c te d  3 to  4 tim es w ith  40 m l volum es of d ry  acetone. 
T he la s t acetonic e x tra c t m u st be colourless. The residue o f ex trac tio n  is dissolved 
in  7 m l d istilled  w a te r  a t  p H  1,8 to  2,0 an d  th e  so lu tio n  is clarified b y  cen trifu g a
tio n . To the  solu tion  are  ad d ed  8 volum es of 96 p e r c en t e th an o l and  the p H  of the  
alcoholic m ix tu re  is a d ju s te d  to  7,6 to  7,8. The p re c ip ita te  is allowed to  s ta n d  for 
1 h o u r, cen trifuged  an d  d ried  in  acetone an d  e th e r, as described above 
(F rac tio n  4). In  T ab le  I a re  show n am ounts o f th e  single fractions y ie lded  by  
10 g p rep ared  b ac te ria l d ry  pow der, as well as th e  p ercen tag e  yields for b ac te ria l 
pow ders. W hereas th e  3 b a c te ria l species y ie lded  com parab le  am ounts o f F ra c 
tio n s 1 and 2, P. ballerup y ie lded  abou t 4 to  6 tim es, an d  E . coli 6 to  7 tim es as 
m uch of F rac tio n  4, as d id  an  equal q u a n tity  o f  s tra in  Т у  2.

Table I

Yields o f single fractions from test bacteria

Yield from 10 g dry bacterium  powder

M ateria l

Т у as  w ell as m ixed  c u ltu re  
o f  T y 2, N o v a , Т у  899

Е . co li 5396/38 P . b a lle ru p  107

g % g О//о f %

Fraction 1 4 ,0 -4 ,2 4 0 -4 2 3,9 4,2 3 9 -4 2 4 ,0 -4 ,3 4 0 -4 3

Fraction 2 0 ,0 -0 ,6 0 -  6 0,0 0,8 0 -  8 0,0 0,3 0 -  3

Fraction 3 (0  antigen) 2,0 2,4 2 0 -2 4 1 ,6 -1 ,7 1 6 -1 7 1 ,8 -2 ,2 1 8 -2 2

Fraction 4 (Vi antigen)

T y2 alone 
0 ,0 9 -0 ,1 6

Ту2 alone 
0 ,9 -1 ,56

0,6 0,7 6 -  7 0 ,4 -0 ,6 4 -  6
T y2, Ту 899, 

Nova 
0,2 0,28

Ту2, Ту 899, 
Nova 

2 ,0 -2 ,8

The an tigen ic  c h a ra c te r  o f th e  single frac tio n s has been  exam ined  in  p reci
p ita tio n  te s ts  ag a in s t О an d  V i p rec ip ita tin g  sera , u sing  a 0,3 per cen t so lu tion  
in  saline of the  te s t  su b stances. The crude frac tio n  (F rac tio n  1) p rec ip ita ted  from  
th e  solu tion  of ty p h o id  b a c te ria  (a m ixed cu ltu re  o f T y 2 an d  T y 2, 899 an d  N ova 
s tra in s , respectively) co n ta in ed  aliquots o f 0  an d  V i an tigen  an d  h a d  a high 
p rec ip ita tio n  t i tre . T he re la tiv e ly  sm all am o u n t o f  (and  often  n o t recoverable) 
F rac tio n  2 con ta ined  on ly  th e  О an tigen , in  v a riab le  t itre s . F rac tio n  3 p re c ip ita 
te d  exclusively w ith  th e  О serum , a t  a t i tre  h ig h er th a n  F rac tio n  1. F rac tio n  4 
p re c ip ita te d  exclusively  w ith  the  Vi serum , a t  h ig h  d ilu tio n s. The frac tio n s  de-
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r iv e d  from  P. ballerup an d  E . coli w ere test ed ag a in s t th e  Yi serum  only . F rac tio n  1 
p re c ip ita te d  up to  h igh  d ilu tio n s o f an tigen  a n d  F rac tio n  4 up  to  v e ry  h igh  levels 
o f  d ilu tio n . On grounds o f th ese  te s ts , F rac tio n  3 ob ta in ed  from  ty p h o id  stra in s 
is considered  a re la tive ly  p u re  О an tig en , w hereas F rac tio n  4 is accep ted  as a Yi 
a n tig e n  o f iden tical p u r ity . T he num erica l va lues o f p rec ip ita tio n  are  shown 
in  T a b le  I I .

T h e  fractions show ing s tro n g  an tigen ic  a c tiv ity  have  been  sub jec ted  to  
ch em ica l and  physical s tu d y  so as to  de te rm ine  th e ir  chem ical p ro p erties  and 
g ra d e  o f  p u rity  (hom ogeneity).

Table II

Results o f precipitation tests

„  . , P re c ip i ta t io n  w ith  
Mater,al a n t i  V i serum

P re c ip i ta t io n  w ith  
a n ti  0  se ru m

F raction  1 from S . t y p h i  strains 
0,3 per cent solution 1 : 120 1 : 240

F raction  2 from S. t y p h i  strains 
0,3 per cent solution - 1 : 320

F rac tion  3 from S .  t y p h i  strains 
0,3 per cent solution - 1 : 360

F raction  4 from S. t y p h i  strains 
0,3 per cent solution 1 : 160 -

F rac tion  1 from E .  c o l i  5396/38 
0,3 per cent solution 1 : 240 -

F raction  1 from P. b a l le r u p  107 
0,3 per cent solution 1 : 240 -

F rac tio n  4 from E .  c o l i  5396/38 
0,3 per cent solution 1 : 640 -

F rac tion  4 from P. b a l le r u p  107 
0,3 per cent solution 1 : 640 -

T h e  N  con ten t o f th e  frac tio n s , as d e te rm ined  b y  th e  sem i-m icro K je l d a h l  
m e th o d , an d  th e ir P  co n ten t, as e s tim a ted  by  th e  F is k e  and  S u b b a r o w  m ethod, 
a re  g iv en  in  Table I I I .  A com parison  o f th e  to ta l  N in  F rac tio n  1 w ith  th a t  in  
F ra c tio n s  2,3 and 4 derived  from  F rac tio n  1 reveals th a t  t re a tm e n t w ith  n itrous 
ac id  re su lte d  in  a 25 to  35 p e r  c en t decrease in  N  co n ten t, w ith o u t an y  loss in  
a n tig e n ic  ac tiv ity . This loss in  N  co n ten t is due to  th e  reac tio n  o f free am ino 
ac id  g roups w ith  n itro u s ac id , in  w hich th e  N H 2 groups are  exchanged  w ith  
O H  a n d  gaseous N is re leased . In  F rac tio n s  1 an d  3, P  con ten t v a ried  from  2,2 to
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Table III

Results o f chemical tests

F ra c tio n  N o.
N

%

P j  S ulpho- j  p i c r i c  
1 sa licy lic  aci(i t e „  

/о acid  te s t

B iu re t
te s t

M olisch T o llens 
reac tio n  r e a c t io n

Ekker
te s t

l

Т у ,  and m ixed/T y,, 
Nova 899

5 ,8 -6 ,2 2 ,5 -2 ,8 - - ± + + +

2
Ty2 and mixed 3 ,7 -4 ,2 2 - 2 ,6 ± ± ± + + +

3
Т у 2 and mixed 3 ,2 -3 ,6 2 - 2 ,4 - - ± + + +

4
Ty2 and mixed 4,6 4,7 0 ,1 - - ± + + +

4
E. coli 9396/38 4,5 - 4 ,7 0 ,1 - - ± + + +

4
P. ballerup 1 0 7

4 ,6 -4 ,7 0 ,1 - - ± + + +

2,8 p e r cen t. I ts  v a ria tio n  was n o t para lle l w ith  th e  decrease or increase o f  a n ti
genic a c tiv ity , as determ ined  b y  th e  p rec ip ita tio n  te s t. The Vi an tigen  (F rac tio n  4) 
co n ta ined  less th a n  0,1 per c en t o f P . This value how ever, is below  th e  erro r 
o f assay . 0,3 p er cen t solutions in  d istilled  w a te r  of th e  single frac tio n s  were 
te s ted  also w ith  sulphosalicylic acid  an d  picric acid as p ro te in  reag en ts , an d  w ith  
th e  M o l is c h , T o l l e n s  and E k k e h  reac tions as polysaccharide te s ts . T he b iu re t 
reac tio n  was also carried  ou t. A ccord ing  to  a previous rep o rt, F rac tio n  1, pu re  
О an tig en  (F rac tio n  3), as well as th e  pu re  Vi an tigen  (F raction  4) w ere n egative  
for p ro te in , w hereas th e ir  po lysaccharide reactions wrere defin itely  p o sitive . E ach  
frac tio n  gave a m ild b iu re t reac tio n .

Fractionated solubility tests. 0,6 g am oun ts o f an tigen  were seria lly  e x trac ted  
w ith  10 m l volum es of a pH 5,3 a c e ta te  buffer, b y  shaking  a t 25° C, follow ed by  
cen trifu g a tio n  a t  6000 r. p . m. for 20 m inu tes. T h e  sed im ent w as q u a n tita tiv e ly  
d ried  in  acetone and  e ther an d  th e  loss in  w eight was determ ined . E x tra c tio n  
and  d ry in g  w ere carried  ou t in  th e  sam e centrifuge tu b e . E x tra c tio n , d ry ing  
an d  w eighing were repeated  u n til  th e  to ta l am o u n t of substance  h ad  dissolved, 
or u n til th e  so lven t could no t solve an y  m ore of th e  even tually  p re sen t residue . 
In  F ig . 2 is show n th e  correlation  betw een  th e  dissolved am oun ts an d  n u m b er of 
successive so lu tions.

T he d igested , d iazo ta ted  m a te r ia l p roved  to  be app rox im ate ly  hom ogeneous 
as reg a rd s  so lub ility . The loss o f wreig h t o f th e  0,6 g am oun t dissolved in  frac tions
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p ro v e d  to  be c o n s ta n t w ith in  th e  lim its of ex p e rim en ta l error, up  to  th e  la s t 5 to  
10 p e r  cen t am o u n ts , w h en  th e  w eight loss w as som ew hat less.

Relation between antigen solubility in water and p H :  0,6 g am oun ts 
o f  a n tig e n  were e x tra c te d  b y  shak ing  for 2 h ou rs a t  25° C, w ith  20 m l volum es of 
d is tilled  w ater. E x tra c tio n  w as fu rth e red  b y  using  glass beads. In  th e  first 
e x tra c tio n  th e  d is tilled  w a te r  suspension w as a d ju s te d  to  p H  2 w ith  0,1 N  h y d ro 
ch lo ric  acid. On com pletion  of ex trac tio n  th e  inso luble  residue was cen trifuged  
o ff a t  6000 r. p . m ., th e  su p e rn a ta n t was d e c a n te d  an d  th e  residual solids were 
d rie d  b y  hom ogen ization  w ith  50 m l d eh y d ra te d  acetone and  cen trifuga tion . 
T h is  procedure  w as th e n  rep ea ted  tw ice w ith  ace tone  an d  th ree  tim es w ith  ether. 
A fte r  th e  la s t e th e r  suspension  h ad  been cen trifuged , th e  sed im ent w as dried  
b y  exposure  to  30° C a ir  fo r 30 m inutes a n d  w as w eighed a fte r hav in g  allowed 
i t  to  s ta n d  over p h o sp h o rp en to x id e  for 2 ho u rs . In  th is  w ay  we have de te rm ined  
th e  q u a n titie s  d issolved o u t  b y  w a te r w ith in  th e  given p H  range. T he d ry  
re s id u e  w as e x tra c te d  ag a in , th is  tim e  w ith  20 m l w a te r a t  p H  3. E x trac tio n s  
a n d  estim atio n s w ere con tin u ed  a t  every  p H  u n it  up  to  p H  9. The q u a n 
t i t ie s  dissolved o u t b y  w a te r  a t  d ifferen t p H  ranges have been ta b u 
la te d . I n  th is  respec t, F ra c tio n  3 rep resen tin g  th e  О a c tiv ity  differed significantly  
fro m  F ra c tio n  4, th e  one bearin g  th e  Yi an tig en ic  p ro p e rty . T ow ard  alkaline 
p H  va lu es  th e  so lu b ility  o f  th e  0  frac tion  increased . A t p H  2, 1,1 m g w as d is
so lved  b y  each ml; a t  p H  9, 8,5 m g. The Yi an tig en  w as v e ry  well soluble in  th e  
ac id  ra n g e . A t p H  2, a 10 p e r cen t so lu tion  could  even be p repared . Solubility  
sh a rp ly  declined to w a rd  n e u tra l and  alkaline reac tio n . A t p H  8, only  a 0,6 per 
c e n t so lu tio n  could be  m ad e . The so lub ility  o f  th e  tw o k inds of an tigen  co n ti
n u o u s ly  increased  or decreased  tow ard  th e  a p p ro p ria te  p H  values. A rap id  loss in  
so lu b ility  co rresponding  to  th e  isoelectric p o in t a t  p H  2 to  9 d id  n o t occur w ith  
e ith e r  an tig en . T he so lu b ility  re la tions are  i l lu s tra te d  in  F ig . 1. The m arked  
d ifference  in  so lub ility  a t  acid  p H  m akes i t  possible easily  to  sep ara te  the tw o 
a n tig e n s  in  th e ir  m ix tu re  (trypsin ic  b ac te ria l so lu tion). This difference in  solubi
l i ty  h a s  been m ade use o f also in  th e  above described  m ethod  for th e  p re p a ra tio n  
o f  О a n d  Vi an tig en s . T he difference in  so lu b ility  is even m ore m arked  in  a 70 
p e r  c e n t alcoholic m ed iu m  th a n  i t  is in  d is tilled  w a te r.

A ttem p s have  b een  m ade to  d em o n stra te  th e  sugar com ponents o f th e  tw o 
k in d s  o f an tig en  b y  p a p e r  ch ro m atog raphy . T h ree  sugar com ponents could be 
show n in  the 0  a n tig e n  : glucose, rham nose a n d  galactose. In  th e  p ap er ch rom a
to g ra p h ic  p a tte rn  o f th e  an tig en  p rep ared  from  s tra in  T y 2 th e  spo t o f a fast- 
m ig ra tin g  sugar co m p o n en t appeared  above th e  sp o t o f  rham nose, show ing a 
m ig ra tio n  ra te  as re la te d  to  th a t  of rham nose o f  R Rh =  1,42. As a y e t un iden tified  
su g a r  com ponent w ith  a s im ila r m igra tion  ra te  h as  been  described b y  D avies [23] 
to  occu r during  hydro lysis  o f  S. paratyphi A ., an d  S. cholerae suis polysaccharides.

T h e  position o f  th e  p a p e r ch rom atog raph ic  spo ts o f th e  Vi an tig en  h y d ro ly 
sa te  suggests th e  p resence o f  gluco- and  g a lac tu ro n ic  acid . In  F ig . 6 are show n th e
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paper ch rom atograph ic  spo ts o f  th e  О an tigen , beside th e  sugars used for com 
parison.

Electrophoretic studies. T he  crude po lysaccharide m ix tu re  p rec ip ita ted  w ith  
ethano l a fte r  d igestion  w ith  try p s in , as well as th e  pu re  О an tigen  and  pure

f ig .  1. Solubility in w ater of О and Vi antigens separated after treatm ent w ith nitrous 
acid, as the function of pH

О  “ O’ antigen from Ty2, x Vi antigen from Ty2 
Д Л i antigen from P. bailer up, % Vi antigen from E . coli

110cо
£  100о
О

90

I  80-

I 70
о
D) 60

N u m b e r o f  d isso lu tions

Fig. 2. Homogeneity curves of antigen fractions from T y2, as determ ined on grounds of solubility
x Fraction 4 from T y2 (Vi antigen)
О  Fraction 3 from T v2 (O antigen)
•  Fraction 1 from T y2 (Crude antigen treated only by ferm entation, w ithout tre a t

m ent with nitrous acid and containing О and Vi antigens)
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V i a n tig e n  were s tu d ie d  b y  electrophoresis, in  th e  afore m en tio n ed  w ay. In  
F ra c tio n  1 two com ponen ts were d em o n stra ted . T h e  О an tig en  (F rac tio n  3) 
a n d  V i an tigen  (F ra c tio n  4) con ta ined  a single sharp  com ponent. T he electro-

Fig. 4. Electrophoretic p a tte rn  of nitrous acid-treated О antigen from Ty2, in pH  9,2 borate
buffer

Fig. 5. Electrophoretic p a tte rn  of nitrous acid-treated Vi antigen from Ty2, in  pH  4,2 standard
acetate buffer

p h o re tic  p a tte rn  of F ra c tio n  1 is show n in  F ig . 3, and  those g iven  by  the 
О a n d  Vi antigens a re  p resen ted  in  F ig . 4 an d  5, respective ly , as ob ta ined  
w ith  T y 2 p repara tions.

Fig. 3. Electrophoretic p a tte rn  of Fraction 1 ( 0  +  Vi) antigen from Ty2, in pH  9,2 borate buffer
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In  th e  first experim en ts, as a re su lt of th e  insufficien t t re a tm e n t w ith  
try p s in , th e  fe rm en ta tio n  m ix tu re  con ta ined  О an tigen  molecules o f a re la tiv e ly  
h igh p ro te in  co n ten t alongside th e  Vi an tigen  con ta in ing  m inim al am o u n ts  of 
p ro te in . In  th e  course of tre a tm e n t w ith  n itrous acid th e  acid reaction  an d  th e  
effect o f  the  tem p era tu re  of 40° C caused p a r t  o f th e  h igh-pro tein  О an tig en  to

1 2  3 A- 5  6

Fig. 6. Paper chromatographic pattern  of the sligar m ixture obtained by sulphuric acid hydro ly
sis from Ty2 О antigen treated  w ith nitrous acid

1 T y2 “ O”  a. g. 16 hours’ hydrolysis
2 T y2 “ O”  a. g. 8 hours’ hydrolysis
3 Glucose, 4 Galactose, 5 Rhamnose, 6 Ribose, 7 Xylose

p rec ip ita te , w ith  the o th e r p a r t rem ain ing  in  solu tion . This p a r t  then  p re c ip ita te d  
to g e th e r w ith  th e  low -protein О an tig en  on tre a tm e n t w ith  alcohol and  ap p eared  
as a slowly m ig ra tin g  com ponent in  th e  elec trophoretic  p a tte rn . This c o n ta m i
n a tio n , how ever, was avoided w hen tre a tm e n t w ith  try p s in  was of su ffic ien t 
in ten s ity . F rac tio n s 3 and  4 proved hom ogeneous, com posed of a single su b stan ce , 
n o t only  on p rec ip ita tio n  te s t, b u t  also a t  electrophoresis.
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Discussion
B oivin [6], F reem an  [7, 8], as well as Morgan an d  Partridge [9] have 

been  concerned  w ith  th e  purification  and  s tu d ie s  on  th e  s tru c tu re  of th e  som atic  
О a n tig e n  of S. typhi. T h e y  found i t  to  be a su b stan ce  of po lysacharide  n a tu re , 
com b in ed  w ith  lip id  a n d  p ro te in  com ponen ts. M ore recen tly , W ebster  and  
La n d y  [10] have  show n th e  p ro te in  com ponen t to  p lay  no sign ifican t role in  th e  
specific im m unolog ical a c tiv ity  of the  w hole an tig en ic  com plex. A ccording to  
Morgan an d  P artridge , th e  an tigen ic  com plex  con ta in in g  p ro te in  is com posed 
o f 50 to  60 per cen t po lysaccharide, 5 to  7 p e r c en t lip id  and  25 p er cen t p ro te in . 
T he p ro te in -free  О a n tig e n  p repared  b y  La n d y  a n d  W ebster  co n ta ined  60 to  
70 p e r  cen t po lysaccharide, 20 to  30 per cen t lip id  and  3 to  3,5 p er cen t glucos
am in e , w ith  a to ta l  N  co n ten t of a round  0,6 p e r  cen t.

I n  th e  p re p a ra tio n  an d  th e  d e te rm in a tio n  o f th e  s tru c tu re  of th e  o th e r 
im m u n iz in g  co m ponen t o f S. typhi, th e  Y i a n tig e n , A s h id a  [3], G r a b a r  and  
Co r v a s ie r  [4 ], as w ell as W e b s t e r , L a n d y  a n d  F r e e m a n  [5, 11 , 12] have 
ach ieved  sign ifican t re su lts . A ccording to  W e b s t e r  an d  L a n d y  [12 ], th e  p ro te in - 
free Y i an tig en  is a p o lym erisa te  of n -acety l-am ino-hexuron ic  acid , w ith  an  N 
c o n te n t o f ab o u t 6 ,3  p er cen t in  th e  V i a n tig e n  derived from  E. coli an d  P. 
ballerup, an d  5 ,3  p e r  c e n t in  th e  m a te ria l o b ta in e d  from  stra in  T y 2 of S. typhi. The 
above au tho rs fo u n d  tre a tm e n t w ith  trich lo race tic  acid, th e  procedure f irs t 
em ployed  b y  B o i v in  a n d  M e s r o b e a n u  as th e  m o st su itab le  for recovery  o f О 
a n tig en s  from  th e  b a c te r ia l body. F o r th e  reco v ery  o f Yi an tig en  W e b s t e r  
an d  L a n d y  [5] recom m ended  ex trac tio n  o f  th e  acetonic d ry  bac te ria l pow der 
w ith  0 ,8 5  per cen t N aC l an d  w ith  d ilu te  hyd ro ch lo ric  acid.

T he various k in d s  o f Salm onella co n ta in  polysaccharides in  h igh ly  v ariab le  
am o u n ts . Landy  a n d  W ebster  found in  s tr a in  T y 2 4,9 p er cen t po lysaccharide, 
as d e te rm in ed  b y  e s tim a tin g  rham nose, a m e th o d  su itab le  for accu ra te  es tim a
tio n  o f  О po lysaccharide. O n th is О po lysaccharide  con ten t, th e  O lipopolysaccha
rid e  recovered  b y  B oivin  ex trac tio n  am o u n ts  to  1,96 to  2,4 p er cen t o f th e  b a c 
te r iu m  co n ten t. On th e  basis  of rham nose e s tim a tio n , th e  0  po lysaccharide co n ten t 
o f  S. typhi, s tra in  О 901, has been e s tim a ted  a t  6,2 p er cent o f th e  d ry  b acterium , 
p ro v id ed  th a t  th e  so m a tic  an tigen  p rep a red  b y  th e  B oivin m eth o d  contains 
33 to  37 per cen t po lysaccharide. The ab o u t 6 p e r cen t po lysaccharide co n ten t is 
e q u a l to  abou t 18 p e r  cen t 0  an tigen  recoverab le  b y  th e  B oivin m ethod . The 
a fo rem entioned  a u th o rs  used  th e  B oivin e x tra c t  con ta in ing  40 to  50 p er cen t o f 
the. b ac te ria l po lysaccharide  0  as th e  s ta r t in g  m a te ria l for th e  p re p a ra tio n  of 
lipopo lysaccharide О. In  sp ite  of th is , 100 g b a c te r iu m  yielded only  3,2 g B oivin 
a n tig e n , w hich is a b o u t 1/6 of th e  am o u n t o f  an tig en  calcu lated  on grounds of 
th e  rham nose  co n te n t.

We have succeeded in  bringing into solution  almost com pletely the bacteria, 
as w ell as the antigenic substances of protein or polysaccharide nature contained  
in them  by the trypsin  method first em ployed by Topley  and Raistrick [16].
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T he О an d  Yi an tigen  in  th e  so lu tio n  could be p rec ip ita ted  q u a n tita tiv e ly  w ith  
alcohol a t  n e u tra l pH . The N c o n te n t o f th e  po lysaccharide m ix tu re  v a ried  from  
5 to  6 p er cen t. B y fu rth erin g  t ry p tic  digestion  b y  h ea tin g  and  b y  con tinuous 
re a d ju s tm e n t o f th e  pH  (40° C, p H  8,6), th e  N co n ten t w as reduced to  a ro u n d  
4 p e r cen t. T he tw o com ponents can  be sep ara ted  by  m ak ing  use o f th e ir  d iffe ren t 
so lubilities a t  acid reaction . A ccord ing  to  our findings, in  an  aqueous so lu tion  
co n ta in in g  70 p er cen t alcohol, th is  difference is m ax im al a t pH  2,6 because 
u n d er such  circum stances О an tig en  is abso lu tely  insoluble, w hereas Yi a n tig e n  
in  con cen tra tio n s of 0,5 to  0,6 p e r  cen t rem ains in  so lu tion .

In  our first experim ents we d id  n o t apply  tre a tm e n t w ith  n itro u s acid  an d  
th e  an tigens in  the  crude po lysaccharide  m ix tu re  w ere sep ara ted  exclusively  
on grounds o f th e  difference in  so lu b ility . The alcohol co n cen tra tio n  o f th e  0,5 
p er cen t so lu tion  of F rac tion  1 w as increased to  70 p e r cen t, the  О an tig en  
p re c ip ita te d  a t  p H  2,4 was cen trifu g ed  off and th en  th e  Vi an tigen  w as p rec ip i
ta te d  b y  ad ju s tin g  the  su p e rn a ta n t to  p H  8,2. The frac tions th u s o b ta in ed  
w ere co n tam in a ted  w ith  each o th e r, a lthough  only to  a sm all e x te n t. T he N 
co n ten t o f О an tigen  varied  fro m  5,8 to  6,2, th a t  o f th e  Vi an tig en  from  5,5 
to  5,8, s ta r tin g  o u t from  s tra in  T y 2. T re a tm e n t w ith  n itro u s  acid p roved  su itab le  
fo r reducing  th e  N con ten t. A few  hours of exposure to  n itro u s  acid (in  a so lu tion  
co n ta in in g  0,05 m  n itrous acid) d id  n o t cause any  appreciab le  loss o f  a c tiv ity , 
w hereas th e  n itrogen  con ten t decreased , depending on th e  in itia l co n cen tra tio n , 
b y  th e  25 to  33 per cen t in О an tig e n , and  by  25 to  30 p er cen t in  Vi a n tig en . 
T he to x ic ity  of the  0  an tig en  tre a te d  w ith  n itrous acid shows an  u n ex p ec ted , 
s ign ifican t decrease. A sim ilar red u c tio n  in  to x ic ity  occurred also w ith  th e  Vi 
an tig en . T he investigations dealing  w ith  these findings and  th e  im m unological 
p ro p erties  of th e  0  and Vi an tig en s  o b ta ined  b y  th e  n itro u s  acid m e th o d  will 
be described  in  a paper to  follow .

T he N  co n ten t is reduced as a re su lt of the  exchange o f free am ino  groups 
fo r O H  groups in  the  presence o f  n itro u s  acid. N itrous acid tre a tm e n t a t  40° C 
an d  p H  1,8 ap p aren tly  splits o ff ce rta in  lipid and p ro te in  partic les, from  the  
an tigen ic  com plex still held to g e th e r  a fte r  d igestion . T he fac t th a t  th e  an tig en ic  
p ro p e rty  is re ta in ed  a fte r t re a tm e n t w ith  n itrous acid ind ica tes th a t  free am ino 
groups p lay  no role of any  significance in  th is  respect, e ith e r  w ith  th e  O, or w ith  
th e  Vi an tig en . The 4 per cen t N  co n ten t of th e  Vi a n tig en , th a t  is unaffec ted  
b y  tre a tm e n t w ith  n itrous acid , suggests th a t  the  am ino groups are in  secondary  
linkages. T his is in  harm ony  w ith  th e  s ta te m e n t m ade b y  W ebster , F reeman 
an d  Clark [11] th a t the  ace ty l g roups in  the  Vi an tig en  are  b o und  to  am ino 
groups. A secondary  am ine n a tu re  is suggested also b y  th e  h igh so lu b ility  a t 
acid reac tio n , as a resu lt of th e  in c reased  solubility  of th e  given sa lt (hydrochloride) 
o f the  secondary  am ine. E v en  if  Vi an tigen  is considered to  be a po lym eric 
acid  as to  so lubility , its  secondary  am ine n a tu re  p redom ina tes, its  so lu b ility  
be ing  m ark ed ly  decreased a t  n e u tra l  or alkaline reac tio n .

4  A c ta  M icrobiologie« IV /3.
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The steps of the preparation of О and Vi antigen 
(D etoxication and Separation).

Bacterial powder. L iquid  culture or distilled w ater washing of agar culture -j- 2,5 vol. 
' acetone. Standing 20 hours a t  +  4° C. Centrifugation.

'I' Supernatant discarded
A bou t 100 g centrifugate suspended in  600 ml acetone and  centrifuged. Resuspension in 800 ml 
d ry  acetone. Centrifugation. Suspension in 400 m l d ry  ethylether. Centrifugation. Sediment 
in  vacuum  exsiccator for 30 m inutes, dries while homogenized. Keep in brown, tightly  sealed 
flask  w ith  screw stopper.

Y
Crude (mixed) antigen fraction. Fraction 1. Suspend 10 g bacterial powder in 1500 ml 

d istilled  water. Add 0,4 g 1 : 250 U. S. P. trypsin and digest a t pH  8,4 and 37° C. R eadjust 
pH  u n til digestion is com plete and  decrease of pH  ceases. Centrifuge.

4’ Sedim ent discarded
A dd 3,1 volumes of 96 per cen t ethanol to supernatan t to  make an ethanol concentration of 
70 vol. per cent. pH  7,2. Centrifuge. Dry sediment w ith  aceton and ether.

Supernatant discarded

Precipitate F raction  1.

I
Treatm ent with n itrous acid. Dissolve 1 g fraction 1 in 150 ml distilled water. Add 20 

per cen t N aN 02. H eat to  60° C. Add concentrated HC1 to adjust pH  to 1,8. Keep a t 60° C 
for 20 minutes. Cool. Centrifuge.

Supernatant Sedim ent
I

Dry w ith acetone and ether. 
^ Fraction 2

A dd 96 per cent ethanol to  m ake 70 vol. per cent concentration. pH  2,4. Keep a t 1° C for 
60 m inutes. Centrifuge.

Supernatant

I

Sediment
I

D ry w ith acetone and ether 
Fraction 3 (O antigen)

D ry in  vacuo. Extract w ith acetone. Dissolve residue a t pH  2 in 7 ml w ater. Clarify by centri- 
fugation . Add 8 vol. 96 per cen t ethanol. Adjust pH  to  7,6. Centrifuge precip itate and dry it 
in  acetone and ether.

Precipitate 
F rac tion  4 (Vi antigen)

Supernatant discarded
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Sum m ary

A method has been described for the preparation of purified Vi antigen from S. typhi, 
P. ballerup and E. coli, and for the preparation of purified О antigen from S. typhi.

The method involves essentially the following procedure. Acetone-killed and dried bacteria 
are subjected to  trypsinolysis and the О and Vi antigens are separated after trea tm en t w ith 
N aN 02 by alcoholic fractionation. Further purification is effected by repeated trea tm en t w ith 
alcohol and acetone.

The advantages of the method are :
a) The yield in both 0  and Vi antigens is about the double th a t attainable by the m ethods 

hitherto known.
b) P urity , as related to  nitrogen content, of our О antigen preparation is g reater than , 

while th a t  of our Vi preparation is equal to, the best results published up to now.
Paper chrom atography revealed the presence
a) in  the О antigen of glucose, rhamnose, galactose and an unidentified sugar com ponent ;
b) in  the Vi antigen, of gluco- and galacturonic acid.
In  electrophoretic studies the О and the Vi antigen appeared as a single com ponent.
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O F  8 - H Y D R O X Y Q U I N O L I N E  O N  D E R M A T O P H Y T E S
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T he various effects o f quinoline d eriva tives, p a rtic u la rly  of th e  d e riv a tiv e s  
o f  8 -hydroxyqu ino line  (oxine), have  been w idely  s tu d ied . In  v itro , ox in e  is a 
com pound  o f pow erful a n tib a c te r ia l ac tion . I t  is especially  p o ten t a g a in s t G ram 
positive b ac te ria , m uch less so a g a in s t G ram -negative  pathogenic  ag en ts . Con
spicuous for th e ir  g rea t sen s itiv ity  to  oxine are  H . pertussis, and  M . tuberculosis 
[1, 2, 3, 8, 19]. O f th e  fungicidal p ro p e rty  of ox ine  freq u en t use is b e in g  m ade 
in  vario u s in d u stries  and  ag ricu ltu re  [9, 10, 11, 15]. I ts  capacity  to  in h ib it  th e  
grow th  o f  d e rm ato p h y tes  is v e ry  m arked  [16]. I t  is also know n fo r th e  a n ti-  
am oebic ac tion  of its  deriv a tiv es  [17]. F o r its  fu r th e r  effects reference is m ade 
to  th e  w ork  o f H o l l in g s iie a d  [18].

As to  th e  ac tion  of its  m echanism , th e  concep tion  was being p ro p o u n d ed  
for long th a t  w h a t underlied  its  a n tib ac te ria l e ffec t w as th a t  i t  fo rm ed a ch e la te  
rin g  b y  com bin ing  w ith  m eta ls  ind ispensab le  to  th e  m icroorganism s [2, 3]. 
H ow ever, la te ly  i t  has been  estab lished  th a t  sev era l o f its  m etallic  com plexes 
are  m ore efficaceous th a n  oxine itse lf  ; m oreover, th a t  in  th e  absence o f  trace s  
o f m eta l i t  has no an tib a c te ria l effect a t  all [4, 5, 6, 7, 12, 13, 14, 20]. T he p ro b lem  
can b y  no m eans be regarded  as solved since, a p a r t  from  chelate fo rm a tio n , 
th e re  are  a n u m b er of o th e r p ro p erties  (such as th e  ra tio  o f  oxine to  m e ta l, degree 
o f io n isa tio n , s ta b ility  o f th e  chela te  ring , lip oso lub ility , etc.) w hich influence  
th e  an tib a c te ria l effect in  m an ifesting  itself.

Since because o f several o f its  p ro p erties , chiefly toxicological, ox in e  h as  
l i ttle  c la im  to  be used th e rap eu tica lly , we p rep a red  m an y  of its  D eriv a tiv es  an d  
s tu d ied  th em  for th e ir  cap ac ity  to  in h ib it the  g row th  o f D erm ato p h y tes .T h e  o b jec t 
o f o u r p e rta in in g  experim en ts w as to  o b ta in  a derivative  (i) w h ich  is a t  
least as efficaceous ag a in s t fungi pathogen ic  for m an  as oxine itself, o r m ore  so ;
(ii) in  w hich  th e  conditions re la tin g  to  anim al to x ic ity  are m ore fav o u rab le  th a n  
those in  oxine ; (iii) w hich, in  ad d itio n  to  being  fu n g is ta tic , is also fu n g ic id a l in  
its  effect. 5-M ethyl-oxine being  know n to  be h a lf  as p o te n t ag a in st M . tubercu
losis as ox ine, b u t  a t  th e  sam e tim e  to  possess a 7 to  10 tim es lesser m ouse to x i
c ity , we first o f all p rep ared  every  possible C -m ethy l d e riv a tiv e  of oxine [19, 20]. 
T hese d e riv a tiv es  were th e n  exam ined  for th e ir  fu n g is ta tic  and  fung ic idal effect
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on  D erm ato p h y tes , a n d  fo r th e ir  to x ic ity  ; f in a lly , experim ents w ere u n d er
ta k e n  to  approach  th e ir  m ode of action .

A) Preparation and brief description o f the compounds

In  preparing the m ethyl derivatives of 8-hydroxyquinoIine the D o e b n e r  —  M i l l e r  —  
S k r a u p  reaction and B a y e r  synthesis were applied following, in part, prescriptions in the 
lite ra tu re , in part, independent new procedures.

The compounds were purified by means of w ater-vapour distillation and recrystallization 
from alcohol and benzine.

2- M ethyl-8-hydroxyquinoline was built up w ith  D o e b n e r - M i l l e r ’s  reaction from o-amino- 
phenol and croton aldehyde, according to the m ethod described in W e l c h e r ’s Organic Analytical 
R eagents [21]. Yield : 36,5% . M. p.: 74° C. Calculated N : 8,80% ; found : 8,75 % .

3 -  M ethyl-8-hydroxyquinoline was first prepared in  1952 by P h i l l i p s  [22] from  o-amino- 
phenol and metacrylaldehyde. Because of the difficulties encountered in preparing the unsaturated  
in itia l aldehyde, by us th is compound was built up in the reaction m ixture itself w ith  B a y e r  
synthesis from paraform aldehyde and propionaldéhyde. The yield was poor : 2,5% . M. p.: 
112° C. Calculated N :  8 ,8 0 % ; found : 8,78%.

4- M ethyI-8-hydroxyquinoline is obtainable according to B u s c h  and K o e n i n g s  [23] by 
su lphurating  lepidine and pouring alkali. On the evidence of our own experim ents a simpler 
m ethod  to  obtain this com pound, and a better yield, is to  prepare it  from o-aminophenol and 
m ethy lv iny l ketone w ith th e  D o e b n e r — M i l l e r  reaction  (27,6%), or from o-aminophenol, ace
tone , and  paraform aldehyde, w ith B a y e r  synthesis (12,9%). M. p.: 124° C. Calculated N : 
8,80%  ; found : 8,75%.

5- M ethyl-8-hydroxyquinoline was prepared w ith  th e  S k r a u p  reaction following th e  method 
of N o e l t i n g  and T r a u t m a n  [24]. Yield : 29,9%. M. p.: 124° C. Calculated N : 8,80% : found : 
8,75% .

6- M ethyl-8-hydroxyquinoline cannot be synthesized directly. I t  can be prepared in  either 
of tw o ways. One is to carry  a N H , group onto carbon a tom  8 and obtain the phenolic hydroxyl 
by diazotization. This gives the lesser yield and is the m ore protracted procedure [25]. The other 
w ay is to  exchange the sulpho group carried onto carbon atom 8 for an OH group by alkali 
dum ping  [26]. Yield : 3,9% . M. p.: 95° C. Calculated N  : 8,80% ; found : 8,77%.

7- M ethyl-8-hydroxyquinoline was synthesized by  us after N o e l t i n g  and T r a u t m a n  [27] 
w ith  th e  S k r a u p  reaction from the suitable aminocresol and glycerin. Yield : 42,3% . M. p.: 
72° C. Calculated N : 8,80% ; found : 8,80%.

B ) F ung ista tic  effect on D erm atophytes

I n  d e te rm in in g  th e  s ta tic  effect, liq u id  o r solid w ort was used  as th e  n u t
r ie n t  m edium  [28]. I n  so lid  m edium  th e  ex am in a tio n s  w ere carried  o u t w ith  
th e  a g a r-p la te  m e th o d  described  in  an  ea rlie r com m unication  [29]. Spores and 
v e g e ta tiv e  p a rts  o f fu n g i, respectively , w ere ad m ix ed  to  a m easured  am o u n t of 
w o r t  a g a r  th a t  h a d  b een  m elted  and cooled to  45° C. W hen cool, holes w ere driven 
in to  th e  ag ar an d  filled u p  w ith  w ort agar, also  o f  45° C. To th e  ag a r u sed  as a 
fill th e  various C -m ethy l-ox ine derivatives w ere  adm ixed  separa te ly  in  a n  am ount 
o f  2 ,5  / tg in  one series o f  experim en ts, an d  in  a q u a n ti ty  of 25 / tg in  th e  o th e r. In  
a th e rm o s ta t  a t 30° C th e  fu n g i developed in  fo u r days. A sterile  zone w as seen 
to  re m a in , i. e., no fu n g i grew , w here th e  ac tiv e  princip le  diffused from  th e  holes 
in to  th e  su rro u n d in g  ag a r. T he processes a n d  re su lts  of the tw o series o f  ex p eri
m e n ts  are illu s tra ted  in  F ig . 1 and  T able I .
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F ig .  1. Inhibition zone of oxine and its methyl derivatives (25 y/rrd), w ith T .  g y p s e u m

Table I

I n h ib i t io n  z o n e s  p r o d u c e d  b y  m e th y l  d e r i v a t i v e s  o f  8 -h y d r o x y q u in o l in e

D e riv a tiv e

In h ib itio n  zone p ro d u ced  b y  
2,5 ft g  in  m /m

In h ib itio n  zone p ro d u ce d  b y  
25 //g  in m /m

T . g y p seu m E. floccosum M. au d o u in i T . g y p seu m E. f loccosum M. au d o u in i

Oxine ......................................... 13 и 14 50 45 52
2-m ethyl o x in e ........................ - - - - -
3-m ethyl o x in e ........................ - - 11 48 40 50
4-m ethyl o x in e ........................ i6 16 20 52 50 55
5-m ethyl o x in e ........................ 12 12 16 50 48 50

6-methyl o x in e ........................ 14 11 16 48 44 45
7-methyl o x in e ........................ 11 11 11 20 18 22

The ra tes a t  w hich id en tica l am ounts o f ox ine an d  its  m ethy l derivatives 
in h ib ited  grow th in  solid m ed ium  were com pared  in  Trichophyton gypseum, 
Epidermophyton jloccosum, an d  Microsporon audouini, s tra in s . S en sitiv ity  
to  th e  p rep ara tio n s w as th e  h ighest in  M icrosporon, less in  T richophy ton , and  
least in  E p id erm o p h y to n . The ra te s  o f effect o f th e  m e th y l oxines declined in 
th e  following o rder : 4 -m ethy l-ox ine, 5-m ethyl-oxine, oxine, 6-m ethyl-oxine, 
7-m ethvl-oxine. 2 -m ethyl-oxine was en tire ly  devoid  o f effect.
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I n  solid m edium  th e  p re p a ra tio n s  are to  a g rea t e x te n t d ep en d en t for th e ir  
a n tifu n g a l  ac tiv ity  on th e ir  c a p ac ity  to  diffuse. F o r th is  reason  we ev a lu a ted  
th e  s ta t ic  effect in  th e  liq u id  w o rt m edium  as well, using  th e  c u s to m ary  serial 
d ilu tio n  m ethod . I t  w as to  be  expec ted  th a t ,  since in  the  p e rta in in g  ex p erim en ts  
th e  fu n g u s  p a rts  in o cu la ted  w ere com pletely  im m ersed  in  th e  liq u id , th e  p re 
p a ra t io n s  w ould ac t in  low er co n cen tra tio n s. T his is w hy we used  each  p re p a ra 
t io n  in  am o u n ts  from  0,5 /tg /m l to  10 ^g/m l. T he resu lts  are lis ted  in  T ab le  I I .

I n  liq u id  m edium  th e  ra te s  o f effect o f th e  m ethy l-ox ines declined  in  th e  
sam e  o rd e r  as in  solid m ed iu m , m erely  th e  q u an titie s  e lic iting  a fu n g is ta tic  
e ffec t w ere  p ro p o rtio n a te ly  sm aller.

Table II

F u n g is ta t i c  e ffe c t o f  o x in e  a n d  i t s  m e th y l  d e r iv a t iv e s  o n  D e r m a to p h y te s

C o m p o u n d

A m o u n t o f  in h ib ito r t 
in  /ig /m l

ac tio n

T . g y p seu m E .floccosum M . au d o u in i

Oxine ..................................... .. l 0,5 0,5
2-methyl o x in e ........................... 10 > 10 > 10 >
3-methyl o x in e ........................... 2 1 1
4-methyl o x in e ........................... 0,5 0,5 >  0,5
5-methyl o x in e ........................... 0,5 0,5 0,5
6-methyl o x in e .......................... 2 1 1
7-methyl o x in e ........................... 4 4 2

C) Dermatophytocidal action

O f a hom ogeneous spo re  suspension of T. gypseum  grow n on s la n t w ort 
a g a r  a n d  contain ing  w ashed-off v eg e ta tiv e  p a r ts , 0,1 m l was adm ixed  to  5 m l o f 
a n  0 ,5 %  so lu tion  of th e  ox ine an d  th e  m ethy l-ox ines. The whole p rocedure  w as 
c a rr ie d  o u t  in  sterile cen trifuge  tu b es . The tu b es w ere p laced in  th e  th e rm o s ta t  a t  
30° C, a n d  one each was c en trifu g ed  in  15 m inu tes, 3, 6 and  24 h o u rs ,re sp ec tiv e ly . 
T h e  fu n g u s  p a rts  se ttled  w ere tw ice w ashed w ith  sterile  isotonic NaCl, th e re a f te r  
su sp e n d e d  in  2 m l of NaCl. In o cu la tio n s  w ere m ade o f th is  in  s la n t w o rt ag ar and  
liq u id  w o r t  m edium . T he read in g s  were m ade w ith  th e  naked  eye. F o r  contro l 
p u rp o se s  T. gypseum  w as su spended  in  sterile  NaCl. The resu lts  are  p resen ted  
in  T a b le  I I I .  Oxine an d  its  m e th y l derivatives exerted  on T. gypseum  n o t only a 
fu n g is ta t ic  b u t  also a fu n g ic id a l effect. The m ost in ten se  fungicidal ac tio n  w as 
d isp la y e d  b y  the  4 -m ethyl a n d  5 -m ethyl d eriv a tiv es . Spores an d  m ycelia  w ere 
k illed  in  as short a tim e  as 15 m inu tes. As regards effect in ten s ity , th e re  w ere 
no e sse n tia l differences b e tw een  th e  o th e r derivatives.
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Table III

F u n g ic id a l  e ffe c t o f  o x in e  a n d  i ts  m e th y l  d e r i v a t i v e s  o n  D e r m a to p h y te s

In o cu la te d  a f te r  in c u b a tio n  o f

C om pound 1 5 ' 3'* 6«‘ 24'* 15 ' * 6 h 24‘>

on solid  m ed ium in  liq u id  m ed ium

Oxine ............... 9 colonies — — — +  + — _ —

2-methyl oxine 32 colonies 3 colonies 1 colony - +  +  +  + + + + + + +

3-methyl oxine 8 colonies - - - + - - -
4-methyl oxine - - - - - - - -

5-methyl oxine - - - - - - - -

6-methyl oxine 18 colonies - - - +  +  +  + - - -

7-methyl oxine 11 colonies — — — +  +  +  + — — —

ample growth, 
no growth.

D ) Toxicity of the compounds

H aving  show n th a t  o f th e  m ethyl-oxines th e  com pounds m e th y la te d  on 
th e  4 th  an d  5 th  p lace are in ten se ly  fu n g is ta tic  an d  fung ic idal to  D e rm a to p h y te s , 
m uch m ore so th a n  th e  basic  com pound itself, we exam ined  th e  acu te  to x ic ity  
o f these d e riv a tiv es  w ith  a view  to  deciding on th e ir  value for p rac tica l use. 
These exam ina tions w ere m ade in  mice since i t  is com m only  know n th a t  ox ine  
is p a rticu la rly  tox ic  to  th is  anim al species. In  a g roup  of 15 albino m ice o f  an  
average w eight o f 20 g each an im al was in jec ted  subcu taneously  w ith  one o f  
th e  p rep ara tio n s. T he an im als w ere kep t u n d er o b se rv a tio n  for a week, an d  th e  
L D 50 was estab lished  o f each m ateria l. M ost h ig h ly  to x ic  was oxine, less so w ere

Table IV

S u b c u ta n e o u s ly  a d m in is te r e d  d o s e s  o f  m e th y l  o x in e s  a c u te ly  to x ic  to  m ic e

C o m p o u n d
A c u te  to x ic  dose L D S0 g /k g  

b o d y  w e ig h t

Oxine ............................................... 0,1
2-methyl o x in e .............................. 0,25
3-methyl o x in e .............................. 0,25
4-m ethyl o x in e .............................. 0 ,2 5 -0 ,5
5-methyl o x in e .............................. 0,5 —1,0
6-m ethyl o x in e .............................. 0 ,2 5 -0 ,5
7-methyl o x in e .............................. 0,5 —1,0
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th e  2- and  3-m ethyl-oxiiies, these were follow ed b y  th e  4- and  6 -m ethy ls, while 
th e  5- an d  7-m ethyls show ed th e  least to x ic ity . P a rticu la rly  g re a t in te re s t  a t 
ta c h e s  in  th is  respect to  5-m ethyl-oxine, because  i t  very  considerab ly  in h ib ited  
th e  g ro w th  of D e rm a to p h y te s  (Table IV ).

E) Interrelation of constitution and intensity of effect

F ro m  the  fu n g is ta tic  and  fungicidal effects of th e  m ethy l d e riv a tiv es  o f 
o x in e  on D erm ato p h y tes  an d  th e  resu lts o f o u r toxicological s tud ies th e  follow
in g  conclusion can be d raw n  concerning th e  re la tio n sh ip  of effect an d  s tru c tu re . 
W ith  drugs the  genera l experience is th a t  a deriv a tiv e  which is o f g re a te r  effi
c acy  th a n  the  basic  com pound, is also m ore  to x ic  as a rule. W ith  th e  m ethy l 
d e r iv a tiv e s  of oxine th e  s itu a tio n  seems to  be th e  reverse, for in  o u r experience 
in c rea s in g  efficacy goes h a n d  in  h and  w ith  decreasing  tox ic ity . F o r th e ir  in h ib i
to r y  ac tio n  on D erm a to p h y te s  the  p re p a ra tio n s  g rea tly  depend on th e  position  
o f  th e  m e th y l group. I f  th is  group is su b s ti tu te d  on carbon 2 or 7, w hich  are  n ear 
to  su ch  im p o rta n t fu n c tio n a l groups as N  in  th e  nucleus or O H  in  positio n  8, 
th e  a n tifu n g a l ac tion  w ill be  lost or considerab ly  decreased. I t  will be m ost in tense , 
a n d  exceeding th a t  o f th e  basic com pound, i f  th e  m ethyl group is su b s titu ted  
in  p o sitio n  4 or 5, th e  re m o te s t from  N a n d  O H . S u b stitu tio n  on carb o n  a tom  3 
o r  6 w ill resu lt in  an  effect w hich is b e tw een  th e  tw o in  in ten s ity .

F) Experiments to study the mechanism of the mode of action

I n  o u r a tte m p ts  to  disclose th e  m ech an ism  o f th e  d e rm a to p h y to c id a l 
c a p a c ity  o f oxine a n d  i ts  m ethy l d e riv a tiv es  i t  was obvious to  g ive th o u g h t 
to  ch e la te  fo rm ation . T herefore, to  o b ta in  ro u g h  info rm ation  we exam ined  in 
te s t  tu b e s  w hether th ese  com pounds w ere fo rm in g  complexes w ith  th e  follow 
in g  b iv a le n t m etals, v iz ., M n -, F e " , Zn--, Cu--, M g", and  Co--. T he oxine, its 
m e th y l derivatives, a n d  th e  m etals were b ro u g h t toge ther a t  a ra tio  o f  2 to  1, 
on  th e  consideration  th a t  tw o m olecules o f  ox ine are linked b y  one a to m  of 
th e  b iv a le n t m eta l [1]. A coloured, occasionally  a colourless, p re c ip ita te , or o p a
lescence, was observed in  each  and  every  case. In  these  experim ents we re fra ined  
f ro m  de te rm in in g  th e  s ta b ili ty  of th e  ch ela tes. T he re s t of th e  ex p e rim en ta l p ro 
cess w as th e  sam e as th a t  described above in  connection  w ith  ou r in v estig a tio n s 
in to  th e  s ta tic  effect in  solid m edium , y e t w ith  th e  difference th a t  in to  th e  agar 
tw o  holes were d riv en  n e a r  to  each o ther ; in to  one, th e  oxine or i ts  deriva tives 
w ere m easured  ; in to  th e  o ther, so lu tions co n ta in in g  equ ivalen t am o u n ts  of 
th e  m e ta l salts. In  th e  in c u b a to r th ey  w ere free to  diffuse also in  one a n o th e r’s 
d ire c tio n . The fungi once developed, i t  w as fo u n d  th a t  the  M n-, Fe--, Zn--, Cu--, 
a n d  M g" ions, w hich in  th e  am ounts ap p lied  are  n o t fu ng ista tic , h a d  n o t only
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failed to  decrease the  an tifu n g a l ac tion  of oxine and  its  derivatives, b u t  h a d  in 
severa l in stances increased  it . P a r tic u la r ly  in tensified  w as th is  action  in  th e  case 
o f Zn-- and  7-m ethyl-oxine. As seen in  F ig . 2, a p ear-sh ap ed  in stead  o f a c ircu la r

Fig. 2. Co - • inhibits, while Zn • • intensifies the inhibition zone of oxine and its methyl derivatives
with T. gypseum

in h ib itio n  zone was ob ta in ed . I t  looks as if  th e  m e ta l w ere a ttra c tin g  the  ox ines. 
The figure a t  the sam e tim e  shows th a t ,  unlike th e  o th e r m eta ls  stud ied , C o- is a n 
tagon istic  to  the  effect of th e  oxines, since th a t  p a r t  o f th e  ex tin c tio n  rings 
w hich faces th e  hole w ith  Co-- in  i t ,  shapes as if  i t  were c u t off by  a s tra ig h t.
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A s fa r  as Co" d iffuses in to  th e  solid n u tr ie n t  m edium , i t  n eu tra lises  th e  a n tifu n 
g a l a c tiv ity  of th e  ox ines.

The assum ption  ap p ea rs  justified  th a t ,  w hen  diffusing in to  th e  agar, chelate  
com plexes form  a t th e  p o in ts  o f m eeting . F ro m  th is , on the  ev idence o f  ou r experi
m e n ts , i t  follows t h a t  th e  d e rm a to p h y to c id a l effect, too , is due to  th e  m eta l 
ch e la te s  of th e  o x ines, p rov ided  th e  excess of th e  m e ta l is n o t too  g re a t. 
E x p e rim e n ts  are in  p ro g ress  to  verify  th is  a ssum ption  in  an  e x a c t m anner.

As regards th e  m echan ism  o f ac tio n , a v e ry  rem ark ab le  p a r t  is p layed  
b y  Co-- w hich in h ib its  th e  d e rm a to p h y to c id a l effect o f ox ine a n d  its  m e th y l 
d e riv a tiv e s . For, la te ly , i t  has been show n th a t  Co-- is of e m in e n t im p o rtan ce  
to  th e  life-functions o f  th e  cell inasm uch  as i t  p ro tec ts  th e  S H  groups from  
o x id a tio n  [30]. On th e  o th e r  h an d , i t  h as  b een  know n fo r long  th a t ,  in  th e  
p re sen ce  of ce rta in  m e ta ls , oxine is a c a ta ly s t  in  th e  o x id a tio n  process [31] ; 
i t  oxidizes the  SH  g ro u p s in  the  nucleop ro te in s o b ta in ed  from  liver an d  roe. 
S ince  in  our ex p erim en ts  C o- was seen to  w a rd  off th e  a n tifu n g a l ac tion  o f th e  
o x in es , we m ust consider th e  possibility  th a t  oxines and  th e ir  m eta llic  com plexes, 
re sp ec tiv e ly , are to x ic  to  D erm ato p h y tes  fo r th e  reason th a t  th e y  ca ta ly se  th e  
o x id a tio n  of essen tia l ce llu la r ing red ien ts, p r im a rily  those c o n ta in in g  SH group, 
a n d  th a t  Co--, as a n  S H  p ro tec to r, in h ib its  th e  process. In  o u r v iew , th is  p u ts  
fo rw a rd  a more p lau sib le  in te rp re ta tio n  o f th e  m echanism  th a n  a n y  a tte m p t 
a t  c larification  v ia  th e  in h ib itio n  of th e  m e ta l-co n ta in in g  enzym es of th e  
cells.

Summary

1. A previous paper dealt w ith the very m arked capacity of 8-hydroxyquinoline to inhibit 
th e  grow th of D erm atophytes. The present work studies the derm atophytocidal effect of the 
m ethy l derivatives of oxine prepared with a view to  finding a derivative more po ten t than  oxine 
itself, and to examining closely the relationship of mode of action and chelate formation.

2. Studied in T. gypseum , E.ßoccosum, and M . audouini strains, the sta tic  effect was 
practically  nil in 2-m ethyl-oxine, slight in 7-m ethyl-oxine, the most m arked in  4- and 5-methyl- 
oxines, w ith 3- and 6-m ethyl-oxines between the two extremes. The 4- and 5-methyl-oxines were 
fung ista tic  in 0,5 pg/m l concentration.

3. The fungicidal action, too, was the most in tense in  the 4- and 5-methyl oxines. In their 
solutions of 50 mg per 100 m l, T. gypseum  spores and vegetative parts perished as early as in 
15 m inutes.

4. Acute toxicity of th e  methvl-oxines was studied in  albino mice injected subcutaneously 
w ith  th e ir aqueous solution. 5-Methyl-oxine proved to  be the least toxic of the preparations. 
L D so =  0,5— 1,0 g/kg.

5. A close correlation was established to exist between intensity of effect, toxicity, and 
position  of the methyl radical.

6. The presence of Z n - - ,  Fe- - ,  Cu• - , Mn - •, and Mg- • intensifies, while th a t of Co- • 
inh ib its  the derm atophytocidal capacity of oxine and its m ethyl derivatives. The metallic com
plexes assumedly exert the ir fungistatic and fungicidal effect by catalysing oxidation in essential 
cellular ingredients (SH) of fungi pathogenic to man. Co - - , on the other hand, protects SH groups.
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F o r th e  diagnosis of E n terococci various tim e  consum ing biological te s ts  
are req u ired . T heir m icroscopic m orphology  is n o t characteristic  an d  i t  is n o t 
easy  to  d iffe ren tia te  th em  from  th e  m em bers o f th e  Micrococcus g roup  e ith e r  
b y  c u ltu ra l or b y  biological p ro p ertie s . To perfo rm  rou tin e  serological id e n tif i
ca tio n  is also com plicated , th o u g h  th is  m eth o d  seems to  be th e  m ost 
accu ra te .

N um erous m ed ia  have been  recom m ended  fo r th e  cu ltiva tion  o f E n te ro 
cocci. Weissenbach [1] described  in  1918 an  elective m edium  usin g  s te rile  
ox b ile  as an  in h ib ito r . A sim ilar m ed ium  con ta in in g  1 per cent p ep to n e  w as 
in tro d u ced  b y  Baggar [2] who also suggested  a h ea tin g  te s t to  verify  th e  d ia 
gnosis o f E nterococci. F leming [3] found  th a t  th e  E n terococci were able to  grow 
in  th e  presence o f 1:10 000 to  1:15 000 d ilu tions of po tassium  te llu rite  w hich , 
on th e  o th e r h an d , in h ib ited  th e  g ro w th  of G ram  n egative  agents. A so lid  ag a r 
m ed ium  co n ta in in g  te llu rite  w as p rep a red  for th e  cu ltiv a tio n  of E n te rococci by  
H erold [4]. H artman [5] was th e  first to  use a m ed ium  conta in ing  sod ium  azide. 
Chapman [6] pub lished  th e  p resc rip tio n  of tw o m edia for the  iso lation  o f  S tre 
p tococci. T he m edium  con ta ined  sodium  te llu rite , t ry p a n  blue and c ry s ta l v io le t. 
On th is  m ed ium  Streptococcus salivarius develops b lue, and  E n terococcus brow n 
colonies. L itsky et al. [7] observed th a t  th e  g row th  o f B. subtilis and  S ta p h y lo 
coccus w as in h ib ited  by  an  1 :800 000 d ilu tion  of c ry s ta l v io let or by  an  1 : 1200000 
d ilu tio n  o f  e th y l v io le t, while u n d e r th e  sam e conditions E nterococci grew  well. 
Mallman el al. described a m ed iu m  con ta in in g  e th y l v io let and  so d ium  
azide fo r th e  iso la tion  of E n te ro co cci from  w a te r  sam ples. A m odifica tion  
o f th is  m ed ium  an d  its  use in  H u n g a ry  has been recen tly  described  by  
Gregacs [8].

O ur aim  w as to  avoid  th e  ted io u s and  difficult biological te s ts  in  th e  
id en tifica tio n  of m icroscopically  an d  cu ltu ra lly  E nterococcus-like o rgan ism s, 
by  p rep a rin g  a new  elective m ed ium . The p re p a ra tio n  o f a m edium  su itab le  
fo r d ire c t iso la tio n  o f  E n terococci w as n o t endeavoured , b u t th ey  h a d  to  be 
d iffe ren tia ted  especially  from  Streptococcus haemolyticus and  th e  viridans 
group.
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P reparation  o f th e  m edium

A fter num erous a tte m p ts  m edium  67 (E 6 7 ) was found  to  be th e  b est. 
I t s  com position  is as follow s. D istilled w a te r , 1000 m l ; agar-agar, 1,7 p e r cen t; 
p e p to n e , 1,0 per c en t ; NaCl, 0,3 per cen t ; N a 2H P 0 4 • 12H aO, 0 ,4  p e r  cen t ; 
y e a s t  e x tra c t, 1,0 p e r  c en t ; N  N aO H , a b o u t 8— 10 ml. The m ix tu re  is boiled 
in  a n  au toclave a t  1 a tm . pressure for a b o u t 30 m in u tes . S ubsequen tly  th e  p H  
is  a d ju s te d  to  7,3 a n d  th e  following in g red ien ts  a re  added. Sodium  tau ro ch o la te , 
0,5 p e r  cen t ; 0,1 p e r  c en t so lu tion  of c ry s ta l v io le t (G rübler), 5 m l ; dex trose, 
1,0 p e r  cen t. This m ix tu re  is th en  ste rilized  b y  steam  in an  A rnold  a p p a ra tu s  
fo r  a n  ad d itio n a l 30 m in u te s . A fter cooling to  45° C, 5 m l of a 1,0 p er cen t 
p o ta ss iu m  te llu rite  so lu tio n  is added. T he m ed iu m  is now  th o ro u g h ly  m ixed  
a n d  poured  in to  P e tr i  d ishes.

R esults

T he m edium  w as te s te d  for e lec tiv ity  u s in g  th e  LDC 1 s tra in  o f E n te ro 
coccus (ob tained  from  th e  In s ti tu te  of E p id em io lo g y  and  M icrobiology, P rague), 
a  ro u tin e ly  iso la ted  s tr a in  o f E. coli, a Streptococcus haemolyticus s tra in  an d  a 
Staphylococcus aureus s tra in . O f the  above s tra in s  only  the  E n terococcus devel
o p ed  in  24 hours dew -drop-like colonies 1— 2 m m  wide, w ith  a slig h tly  reducing  
b lu ish -b lack  cen tra l a rea . None of th e  o th e r  s tra in s  exhib ited  g row th  a fte r 
48 h o u rs  of in c u b a tio n  a t  37° C. R esults o b ta in e d  b y  inocu la ting  d iffe ren t b a c 
te r ia  on  our m ed ium  are  p resen ted  in  T ab le  I .

T he p rac tica l v a lu e  o f  th e  m edium  is n o t  dim inished b y  th e  fa c t th a t  
th e  P ro teu s  group is ab le  to  grow on i t  (in  th e  fo rm  of 2— 3 m m  w ide convex 
co lonies w ith  irreg u la r m arg in  and  of a b ro w n ish -b lack  colour caused b y  red u c 
tio n )  as th is  group h as  no im portance fro m  th e  p o in t o f view  o f d iffe ren tia l 
d iag n o sis . C ertain  p ro b lem s in  connection w ith  th e  grow th of th e  M icrococcus 
g ro u p  will be d iscussed  la te r.

M edium  E67 is rendered  elective b y  co n ta in in g  p o tassium  te llu rite , 
so d iu m  tau ro ch o la te  a n d  c ry s ta l violet. The g ro w th  of G ram  n egative  bacilli is in 
h ib ite d  b y  th e  p o tass iu m  te llu rite , th a t  of th e  Str. haemolyticus group and  the  
b ile  susceptib le  m em bers o f  th e  Str. viridans g roup  b y  th e  tau rocho lic  acid, 
w hile  M icrococci w h ich  h av e  a certa in  d iffe re n tia l d iagnostical im p o rtan ce  are 
in h ib ite d  b y  the  c ry s ta l  v io le t. E nterococci g rew  well in  th e  presence o f these 
su b stan ces .

O ur n ex t p u rpose  w as to  com pare th e  re su lts  o b ta ined  w ith  those  o f th e  
b io log ica l te s ts  com m only  used  in  the  id e n tific a tio n  o f E nterococci. One h u n d red  
s tra in s  iso lated  from  d iffe ren t samples w ere te s te d  a ltogether. The s tra in s  were 
id en tified  by  F u l l e r ’s serological m ethods u s in g  p rec ip ita tin g  im m une sera 
p re p a re d  in  our la b o ra to ry  w ith  the  LD D 76, D 39457, R D F78 an d  LDC1 stra in s
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Table I

Growth of different bacteria on the E67 medium

N u m b e r of 
»tra ins 
tes ted

N a m e  o f  th e  organism G row th

Enterococci
8 2 Streptococcus fa e c a l is .................................................. +

1 2 ,, liquefaciens ......................................... +
2 ,, zym ogenes............................................ +

Other bacteria
1 0 Streptococcus pyogenes haemol. group ................ -

45 ,, v iridans group..................................... -

1 „  l a c t i s ..................................................... -
1 ,, c re m o ris ............................................... -
4 Pneumococcus ............................................................... -

1 0 Staphylococcus aureus ............................................. -

2 0 Other micrococci ......................................................... ±
1 0 Corynebact. d ip h th e r ia e ............................................. -
1 0 Other Corynebacteria ................................................. -
1 0 S. t y p h i ........................................................................... -

1 0 Other S a lm o n e lla e ........................................................ -
1 0 Sh. sonnei ....................................................................... ■ -
1 0 Sh. p a rad y sen te riae ...................................................... -

2 0 E. coli .............................................................................. -
1 0 Proteus ............................................................................. +

o f the  ty p e  s tra in  collection in  P rague . In  the  p re c ip ita tio n  te s ts  a s tra in  o f  th e  
Str. haemolyticus group was u sed  as control ; i t  gave in v a ria b ly  nega tive  re su lts . 
T he com m only used bio logical te s ts  were also p erfo rm ed  w ith  each  s tra in . 
A ccording to  th e  resu lts, th e  incidence of th e  d iffe ren t ty p es am ong ou r s tra in s  
w as as follows. Sir. faecalis, 82 ; Sir. liquefaciens, 12 ; Str. zymogenes 2 ; no Sir. 
dur ans was found .

Table I I  p resen ts the g ro w th  characteristics o f th e  E nterococci on m edium  
E67, as com pared  to  the re su lts  of the  biological an d  serological te s ts . O u t of 
th e  98 s tra in s , 97 exhib ited  ty p ic a l colonies on o u r m ed ium  a fte r 24 h ours of 
incubation , w hile one grew o n ly  a fte r 48 hours. A ll th e  97 s tra in s  b u t tw o could 
be identified as typ ica l E n te rococci also in  th e  b io logical te s ts . One o f th e  n o n 
ty p ica l s tra in s  survived 60° C only for 20 m in u te s  an d  did  n o t grow on  m ilk 
m edium  co n ta in in g  0,1 per c e n t  m ethylene b lue, th o u g h  as i t  had  th e  serological 
charac teristics o f the  group D  of Enterococci i t  h a d  to  be looked up o n  as an  
E nterococcus. T he o ther s tr a in ,  while show ing ty p ic a l grow th charac teris tics

О Acta Microbiologies IV/3.
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Table II

Growth of Enterococci on E67 medium as compared with the biological and serological tests

B iological S ero log ical E 67 m ed ium
T o ta l

te s t s g ro w th no g ro w th

positive positive 84 l* 85
positive negative 11 - 11
negative positive 1 - 1
negative negative I 2 3

Total 97 3 100
total positive 95 1 96

to ta l positive . 85 1 86

* This strain grew on E67 m edium only after 48 hours of incubation.

o n  o u r  m edium , could n e ith e r  serologically  n o r biologically be iden tified  as an  
E n te ro co ccu s . E leven  s tra in s  could n o t be  p rec ip ita ted  b y  o u r im m une  sera.,, 
th u s  th e y  could n o t be reg a rd ed  as m em bers of th e  D group . W e assum e th a t  
o u r  im m u n e  sera m igh t n o t co n ta in  all th e  hom ologous an tib o d ies , as the  type 
specific  C substance is n o t q u ite  th e  sam e in  all s tra in s.

A s i t  was proved  b y  th e  above stud ies th a t  organism s w ith  E n terococcus
like m icroscopical and  colony m orphology can  be identified sim ply  b y  cu ltiv a tin g  
th e m  o n  E67 m edium , we cou ld  fu r th e r  om it all the  d ifferen t bio logical te s ts . 
T h e  o n ly  problem  w as th a t  som e m em bers o f th e  Micrococcus g roup  are  able 
to  g ro w  on th is m edium  to o  an d  th o u g h  th e  developm ent o f th e ir  colonies is 
so m e w h a t inh ib ited  th e y  do n o t have  fea tu res  sufficiently ch a rac te ris tic  fo r 
d iffe re n tia tio n  from  E n tero co cci. A sim ple m eth o d  was th u s  need ed  to  id en tify  
th e  M icrococci ev en tua lly  grow n on th e  m edium . The w ell-know n ca ta lase  te s t  
w as chosen . A fter te s tin g  sev era l h u n d red  s tra in s  i t  was found  b y  I sa a c s  and  
S c o u l l e r  [9], th a t  all th e  M icrococci are  ca ta lase  positive w hile none o f the  
S tre p to c o c c i (pyogenes or v irid an s), Pneum ococci and  E n tero co cci gave a  
p o s itiv e  reaction . A su ffic ien tly  accu ra te  d ifferen tia l diagnosis could  th u s  be 
m ad e  b y  inoculating  th e  suspec ted  s tra in  to  m ed ium  E67 and  b ro th  an d  obser
v in g  th e  colonies and  p erfo rm in g  th e  ca ta lase  te s t  a fte r 24 hours.

Sum m ary

1. A n elective medium was prepared for the identification of Enterococci.
2. Single members of the Micrococcus group which are able to grow on our medium, 

can easily be differentiated by the catalase test.
3. The use of the medium allows to  om it all the  biological test commonly used in the 

diagnosis o f Enterococci.
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T he know n p a tte rn s  of le th a l b iosyn theses occurring  in  Bacillus rnega- 
terium  m ight be classed in to  th ree  ca tegories. The best s tud ied  o f th ese  classes 
com prises the  lysogeny  and  the  lysis  o f  sensitive b ac te ria  b y  phages. D efective 
lysogenic s tra in s  due  to  an a b n o rm a lity  of p rophage can be considered  as an  
a n o th e r  su b jec t o f le th a l b iosyn theses in  th is  m icroorganism . S tra in  91(1) 
described  b y  L w o f f  and  S im in o v it c ii  (1952) is a well know n re p re se n ta tiv e  of 
th is  class. As i t  h as  been described , th e  y o ung  cu lture  of s tra in  91(1) lyses 
a f te r  irrad ia tio n  w ith  a ligh t dose o f  U V  lig h t w hen it  is re in cu b a ted , a ltough  
th e  lysis of cells is n o t associated w ith  p ro d u c tio n  of infective ph ag e  partic les. 
O n th e  o ther h an d , in  exponen tia lly  grow ing cu ltu res of s tra in  91(1) one phage 
p a rtic le  is found  fo r 1000 b ac te ria .

L w o f f  (1954) in  his excellen t m onograph  assum es th a t  p ro p h ag e  is also 
th e  p o ten tia l le th a l fac to r in  s tra in  91(1) b u t  th e  lysis of cells a f te r  ir ra d ia tio n  
is due  to  th e  a b o rtiv e  m a tu ra tio n  o f  p rophage . In  discussing th e  a b o rtiv e  phage 
developm ents, he w rites : “ B eh av io u r o f 91(1) provides a b rid g e  betw een
le th a l actions due to  th e  developm ent o f  a phage and  the  p ro d u c tio n  o f  bacterio - 
c in s” . This sen tence  can be reg a rd ed  as a p red ic tion  of th e  o b se rv a tio n  ( I v a n o 
v ic s  and  A l f ö l d i , 1954, 1955) we h av e  recen tly  m ade on som e p a r tic u la r  
s tra in s  of Bacillus megaterium (s tra in s  216 an d  119). W hen you n g , ex p o n en tia lly  
grow ing  cu ltu res o f these s tra in s  are  ir ra d ia te d  w ith  UV lig h t, th e  cells are 
ly sed  a t  re in cu b a tio n  a fte r a c e r ta in  period  of grow th, b u t  in s te a d  o f phage 
p ro d u c tio n  a p ro te in -like  su b stan ce  possessing a n tib ac te ria l a c tio n  on certa in  
organism s accum ulates in th e  ly sa te .

A s tu d y  on th e  effect o f ir ra d ia tio n  an d  its  consequence in  Bacillus mega
terium  s tra in  216 revealed th a t  th e  ch a rac teris tic s  of grow th u n d e r th is  condition , 
th a t  is in  th e  “ induced  s ta te ” , is rem in iscen t of th a t  of some in d u c ib le  lysogenic 
Bacillus megateruim  s tra ins. T h e  lysis o f bac te ria , th e  cy to log ica l even ts 
in  cells o f s tra in  216 are s tr ik in g ly  sim ilar to  tho se  o f  lysogenic 
s tra in s . These fac ts, therefo re , suggest a genetical in te rre la tio n  betw een 
m egacinogeny an d  lysogeny in  Bacillus megaterium (Iv a n o v ic s  a n d  A l f ö l d i , 

in  th e  press).
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O ur several a t te m p ts  have so fa r fa iled  to  d em o n stra te  th e  presence o f 
in fec tiv e  phage p a rtic le s  e ith e r in  ex p o nen tia lly  grow ing cultures or in  ly sa tes 
o f  s tra in  216. T hese experim en ts w ith  n eg a tiv e  re su lts  were, how ever, n o t 
considered  to  he decisive because of techn ica l d ifficulties involved b y  th e  p re s 
ence of m egacin. T h is  a n tib a c te ria l su b stan ce  m ig h t nam ely  in terfere  w ith  th e  
dem o n stra tio n  o f a v e ry  low  phage production  b y  p rev en tin g  the  grow th of phage- 
sensitive  in d ica to r b a c te r ia  in  th e  te sts . I t  seem ed, therefo re , necessary to  check 
o u r previous re su lts  u n d e r  m ore s tr ic t e x p e rim e n ta l conditions in  o rder e ith e r 
to  d em onstra te  th e  ly sogeny  of this s tra in  or to  exclude i t  w ith  absolute c e rta in ty  
even i f  phage p ro d u c tio n  in  th is  s tra in  is ex trem ely  low. Some observations m ade 
d u rin g  cu ltiva tion  a n d  e lec tron  m icroscopic ex a m in a tio n  of th is s tra in  are also 
inc luded  in  th is re p o rt.

M aterial and m ethods

Bacterial strains. The significant characteristics of Bacillus megaterium strain 216 have 
already been given in  our earlier publications. The stra in  has been maintained by m onthly 
transfer on YDC slant agar.

A number of phage sensitive Bacillus megaterium strains were also included in these 
experim ents. These stra ins originated from den D ooren d e  J ong’s ( 1 9 3 1 )  studies. Strain 3 3 7 6  
(asporogeneous) has been obtained from Prof. W elshimer’s laboratory (Richmond, Virginia), 
a stra in  designated “ sensitive”  was sent by Prof. Cowles (New H aven, Conn.). This la tte r strain is 
a descendent of strain 3 3 8 6  isolated by den Dooren d e  J ong. T w o  further phage sensitive strains 
were also used ; strain  “ m u tila te”  was obtained from the In s titu te  Pasteur (Paris), and strain 
KM was kindly sent to  us by Dr. Weibull (Uppsala). This la tte r  strain has been extensively 
studied by N orthrop ( 1 9 5 2 ) .

An R -variant of stra in  “ m utilate”  highly sensitive to  megacin bu t completely resistant 
to  megaterium phages has been used to assay megacin selectively (Ivánovics, Alföldi and Szell : 
to be published). A chrom ogenous coccus recently isolated by us from air, identified as Micro
coccus aurantiacus (Ivánovics, A lföldi and Ábrahám, 1955) was also used for this purpose. 
Taking advantage of the resistance of strain “ coccus 9”  to m egaterium  phages, it has been suc
cessfully applied as a selective indicator of megacin.

Megaterium phages. A paper to be published (Ivánovics, A lföldi and Széll) will give 
particulars concerning th e  phage strains W, and M5 included in the present studies.

Composition and preparation of media. FGG medium is a synthetic nutrient solution (Ivá
novics and Alfö ldi; in the press).

Y P  medium (yeast ex trac t pepton medium). One kg of baker’s yeast was suspended in 
5 litres of distilled w ater and  heated  in an autoclave to 120° C for 30 min. The suspension was 
cooled, centrifuged and filtered through an asbestos pad. Ten g of W itte pepton and 5 g of sodium 
chloride were dissolved in 200 ml of yeast extract, were m ade up to 1 litre and the pH  was 
adjusted  to 7,2. Sterilisation was made at 120° C for 30 min.

YDC  medium (yeast ex trac t and digested casein medium). This nu trient has been described 
as medium-9 in one of our previous paper (Ivánovics and A lfö ld i, 1955). Five g of enzymically 
digested casein (Proteolvsate, Mead Johnson & Co.) was dissolved in 200 ml of yeast extract 
obtained by autoclave trea tm en t. The volume was made up  to  1 litre ; the pH was adjusted 
to  7,2.

YC  medium (yeast ex trac t and acid hydrolysed casein medium). Hundred ml of yeast 
ex trac t prepared according to  Lw off and G u t m a n  was m ixed w ith 5 0  ml of casein acid hydro
lysate and w ith 2 0  ml of Sorensen phosphate buffer of pH  7 , 2  ( 0 , 0 7  mol). The mixture was made 
up to  1 litre, and its pH  was ad justed  to  7 ,2 .

The casein hydrolysate used in this medium was prepared as follows. Hundred g of 
casein were suspended in  500 m l of 20% (w/v) hydrochloric acid and boiled on a sand bath  for 
24 hours. The residue of syrupous consistency obtained after evaporation of the hydrochloric 
acid under reduced pressure was dissolved in 200 ml of distilled w ater. After partial neutralization
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the pH  was adjusted to  3,4 and the volum e m ade up to 1 litre. By repeated N orit treatm ent 
a w ater-clear filtrate was obtained which w as stored under toluene.

The nutrient solutions were converted in to  solid media by adding 15 g of agar-agar per litre.
Cultivation o f bacteria in liquid media. 15 to  20 ml of medium in an Erlenm eyer flask 

of 100 m l were inoculated and aerated by gentle shaking a t 35° C. The growth of liquid culture 
o r the thickness of bacterial suspensions w ere measured with an “ O riphot”  (Budapest) micro
photom eter with a photoelectric vacuum cell. Measurements were carried out in a circular test 
tube 15 mm in diam eter. Optical density w as determined by the logarithmic value of the ratio  
between incident and transm itted light.

Cultivation of bacteria in soft agar layer has been carried out as recommended by Gratia 
(1936) for assaying phages. 0,8 ml of various dilutions of the m aterial to be tested was mixed 
w ith  0,2 ml of indicator suspension (optical density  0,4) ; 1 ml of melted agar was added to it 
and  poured on the surface of an agar p late.

Irradiation o f bacterial culture. E xponentia lly  growing culture in liquid medium was 
poured in Petri dishes in  a layer not more th a n  2 to 3 mm thick and irradiated w ith UV light 
while the  vessel was gently  swirled by hand . A “ H anau” high pressure m ercury lamp served 
as the source of UV light. Further details are found in our earlier paper (Ivánovics and 
Alfö ldi, 1955).

Electron microscopic examination. P repara tion  of material for electron microscopic studies 
was m ade with K ellenberger’s (1952 ; 1954) technique. Nitro-cellulose dissolved in amyl
acetate  (0,1%) was poured on the surface o f agar plates in Petri dishes. The solution was drained 
o ff  and the plates dried. The material u n d er investigation was sprayed on the surface of collo
dion membrane (Lovas, 1956), and fixed w ith  formalin vapour. The preparations were shadowed 
w ith gold. A TTC electron microscope was used for examining the specimens.

E xperim en ta l

Examination o f culture and lysates o f Bacillus megaterium strain 216 for  
the presence o f infective phage particles. E xperim en ts have  been  carried  o u t in 
tw o lines : e ith er cen trifuga te  of ex p o n en tia lly  growing cu ltu res or th a t  of ly sa tes 
o f  U V  irrad ia ted  cells were the s u b je c t o f these in v estiga tions. E ffo rt w as also 
m ad e  to  assay as g re a t an  am ount as possible o f these m a te ria ls . M egacin, being 
u su a lly  presen t in  th e  ex trac t of c u ltu re s  or in the  lysa te  o f cells, exerted  a certa in  
a n tib a c te ria l e ffec t on the b a c te ria  used as ind ica to r organism s for de tec tin g  
pha  ge. To c ircu m v en t th is u n to w ard  effect of m egacin on assay ing  phages, the  
p ro tein -like m egacin  was destroyed  b y  try p sin  tre a tm e n t. A n a liquo t e ith e r  of 
cen trifu g a te  or t h a t  o f lysate of s t r a in  216 was d ilu ted  w ith  an  equal vo lum e of 
p h o sp h a te  buffer o f  pH  8, then  a h ig h ly  purified com m ercial p rep a ra tio n  o f t r y 
psin  was added to  i t  in  a co n cen tra tio n  of 0 ,1% , and  in cu b a ted  a t  37° C for 7 
ho u rs . Various am o u n ts  of either try p s in ized  or u n tre a te d  m a te ria l to  be te s ted  
fo r th e  presence o f  phage were m ix ed  w ith  a suspension o f in d ica to r  b ac te ria . 
T h e  volum e in  each  tube was m a d e  up  to  1 ml w ith  saline. A fte r ad d in g  an  
eq u a l volume o f m elted  Y P agar to  the  tubes, th e ir  co n ten t was layered  in d iv id 
u a lly  on YP a g a r  p lates. Thus th e  final concen tration  o f ag a r d id  n o t exceed 
0 ,7 % . The su rface o f a dense law n  o f bac te ria l g row th  was exam ined  for the  
presence of p hage  plaques. No p h a g e  plaque was, how ever, found  on p la tes  
inocu lated  w ith  e ith e r  ex trac t o f  exponen tia lly  grow ing cu ltu re  or ly sa te  of 
irra d ia te d  cells. T he results o f  these  investiga tions are  sum m arized  in 
T a b le  I.
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Table I

Assaying of lysates and centrifugates of cultures of Bacillus megaterium strain 216
for the presence of phage

A liquots of centrifugates of exponentially growing cultures and th a t of lysates obtained by induc
tion  of the strain w ith  UV irradiation were layered w ith phage-sensitive indicator bacteria 
in to  soft Y P agar. The am ount of samples tested  varied from 0,001 to 0,01 ml in the case 

o f no t treated , and  from  0,25 to 0,5 m l w ith trypsinized m aterial for each agar plate

E x p e r im e n t M a te r ia l  a n d  i t s  t re a tm e n t I n d ic a to r  s tra in

A m o u n t o f  m a te ria l n o t  
show ing  p h ag e  ac tio n  and  

th e  n u m b er  o f b a c te r ia  
co rresp o n d in g  to  i t

V ol. o f 
m a te ria l  

m l

N u m b , o f 
corresp . 
b ac t.*

i Centrifugate of b ro th  c u ltu re ............. 337b 0,03 6 • 106
Centrifugate o f YC c u ltu re ................. 337b 0,05 2 • 105

ii Trypsinized l y s a t e .................................. 337b 0,7 7 • 107
KM 0,7 7 • 107

“ sensitive” 0,7 7 • 107
iii Centrifugate of YDC culture after 

trypsinization ....................................... 337b 1,25 7,7 ■ 10s
KM 1,25 7,7 • 108

“ m utila te” 1,25 7,7 • 108

* Estim ated by  haem ocytom eter count.

A lthough  a n u m b e r o f  d ifferen t in d ic a to r  s tra in s  h ig h ly  sensitive to  m ega
te r iu m  phages w ere u sed , n o t  even a single p laq u e  could be observed  b y  exam in 
in g  ly sa tes  or cen trifu g a tes  o f s tra in  216. W e failed  to  d e te c t in fective phage in  
th e  cen trifu g a te  o f e x p o n en tia lly  grow ing cu ltu re  even if  an  am o u n t correspond
in g  to  2 • 109 cells b efo re  sed im en ta tio n  h a d  b een  p la te d . T he negative  resu lt o f  
su ch  m agn itude  m ak es i t  h igh ly  im probab le  t h a t  an y  p hage  p roduction  would 
occu r in  th e  grow ing cu ltu re  of s tra in  216. In  accordance w ith  th is , th e  lysa tes 
o f cells ob ta ined  a f te r  U V  induc tio n  also ap p eared  free o f a n y  phage partic le . 
A n  am o u n t of ly sa te  d e riv ed  from  2 • 108 cells form ed no p laq u e  w hen i t  w as 
c u ltu re d  w ith  a sen s itiv e  b ac te ria l suspension.

In  order to  exclude  a n  even tu a l deleterious effect o f t ry p s in  tre a tm e n t on 
m eg a te riu m  phages, co n tro l experim ents w ith  ly sa tes  co n ta in in g  M15 M5 or W  
p hages were m ade u n d e r  id en tica l cond itions. In  these  con tro l te s ts  no change 
w h a te v e r  of phage t i t r e  appeared . This fa c t in d ica tes  th a t  th e  negative  resu lts  
o f assays m ade w ith  m a te r ia l  derived from  s tra in  216 can n o t be ascribed to  a 
p o te n tia l  in a c tiv a tio n  o f  phage.

Phenomena reminiscent o f phage action occurring in  cultures o f Bacillus 
megaterium strain 216. I n  co n tra s t w ith  o u r unsuccessful efforts to  de tec t lyso
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geny in  s tra in  216, some p a r tic u la r  p henom ena h ighly  rem in iscen t o f  p h ag e  
ac tio n  w ere several tim es observed w hen  the s tra in  w as cu ltiva ted  u n d e r v a rio u s  
exp erim en ta l cond itions. A sh o rt a cco u n t of these  observations is re p o r te d  
below .

A  s trik in g  fea tu re  of the  colonies o f  s tra in  216 appeared  som etim es w hen 
a y o u n g  cu ltu re  o f i t  in  FGG m ed ium  w as ir ra d ia te d  w ith  UV lig h t a n d  p la ted  
on YC agar. F ig . 1 dem onstra tes a ty p ic a l ap p earan ce  of the  phenom enon. A p a r t  
from  th e  colonies o f norm al appearance , th e re  w ere also a num ber o f irreg u la r , 
p a r tly  lysed, colonies, w ith  either th e  cen tre  or th e  m arg in  “ n ibbled” . T he “ n ib b le d ”  
ap p earan ce  of colonies of various b a c te r ia  is know n since long and  is a t t r ib u te d  
to  ph ag e  ac tion .

T he appearance  of these ab n o rm a l colonies urged  us to  check th e  possib le 
presence of phage in  them  a lth o u g h  th e  experim en ts discussed above d id  n o t 
su p p o rt th is  possib ility . T herefore, ag a r cu ltu res conta in ing  a considerab le  
n u m b er of “ n ib b led ”  colonies w ere w ashed  off w ith  5 m l saline each . T h e  su s
pension  of b a c te ria  th u s o b ta ined  w as cen trifuged , aliquots o f its  s u p e rn a ta n t  
in  w hich  only few cells were left w ere m ixed  w ith  in d ica to r b ac te ria  an d  lay e red  
in to  so ft Y P  ag ar. F ig . 2 shows th e  ap p earan ce  o f such a cu ltu re . A s seen , a 
n u m b er of colonies surrounded  b y  a bac te riu m -free  halo  is appearing  in  th e  law n 
o f in d ica to r  b a c te ria . Beside these , a few p laques w ith o u t cen tra l colony a re  also 
seen. The s trik in g  sim ilarity  of th ese  bac te riu m -free  areas to  p laques cau sed  by  
v iru le n t phages w as, however, n o t in  accordance w ith  our failure to  su b cu ltu re  
th em , even i f  d iffe ren t highly p h ag e  sensitive Bacillus megaterium s tra in s  were 
used  as ind ica to rs .

Since th e  o rig in  of the bac te riu m -free  areas rem iniscent o f p h ag e  p laques 
c a n n o t be a t tr ib u te d  to  infective phage, i t  w as supposed th a t  these  are  d u e  to  
th e  effect o f m egacin  which is fo rm ed  w hen th e  grow th of m icrocolonies of 
m egacinogenic b a c te r ia  is tu rn e d  in to  lysis d u rin g  th e ir  deve lo p m en t. This 
a ssum ption  w as supported  b y  ex p erim en ts  in  w hich ind ica to r s tra in s  en tire ly  
re s is ta n t to  m egaterium  phages y e t  h igh ly  sensitive to  m egacin w ere  used. 
E ith e r  an  R  v a r ia n t  of Bacillus megaterium (s tra in  “ m u tila te  C” ) o r s tra in  
“ coccus 9”  fulfilled th is req u irem en t.

E x p erim en ts  carried  ou t w ith  th ese  p a r tic u la r  ind ica to r s tra in s  i llu s tra te  
from  a d ifferen t angle the co n d itions w hich are  governing th e  fo rm a tio n  of 
p laque-like a reas. I t  was observed  th a t  th e  occurrence of p laque-like  changes 
depended  on th e  physiological s ta te  o f cells o f s tra in  216, on th e  com position  
o f ag a r m edia used  for cu ltiv a tin g  m egacinogenic bac te ria , as well as on  th e  w ay 
o f p la tin g  th e  cells. Only a sm all percen tag e  o f  cells o f s tra in  216 are  cap ab le  of 
form ing  colonies w hen  th ey  a re  p la te d  on th e  surface of Y P  ag ar. G enera lly , 
som e factors unfavourab le  for colony fo rm atio n  are  prom oting  th e  ap p earan ce  
o f  p laque-like changes. Tables I I  and I I I  are  giving some idea  a b o u t these 
fac to rs .
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Fig. 1. 44Nibbled,” colonies o f Bacillus megaterium strain 216 on YC agar. Fig. 2. Centrifugate 
of suspension of 44nibbled” colonies after explanHng with phage sensitive bacteria into soft Y P  agar 
Figs. 3 and 4. Colonies and plaque-like area of Bacillus megaterium strain 216. A young culture 
of stra in  216 grown in YDC m edium  was exposed to  UV light for 25 sec. A 10—4 dilution of 
this culture was explanted in  the presence of phage res is tan t bacteria (R varian t of Bacillus 
megaterium) into YP agar layer. Fig. 3 : Explantation im m ediately after irradiation. Fig. 4 : 

E xp lan ta tion  after 60 m inutes reincubation
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T ah ié  I I  shows th a t  only a b o u t 0 ,01%  o f the  cells of s tra in  216 p la te d  on 
the  su rface of Y P  ag ar is capable  o f  fo rm ing  colonies. F u rth erm o re , th e  n u m b e r 
of colony-form ing u n its  on th e  o th e r  tw o agar m edia are nearly  id en tica l w ith  
the h aem o cy to m eter count of b a c te r ia l chains. T he haem ocy tom eter c o u n t is 
also ap p ro x im a ted  by  the  n u m b er o f colony form ers even in  Y P  m edium  w hen 
th e  cells are n o t p la ted  on th e  su rface  of m edium  b u t are poured  in  so ft ag a r 
layer. In  ad d itio n , th ere  is no sign ifican t difference in  th e  n u m b er o f  colony 
form ers w hen th e  cells are e ith e r  p la te d  or layered  in  b o th  YC and  YD C ag a r.

As a lread y  s ta te d , an ap p ro x im a te ly  equal num ber of colonies w as found  
in  d iffe ren t m edia , even in  Y P  ag a r, when in s tead  of p la tin g  a lay erin g  o f  cells 
was m ade. This fac t suggests e ith e r  a sp aring  effect of the  sem i-anaerobic cond i
tio n  ex is tin g  in  th e  to p  agar lay e r on th e  cells o f s tra in  216 w hich a t  th e  tim e  of 
e x p la n ta tio n  are  a lready  in  an  in d u ced  s ta te , o r th e  cells o f m egacinogenic b ac 
te ria  are  becom ing liable to  lysis w hen  th e y  are p la ted  on th e  surface o f Y P  agar.

Table II

Explanting of cells of Bacillus megaterium strain 216 either on the surface [of agar plates
or into top agar layer

A young culture of strain 216 obtained in FGG synthetic medium (optical density, 0,2 ; haemc* 
cytom eter count, 3 • 107/ml), was diluted and 0,1 ml of each dilution plated on agar. Simul
taneously, 1 ml of each dilution was incorporated into soft agar either with or w ithout ind i
cator bacteria. The indicator strain used in  this experiment was a phage resistant Bacillus 
megaterium strain (“ mutilate-C” ). The counting of colonies with a bacterium  free halo and 

th a t of plaque-like area, was made after incubation for 20 hours.

W a y  o f e x p la n ta tio n

T o ta l  n u m b e r  o f  co lo n y  fo rm ers  an d  p laq u c -lik e  a reas  in  v a rio u s  
a g a r  m ed ia  (p ro  m l)

Y P YC Y D C

Plating on su rfa c e ................... 5,12 • 104 3,71 ■ l« 7 3,76 • 107
In top agar layer .................... 2,86 • 107 4,04 • 107 4,78 • 107
Гп top agar w ith indicator 

b ac te ria ................................... 2,62 • 107 (32%) 4,54 ■ 1()7 (3%) 4,33 • 107 (0,0% )

Numbers in brackets show percentage of plaque-like formers.

The p a rtic u la r  physiological effect o f Y P  ag ar on m egacinogenic b a c te r ia  is 
in d ica ted  by  th e  considerable p e rcen tag e  o f p laque-like form ers. T his “ sp o n ta 
neous”  in d u c tio n  o f cells in  th e  o th e r  tw o k inds o f agar, th a t  is, in  th e  YC and  
YDC m edia, appears to  be neglig ib le.

T he ra tio  o f colony and p laq u e  fo rm er sof m egacinogenic cells a t  e x p la n t
a tio n  in  the  top  ag a r layer is v a riab le  a t  will by th e  e x te n t o f re in cu b a tio n  a fte r  
exposure to  UV lig h t. This is d em o n stra ted  w ith  the  resu lts o f an  ex p erim en t 
sum m arized  in T ab le  I I I .
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Table III

Colony and plaque-like area formation of cells of Bacillus megaterium strain 216 after irradiation
with UV light

E xponentially  growing culture of strain 216 in YDC m edium  was exposed to UV light for 25 
sec. and  reincubated. A t tim es, various dilutions were m ade of the culture and explanted 

in  Y P  agar layer a t  the presence of megacin indicator bacteria (“ mutilate-C” ).

R e in c u b a t io n  o f  I O p tic a l j Number of
i r r a d ia te d  c u ltu re  | d e n s i ty  o f  | ch a in s/m ].  

(m in u te s )  c u ltu re  j

N u m b e r  o f  co lo n y  an d  p laq u e -lik e  a re a  fo rm ers/m l

C olonies P la q u e -1. a rea  i T o ta l

0** 0,230 1,75 106 3,50 106 0,45 106 3,95 106
30 0,425 6,73 106 7,60 106 1,19 107 : 1,95 107
60 0,575 1,14 107 0,60 10« 2,41 107 2,47 107
90 0,625 1,54 107 0,50 106 2,00 107 2,05 107

120 0,400 2,21 107 <  1,00 104*** 2,00 107 2,00 107
150 0,100 4,05 106 <  1,00 104 4,50 106 4,50 10e
180 0,050 1,45 106 <  1,10 104 2,50 106 2,50 106

* H aem ocytom eter count.
** This tim e (im m ediately after irradiation), chains comprising 8 to 10 bacteria each 

were seen. The num ber of colony formers found after plating on YDC agar was 3,83 • 106/ml. 
*** 1 ml of 10“ 4 dilution did not yield colony.

T ab le  I I I  shows th a t  th e  lysis o f i r ra d ia te d  cells proceeds as tim e  passes. 
I n  th e  firs t h a lf  o f th e  exp erim en t (0 to  90 m in .) th e  to ta l  num ber of colony and  
p laque-like  form ers exceeded th e  h aem o cy to m ete r co un t. This d iscrepancy  
w as p ro b ab le  due to  a b reak in g  up of chains b y  m an ip u la tio n s w hen perform ing  
th e  te s t .  The d ifference, how ever, d isappeared  b y  th e  second h a lf  o f th e  experi
m e n t. D urin g  re in cu b a tio n  th e  num ber o f u n its  capable  of form ing colonies 
w as g rad u a lly  decreasing . A t th e  sam e tim e , th e  p ercen tage  of p laque-like area 
fo rm ers was increasing . B y  th e  end of th e  ex p e rim en t no colonies b u t only p laq u e 
like a reas  developed on  th e  p lates. F igures 3 a n d  4 are  illu s tra tin g  th e  conditions 
p rev a ilin g  in  ex perim en ts sim ilar to  th e  one rep o rted .

Electron microscopic studies. E lec tro n  m icroscopic investiga tions, in  ag ree
m e n t w ith  th e  n eg a tiv e  re su lts  o f our ex p erim en ts , also failed  to  d e tec t phage 
in  cu ltu re s  of s tra in  216. N e ith e r m a tu re  ph ag e  pa rtic le s  n o r granules rem in iscen t 
o f som e incom plete  fo rm  o f phage were found  a ro u n d  th e  cells in  d ifferen t stages 
o f  ly sis . F igs. 6 to  11 show  cells grown in  Y D C m ed ium , irra d ia te d  w ith  U Y  and  
sp ra y e d  on collodion m em b ran e  a fte r various re in cu b a tio n  periods. F igs. 12 and  
13 show  an  ex p o n en tia lly  grow ing cu ltu re  w hich  w as sp rayed  on collodion 
m em b ran e , p laced  on Y P  agar, an d  was in c u b a te d  a fte r  irrad ia tio n  o f th e  cells 
in  situ.

A  m icrocolony consisting  of cells in  d iffe ren t stages of lysis is seen on F ig . 6. 
E lo n g a te d , a lready  p a r tia lly  lysed cells a re  also d em o n stra ted  in  F igs. 9 an d  10. 
T he d is in te g ra te d  cell show n in F ig . 10 s till possesses rem n an ts  o f cell wall 
on b o th  ends. Som e o f th e  p ictu res fa irly  well d em o n stra te  th e  fa r advanced  
d is in te g ra tio n  of th e  cells.



F ig . 5 . Colonies and plaque-like area formed by B a c illu s  m e g a te r iu m  strain 216 explanted with “ coccus 9” in soft YP agar layer. F ig .  6. 
Induced cells of B a c illu s  m e g a te r iu m  strain 2 1 6 . Young culture in YDC medium irradiated with UV, reincubated for 90 min, and sprayed 
on collodion membrane. Magn.: x600. F ig .  7. Elongated cells of strain 216. after UV irradiation and reincubation for 60 min. Magn.: x4860
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F ig .  8 . Heavily lysed cells of strain 216 (reincubation for 90 min after UV irradiation). 
F ig .  9 . Elongated and partially lysed cells of strain 216 (reincubation for 90 min).

Magn.: X 10 800 Magn.: x  5400



CULTIVATION AND ELECTRON MICROSCOPY OF A BACTERIOCINOGENIC STRAIN 305

F ig .  1 0 . Same material as in F ig . 8 . Magn.: X 12 420. F ig .  11 . Heavily lysed cells of strain 216 
(reincubation for 90 min). Magn.: X 9860
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F ig .  1 2 . Heavily lysed cells of strain 216. Bacteria grown in YDC medium were sprayed on 
collodion membrane placed on YP agar irradiated (15 sec) and reincubated for 120 min. 
Magn.: X 5400 F ig .  13 . Heavily lysed cells of strain 216 (prepared as in Fig. 12). Magn.: X 12150
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Discussion

T he sim ilarity  be tw een  phages a n d  bacteriocins has been  stressed  b y  v a rious 
in v es tig a to rs  ( L w o f f , 1953 ; F r é d é r i c q , 1953). L a t a r j e t  an d  F r é d é r i c q

(1955) produced exp erim en ta l ev idence su p p o rtin g  th e  hypo thesis  th a t  b ae te - 
riocinogenic b ac te ria  w ere genetically  capab le  o f fo rm ing  a p ro te in  w hich co rre 
sponds to  the  p ro te in  p a r t  o f phage. T h e  b iochem ical investig a tio n s ca rried  o u t 
b y  G o e b e l  et al (1955) on a colicinogenic s tra in , how ever, do n o t co rro b o ra te  
th is  v iew . In  ad d ition , F r é d é r i c q  (1954, 1955) w as n o t able to  p roduce evidences 
o f  th e  in d u c ib ility  of colicinogenic s tra in s  b y  U V irra d ia tio n  ; only a sligh t en h an ce 
m e n t o f colicin p ro d u c tio n , b u t no lysis  was b ro u g h t ab o u t by  UV tre a tm e n t. 
H is s tra in s  were, beyond  question , n o t  lysogenic. The colicinogenic s tra in  ML 
in d u c ib le  by  irrad ia tio n  ( J a c o b , S i m i n o v i t c h  and  W o l l m a n , 1952) is p ro d u c in g  
b o th  colicin and  phage partic les d u rin g  its  lysis a f te r  exposure to  UY lig h t and  
re in cu b a tio n  ( K e l l e n b e r g e r , p erso n a l com m unication). T he above-m entioned  
ex p erim en ta l facts are  suggesting  t h a t  th e  lysis o f inducib le  Escherichia coli 
s tra in s  is due to  lysogeny ra th e r  th a n  to  bacteriocinogeny.

J a c o b  (1954) s tu d ied  a p a r tic u la r  Pseudomonas pyocyanea  s tra in , th e  cells 
o f  w hich  display lysis on UY ir ra d ia tio n . Mass lysis ensued  w ith  lib e ra tio n  o f  an  
a n tib a c te r ia l p rincip le te rm ed  p yoc in . T his s tra in , how ever, has n o t b een  th o r 
o u g h ly  stud ied  as to  a p o ten tia l a b o rtiv e  lysogeny, so th a t  i t  is s till q u e s tio n 
ab le  w h e th e r its  lysis was no t due to  a  defective lysogenic b eh av io u r w ith  an  
ex trem e ly  low ra te  o f phage p ro d u c tio n . L ysogeny is v e ry  com m on am ong Pseudo
monas pyocyanea s tra in s , a lthough fo r its  de tec tion  som etim es special p recau tio n s 
a re  necessary  A l f ö l d i  (1954) has re c e n tly  rep o rted  th a t  48 ou t o f 50 Pseudo
monas pyocyanea s tra in s  proved  to  be lysogenic w hen a g rea t num ber o f in d ic a to r  
s tra in s  were em ployed for es tab lish in g  th e ir  lysogenic ch a rac te r. T he m ark ed  
h o s t specificity of tem p era te  pyocyaneous phages deserves serious considera tion  
w hen  te s tin g  Pseudomonas pyocyanea s tra in s  for lysogeny.

T he bacteriocinogenic s tra in  216 o f Bacillus megaterium is induc ib le  by  
U V  lig h t, and th e  fac to rs p lay ing  ro les in  its  in d u c ib ility  are v e ry  s im ila r to  
those  o f the  ch arac teris tica lly  lysogen ic  s tra in  o f th is  species, s tra in  899(1) 
( I v á n o v i c s  and  A l f ö l d i ; to  be pub lish ed ). On th e  o th e r h an d , ou r p re sen t 
in v estig a tio n s have clearly  show n t h a t  th e  bacteriocinogenic  ch a ra c te r  o f th is  
s t r a in  is no t associated  even w ith  th e  s ligh test degree o f phage p ro d u c tio n . 
T h e  question  th erefo re  arises w h e th e r som e abnorm al p rophage m ig h t be re 
sponsib le  for th e  ind u c ib ility  and  fo r m egacin p ro duc tion  in  th is  s tra in . W hen  
i t  is realized  th a t  th e  answ er to  th is  question  is y e t p rem a tu re , i t  is o f in te re s t 
to  specu la te  ab o u t som e facts w hich a re  a lread y  know n. F irs t of all, i t  is s trik in g  
th a t  th e  a n tib ac te ria l spectrum  o f m egacin  does n o t ru n  para lle l w ith  th e  host 
ra n g e  o f tem p era te  m egaterium  p h ag es ( I v á n o v i c s , A l f ö l d i  an d  S z é l l ; to  be 
pub lished) ; R m u ta n ts  of Bacillus megaterium  s tra in s  are  en tie re ly  re s is ta n t

0  A c ta  M icrobiologie« IV /3 .
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to  ph ag es, b u t th ey  are  sen s itiv e  to  m egacin. S im ilarly , a n um ber of s tra in s  belong
in g  to  d ifferent b a c te ria l species, includ ing  d iffe ren t chrom ogenous coccus spe
cies, appeared  also to  be  sensitive  to  th is  b ac te rio c in . The differences in  range 
o f  a c tio n  betw een m eg ac in  an d  m egaterium  p hages m ake i t  v e ry  im probab le  
t h a t  th e  bacteriocin  p ro d u c e d  b y  s tra in  216 w ould  be th e  p ro te in  p a r t  of a h y p o 
th e t ic  phage w hich m ig h t b e  capable of a c tin g  as a “ k ille r”  ( H e r r i o t , 1951) 
on  th e  h ost of phage ( B o n i f a s  and  K e l l e n b e r g e r , 1955). I t  is supposed  th a t  
th e  inducib le  lysis an d  bacterioc inogeny  are  due  to  an  ab n o rm ality  of a hy p o 
th e t ic  prophage carried  b y  th e  cells o f s tra in  216. T he p ro tein -like m egacin w hich 
is p ro d u ced  in  consequence o f  induction  o f th is  abnorm al p rophage could h a rd ly  
be accep ted  as a n o rm al p ro te in  com ponent o f  th is  h y p o th e tic  tem p era te  phage. 
I t  m ig h t be ra th e r  e ith e r  a p ro d u c t o f an ab n o rm al syn thesis of th e  phage p ro te in  
o r  a b y -p ro d u c t of phage  sy n th es is , which is also som ehow  governed b y  th e  h e red 
i ta r y  charac ter of th e  h y p o th e tic  prophage.

Summary

A particular strain of B a c i l l u s  m eg a te r iu m  (strain 216) capable of liberating a bacteriocin- 
like agent which has been term ed megacin was studied. This strain reminiscent of inducible 
lysogenic B a c illu s  m e g a te r iu m  strains did not yield phage particles when lysing after UV irra
diation. Similary, no phage was found in its exponentially growing culture. Electron microscopic 
observations were in accordance w ith these results. Neither typical phage particles, nor granules 
which might he regarded as an incomplete form of phage, were seen around the lysing cells. 
The investigations clearly showed th a t the bacteriocinogenic property of the strain is not asso
ciated even with the slightest degree of phage production. In contrast with the non-lysogenic 
character of strain 216, some particular phenomena highly reminiscent of phage action were 
observed when the strain was cultivated under various experimental conditions. These pheno
mena, however, can be interpreted as a consequence of megacin formation of young colonies of 
B a c i l l u s  m e g a te r iu m  strain 216. The significance of these observations has been discussed.
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T he origin an d  m echanism  o f m icrobial resistance  to  drugs has aroused  
excep tional in te re s t. Innum erab le  ex p erim en ts  w ere m ade, d ifferen t in te rp re 
ta tio n s  were developed, several rev iew s and  general a rtic les were issued  [3, 6, 
11, 13, 34] and th e  problem  of d ru g -resis tan ce  w as discussed in  th e  sym posia  
held  in  London, 1953, and W ash in g to n , 1954 [14, 27].

T he con troversy  referred  to  th e  p rob lem  w h e th e r d rug  resistance is acq u ired  
by  th e  in d iv idua l cells as a re su lt o f  th e ir  exposure to  th e  drug , or w h e th e r, 
in s tead , resistance arises by a m u ta tio n  in  a re la tiv e ly  sm all p ro p o rtio n  o f  th e  
cell popu la tion  an d  th e  drug is on ly  a selective ag en t killing off th e  no rm al 
sensitive  cells and  th u s  favouring th e  su rv ival and  selective p ro lifera tion  o f th e  
re s is ta n t m u tan ts .

The categorical an d  exclusive view s of th e  p a s t, th e  theories o f m u ta tio n  
an d  selection versus pheno typ ic  a d a p ta tio n  have  a lread y  lost the ir r ig id ity , and 
th e  cu rren t tren d s  to  consider th e  com p lem en tary  ra th e r  th an  m u tu a lly  e x 
clusive in te rp re ta tio n s  are obvious in  our days.

The developm ent o f strep to m y c in  resistance  is considered by severa l in v es
tig a to rs  to  be of m u ta tio n a l orig in  [9, 18, 25, 34]. T here are, how ever, some 
observations w hich could be in te rp re te d  by  assum ing  a d irect physio logical 
a d a p ta tio n  [15, 20, 28], and it  was suggested  th a t  in  some cases b o th  processes 
m ay  be a t w ork [2].

In  the  course o f our in v es tig a tio n  a s tu d y  w as m ade o f the ac tio n  o f  s tr e p 
to m y c in  on Serratia marcescens an d  o f  the  w ay in  w hich resistance develops.

T his m icroorganism  has a lre a d y  been genetica lly  in v estig a ted  in  some 
d e ta il [e. g. 4, 17], b u t  there  are on ly  som e few d a ta  concerning its  s trep to m y c in  
resistance  [21, 35].

T his p ap er exam ines the  re s is tan ce  to  s trep to m y c in  in S. marcescens in  
genera l and  a following paper will consider in  g re a te r  d e ta il the  origin o f  re s is t
a n t  organism s.

Material ami methods
The strain of Serratia marcescens B i z i o  (Bacterium prodigiosum  L e h m a n n  and N e u m a n n ) 

used in the experiments was obtained through the courtesy of Prof. Z. A l f o l d y  (Institu te 
of Microbiology, University Medical School, Budapest).

6*
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The synthetic nutrient medium consisted of : (NH4) H P 0 4, 4,0 g ; ferriammonium citrate, 
0,3 g ; NaCl, 0,3 g ; MgS04, 0,3 g ; K2H P04, 0,6 g ; K H 2P 0 4, 1,1 g ; sodiumcitrate, 2,0 g ; 
saccharose, 30,0 g ; dist. water 1000 ml ; pH 6,4 ; when necessary, 2% agar.

Working stocks were carried on nutrient agar slopes and stored at 4° C. The liquid cultures 
were made in test tubes w ith 3 ml nutrient medium. Inocula were prepared from an overnight 
(18—22 hours) culture grown in synthetic medium usually containing 109 bacteria per ml. Decimal 
dilutions were made in saline with spiral loops giving standard 0,2 ml (30). Streptomycin stock 
solution (100 / / "  per ml) was made from streptomycin sulphate of commercial samples (Chinoin, 
Budapest) in phosphate buffer of pH  6,2, and stored in refrigerator for 3—4 months. Preparing 
the streptomycin agar, the streptomycin was added ju st before pouring.

The plating technique consisted of pipetting 0,1 ml of the appropriately diluted cell 
suspension on to the solidified agar and spreading it over the entire surface with a sterile bent 
glass rod. The endeavour was made mostly with success, to use an inoculum which would give 
colony counts of 50—300 colonies on the plates. The counts were made after incubation at 
30° C. Most colonies became visible after 24 hours of incubation on plates with low concentration 
of streptomycin, and after 48 or 72 hours at higher concentrations. On plates with few colonies 
the probable error, arising from the small counts, is considerable. However, all platings were 
performed in duplicate or triplicate, and every type of experiment was put up repeatedly. 
In  some cases the velvet pad replicate technique for serial transfers was used. The experiments 
were performed from November, 1954, to August, 1956. \

Experimental results

, The degree o f sensitivity o f  S . marcescens

A s a m easure o f  th e  s trep tom ycin  se n s itiv ity  of th e  orig inal pop u la tio n  
th e  th resh o ld  c o n c e n tra tio n  of th e  s tre p to m y c in  was de te rm in ed  in  liqu id  
c u ltu re s  and  in  p la tin g s o n  n u tr ie n t  agar re sp ec tiv e ly . A t th resho ld  co n cen tra tion  
a  la rg e  p roportion  o f th e  cells is capable o f g row ing  o u t, and  th is  p ro p o rtio n  falls 
o ff  considerab ly  w ith  th e  increase of c o n cen tra tio n .

Test cultures were inoculated to an initial count of 102—106 bacteria per tube with 3 ml 
nu trien t medium to which streptomycin in concentration ranging from 0 to 24 /<g per ml was 
added, and incubated 24, 48 and 72 hours at 30° C.

A s i t  was ex p ec ted , th e  concen tra tion  o f  s trep to m y c in  m ark ed ly  in h ib itin g  
th e  g ro w th  of a cu ltu re  depends on the  size o f  th e  inoculum  an d  th e  tim e  of 
in c u b a tio n . W ith  sm all in o cu la  and/or w ith  sh o r t  in cu b a tio n , th e  lim it o f the  
p ro life ra tio n  of cells as e s tab lish ed  by  th e  v isib le  tu rb id ity  o f th e  cu ltu re , is 
o b ta in e d  a t  a lower c o n c e n tra tio n  th a n  w ith  la rg e  inocula an d /o r w ith  longer 
in c u b a tio n . The a p p a re n t n u m b e r of re s is ta n t cells in  a sam ple d im in ishes w ith  
th e  d ilu tio n  of the  in o cu lu m .

T h e  grow th of S. marcescens is in h ib ited  in  liq u id  cu ltures b y  6 fi g s tre p to 
m y c in  p e r m l when th e  te s t  cu ltu res  were in o c u la te d  w ith  102 cells an d  in cu b a ted  
24 h o u rs . Visible tu rb id i ty  developed in  th e  p resence of 6,5 /rg s trep to m y c in  
p e r  m l only a fte r 72 h o u rs  incubation .

I n  fu rth e r  e x p e rim e n ts  th e  th resho ld  co n cen tra tio n  w as de te rm in ed  on 
se ries  o f  p lates w ith  th e  rep lica  technique a n d  w ith  d irec t p la tin g s.

About 150 cells were spread on the surface of an agar plate and incubated 6 hours. Serial 
replicas were then transferred w ith velveteen to nutrient agar plates containing streptomycin 
series R). In another experiment 102 and 103 cells were directly plated on streptomycin agar.
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In one series (A) the inoculum was from an overnight culture as usual, in the other one (B) 
it was prepared from a 5-day culture. Colony counts were made after 24 hours incubation and 
the proportion of survivors were plotted logarithmically (Fig. 1).

T h e thresho ld  concen tra tion  a re  in d ica ted  on th e  curves b y  sh a rp  breaks* 
th e  n u m b er of su rv ivo rs decreasing v e ry  rap id ly  w ith  th e  increase  o f co n cen tra 
tio n . O n the  replica p la te s  co n ta in in g  strep to m y c in  above 4 fig p e r m l th e  
decrease of surv ivors w as considerab le  ; th e ir  p ropo rtio n  w as a p p ro x im a te ly  
1 • 10—1 on the p la tes w ith  8 fig s tre p to m y c in  p er m l, followed b y  a sh a rp  b reak  
o f  th e  su rv ival curves above th is  co n cen tra tio n  (curves R ). In  th e  series w ith

F ig .  1. Survival curves for suspensions of S e r r a t ia  m a rcescen s  plated in the presence of increasing 
concentrations of streptomycin. The number of cells plated was 102 (Aj, B,) and 103 (A2, B2), 
originating from a usual overnight culture (A) and from a 5 days old culture (B). Curves R

represent the survival on replica plates

d ire c t spreading o f th e  cells the dec line  o f th e  su rv iv a l curves was a t  10—-12 fig 
p e r  m l an d  the  1 • 10~x survival a t  12— 14 fig per m l w as followed b y  a  fu r th e r  
sh a rp  b reak . T he curves were s lig h tly  sh ifted  w hen th e  n u m b er of cells p la te d  
w as increased  from  102 to  103 w ith in  a n  experim en t (see curves A j, B 15 a n d  A 2, 
B 2, respectively).

T he differences in  th e  sh ift o f  th e  su rv ival curves betw een  th e  ex p erim en ts  
m ay  be due to  th e  d ifferen t physio log ica l s ta te  of th e  cells used as inocu la  in  
rep lica  p latings an d  d irec t p la tings. T h e  cells were in  ac tive  g row th  on th e  p a re n t 
m a s te r  p la te  w hen im p rin ted  on th e  rep lica  p la tes. These cells p roved  to  be m ore 
sen sitive  to  strep to m y c in  th a n  th e  cells o rg in a tin g  from  liqu id  cu ltu res  in  
ex p o n en tia l grow th (A) or from  non-grow ing , old cu ltu res (B). These cells w ere 
p la te d  a fte r serial d ilu tio n  in saline a n d  th ey  a tta in ed  a n o n -p ro life ra ting  s ta te .

The strep to m y cin  sen sitiv ity  o f  a b ac te ria l p o p u la tio n  can be m easu red  
e ith e r  b y  the 50 p er cen t lethal dose, o r  b y  th e  th resh o ld  co n cen tra tio n . W elsch 
[34] has taken  th e  “ concen tra tion  m ax im ale  to lérée” , th e  co n cen tra tio n  in  th e  
presence of w hich th e  num ber o f v ia b le  cells decreases b y  10 p er cen t. R ecen tly ,
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M a y r - H a r t i n g  [22] has proposed  for p ra c tic a l purposes th e  concen tra tion  
allow ing  10 per cen t su rv iv a l. T herefore, we also a tte m p te d  to  stan d ard ize  th e  
e s tab lish m en t of s tre p to m y c in  sensitiv ity , to  be able to  com pare also th e  d e te r
m in a tio n s  perform ed in  liq u id  cultures w ith  tho se  on ag a r p la te s . A sharp  decline 
o f  th e  curves was fo u n d  ap p ro x im ate ly  a t  th e  1 • 10—1 su rv iv a l p roportion , i. e. 
w h en  10 surv iv ing  cells am o n g  102 cells p la te d  were fo rm ing  colonies. F u r th e r 
m o re , in  a liquid  c u ltu re  a b o u t 10 cells are  g iv ing  a v isib le  tu rb id ity , w hich 
eq u a ls  abou t 107 cells a f te r  an  overn igh t g ro w th . The h ig h er sen s itiv ity  of th e  
cells in  liquid cu ltu res  in  com parison to  solid m edia  is obvious.

A ccordingly, we used  as a m easure o f th e  se n s itiv ity  to  strep to m y c in  (I) 
in  liq u id  te s t cu ltu res  th a t  concen tra tion  o f s trep to m y c in  in  th e  presence of 
w h ich  an  inoculum  o f 102 cells produced v isib le  g row th  a fte r  24 hours incuba tion , 
o r ( I I )  on serial p la te s  t h a t  co n cen tra tio n  in  th e  presence of w hich  th e  p roportion  
o f  su rv ivors form ing  colonies was abou t 1 • 10 1 a fte r 24 hours in cu b a tio n  w hen 
102 cells had  been p la te d .

The strep to m y c in  se n s itiv ity  of S. marcescens m ay  be  characterized  also 
b y  th e  m inim um  in h ib itin g  concen tra tion  o f s trep to m y c in . T h is is th e  concen tra 
tio n  in  th e  presence o f  w hich  th e  num ber o f colony-form ing cells is app rox im ate ly  
e q u a l to  th a t in th e  co n tro l [32].

W hen 1—2 • 102 cells w ere p la ted  on n u tr ie n t  ag ar c o n ta in in g  strep to m y cin  
ra n g in g  from  0 to  0,6 p g p e r  m l, th e  colony coun ts w ere th e  sam e a fte r 24 hours 
o n  each  plate  w ith in  th e  ex p erim en ta l error. W hen  te s t-cu ltu re s  con ta in ing  s tre p to 
m y c in  in increasing co n cen tra tio n  were in o cu la ted  w ith  102 cells, and  a fte r 
24 hours incubation  th e  n u m b er of su rv ivors w as estab lished  by  p la tin g  700 
cells per p la te  on p la in  n u tr ie n t agar, a s lig h t decrease o f th e  n um ber of cells 
w as found in  the c u ltu re  w ith  0,5 pg s trep to m y c in  p er m l. H ow ever, w hen only 
50 cells were sp read  th e  m in im um  in h ib itin g  co n cen tra tio n  w as ab o u t 0,15 pg  
strep to m y c in  per m l (T able  I.) These re su lts  in d ica te  th a t  th e  num ber of cells 
p la te d  on the ag ar su rface  affects considerab ly  th e  num ber o f surv ivors [33].

Table I

T h e  m in im u m  in h ib i t in g  co n cen tra tio n  o f  s tr e p to m y c in  f o r  S .  m a rcescen s  
ta k e n  f r o m  a ty p ic a l  e x p e r im e n t

C o n c e n tra t io n  o f  s tre p to m y c in  
/ig  p e r  m l

N u m b e r  o f  colonies 
o n  p la te s

0 49 49
0,1 50 6 6

0,2 41 39
0,3 27 32
0,4 34 25
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T he threshold  concen tra tion , as w ell as the  m in im um  in h ib iting  c o n c e n tra 
tion , could be estab lished  only ap p ro x im a te ly  owing to  th e  range of ex p erim en ta l 
e rro rs occurring in th e  single ex p e rim en ts  perform ed a t d ifferent in te rv a ls .

Survival o f S. marcescens after short exposure to streptomycin

R ecently , B r y s o n  and S z y b a l s k i  [3] have em phasized  the necessity  o f a 
d is tin c tio n  betw een b acteric idal a n d  b ac te rio s ta tic  effects of the  an tib io tic s , 
since th e  failure to  recognize it  m ay  lead  to  spurious illusions of d ifferences in 
resistance  levels. T herefore, S. marcescens cells w ere exposed  to  s trep to m y c in  for 
a lim ited  tim e, and  th e  proportion  o f  th e  cells su rv iv in g  th e  b ac te ric idal ac tion  
w as m easured by  p la tin g  on p la in  n u tr ie n t agar.

In these experiments 5 • 105 cells were inoculated per ml in liquid cultures to which strepto
mycin from 0 to 1000 /tg per ml was added. After incubation at 30° C, 0,1 ml of these cultures 
or appropriate dilutions were removed a t intervals and plated immediately. Growth curves 
were constructed from viable counts. The joint effects of concentration and time of exposure 
on proportion of survivors of S. marcescens exposed to streptomycin, based on data of live 
ndependent experiments are summarized in Figs. 2 and 3.

M ultip lication  o f the  cells s ta r te d  in  th e  cu ltu res con ta in ing  s trep to m y c in  
in  low  concen tra tion  a fte r  a 120— 150 m in. lag ph ase . T he per cent of su rv ivo rs 
in  th e  populations o f non -p ro life ra ting  cells decreased sligh tly  under th e  action  
o f  2— 16 /tg strep to m y c in  per m l, ap p ro x im ate ly  w ith o u t any fu r th e r  change 
d u rin g  the lag phase (Table II).

T a b le  II

Per cent of surviving cells of S. marcescens after a short exposure to low concentrations
of streptomycin

T im e  o f  
ex p o su re  

m in

P e rc e n ta g e  o f  co lo n y -fo rm in g  cells  o n  ag a r p la te s  w i th  s tre p to m y c in  ( /ig  p e r m 0

0 2 4 6 8 12 16 24 50 80 100 250 500 1000

30 100 91 77 75 71 72 54 51 50 40 40 6 0,9 —

60 100 91 77 75 56 72 69 64 25 20 7,5 0,4 0,2 0,1
90 100 91 77 75 79 72 72 73 40 15 6,9 0,2 0,1 -

120 100 89 80 80 79 86 89 74 15 7,3 1,4 0,2 - -
150 133 91 85 83 91 91 97 64 8,7 1,6 0,2 - — -
180 190 96 98 100 100 110 65 82 2 0,2 0,7 - - -

360 — 190 178 198 158 166 158 12 — — 0,2 — — —

In  o ther w ords, S. marcescens cells in  th e  non -p ro lifera ting  s ta te  a re  p ro 
p o rtio n a te ly  sensitive to  the  increase  o f strep to m y c in  concen tra tion  below  the  
th reshold  concen tra tion , and w ith in  120 m inutes th e  degree of sen s itiv ity  seems 
to  be  independent o f th e  tim e of exposure . H ow ever, i t  m u st be tak en  in to  acco u n t
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t h a t  th e  p late  co u n tin g  tech n iq u e  is n o t su ffic ien tly  accu ra te  to  e s tab lish  w ith  
c e r ta in ty  an 80 p e r c e n t su rv iv a l [12]. B ey o n d  th e  th resho ld  co n cen tra tio n  th e  
n u m b e r  of survivors dec reased  p ro p ortiona lly  w ith  th e  tim e  o f exposure.

I n  th e  cultures c o n ta in in g  strep tom ycin  fro m  2 to  16 fig p e r  m l, th e  grow th 
o f  th e  cells observed w as low er th a n  in  th e  d rug -free  cultures. I t  is suggested  from  
th e  s lig h t increase o f th e  curves th a t  g ro w th  an d  p a r tia l d e a th  o f  th e  cells 
o c c u rre d  sim ultaneously . T h e  shape of decline o f  th e  20 fig s tre p to m y c in  curve 
in d ic a te s  also some g ro w th  o f the  su rv iv ing  cells.

S im ilar resu lts w ere  o b ta in ed  by  D e m e r e c  [10] w ith  E . coli.

Resistance o f surviving cells exposed to streptomycin for a limited time

I t  was no t ex p ec ted  t h a t  the  cells su rv iv in g  a  lim ited  exposure  to  s tre p to 
m y c in  becam e re la tiv e ly  re s is ta n t in  com parison  w ith  th e  cells o f th e  orig inal 
p a r e n t  population .

Ten colonies out of 300 form ed on the nutrient agar by the surviving cells after 30 minutes 
exposure to  16 and 24 fig  streptom ycin per ml, respectively, were picked off a t random . 
2—TO • 102 cells from the suspension of the colonies were plated im mediately on agar medium 
incorpora ted  with 16 and 24 fig  streptomycin per ml.

T here  were in  no case a n y  surviving o f  cells capable o f fo rm ing  colony on 
th e  p la te s  contain ing s tre p to m y c in  in  the  sam e o r in  sligh tly  h ig h e r co n cen tra tion  
th a n  t h a t  p revailing  in  th e  p la te  from  w hich  th e y  h ad  been ta k e n .

I n  ano ther e x p e rim e n t sam ples of sing le  colonies developed  from  cells 
su rv iv in g  th e  b ac te ric id a l ac tio n  of 80, 100, 250, 500 and  1000 fig s trep to m y c in  
p e r  m l fo r 6, 3 and  1 h o u r , respectively , w ere re - te s te d  for th e ir  degree o f re s is t
a n ce . N one of these sam ples orig inating  from  cells su rv iv ing  th e  bac te ric id al 
a c tio n  o f  s trep tom ycin  in  a p roportion  o f 2— 4 • 103 a tta in e d  resis tan ce  d u ring  
a n  exposu re  for som e h o u rs , an d  form ed colonies on p lates c o n ta in in g  50 fig 
s tre p to m y c in  per m l.

Survival o f S. marcescens on the bacteriostatic action o f streptomycin

T h e  p roportion  o f  cells su rv iv ing  th e  b a c te r io s ta tic  ac tion  o f strep to m y c in  
w as e s tim a te d  by  c o u n tin g  cells selected on th e  basis of th e ir  a b ility  to  form  
colonies in  strep to m y c in  co n ta in in g  m edia [3].

Determ ination of the surv ival was made by platings on nutrient agar containing strepto
m ycin  from  2 to 1000 fig per ml. The size of the inoculum  was adjusted so th a t there should 
be 50 to  500 surviving cells form ing colonies on the plates w ith  different levels of streptom ycin. 
The proportions of survival determ ined by counting th e  colonies formed on streptom ycin agar 
from  several sets of experim ents are represented by survival curves p lo tted  in logarithmical 
scale in  Fig. 4. The average proportion  of survivors is given in  Table III.

A  p ic tu re  of th e  d is tr ib u tio n  of the  a b ili ty  am ong th e  in d iv id u a l cells o f  
th e  o rig in a l popu la tion  o f  S. marcescens to  su rv iv e  th e  ac tion  o f  s trep tom ycin  
w as o b ta in e d  in  th e  ex p erim en ts .
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Fig. 4. Survival curves for S. marcescens plated on n u trien t agar containing various concen
trations of streptom ycin

Table Ш

Fraction of survivors in the presence of streptomycin. The values are averages of several sets
o f data in actual experiments

C one.
iug/m l

S u rv iv a l
f ra c tio n

Cone.
jug/m l

S u rv iv a l
f ra c tio n

2 8 , 2 1 0 - 1 1 6 1 ,5 1 0 — 4

4 7 , 4 1 0 - 1 2 4 1 ,5 1 0 — 5

6 7 , 0 1 0 - 1 3 6 4 , 0 i o - 6

8 6 , 5 1 0 - 1 5 0 1 ,2 i o - 6

1 0 5 ,5 1 0 - 1 8 0 2 , 2 i o - 7

1 2 2 , 0 1 0 - 1 1 0 0 8 ,8 i o - 8

I t  was found t h a t  a t  low strep to m y cin  co n cen tra tio n  n ea rly  all b ac te ria  
su rv iv e d  and form ed colonies. There is a sh a rp  b reak  of th e  su rv iva l curve n ear 
th e  th resho ld  c o n cen tra tio n . B eyond th is th e  slope o f th e  curve is v e ry  steep and  
th e  n u m b er of su rv ivo rs decreases rap id ly , b u t  slowly levels o u t w ith  th e  con-
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cen tra tio n  increasing  to  th e  critical co n cen tra tion , i. e. app rox im ate ly  80— 100 
pg p e r m l. B eyond th is  p o in t the  proportion  of v iab le  cells then  rem ains n ea rly  
co n stan t, in  th e  o rder o f 1 p er 108 p la ted  cells. S u rv ivo rs continued to  a p p ea r 
occasionally even a t  1000 pg  per ml, a t the  h ig h est concen tra tion  used in  these  
experim en ts.

S urv ival p ro p o rtio n s were g rea tly  d ev ia tin g  in  the sets of ex p erim en ts  
m ade a t  d ifferen t tim es, owing to  th e  unavoidable  differences in  the  ex p erim en ta l 
conditions. T his ran g e  of th e  experim en tal values am o u n ted  am ong th e  e x p e ri
m en ts to  1— 2 decim als.

A sim ilar form  o f d is tr ib u tio n  of the  su rv iv a l to  s trep tom ycin  was observed  
by D e m e r e c  [9] w ith  Micrococcus pyogenes v a r. aureus, a lthough  th e  se n s itiv ity  
of Micrococcus is h igher th a n  th a t  of Serratia found  in  our experim ents. R ecen tly , 
W e l s c h  [34] has estab lished  th e  sam e h e te ro g en e ity  of th e  popu lations o f several 
b ac te ria l species.

Resistance o f cells surviving the bacteriostatic action o f streptomycin

T he S. marcescens cells surv iv ing  on p la tes w ith  low er strep to m y c in  con
cen tra tio n s  form ed colonies in  24 hours, how ever, on th e  p la tes c o n ta in in g  
s trep to m y c in  above 36 pg  per m l, visible colonies appeared  only a f te r  48 or 
72 hours in cu b a tio n . I t  was therefore  reasonable  to  assum e th a t  these  clonal 
su rv iv ing  cells are re s is ta n t to  th e  s trep to m y c in  concen tra tion  iso la tin g  the  
colonies [12].

In these experim ents to establish the degree ol resistance, single colonies were picked at 
random from plates containing streptom ycin between the minim um inhibiting concentration 
and the critical concentration. In each case the suspensions of the colonies were p lated  with 
samples of about 103 cells, mostly immediately, w ithout subculturing on agar plates w ith  g radu
ally increasing concentrations.

F o u r o u t of te n  colonies form ed in  th e  presence of 4 pg  s trep to m y c in  per 
m l possessed th e  sam e sen sitiv ity  as th e  o rig inal popu la tion . Six, how ever, 
show ed som e ten d en cy  to  a sligh tly  h igher su rv iv a l. Sim ilarly, four colonies 
ou t o f e igh t from  8 pg  s trep to m y c in  p la tes w ere also found s lig h tly  m ore 
re s is ta n t to  th e  sam e concen tra tion  in re -te s t th a n  th e  p a ren t p o p u la tio n .

T en  colonies from  p la tes contain ing  s trep to m y c in  16 and 24 pg  p e r  ml, 
respectively , an d  re -te s ted  w ith  h igh size o f inocu la  (0,6— 1 • 103), on p la te s  
co n ta in in g  th e  sam e concen tra tion  of strep to m y c in  were found fully  re s is ta n t 
to  these  co n cen tra tions.

T he d is tr ib u tio n  o f re s is tan t cells in  th e  clonal popu lations of th e  colonies 
form ed on s trep to m y c in  p la tes were also com pared  in  re la tion  to  the  c o n c e n tra 
tio n  from  w hich th e y  had  been iso lated , in  re - te s t  (F ig . 5).

Some of th e  colonies on th e  p la tes w ith  12 pg  strep tom ycin  p er m l con
ta in ed  cells re s is ta n t to  12— 14 pg  s trep tom ycin , b u t  sensitive to  16 pg  s tre p to 
m ycin . H ow ever, a frac tio n  of some o ther colonies su rv ived  36 pg s trep to m y c in
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p e r  m l. The cells of th e  colonies were n o t  hom ogeneously  “ a d ju s te d ”  to  th is  
low  co n cen tra tio n  iso la tin g  th e  colonies. T he colonies of th e  50 fig s trep to m y c in  
p la te s  w ere re s is tan t to  16 fig s trep to m y c in , a lth o u g h  some o f th e m  w ere sensi
t iv e  to  24 Mg while th e  o th e rs  con tained  cells su rv iv in g  on th e  p la te s  co n ta in in g  
24 a n d  50 fig s trep to m y c in  p er ml. S im ilarly , th e  colonies o f th e  p la te s  w ith

Fig. 5. Survival curves for the clonal populations of colonies of S. marcescens formed on strepto
m ycin  plates. Numbers on curves indicate the streptom ycin  concentration of th e  plates from  
w hich the  colonies had been isolated. The letters S and R  indicate colonies which were found 
sensitive and resistant, respectively, to the same streptom ycin concentration in  a subsequent

re-test

80 fig  s trep to m y c in  w ere heterogeneous, on ly  som e of th em  w ere re s is ta n t to  
24 fi g a n d  con tain ing  also cells form ing colonies in  th e  presence o f 80 an d  100 
fig s trep to m y c in . A t th e  sam e tim e, some o th e rs  d id  n o t survive even on 50 fig 
s tre p to m y c in  p la tes. All th e  colonies su rv iv ing  100 fig s trep to m y cin  w ere to ta lly  
r e s is ta n t  in  th e  re -te s t.

I n  some in stances th e  p ro p o rtio n  o f cells capable  of grow ing ag a in  on th e  
sam e  s trep to m y c in  p la te s  w as low. T hus i t  seem s probable th a t  th e se  colonies 
h a d  developed  from  first s tep  v a r ia n ts  w ith  a low er degree of resistance , an d  th e y  
w ere  o n ly  “ overlaps”  a t  th e  h igher co n cen tra tio n s iso lating  th e  colonies. T h a t 
f ra c tio n  o f cells su rv iv ing  a h igher co n cen tra tio n  o f s trep tom ycin  in  th e  re -te s t
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T he s ta b ility  o f resistance  to  strep to m y c in  of the  v a rian ts  se lec ted  has 
been freq u en tly  observed  w ith  o th e r b ac te ria  [e. g. 3, 12, 19, 34]. On th e  p la tes 
con ta in in g  100 fig s trep to m y c in  p er m l th e  p ropo rtio n  of su rv iv o rs  is of 
th e  o rd er 10~7 to  10~8. T he colonies becom e v isib le  in 2— 3 days, th e ir  size 
is sm aller th a n  th a t  o f th e  contro ls, an d  fa in tly  p igm ented . O ccasionally , 
how ever, som e deep red  and  no rm al sized colonies ap p ear on the  100 fig  s tre p to 
m ycin  p la tes. These colonies are  fully re s is ta n t to  100 fig s tre p to m y c in  and 
th e ir full resistance is re ta in e d  th ro u g h  a large n u m b er of transfe rs in  s tr e p to 
m ycin-free m edium . In  a few instances th ere  w ere found v a ria n ts  re s is ta n t  to  
1000 fig s trep to m y c in  per m l, and  there  was no loss of resistance a f te r  m an y  
sub cu ltu res  since tw o y ears . T h e ir grow th was no rm al and the  p ig m en t p ro d u c tio n  
in tensive  in  the  presence of s trep tom ycin . The cells re s is tan t to  100 fig s tre p to 
m ycin , an d  m ore p ronounced ly  those of th e  1000 fig re s is tan t v a r ia n t , te n d  to  
grow m ore slowly th a n  th e  no rm al sensitive cells w hen first su b cu ltu red  in  s tre p tc -  
m ycin-free liquid  m ed ium  or on drug-free ag a r. Serial su b cu ltu re  in  the 
absence of strep to m y c in , how ever, restores th e  g row th  ra te  a p p ro x im a te ly  to  
norm al.

Development o f streptomycin resistance in S. marcescens by serial transfers

The classical m ethod  for iso lation  of re s is ta n t v a rian ts  in  th e  b ac te ria l 
popu la tions is th e  cu ltiv a tio n  in  liquid  n u tr ie n t con ta in ing  increasing  am o u n ts  
o f th e  an tib io tic , followed b y  subcu ltu re  o f su rv iv in g  organism s o b ta in e d  a t 
the  level of p a rtia l in h ib itio n . The process is th e n  repeated  using h ig h e r d rug  
concen tra tions.

102, 103 and 104 cells of the sensitive population of S. marcescens were inoculated in test 
cultures containing streptomycin in a graded series, and then transferred successively in tubes 
containing increasing amounts of streptomycin. A typical experiment with serial transfers is 
illustrated in Fig. 7. For comparison, the “ training” of the H Y -stra in  of S. marcescens, obtained 
from. Mrs. M. Bunting, is also given [5].

In  th e  first series of cu ltu res inocu la ted  w ith  the  cells o f th e  o rig inal 
p o p u la tion , visible g row th  w as observed in  th e  cu ltu res w ith  up to  6,5 an d  12 fig 
strep to m y c in , depend ing  on th e  size of inocula. In  th e  first passage g ro w th  occu r
red  uniform ly  up to  24 pg  s trep to m y cin , a f te r  24 and 48 hours, re sp ec tiv e ly . 
In  th e  successive second passage variab le  g row th  w as observed in  th e  cu ltu res  
w ith  50 or 80 fig s trep to m y c in  p er ml. In  th is  exp erim en t we o b ta in ed  a fu r th e r  
increase in  resistance , i. e. to  100 pg, in  th e  th ird  passage only in  th e  series 
inocu la ted  w ith  th e  larg est inocula. In  th e  first tw o passages th e  H Y-stra in  
b ehaved  sim ilarly .

The discrete stepw ise sequence in th e  g row th  of su rv ival cells in  th e  p re 
sence of gradually  increasing  am ounts of strep to m y c in  is obvious. As th e  p o p u 
la tio n s o f th e  single cu ltu res of th e  serial tran sfe rs  have no t been re - te s te d , we 
can  only  suppose th a t  th e  su rv iv in g  cells in  th e  cu ltures w ith  v isib le  grow th
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w ere  s trep tom ycin  r e s is ta n t .  Owing to  th e  sm all size o f th e  inocula  used , i t  is 
u n lik e ly  th a t  re s is tan t v a r ia n ts  of the  o rig in a l p o p u la tio n  were also involved . 
H o w ev e r, the  p o p u la tio n  size  o f  the  cultures m a y  a t ta in  th e  level o f th e  m u ta 
t io n a l  frequency d u rin g  th e  24 or 48 hours g ro w th . Therefore, from  th ese  d is
c re te  steps leading to  p rog ressiv e ly  higher g rad es o f  su rv ival i t  is conceivable 
t h a t  th e  stepwise p rog ress could  be developed b y  successive single m u ta tio n a l
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F ig. 7. Stepwise selection of clones resistant to streptom ycin  in  serial subcultures of S. mar- 
cescens. The size of inoculum was 102(A), 103 (B), and 104(C), respectively. The num ber of transfers 
is  ind ica ted  (1,2). H Y  is the s tra in  of Bunting. Growth was visible in  the cultures after an incu
b a tio n  of 24 hours A , 48 hours ^ , or 72 hours •  ; no grow th occurred in  the cultures, О

s te p s . T h e  three e x p e rim e n ta l steps required  fo r  S. marcescens to  develop re s is t
a n c e  to  100 ,Mg s tre p to m y c in  p er m l co rrespond  ap p ro x im ate ly  to  th e  th ree  
su p p o se d  m utations n e c e ssa ry  to  produce th e  e q u iv a le n t pheno type to  su rv ive  
100 //g  strep tom ycin .

A  stepwise d ev e lo p m en t of resistance is  also ap p a re n t w hen su rv iv in g  
p o p u la tio n s  are re -te s te d  o n  ag a r m edia. E x p e rim e n ts  in  w hich th e  colonies 
o f  ce lls  surv iv ing  th e  in c re a s in g  concen tration  o f  s trep to m y c in  are  re -te s ted  b y  
th e  rep lica  technique, o r b y  p la tin g , either d ire c tly  o r a fte r su b cu ltu re , can  be 
c o n s id e red  as serial tra n s fe rs  in  w hich th e  c lonal p opu la tions are rep ea ted ly  
e x p o se d  to  strep to m y cin  o n  a g a r m edium .

I n  a typ ical e x p e rim en t fo u r p a ren t m a s te r  p la te s  were m ade b y  sp read in g  
4 • 102 cells taken  from  fo u r  cu ltu res on n u tr ie n t  ag a r. The replica p la te s  con-
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perhaps h a d  o rig in a ted  from  second step  v a r ia n ts  developed  in  the  perio d  o f  
the  first p la tin g  in  th e  presence of s trep tom ycin .

In  an  ex p erim en t w ith  8, 16, 24, 36 an d  50 fi g s trep to m y c in  per m l, p la te s  
on w hich on ly  few  colonies of d ifferen t size ap p eared , a com parison was m ad e  
betw een th e  degree o f resistance  o f norm al an d  of la te -ap p earin g  sm all colonies

Fig. 6. Comparison of survival curves for clonal populations of norm al and small (S) colonies 
of S. marcescens. Numbers on curves indicate the streptom ycin concentration of the plates from 
which the colonies had been isolated. For comparison, the average survival curve of the original

population is given (broken line)

selected a t  ran d o m . I t  was expected  th a t ,  in  accordance  w ith  th e  o b se rv a 
tions o f o th e rs , sm all colonies are less re s is ta n t th a n  those d eve lop ing  
norm ally  [39].

In  th is  ex p erim en t the  m a jo rity  of th e  clones te s te d  possessed an  in c rea sed  
resistance as com pared  to  th e  concen tra tion  p rev a ilin g  in  th e  plates from  w h ich  
th ey  h ad  been  ta k e n  (F ig . 6). Some o f th e  clones ta k e n  from  plates w ith  36 fig 
per m l s tre p to m y c in  proved  to  be re s is ta n t up  to  100 [ig p e r ml, and  m o st o f  
the  50 Цg clones were fully  re s is ta n t to  100 jig s trep to m y c in  per m l also in  th e  
second re -te s t. H ow ever, som e of the  clones te s ted  w ere sensitive in re - te s t an d
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th e re  w as no co rre la tio n  betw een th e  size o f  th e  p a ren t colony an d  th e  degree 
o f  res is tan ce  o f th e  colony-cells.

Sum m ing up  : th e  resistance of th e  cell popu lation  in  th e  colonies iso lated  
w as v ariab le  and  n o t  necessarily  a d ju s te d  to  the  concen tra tion  on w hich the  
g ro w th  h ad  tak en  p lace . I n  m ost cases th e  colonies were n o t hom ogeneous, th ey  
d id  n o t  en tire ly  co n sis ted  o f cells of u n ifo rm  level of resistance. T he p roportion  
o f  th e  ré s is tan ts  w as u su a lly  higher in  th e  colonies iso lated  th a n  in  th e  p a ren t 
c u ltu re , and  som etim es equal to  th e  to ta l  c o u n t, especially a t  low er co n cen tra 
tio n s , b u t  occasionally  even  a t h ig h er co n cen tra tio n s. H ow ever, we could 
also  iso la te  “ no rm al o v erlap s” , i. e. co lonies giving cu ltures no m ore re s is tan t 
th a n  th e  p a re n t p o p u la tio n . These find ings are  in  ag reem ent w ith  th e  obser
v a tio n s  of o thers [2, 13, 34].

Stability o f  streptomycin resistance o f  S. marcescens variants

F ro m  the  p reced in g  experim ents i t  h a s  been concluded th a t  a su rv iv a l 
c u rv e  rep resen ts on ly  th a t  p roportion  o f  th e  cells of th e  p o p u la tio n  te s ted  
w h ich  is to le ra tin g  th e  s trep tom ycin  co n c e n tra tio n  and th a t  th ese  v iab le  cells 
a re  ab le  to  form  colonies on agar in  th e  p resen ce  of s trep tom ycin . N evertheless, 
th is  does n o t m ean  th a t  all of these su rv iv o rs  are a t  th e  sam e tim e  re s is ta n t to  
th e  s trep to m y c in  co n cen tra tio n  p rev a ilin g  in  th e  p late . M any o f th ese  colonies 
p ro v e d  in  th e  re -te s t, d ep en d in g  from  th e  s trep to m y c in  co n cen tra tio n  a t  w hich 
th e  su rv ivo rs h ad  b een  selected , to  possess a sensitiv ity  equal to  t h a t  of th e  
o r ig in a l popu la tion  o r p roved  to  be re s is ta n t  to  concen tra tions m uch  low er 
th a n  th e  p a ren t colony.

I t  is therefore  concluded , th a t  th e  so -ca lled  “ surv ivors”  a t  a g iven  concen
t r a t io n  could have 1. e ith e r  p roper re s is tan ce , 2. only to lerance  h a v in g  a lower 
lev e l o f  resistance o r 3. th e  orig inal se n s itiv ity , i. e. th ey  are th e  so-called “ per- 
s is te rs ”  o f B igger [c it. 33].

T his h e te ro g en e ity  o f th e  colonies fo rm ed  on th e  sam e p la te  w as observed 
in  th e  d irec t re -tes ts  il lu s tra te d  above. H o w ev er, these differences in  th e  degree 
o f  re s is ta n c e  betw een  th e  single colonies becom e m ore obvious, w hen  resistance 
is  te s te d  a fte r m an y  su b cu ltu res  in  th e  absence  of s trep tom ycin .

S ubcu ltu res o f colonies taken  a t  ra n d o m  from  p la tes co n ta in in g  8 /xg 
s tre p to m y c in  per m l p ro v ed  th a t  four colonies o u t of eight re ta in e d  th e ir  re s is t
a n ce  a f te r  four su b cu ltu re s , th e  o ther fo u r becam e once ag a in  as sensitive  to  
s tre p to m y c in  as th e  o rig in a l popu la tion  w as. Som e of th e  re s is ta n t clones su b 
c u ltu re d  for th ree  m o n th s  w ere u n ch an g ed  a n d  th e ir  resistance ra n g e d  up  to  
12 p g  s trep to m y c in  p e r  m l. S im ilarly, co lonies ta k e n  from  p la tes  w ith  12, 50 
a n d  80 pg  s trep to m y c in  p e r m l rem ain ed  re s is ta n t  th ro u g h  6— 7 sub cu ltu res  
w ith o u t  s trep to m y c in  a n d  th e  degree o f  re s is tan ce  was n o t affec ted  b y  th e  
tra n s fe rs .
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re s is ta n t class, fo rm ing  colonies in  th e  presence o f  100 fig s trep tom ycin  p e r m l 
(В,)- In  a successive second passage these  colonies selected  a t 100 fig p ro v ed  to  
su rv ive  also 500 fig s trep to m y c in  p e r ml (B3).

V arian ts  re s is ta n t to  strep to m y cin  co n cen tra tio n s higher th a n  100 fig  p e r  
m l developed in  successive serial p la tin g s only  in  som e instances. In  one ex p e ri
m en t perfo rm ed  w ith  serial replica p la te s , one clone on th e  p lates w ith  16 fig
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Fig. 9. Stepwise selection of clones of S. marcescens resistan t to  streptomycin by serial transfer 
on agar medium. (For explanation see text)

or w ith o u t s trep to m y c in  developed poorly , b u t  i t  grew heavily  on  th e  p la te s  
co n ta in in g  250, 500 an d  1000 fig s trep to m y c in  p e r  m l. Colonies fo rm ed  a t  th e  
h ig h es t co n cen tra tio n  surv ived  in  th e  following tra n s fe r  up  to  500 fig s trep to m y c in  
p e r m l, an d  in  th e  n e x t tran sfe r 1000 fig s trep to m y c in . In  ano ther ex p erim en t th e  
p ro p o rtio n  of su rv ivors on th e  p la te  w ith  50 fig s trep to m y c in  per m l w as 3 • 10 e. 
In  th e  second seria l replica tra n sfe r  tw o colonies o u t o f 50 ta k e n  fro m  th e  50 
fig p la te s  form ed deeply  p igm ented  colonies in  th e  presence of 500 fig s tre p to 
m ycin  p e r m l, a n d  th e y  proved  in  th e  re -te s t re s is ta n t to  1000 fig.

These in s tan ces  su p p o rt th e  idea  o f th e  stepw ise developm ent o f  res is tan ce . 
In  th e  presence o f low er concen tra tions of s trep to m y c in  th e  p o ssib ility  o f  su r
v iv a l an d  o f co lony-form ation  b y  physio logical a d ap ta tio n  is v e ry  like ly . In  
th e  ex p erim en ts  described above, a d is tin c tio n  betw een  th e  “ p e rs is te rs”  i. e. 
sensitives to  s trep to m y cin  on th e  one han d , an d  th e  stab ile  v a ria n ts  w ith  a low

7*
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deg ree  o f resistance  on th e  o th e r h an d  w as ach ieved  on the  basis o f  re -te s t o f 
su b c u ltu re s . In  th e  presence of higher s tre p to m y c in  concentrations, w here  th e  
p ro p o rtio n  of su rv ivors decreases sharp ly , th e  p o ssib ility  of a p rim a ry  selection 
o f  th e  firs t step  re s is ta n t v a r ia n ts  is given, a n d  i t  is very  plausible th a t  th e  re s is t
an ce  developed b y  a m u ta tio n a l step  and n o t  b y  d ire c t ad ap ta tio n . T he n u m b er 
o f  e x p e rim e n ta l s tep s  req u ired  to  a tta in  stepw ise higher levels o f  resistance  
co rresp o n d s ap p ro x im ate ly  to  the  num ber o f m u ta tio n s  assum ed necessary  to  
p ro d u c e  th e  eq u iva len t pheno type .

Streptomycin resistance and the production o f prodigiosin in S. marcescens

T h e  p ro d u c tio n  o f prod ig iosin  is s tro n g ly  in fluenced  by  the  c id tu ra l cond i
tio n s  [5, 31]. The p ig m en t p rodu c tio n  o f th e  s tra in s  of S. marcescens used  in  
th ese  ex p erim en ts  w as in  th e  n u tr ie n t m ed ium  in  general very  excellen t. I n  th e  
p resen ce  o f  s trep to m y c in  th e  fo rm ation  o f p rod ig iosin  decreased p ro p o rtio n a lly  
w ith  th e  increase of th e  d ru g  concen tra tion . Som etim es the  colonies w ere p ink  
a lre a d y  on  agar m edium  co n ta in in g  12 wg s tre p to m y c in  per ml, and  p igm entless 
(“ w h ite ” ) a t  16— 24 pg.

A  corre la tion  w as observed  also betw een  th e  in te n s ity  of p ig m en t p ro d u c
tio n  a n d  th e  sen s itiv ity  to  strep tom ycin .

I n  a n  exp erim en t th e  s ta b ility  o f clones ta k e n  from  plates w ith  8 pg  s tre p to 
m y c in  p e r  m l was re -te s te d  a fte r  transfers in  drug-free  subcultures b y  p la tin g  
103 cells. F ive  subcu ltu res form ed th e  sam e n u m b e r of dark  red  p igm en ted  
colonies a f te r  24 hours in cu b a tio n  on s tre p to m y c in  p lates an d  on drug-free 
c o n tro l. H ow ever, visib le colonies appeared  on  strep to m y cin  p la te s  o f th ree  
o th e r  clones only a fte r  48 h ours incubation , th e y  w ere p ink-p igm ented , an d  h ad  
a s u rv iv a l p ro p o rtio n  o f  6— 7 • HTA

I n  an  o th e r ty p ic a l ex p erim en t e ig h t re d  a n d  eigh t p in k  colonies were 
p ick ed  fro m  8 /ug s trep to m y c in  an d  from  co n tro l p la te s , and th e ir  popu la tio n s 
grow n in  liq u id  cu ltu res w ere re -tes ted . All th e  clones of th e  red  p ig m en ted  colo
nies b u t  one form ed an  eq u a l n u m b er of n o rm al colonies on contro l a n d  s tre p to 
m y c in  p la te s  w ith  8 pg  p e r m l a fte r  24 ho u rs . H ow ever, on p la tes sp read  w ith  
cells o f  th e  p in k -p ig m en ted  clones no v isib le colonies were found  in  24 hours, 
a n d  o n  th e  th ird  d ay  a fte r  p la tin g  colony coun ts w ere  20 to  30 p er cen t less th a n  
on d ru g -free  p la tes, an d  th e  colonies were f a in t ly  p in k . In  a successive re -te s t 
b y  d ire c t p la tin g  of th e  suspension  of the  colonies, on ly  30 to  45 per c e n t o f  th e  
cells su rv iv e d  on p la tes w ith  8 pg  s trep to m y cin  p e r  m l an d  th e ir  colonies form ed 
w ere “ w h ite ” . S im ilarly , w hen  a com parison w as m ade betw een th e  no rm al, 
re d -p ig m en ted  colonies a n d  th e  sm aller sized “ w h ite ”  colonies developed on 50 
pg  s tre p to m y c in  p la tes in  re - te s t  b y  replica p la tin g  a higher sen s itiv ity  o f th e  
p ig m en tle ss  colonies w as observed .
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ta in in g  strep to m y cin  from  4 to  100 fig per m l were perfo rm ed  w ith  the  velveteen  
pad . T he colonies developed on th e  16 fig s trep to m y c in  p la tes w ere sm aller 
an d  less p igm ented  th a n  those  on  th e  p lain  n u tr ie n t ag a r an d  g radually  sm aller 
colonies appeared  on th e  p la te s  con ta in ing  increasing  s trep to m y c in  co n cen tra 
tio n s. T he p igm en t deficient “ m icrocolonies”  form ed in  th e  presence o f 50— 100 
fig s trep to m y c in  per m l am o u n ted  to  a sm all percen tag e  of th e  pop u la tio n

Fig. ft. Percentage distribution of the variably graded résistants in  colonies of S. marcescens 
formed in  the presence of 16 fig streptom ycin per ml

d is tr ib u te d  (Fig. 8), a n d  i t  is v e ry  plausible to  consider th em  n o t as ex trem e 
v a ria n ts  of popu la tions d is tr ib u te d  norm ally , b u t  as th e  re su lt o f se lec tion  o f 
th e  second step  v a r ia n ts .

In  fu rth e r  ex p erim en ts , w hen colonies selected  on s trep to m y c in  p la tes 
w ere subsequen tly  p la te d  in  th e  presence of increasing  concen tra tions o f s tre p to 
m ycin , iso lation  o f successively  m ore resis tan t v a r ia n ts  was possible in  these 
“ second passages” . T he re su lts  o f such an  experim en t are  p resen ted  in  T ab le  IV . 
T he cell popu lation  o f th e  colonies selected a t 50, 80 an d  100 fig s trep to m y c in  
p er m l in  th e  first series of p la tin g  proved  in  the  su b seq u en t re -te s t heterogeneous 
as to  th e ir  degree o f resistance . The colonies form ed a t  50 an d  80 fig s trep to m y c in  
consisted  in  m a jo rity  o f cells su rv iv ing  16 and  24 fig s trep to m y c in , respective ly , 
w hile a sm all frac tion  p ro v ed  re s is tan t to  50 an d  80— 100 fig s trep to m y c in . I t  
is supposed, therefore , th a t  th e  first p la ting  selected on ly  th e  first s tep  v a ria n ts  
an d  th e  second p la tin g  p e rm itte d  the  accum ulation  o f a few second s tep  v a r ia n ts

7  A c ta  M icrobiologie« IV /3 .
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w ith  a higher degree o f  resistance . T here is a sh a rp  lim it b e tw een  th e  ranges o f  
re s is tan ce  of the  firs t s te p  an d  second step  v a r ia n ts  an d  th e re  is also p roportional 
s h if t  to  the  higher re s is ta n c e  w hen th e  colonies p icked  from  50 an d  80 jug s tre p to 
m y c in  plates are co m p ared  w ith  each o th e r. O n hasis o f th e se  observation  a 
s tep w ise  increase in  deg ree  o f resistance can  be b ro u g h t a b o u t b y  successive 
se lec tio n . The second s te p  v a rian ts  arose b y  m u ta tio n s  a lread y  in  th e  first

Table IV

Resistance of colonies from  streptomycin plates

P r im a ry  p lating R esistan ce  on  re - te s t R esistan ce a f te r  7 su b cu ltu re s

n o .  o f  
ce lls  

p l a t e d
cone.
jug/ml

fra c tio n
su rv iv in g

n o . o f  
cells 

p la te d
cone.
Mg/ml

f ra c tio n
s u rv iv in g

no . o f 
cells 

p la te d
cone . 
4 g/m l

fra c tio n
su rv iv in g

107 50 7,5 • 10“ e 1,5 • 102 50 3,5 10“ 1 4,2 ■102 50 9,5 i o - 1

80 9,0 i o - J

1,2 ■ 103 50 2,0 10~ 2 3,0 ■102 50 1,0 10»
80 9,3 I O - 1

108 80 5,0 • 1 0 ~ 7 1,0 • 103 50 5,0 1 0 ~ 2 3,5 • 102 80 9,0 10_1
1,0 ■103 100 5,0 1 0 ~ 2 5,3 • 102 100 9,0 10“ 1
1,4 • 103 50 1,5 1 0 ~ 2 4,7 • 102 80 8,0 1 0 ~ l
6,0 • 102 80 5,9 1 0 ~ 2 4,8 • 102 100 1,0 l O 3

6,0 • 102 100 9,0 10“ 1 3,0 • 102 100 1,0 10°
10s 100 3,3 • 10-7 6,0 • 102 100 9,0 10“ 1 4,0 • 102 100 1,0 10°

1,0 • 102 100 1,0

ООi-H 3,2 • 102 100 1,0 10°

p la t in g  series. H ow ever, fo r th e ir  iso lation  th e  second p la tin g  s tep  w as necessary. 
A s i t  is  seen from  T ab le  IV , th e  colonies ta k e n  from  100 jug s trep to m y c in  p la tes 
c o n s is te d  of fully r e s is ta n t cells. This can  be ex p la in ed  b y  th e  assum ption  th a t  
a  h ig h  degree of re s is tan ce  w as developed also in  a single m u ta tio n a l s tep . The 
d e v e lo p m en t of a h igh  deg ree  o f strep to m y cin  resistance  b y  a single m u ta tio n a l 
s te p  w as observed in  E . coli b y  G ib s o n  an d  G ib s o n  [19].

I n  ano ther e x p e rim en t successive tran sfe rs  were m ade on  ag a r p lates 
(F ig . 9). W hen single colonies were tak en  from  p la te s  conta in ing  14 jug s tre p to 
m y c in  p e r  m l on w hich co lony  fo rm ation  still occurred  (A0) an d  sp read  d irectly  
a g a in , a  frac tion  form ed colonies a t  50 jug s trep to m y c in  p er m l (A j). W hen  again  
e x p o se d  to  increasing co n cen tra tio n s  of s trep to m y c in  th e  single colonies tak en  
a t  ra n d o m  from  the  50 jug s trep to m y c in , p la te s  co n ta ined  no su rv ivors producing 
co lonies a t  higher co n c e n tra tio n s  in  th is  second passage (A2, A3). H ow ever, 
w h en  a  m ix tu re  of th e  colonics form ed on th e  places w ith  14 jug s trep to m y cin  
p e r  m l w as transferred , a  sm a ll frac tion  o f th e  su rv ivors rep resen ted  a m ore
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Discussion

Some of th e  con troversies in  th e  problem  of s tre p to m y c in  resistance seem  
to  be due to  th e  fac t we em ploy  th e  te rm  “resis tan ce”  in  th e  discussion o f b a c 
te r ia l populations, a lthough  in  m a n y  a case th e  use o f  th e  te rm  “ sen sitiv ity ”  
w ould be m ore ad eq u a te . In  a te s t  we can d e te rm in e  th e  num ber of su rv ivo rs 
on ly  in  th e  presence of s trep to m y c in , an d  thus su rv iv a l expresses th e  sen s itiv ity  
o f th e  b ac te ria l p o p u la tio n  to  th e  an tib io tic , w hich is n o t  necessarily  equal w ith  
its  “ resistance” .

The chance of a b a c te r iu m  to  survive a g iven co n cen tra tio n  of s tre p to 
m ycin  m ay  be con tro lled  e ith e r  physiologically, i. e. b y  a favourable  m icro 
en v iro n m en t or b y  te m p o ra ry  changes a t  th e  cell level, a n d  in  th is  case th e re  is 
a possib ility  th a t  sensitive cells also survive (“ p e rs is te rs”  [33]) ; or th e  su rv iv a l 
m ay  be contro lled  genetically  b y  a h e ritab le  res is tan ce . T h e  persisters possess 
an  ad ap tiv e  ad v an tag e  to  “ re s is t”  th e  action  of th e  d ru g  especially a t  low er 
concen tra tions, b u t  th is  “ re s is tan ce”  is tran s ito ry  a n d  n o t  re ta in ed  a f te r  su b 
cu ltu re . In  the  p ro p o rtio n  o f su rv iv o rs  th e  persisters a n d  p ro p er ré s is tan ts  are  
considered to g e th er, and  th e re fo re  th e  surv ival curve o b ta in e d  canno t illu s tra te  
th e  d is trib u tio n  o f th e  re s is ta n t cells in  the  p o p u la tio n  te s te d .

In  th e  course of ou r s tu d ie s  w ith  Serratia marcescens we found th a t  th e  
in d iv id u a l cells com posing a co lony w ere very often  n o t alike in  th e ir  degree o f 
resistance . In  o th e r w ords, th e  find ing  th a t  a cell has su rv iv ed  exposure to  ce rta in  
co n cen tra tio n  is no g u a ran tee  th a t  single cells p icked  from  its  p rogeny  will 
give a p o pu la tion  of th e  sam e resistance . The b iochem ical, i. e. physio logical 
h e te ro g en e ity  of a p o p u la tio n  o f  cells w ith in  a colony s ta r t in g  from  a single cell 
h as  been recen tly  em phasized  b y  S ev a g  [26]. A s im ila r  he te rogene ity  of th e  
colonies of S. marcescens developed  on strep tom ycin  p la te s  w as obvious in  th e  
re -te s t. N ot even an  im m ed ia te  an d  d irec t re -te s t o f th e  p o p u la tio n  of a colony 
could give an  unequivocal p ic tu re  o f th e  p roportion  o f th e  sensitive, and  re s is ta n t 
cells. The d is trib u tio n  of th e  re s is ta n t cells m ight h a v e  been  overlapped in  th e  
re - te s t by  sensitive cells w hich  ag a in  possess a tra n s i to ry  “ resistance”  ow ing 
to  th e ir  biological ages an d  physio logical and m etabo lic  s ta te  according th e  site  
w ith in  th e  colony w here th e y  h a d  o rig in a ted  from .

H ow ever, a “ g en e tica l”  h e te ro g en e ity  a p a r t  from  th e  “ p h en o ty p ic” 
one w as also revealed  in  o u r ex p erim en ts . Some o f th e  colonies con ta ined  a m ix 
tu re  o f persisters an d  real r e s is ta n t v a rian ts . This m ean s t h a t  a frac tio n  o f th e  
colony m igh t consist of clonal d escenden ts of m u ta n ts . S u b cu ltu res  (populations) 
derived  from  these  were com ple te ly  re s is tan t on re - te s t .

All these  fac ts  com plicate  ev a lu a tio n  of th e  su rv iv a l curves or su rv iv a l 
p ro p o rtio n s even w hen re -te s ts  a re  perform ed, an d  th e  v a lid ity  o f conclusion 
d raw n  from  th e  d e te rm in a tio n  o f  th e  n u m b er of “ ré s is ta n ts”  in  a given p o p u la tio n  
on basis of colony coun ts m a y  be questionable.
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T h e theory  of physio logical a d a p ta tio n  assum es th a t  a n  a lte ra tio n  in  m e ta 
b o lism  in itia te d  b y  th e  m ed iu m  co n ta in in g  th e  d rug  causes th e  a d ju s tm e n t and  
th e  re s is tan ce  of th e  cells to  th e  an tib io tic . A ccording to  th is  th e o ry , n o t all of 
th e  cells m ust be a d a p te d , an d  d e a d a p ta tio n  is o ften  ra p id  in  subcultures ; 
a  s ta b iliz a tio n  of re s is tan ce  occurs on ly  a fte r  com plete tra in in g  [8]. One m ust, 
h o w e v e r, take  in to  co n sid e ra tio n  th a t  in  som e in stan ces of s tre p to m y c in  resistance 
a  q u a lita tiv e  a d ju s tm e n t o f  th e  cells to  th e  concen tra tion  to  w hich  th ey  had  
b e e n  exposed, was o b serv ed  [2, 12], b u t  n o t in  others [34, p re se n t au thors].

I t  has been em phasized  th a t  th e  ex trem e  co n trasts  b e tw een  th e  theories 
o f  a d a p ta t io n  versus m u ta tio n  are  only  a p p a re n t since i t  is v e ry  p robable  th a t  
f re q u e n tly  bo th  m echan ism s s im u ltaneously  p la y  a p a r t  in  th e  developm ent of 
re s is ta n c e  [2, 8, 29, 34]. T h e  in s tan ce  o f ad ap tiv e  origin o f  res is tan ce  to  low 
s tre p to m y c in  co n cen tra tio n  rep o rted  by  G i b s o n  and  G i b s o n  [15], as well as the  
o th e r  exam ples are n o t  sa tis fa c to ry  convincing  to  accept physio log ica l a d a p ta 
t io n  fo r  th e  control o f  th e  developm ent o f resistance, an d  ev idence th a t  a high 
d eg ree  o f resistance to  s trep to m y c in  can  be reached  b y  a d a p ta t io n  is lacking 
[6, 13, 24]. Physio logical a d a p ta tio n  ce rta in ly  has an  im p o r ta n t  role in  th e  
co m p le x  phenom ena lead in g  to  res is tan ce . D irec t m odification  o f  surv ivors takes 
p la c e  in  th e  presence o f  s trep to m y c in  an d  th is  physiological a d a p ta tio n  provides 
fa v o u ra b le  conditions, because th e  colonies h av e  an  increased  o p p o rtu n ity  for 
m u ta tio n a l  a lte ra tions b y  a tta in in g  an  ap p ro p ria te  size o f  p o p u la tio n  w hich 
a lr e a d y  has a chance to  undergo  m u ta tio n  resu lting  in  g en e tica l resistance. 
P h y sio lo g ica l a d a p ta tio n  favours also th e  pheno typ ic  m an ife s ta tio n  of th e  
g e n e tic a lly  contro lled  resis tan ce  o f th e  re s is ta n t m u ta n ts  in  th e  case of a 
p h e n o m ic  delay.

O n th e  whole o u r o b serv a tio n s seem  to  su p p o rt th e  m u ta tio n a l origin of 
s tre p to m y c in  resistance  in  S. marcescens suggesting , how ever, a  com plem entary  
ro le  o f  physiological a d a p ta tio n . T he su rv iv in g  colonies w ere v a ria b le  in  res is t
a n c e . T he rap id  loss o f  re s is tan ce  in  som e o f th em  ind ica tes t h a t  th e y  possessed 
o n ly  a n  induced a p a d tiv e  p h en o ty p ic  m odification . A frac tio n  o f  th e  popu lation  
o f  som e colonies, how ever, re ta in e d  th e  resistance  a fte r su b cu ltu re s , suggesting 
th e  possib ility  th a t  th e se  cells owe th e ir  s tab le  resistance to  m u ta tio n .

T h e  stepw ise d ev e lo p m en t o f s trep to m y c in  is su p p o rte d  b y  num erous 
d a ta  [3, 6, 9, 23, 28, 29, 34]. I t  is d ifficu lt to  estab lish  th e  e x a c t correlation  
b e tw e e n  num ber o f ex p e rim en ta l steps an d  g raded  degree o f  resistance  of the 
v a r ia n ts  since th e  ra n g e  o f  p h en o ty p ic  v a r ia b ility  w ith in  th e  pop u la tio n  of a 
s in g le  genetically  co n tro lled  v a r ia n t  as w ell as th e  o ccu rrence  of persisters, 
a lw ay s  ten d s to  obscure th e  d isco n tin u ity  th u s  s im u la ting  a co n tin u o u s spectrum  
[3, 12]. Some o f th e  o b jec tions ra ised  a g a in s t th e  d isc o n tin u ity  o f resistance 
ex p licab le  by  m u ta tio n a l steps w ere b ased  on th e  a p p a re n t con tinuous scale 
o f  re s is ta n c e  of th e  b a c te r ia l p o p u la tio n . H ow ever, th e  s ta te m e n t th a t  th e  exp la
n a t io n  o f a continuous resis tan ce  scale w ould  require  m a n y  ty p e s  of m u tan ts
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closely corresponding to  each co n cen tra tio n  [1, 2, 8, 12, 16] canno t be ta k e n  as 
one stren g th en in g  th e  ad ap ta tio n  th e o ry .

I t  has to  be ta k e n  in to  accoun t th a t  th e  d is tr ib u tio n  of the  su rv iv o rs  in  
th e  presence of increasin g  co n cen tra tio n s of s trep to m y c in  sim ula tes o n ly  a 
selection  of a con tinuous varia tion  scale  w ith  a n o rm al p ro b ab ility  d is tr ib u tio n . 
W h en  single colonies o f th e  survivors o f  S. marcescens w ere picked from  th e  p la te s  
an d  re -tested , i t  w as possible to  o b ta in  from  th e  orig inal exposure to  s tre p to 
m ycin  first step  v a r ia n ts  th a t  p rov ided  d ifferen t g rades o f  resistance n o t necessa
rily  w ith  sharp d iv id in g  lines. The ran g es  of th e  ph en o ty p ic  m an ifes ta tio n  of 
th e  d ifferen t v a r ia n ts  w ith  graded resis tan ce  m ay  overlap  each o th e r a n d  are  
n o t necessarily  a d ju s te d  or sharp ly  lim ited  to  th e  g iven  strep to m y c in  concen
tra tio n . The degree o f resistance of th e  v a r ia n ts  iso la ted , an d  especially th e  serial 
tra n sfe rs  perform ed in  o u r experim en ts, seem  to  in d ica te  a stepw ise deve lopm en t 
o f strep to m y cin  resis tan ce  in  S. marcescens. A h ig h er level o f resistance  could 
be a tta in e d  by  a series of steps, a lth o u g h  a h igh  degree of resistance m a y  be 
developed  occasionally  in  few (or in  o n e  single?) s tep . I t  is very  p lausib le  th a t  
in  an  average cu ltu re  o f S. marcescens the  ré s is ta n ts  are  first s tep  m u ta n ts .

T he possib ility  o f  th e  s trep to m y c in  induced  m u ta tio n  to  res is tan ce  has 
also been  considered [19, 20, 24]. R ecen tly , som e experim en ta l re su lts  have  
been  published w hich strong ly  su p p o rt th e  possib ility  o f  a p roper acq u ired  an d  
h e ritab le  resistance [3, 29]. Our ex p erim en ts  in  p rogress, how ever, do n o t  seem  
to  su b s ta n tia te  th e  d irec t induction  o f  resistance in  S. marcescens b y  s tre p to 
m ycin .

M any of th e  controversies in  th e  problem  o f d ru g  resistance o rig in a ted  
from  certa in  oversim plifications o f th e  genetic  th e o ry  an d  from  in co rrec t in te r 
p re ta tio n s  (and app lica tions) of g en e tic  te rm s. Som e confusion could p e rh ap s 
be avo ided  in  th e  fu tu re , if  the  te rm  “ resistance”  w ill be used in  a som ew hat 
lim ited  sense w hen gene tic  aspects a re  involved  in  th e  experim en ts. As long  as 
th e  phenom ena o f “ to le ran ce”  an d  “ resis tan ce”  are  regarded  as eq u a l [26] or 
re s is tan ce  is tak en  to  be concerned w ith  “ the  te m p o ra ry  or p e rm an en t”  c a p ac ity  
o f a cell [3], fu rth e r  controversies w ill h a rd ly  be avo ided . I t  w ould p e rh ap s  be 
a p p ro p ria te  to  use th e  term s re s is tan ce , to le rance  an d  persistence in  genetic  
im p lica tions w ith  sh a rp  d istinction . R esistance  shou ld  be used to  in d ic a te  a 
cond itio n a l p ro p e rty  o f  an  organism  o rig in a tin g  from  a genotypic a lte ra tio n  
w hich  is stable an d  re ta in ed  th ro u g h  a large n u m b er o f transfe rs [3, 7]. The 
p h en o ty p ic  m an ifesta tio n  of the re s is tan ce , how ever, m ay  have a v a riab le  ran g e  
o f expression. P e rs is ten ce  should be  used  for th e  p h eno typ ica l m odifica tion  
o f  genetica lly  sensitive  cells, w hich a re  able to  “ p e rs is t”  th e  action  o f a d rug . 
F in a lly  th e  te rm  to le ran ce  should be  a p p ro p ria te , as a “ n e u tra l”  te rm , in  those  
in s tan ces  where th e  genotypical o r p h en o ty p ica l ch a ra c te r  o f th e  su rv iv a l to  
an tib io tic s  is n o t y e t  know n. W e a re  convinced th a t  a com m on an d  p ro p erly  
defined term inology  w ould  be o f g re a t  value in  th e  u n d ers tan d in g  a n d  for
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“ ta k e  ‘leave of absence’ fro m  one’s devo tion  to  an  orthodox  be lie f o r p o in t o f  
v iew ”  [26, see also 3] in  th e  fu tu re  d iscussions.

Sum m ary

A  s tu d y  was m ade on  th e  developm ent o f re sistan ce  to  strep tom ycin  in  Serratia marcescens. 
T h e  sen sitiv ity  to  s trep to m y c in  w as characterized  b y  th e  th resho ld  co n cen tra tio n  d e term ined  
u n d e r  s tandard ized  conditions. N o resis tan t v a r ia n ts  w ere  ob tained  from  po p u latio n s exposed 
to  s trep to m y c in  for a lim ited  t im e , 1— 6 hours, in  liq u id  cu ltu res . In  m an y  cases a  heterogeneity  
w as fo u n d  in  th e  cell p o p u la tio n  o f  th e  colonies grow n on  ag ar m edium  co n ta in ing  lower concen
t ra t io n s  o f strep tom ycin , th e  colonies d id  no t e n tire ly  consist of cells w ith  u n ifo rm  resistance. 
T h e  leve l o f resistance o f th e  single  colonies form ed o n  th e  sam e p la te  w as also v a riab le , th e y  
w ere n o t  necessarily a d ju s te d  to  th e  concen tra tion  on  w hich  th e  g row th  of th e  colony had  ta k e n  
p lace. M any of th e  colonies, d epend ing  on th e  low er co n cen tra tio n  of s trep to m y c in  a t  w hich th e  
su rv iv o rs  had  been selected  w ere  e ither n o rm al “ o v erlap s” , i. e. th ey  possessed a  sensitiv ity  
e q u a l to  th a t  of th e  o rig ina l p o p u la tio n , or re s is ta n t to  concentra tions m u ch  low er th an  th e  
p a re n ta l  population . V a rian ts  iso la ted  from  colonies o f p la te s  w ith  h igher s trep to m y c in  concen
t ra t io n s  p roved  to  be m ore re s is ta n t, and  grew a t  co n cen tra tio n s a t  least as h igh  as those of th e  
p la te s  from  which th ey  h a d  b een  isolated. T he colonies selected a t  100 fig s trep to m y cin  p e r  
m l w ere  hom ogeneous a n d  fu lly  re s is ta n t to  th is  co n cen tra tio n . A corre lation  w as also observed 
b e tw een  th e  in ten sity  o f p ig m e n t p roduction , and  th e  sen sitiv ity  to  strep to m y c in . T he degree 
o f  re sis tan ce  of th e  v a r ia n ts  iso la ted  was re ta in ed  th ro u g h  a large num ber o f su b cu ltu res  w ith o u t 
s trep to m y c in . Stable v a r ia n ts  w i th  a  low degree of re sis tan ce  were also achieved.

A n indication  of d isc re te  step s leading to  p rogressively  h igher g rades o f resistance  w as 
o b ta in e d  b y  serial tran sfe rs  in  w h ich  th e  clonal p o p u la tio n  was repea ted ly  exposed  to  s tre p to 
m y c in  in  liqu id  cultures or on  a g a r  m edium . T he fin d in g s suggest th a t  th e  ran g e  o f th e  resistance 
levels in  th e  single steps is n o t un ifo rm  and  th e  sam e leve l o f h igh  resistance can  be  a tta in ed  in  
one in s tan c e  by  m ore, in  a n o th e r  by  fewer, steps.
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A lthough  devoid of p a th o g en ic  properties, Bacillus megaterium neverthe less 
s tan d s in  th e  cen tre  of m icrobiological research in  m ore th a n  one respect. B ecause 
of its  considerable size i t  has b een  for decades a m uch  favoured  ob jec t in  cytologi- 
cal stud ies. To its  finer m orphological s tru c tu re  p a r tic u la r  a tte n tio n  h as  been 
devo ted  in  recen t years b y  R o b i n o v  (1953, 1956) an d  D e L a m a t e r  (1951, 1956). 
E ven  in  its  bearings on genetics i t  has becom e a m icroorganism  of in te re s t  to  
several au th o rs  ( S z y b a l s k i , 1954 ; B e r g e r s e n , 1954 ; D e L a m a t e r  an d  H u n t e r  

1953), an d  i t  ce rta in ly  occupies a d istinguished p lace  in  th e  stu d y  o f lysogeny . 
The m a te ria l o f  d e n  D o o r e n  d e  J o n g  (1931), h is lysogenic and phage-sensitive  
s tra in s , as s ta n d a rd  stra ins, a re  encountered  to d a y  in  m ost of th e  lab o ra to rie s  
engaged in  ph ag e  research . T h e  s tu d y  of these  s tra in s  first b y  G r a t i a  (1936), 
W a h l  (1946), an d  o thers, an d  la te r  b y  L w o f f  e t  al. (1950), C l a r k e  a n d  C o w l e s  

(1952), and  W e l s h i m e r  (1951) led  to  observations o f fu n d am en ta l significance 
concerning th e  n a tu re  of ly sogeny . A n um ber o f  p ro p ertie s  of th e  p hages of 
Bacillus megaterium, such as th e ir  reversib le  in a c tiv a tio n , th e ir  b eh av io u r 
tow ards enzym es, etc., are k n o w n  in the  first line from  qu ite  recen t s tu d ies  
m ade b y  N o r t h r o p  (1955), a n d  b y  N o r t h r o p  a n d  M u r p h y  (1956). V ery  n o tab le  
are also th e  rep o rts  pub lished  la te ly  by M u r p h y  (1952, 1953, 1954) on  th e  
genetic  aspec ts  o f the  phages o f  Bacillus megaterium.

In  charac teris in g  a few m eg ate riu m  phages, F r i e d m a n  and  C o w l e s  (1953) 
a n d  F r i e d m a n  (1954) have in  recen t years described  th e  so-called M -phage 
system , b u t h av e  failed in  fu rn ish in g  details concern ing  th e  h ost ran g e  o f  these  
tem p era te  phages. O ur know ledge abou t th e  h o st ran g e  of Bacillus megaterium  
is still ve ry  lim ited . S m i t h  e t a l. (1952) te s te d  14 Bacillus megaterium s tra in s  
for th e ir  sen s itiv ity  to  3 d iffe ren t phages. T h ey  found  th a t  d ifferences were 
possible betw een  th e  in d iv id u a l phage s tra in s. O ne o f th e ir  phages a c te d  upon  
upon all the  Bacillus megaterium  s tra in s , in d ep en d en tly  o f w hether th e ir  colonies 
were “ sm oo th”  o r “ rough”  in  appearance . The h o s t ran g e  of tw o o th ers  o f  th e ir  
s tra in s  was found  to  be s lig h tly  narrow er. T h e  sa id  au th o rs  o m itted  to  give 
a detailed  descrip tion  of th e ir  phages and failed  to  consider th e  q u a n tita tiv e  
conditions w hen  th ey  d e te rm in ed  th e  sen sitiv ity  o f th e ir  bacillus s tra in s .
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T here  are also consid erab le  gaps in  o u r know ledge of th e  cu ltu ra l p roperties 
o f  Bacillus megaterium. N um erous pu b lica tio n s describe th e  v a r ia b ili ty  of the 
co lon ies of th is bacillus, b u t  th e y  only give a v e ry  poor ch a rac te riza tio n  of its 
v a r ia t io n .  As has re c e n tly  been  estab lished  b y  one of us ( I v á n o v i c s , 1955), 
th e  v a r ia b ility  of Bacillus megaterium colonies u su a lly  appears to  be o f a pheno
ty p ic  charac ter. O ur know ledge of its  m u ta n ts  o f stab le  ch a rac te ris tic s  is of 
q u ite  recen t da te  ( I v á n o v i c s , 1955, an d  fu r th e r  reports  u n d e r pub lica tion ). 
S tu d ie s  ex tending  to  th e  an tig en ic  s tru c tu re  o f  th is  m icroorganism  are  v e ry  few 
in  n u m b e r. So fa r th e re  is o n ly  one w ork to  p o in t ou t th e  d iv e rs ity  in  surface 
a n tig e n s  of th is o rgan ism  ( I v á n o v i c s , 1955). P rev iously , it  w as re p o rte d  by 
T o m c s i k  (1951) th a t  som e p a r t  of the  capsu le , respectively  th e  cell w all, of 
B acillus megaterium becom es visible in  th e  presence  of hom ologous an tib o d y  
u n d e r  th e  phase c o n tra s t  m icroscope. In  th is  o rganism  th e  capsule consists of 
D -g lu ta m ic  ac id -po lypep tide , th e  group-specific h a p te n  of aerobic spore bearing  
b a c illi  ( I v á n o v i c s , 1937 ; T o m c s i k  an d  G u e x - H o l z e r , 1951 ; I v á n o v i c s , 

1953). O n th e  evidence o f  a  s tu d y  of one o f  its  s tra in s , T o m c s i k  a n d  G u e x - 

H o l z e r  (1954) es tab lish ed  th e  presence in  Bacillus megaterium o f h e a t-re s is ta n t 
a n d  h eat-sensitive  a n tig e n ic  substances th e  la t te r  of w hich are  o f a p ro te in  
n a tu r e .  W ith  th e  hom ologous serum  of one o f  th e  s tra in s  of th is  m icroorganism , 
P e s t i  (1954) sub jec ted  to  p rec ip ita tio n  te s ts  ex trac ts  ob ta in ed  w ith  d ilu ted  
h y d ro c h lo ric  acid from  five d ifferen t s tra in s . T he ex trac ts  o f all five stra ins 
g a v e  eq ua lly  good re a c tio n s  w ith  th e  im m u n e  serum .

T h e  p resen t p a p e r  em bodies th e  re su lts  o f  our in v estiga tions w hich  were 
c a r r ie d  ou t to  e s tab lish  if , a n d  to  w h a t e x te n t, th e  properties o f th e  Bacillus 
megaterium  stra ins o r ig in a tin g  from  d e n  D o o r e n  d e  J o n g ’s  ex p erim en ts  and 
m a in ta in e d  in  lab o ra to ries, ag ree  w ith  th e  p ro p e rtie s  of th e  “ w ild”  s tra in s  iso lated  
a n d  closely stud ied  b y  u s . A fu rth e r  aim  o f th e  p resen t w ork w as to  in v es tig a te  
in to  th e  variab ility  of th e  an tig en ic  s tru c tu re  o f  Bacillus megaterium  s tra in s  and 
th e i r  sen s itiv ity  to  a n u m b e r  of ad eq u a te ly  defined phage s tra in s .

M ethods

Isolation, identification, and maintenance o f the bacterial strains. Suspensions of faeces and 
soil sam ples, heated to 80° C for 5 m inutes, were p lated  on synthetic agar (nu trien t m edium A  ; 
Ga r ib a l d i et ah, 1953). R epeated  subculturing was applied to  purify the strain . A part from 
m orphological characteristics, identification was based upon behaviour on synthetic medium 
(K n ig h t  and P room, 1950), sensitivity  to lysozyme, and investigation of indole and acetyl- 
m e th y l carbinol production. Twelve strains had been isolated as early as the first half of 1952 ; 
up  to  th e  middle of 1953 they  w ere being m aintained in  bro th  agar. T hereafter th e  spores of 
these stra ins were kept in th e  frozen state, and furnished th e  m aterial required for our experi
m en ts.

A  similar procedure was adopted  in m aintaining th e  strains obtained from various labora
to ries. Asporogenous strains were transferred weekly on YC agar.

Microscopic observation. In  addition to Gram’s stain ing, cell-wall staining as recommended 
by  G u t s t e in  (1926) was invariab ly  performed. Cultures obtained in bro th  a t 35° C for a few 
hours , were used for studying chain  formation and m otility . Several m otility tests were made 
w hile th e  work was in progress.
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Cultivation in liquid nutrient media. Aeration was applied in every case. The bacteria were 
inoculated into 20 ml of nutrient solution, in Erlenineyer flasks of 100 ml capacity and incubated 
at 35° C with gentle shaking (oscillations per minute, 96 ; amplitude, 2 cm).

Density of bacterial suspensions. In measuring this, an ORIFOT-type photoelectric cell 
photometer was used. The extinction value found in a tube 16 mm in diameter was understood 
to be the optical density.

Antibacterial sera. Suspensions of bacteria grown in horse meat broth killed with formalin 
and washed by centrifugation were injected intravenously into rabbits. Bleedings made after 
10 or 12 injections guided us in respect of how to proceed further. The suspensions of some 
strains proved to be too toxic, therefore no sera of a sufficiently high titre could be obtained 
against them. Even repeated injections of some individual strains, for instance of KM and 337a, 
failed to yield appropriate agglutinating sera, but they proved useful in immobilisation tests 
to demonstrate the presence of flagellar antigen. Because of the difficulties encountered in the 
course of immunisation, the sera of only a limited number of strains were prepared.

The antibody to D-glutamic acid-polypeptide was produced in rabbits injected with suspen
sions of heat-killed encapsulated Bacillus anthracis.

Agglutination. To 0,5 ml amounts of serial dilutions of the sera, equal volumes of suspen
sions of 0,3 optical density were added, and the racks holding the test tubes were vigorously 
shaken 4 or 5 times for 1 to 2 minutes at intervals of 2 to 3 minutes. The test tubes were then 
allowed to stand at room temperature for 4 to 5 hours before readings were made.

Immobilisation reactions. From a broth culture of the strain a droplet was placed on a 
slide and a drop of immune serum diluted 1 to 50 was added to it. About a minute later the 
result was read under the microscope.

Cell-wall and capsular swelling reaction. As a rule, suspensions of 0,4 to 0,7 optical density 
were prepared from colonies of 14 to 16-hour cultures obtained in YC agar medium. A droplet 
of the suspension was placed on a slide, a loopful of immune serum was admixed, and sealed with 
a glass cover. Inspection was under a phase contrast immersion lens.

Phage material. In the case of the lysogenic strains 56 and 899 [1], phage material was 
obtained from a single plaque. With these strains, and also with strains Mt, M2, and M5, the 
indicator strain designated “ Sensitive” was used. In obtaining phage suspensions and in titrating 
them, YP nutrient medium was invariably employed.

The Mi, Mii, and Miii, strains were isolated from garden soil samples, using strain 216 of 
Bacillus megaterium. In growing and titrating these phage strains, strain 216 was employed.

Phage material passed through a Seitz filter was used in the experiments. The preparations 
contained from 108 to 1010 particles per ml.

Titration of the phage effect. The particles were usually counted in plexiglass dishes follow
ing H orváth  and Alföldi’s (1954) semi-micromethod. Amounts of 2 ml of YP medium contain
ing 1 per cent agar were measured into the grooves of the plexiglass plates and, after solidifying, 
were overlayered with 2 ml of a mixture of phage dilution and indicator bacillus. This mixture 
was prepared by measuring into test tubes 0,8 ml quantities of the varying dilutions of phage 
material and adding to them 0,2 ml of bacterial suspension of 0,4 optical density.

When counting the phage particles in Petri dishes, Gratia’s (1936) method was essentially 
followed. In Petri dishes 10 cm in diameter Y P agar plates were prepared and these were over
layered with 2 ml amounts of phage and bacterium suspensions in soft agar.

Determination of the strains’ sensitivity to phages. To 1 ml of bacterial suspension (of 0,1 
optical density) l ml of YP agar was added and the mixture was poured on the surface of a YP 
agar plate.

From the stock lysates, resp. their 10—1 to 10 7 dilutions, a drop each (0,02 ml) was placed 
with the aid of a platinum loop on the surface of the inoculated plates and incubated a t 37° C 
for 20 hours, whereafter the readings were made.

Antigenic structure of the phage strains. From the phage material 5 ml each were injected 
intraperitoneally into rabbits twice a week. After 7 to 12 injections the animals were bled to 
death, and their sera heated to 56° C for 30 minutes. To the phage preparations the immune serum 
was added in dilutions from 1 : 500 to 1 : 1000. The mixture was kept in the water bath at 37° C, 
and the number of plaque formers were counted at 5-minute intervals.

Sensitivity to citrate. The diluting liquid as well as the agar nutrient medium contained 
0,1 per cent sodium citrate.

Heat inactivation. To 9,5 ml amounts of nutrient medium, heated to 60° or 65° C, 0,5 ml 
amounts of the phage preparations were added. Samples taken from time to time from the 
heated substance were immediately diluted with ice-cold medium, and the number of infective 
phage particles was determined.

Latency period. Cultivation was carried out under shaking, in Erlenineyer flasks 
placed in a water hath at 35° C. Shaking was made with 95 oscillations per minute, amplitude
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3 cm. The nutrient medium in the flasks was inoculated with the indicator bacterium and was 
allowed to grow until the optical density of the culture was 0,15. Thereafter as many phages 
were added to the suspension as were required to have one particle for each individual bacterial 
cell. From the mixture a 10—2 dilution was prepared with the aid of the nutrient medium and, 
under shaking, was made to  continue growing. The changes in the number of plaque formers 
were followed up in samples taken at intervals of 5 minutes.

Lysogenization. From the phage preparation 0,1 ml amounts were dried onto the surface 
of YP agar plates, and these were inoculated with dilute bacterial suspension. The developing 
colonies were washed with a moderate amount of saline, and a few drops of the dense bacterial 
suspension were plated on the surface of the agar medium recommended by Tarr (1932). Two 
days later the intensely sporulating culture was washed, and 1 ml amounts of the suspension 
were measured into test tubes which were then placed for 5 minutes into a water bath at 90° C. 
From 10 to 20 of the colonies obtained from the spore suspension were checked in the usual 
manner for their lysogenic character.

Preparation and titration o f megacin. The Bacillus megaterium strain 216 was utilised to 
obtain megacin. After the complete dissolution of its culture irradiated with UV light, the sub
stance was filtered through an asbestos pad (Ivánovics and Alfö ld i, 1955). Sensitivity to megacin 
was determined in exactly the same manner as sensitivity to phages.

Nutrient media. By broth  is meant horse-meat extract containing 1 per cent peptone. 
The yeast extract peptone (YP), yeast extract casein hydrolysate (YC), and yeast extract with 
enzymatically digested casein (YDC) nutrient media have been described elsewhere (Ivánovics 
and Alföldi, 1955). In  preparing Tarr’s agar, 0,1 per cent enzymatically hydrolysed casein 
was used. The solid media contained 1,5 per cent agar-agar.

E xperim ental

The Bacillus megaterium  strains studied, and their essential properties

Subjected  to  d e ta ile d  studies were th e  24 Bacillus megaterium s tra in s  lis ted  
in  T ab le  I . Of th em  14 w ere isolated by  us a n d  k e p t u n d er observation  for a  
n u m b e r of years. F ro m  som e of these “w ild”  s tra in s  i t  proved possible to  d isso
c ia te  a  m u ta n t, w h ich  m a y  be regarded as th e  R  v a r ia n t  o f Bacillus megaterium  
( I v á n o v i c s , 1955). O f th e  s tra in s  iso lated  b y  us one  w as lysogenic, an d  tw o  (216 
a n d  119) were m egacinogen ic  inducible w ith  U V  lig h t. Concerning th e  m orphology  
o f th e  “ w ild” s tra in s , th e  following po in ts m e r it  m en tion ing . In  resp ec t o f th e ir  
sh ap e , size, and  s ta in in g  properties, th e  cells corresponded  well to  tho se  de
scrib ed  by  S m i t h  e t  a l. (1952). Tests m ade in  F e b ru a ry , 1954, and  th e re a f te r , 
show ed four of th e  s tra in s  to  be non-m otile . P r io r  to  th a t  d a te  sy stem atic  
te s ts  fo r m otility  h a d  n o t  been u n d e rtak en . Tw o s tra in s  (208 an d  209) w ere 
o rig ina lly  m otile. L a te r , th e y  have lost th is  p r o p e r ty . l t  should be n o ted  th a t  in  
a liq u id  m edium  th e  non -m o tile  stra ins u su a lly  developed  extrem ely  long th re a d s .

The s tra in  d e n o te d  938 likewise consisted  o f  chain-form ing  non-m otile  rods.
In  b ro th  ag a r c o n ta in in g  10 per cen t saccharose , s tra in  938 a n d  th e  14 

s tra in s  of our own iso la tio n  gave rise to  e x trem e ly  so ft m ucoid colonies necro ti- 
s in g  in  the  centre. T hese  colonies m easured a t  le a s t 5 to  6 m m  in  d iam eter. S ligh tly  
d iffe ren t from  th e  c u ltu ra l  properties o f th e se  “ w ild ”  stra in s were tho se  of th e  
s tra in s  o rig inating  fro m  d e n  D o o r e n  d e  J o n g ’ s  (1931) experim ents a n d  m a in 
ta in e d  now for over a q u a r te r  of a cen tu ry  u n d e r  lab o ra to ry  conditions. Subtle  
d ifferences also m a n ife s te d  them selves in  d ependence  on th e  la b o ra to ry  th e  
s t r a in  had  come fro m . T h is p a rticu la rly  refers to  th e  lysogenic s tra in  899(1).
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Table I

List of Bacillus megaterium strains used, and their source of origin

D esig n atio n
ap p lied

S o u rce  o f 
o rig in

O b ta in e d  w herefrom  
a n d  w hen

L yso g en ic
q u a li ty M o tility N o tes*

207 rabb it faeces Iso la ted  b y  us 
in  F eb ru a ry , 1952

absent vigorous

208 rabb it faeces Iso lated  b y  us
in  F eb ru a ry , 1952

ab sen t none M o tility  w as 
ob servab le  

im m ed ia te ly  
after  iso la tion

209 cow  faeces Iso lated  b y  us
in  F eb ru a ry , 1952

absent none M otility  w as 
ob servab le  
im m ed ia te ly  
after  iso lation

119 gu inea  pig  
faeces

Iso lated  b y  us
in F eb ru a ry , 1952

ab sen t vigourous M egacinogenic

213 hen fa eces Iso lated  b y  us
in  F eb ru a ry , 1952

a b sen t slight

216 m ouce faeces Iso lated  b y  us
in  F eb ru a ry , 1952

ab sen t sligh t M egacinogenic.

296 soil sam p le Isolated  b y  us 
in J u n e , 1952

ab sen t none

297 soil sam p le Isolated  b y  us 
in  J u n e , 1952

ab sen t vigorous

298 soil sam p le Isolated  b y  us 
in  J u n e , 1952

ab sen t none

299 soil sam p le Isolated b y  us  
in  J u n e , 1952

a b sen t vigorous

300 soil sam p le Isolated b y  us  
in  J u n e , 1952

ab sen t m oderate

301 soil sam p le Isolated  b y  us  
in  J u n e , 1952

ab sen t m oderate

56 air Isolated  b y  us  
in  A p ril, 1954

present vigorous

60 air Isolated  b y  u s  
in A p ril, 1954

ab sen t sligh t

938 unknow n Bureau o f  A gr. and  
Chem. P eo r ia , N R L -  
B-938. In  J u n e , 1953

absent none

P -899 soil sam p les  
Iso lated  b y  d e n  

D o o r e n  d e  
J ong

Inst. P asteu r , Paris, present vigorous A sporogen ous

W — 899 soil sam p les  
Isolated  b y  d e n  

D oor en  d e  
J ong

Prof. W elsh im er, 
R ichm ond  
M arch, 1954

present vigorous

W  899 II d soil sam p les  
Isolated  b y  d e n  

D ooren  d e  
J ong

Prof. W elsh im er, 
R ichm ond  
M arch, 1954

present vigorous



338 G. IVÁNOVICS, I. ALFÖLDI and Â. SZÉLL

Table I  (continued)

D e s ig n a t io n
a p p lie d

Source of 
origin

O b ta in e d  w h erefro m  
a n d  w h en

L y so g en ic
q u a li ty M o tility N o tes*

W 337a soil samples 
Isolated by den 

Dooren de 
J ong

Prof. Welshimer, 
Richmond 
March, 1954

absent vigorous

W 337b soil samples 
Isolated by den 

D o o r e n  de 
J o n g

Prof. Welshimer, 
Richmond 
March, 1954

absent vigorous Asporogenous

W 7 — 0 — 11 soil samples 
Isolated by den 

Doohen de 
J ong

Obtained by Prof. 
Welshimer from 
strain 337a with 
the phage of 899

present vigorous

“ Sensitive” soil samples 
Isolated by den 

Dooren de 
J ong (?)

Prof. Cowles, New 
Haven

absent undeci
ded**

Asporogenous

“ M utilate” soil samples 
Isolated by den  

Dooren de 
J ong

Inst. Pasteur, Paris 
July, 1953

absent moderate Asporogenous

KM ? Dr. Weibull, Uppsala 
March, 1954

absent vigorous Asporogenous

.

* All strains were sporeforming, against which no remark to the contrary is made.
** The filamentous forms visible in the broth culture of this strain were sporadically 

observed to display signs of motility. Motility tests made on other occasions yielded negative 
results.

I n  a g a r  contain ing  10 p e r  c e n t saccharose th e  non-sporous s tra in  P-899 grew  very  
p o o rly  an d  developed colonies o f 1,5 to  2 m m  in  d iam e te r and  a g listen ing  su r
face , b u t  was n o t m uco id  in  appearance. In  saccharose ag ar th e  colonies of 
W -899 an d  W-899 l i d  w ere 5 to  6 m m  in  d iam e te r an d  m arked ly  m ucoid .

C haracteristic  o f th e  “ M u tila te”  s tra in  w as th a t  on saccharose ag ar its  
o rig in a l subculture  p ro d u c e d  sm all (1 to  1,5 m m ) colonies n o t rem in iscen t in  
a p p e a ra n ce  of th e  colonies o f “ w ild”  s tra in s . T he cu ltu ra l p roperties of th is 
s t r a in  w ill be d ea lt w ith  u n d e r an in d ep en d en t h ead in g  because in  th e  cu ltu re  
o f  i t  m a in ta in ed  in  YC m ed iu m  we have observed  a d issociation  w hich  we th in k  
m e r its  to  be discussed in  d e ta il. W hen discussing th is  s tra in  in  general, we always 
h a v e  in  m ind  its o rig in a l m a te r ia l m a in ta in ed  in  th e  frozen d ried  s ta te .

P la te d  on saccharose  agar, th e  s tra in s  337a, 337b, an d  th a t  designated  
“ S en sitiv e” , y ielded n on-m uco id  colonies of a du ll lu s tre  from  0,5 to  1,5 m m  in  
d ia m e te r . On YC ag a r, w here  th e  conditions are  th e  m ost favourab le  fo r a m ucoid 
g ro w th  of the “ w ild”  ones, th e  said  th ree  s tra in s  gave rise to  a la rge  n u m b er of 
colonies dull in  ap p earan ce , b u t along w ith  th em  m ucoid  colonies were also encoun
te re d . F rom  th e  s tr a in  desig n a ted  KM  no colonies o f m ucoid c h a rac te r  w ere
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o b ta in ed  in  YC agar, b u t  som e d id  ap p ear in  saccharose agar. S tra in  W -7 -0 -1 1  
tran sfo rm ed  in to  a lysogenic one from  s tra in  337, gave m ucoid colonies as well, 
w hen th e  conditions w ere favourab le  fo r th is .

Flagellar antigen o f  the strains

O n th e  evidence o f im m obilisation  te s ts  th e re  exists serological s im ila rity  
o r id e n tity  betw een  th e  in d iv id u a l s tra in s  (e. g ., s tra in s  207 and  300) ; a g g lu ti
n a tio n  te s ts  perfo rm ed  in  te s t  tubes fa iled  to  disclose th is  re la tio n sh ip . T he 
resu lts  o b ta in ed  w ith  im m obilisation  te s ts  arc  p resen ted  in  Table I I .

A ccording to  th e  im m ohilisation  te s ts , th e  s tra in s  stud ied  can  be  d iv ided  
in to  five groups. T he resu lts  o f im m obilisa tion  te s ts  suggest th e  follow ing 
s ta te m e n ts . 1. The 899 s tra in s  o f d ifferen t o rig in  d isp lay  an  iden tica l b eh av io u r 
an d  th e ir  flagellar a n tig e n  corresponds to  th a t  o f  one of our own s tra in s  (213). 
2. T here  ex ists a re la tio n sh ip  betw een th e  flagella  o f the  KM s tra in  a n d  those  
o f  severa l o th e r s tra in s  (e. g. s tra in s  337). 3. B etw een  th e  m em bers o f  th e  in d i
v id u a l groups th e re  m a y  be overlapp ing  re a c tio n  ind ica ting  com m on an tig en ic  
com ponen ts ; e. g. s tra in s  216 an d  56.

Table II
The flagellar-antigenic structure of the studied strains on the evidence of immobilisation tests

S tra in
I n te n s i ty  
o f  s tr a in  
m o ti l i ty

Im m o b il is a t io n  ( +  ) w ith  im m une sera
Group

207 119 213 216 297 299 300 K M 3 3 7 a

207 + + + + + — — — — + — —

119 +  +  + + + - - — - + - — I
300 + + + + — — — - + — —

301 + + + + - - — - + — —

213 + — — + + + + - — —

P 899 +  + - - + + + + - - -
И

W 899 + + — - + + + + - - —

W 899 lid +  + - - + + + + - — —

216 + — — — + + + — + +

297 +  + - - — + + + - + -
h i

299 +  +  + — — — + + + - + -
K M +  +  + - - - + + + - + +

56 +  +  + — — — — — — — + +
W 7 - 0 - 1 1 +  +  + — — — — — - - + + IV
W 337a + + — — — — — - — + +
W 337b +  +  + - - — - - - - + +

60 +  +  + V

8  A c ta  M ierob io log ica IV /3 .
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O n th e  basis o f  flagellar specificity, th e  serological re la tionsh ip  am ong 
s tra in s  is m ore f re q u e n t th a n  can he estab lished  b y  m eans of ag g lu tin a tio n  te s ts  
(com pare the  s tra in s  216, 297, 299, an d  K M ) .  T h is justifies us to  d iv ide  Bacillus 
megaterium  s tra in s  in to  groups according to  th e ir  flagellar specificity.

Agglutination o f the strains

T he figures in  T ab le  I I I  represen t th e  ag g lu tin a tio n  values of th e  live or 
h e a t- tre a te d  suspensions o f  th e  bacteria l s tra in s , a n d  show th a t  th e  a g g lu tin ab i-

ТаЫе 1П
Agglutination of live and heat-treated suspensions of various Bacillus megaterium strains

N ote : The num erators indicate the results of agglutinations carried out w ith th e  living, 
and th e  denominators those w ith  the heat-treated bacterial suspensions. The figures represent 
th e  l/100 th  p art of the reciprocal values of the titre  (e. g., 16/2 equals the 1 : 1600 titre  o f th e  
living and th e  1 : 200 titre  o f th e  heat-treated  suspension. Sign — means th a t even in a d ilution 
of 1 : 50 there was no agglutination. Heat treatm ent o f th e  suspension consisted o f placing 
th e  bacteria l culture poured in to  a te s t tube in a w ater b a th  a t  80° C for 7 minutes.)
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l i ty  o f the  suspensions exposed to  m oderate h e a t  e ffec t has generally u n d e rg o n e  
no, o r only in sign ifican t, changes. In  the  case o f  a few  s tra in s  (e. g-, s tra in s  899 
an d  209), how ever, th e  d ifference was m ore m a rk e d .

The Bacillus megaterium  s tra in s  are conspicuous fo r th e  exceedingly m a rk e d  
specificity o f th e ir  ag g lu tin a tio n s , suggesting a w ide v a riab ility  of a n tig en ic  
s tru c tu re  in  th is  species. E ig h t s tra in s o u t o f 24 fa iled  to  ag g lu tina te  w ith  9 
o f th e  im m une sera  used  ; in  o th e r w ords, a g re a t p a r t  o f the s tra in s  show ed 
no an tigen ic  re la tio n sh ip  w h a tev er w ith  th e  o th e rs . O n the  evidence o f  th e ir  
serological b eh av io u r, th e  reac tin g  10 stra ins o f d iffe ren t origin could be d iv id ed  
in to  8 in d ep en d en t ty p es . As has recen tly  b een  dem o n stra ted  b y  one o f  u s  
( I v Án o v ic s , 1955), th e  re su lts  o f agg lu tina tion  u n d e r  conditions applied  in  th e se  
experim en ts lead  us to  conclude to  specificity o f th e  cell wall. A ccord ingly , on 
th e  basis of th e ir  cell-w all an tig en , i t  is possible t h a t  Bacillus megaterium  to  
be classed in to  num erous in d ependen t serological ty p es which d iffe r v e ry  
sh a rp ly  from  one a n o th e r.

The specificity o f capsule o f  strains

I t  w as em phasized  b y  us ( I vÁn o v ic s , 1953) th a t  Bacillus megaterium  
is to  be reg a rd ed  as a capsu la r m icroorganism , th e  capsule consisting  in  ou r 
v iew  of D -g lu tam ic acid -po lypep tide . In  our o p in ion  th e  com plex s tru c tu re  w h ich  
w as first described  b y  T o m c sik  an d  G u e x -H o l z e r  (1951), and has been  closely  
s tu d ied  ever since, is b u t  an  ap p a ren t one. I t  is due  to  the  po lyg lu tam ic-acid  
m olecules w hich, in  b reak in g  to  the  surface, s n a tc h  o ff and  carry  aw ay specific 
partic les from  th e  cell w all an d , m ixing w ith  th e m , m ak e  th e  capsular su b s ta n c e  
heterogeneous. A g g lu tin a tio n  te s ts  carried o u t w ith  b ac te ria l suspensions k illed  
w ith  h ea t an d  d ig ested  w ith  lysozym e confirm ed th a t  th e  cell wall o f Bacillus 
megaterium s tra in s  is specific. B acteria  tre a te d  w ith  lysozym e and  s tr ip p e d  o f 
th e ir  cell w all d id  n o t ag g lu tin a te  w ith  th e ir  hom ologous sera (IvÁn o v ic s , 1955).

On YC ag a r p la te s  or horse m eat e x tra c t a g a r  con ta in in g  saccharose m o st 
o f th e  s tra in s  s tu d ied  b y  us gave m ucoid colonies ; th e ir  cells had  capsu les o f 
d ifferen t developm en ta l s tages. U p to  the  tim e  o f w ritin g  i t  was only th e  “ M u ti
la te ”  s tra in  o rig in a tin g  from  d e n  D o o r e n  d e  J o n g ’s m ateria l from  w h ich  we 
could n o t iso la te  m ucoid , i. e., such colonies as co nsist of en capsu la ted  cells.

In  th e  cells o f  th e  m ucoid  colonies th e  p resence  o f  D -glutam ic ac id -p o ly p ep 
tid e  was d e m o n s tra te d  in  every  instance . T h e  “ cap su la r swelling re a c tio n ”  
(T o m c sik , 1951) w as found  to  be the  sim plest m e th o d  of d em o n stra tio n . T he 
specificity o f th e  cell w all w hich was m ade v isib le  u n d e r  phase c o n tra s t m ic ro 
scope b y  ad d in g  m eg a te riu m  sera  to  sam ples o f  b a c te r ia l suspension (T o m c sik  
an d  G u e x -H o l z e r , 1954) ag reed  fully w ith  th e  re su lts  yielded by  th e  a g g lu ti
n a tio n  te s ts  ; how ever, th e  said  reactions were n o t  seen except w here th e  ag g lu 
tin a tio n  te s ts  y ie lded  positive  resu lts. This o b se rv a tio n  affords s u p p o r t for

8*
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e a r lie r  s ta tem en ts  th a t  th e  difference in  im m unobio logical specific ity  betw een  
th e  in d iv id u a l Bacillus megaterium  s tra in s  can  b e  traced  back  to  th e  an tigen ic  
s t ru c tu re  o f the cell w all.

Strains o f  bacteriophages studied, and their characteristics

F o r  th e  s tra in s  M x, M2, and  M5, w e a re  in d eb ted  to  P ro fesso r Co w l e s . 
T h e p h a g e  m arked  56 w as iso la ted  from  th e  lysogenic Bacillus megaterium  
s t r a in  56, and  the  p h ag e  s tra in  W  from  th e  lysogen ic  s tra in  W  899 ; b o th  were 
p ro p a g a te d  on th e  p hage-sensitive  s tra in  d e s ig n a te d  as “ Sensitive” . S tra in  M15

Fig. 1. H eat inactivation of M j, M2, and M3 phages, a t 60° C. (In semilogarithmic coordinate)

iso la te d  b y  F r ie d m a n  a n d  Co w l e s  (1955), w as also derived from  th e  lysogenic 
s t r a in  899, so i t  was id e n tic a l in  orig in  w ith  o u r  phage s tra in  m ark ed  W .

O u r stra in s Mi, M ii, a n d  Miii, w ere iso la te d  w ith  th e  aid o f Bacillus mega
terium  s tra in  216, an d  grow n on  it. W ith  p h ag es  M i and  Miii i t  w as fo u n d  possible 
to  tra n s fo rm  Bacillus megaterium  cells in to  lysogen ic  ones, b u t s im ila r a tte m p ts  
m ad e  w ith  Mii failed to  y ie ld  results.

I n  th e  following we sum m arize  th e  find ings o f  our experim ents u n d e rta k e n  
to  id e n tify  the  phage s tra in s  an d  to  describe  th e ir  significant ch a rac te ris tic s . 
F ig u re s  1, 2, and  3, fu rn ish  in s ig h t in to  th e  h e a t- in a c tiv a tio n  co n d itio n s o f the  
p h ag e  s tra in s .
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F ig .  3 . Heat inactivation of Mi, Mii, and Miii phages at 60° C. (In semilogarithmic coordinate)

F ig .  2 . Heat inactivation of 56 and W phages at 60° and 65° C
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I t  is rem ark ab le  t h a t  phage W , w hich we ourselves h ad  iso la ted  from  a su b 
c u ltu re  of Bacillus megaterium  stra in  899, w as less sensitive to  h e a t th a n  s tra in  
M j o f  th e  sam e orig in . M ii a n d  Miii d isp layed  th e  sam e behav iour, while Mi was 
s lig h tly  m ore sensitive  to  h e a t . I t  n o t is a s tra ig h t, b u t  a curve, w hich rep resen ts 
th e  in a c tiv a tio n  o f p h a g e  p rep ara tio n s ; th is  phenom enon  ind ica tes th a t  w ith  
ad v an c in g  in a c tiv a tio n  th e  ra te  of in a c tiv a tio n  g rad u a lly  decreases. T his obser
v a t io n  is n o t in  a g re e m e n t w ith  the  d a ta  o b ta in e d  b y  o th e r w orkers (P o l l a r d  
a n d  R e a u m e , 1951 ; F r ie d m a n  and  Co w l e s , 1953), who in  th e  course o f th e ir  
h e a t- in a c tiv a tio n  e x p e rim e n ts  estab lished  th e  ex istence  of a lin ear corre la tion . 
W e do n o t propose to  dea l here  w ith  th e  p e c u lia r  n a tu re  o f th is  finding.

I t  can  be seen fro m  T ab le  IV  th a t  in  its  an tig en ic  s tru c tu re  phage 56 differs 
sh a rp ly  from  all th e  o th e rs . C uriously, a d is tin c t difference was also seen betw een  
s tr a in  M [ and  W . U n fo rtu n a te ly , for th e  lack  o f  an ti-W  an tib o d y  th e  rec ip rocal 
te s t  could  no t be c a rr ie d  o u t. An essential d ifference exists betw een  th e  group 
o f  th e  Mi and Miii p h ag es  a n d  th e  o th e r p h ag es. O n th e  o th e r h an d , a p a r tia l 
a ff in ity  can be e s tab lish ed  am ong th e  s tra in s  M 15 M2, and  M5.

C oncerning v a rio u s  o th e r  properties o f  th e  ph ag e  s tra in s  (la tency  period , 
se n s itiv ity  to  c itra te ) , in fo rm a tio n  is supp lied  in  T ab le  V.

Sensitivity to phages o f Bacillus megaterium strains

T he sen sitiv ity  o f  24 Bacillus megaterium s tra in s  to  8 d ifferen t phages and  
to  m egacin , respective ly , is illu s tra ted  in  T ab le  V I. The in d iv id u a l s tra in s  
d iffe r in  th e ir  se n s itiv ity  to  phages, w hich is conspicuously  sligh t in  s tra in s  208, 
297, 300, and  lim ite d  to  one or tw o phages. A m ong  th e  s tra in s  s tu d ied  none 
w as fo u n d  to  be ab so lu te ly  ph ag e  res is tan t. S tra in s  like 208 proved  to  be sensitive 
to  b u t  a single phage (M 2); th is  does no t n ecessarily  m ean , how ever, th e  absence 
o f  p h a g e  recep to r cap ab le  o f  b ind ing  th e  p a rtic le s  o f o th e r phages. T his seem s to  
be  b o rn e  ou t by  a n u m b e r  o f lysogenization  ex p erim en ts . F o r in stan ce , w ith  
p h ag e  Mr th e  lysogenic v a r ia n t  of s tra in  208, a n d  w ith  M2 th a t  o f s tra in  297 
w as p rep ared  ; b u t  a ll ex p erim en t failed t h a t  a im ed  a t  tu rn in g  lysogenic the  
s tra in s  297 and  300 w ith  Mx, an d  s tra in  301, w ith  p hage  M2. The M2 phage, n ev e r
th e less  m odera te ly  a c tin g  u p o n  stra ins 119 a n d  300, w as n o t capable  o f lysogeniz- 
in g  th e se  s tra in s in  a  lim ite d  num ber of tr ia ls .

S tra in s  d isp lay ing  a considerable p hage  e ffec t in  d ilu tions of 10 5 and 
h ig h e r  w ere regarded  as g re a tly  sensitive to  p h ag es, an d  on th is  basis a signifi
c a n t difference in  s e n s it iv ity  was estab lished  to  ex is t betw een  th e  in d iv id u a l 
s tra in s . The phage s tra in s  Mi, Mii, an d  M iii, w ere p ro p ag a ted  in  cells o f  the  
Bacillus megaterium s t r a in  216 and, acco rd ing ly , bore signs o f a d a p ta tio n  to  
t h a t  s tra in  ; consequen tly , Mi and  Miii b a re ly  a c te d  upon  th e  o th e r m egaterium  
s tra in s , excepting  th o se  o f  th e  original m a te r ia l o f d e n  D o o r e n  d e  J o n g . The 
o th e r  phage s tra in s  possessed  a considerably  w id er h o st range. V ery sensitive
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Table IV

Neutralising capacity of various anti-phage sera (percentage inactivation in 10 minutes)

Serum
ap p lied

a n d  i ts  
d ilu tio n

N e u tra lis a tio n  resu lts  o b ta in e d  w i th  v a rio u s  phage s tra in s

Mi Mii Miii M, M , M , W 56

Mi 1 100 98,6 98,8 98,0 0 0 0 0 0

Mii 1 500 99,0 97,5 99,0 0 0 0 0 0
Miii 1 1000 99,7 96.9 99,5 0 0 0 0 0

M l 1 1000 0 0 0 100 8 8 0 0 0

M2 1 100 0 0 0 74 99,5 35 0 0

M 5 1 1000 0 0 0 94,3 80 97 0 0

56 1 500 0 0 0 0 0 0 0 100

Table V

Sensitivity to citrate and latency period of phage strains

P ro p e r t  y
P h a g e  s tr a in s  invo lved

M, M , Ms w 56 Mi Mii M iii

Sensitivity to citrate in 
per cent .......................... 99,2 98,2 79,0 80,0 95,2 66,3 63,7 62,0

Latency period in
minutes .......................... 75- 80 7 5 -8 0 7 5 -8 0 6 5 - 7 0 N. t. 4 0 -4 5 4 0 -4 5 3 5 - 4 0

Citrate-sensitivity tested in the presence of 0,1 per cent sodium citrate. The values 
shown express the extent of inactivation in per cent. N. t . -  not tested. L atency period 
determined by phage counts carried out at 5-minute intervals.

to  a lm ost every  phage w ere those s ta n d a rd  “ in d ic a to r  s tra in s”  w hich  derive 
from  th e  w ork  o f d e n  D o o r e n  d e  J o n g , viz. s tra in s  337, “ Sensitive” , “ M u tila te ” 
an d  KM . Spore fo rm atio n  proved  to  he in e ssen tia l as fa r as sen s itiv ity  is con
cerned ; th e  sporogenous an d  asporogenous v a r ia n ts  o f s tra in  337 show ed th e  
sam e b eh av io u r to w ard s th e  phages.

No p ara lle lism  could be established b e tw een  th e  sensitiv ity  of th e  s tra in s  
to  phages an d  m egacin . F o r instance , th e  s tra in  “ S ensitive” , which is v e ry  re 
sponsive to  phages, w as on ly  sensitive to  m egacin  in  dilu tions of 1 to  10 o r, a t  
th e  u tm o s t, u p  to  1 to  100. O n th e  o ther h an d , s tra in s  bare ly  sensitive to  ph ag es, 
as for in s ta n c e  s tra in  208, w ere exceptionally  responsive to  m egacin.

No corre la tion  w as dem onstrab le  b e tw een  th e  phage sen sitiv ity  o f  th e  
stra in s an d  th e  an tigen ic  s tru c tu re  o f th e ir  cell w all. No a ttem p ts  w ere  m ade 
to  d iffe ren tia te  all th e  typ es w ith in  th e  m a te ria l s tu d ie d , since p a r t o f o u r s tra in s  
gave no ag g lu tin a tio n  w ith  e ith e r  of the  sera in v o lv ed . O ur experim ents th e re fo re  
fu rn ish  no in fo rm atio n  concerning possible d ifferences betw een th e  m em bers
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o f  th e  la t te r  group. N o r w as an y  correlation  fo u n d  to  exist betw een  p h ag e  sensi
t i v i ty  a n d  th e  flagellar an tig en .

T ab le  V I reveals t h a t  th e  phages Mx a n d  W , b o th  derived from  th e  lysogenic 
s t r a in  899, acted  u p o n  th e ir  own s tra in  in  d ilu tio n s  up to  from  I d -2  to  10 ^4. 
T h e y  likew ise ac ted  u p o n  th e  lysogenic s tr a in  desig n a ted  W -7-0-11. T h e  p laques 
fo rm in g  a t  th e  sites o f  d ripp in g s were sh a rp ly  d is tin c t w henever th e  cu ltu res 
w ere  k e p t  a t  room  te m p e ra tu re  for 1 or 2 d a y s  a f te r  incubation  a t  37° C fo r 24 
h o u rs . G r a t ia  (1936) describ ed  a sim ilar p h en o m en o n  in  connection  w ith  s tra in

Table VI

Sensitivity of Bacillus megaterium strains to phages and megacin

B a c illu s  m eg a te riu m  
s tr a in

R a te  o f  s e n s i t iv i ty  o f  th e  in d iv id u a l  p hage stra ins S e n s it iv i ty  
to  m eg ac inM, M a w 56 Mi Mii M iii

207 6 2 7 6 4 0 2 _ 4
208 — 2 - — — — — — 4
209 5 3 4 4 — l 5 — 4
119 4 4 4 6 2 l 3 — 4
213 0 5 3 2 — — 2 — 3
216 0 — 0 0 5 8 7 7 2
296 6 3 6 4 0 0 3 0 4
297 , — — — — — — 2 — 4
298 6 4 6 6 3 — 4 — 4
299 6 0 6 6 4 — 3 — 4
300 — 4 — — — — 4 — 4
301 6 — 4 5 — 0 0 — 4

56 4 5 4 4 0 2 6 3 4

60 5 0 6 5 — — 0 - 4
938 6 4 7 6 0 — 4 — 4

P  899 2 — 4 4 — — — — 3
W  899 4 5 2 2 — — 5 - 4

W  899 l id 4 6 4 2 — — 5 0 4

W  7 - 0 - 1 1 4 6 5 4 0 2 5 2 4

W  337a 6 6 7 7 5 4 7 6 4

W  337b 7 7 7 6 5 4 6 6 4

“ Sensitive” 6 0 7 ■ 7 5 — 3 4 2

“ M utila te” 6 6 6 7 5 — 4 — 4
KM 6 3 7 6 4 7 7 6 2

N o te  : T he figures rep resen t th e  reciprocal v a lu e s  o f  th e  logarithm  o f  th e  d ilu tio n  (e. g. 
6 =  1 0 —6 t itr e ) ;  0 in d ica tes  th a t  th e  stock  ly sa te  su sp en sio n  w as found to  b e  efficaceou s ; 
— in d ic a te s  th a t  ev en  s to c k  p h age preparations fa ile d  to  h e  effective .
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899 an d  i ts  phage ; analogous observations a re  know n to  have been  m ad e  w ith  
o th e r lysogenic system s.

I f  m a te ria ls  from  th e  p laques of phage M j o r W  appearing  on g ro w th  of 
s tra in  899 w ere in o cu la ted  in to  an  exp o n en tia lly  grow ing culture o f s tr a in  899, 
th is  increased  th e  v iru lence  of these  phages. T h e  f iltra te  of the  ly sa te  o b ta in ed  
in  th is  m an n e r y ielded 4,6 • 106 plaques p er m l on  s tra in  899. W ith  th e  a id  of 
in d ic a to r  337b th e  sam e phage p rep a ra tio n  g av e  1,38 • 108 p laques. T h u s  th e  
efficiency o f  p la tin g  w as ab o u t th ir ty  tim es g re a te r  in  the  la tte r  case.

I t  s till needs to  be m en tio n ed  th a t  th e  com position  of the  n u tr ie n t  m ed ium  
was found  to  be o f considerab le influence up o n  th e  phage effect. In  YC a n d  YDC 
m edia i t  asse rted  itse lf  b u t  sligh tly , w hereas in  Y P  th e  p laque count w as m ax im al. 
In  th e  tw o first-m en tioned  m edia the  b ac te ria  w ere  observed to  be grow ing  en cap 
su la ted , w hereas in  Y P  m edium  only a v e ry  s lig h t capsule fo rm ation  occurred .

Mutation o f  phage sensitivity in  Bacillus megaterium

A  sh o rt tim e  ago we have repo rted  ( I v a n o v i c s , 1955) th a t  from  ce rta in  
“ w ild”  s tra in s  of Bacillus megaterium m u ta n ts  can  be iso lated  which d iffe r sh a rp ly  
from  th e  o rig inal s tra in s  in  respect of th e ir  c u ltu ra l properties, an d  p a r tic u la r ly  
in  reg a rd  to  th e  changes th a t  occur in  th e  an tig en ic  s tru c tu re  of th e ir  cells. This 
“ m u ta n t”  m ay  be conceived o f as th e  R  v a r ia n t  o f Bacillus megaterium.

F ro m  a su b cu ltu re  iso la ted  from  a single cell o f one of the  “ w ild ”  s tra in s  
(labelled  207) we likew ise succeeded in  d isso c ia tin g  the  m u ta n t ( I v a n o v i c s , 

u n d e r p u b lica tion ). S tu d y  of th is  s tra in  show ed th a t  concurrent w ith  th e  v a r ia 
tio n  is n o t only a change in  th e  an tigen ic  s tru c tu re  o f the  cell w all, b u t  also a 
com plete  cessation  o f  th e  s tra in ’s sen s itiv ity  to  phages. The “ m u ta n t”  s tra in  
does n o t adsorb  phages a n d  canno t be m ade to  tran sfo rm  in to  a lysogen ic  one.

I t  w as possible to  confirm  th a t  o b se rv a tio n  w ith  the  aid o f th e  m u ta n ts  
iso la ted  from  stra in s  208 an d  209, as also w ith  th e  m u ta n t of a s tra in  o b ta in ed  
earlie r a n d  labelled 111. T he cu ltu ra l an d  serological charac teristics o f  these  
m u ta n ts  h av e  been  described  in  an  earlie r w ork  (IvÁnovics, 1955). A ll these  
s tra in s  p ro v ed  to  be re s is ta n t to  the  phages s tu d ie d . I t  is, rem ark ab le  how ever, 
th a t  th e ir  sen sitiv ity  to  m egacin  differed in  no  w ay  from  th a t  o f th e  orig inal 
“ w ild”  fo rm s. I t  w ould ap p ea r to  be a concep tion  o f general v a lid ity  t h a t  th e  
m u ta tio n  o f  Bacillus megaterium , w hich can  be reg a rd ed  as a pecu lia r exam ple 
o f th e  S— R  v a ria tio n , involves the  com plete loss o f sensitiv ity  to  p h ag es . This 
also m an ifests  itse lf in  th e  fac t th a t  we h av e  fa iled  in  transfo rm ing  th e  m u ta n t 
s tra in s  in to  lysogenic ones, while no d ifficulties w ere encountered  in  lysogeni- 
za tio n  o f  th e ir  “ w ild”  form s.

A n in te re s tin g  su p p lem en t to  th e  q u estio n  a t  issue is p resen ted  b y  certa in  
o b se rv a tio n s we m ade on  th e  “ M utila te”  s tra in  o rig in a tin g  from th e  ex p erim en ts  
o f d e n  D o o r e n  d e  J o n g . F o r th a t  s tra in , w h ich  is highly sensitive to  phages,.
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w e a re  in d eb ted  to  P ro fessor L w o f f , from  w hom  w e received i t  in  J u ly , 1953. 
I t  w as  b e in g  m a in ta in ed  o n  YC ag ar b y  se ria l passages, b u t some m a te r ia l  o f 
i t  w as k e p t  in  a frozen an d  d ried  s ta te . The p ro p e rtie s  of the o rig inal c u ltu re  of 
th is  s t r a in  have  been described  in  a previous i te m  o f  th is  paper. The s tra in  seria lly  
p a ssa g e d  on  YC m edium  w as found  to  he v e ry  sen sitiv e  to  various m eg a te riu m  
p h a g e s , u p  to  th e  m iddle o f  1954. M uch to  o u r su rp rise , b y  th e  b eg inn ing  o f  1955 
i t  p ro v e d  unsu itab le  to  be  u sed  as an in d ic a to r  fo r the  dem o n stra tio n  o f  th e  
ly so g en ic  properties of s tra in  899(1). This fa ilu re  p rom pted  us to  p la te  on to  
YC a g a r  from  th e  m a te r ia l m a in ta in ed  b y  se ria l tra n s fe r  on agar m ed iu m . T he 
co lonies developed in  th e  iso la tes could be c lassed  according to  th e ir  ap p earen ce  
in to  fo u r  v a ria n ts . T he ch a rac te ris tic  fea tu res  o f  th ese  v arian ts  are  as follows.

“M utilate”-A.. A b ou t tw o-th ird s  of th e  colonies consisted of th is  v a r ia n t .  
T he co lonies were 1,5 to  2 m m  in  d iam eter, ro u n d , sligh tly  fla ttened , o f  a du lly  
lu s tro u s  surface, an d  an  essen tia lly  “ sm oo th”  ap p earan ce , b u t consp icuous for 
th e ir  d r y  consistency. T he colonies canno t be hom ogeneously  em ulsified in  saline. 
I n  b r o th  cu ltu re , id ep en d en t sh o rt chains w ere v isib le , m ade up each  o f  a few 
m o tio n less  cells.

“M utila te”-B. T his v a r ia n t  form ed colonies som ew hat la rg e r th a n  th e  
fo rm er, o f  lustrous surface a n d  regular shape, s lig h tly  d iaphanous, a n d  re a d ily  
em ulsifiab le . Subcultures on  YC agar p roduced  a lim ited  num ber o f m ucoid  
co lonies. I n  b ro th  cu ltu re , th e re  appeared  v ig o ro u sly  m oving rods.

iiM utilate”-C. T he colonies were 3 to  4 m m  in  d iam eter, w ith  m arg in s  
s lig h tly  irreg u la r an d  a fla t uneven  surface. D esp ite  the ir ch a rac te ris tica lly  
“ ro u g h ”  appearance  th e y  w ere read ily  em ulsifiable in  saline. In  b ro th  cu ltu re  
m o tio n less  long th re a d s  w ere visible.

“ M utilate”-D . T he colonies were s ligh tly  convex , finely g ran u la ted , 2 to  
4 m m  in  d iam ete r. The n o t m ucoid  colonies can  be  b e s t  described as du ll v a r ia n ts . 
M otion less long th read s  w ere seen in  b ro th  c u ltu re .

T h e  serological p ro p e rtie s  of th e  in d iv id u a l v a r ia n ts  and  th e ir  se n s itiv ity  
to  p h a g e s  are  sum m arized  in  Tables Y II a n d  V I I I .

Table VII
S e r o lo g ic a l b eh a v io u r  i n  the  a g g lu t in a t io n  test d is p la y e d  b y  th e  v a r ia n ts  o f  s t r a in  M u tila te '''' 

a n d  b y  s o m e  m u ta n ts  o f  B a c i l lu s  m e g a te r iu m

S e ru m

In d iv id u a l s tra in s  a n d  th e i r  ag g lu tin a tio n  
(rec ip ro ca l v a lu e  o f  t i t re )

A в c D 207m * 208m* 209m * 111m*

Anti — C ............. 100 0

оо

0 400 0 0 0
A nti- D ............. 0 0 0 200 0 0 0 0
A nti —207m . . . . 400 0 800 0 800 0 0 0

N ote : The letters indicate individual variants of th e  “ Mutilate” strain. 
* The m utant of strains 207, 208, etc., resp.
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Table VIII

S e n s i t iv i ty  to p h a g e s  o f  the v a r ia n ts  o f  the  B a c i l lu s  m e g a te r iu m  s tr a in  m a r k e d  “ M u t i la te ”

V a r ia n t  o f  » tra in  ! G ru d e  o f  s e n s i t iv i ty  to  tin- in d iv id u a l p h ag es  I S e n s it iv i ty
“ M u tila te ”

M, M . M , w 56 Mi MU Miii
to m eg acin

A .......................... 1 : 4 • 104

i t . 7 0 7 7 5 3 3 5 1 : 4 • 104

c  . . — — — — — — — — 1 : 4 • 104
D . 6 6 7 6 5 0 5 5 1 : 5 • 102

See Table VI.

On th e  evidence of these  d a ta  we have obviously  succeeded in  disclosing 
th a t  a s ta n d a rd  lab o ra to ry  s tra in  of Bacillus megaterium , com m only know n to  
be h ighly  phage sensitive, gives rise to  a v a r ia n t w hich is com pletely  re s is ta n t 
to  phages.

N earest to  th e  “ w ild”  fo rm  of Bacillus megaterium  s tan d s  “ M utilate"-B 
(capsule fo rm atio n , m otile rods, phage sen sitiv ity ). On th e  s tre n g th  of its  o u t
w ard  appearance  “ M utilate”-C m ig h t be regarded  as an  R  v a r ia n t, and  is conspi
cuous for its  com plete res is tan ce  to  phages. iiM utilate’’'’-A  counts for an  in te r 
m ed iate  form , a lthough  in  ap p earan ce  its  colony does n o t answ er th e  “ ro u g h ”  
ty p e . I ts  in ferio r em ulsifiability  an d  com plete res is tan ce  to  phages m ake i t  ap p ear 
to  be a form  in te rm ed ia te  be tw een  the  S an d  R  v a r ia n ts .

As reg ard s the  an tig en ic  s tru c tu re  of th e  v a r ia n ts , i t  is rem ark ab le  th a t  
serologically “Mutilate"-T) a n d  “M utilate"-C differed  sh a rp ly  from  each o ther. 
The hom ologous sera of th ese  v a ria n ts  failed to  ag g lu tin a te  e ith er o f the  s tra in s  
lis ted  in  T ab le  I .  I t  is n o tew o rth y , on th e  o th e r h an d , th a t  agg lu tin a tio n  te s ts  
show ed m u ta n t  207 and  “M utilate"-C to  be serologically  iden tica l, fo r th ey  
m u tua lly  adsorbed  th e ir  re spec tive  an tibodies. T he an tig en ic  s tru c tu re  observed 
in  “ M utilate"-C ind ica tes th a t  in  th e  course o f m u ta tio n  th e  “ w ild”  s tra in s  
(S v a rian ts) lose th e ir  type-specific  p ro p erty  an d  assum e an  an tigenic  s tru c tu re  
w hich is th e  sam e as th a t  o f  th e  R  v a rian ts  o rig in a tin g  from  o ther ty p es 
( I v a n o v ic s , 1955).

Conclusions and summary of results

We can  safely do w ith o u t a discussion o f fu r th e r  details. T he s ta tem en ts  
m ade, and  th e  conclusions th a t  can  be d raw n from  th em , we w ould sum m arize 
as follows.

1. T he cu ltu ra l p ro p erties  o f recen tly  iso la ted  “ w ild”  s tra in s  of Bacillus 
megaterium can  read ily  be charac terised  b y  cu ltiv a tio n  on a few various ag ar



3 5 0 G. IVÄNOVICS, I. ALFÖLDI and Á. SZÉLL

m e d ia . T he cu ltu ra l p ro p ertie s  o f s tra in s  o rig in a tin g  from  various labo ra to ries 
a n d  d e riv ed  from  th e  ex p erim en ta l m a te ria l o f d e n  D o o r e n  d e  J o n g ,  iso lated  
som e 25 years ago, d iffer som ew hat from  those  o f th e  la te ly  iso la ted  “ w ild” 
s tr a in s .  I n  cultures o f th e se  la b o ra to ry  s tra in s , even u n d er th e  m ost favourab le  
c u ltu ra l  conditions, colonies o f a m ucoid  ch a rac te r are  seldom  seen. B u t th e y  do 
n o t  a lto g e th e r lose th e ir  c a p ac ity  to  produce  m ucoid  d issocian t colonies, consist
in g  o f  encapsu la ted  cells.

2. A pplying th e  im m o b ilisa tio n  te s t , i t  is possible on th e  basis  o f th e  
f lag e lla r antigens to  d is tin g u ish  serological groups o f Bacillus megaterium. The 
a g g lu tin a tio n  te s t  carried  o u t in  te s t  tu b es p roved  unsu itab le  fo r th e  d em o n stra 
t io n  o f  th e  group-specific flagellar an tigens.

3. Bacillus megaterium  s tra in s  can  be classed in  d is tin c tly  d em arca ted  
ty p e s  o n  th e  s tren g th  o f th e  th e rm o stab le  specific substances in  th e  cell wall. 
T h e  g re a t  v a riab ility  o f ty p e s  is d em o n stra ted  b y  th e  fa c t th a t  in  o u r 19 s tra in s  
o f  d iffe re n t origin 8 serological ty p es could be d istinguished .

4 . T he serological s tru c tu re  o f Bacillus megaterium s tra in s  u su a lly  appears 
to  b e  s tab le . No differences w ere seen to  p rev a il in  th e  an tig en ic  s tru c tu re  o f 
s ta n d a r d  lab o ra to ry  s tra in s  o f  th e  sam e o rig in . W herever th e re  is a change in  
th e  serological s tru c tu re , i t  is th e  consequence of m u ta tio n , an d  consists in  som e 
p ro fo u n d  a ltera tion  in  th e  an tig en ic  s tru c tu re  o f th e  cell w all.

5 . I n  all th e  s tu d ied  s tra in s  o f Bacillus megaterium a n d  th e ir  m u ta n ts  
th e  fo rm a tio n  of D -g lu tam ic  ac id -po lypep tide  could be d em o n stra ted  in  v a ry in g  
a m o u n ts , b u t  som etim es in  tra c e s  on ly . T his is th e  m a te ria l o f w hich  th e  capsides 
o f  th e  cells are m ade up .

6. T he s tra in s s tu d ie d  w ere fo u n d  to  be sensitive in  a w idely  v a ry in g  
d eg ree  to  8 d ifferent p hage  s tra in s . P h ag e  sen s itiv ity  show ed no co rre la tion  w ith  
th e  an tig en ic  s tru c tu re  o f th e  s tra in s . T he phage sen sitiv ity  o f th e  s tra in s  w as 
in flu en ced  n e ither b y  th e  group-specific an tigens d istingu ishab le  on th e  basis 
o f  th e  flagellar an tig en , n o r b y  th e  type-specific  an tigens of th e  cell w all.

7 . O n the  o th e r h a n d , a lte ra tio n s  in  th e  cell w all due to  m u ta tio n  led  to  
a co m p le te  cessation o f th e  se n s itiv ity  to  phages. A  change in  th e  an tig en ic  
s t ru c tu re  of the  cell w all b ro u g h t a b o u t th e  loss o f ty p e  specificity  an d , along 
w ith  i t ,  phage sen sitiv ity . S uch  m u ta n ts  do n o t adsorb  phages an d  can n o t be  
m a d e  lysogenic. This p henom enon , nam ely  th e  rise o f a p h ag e -re s is tan t m u ta n t 
a n d  th e  concom itan t change in  th e  an tig en ic  s tru c tu re , w as also observed  in  a 
s ta n d a r d  “ M utila te”  s tra in  h igh ly  sensitive  to  phages.

8. In  Bacillus megaterium  s tra in s  th e  sen s itiv ity  to  phages a n d  th e  sensi
t iv i ty  to  m egacin are n o t p ara lle l. C om pletely  p h ag e-resis tan t m u ta n ts  rem a in  
u n c h a n g e d  in  th e ir  se n s itiv ity  to  m egacin .

A c k n o w le d g e m e n t. W e wish to  express our sincere thanks to all those who were k ind 
enough  to  p u t some of the experim ental m aterial, such as bacterial and phage strains, a t  
o u r disposal.
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S um m ary

B a c i l lu s  m e g a te r iu m  strains can be divided into serological groups according to  their 
flagellar antigens, and in to  types according to  the therm ostable antigen in  the cell walls. No cor
relation appears to exist between the division of the strains on a serological basis and the ir sen
sitiv ity  to phages. Phage-resistant m utan ts are formed “ spontaneously” , w ithout th e  action 
of phages. Resistance to phages is the result of the loss of the type-specific antigen.
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In  H ungary , th e  aetiologic s tu d y  o f  poliom yelitis b y  th e  m ethod  o f E nders 
et al. [1] has been m ade since 1954 in  th e  S ta te  In s t i tu te  of H ygiene, B u d ap est, 
an d  in  th e  In s ti tu te  o f M icrobiology, U n iversity  M edical School, Szeged. In  
each  in s ti tu te  10 poliom yelitis v iru s s tra in s  w ere iso la ted  from  faeces or sp inal 
cord, in  1954 [2, 3].

T he p resen t p ap e r resum es th e  experience o b ta in ed  a t  th e  V irus D e p a r t
m en t o f th e  S ta te  In s t i tu te  of H yg iene , B u d ap est, d u rin g  w orking  up  o f  the  
m a te ria l derived from  poliom yelitis cases a d m itte d  to  ho sp ita l in  th e  second 
h a lf  o f 1955.

Materials and methods

Virus isolation experim ents were always performed in  cultures of hum an skin-muscle 
tissue derived from artificial abruptions. Tissue fragments were stored in S i m m s  X 6 solution 
a t  +  2— 4° C until used. E xplantation  was made in  normal tes t tubes on cock-plasma layers coagu
lated by chicken embryo extract. After explantation 1 ml of nu trien t fluid was given to  each 
tube. The tubes were kep t vertically in an incubator of 37° C overnight, then they were laid 
down (stationary cultures). As starting n u trien t fluid, the m ixture of balanced salt solution 
( S i m m s  X 6) and an equal volume of bovine am niotic fluid w ith 5 per cent chicken embryo ex tract 
was used. The fluid was changed every 3 or 4 days. The second and further nu trien t fluids 
contained no more chicken embryo extract. To each ml of the nu trien t fluid 100 units of penicillin 
and 50 fig  of streptom ycin were added.

From  faecal m aterial or spinal cord fragm ent an about 10 per cent suspension was made 
in  saline containing penicillin and streptom ycin, or, if  necessary, also aureomycin. The suspension 
was centrifuged a t 9000 r. p. m. for 30 minutes. The supernatant and, later, the passage m aterials 
were stored a t 2—4° C, or a t — 20° C un til used.

Inoculation was carried out into tissue cultures after 3 or 4 days of prelim inary incubation. 
The nu trien t fluid was replaced by 0,1 ml of th e  experim ental m aterial in  each of 4 te s t tubes. 
A fter about 20 minutes of contact, 0,9 ml of n u trien t fluid was added and the cultures were returned 
to  the incubator.

The result was read on the 4th day after inoculation. Three subpassages were perform ed 
w ith pooled nu trient fluids harvested on the 4 th  day from each m aterial, regardless of th e  cyto- 
pathogenic lesions. F inal results were considered always after the th ird  subpassage.

The Brunhilde, Lansing and Leon type-specific antisera used were kindly supplied by 
Professor H. P e t t e ,  Ham burg.

Neutralization tests were carried out w ith  a 1 : 50 final dilution of type serum against 
the 1 : 100 final dilution of the isolated cytopathogenic strains. The serum-virus m ix ture  was 
kept in  th e  incubator for an  hour. Subsequent inoculation, incubation and reading were accom
plished as described above. Neutralization was considered positive when the im m une serum 
containing tissue culture, rem ained in tact, while in  the control tubes the degeneration was 
complete.



354 E. MOLNÁR and F. FORNOSI

Results

I n  th e  in te rv a l b e tw een  J u ly  1 and D ecem ber 31, 1955, we o b ta in e d  a lto 
g e th e r  215 sam ples. M ost o f  th ese  were faecal specim ens from  178 suspected  
cases, o f  w hich 40 on su b se q u e n t clinical ex am in a tio n  d id  n o t p rove  to  be  polio
m y e lit is . F ive sam ples w ere sp in a l cord frag m en ts  from  fa ta l cases.

23 faecal sam ples o u t o f  a to ta l  of 138 w ere found  co n tam in a ted  w ith  b ac 
te r ia ,  in  sp ite  of th e  a d d itio n  o f  strep tom ycin , pen icillin  an d  au reom ycin .

F ro m  clinically p o sitiv e  115 faecal specim ens ap p ro p ria te  for v iru s  iso lation  
e x p e rim e n ts  32 cy to p a th o g en ic  agents, from  th o se  40 cases n o t d iagnosed  as 
p o lio m y e litis  2 cy to p a th o g en ic  agen ts, were iso la ted . O n th e  basis o f th e  h is to ry  
re la te d  b y  the m others, th e se  la te r  2 cases seem  to  have  been  ab o rtiv e  polio
m y e litis .

I n  th e  evaluation  o f th e  resu lts  the fa c t m u s t be  ta k e n  in to  acco u n t th a t,  
p o lio m y e litis  v irus is p re se n t in  th e  faeces o n ly  in  th e  acu te  phase  o f  illnesse 
W e iso la te d  7 s tra in s in  th e  firs t tw o weeks o f th e  illness from  p a tie n ts  whose 
fa e c a l sam ples in  th e  4 th — 6 th  w eek of th e  illness w ere also exam ined . F ro m  th e  
l a t e r  sam ples no v iru s s t r a in  w as iso lated . All in  all we iso la ted  on ly  2 stra in s 
f ro m  faeca l sam ples o b ta in e d  on  th e  20th  or 21st d ay  a fte r  b eg in n in g  o f the  
fe v e r , i. e. on the  15th— 1 6 th  d a y  a fte r th e  appearence  o f paresis. F ro m  th e  o ther 
31  fa e c a l sam ples ta k e n  3 w eeks or more a fte r  th e  onset o f th e  illness we could 
n o t  iso la te  any  s tra in . F ro m  a to ta l  of 84 faeca l sam ples o b ta in ed  w ith in  the  
f i r s t  3 weeks of illness th e re  w ere iso lated  32 cy topa thogen ic  s tra in s  (38 per 
c e n t) .  Iso la tion  from  faeces o f  th e  first w eek o f illness w as m ore freq u en tly  
su ccessfu l! th a n  from  th o se  o f  th e  second, or th ird  weeks (see T ab le  I).

Table I

R e s u l t s  o f  v ir u s  iso la tio n  e x p e r im e n ts

W e ek
a fte r  th e  o n s e t  o f  i l ln e ss Cases

P o s itiv e

N u m b e r P . C .

l . 34 15 44
2. 30 11 37
3. 20 6 30

1 —  3 to ta l .............. 84 32 38
More th an  3 ......... 31 — -

T otal ......... 115 32 28

F ro m  the  34 c y to p a th o g e n ic  s tra in s 32 h av e  been  identified  in  n e u tra liz a 
t io n  te s ts  b y  s ta n d a rd  ty p e  specific sera. Id en tific a tio n  of 2 s tra in s  is s till in  
p ro g re ss  ; bo th  of these  w ere  iso lated  from  cases diagnosed clin ically  as polio
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m yelitis . S trains grouped according to  ty p e  and  m on th  of occurrence are p resen ted  
in  T ab le  I I .

Tabic II

I so la te d  p o l io m y e l i t is  v i r u s  s t r a in s  a n d  th e ir  ty p e s , m o n th ly

M onth  o f  
illness Cases S tra in s

T y p e

1 2 3

VII. 2 0 9 1 5 3

V III. 2 7 1 0 4 3 3

IX . 2 4 7 - 1 6

X. 7 2 2 — —

X I. 6 4 - 1 . 3

Total 8 4 3 2 7 1 0 1 5

I n  Table I I I  th e  d a ta  are su m m arized  according to  th e  dom icile (B udapest 
or C ountry) of the  p a tie n ts  a rran g ed  in  groups. E ach  o f th e  th ree  ty p es o f v iru s 
occurred  in  B udapest and  in  the  c o u n try  equally , b u t  ty p e  3 was m ore freq u en t 
in  B u d ap est th a n  in  th e  country .

Table III

N u m b e r  o f  cases e x a m in e d  a n d  the ty p e s  o f  th e  iso la ted  s tr a in s  in  B u d a p e s t  a n d  in  the  c o u n tr y

D om icile B u d a p e s t C o u n try T o ta l

Number of cases 54 32 86

Type of strains 
isolated

1 4 2 6
2 5 5 10

3 12 3 15

Total 21 10 31

W e  stud ied  also th e  d is tric tio n a l d is trib u tio n  of th e  v iru s  s tra in s  iso lated  
from  cases in  B u d ap est. I t  is rem ark ab le  th a t  in one of th e  d is tric ts  th ere  occurred  
4 caused by  ty p e  3 each  near to  th e  o th e r, as well to  tim e  as to  dom icile.

R egarding th e  age of the p a tie n ts , m ost o f th e  cases occurred  am ong ch ild 
ren  below  3 years, s tr ic tly  speaking am ong  those of 1 an d  2 years. All th e  th ree  
ty p es  occurred in  th e  various age g ro u p s. Iso la tio n  of v iru s  seem s to  have succeed
ed w ith  equal p ro b ab ility  in th e  d iffe ren t age groups.

9  A cta  M icrobiologieu IV /3 .
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Discussion

Our w ork w as m ad e  for in fo rm ato ry  purposes. W e endeavoured  to  clear 
o u r  v irus d iagnostic  possib ilities and  to  g e t a rough  im age from  th e  aetiology 
o f  a poliom yelitis ep idem ic  in  H u n g ary .

In  the  tissue  cu ltu re  an d  v irus iso la tio n  experim en ts we used a w idely 
c u r re n t  m ethod  w ith  som e little  m odifications, m ore conform  to  our circum 
sta n c e s . W e succeeded in  iso la ting  th e  aetiologic ag en t in  38 p er cen t of the  
po liom yelitis  cases in  th e  first 3 weeks o f illness. O ur re su lts  correspond w ith  
th o se  of K ibrick et al. (38 per cent) [4], or w ith  those  o f Voroshilova et al. 
(36 p e r cent) [5]. I t  seem s th a t  b y  th is  m e th o d  one can n o t o b ta in  b e tte r  resu lts. 
I t  w as only a fte r com ple tion  o f th is  w ork  th a t  we u n d ersto o d  th a t  K ibrick 
et al. were able to  iso la te  v iru s  in  96 p er cen t from  faeces o f  p a tie n ts  w ith  polio
m y e litis , negative b y  com m on v irus iso la tio n  m ethod , b y  in o cu la tin g  a large, 
o n e  or more m l vo lum e o f faecal suspension in to  th e  tissu e  cu ltu re  [4]. W hen 
w o rk in g  up m a te ria l from  1956, we have been  also using th is  m eth o d  w ith  success.

The type  ra te  o f  our v iru s  s tra in s  d iffered  from  th e  foreign  d a ta  published. 
T y p e  1 stra ins seem  to  h av e  p layed  a sm aller p a r t  in  th e  1955 epidem ic in  B u d a
p e s t ,  th a n  type  2 an d  p a rtic u la r ly  ty p e  3 s tra in s .

W e found no co rre la tio n  betw een clin ical p ic tu re  and  ty p e  o f v iru s s tra in s, 
o r  age . Each of th e  th re e  ty p es  occurred in  each d is tric t. As to  age d is trib u tio n , 
o u r  d a ta  agree w ith  th e  observ a tio n  of R udnai [6] th a t  in  H u n g a ry  th e  occur
re n c e  o f poliom yelitis h a s  sh ifted  tow ards th e  younger age groups, to  u n d er 3 
y e a rs .

Sum m ary

In  the second half of 1955 we succeeded in  isolating in hum an embryonic skin-muscle 
tissue culture thirty-tw o poliomyelitis virus strains from 86 patients w ith m anifest disease and 
tw o strains from abortive cases.

From  the 34 poliomyelitis virus strains seven belonged to type 1, ten  to  type 2 and fifteen 
to  ty p e  3. Identification of 2 cytopathogenic strains is still in progress.

We have grouped our results according to  domicile, age and the calendar month.
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A num ber of v ira l vaccines produced  for h u m an  purposes is p rep ared  b y  
form alin  in ac tiv a tio n . Though th is  ty p e  of vaccines w as used  w ith  g rea t success, 
only few d a ta  are available —  acco rd in g  to  our know ledge —  abou t th e  deta ils 
o f the  form alin  in ac tiv a tio n  of h u m a n  viruses. The follow ing stud ies were carried  
ou t in  order to  ge t some in fo rm a tio n  abou t the fac to rs influencing th e  effect of 
form aldehyde on th e  h aem ag g lu tin a tin g  a c tiv ity  o f in fluenza v irus.

M aterials and methods

V ir u s . The Paris PL 1/49 stra in  of influenza А-prime virus was used throughout. I t  was 
m aintained in our laboratory by serial passages in 10-day old em bryonated eggs.

R e d  b lood cells ( R B C ) .  RBC of w hite Leghorn cocks were used. As it was observed th a t 
the RBC of some cocks gave extremely variable and unreproducible results, only RBC of selected 
animals were used in the present study . C itrated blood obtained by heart puncture was washed 
three times w ith saline and made u p  to a 1 per cent suspension for haem agglutination 
purposes.

F o rm a ld e h y d e . This material was obtained in the form of S o lu t io  F o r m a ld e h y d i  (PH . 
Hung. V). The solution was stored a t  4° C in dark bottle and magnesium carbonate was added 
during the storage. The formaldehyde conten t of the solution was determined weekly. The dilu
tions used in the experiments were alw ays prepared fresh in distilled water.

P r e p a r a t io n  o f  co ncen tra ted  a n d  p u r i f i e d  v ir a l s u s p e n s io n s . As no accurate results were 
obtained with crude allantoic-fluid-virus, all the experiments were performed w ith purified 
material. Purification and concentration were made by th e  RBC adsorption-elution method. 
Elution was made in saline containing 10 per cent phosphate buffer of pH  7,2. A tenfold concen
tration was usually made.

B u ffe r . The disodium hydrophosphate-potassium dihydrophosphate buffer system  was 
used throughout.

H a e m a g g lu tin a tio n  tests. All these tests were performed according to the micro-method 
described by Takatsy [1].

Experim ental

We stu d ied  the  influence o f  tem p era tu re , p H , form aldehyde- an d  v irus 
concen tra tion  on th e  in a c tiv a tio n  velocity of th e  h aem ag g lu tin a tin g  a c tiv ity . 
Some experim en ts on the „ re a c tiv a tio n ” of fo rm ald eh y d e-in ac tiv a ted  v iru s  were 
also m ade.

9»



3 5 8 A. KOCH and E. CSONKA

Effect o f temperature. I n  some p re lim in ary  experim ents th e  speed of in a c t
iv a tio n  was found to  be  th e  h ighest a t p H  8,0 in  th e  p H  ran g e  te s te d . A ccord
in g ly  th e  experim en ts on  th e  effect of d iffe ren t tem p era tu res  w ere perform ed 
a t  th is  pH .

The results are su m m arized  in  Fig. 1. I t  is to  be seen th a t  a t  a ce rta in  con
c e n tra tio n  of v irus a n d  fo rm aldehyde th e  speed of in a c tiv a tio n  depended  on

Fig. 1. E ffect of tem perature on tke speed of inactivation 
* Time necessary for to ta l loss of haem agglutinating activity

th e  tem p era tu re . F o rm a ld eh y d e  concen tra tions w hich in a c tiv a te d  th e  haem 
a g g lu tin a tin g  ac tiv ity  r a th e r  slow ly a t 4° C and h ad  a m odera te  effect only at 
20° C, caused rap id  in a c tiv a tio n  a t 37° C.

Effect o f pH . T he ex p e rim en ts  on the  effects o f the  p H  w ere alw ays m ade 
a t  37° C, using 0,1 p er c en t form aldehyde (final concen tration) as an  in ac tiv a tin g  
a g e n t .  The desired p H  w as o b ta in ed  by  d ilu tin g  th e  co n cen tra ted  v irus sus
p e n s io n  to  a h a e m a g g lu tin a tin g  t itre  of 1 : 256 (usually  a ten fo ld  dilution)

• te m p e ra tu re  3 7  C°
fo rm a ld e h y d e  0,1 percen t

4 x

5  Ю 15 2 0  2 5  h o u r s '

Fig. 2. E ffect of pH  on the speed of inactivation 
* Time necessary for to ta l loss of haem agglutinating activity

w ith  sa lin e  containing 20 p e r  c e n t buffer so lu tion . The experim en t w as perform ed 
as fo llow s. In  a series o f t e s t  tu b e s  the v irus suspensions of d iffe ren t p H  were 
m ix e d  w ith  form aldehyde a n d  in cu b a ted  in  a w a te r  b a th  of 37° C. A t certa in  
in te rv a ls  sam ples were ta k e n  fo r titra tio n . T he resu lts  are p resen ted  in  Fig. 2.

A s Fig. 2 clearly  show s th e  shifting  o f th e  pH  tow ards a lkaline  caused 
a r a p id  increase in  th e  v e lo c ity  of in ac tiv a tio n . N one of the  p H  values tested

рН в-
7.9-
7.8-
7 7 -

76-
75-
7A-
7.3-
72
71
7.0
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caused any  change in  the h aem ag g lu tin a tin g  a c tiv ity  of th e  v iru s if  no fo rm a l
dehyde h ad  been added.

The effect o f formaldehyde concentration was stud ied  a t  37° C and  p H  8,0. 
U nder such experim en ta l cond itions a t  a certa in  v iru s concen tra tion  th e re  w as 
a m in im um  am o u n t of fo rm aldehyde necessary to  achieve to ta l  loss of th e  h a e m 
ag g lu tin a tin g  ac tiv ity  w ith in  a ce rta in  period o f tim e . No effect was observed

Fig. 3. Effect of formaldehyde concentration on the speed of inactivation 
* Time necessary for to ta l loss of haemagglutinating activity

a t  lower concen tra tions, while a t  h igher concen tra tions the  to ta l  in a c tiv a tio n  
took place sooner (Fig. 3).

Changes in the sensitivity o f  virus to formaldehyde in relation to the p H . 
These experim ents were also carried  ou t a t 37°C. W hen d ifferen t co n cen tra tions 
of fo rm aldehyde were used a t  d iffe ren t pH  values, the  am o u n t of fo rm aldehyde

Fig. 4. Changes in the sensitivity of virus to formaldehyde in relation to the pH  
* Time necessary for to tal loss of haemagglutinating activity

necessary  fo r th e  in ac tiv a tio n  o f  a certa in  am o u n t o f v irus depended  largely  
on th e  ac tu a l p H . The m ore a lkaline the  env ironm en t, the  less fo rm aldehyde 
sufficed for in ac tiv a tio n  (F ig . 4).

The effect o f virus concentration was found to  be of m odera te  im p o rtan ce , 
as only  changes over 50 p er cen t d id  cause an y  change in  the  tim e  necessary  
for to ta l  in ac tiv a tio n .



3 6 0 A. KOCH and E. CSONKA

“Reactivation”  o f  inactivated virus by p H  changes. As i t  was found  th a t  the  
p H  has a very  m a rk e d  effect on th e  speed  o f  in a c tiv a tio n  an d  th e  am o u n t of 
form aldehyde req u ired , we th o u g h t th a t  b y  chang ing  th e  p H  in ac tiv a tio n  
m ig h t he inh ib ited  o r  even  some “ re a c tiv a tio n ”  m ig h t be achieved. This type  
o f  experim en t w as c a rr ie d  ou t essen tia lly  in  th e  sam e w ay as an  in ac tiv a tio n  
experim en t, w ith  th e  o n ly  difference th a t  a t  c e rta in  in te rv a ls  a sam ple w as tak en

Fig. 5. “ R eactivation” of inactivated virus by pH  changes

Fig. 6. “ Reactivation”  of inactivated  virus by adsorption on, and elution from, red blood cells

a n d  its  p H  was co rrec ted  to  6,5 w ith  d ilu te  hydroch lo ric  acid. A fterw ards the  
sam ples were re tu rn e d  to  th e  w ater b a th  (37° C) for 12 hours an d  th e n  ti tra te d . 
I t  w as found th a t  b y  th is  m ethod  in a c tiv a tio n  can  be in h ib ited  to  a certa in  
degree an d  for som e few  hours after the  to ta l  in a c tiv a tio n  a t  p H  8,0 p a r t  of the 
a c t iv i ty  m ight also be  recovered . A fter a c e r ta in  period  no “ re a c tiv a tio n ” took 
p lace  following th e  acid ifica tion , i. e. th e  in a c tiv a tio n  becam e irreversib le . These 
re su lts  are p resen ted  in  F ig . 5,
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Recovering o f haemagglutinating particles from  formaldehyde-inactivated 
samples by RBC  adsorption and elution. As we found  th a t  for a ce rta in  period  
p a r t  o f  th e  ap p aren tly  inactive  v irus m ig h t reg a in  its  haem ag g lu tin a tin g  a c ti
v ity  i f  th e  p H  was acidified to 6,5, we th o u g h t th a t  for the  sam e period  p a r t  
of th e  adsorb ing  and  e lu tin g  capacity  m ig h t also be re ta ined . A ccordingly, we 
m ade an  in ac tiv a tio n  experim en t a t 37° C and p H  8,0, and  a t certa in  in te rv a ls  
sam ples w ere tak en  for adsorp tion  a n d  e lu tion  purposes. Fig. 6 p resen ts  the  
resu lts.

I t  can  be seen th a t  as long as th e  in a c tiv a tio n  is reversible by  acid ification  
th e  cap ac ity  of th e  v iru s  to  adsorb a n d  e lu te  is also re ta ined . No ex p e rim en t by  
any  o th e r m ethod  was m ade to  d em o n stra te  th e  ev en tu a l adsorption  o f th e  v iru s 
on R BC a fte r  th e  loss o f its e lu ting  cap ac ity .

S um m ary

The above studies were based mostly on the work of E a t o n  [ 2 ]  on the detoxication of 
the d iphtheria toxin by formaldehyde and on th a t of R oss and S t a n l e y  [3] dealing w ith the 
effects of formaldehyde on the tobacco mosaic virus. A detailed discussion will be given in con
nection w ith the last paper of this series.

The present results m ay be summarized as follows.
1. The inactivation of the haem agglutinating activ ity  of the influenza virus by formal

dehyde is influenced by three main factors, viz. the tem perature, the pH and the concentration 
of formaldehyde.

2 .  Though the effects of all these factors are in tim ately  related to each other, th e  reaction 
velocity of the inactivation is most sensitive to  changes in the pH.

3. The speed of inactivation was m easured a t different temperatures between + 4 °  and 
37° C and in a pH range of 6,0 to 8,0. I t  was found th a t the inactivating activity of a certain 
am ount of formaldehyde was the greatest a t  pH  8,0 a t 37° C. No spontaneous inactiva tion  of 
virus was observed under these conditions during the experim ental period.

4. If  the pH of an inactivation system containing a certain amount of form aldehyde was 
shifted towards acid, inactivation can be inhibited  and even “ reactivation” of p art of th e  activity  
can be achieved in an apparently  inactive system.

5. As long as by acidification “ reactivation”  can be achieved, a gradually decreasing 
p a rt of the virus retains its adsorbing and eluting capacity.

D uring this work was in progress T i m m  et al. (J. Immunol. 77, 444, 1956 Dec.) re
ported similar observations in connection w ith  th e  formalin inactivation of poliomyelitis 
virus.
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1. Testing of the n itra te  reducing  and ca ta lase  activities on solid m edium
in Petri dishes

T he n itra te  redu c tio n  being  charac teris tic  o f ce rta in  b acteria , is reg a rd ed  
as an  im p o rta n t fac to r in  th e ir  iden tification . T he usual n itra te  red u c tio n  te s t  
consists of dem o n stra tin g  th e  presence of n itr ite s  in  th e  inocu la ted  n itr a te  
co n ta in in g  fluid m edium  a fte r  a certa in  period  of incubation .

The n itr ite  p roduction  o f bac te ria  can n o t be dem o n stra ted  w ith  ab so lu te  
c e rta in ty  if  only a single te s t  is carried  ou t. T h is failure is due to  tw o d iffe ren t 
fac to rs. F irs t, the  tim e  necessary  for n itr ite  p ro d u c tio n  varies w ith  th e  ac tu a l 
b ac te riu m  tested . Second, th e  n itra te  redu c tio n  of som e bacteria  does n o t sto p  
w ith  th e  p roduction  of n itr ite s  b u t proceeds till am m onia or even m o lecu la r 
n itrogen  is produced. T hus th e  n eg a tiv ity  of the n itr ite  te s t a t a c e r ta in  p o in t 
of tim e  does no t essen tia lly  m ean th e  m issing  of the n itra te  red u c in g  
a c tiv ity . This source of e rro r m igh t be overcom e by  repeated  te s ts  in  sm all 
sam ples tak en  a t  ce rta in  in te rv a ls  from  th e  in o cu la ted  m edium .

T his m ethod  is tim e  consum ing, especially  w hen a g rea ter n u m b er o f b a c 
te ria l s tra in s  are to  be te s ted . To avoid th e  above difficulties, a new te c h n iq u e  of 
n itr i te  te s t  on solid m edium  in  P e tr i dishes, will be described.

A gar m edium  co n ta in in g  n itra te  is poured  in to  P e tri dishes to  fo rm  a 
lay er a b o u t 5 m m  th ick . A fte r cooling and  d ry in g  th e  p la te  is c u t in to  four 
sectors by  cu ts w ide enough to  avoid diffusion from  one sec to r to  th e  
o th e r. T he organism s to  be te s te d  are inocu la ted  to  one sector each  in  such 
a w ay  as to  form  a n arro w  strip  abou t 20 m m  long lying in  th e  m iddle  
o f each sector.

A t in te rva ls  th e  n itr ite  reac tion  is carried  o u t as follows. A glass tu b e  (leng th , 
40 m m  ; inner d iam eter, 4,5 m m  ; wall th ickness, 1 mm) is in se rted  in to  th e  
m edium  n ear th e  b ac te riu m  colonies in such a w ay  as to  draw  up a l i t t le  disc 
of ag ar in to  th e  tube . B y m eans of a cap illa ry  p ip e tte , G r i e s - I l o s v a y  n itr i te  
reag en t is layered on to  th e  surface o f the  l i ttle  disc in  the  tube.
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A  red  coloured lay e r develops in  th e  a g a r  d isc  im m ediately  i f  th e  reac tio n  
is s tro n g ly  positive, w hile 34— 1 m inu te  m a y  h e  necessary  if  red u c tio n  is only 
m o d e ra te  (Fig. 1).

T he m ethod  allow s to  tak e  abou t 8 sam ples from  each cu ltu re  a t  d iffe ren t 
in te rv a ls  during  in c u b a tio n . A nother a d v a n ta g e  o f th e  m ethod is th a t  th e  d iffu 
sion  in h ib its  any  fu r th e r  ac tion  of the  b a c te r ia  on the  n itrite s  once produced , 
th u s  no  false n eg a tiv e  reac tio n s occur.

T h e  m ethod  can  also be used to  pe rfo rm  th e  catalase te s t  i f  th e  sam ple 
is ta k e n  d irectly  from  th e  inocu la ted  area covered  w ith  b acteria . A 10 p e r cen t 
so lu tio n  of hydrogen  p e rox ide  is used as re a g e n t. T he positive reac tio n  is in d i
c a te d  b y  th e  fo rm atio n  o f bubbles easily o b serv ab le  in  the glass tu b e  (F ig . 2).

2. Demonstration of the fat splitting activity of bacteria in fluid medium

I n  ro u tin e  la b o ra to ry  w ork  solid m edia a re  used  to  dem onstra te  th e  fa t 
sp li t t in g  ac tiv ity  of b a c te r ia , as th e  hom ogeneity  o f th e  fa t em ulsion is m ore 
easily  ach ieved  in  solid m ed ia  th a n  in  fluid ones. T he decom position o f f a t  in  
such m e d ia  is easily observed  from  the  appearence  o f certa in  changes b en ea th  
th e  b a c te r iu m  colonies.

In  fluid m edia e ith e r  c o n s tan t shaking o r  th e  use of em ulsifying ag en ts  is 
n ecessa ry  to  achieve hom ogeneity . In  these m ed ia  th e  decom position o f f a t  is 
d e m o n s tra te d  by  t i t r a t in g  th e  free fa tty  acids w ith  a lk a li a t  the  end o f in cu b a tio n .

F ig .  2 . Catalase test
Left : negative reactions 
Right : positive reactions

F ig .  1. Nitrite test
Left : negative reactions 
Right : positive reactions
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T his m ethod  is too  tim e  consum ing to  be used for ro u tin e  purposes, especially  
in  m ass w ork.

To avoid  th e  above difficulties a new p rocedure  is p resen ted  below.
A  p roper m ed ium  w ith , or w ithou t, organic carbon  is d ispensed in to  te s t 

tubes and  sterilized . O rd in a ry  w hite  paper is c u t to  10 X 50 m m  strip s . The 
strip s are p u t  in  a P e tr i  dish an d  m elted  ox fa t  is p o u red  on th em . A fter au to c lav 
ing  a t  115° C for 1 ho u r th e  s trip s  are taken  o u t o f th e  fa t  u n d e r sterile conditions 
and tran sfe rred  onto  th e  w all o f slan ted  tubes c o n ta in in g  th e  fluid m edium . As 
soon as the  fa t  is solid, th e  s trip s  are pushed in to  th e  fluid b y  m eans o f a flam ed 
and  cooled loop. T he tu b es are then  inocu la ted  and  in cu b a ted  as usual.

A t th e  end  o f th e  in cu b a tio n  the  strips are  rem oved , w ashed in  w a te r and  
s ta in ed  w ith  an  0,5 p er c en t alcoholic so lu tion  o f m ethy lene  blue for ab o u t 
30 seconds. The s trip s  are th e n  rinsed  w ith w a te r  to  rem ove excess sta in .

W as th e  fa t  decom posed b y  the  bac te rium  used , b o th  th e  w a te r and  alco
hol soluble p ro d u c ts  are  rem oved during th e  s ta in in g  procedure and  th e  s trip s  
s ta in  m ore or less blue ; even th e  fa tty  acids n o t com pletely  rem ovable  are 
sta ined .

I f  no decom position  occurred , the fa t  soaked  s tr ip s  rem ain  u n s ta in ed .
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EXPERIMENTAL KERATOCONJUNCTIVITIS 
SHIGELLOSA

By

В.  S e r é n y

Stale Institute o f Hygiene, Uudapest 

(Received Ju ly  24, 1956)

No  disease corresponding  to  h u m a n  d y sen te ry  co u ld  be induced  in  la b o ra 
to ry  an im als. A lthough  th e  d isease occurs ra th e r  f re q u e n tly  in  m onkeys, a p a r t  
from  a single rep o rt [7] only  S . sonnei cu ltures have b e e n  described  to  be su itab le  
fo r in d u c in g  exp erim en ta l in fec tio n  in  th a t  species [16, 17]. The com m on 
m eth o d  em ployed in  d y se n te ry  research , th e  p a re n te ra l  in fection  o f m ice, 
leads to  Shigella sepsis. A tte m p ts  h av e  been m ade to  o b ta in  a n  an im al ex p eri
m en ta l m odel superior to  th o se  h ith e r to  used. Zoeller  an d  Manoussakis 
[22] in jec ted  S. dysenteriae c u ltu re s  in to  th e  c o n ju n c tiv a l sac of gu inea pigs 
a n d  ra b b its  a f te r  bile tr e a tm e n t .  W eil  et al. [19, 20] in o cu la ted  Shigellae 
in to  th e  chorioallan to ic  sac o r in to  th e  am nion of th e  ch ick en  em bryo, B ingel 
[2] in fec ted  guinea  pigs vesica lly , a n d  Sergeyevitch [15] u sed  ca ts  for p e ro ra l 
in fec tion . These m ethods fa iled  to  gain  w ide-spread accep tan ce , p a r tly  because 
th e y  were com plicated  (vesical in fection) an d  p a r t ly  because th e y  w ere o f 
d o u b tfu l efficiency (co n ju n c tiv a l in fec tion). The e m b ry o n a te d  h en ’s egg m eth o d  
does no t seem to  be superior to  th e  m ouse te s t a n d  th e  re su lts  p u b lished  b y  
S ergeyevitch have no t been  co n firm ed . T hus, th e  p ro b lem  of th e  exp erim en ta l 
d y se n te ry  m odel s till aw aits  so lu tion .

In  th e  follow ing we sh a ll d iscuss a new m odel d isease [13, 14] to g e th e r  
w ith  th e  observations m ade in  1265 con junc tiva l in fec tio n s  induced  in  425 
g u in ea  pigs. O n th e  suggestion  o f  R a u s s  we have te rm e d  th e  new  m odel disease 
k e ra to co n ju n c tiv itis  shigellosa.

Method

In  the experim ents guinea pigs were used, but it is always possible to induce the con
dition also in the rabbit. Prior to infection the animal's eyes are exam ined in focal light to 
exclude the slightest ocular change and only animals with norm al eyes are accepted. Old Shigella 
strains from the museum, R varian ts, phase II. cultures of S. sonnei are apathogenic in con
junctival infection and should therefore no t be used. Exlusively fresh cultures not more than  
1 day old are suitable for use, whereas there are no restrictions of any significance as regards 
the culture medium ; agar, blood agar and broth are equally suitable. As a large inoculum 
(one w ith a cell count of about one thousand  million germs) one norm al loop of 4 mm in di
am eter from the solid medium should be given into the conjunctival sac. Smaller doses can be 
introduced more gently, by instillation.
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During conjunctival infection the eyelids are drawn apart, slightly raising them from 
th e  eyeball, the loop, or the gentle glass spatule, holding the culture is slid under the eyelid 
in  th e  auricular angle deep in to  the conjunctival sac, and the lids are le t to  adhere onto the 
inoculum . The loop is then  gently  guided along the tarsal conjunctiva tow ard the nasal angle» 
avoiding lesion to the cornea as much as possible. For this reason gentle pressure should be 
ex e rted  on the lid by the loop during the procedure. The gentlest m ethod of infection is instil
la tio n . The lids are pulled ap a rt and from a Pasteur p ipette 0,025 ml Shigella suspension is dripped 
in to  th e  eye.

A fter conjunctival infection is completed the lid margins are closed and  fixed in this 
position  for 1 minute. E xperience has shown th a t rinsing the eye 1 m inute a fte r infection does 
n o t rem ove the infective m aterial from the conjunctival sac and thus no special trick is neces
sa ry  to  ensure the success of the infection. By the m ethod described natural infection is im itated 
an d  th e  pathogen will adhere w ithout any lesion to , or technical interference on, the eye.

S ym ptom s o f k era tocon junc tiv itis  shigellosa

Latency is g en era lly  sh o rt a n d  dep en d s on th e  size o f th e  inoculum . In 
fe c tio n  w ith  a la rge  dose is w ith in  a few  h ours followed b y  th e  appearance  o f 
th e  f irs t  sym ptom s (co n ju n c tiv ica l oedem a, oedem a a n d  hy p eraem ia  of th e  
fo rn ices  and  sem ilu n ar p lica , chem osis, ex u d a tio n ), w hereas w ith  sm all doses 
i t  ta k e s  several d ay s (acco rd ing  to  our observations, a t m ost 5 d ay s) u n til  these 
sy m p to m s develop. Conjunctivitis th e n  e x te n d s  rap id ly , blepharitis develops 
a n d  soon severe, p u ru le n t b le p h a ro co n ju n c tiv itis  appears, fo llow ed 1 to  2 days 
a f te r  conjunctiv ica l in fec tio n  b y  th e  developm ent of keratitis. K e ra ti t is  begins 
w ith  th e  fo rm ation  o f  iso la ted  in filtra te s  a n d  w ith in  a d a y  becom es diffuse, 
acco m p an ied  d u rin g  th e  first day s b y  fever. D ysen teria l k e ra t i t is  develops 
in  ch a rac te ris tic  stag es , ap p ea rin g  in  a defin ite  order. In  th e  first s tag e  th e  en tire  
su rfa c e  of the  s tro n g ly  in f iltra te d , u lc e ra te d  cornea is covered  b y  a w hitish- 
g r a y  coat. W ith in  a few  days th e  la t t e r  de taches c ircu la rly  from  th e  lim bus, 
a n d  th e  ring  of loosened , oedem atous co rneal segm ent, w hich  th u s  becomes 
v is ib le , increases in  d ia m e te r . T h is red  rin g  is covered b y  ep ith e liu m  an d  does 
n o t  s ta in  w ith  fluo resce ine . B y  th e  m idd le  o f th e  second w eek following con
ju n c t iv a l  infection  th is  second stage is over a n d  now th e  w hole corneal surface 
is re d  in  colour. S im u ltan eo u sly , beg in n in g  also a t  th e  lim b u s, th e  loosened 
c o rn e a  begins to  f la t te n  in  th e  form  o f a rin g  increasing  in  size, ju s t  as the  first 
s ta g e . As a re su lt, th e  w hole corneal su rface (from th e  p e rip h e ry  tow ard  the  
c e n tre  an d  finally  th ro u g h o u t)  becom es cornea-like aga in , b u t  translucency  
is  reg a in ed  (if a t  all) o n ly  la te r . M eanw hile, th e  sym ptom s o f con junc tiv itis  
su b sid e , in flam m ato ry  hyperaem ia  a n d  oedem a lessen, th e n  cease, chemosis 
b e in g  th e  m ost p e rs is te n t sym ptom .

K era to co n ju n c tiv itis  shigellosa te n d s  to  heal sp o n tan eo u sly , w ithou t 
a n y  tre a tm e n t, w ith in  2 to  4 weeks, u su a lly  leav in g  beh in d  som e lesions (swelling 
o f  th e  lids, corneal o pacities). Som etim es i t  m ay  la s t as long  as 2 m onths 
a n d  in frequen tly  (in  2,6 p er cen t o f th e  anim als) i t  ta k e s  a chronic form . 
T h e  incidence of fa ta l  ou tcom e is s im ilar (2,5 per cen t), b u t  in te rcu rren t



EXPERIMENTAL KERATOCONJUNCTIVITIS SHICELLOSA 369

disease is ap p aren tly  m ore o ften  responsible for d ea th  th a n  k e ra to co n ju n c 
tiv it is  shigellosa itself.

B acteriological, serological, cytological and  histological studies

As a çule, th e  p a th o g en  can  be grown from  th e  d ischarge, from  in fec tio n  
u n til  th e  onset of h ealing , over a period averag ing  2 to  3 weeks. D u rin g  in c u 
b a tio n  th e  forces of system ic  defense keep th e  n u m b er o f viable Shigellae in  
th e  discharge defin itely  low. T h is num ber show s th e n  excessive v a r ia tio n s , 
as d es tru c tio n  an d  m u ltip lica tio n  o f th e  path o g en  ta k e  p lace side b y  side. T he 
v a ria b ility  of th e  m icrobial co u n t is followed b y  a g rad u a l increase, m a rk in g  
th e  en d  o f th e  la ten cy  period . F ro m  th e  onset o f  th e  disease u n til  th e  co rn ea l 
coat detaches excessive n u m b ers  o f Shigella can  be grow n from  th e  d isch arg e . 
B acteriological purification  th e n  occurs g radua lly . In  ty p ica l, u n tre a te d  ca^es 
th e  bacterio logical find ing  tu rn s  negative in v a ria b ly  before clin ical hea lin g . 
T he sam e occurs in  ch ron ic  cases, in  w hich, how ever, th e  pa thogen  m a y  be 
recoverab le  for as long as 70 to  260 days.

In  a considerable n u m b er, 34, of th e  122 gu in ea  pigs te s te d , a f te r  co n 
ju n c tiv a l infection  Shigella could  be grown from  blood o b ta in ed  by  h e a r t  p u n c 
tu re . Bacteriaemia occurs d u rin g  th e  incuba tion  period , for a sho rt tim e , also 
in  cases in  which th e  eye rem ain s in ta c t (acq u ired  im m u n ity , ap a th o g en ic  
Shigella). The general co n d itio n , body tem p era tu re  a n d  th e  ag g lu tin in  t i t r e  
o f serum  change in d ep en d en tly  o f th e  resu lts o f blood bacterio logy.

Im m ed ia te ly  a fte r  in fec tio n  a change tak es  p lace in  th e  cytological pattern  
o f the conjunctival discharge. T he  l i t t le  m ucus o b ta in a b le  under physio logical 
cond itions from  th e  co n ju n c tiv a l sac o f guinea pigs co n ta in s  p re p o n d e ra n tly  
m ononuclea ted  cells, believed  to  o rig inate  from  th e  co n ju n c tiv a l ep ith e liu m . 
As ea rly  as 1 to  2 hours follow ing infection  th e  m a jo rity  of th e  cells 
in  th e  d ischarge are po lym orphonuclear n eu tro p h ils . I t  is in te re s tin g  th a t  
a leucocy tic  reaction  develops also a fte r in fec tion  w ith  apathogen ic  Shi
gellae, w hen no t even in  focal lig h t can  ocu lar changes be de tec ted . I t  is 
m a in ly  in  epithelo id  ty p e  cells th a t  g reater num bers o f in trace llu la r S h i
gellae are  found.

Histological examination reveals  th e  g rav est changes in  the  co rn ea . As 
early  as 2 hours a fte r co n ju n c tiv a l in fection  the  process increasing  to  in f la m m a 
tio n  begins, a t first in  th e  a rea  o f  th e  p a lp eb ra l-b u lb ar ju n c tio n . T he co rneal 
ep ith e liu m  is diffusely in f iltra te d , m ain ly , by  leucocy tes. A t sites th ere  is ep i
th e lia l d es tru c tio n  an d  th e  co rneal tissue shows oedem ato u s loosening. A som e
w h a t m ilder leucocytic in f iltra tio n  ex tends to  th e  posterio r elastic  m em b ran e  
o f Descemet. N ear to  th e  ju n c tio n  th e  in flam m atio n  ex ten d s  over to  th e  p a l
peb ra l co n ju n c tiv a , w here th e  ly m p h  follicles ex h ib it m arked  re ticu lo cy tic  
h y p erp lasia . D uring  th e  su b seq u en t days in filtra tio n  a n d  oedem atous loosening
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in c rea se  an d  corneal u lce ra tio n s  develop. A fte r  th e  coat is d e ta c h e d  repara tion  
b eg in s , th e  th ickness o f th e  cornea is red u ced , oedem a d isappears or dim inishes 
( K e r é n y i).

In  th e  sera from  53 guinea pigs, w ith  k e ra to co n ju n c tiv itis  shigellosa 
in d u c e d  b y  co n ju n c tiv a l in fec tio n  w ith  S. d y sen te riae , flexneri, sonnei o r schm itzi 
c u ltu re s , 131 Widal te s ts  w ere m ade a g a in s t a d iagnostic  p rep a red  from  a  hom o
logous cu ltu re , b e tw een  th e  8 th  an d  82nd  d a y  o f th e  disease. I n  som e anim als 
th e  te s ts  were m ad e  in  series, a t d ifferen t in te rv a ls . Positive  re su lts  were ob
ta in e d  in  71 per c en t o f th e  te s ts , in  73 p e r c e n t of th e  an im als. A gg lu tin in  in  
se ru m  was m ost re a d ily  d e te c te d  in  S. f le x n e ri in fection . A g g lu tin in  form ation  
b e g a n  during  th e  second  w eek of illness, re a c h e d  its  p eak  (m ax im u m  ; 1 : 640, 
av e rag e  ; 1 :180) a f te r  18 or 19 days, th e n  d im in ished  g rad u a lly . A n tibody  
p ro d u c tio n  was ir re g u la r  a n d  was no t d em o n strab le  in  m an y  a case. The be
h a v io u r  of th e  W idal re a c tio n  in  k e ra to c o n ju n c tiv itis  shigellosa m o stly  agreed 
w ith  th e  experience m a d e  in  connection  w ith  d y sen te ry  b y  num ero u s au tho rs, 
in  H u n g a ry  b y  R a u s s  et al. [12]. I t  is re m ark ab le  th a t  a g g lu tin in  p roduction  
m a y  occur also a f te r  in o cu la tio n  w ith  k illed  Shigella or i ts  en d o to x in , when 
th e  eye rem ains in ta c t .

T he increase in  a n tib a c te r ia l  mouse protecting antibodies is a n o th e r  evidence 
o f  th e  im m unological response  of th e  o rg an ism . Sera from  74 g u in ea  pigs w ith  
k e ra to c o n ju n c tiv itis  sh igellosa were te s te d  fo r m ouse p ro tec tin g  a c tiv ity , p a rtly  
in  pools an d  p a r t ly  in  in d iv id u a l sera, b y  th e  m ethod  described  b y  Co o per  
a n d  K e l l e r  [4, 5] w ith  e ith e r  th e  c o n s ta n t in fec tin g  dose (one corresponding 
to  several h u n d re d  tim e s  th e  LD 50) o r w ith  th e  co n stan t a m o u n t o f  serum . 
R e su lts  iden tica l in  3 p a ra lle l te s ts  w ere o n ly  accep ted . I t  w as fo u n d  th a t  in  
th e  course of k e ra to c o n ju n c tiv itis  sh igellosa th e  am o u n t of m ouse p ro tec ting  
an tib o d ie s  increases w ith in  ra th e r  w ide l im its  ; th e  50 per c en t p ro tec ting  
vo lum e of th e  gu inea  p ig  serum  varied  from  0,025 to  0,1 m l p rio r to  co n ju n c tiv a l 
in fe c tio n , an d  from  0,0004 to  0,025 m l a f te r  recovery  from  k era to co n ju n c tiv itis  
sh igellosa. The p ro te c tiv e  value of serum  w as increased  also in  ch ron ic  cases. 
T h e re  was, how ever, also  a n  exam ple fo r th e  c o n tra ry  ; in  2 an im als  th e re  was 
no  difference b e tw een  th e  local processes (c lin ical course, m ode a n d  tim e of 
recovery ), y e t th e  a n tib o d ie s  in  serum  w ere sign ifican tly  increased  in  one an im al 
a n d  p rac tica lly  u n a lte re d  in  th e  o ther. Sera from  norm al an im als  w ith  different 
su scep tib ility  m a y  be e q u a l in  p ro tec tiv e  v a lu e  an d  th e  im m u n ity  acquired  
in  th e  course of th e  d isease  is no t alw ays p a ra lle l w ith  th e  a n tib a c te r ia l  a n ti
b o d y  ti tre . A fter a c tiv e  im m u n iza tio n  th e  p ro tec tiv e  c a p a c ity  o f th e  serum  
increases m ark ed ly  also  in  cases in  w hich  s im ultaneous re in fec tio n  shows 
th e  an im al to  be su scep tib le  to  in fec tion . As to  th e  re la tio n sh ip  betw een  mouse 
p ro tec tin g  an tib o d y  in  serum  an d  im m u n ity , from  th e  findings we have con
c lu d e d  th a t  a lth o u g h  in  m a n y  a  case th e  an tib o d ies  in d ic a te  th e  ex istence of 
im m u n ity , th ey  do n o t determ ine  it.
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Factors in fluencing  the  developm ent an d  course 
o f  keratocon junctiv itis  shigellosa

N um erous observa tions m ade in  th e  course o f  k e ra to co n ju n c tiv itis  
shigellosa in d ica te  th a t  in  th e  developm ent an d  course o f  th is  infectious disease 
th e  q u a lita tiv e  an d  q u a n tita tiv e  re la tio n s o f th e  p a th o g e n , on th e  one h a n d , 
a n d  th e  cond ition  of th e  h ost o rganism , on th e  o th e r, a re  o f g rea t significance.

Л) The pathogen

The significance of th e  pathogenic  agen t is n o t re s tr ic te d  to  the  s ta r t in g  
o f th e  in fective process. T his has been referred  to  above, w hen i t  was s ta te d  
th a t  k e ra to co n ju n c tiv itis  shigellosa does n o t heal u n ti l  v iable Shigellae a re  
recoverab le from  th e  o cu la r d ischarge a n d  rep a ra tio n  b eg ins only after b a c te rio 
logical n eg a tiv ity  h as  re su lted .

a) Effect o f pathogens belonging to different genus. C on junctiva l in fec tio n , 
recom m ended by  Ca l m e t t e  as a tubercu losis m odel, h as  been carried out w ith  
a v a r ie ty  of b ac te ria  d u rin g  th e  p as t decades a n d  th u s  th e  action  of severa l 
b ac te ria  is know n in  th is  re la tio n . C ontrolled s tud ies h av e  revealed  th a t follow ing 
co n ju n c tiv a l ad m in is tra tio n  of M . tuberculosis th e  eye itse lf rem ains in ta c t  
[3, 9], ju s t  as a fte r co n ju n c tiv a l in fec tion  w ith  C. diphtheriae cu ltu res [1] o r 
w ith  s tra in s  o f N . gonorrhoeae [6, 8]. I t  is also know n  th a t  previous t re a tm e n t 
o f th e  eye w ith  bile m akes ce rta in  p a thogens (S . typhi, S . paratyphi A  a n d  В ,
S. dysenteriae, C. diphtheriae) capable o f causing o cu la r  in flam m atio n  in  gu in ea  
pigs an d  rab b its , b u t  th e  reaction  does no t develop consequen tly  [21, 22]. 
O th e r  m ethods, such  as in s tilla tio n  o f d ip h th e ria  to x in  [1], b u rn in g  o f th e  
co n ju n c tiv a  [18], ap p lica tio n  of a paraffine  b an d ag e  on th e  eye [8] m ay  p ro v e  
effective in th e  case o f ce rta in  p a th o g en s. H ow ever, we have not found  a n y  
m en tion  in  th e  l i te ra tu re  o f a patho log ical cond ition  s im ila r to  k e ra to co n ju n c 
t iv it is  shigellosa.

We stud ied  th e  resu lts  o f co n ju n c tiv a l in fec tio n  w ith loopful a m o u n ts  
of various in te s tin a l b a c te ria . The 166 recen tly  iso la te d  s tra in s  used fo r thi s  
purpose included 21 E. coli, 36 E. coli dyspepsiae (O : 26, О : 55 and  О : 111), 
19 Proteus, 19 Ps. aeruginosa, 5 S. paratyphi A , 16 S. paratyphi B, 12 S. typhi 
murium, 6 S. saint-paul, 1 S. derby, 2 S. cholerae suis, 16 S. typhi, 1 S. rostock, 
9 S. anatum  an d  3 S. meleagridis s tra in s . The s tra in s  w ere iso lated  from d iseased  
su b jec ts  a t  th e  Department o f Bacteriology, State Institute o f Hygiene. K e ra to 
co n ju n c tiv itis  shigellosa developed in  none of th e  182 con junctiva l in fec tio n s  
w ith  th e  en teric  p a th o g en s, w hereas th e  disease co n seq u en tly  developed in  a ll 
th e  241 cases of co n ju n c tiv a l in fection  w ith  130 re c e n tly  iso la ted  Shigella s tra in s  
o f various types. A p p a ren tly , am ong th e  in te s tin a l b a c te r ia  Shigella is th e  o n ly  
capab le  of causing  k e ra to co n ju n c tiv itis .
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L acking recen tly  iso lated  s tra in s  we have been unab le  to  te s t  th e  a c tiv ity  
o f  a ll th e  species o f th e  genus Shigella : we could not e x te n d  th e  investig a tio n s 
to  ty p es  3 to  7 o f  S. d y sen te riae , a n d  ty p e s  1 to  3 an d  5— 11 o f S. boyd i. O ur 
s ta te m e n ts  th erefo re  w ill app ly  to  a ll Sh igellae only a fte r th e se  organism s too  
h a v e  been exam ined .

C ertain in te s tin a l b ac te ria  [S. s a in t-p a u l, derby, cholerae suis a n d  an a tu m ] 
p ro d u ced  a m o d era te , w hereas S. ty p h i  m urium  in v a riab ly  a v e ry  m arked  
co n ju n c tiv itis , w ith o u t k e ra titis . S. ty p h i  cu ltu res  d id  no t lesion  th e  eye, b u t  
e lic ite d  a disease o f g re a t severity , w ith  sep tiaem ia  an d  a h ig h  m o rta li ty  ra te .

T hus, recen tly  iso la ted  Shigella s tra in s  in  ad eq u a te  doses are  pathogen ic  
b y  co n ju n c tiv a l in fec tio n . This specific p ro p e r ty  of these m icroorgan ism s m akes 
i t  recom m endable to  inc lude  co n ju n c tiv a l in fection  in  s tu d ies  concerned  w ith  
c e r ta in  problem s o f th e  p a th o g en ic ity  o f  th e  genus Shigella.

b) Difference in action between single shigella groups. I t  seem s th a t  
th e  course of k e ra to co n ju n c tiv itis  sh igellosa m ay sligh tly  v a ry  from  species 
to  species. The d ifference betw een F le x n e r  an d  Sonne in fec tio n s is th a t  w ith  
th e  form er usually  (b u t n o t in v a riab ly ) e x u d a tio n  is am pler a n d  m ore la s tin g  
a n d  th e  tim e req u ired  for bacterio log ical a n d  healing  co rneal re p a ra tio n  is 
lo n g er. The differences observed are, how ever, no t significant en o u g h  to  a lte r  
th e  cha rac teris tic  course o f th e  disease.

c) The infective dose. The success o f  co n ju n c tiv a l in fection  w ith  Shigella 
is h ig h ly  dependent on th e  size of th e  in fec tiv e  dose. P athogen ic  S h igella  s tra in s  
in v a r ia b ly  cause k e ra to co n ju n c tiv itis  w h en  em ployed in  co n c e n tra tio n s  o f 
108 or h igher. I f  sm alle r doses are em ployed  u n d e r  iden tica l co n d itio n s , th e  effect 
d e p e n d s  on the  v iru len ce  of th e  g iven S h igella  s tra in . More v iru le n t s tra in s  
a re  effective a t m icrob ia l coun ts as low as 106 to  107, whereas th e  sam e q u a n tity  
o f  less v iru len t Shigella induces disease o n ly  in  some of th e  in fe c te d  an im als. 
S m a ll doses, of a m icrob ia l coun t of 104 or low er, leave all th e  an im a ls  unaffec ted . 
O n  th e  basis o f 486 co n ju n c tiv a l in fec tio n s  w ith  207 cu ltu res o f Shigella th e  
ID  50 w as generally  betw een  106 an d  10 7 ; w ith  v iru len t s tra in s , betw een  10s 
a n d  106 ; w ith  less v iru le n t ones, above 107.

As a lready  m en tio n ed , th e  d u ra tio n  o f  la ten cy  is in flu en ced  b y  th e  size 
o f  th e  inoculum . O n th e  o th e r h a n d , a 100-fold difference in  th e  m icrobial 
c o u n t o f th e  in fec tive  doses d id  n o t a l te r  th e  single stages, th e  w hole course 
a n d  th e  d u ra tion  o f  k e ra to co n ju n c tiv itis  shigellosa.

W hen  co n ju n c tiv a l in fec tion  is c a rr ie d  o u t w ith a n u m b er o f  Shigella 
to o  sm all to  induce k e ra to c o n ju n c tiv itis  in  th e  susceptib le o rg an ism , th e  p a th o 
gens in tro d u ced  in to  th e  co n ju n c tiv a l sac are  rap id ly  destroyed a n d  1 to  6 hours 
a f te r  in fec tion  can n o t be grown from  th e  eye.

d) Diminution and cessation o f pathogenicity. The s tra in  o f S higella , w hich 
p ro v es  to  be pathogen ic  a n d  h ighly  v iru le n t on con junctiva l in fec tio n , loses 
i ts  v iru len ce  and  finally  tu rn s  apathogen ic  u n d e r  various cond itions.
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D uring  incub a tio n  a t  body  tem p era tu re  th e  v iru lence  is d im in ished  a n d  
th e  s tra in  becomes non-pathogen ic  w ith in  a few d ay s . T h is takes place so o n er, 
in  an  inh ib ito r m edium , e. g. in  DC. A sim ilar process m ay  resu lt on serial passage 
in  m edia  conta in ing  increasing  concen tra tions o f chloram phenicol, ren d erin g  
th e reb y  th e  v iru len t s tra in  re sis tan t to  th e  a n tib io tic . Likewise, th e  phase I I .  
cu ltu re s  of S. sonnei an d  th e  R v a rian ts  of th e  d iffe ren t Shigella types a re  
ap a th o g en ic .

I t  is no tew o rth y  th a t  d u ring  storage for from  4 m on ths to  2 years  in  a 
re frig e ra to r (a t 4° C) v iru lence  is reduced  a n d  p a th o g e n ic ity  is lost. T he loss 
o f p a th o g en ic ity  tak es  p lace a t  a tim e w hen th e  b iochem ical p roperties, a n t i 
genic s tru c tu re  an d  m ouse viru lence are  s till u n ch an g ed , b u t usually , th o u g h  
no t in v a riab ly , th e  re su ltin g  try p a fla v in -a g g lu tin a b ility  ind ica tes changes in  
the  surface an tigen .

E ven  very  high doses o f heat-k illed , h igh ly  v iru le n t Shigella cu ltu res  fa il 
to  induce  k e ra to co n ju n c tiv itis . The sam e applies to  end o to x in s . In  these  cases, 
how ever, the  IVidal re ac tio n  m ay tu rn  positive .

B) The macroorganism

a) Natural species immunity. On th e  basis o f  its  in n a te  suscep tib ility , th e  
gu in ea  pig is th e  m ost su ita b le  an im al for k e ra to c o n ju n c tiv itis  shigellosa. N ex t 
com es th e  ra b b it, in  w hich the  disease develops b u t  in flam m atio n  does n o t 
e x te n d  over th e  en tire  corneal surface. In  th e  eye o f th e  ca t k e ra titis  developed 
o n ly  a fte r  repea ted  in fec tio n  and  even th e n  in  th e  form  o f focal in filtra tio n s . 
In  o th e r  species co n ju n c tiv a l infection  is follow ed b y  k e ra to co n ju n c tiv itis  
shigellosa only  excep tio n a lly  (ham ster) o r no t a t  all (m ouse, po lecat, hen).

b) Natural individual immunity  .The resis tan ce  o f gu inea pigs against Shigella 
in tro d u ced  on th e  c o n ju n c tiv a  is re la tiv e  ; h igh  doses of a pa thogenic  s tra in  
cause disease in  every  case. T he in d iv id u a l im m u n ity  m an ifests itse lf  on ly  w ith  
sm alle r in fective doses, w hen some of th e  an im als  rem ain  norm al.

As fa r as the  course of th e  disease is concerned , th e re  is a m arked  difference 
betw een  albino an d  d a rk fu rre d  an im als ; in th e  form er, k e ra to co n ju n c tiv itis  
shigellosa is of sh o rte r  d u ra tio n  and  rep a ra tio n  is m ore com plete.

c) Local im m unity. In  th e  same an im al k e ra to co n ju n c tiv itis  shigellosa show s 
a n  id en tica l, or a closely sim ilar course in  th e  r ig h t a n d  in  the  left eye, b u t  in  
som e cases the  process is q u ite  d ifferen t in  th e  tw o  iden tica lly  in fec ted  eyes. 
F o r exam ple, one eye m ay  be aflected  b y  a ty p ica l, a cu te  disease healing  w ith in  
a few weeks, w hereas in  th e  o ther eye chronic d isease la s tin g  for m o n ths m ay  
develop.

Phenom ena su ggesting  tissue im m u n ity  h av e  been  observed m ain ly  a f te r  
re in fec tion .
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d) Natural, acquired immunity. K e ra to co n ju n c tiv itis  sh igellosa is fo l
lo w ed  b y  th e  developm ent of im m u n ity , as p roved  b y  th e  follow ing observa
tio n s .

1. A fter recovery  th e  level of m ouse p ro te c tin g  an tibod ies are  in creased .
2. A fter re in fec tio n  b ac te riaem ia  a n d  hy p erp y rex ia  is less f re q u e n t a n d  

s h o r te r  in  d u ra tion  th a n  a fte r th e  first in fec tio n .
3. Shigellae in tro d u c e d  in to  th e  c o n ju n c tiv a l sac of th e  recovered  an im al 

a re  in  m ost cases soon d estroyed  a t  th e  p o r ta l  o f en try  and  a fte r  1 or 2 day s 
c a n n o t be cu ltured .

4. Infection  a f te r  recovery  from  k e ra to co n ju n c tiv itis  shigellosa is follow ed 
b y  disease less o ften , th a n  a fte r th e  first in fec tio n . I f  a disease develops, i t  o ften  
( in  43,5 per cent o f  re in fec tions) consists o n ly  in  a m ild, a b o rtiv e  k e ra to c o n 
ju n c tiv i t is ,  m uch less severe th a n  th e  ty p ic a l disease, so in  its  ap p earan ce , 
a s  in  ex ten t, in te n s ity , course an d  d u ra tio n .

T he im m u n ity  w hich  develops in  th e  course of k e ra to c o n ju n c tiv itis  
sh igellosa is, how ever, re la tiv e . On re in fec tio n  w ith  sm aller doses (w hich are  
c e r ta in ly  infective for a susceptib le  an im al) th e  eye rem ains u n a ffe c ted  in  on ly  
o n e  th ird  of th e  cases. I n  48 o f 260 re in fec tio n s o f recovered an im a ls  (in  18,4 
p e r  cen t) a ty p ica l, or in  some respects even m ore severe (pro longed  course, 
S h ige lla  sepsis, m ixed -ab o rtiv e-ty p ica l) d isease developed.

I t  has been o b served  th a t  th ere  m ay  be a pronounced  d ifference in  th e  
re sp o n se  to  reinfection  betw een  healed  a n d  o rig inally  un affec ted  eyes. I n  th e  
fo rm e r th e  incidence o f m ild , abo rtive  d isease is h igher, w hereas in  th e  eye left 
in ta c t  a t  the  first in fec tio n  re infection  causes ty p ica l k e ra to c o n ju n c tiv itis . 
T h is  difference in  b e h av io u r is ascribed  to  tissu e  im m unity .

As regards th e  p ersistence  of im m u n ity , in  accordance w ith  th e  experience 
o f  R a u ss  and  KÉTYI [10] in  d y sen te ry , im m u n ity  m ay  s till e x is t a f te r  9  
m o n th s .

D iscussion

T he con junc tiva l ro u te  o f in fec tion  offers m eans to  e lic it su ch  an  ex 
p e rim e n ta l shigellosis in  th e  eye of th e  gu inea  p ig  w hich in  m an y  asp ec ts  s ta n d s  
n e a re r  to  hum an  d y se n te ry  th a n  th e  m odels th u s  fa r used. T he p a th o g en  is 
in o c u la te d  onto th e  co n ju n c tiv a , i. e. on  a m ucous m em brane a n d  in fec tio n  
c a n  be carried  ou t in  th e  g en tle s t m a n n e r possible, w ithou t a n y  aspecific injury- 
e ffec t. As a resu lt o f co n ju n c tiv a l in fec tio n , a f te r  a la ten cy  period  id en tica l 
in  d u ra tio n  w ith th a t  o f  d ysen te ry  a local process involving u lcer fo rm atio n  
develops. Ju s t  like ty p ic a l dysen tery , ty p ic a l k era to co n ju n c tiv itis  shigellosa 
h e a ls  w ith in  2 to  4 w eeks, b u t also like d y sen te ry , som etim es i t  tu rn s  in to  a 
ch ro n ic  process. In  k e ra to co n ju n c tiv itis  shigellosa, too , an tibodies m a y  ap p ear 
in  th e  serum  during  th e  local process, d e m o n s tra tin g  th e reb y  doub tlessly  th e
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occurrence of a n  im m une response. I n  th is  response tissu e  factors are also in 
volved.

A n ap p a re n t difference b e tw een  com m on d y se n te ry  an d  k e ra to co n ju n c 
tiv it is  shigellosa is in d ica ted  b y  th e  circum stance  th a t  p rim ary  c o n ju n c tiv a l 
in fec tion  is follow ed in v ariab ly  b y  ty p ic a l disease, w hereas h u m an  d y se n te ry  
m ay  appear in  th e  m ost va riab le  form s. A fter recovery  from  k e ra to co n ju n c 
tiv it is  shigellosa, how ever, re p e a te d  in fec tion  induces h igh ly  variab le  d isease 
p a tte rn s . This c e rta in ly  m akes one  to  conclude th a t  th e  v a ria b ility  o f th e  d y 
sen teric  process is due to  im m unolog ica l differences. T h is m eans th a t  in  th e  
susceptib le  organism  successful in fec tio n  in v ariab ly  induces ty p ica l d isease 
w hereas, a f te r  recovery  from  th e  co n d itio n , rep ea ted  in fec tion  will in d u ce  a 
disease w hich m a y  be abo rtive , m ild , a typ ica l or ty p ic a l, depend ing  on th e  
in te n s ity  o f im m u n ity .

S epticaem ia is uncom m on in  association  w ith  k e ra to co n ju n c tiv itis  sh i
gellosa. The success of infection  b y  th e  con ju n c tiv a l ro u te  can  be ju d g ed  b y  th e  
developm ent or absence of d isease, b y  th e  course o f k e ra to co n ju n c tiv itis  s h i
gellosa, an d  not b y  th e  rough c r ite r ia  u su a l w ith p a re n te ra l infection , su rv iv a l 
o r d ea th . The disease offers am p le  possibilities for d irec t a n d  con tinuous o b 
se rv a tio n . The eye b y  its  localiza tion  a n d  tran sp a ren cy  is m uch easier to  observe 
t h a n  any  o th e r organ.

The m eth o d  m akes it  possible to  determ ine  th e  p a th o g en ic ity  of Shigella  
s tra in s  a n d  to  ch arac terize  th e ir  v iru len ce  b y  th e  value o f th e  ID  50. ’’A lth o u g h  
ex am in a tio n  o f th e  guinea pig eye c a n n o t b y  itse lf  decide w hether th e  fa ilu re  
to  induce  disease in  th a t  eye m ean s  a t  th e  sam e tim e  an  absence o f h u m a n  
p a th o g en ic ity , th e  fa c t s till re m a in s  th a t  co n ju n c tiv a l in fec tion  has p ro v ed  
su itab le  for con tro lling  a certain p a th o g e n ic  p ro p erty  a n d  m ay  offer possib ilities 
to  s tu d y  th e  fac to rs  contro lling  th e  p a th o g en ic ity  o f Shigella  an d  th e  aetio lo - 
g ical problem s connected  w ith  i t ”  (R a u s s ).

I t  is believed  th a t  our m e th o d  is a novel one. T h e  co n ju n c tiv a l in fec tio n  
ca rried  ou t w ith  d ifferen t b a c te r ia  b y  several au th o rs  [3, 9, 21, 1, 18, 6, 8] 
has been perfo rm ed  w ith  Shigella  cu ltu re s  b y  Z o e l l e r  an d  Ma n o u s s a k is  
[22] who in tro d u ced  th e  path o g en  in to  th e  eye a fte r  t re a tm e n t w ith  b ile. T h e y  
h av e  failed in  reg u la rly  inducing  d isease  in  th e  p rev iously  aspecifically in ju re d  
eye an d  even if  disease h ad  developed  i t  d id  no t lead  to  im m u n ity , b u t  to  e n 
h anced  suscep tib ility . O ur m eth o d  w ill in v ariab ly  induce  ty p ic a l changes u n d e r  
de te rm in ed  cond itions and  th e  ch an g es in  the ir e n ti ty  b ea r some resem blance  
to  h u m an  dysen tery .

A ccording to  th e  above, th e  use o f th e  new  m odel prom ises success in  
research  concerned w ith  various th e o re tic a l an d  p rac tica l problem s of d y se n te ry . 
T he m ethod , hoAvever, has also som e d isadvan tages. T h e  p o rta l of in fec tio n  
rem ain s open a n d  th u s  i t  can n o t be  a sce rta in ed  w hat p ro p o rtio n  of th e  in o cu lu m  
h as been left in  th e  eye. This d isa d v a n ta g e  is to  a ce rta in  degree co u n te r-b a lan ced
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b y  th e  fac t th a t  th e  S h ig e lla  in troduced  in to  th e  con ju n c tiv a l sac adhere to  it  
ra p id ly , w ithin a m in u te . D ysentery  a n d  k e ra to c o n ju n c tiv itis  shigellosa are 
d e fin ite ly  different as reg a rd s  th e  in fe c te d  organism , th e  circum stances of 
in fec tio n , the d is tan ce  be tw een  the  p o rta l a n d  th e  subsequen t localization  of 
in fec tio n , the a ffec ted  o rg a n  and  th e  c lin ica l sym ptom s. I t  is there fo re  obvious 
t h a t  d a ta  achieved b y  m e a n s  of th e  m odel c a n n o t be applied  d ire c tly  to  hum an  
d y se n te ry . We wish to  ca ll a tten tio n  also to  th e  fac t th a t  th e  Shigella-bearing 
d isch arg e  often flow s fro m  th e  eye, c o n ta m in a te s  th e  fu r o f th e  an im al an d  
escap in g  into th e  a ir , m a y  be a p o ten tia l sou rce  of in fection .

Sum m ary

1. Guinea pigs infected  conjunctivally w ith cu ltures of Shigella develop au  experim ental 
shigellosis termed keratoconjunctiv itis shigellosa.

2. The phenomena observed and the conclusions drawn in connection w ith 1265 con
ju n c tiv a l infections in 425 guinea pigs are discussed, w ithout going into the experim ental details. 
A short description of th e  technique employed is followed by a list of prom inent sym ptom s, 
and  by  an account given of th e  results of bacteriological, histological, serological and cyto- 
logical studies. I t  is em phasized th a t the method m ay be considered specific. The difference 
in  effect between single Shigella groups, the significance of the quan tity  of th e  infective dose 
and  the  loss of pathogenicity  are  dealt with. The resu lts of conjunctival infection in different 
species, the role of n a tu ra l, individual and local im m unity  are discussed. Finally , an account 
is given of the investigations according to which keratoconjunctivits shigellosa is followed 
b y  a relative immunity.

3. Evidence is p resen ted  indicating th a t the new  model is more suitable for studies of 
th e  problems of dysentery  th a n  are the anim al te s ts  in common use. K eratoconjunctivitis 
shigellosa is identical w ith  dysen tery  in th a t the Shigella transferred to  a mucous membrane 
causes an acute, or som etim es chronic, local process, involving the im mune response of the 
organism.
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U N T E R S U C H U N G  D E S  L E P T O S P I R E N B E F A L L S  
D E R  H A U S T I E R E  I N  E I N E R  S Ü D O S T U N G A R I S C H E N

G E M E I N D E

Von

J. K lS Z E L  und M. F Ü Z I

Mikrobiologisches Institut der Medizinischen Universität, Budapest 

(E in gegan gen  am 19. S ep te m b er  1956)

Im  Som m er 1952 w ar in  der im  S üdo sten  des L andes gelegenen O rtsc h a f t  
Ú jkígyós u n te r  D rescharbeitern  eine L eptosp iroseep idem ie  au fg e tre ten . Die 
serologische U n tersuchung  des B lu tserum s der K ra n k e n  ergab, dass es sich 
bei dem  K ran k h e itse rreg e r um  einem  L e p to sp ire n ty p  der H ebdom adisgruppe 
h an d e lte  [1]. A nschliessend ko n n te  nachgew iesen w erden , dass der die E p idem ie  
hervo rru fende L ep tosp iren typ  in  den in d er U m gebung  der O rtschaft leb en d en  
F eld n ag e tie ren  anzu treffen  w ar, der B efall sich  jed o ch  au f die W aldm äuse  
b esch rän k te  [2]. Es gelang uns, aus der N iere von  zwei W aldm äusen  (Apodemus 
sylvaticus) zu r H ebdom adisgruppe gehörende L ep tosp irenstäm m e zu iso lieren  
(L. U k —2, L. U k —4), von denen  w ir sp ä te r  nachw iesen , dass sie als L . sejró' 
zu b e tra c h te n  sind . M it der an s teck u n g sv erb re iten d en  Bolle der N agetiere  
Hess sich jedoch  das Z ustandekom m en d e r E p idem ie  n ich t e rk lä ren , d a  die 
befallenen W aldm äuse lediglich in  der U m gebung  des Dorfes anzu treffen  w aren , 
in  den  B auernhöfen  jedoch , wo die K ra n k e n  in  d er Zeit vor A usbruch  d er 
Seuche gea rb e ite t h a tte n , u n te r  den N ag e tie ren  kein  L eptosp irenbefall v o r
gekom m en w ar. Im  w eiteren fü h rten  wir d a h e r zw ecks K lä ru n g  der A n steck u n g s
quelle u n d  der näheren  U m stände  der E p id em ie  die U n te rsu ch u n g  der im  D o rf 
g ehaltenen  H austie re  du rch , w orüber w ir im  fo lgenden  berich ten  w ollen.

Die Gem einde Ú jkígyós ist eine c h a ra k te ris tisch e  lan d w irtsch aftlich e  
Siedlung, wo viele N u tz tie re  gehalten  w erden . D ie Schw einezucht is t seh r v e r
b re ite t, fa s t a u f  jedem  B au ern h o f g ib t es 4 — 5 Schw eine ; R inder u n d  P ferde  
sind  zwar in  geringerer Z ahl, aber ebenfalls b e in ah e  überall vo rh an d en . N eben  
diesen T ieren  gehört auch der H o fh u n d  zum  ch a rak te ris tisch en  Bild der B a u e rn 
höfe. A usser den T ieren  d e r B auernhöfe  u n te rsu c h te n  wir auch den  T ie rb e 
s ta n d  eines E inzelgehöftes, in  dessen N a c h b a rsc h a ft die D rescharbeiten  au sg e
fü h r t  w urden , da sich die D resch arb eiter das T rinkw asser eine Z e itlan g  — 
vor A usbruch  der E pidem ie — von einem  offenen  B runnen  dieses G ehöftes 
holten.
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Material und Methoden

Zum Nachweis des Leptospirenbefalls der H austiere  wählten wir die serologische M ethode. 
Im  Ju n i und Ju li 1955 untersuchten  wir das B lutserum  von 223 H austieren, und zwar 103 
Schweinen, 57 R indern , 38 Pferden und 25 H unden. Die Blutproben stam m ten grösstenteils 
(63,7% ) von Tieren in den Bauernhöfen, zu 36,3%  von Tieren des Einzelgehöftes. M it dem  
B lutserum  der Tiere nahm en wir un ter Verwendung folgender Leptospirentypen die Agglu
tina tion— Lysis—R eaktion vor : L. sejro (Uk) (der die Epidem ie verursachende L eptospirentyp), 
L . grippo-typhosa, L . hebdomadis, L . pomona (TRk), L . canicola, L. icterohaemorrhagiae, L . aust- 
ralis-B , L. ballum, L . m itis (Johnson), L. bataviae. Als Anzeichen der L eptospireninfektion 
betrach te ten  wir einen T ite r von 1/100 oder darüber.

In  Fällen, wo das Serum gleichzeitig m it m ehreren  Leptospirentypen positive R eaktion 
gab , bew erteten wir R eaktionen m it niedrigerem T ite r, falls es sich um Typen handelte, die 
m iteinander in A ntigenverw andtschaft stehen, als M itagglutination, sonst sahen w ir die m ehr
fachen Reaktionen als R este einer überstandenen Infektion m it mehreren Typen an.

Ergebnisse

Bei den m it dem  B lu tse ru m  von 223 H a u s tie re n  vorgenom m enen A gglu- 
tin a tio n -L y s is -R e a k tio n e n  fanden  wir L ep to sp ira -A n tik ö rp er in  in sg esam t 100, 
d . h . in  44,8%  d e r u n te rsu c h te n  Sera. D ie an lässlich  der serologischen U n te r
su ch u n g  der e inzelnen  T ie ra r te n  gew onnenen Ergebnisse lassen sich fo lgender- 
m assen  zusam m enfassen  (Tabelle I).

Von den Schweinen w aren  45,6%  befa llen , u n d  zwar 30 der 68 D orfschw eine 
u n d  17 der G ehöftschw eine. W ie aus T abe lle  I  e rsich tlich , gab e in  b e trä c h t
lic h e r Teil der Schw einesera gleichzeitig m it m eh re ren  L ep to sp iren ty p en  p o sitive  
R e a k tio n , w oraus h e rv o rg eh t, dass M isch in fek tionen  u n te r  Schw einen n ic h t 
se lte n  Vorkom m en. P rü fe n  w ir die R e su lta te  in  d er H insich t, wie häufig  d ie  
e in ze ln en  T ypen  in  E rsch e in u n g  tra te n , e rg ib t sich folgende R eihenfo lge : 
L . p o m o n a-A n tik ö rp er w aren  in  29 Sera nachw eisbar, L. m itis -A n tik ö rp e r 
in  13 Sera, L. ic te ro h aem o rrh ag iae -A n tik ö rp e r in  10 Sera, w äh ren d  L. se jrő  
(U k)-A n tik ö rp er led ig lich  in  5 Sera a n z u tre ffen  w aren. A usser d iesen  T y p en  
fa n d e n  w ir in  je  1 F a ll L . canicola-, L. b a ta v ia e -  u n d  L. b a llu m -R eak tio n en . 
D ie T ite r  der positiven  R eak tio n en  va riie rten  zw ischen 1/100 u n d  1/3200. H ohe 
T i te r  fan d en  wir in sbesondere  u n te r  den L . po m o n a- und  L. sejrő (U k)-positiven  
S era , w ährend  u n te r  den  R eak tio n en  der a n d e re n  T ypen  die L. ic te ro h aem o rrh a - 
g iae -T ite r  zum eist n ied rig  w aren.

W as das A lte r b e tr if f t , so d o m in ie rten  1 —2jährige T iere (56% ) ; ä lte re  
w u rd e n  n u r vereinzelt u n te rsu c h t. D er In fe k tio n sz u s ta n d  der ä lte re n  T iere  
lä s s t sich  daher n ic h t g en au  beurte ilen , w ä h re n d  bei den jü ngeren  festzuste llen  
w ar, dass bis zum  E n d e  des e rs ten  L ebensjah res bere its  etw a 50%  eine L ep to 
sp iren in fek tio n  ü b e rs ta n d e n  h a tte n .

D ie M ehrzahl d e r u n te rsu c h te n  Schw eine w aren k a s tr ie r te  T iere  u n d  
S äu e , die im  grossen g an zen  gleichm ässig in fiz ie rt w aren, w ährend  sich  n u r 1 
v o n  3 E b e rn  als b efa llen  erwies.

B ei der M ehrzahl d e r seropositiven T ie re  w aren klin ische S ym ptom e 
n ic h t  zu  b eo b ach ten , in d essen  h a tte n  2 Schw eine, deren B lu tserum  L . pom ona



Tabelle 1

Ergebnisse der serologischen Untersuchung der Haustiere in Újkígyós
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m it einem  T ite r  v o n  1/800 bzw. 1/1600 ag g lu tin ie rte , 1%  bzw . 2 M onate vor dem  
Z e itp u n k t der U n te rsu ch u n g  eine m it F ieb e r, A ppetitlosigkeit u n d  allgem einer 
M attigke it e inhergehende  E rk ran k u n g  d u rch g em ach t. In  einem  an d eren  H o f 
w urde  bei e inem  Schw ein, welches 2 W ochen  vor der U n te rsu ch u n g  a b o rtie r t 
h a t te ,  ebenfalls e ine L . pom ona-S eroreak tion  m it hohem  T ite r (1/1600) fe s t
geste llt. Auch bei 4 an d eren , m it dem  le tz te re n  im  gleichen Gehege befind lichen  
Schw einen w ar L ep tosp iren in fek tion  — ohne  k lin ische Sym ptom e — nachw eisbar.

Die In fe k tio n  der Rinder w ar von  geringstem  A usm ass (35% ). V on 32 
R in d e rn  im D o rf erw iesen sich 12, von  25 T ieren  des G ehöftes 8 als befallen . 
Im  Vergleich zu  d en  Schw einen e rgaben  sich  bei den B lu tsera  der R in d e r sel
te n e r  gem einsam e R eak tio n en , w oraus a u f  ein  w eniger häufiges V orkom m en 
d e r M ischinfek tionen  geschlossen w erden k a n n . U n ter den die In fek tio n  h erv o r
ru fen d en  L ep to sp iren ty p en  kam en L. se jrő  (Uk) u n d  L . pom ona u n g efäh r 
gleich häufig v o r : L . sejrő (U k)-A n tik ö rp er fanden  w ir in  11, L . pom ona-
A n tik ö rp e r in  10 S era , L. ballum -, L. ic terohaem orrhag iae- u n d  L. b a tav iae - 
R eak tio n  in  je  1 F a ll. Bei positiven L. se jrő  (Uk)- u n d  L. pom ona-Scra sahen  
w ir häufig hohe T ite r  (bis 1/3200). Die p o sitiv en  L. sejrő (U k)-Sera m it hohem  
T ite r  ergaben gew öhnlich  M itag g lu tin a tio n  m it L. hebdom adis.

Das A lte r d e r R in d e r w ar 2 bis 12 Ja h re , die m eisten  w aren 4 —8 J a h re  
a lt . Bei V ergleich m it den Schw einen fä l l t  auf, dass die ju n g en  T iere n ic h t 
in fiz iert w aren. L ed ig lich  bei über 4 J a h re  a lte n  T ieren w ar eine In fek tio n  fe s t
zustellen . M it zunehm endem  A lter e rh ö h te  sich auch die A nzahl der befallenen  
T iere .

Auch u n te r  d en  R in d ern  w aren v e rh ä ltn ism ässig  wenige m änn liche  T iere 
(49 K ühe, 8 S tie re ), von  denen sich keines als infiziert erwies. Die In fe k tio n s
fre ih e it der B u llen  h ä n g t w ahrscheinlich d a m it zusam m en, dass diese von  a n 
d e ren  T ieren ab g eso n d e rt im  B ullenhaus d e r Gem einde u n te rg eb rach t w aren  
u n d  m it K üh en  ausschliesslich beim  B esp ringen  in  B erüh rung  kam en , was 
offenbar vom G esich tsp u n k t einer A u sb re itu n g  der L ep tosp iren in fek tion  p ra k 
tisch  von geringer B ed eu tu n g  ist.

U n ter den  lep tosp irenbefallenen  T ie ren  sahen w ir eine lep tosp irosis- 
verdäch tige  E rk ra n k u n g  lediglich bei e in e r  5 jährigen  K uh . W ie der B esitze r 
m itte ilte , h a tte  die E rk ra n k u n g  des T ieres e tw a  3 W ochen vor der U n te rsu ch u n g  
begonnen  ; der H a rn  w ar ro t, der M ilch ertrag  b e träch tlich  v e rrin g ert, das T ier 
abgem agert, m a t t  u n d  appetitlos. A uf G ru n d  der m it L. sejrő  (Uk) gew onnenen 
A gg lu tina tio n -L y sis-R eak tio n  von hohem  T ite r  (1/1600) h a lten  w ir es fü r w ah r
scheinlich , dass das A u ftre ten  der S y m p to m e die Folge einer In fek tio n  m it 
d iesem  L ep to sp iren ty p  w ar.

Die Pferde w a ren  am  stä rk s ten  in fiz ie rt (52,6% ). Sowohl aus den  B au e rn 
höfen  als auch au s dem  G ehöft w aren 19 T iere  u n te rsu ch t w orden. Von den  
D orftieren  w aren 7, von  den P ferden  aus d em  G ehöft 13 befallen . G em einsam e 
R eak tio n en  b eo b a c h te ten  wir auch bei den  P ferdesera . U n te r den die In fek tio n
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herv o rru fen d en  L ep to sp iren ty p en  k am  L. pom ona am  häufigsten vor, A n ti
k ö rp er dieses T yps w aren  in  12 B lu tsera  an zu tre ffen . A n zw eiter S telle  k am  
L. se jrő  (Uk) vor, m it  dem  8 B lu tsera  ppsitive R e a k tio n  ergaben, w äh re n d  
L. ic te rohaem orrhag iae-A n tikö rper in  3 B lu tse ra , L . m itis- und  L. b a llu m - 
A n tik ö rp e r n u r  in  je  1 Serum  nachgew iesen w erden  k o n n ten . Es sei e rw ä h n t, 
dass die R eak tionen  m it höchstem  T ite r  bei P ferdesera  beobach te t w u rd en  ; 
auch  T ite r  von 1/25000 w aren  n icht se lten . Die L. se jrő  (U k)-positiven P ferdesera  
m it hohem  T ite r e rg ab en  gewöhnlich M ita g g lu tin a tio n  m it L. hebdom ad is.

D as A lter der u n te rsu c h te n  P ferde w ar zw ischen 1 u n d  17 Jah ren . E b en so  
wie bei den R in d ern  w aren  eher die ä lte ren  P ferde  befallen , w ährend bei T ie ren  
u n te r  3 Ja h re n  eine In fe k tio n  nicht festzuste llen  w ar. Die anderen  A ltersg ruppen  
w aren  ungefäh r g leichm ässig  befallen.

H engste  sind  n ic h t u n te rsu ch t w orden, d e r u n te rsu ch te  B estand  se tz te  
sich in  beinahe g leicher A nzahl aus W allachen  u n d  S tu te n  zusam m en. B efall 
fan d en  w ir bei den  T ie ren  beider G ruppen , u n te r  den  W allachen jedoch  e tw as 
häufiger als u n te r  d en  S tu ten .

L eptosp iroseverdäch tige  E rk ran k u n g en  w u rd en  u n te r  den P ferden  n ic h t 
b eo b àch te t. In te ressan te rw eise  h a tte n  tro tz  der v e rhä ltn ism ässig  s ta rk e n  V er
seuchung  w eder die T ierpfleger noch d er am  O rt ansässige T ierarzt a u f  M ond
b lin d h e it hinw eisende Sym ptom e w ahrgenom m en.

Die L ep tosp iren in fek tion  der Hunde w ar a n n ä h e rn d  von gleichem  A us- 
m ass wie die der P fe rd e  (52% ). Die M ehrzahl d e r  u n te rsu ch ten  H u n d e  (in s
gesam t 23) b e s tan d  aus den  H unden  der B auernhöfe , von denen 12 befa llen  
w aren . Aus dem  G ehöft w urden  n u r 2 H u n d e  u n te rs u c h t, von denen sich  e in er 
ebenfalls als infiziert erw ies. M ischinfektion anzeigende gem einsam e R eak t ionen  
w aren  auch  bei den  H undesera  zu b eo b ach ten . U n te r  den  fü r die In fe k tio n  
v e ran tw o rtlich en  T y p e n  s ta n d  L. sejrő  (Uk) a n  e rs te r  Stelle, indem  10 Sera 
positive R eak tion  g ab en . L. pom ona-A ntikörper k a m e n  in  4 Sera vor, w ä h re n d  
m it L . canicola u n d  L. ic terohaem orrhag iae  n u r  in  je  1 Fall positive R e a k tio n  
b e o b a c h te t w erden k o n n te .

N ahezu zwei D r it te l  der u n te rsu ch ten  H u n d e  w aren  w eniger als 4 J a h re  
a lt, d ie übrigen h a t te n  ein  A lter von 4 — 12 J a h re n . In fiz ie rte  Tiere w aren u n te r  
den  jün g eren  u n d  ä lte re n  in  ungefähr gleicher A n zah l anzu treffen . H ohe T ite r  
e rgaben  eher die Sera d er jungen  H u n d e , u n d  zw ar beobach te ten  w ir den  
hö ch sten  T ite r im  Serum  des jü n g sten  (ha lb jäh rig en ) H undes (L. sejrő  (U k),
1/3200).

Die m eisten in fiz ie rten  Tiere w aren H ü n d in n e n  (von 13 w aren 9 befallen) ; 
von 7 m ännlichen  erw iesen sich 2 u n d  von 5 k a s tr ie r te n  ebenfalls 2 als in fiz ie rt. 
Diese V erteilung d er A nsteckung  zu »G unsten«  d e r W eibchen s teh t im  G egen
sa tz  zu den B eo b ach tu n g en , die m an  in  bezug a u f  das V erhältn is der C anicola- 
In fek tio n  von H u n d en  n ach  G eschlechtern  gew onnen h a t .  Zum eist w ar näm lich  
festgeste llt w orden, dass die In fek tio n  u n te r  m än n lich en  H unden  häufiger
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v o rk o m m t, weil diese m it Vorliebe d en  U rin  u n d  die G en ita lien  d e r anderen  
T ie re  beschnüffeln u n d  sich daher le ich te r anstecken .

U n ter H u n d en  k am en  E rk ra n k u n g e n  w ährend  der U n te rsu ch u n g sd au er 
n ic h t  vor.

B esprechung

A us den U n tersuchungsergebn issen  g e h t h e rv o r ' dass die L ep to sp iren 
in fe k tio n  u n te r  den  H au stie ren  in  Ú jk ígyós ausgedehnt v o rk o m m t u n d  dass 
d iese  von versch iedenen  L ep to sp iren ty p en  hervorgerufen  w ird . D ie B ed eu tu n g  
d e r  einzelnen T y p en  lä ss t sich u n te r  b eso n d ere r B erücksich tigung  des L . sejró' 
fo lgenderm assen  zusam m enfassen  :

D er d u rch sch n ittlich e  L . sejró' (U k)-B efall der H au stie re  w a r 15,2% . 
D ieser W ert is t e rh eb lich  höher als d ie  an lässlich  früherer U n te rsu ch u n g en  
b e i do rtigen  N agetie ren  beobach te te  (0 ,7% ige) d u rchschn ittliche  A nsteck u n g . 
B ei d er U n tersu ch u n g  des L. sejrő (U k)-B efalls nach  T ie ra rte n  (Tabelle I I )

Tabelle II
Die Infektion der in Újkígyós untersuchten verschiedenen Tierarten mit L . sejrő (U k)

Tierart Anzahl der 
untersuchten Tiere

L. sejrő-Be 

absolute Zahl

fall

%

Feldm aus (Microtus arvalis) 243 — —

Spitzm aus (M us spicilegus) 55 — —

W aldm aus ( Apodemus sylvaticus) 37 3 8,1

Ziesel (Citellus citellus) 65 — —

H und 25 10 40

Schwein 103 5 4,8

R ind 57 11 19,3

Pferd 38 8 21

seh en  w ir, dass sich bei d en  N agetieren  d ie L . sejrő  (U k)-V erseuchung n u r  a u f  
e in e  einzige A rt, die W aldm äuse , b e sc h rä n k t, w ährend  sie bei d en  H au stie ren  
u n te r  säm tlichen  u n te rsu c h te n  A rten  v o rk o m m t. Zahlenm ässig s te h e n  an  e rs te r
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Stelle  die H u n d e , h iernach  folgen die P ferde u n d  R in d e r, w ährend  die V er
seuch u n g  d e r W aldm äuse e rheb lich  n iedriger is t, jed o ch  grösser als die der 
Schw eine. Vom  G esich tspunk t d er E n ts teh u n g sb ed in g u n g en  der m enschlichen 
E p idem ie  in  U jkigyós zeugen diese A ngaben fü r  die in fek tio n sv erb re iten d e  
Rolle d e r H au stie re , um  so m ehr, als die befallenen N agetiere  n ich t am  S ch au 
p la tz  d e r Seuche, sondern  a u f  den  Ä ckern der U m gebung  anzu treffen  w aren . 
Die F rag e , w elche H a u s tie ra r t die Quelle der In fek tio n  b ild e te , lässt sich n ic h t 
en tsch e id en , da  die E xposition  säm tlichen  u n te rsu c h te n  H a u s tie ra rte n  gegen
über b e s ta n d .

V on H au s tie ren  w ar b isher w eniger b ek an n t, dass sie m enschliche L. sejrő- 
In fek tio n en  v e rb re iten  können . A ls Quelle d e ra rtig er m ensch licher A nsteckungen  
e rw äh n en  die m eisten  A u to ren  die N agetiere. So m isst au ch  Gsell [3] im  Z u
stan d ek o m m en  der seinerseits m itg e te ilten  L. se jrő -In fek tio n en  den N agetieren  
B ed eu tu n g  bei, obwohl in  e inem  b e träch tlich en  Teil d e r F älle  der B eru f d er 
K ran k en  (Schw einem etzger, K äser, Schw einezüchter) im  H in b lick  a u f den K o n 
ta k t  m it Schw einen den V erd ach t a u f  die in fek tio n sv erb re iten d e  Rolle d ieser 
T iere g e len k t h a tte . Diese In fe k tio n sa r t h ä lt jedoch  Gsell fü r  unw ahrschein lich , 
weil d ie A n steck u n g  von Schw einen m it L. s.;jrö n irg en d s nachgew iesen w erden 
k o n n te . E inzelne  A utoren  h a t te n  L . se jrö -A n tikö rper in  den  B lu tsera  von  
P ferden , R in d e rn  u n d  H u n d en  gefunden , erw ähnen  ab e r n ic h ts  über die B edeu
t ung  d ieser Tiere in  der V erb re itu n g  der m ensch lichen  L. se jrő -In fek tion . 
Borg P etersen [4] fand  in  D än em ark  u n te r  128 K u h sera  eines positiv , w elches . 
L. se jrő  m it einem  T ite r von 1/300, L. saxkoebing m it 1 /100 agg lu tin ie rte  ; von  
39 P ferd esera  gaben zwei gleich s ta rk e  R eak tion  m it L . se jrő  u n d  L. saxkoebing . 
Käthe [5] fan d  1943 u n te r  den  Sera von 162 gesunden  P ferden  11 L. sejrő- 
positiv . H eusser u n d  M ita rb e ite r [6] b eo b ach te ten  bei d er U n tersuchung  
von m ehreren  h u n d e rt P ferdesera  gleichfalls in  e in igen  F ä llen  L. sejrö-Sero- 
p o s itiv itä t. W iesmann [7] h a tte  1947 aus der O stschw eiz s tam m en d e  200 R in d e r
sera u n te rsu c h t, von denen 68 a u f  L. sejrő m it hohem  T ite r  u n te r  gleichzeitiger 
M itag g lu tin a tio n  m it L. saxkoeb ing  reag ierten . W ickerhauser [8] fa n d  in  
B ern  bei d er U n tersu ch u n g  von  300 K uhsera zu 16,6% L. sejrö-A ntikörper. 
Schlossberger u n d  K reuz [9] b eo b ach te ten  in  d en  J a h re n  1950—53 u n te r  
75 P ferdesera  in  9, u n te r  1182 H undesera  in  5 F ä llen  L . se jrö -P o sitiv itä t.

B ei d er serologischen U n te rsu ch u n g  der R in d e r h a t te  m an  bisher L. sejrö- 
A n tik ö rp e r n u r  in  den B lu tse ra  gesunder Tiere an g e tro ffen . Im  G egensatz zu 
diesen E rfah ru n g en  w urde in  U jkigyós bei einem  L . sejrő-positiven R in d  
H äm oglob inurie  b eo b ach te t ; a u f  G rund  des hohen  T ite rs  k an n  dah er als 
w ahrschein lich  angenom m en w erden , dass die E rk ra n k u n g  eine Folge der 
L. se jrő -A nsteckung  w ar. Diese B eobach tung  w eist d a ra u f  h in , dass dieses 
K ran k h e itsb ild  auch in  E u ro p a  von  L ep tosp iren typen  d e r H ebdom adisgruppe 
hervorgeru fen  w erden k a n n , wie dies in  Ja p a n  bere its  f rü h e r festgestellt w urde  
[10].

2  Acta Microbiologica IV/4.
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L. pom ona-Infek tion  ko n n te  g leichfalls bei allen v ie r T ie ra r te n  nachge
w iesen  w erden, u n d  zw ar bei P fe rd en  u n d  Schw einen u n g e fä h r im  gleichen 
A usm ass, etw as se lten e r u n te r  R in d e rn  u n d  ganz selten  bei H u n d e n . Das Vor
k o m m en  von L. pom ona bei Schw einen w ar in  den 1940er J a h re n  nachgew iesen 
w o rd en  (Gsell u n d  R impau, Collier, Terskich, Sa  vino u n d  R ennella [3]). 
D ie e rs ten  D eo b ach tungen  von Gsell u n d  R impau [11] k o n n te n  in  fa s t sä m t
lich en  S taa ten  E u ro p as  b e s tä tig t w erden . A uch unsere vere in ze lten  Schweine
u n te rsu ch u n g en  in  den  Ja h re n  1953 — 54 ergaben , dass d o rt, wo m enschliche 
L . pom ona-A nsteckungen  v o rk am en , L . pom ona-V erseuchung u n te r  den 
S chw einen auch in  U n g a rn  vorzufinden  w ar [12]. A uf den  U m sta n d , dass die 
L . pom ona-A nsteckung  im  Z u stan d ek o m m en  der Schw eineaborte  auch in  
U n g a rn  eine Rolle sp ie lt, w ar die A u fm erk sam k eit von  Csontos, RomvÁry 
u n d  K emenes [13] an lässlich  einer in  e inem  brucellafreien  B e s ta n d  au fge tre tenen  
L eptosp iroseepidem ie im  Ja h re  1955 g e len k t w orden.

A uch in  den  B lu tse ra  von P fe rd en  h ab e n  m ehrere A u to ren  L. pom ona- 
A n tik ö rp e r  gefunden , in  E u ro p a  vo r a llem  im  Z usam m enhang  m it der U n ter
su c h u n g  der M ondb lin d h e it von  P fe rd en  [3, 14, 6, 15, 16, 17, 9]. In  U ngarn  
h a t t e n  Kasza u n d  K emenes [18] bei P fe rd en  L. p o m o n a-S eropositiv itä t fe s t
g e s te llt . — H eu te  is t  bere its  als a llgem ein  a n e rk a n n t zu b e tra c h te n , dass L . 
p o m o n a  ein häufiger K ran k h e itse rreg e r d er R inder-L ep tosp irose  is t [19]. 
I n  U n g arn  w urden  die e rs te n  F älle  von  K elen [20] im  J a h re  1952 b eo b ach te t ; 
d e r  von  ihm  aus K ä lb e rn  iso lierte  L ep to sp iren stam m  erw ies sich  sp ä te r  a ls  
L . pom ona [12]. A uch  die von K emenes [21] 1953—54 an lässlich  d e r in  anderen  
L an d esgeb ie ten  vorgekom m enen Seuchen  aus R in d ern  iso lie rten  S täm m e, von  
d e n e n  einer du rch  K mety [22] e rs t a ls A ustra lis-B  id en tifiz ie rt w orden  w ar, 
s in d  als L. pom ona-S täm m e zu b e tra c h te n . W ie aus den  U n te rsu ch u n g en  von 
K asza u n d  Kemenes [18] herv o rg eh t, is t L . p o m ona-S eropositiv itä t bei u n g a
risc h e n  R indern  n ic h t selten .

D ie L. pom ona-V erseuchung  von  H u n d e n  w urde zu e rs t von  Mochtar 
u n d  Collier [23, 24] in  B a ta v ia  nachgew iesen  ; diese A u to ren  verm och ten  
d ie sen  L ep tosp iren ty p  1939 aus der N iere eines S trassen h u n d es erfolgreich 
zu  zü ch ten . Die eu ropä ischen  A u to ren  s te llte n  den L. pom ona-B efall der ih rer
se its  u n te rsu ch ten  H u n d e  zum eist als gering  fest. Babudieri u n d  Castagnoli
[25] fan d en  in  R om  u n te r  159 H u n d ese ra  eines pom ona-positiv . Steigner
[26] fa n d  1949—50 in  H an n o v e r von  290 H u n d ese ra  n u r  in  2, Schlossberger 
u n d  K reuz [9] u n te r  den  B lu tse ra  von  1182 H u n d en  aus F ra n k fu r t  a . M. u n d  
U m g eb u n g  insgesam t n u r  in  4 F ä llen  L . pom ona-A ntikörper. I n  N ordungarn  
h a t t e n  w ir die L. pom ona-V erseuchung  d er H u n d e  bere its f rü h e r u n te rsu ch t, 
d o ch  erwies sich die A n steck u n g  der u n te rsu c h te n  D o rfhunde  als re la tiv  gering
[2 7 ] .

L. mitis-R eak tio n en  h a tte n  w ir be i Schw einesera u n d  e inem  P ferdeserum  
b e o b a c h te t. D ieser L ep to sp iren ty p  d ü rf te  u n te r  den Schw einen in  Ú jkígyós 
e rh e b lic h  seltener v o tk o m m en  als L. po m o n a . Ü ber das A u ftre te n  von  L . m itis



in  der T ierw elt h a tte  als e rs te r  J ohnson [28] b e r ic h te t, der diesen T yp  aus 
Schw eineniere zu isolieren ve rm o ch te , aber L. m itis-A gglu tin ine  in  K ä lb e r
serum  auch schon vorher an g e tro ffen  h a tte . In  E u ro p a  e rw ähn ten  zuerst Gsell 
u n d  W iesmann [29], dass sie im  T ierb estan d  von  P erso n en , die eine L. m itis- 
In fek tio n  iib e rs tan d en  h a t te n ,  L . m itis-seropositive Schw eine fanden . P ositive 
A g g lu tina tionen  m it L. m itis  w u rd en  u n te r  Schw einen se ith er auch in  m ehreren  
anderen  europäischen  L ä n d e rn  festgeste llt [30, 31, 32, 9]. Ü ber die L. m itis- 
In fek tio n  u n te r  P ferden  fa n d e n  w ir in  der L ite ra tu r  n u r  wenige A ngaben . L. 
m itis -R eak tio n en  bei der U n te rsu ch u n g  von P fe rd en  w urden  in  E uropa  von 
Chemnitz [33], in  A u stra lien  von  Wellington u n d  M itarbeitern  [34] w ah r
genom m en.

L. icterohaemorrhagiae-RealLtionen b e o b ach te ten  w ir v e rh ä ltn ism ässig  
selten  u n d  zum eist m it n ied rig em  T ite r bei den Sera  von Schw einen, P ferden  
u n d  H u n d en . L. ic te ro h aem o rrh ag iae  kom m t in  R a tte n  häufig vor, doch is t 
se it langem  b e k a n n t, dass d ieser T yp  gelegentlich  auch  in  H au stie ren  an z u 
treffen  is t. Bei H u n d en  w u rd e  diese In fek tio n  b e in ah e  überall festgeste llt, 
m eistens jedoch  in  n ied rigerem  P ro zen tsa tz  als die A n steck u n g  m it L. canicola 
[3]. Im  H in b lick  a u f  die e n g en  B eziehungen der Schw eine u n d  R a tte n  h a t te  
Uhlenhuth [35] bere its  1916 U n tersuchungen  ü b e r  das V orkom m en von  L . 
ic terohaem orrhag iae  u n te r  Schw einen in  A ngriff genom m en, doch verm och te  
er diesen L ep to sp iren ty p  au s  d er Niere u n d  dem  B lu t der gesunden Schw eine 
n iem als nachzuw eisen. E in e  d u rch  L. ic te ro h aem o rrh ag iae  v eru rsach te  m it 
G elbsucht einhergehende S chw eineerk rankung  b eo b ach te ten  K larenbeek u n d  
W insser [36] 1937 in  H o llan d . S e ith er is t die V erseuchung  m it L. ic te ro h aem o r
rhag iae  in  den  S chw einebeständen  verschiedener L ä n d e r nachgew iesen w orden  
[37, 38, 30, 31, 32, 9]. In  P fe rd en  w urden  gleichfalls L. ic terohaem orrhag iae- 
A n tik ö rp er gefunden , so v o n  K äthe [5], H eusser u n d  M ita rbe ite rn  [6], Dy- 
mowska [31], Schlossberger u n d  K reuz [9].

A uffallend  is t die spärliche  Z ahl der L . carucoia-R eaktionen , die n u r  
in  2 F ällen , bei einem  H u n d e -  u n d  einem  S chw eineserum , beob ach te t w urden . 
Die S eltenheit des L. can ico la-B efalls u n te r  den  u n te rsu c h te n  H u n d en  is t au ch  
deshalb  von In teresse , weil d ie H u n d e  im  n o rdw estlichen  Teil des L andes in  
hohem  P ro zen tsa tz  m it d iesem  L ep tosp iren typ  in fiz ie rt sind  [27]. Die m it 
Schw eineserum  gew onnene L . can ico la-R eak tion  b e s tä tig t unsere frühere  
B eobach tung , w onach in  U n g a rn  auch die Schw eine als R eservoir dieses T yps 
in  F rage kom m en [27]. D ie L. can ico la-V erseuchung von  Schw einen w urde  
in  den le tz te n  Ja h re n  von  m ehreren  A utoren  nachgew iesen. K indler u n d  
Schindler [37] fanden  C an ico la -P o sitiv itä t bei d e r serologischen U n te rsu ch u n g  
von 195 Schw einen in  e inem  F a ll. W illiams u n d  M ita rb e ite r [39] b e s tä tig te n  
die C anico laentleerung  bei S chw einen in  den U SA u n d  verm och ten  den K ra n k 
heitserreger aus Schw eineniere zu isolieren. Van der  H oeden [40] beschrieb  
in  Israe l eine C an ico la-In fek tion  in  zwei S au h erd en .
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M it L. ballum fa n d e n  w ir bei 3 T ie ra rte n  (Schwein, P fe rd , R in d ) in  je  
1 F a l l  positive S e ro reak tio n . Dieses R e su lta t  is t n eu artig , da  L . b a llu m  bisher 
in  N agetieren  ange tro ffen  w urde [41]. B ei H au stie ren  w urden  L . ballum -A nti- 
k ö rp e r  lediglich im  R in d e r-  [42] u n d  Schw eineserum  [9] se lten  gefunden . Bei 
d e r  B ew ertung  dieser R eak tio n en  m uss m an  indessen sehr v o rs ich tig  sein, 
d a  w ir  anlässlich u n se re r N ag e tie ru n te rsu ch u n g en  L. b a llum  w eder am  hier 
b esp ro ch en en  O rt noch  in  an d eren  G ebieten  des L andes an g e tro ffen  haben  
u n d  au ch  m enschliche E rk ra n k u n g e n  dieses T yps in  U ngarn  b ish e r n ich t be
o b a c h te t  w urden. A us d en  vorliegenden  R e su lta te n  kön n en  w ir d a h e r  lediglich 
d e n  Schluss ziehen, dass d ie In fek tio n  d ieser T iere en tw eder v o n  L. ballum  
o d e r  von  einem  m it d iesem  v erw an d ten  Leptospiren  ty p  v e ru rsa c h t w urde. 
D iese  F rage wird sich e rs t a u f  G ru n d  w eite re r E rfah ru n g en  en tsch e id en  lassen.

L . bataviae w urde  v o n  einem  Schw eine- u n d  einem  R in d e rse ru m  aggluti- 
n ie r t .  L . ba tav iae-B efa ll von  R in d e rn  is t b isher n ich t b e o b a c h te t w orden, 
w ä h re n d  in  den B lu tse ra  von  Schw einen Gsell u n d  R impau [11] in  d e r Schweiz, 
K olochine und Collombier [43] in  F ra n k re ic h  u n d  Babudieri [32] in  Ita lien  
p o s itiv e  R eak tionen  m it d iesem  L ep to sp iren ty p  fanden . Bei u n se ren  N agetier
u n te rsu c h u n g e n  h ab en  w ir L . b a ta v ia e  b isher n ich t an g e tro ffen , indessen 
k o n n te  das V orkom m en e inzelner m ensch licher L. b a tav iae -F ä lle  in  U ngarn  
sero logisch  b e s tä tig t w erden  [44].

In teresse  verd ien en  d ie  Mischinfektionen, bei denen das gem einsam e 
V orkom m en  von L. se jrő  (U k) u n d  L. pom ona am  häufigsten  b e o b a c h te t w erden 
k a n n .  M it diesen beiden  L ep to sp iren ty p en  infizierte  T iere w aren  u n te r  säm t
lic h e n  u n te rsu ch ten  A rten  festzu ste llen , w äh ren d  sich das seltenere  V orkom m en 
d e r  a n d e ren  T ypen auch  d a r in  äu sserte , dass sie M ischinfektionen en tw eder 
ü b e rh a u p t  n ich t oder n u r  in  geringer Z ah l v e ru rsach ten .

E s is t in te re ssan t, dass w ir u n te r  d en  zahlreichen H a u s tie re n  n ic h t ein 
e in z ig es  m it L. g rip p o ty p h o sa  in fiz iertes angetro ffen  haben . Diese B eo b ach tu n g  
lä s s t  s ich  m it der gleichen W ah rn eh m u n g  an lässlich  unserer U n te rsuchungen  
a n  d e n  N agetieren d er G egend in  Z usam m enhang  bringen .

E n d lich  sei die gebietsm ässige A u fte ilu n g  des Befalls k u rz  besprochen. 
In f iz ie r te  Tiere kam en  in  d e r M ehrzahl d e r B auernhöfe u n d  au ch  im  E inzel
g e h ö f t  vor. In  bezug a u f  d as  A usm ass des B efalls der versch iedenen  A rten  im 
D o rf  u n d  im  E inzelgehöft b e s ta n d  kein  w esentlicher U n tersch ied , m it A us
n a h m e  der Pferde, bei d en en  die In fe k tio n  im  E inzelgehöft e rheb lich  häufiger 
v o rk a m  als im  Dorf. Die In fek tio n sv e rh ä ltn isse  der T ie rb estän d e  in  den  v er
sch ied en en  Höfen lassen  sich  fo lgenderm assen  ch arak teris ieren . I n  einzelnen 
H ö fe n , vo r allem  in  je n e n , wo n u r  w enige T iere gehalten  w u rd en , w ar jeweils 
n u r  e ine  T ierart in fiz iert, w äh ren d  in  a n d e re n  H öfen sich auch  m ehrere  T ier
a r t e n  a ls  befallen erw iesen. A uffallenderw eise w aren n u r wenige H öfe zu  finden, 
w o d ie  In fek tio n  der v ersch ied en en  T ie ra r te n  n u r  durch  einen  einzigen  L ep to 
s p ire n ty p  v eru rsach t w u rd e . E in  d e ra r tig e r  H o f w ar z. B . der a u f  A bb . 1 d a r
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gestellte , m it a) bezeichnete , wo Schweine u n d  H u n d e  n u r  m it L. se jrö  (U k) 
in fiz iert w aren. I n  den  m eisten  H öfen w ar d ie In fek tio n  der versch iedenen  
T ie ra rten , oft ab er auch  die d er gleichen A rte n , du rch  verschiedene T y p en  
v e ru rsach t. So fan d en  w ir z. B. in  dem  m it b) bezeichneten  H of bei den Schw einen  
u n d  beim  H u n d  L. pom ona, bei den  R in d ern  u n d  P ferden  L. sejrö (U k). D er 
U m stan d , dass au ch  in  B estän d en  m it nur Avenigen T ieren  In fek tion  m it ver-

o Schwein

/ \  R ind  

Pferd  

H und

L. Sejrö  
(UK)

-f- L. pomona 
(TRK)

44- L ictero-
haemorrhagiae

Ш L. m it is

© L. ba taviae

Abb. 1. Der Infektionszustand des Tierbestandes in fünf Bauernhöfen

sch iedenen  L ep to sp iren ty p en  vo rk am , h a tte  es erm öglich t, dass sich einzelne 
T iere m it m ehreren  T ypen  in fiz ierten . E in  B eispiel h ierfür is t der m it c) b e 
zeichnete  Hof, wo die H ä lfte  d er Schweine u n d  ein  P ferd  m it L. ic te rohaem or- 
rhag iae , ein  R in d  m it L. pom ona, das andere  P ferd  u n d  der H und  m it L . p o 
m ona u n d  L. sejrö  (Uk) in fiz iert w aren.

In teressan terw eise  h ab en  selbst die häufig  vorkom m enden L ep tosp iren - 
ty p e n  in  den B es tän d en  d er einzelnen  Höfe n u r  selten  M assenbefall h e rv o r
gerufen . Die In fek tio n  m it L. sejrö  (Uk) w ar z. B . beinahe in  jedem  H o f v o r 
zufinden, m eistens aber n u r  in  1 — 2 T ieren. U n te r  den Schweinen k o n n te n  w ir 
jed o ch  an  ein igen S te llen , wo die T iere täg lich  a u f  die gem einsam e W eide g e 
fü h r t  w urden , das gehäufte  V orkom m en des L . pom ona- und L. m itis-B efa lls
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b eo b ach ten . So w aren  z. B . säm tliche Schw eine der Höfe d)  u n d  e)  te ils  m it 
L . pom ona, te ils m it  L . m itis , teils m it b e id en  L ep tosp iren typen  in fiz iert.

A bschliessend k ö n n e n  w ir fes ts te llen , dass zwar die in  Ú jkígyós v o rh an 
d e n e n  T ie ra rten  m it versch iedenen  L ep to sp iren ty p en  infiziert w aren , u n te r 
d iesen  aber häufigst L . se jrő  (Uk) vo rkam , so dass es n ich t als Zufall bezeichnet 
w erd en  k an n , dass d ie  m enschliche E p idem ie  von  diesem T yp hervorgerufen  
w a r . Aus den U n tersuchungsergebn issen  k a n n  gleichzeitig der Schluss gezogen 
w erd en , dass m an  sich  be i der K lä ru n g  d e r In fek tionsquellen  m enschlicher 
L ep tosp irosen  n ic h t m it o rien tierenden  U n te rsu ch u n g en  lediglich ein iger T ier
a r te n  begnügen d a rf , so n d ern  durch epidem iologische U m w eltun tersuchungen  
u n b e d in g t säm tliche  in  F rag e  kom m enden R eservoire  system atisch  p rü fen  muss.

Zusam m enfassung

In  der südostungarischen. Gemeinde Újkígyós w urden  zur K lärung der näheren U m stände 
e iner 1952 aufgetretenen menschlichen Leptospiroseepidemie un ter den H austieren U nter
suchungen vorgenommen. A uf Grund der serologischen Untersuchung von 103 Schweinen, 
57 R indern, 38 Pferden und  25 Hunden konnte bei 100 Tieren, d. h. 45% aller untersuchten  
T iere  Leptospireninfektion nachgewiesen werden. D ie Ansteckung der H austiere w ar durch 
verschiedene L eptospirentypen verursacht, un ter denen  auch der die erw ähnte menschliche 
E pidem ie hervorrufende L . sejrő (Uk) angetroffen w erden konnte. Neben dem  15,2%igen 
durchschnittlichen L . sejrő (Uk)-Befall der H austiere  wies die Infektion der untersuchten 
A rten  folgende Reihenfolge au f  :

Hunde 40% ; Pferde 21%  ; Rinder 19% ; Schweine 5%. Es w ird eingehend erörtert, 
dass bei der V erbreitung der L. sejrő-Infektion den  H austieren die grösste Rolle zukom m t.

U nter den anderen Leptospirentypen kam  L . pom ona , die gleichfalls in  säm tlichen un ter
such ten  Arten vorzufinden w ar, am häufigsten vor, w ährend der Befall m it L . m itis, L . iclero- 
haemorrhagiae und L . canicola seltener anzutreffen w ar und  sich m eist nur auf 1— 2 T ierarten 
beschränkte. In  den un te rsuch ten  Beständen konn ten  auch Leptospirentypen nachgewiesen 
w erden, die in U ngarn menschliche Infektionen b isher n u r sehr selten verursacht haben (L . 
bataviae) oder bei m enschlichen K rankheitsbildern noch nicht festgestellt w erden konnten 
(L . baüum  oder ein m it diesem  verwandter L eptospirentyp).

U nter sämtlichen un tersuchten  Arten gab es T iere, die gleichzeitig m it m ehreren Lepto
sp irentypen infiziert w aren.
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ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNG 
DER PSEUDOMONAS PYOCYANEA-BAKTERIOPHAGEN

Von

B. L o v a s , D . M. E g y e ss y  und L . A lfö ld i

Elektronenmikroskopische Abteilung des Instituts fü r  Messtechnik und Instrumentenwesen der 
Ungarischen Akademie der Wissenschaften und Mikrobiologisches Institut der Medizinischen

Universität, Szeged

(Eingegangen am 23. Septem ber 1956)

Die vorangegangene M itte ilu n g  h a tte  sich m it d er Iso lierung u n d  b io log i
schen C h arak te ris ie ru n g  von  drei neuen B ak terio p h ag en  der P seudom onas 
pyocyanea  befasst [1]. Bei den im  In teresse  ih re r  m orphologischen K en n ze ich 
nu n g  vorgenom m enen e lek tronenm ikroskop ischen  U ntersuchungen  h a n d e lte  es 
sich u m  unsere  erste  einschlägige A rbeit, die gleichzeitig  auch G elegenheit 
b o t, die versch iedenen  p rä p a ra tiv en  V erfahren kennenzu lernen . Die B e d e u tu n g  
der p rä p a ra tiv e n  V erfahren  bei d er U n te rsu ch u n g  von Phagen m uss u m  so 
m ehr b e to n t w erden, weil w ir bei den iin folgenden zu beschreibenden d re i neuen  
B ak teriophagen  und  se ith e r auch bei anderen  B ak terio p h ag en  festste llen  k o n n 
ten , dass je  nach  den  Z ü ch tu n g san sp rü ch en  d er W irtszelle  und  des P h a g s ta m - 
mes un tersch ied liche  e lek tronenm ikroskop ische  p räp a ra tiv e  V erfahren  zum  
Ziel fü h ren . Bei den U n te rsu ch u n g en  w an d te n  w ir ausser dem  a llgem ein  b e 
n u tz te n  T ropfverfahren  bei der P rä p a ra tio n  d er B ak teriophagen  a u c h  die 
A bkla tsch- u n d  die A bzieh techn ik  an . Bei unseren  U ntersuchungen  v e rw en d e ten  
w ir u n ab h än g ig  von den  A ngaben  der 1953 e rsch ienenen  A bhand lu n g en  von 
R a e t t ig  [2, 3] das die topograph ischen  V erhä ltn isse  besser als jed e  an d e re  
M ethode bew ahrende F ilm bew uchsverfah ren , dessen A usb re itungsp rob lem e 
wir m it dem  Z erstäu b u n g sv erfah ren  zu lösen verm o ch ten .

M ateria l und M ethoden

1. Bakterien: Der m it 3 И bezeichnete Pseudomonas pyocyanea-Stsnnm  des Mikrobiologischen 
Institu ts  der Medizinischen U niversität Szeged wurde w ährend der Untersuchungen durch 
24stündige Überimpfungen aufrechterhalten. Für die Phaginfektion verwendeten w ir ste ts 
12— lóstündige K ulturen, die von der Oberfläche des Schrägagars mit physiologischer Koch
salzlösung abgewaschen wurden. Die Bakteriensuspension wurde auf eine B akterienzahl von 
108/ml verdünnt. Die infizierten B akterien wurden grösstenteils auf einfachem Bouillon-Agar, 
bei Anwendung des Phagstainm es F3 auf Laktatnährboden inkubiert.
2. Phagstämme: Die Stämme Fj und F3 erhielten wir in Phiolen ebenfalls vom obigen In s titu t, 
während der Stamm F2, da dieser unseren Untersuchungszwecken am besten entsprach, auch 
auf der Elektronenmikroskopischen Abteilung kontinuierlich gezüchtet wurde. Die Bouillon- 
kulturcn wurden von den N ährbodenkom ponenten durch Zentrifugieren gereinigt. Z ur In fek 
tion benutzten  wir Phagsuspensionen m it einer Partikelchenzahl von 108—I09/ml.
3. Präparative Verfahren: Zu Beginn der Untersuchungen arbeiteten  wir nach dem einfachen 
Tropfverfahren ; nach Infektion der Bouillonkultur wurde das U ntersuchungsm aterial in 
Intervallen von 5 Minuten auf die Kollodiummembran präpariert. Neben seiner Selek tiv itä t
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w ar der grösste Fehler dieses Verfahrens, dass die P räp a ra te  vom Bouillounährboden ausser
orden tlich  stark verunrein ig t w urden, weshalb w ir au f G rund der Mitteilung von K e l l e n 
b e r g e r  [4, 5] daran dach ten , zwecks Vermeidung des nachträglichen Waschens und  in  der 
H offnung auf bessere topographische Ergebnisse die Filmbewuchsmethode auch zur Phag- 
p räpara tiou  zu verwenden. U nsere W ahl fiel deshalb au f  das KELLENBERGERsche V erfahren 
und  nich t auf die ursprüngliche Methode von H i l l i e r ,  K n a y s i  und B a k e r  [6] ( H K B J ,  weil 
le tz tere  eine viel dickere Kollodiumm embran vorschreibt, die möglicherweise au f die E rnährung 
d e r B akterien und daher au f den  ganzen Versuch ungünstigen  Einfluss ausüben könnte. Später 
te ilten  R a e t t i g  [2, 3] und  auch  K e l l e n b e r g e r  [7] m it, dass das Filmbewuchsverfahren für 
Phagpräparationszwecke vo rte ilhaft sei.

Bei der Film bew uchspräparation arbeiteten w ir au f 2%  Agar enthaltendem  N ährboden, 
au f  dem  die Membran m it in 0,2%igem A m ylazetat gelöstem  Kollodium hergestellt wurde. 
A nfangs versuchten w ir die A usbreitung der ursprünglichen Beschreibung entsprechend nach 
Auftröpfeln des Materials m it dem  Glasstäbchen herbeizuführen ; im Hinblick au f die häufigen 
M em branrisse und die ungleichmässige Ausbreitung des M aterials modifizierten w ir jedoch 
das Verfahren [8] und zerstäub ten  die von der O berfläche des Schrägagars abgewaschene und 
m it dem  entsprechenden Phagstam m  zusam mengebrachte Bakteriensuspension in  einem geeig
ne ten  A pparat auf die M em branoberfläche. A uf eine derartige KELLENBERGERsche P latte 
(K -P la tte ) wurden auch die reinen Phagsuspensionen zerstäub t bzw. bei Messung des F3- 
Phagen  m it Polystyrol la tex  verm ischt, weil auf diese W eise das nachträgliche W aschen ver
m ieden und auch das L atex  weniger aggregiert w urde als während der Eintrocknung des P rä
pa ra te s  beim einfachen T ropfverfahren.

Beim Abziehverfahren benutzten  wir gleichfalls 0,2% iges Kollodium. E inen guten  Film 
verm ochten wir zu gew innen, wenn wir die P la tte  noch vor dem Begiessen m it Kollodium] 
bei offenem Deckel 20— 30 M inuten im Therm ostaten trocknen Hessen. Die A bklatschprä
p a ra te  wurden m it dem nach der Beschreibung von G r ü n  und  T i s c h e r  [9, 10] zusammengesetz
te n  A pparat hergestellt. Im  übrigen haben wir bei Pseudom onas pyocyanea w ährend der An
w endung des Film bewuchsverfahrens keinerlei auf Ernährungsstörungen hinweisende Anzeichen 
beobachtet, wie sie von H e n n e s s e n , G r ü n  und L i n d n e r  [11] im Zusammenhang m it einzelnen 
B ak terien  erwähnt w urden.

Die Präparate w urden ausnahmslos m it F orm alin  fixiert und nach Goldbedampfung 
im  TTC-Elektronenm ikroskop bei 40 kV Spannung untersucht.

Ergebnisse

1. Bakterienveränderungen und Lysisprodukte. Die erste F rage w ar in  unse
re n  V ersuchen, wie sich  d ie  B ak terien  u n te r  d e n  B ed ingungen  des F ilm bew uchs
v e rfah ren s  v e rh a lte n . W ir s te llten  fest, dass sie sich tro tz  der ungew öhnlichen  
E rn ä h ru n g sv e rh ä ltn isse  ra sc h  verm ehrten , u n d  d a  w ir die B ak te rien  a u f  der 
M em bran  ste ts in  lo g a rith m isch e r Phase a u sb re ite te n , erh ielten  w ir n a c h  2—3 
S tu n d e n  bereits au s  3 0 — 50 Ind iv iduen  b e s te h e n d e  Siedlungen. D ie B ak te rien  
w a re n  2 —3 p  la n g  u n d  0,5 p  breit. G ew öhn lich  fanden  wir an  d er in ta k te n  
B a k te r ie  eine po lare  G eissei, welche e tw a 5 p  la n g  u n d  u n g efäh r 300 A  b re it 
w a r  (Abb. 1).

Bereits 15 M in u ten  n ach  der P h a g in fe k tio n  k o n sta tie rten  w ir, dass die 
B a k te r ie n  anschw ellen  (A bb. 4, 5, 9). In  e in em  T eil dieser B ak te rien  en ts teh en  
g ro b e , grosse K lü m p ch en  (Abb. 2, 7, 13), w ä h re n d  diese K lü m p ch en b ild u n g  
in  an d eren  F ällen  n ic h t  b eobach te t w erden  k a n n , sondern sich die B ak terie  
au flo ck e rt und  an  ih re r  S te lle  ch a rak te ris tisch e  scheibenförm ige G ebilde Zurück
b le ib en  (Abb. 6, 8, 12). D era rtig e  Scheiben w u rd e n  bereits in  e in er M itte ilu n g  
e rw ä h n t [12], die sich  jed o ch  ebenfalls m it P seudom onas p y o cy an ea-P h ag en  
b e fa ss t. Die G rösse d e r  Scheiben v a riie r t zw ischen  50 m p  u n d  0,5 p ,  doch
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Abb. 1. In tak te  Pseudom as pvocyanea aus einer auf K -P latte  zerstäubten B ouillonkultur
9800 X

Abb. 2. Mit F3-Phagen infizierte, auf K -Platte zerstäubte Bakterien. Die Bakterien sind 
von einer klüm pchenartigen Erscheinung infolge fortgeschrittener Lysis

9000 X
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s in d  sie an  der S telle  e in e s  zerfallenen B a k te r iu m s  sehr häufig von  a n n äh e rn d  
g le ich e r Grösse (A bb. 3). D ie grösseren S che iben  s ind  von c h a ra k te ris tisch e r 
D iskusfo rm , an den  k le in e re n  is t eine n a b e la r tig e  E in b u c h tu n g  zu sehen. W ah r
sch e in lich  h ande lt es s ich  u m  zy sten artig e , a n  d er K ollod ium m em bran  abge
f la c h te  Gebilde, d e ren  R o lle  noch u n b e k a n n t is t.

E in  anderes b eze ich n en d es L ö su n g sp ro d u k t is t ein a u f  den  A ufnahm en 
regelm ässig  w ah rn eh m b ares , sehr dünnes (120 A ), aber auch  m ehrere  p. L änge 
erre ich en d es fa d e n a rtig e s  G ebilde. Dieses Avar in  den  phagfre ien  K ontro ll-

Abb. 3. Scheibenförmige G ebilde nach der Lysis von m it F,-Phagen infizierten, auf K -P latte 
zerstäubten B ak terien . Der Pfeil zeigt au f Phagpartikelchen. 9400 X

p rä p a ra te n  nur seh r s e lte n  u n d  vereinzelt, jed o ch  nach  der Lysis in grosser 
Z a h l zu sehen. Diese F ä d e n  fanden  wir au c h  in  dem  in  Phio len  au fbe tvah rten  
f iltr ie r te n  M aterial. D as o ft gerade v e r lau fen d e  oder in  scharfem  W inkel ge
b ro ch en e  Gebilde is t  e rh eb lich  d ünner als d ie  Geissei u n d  im  H inb lick  a u f  die 
im  folgenden besch rieb en e  P hagadso rp tio n sersch e in u n g  besonders in te ressan t 
(A bb . 4, 5, 6, 12, 13). Ä hn lich e  Gebilde w u rd en  von W e ib u l l  u n d  H e d w a l l

[13] als bei der B a k te rien d es in teg ra tio n  e n ts te h e n d e  P ro teuszellfrak tionen  
e rw ä h n t, w ährend H ouw iM C  u n d  Van  I t e r s o n  [14] ähnliche F äd en  in  E sche
r ic h ia  co li-K ultu ren  fa n d e n .

2. Bakteriophagen. D en  E rgebnissen d e r biologischen U n tersuchungen  e n t 
sp rech en d , bei d en en  a lle  d re i Phagen (F x, F 2 u n d  F 3) als se lb stän d ig e  Pyo- 
evaneus-Spezies nachgew iesen  w urden, k o n n te n  auch  bei den elek tronenm ik ro -
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skopischen  U n te rsu ch u n g en  zwischen den dre i P h a g e n  U nterschiede fe s tg e s te llt 
w erden. Alle drei P h ag en  gehören zur G ruppe d e r  kugelförm igen, schw anzlosen  
P hagen , s in d  aber von untersch ied licher G rösse. A usserdem  wies F 2 c h a r a k te 
ristische E igenschaften , A ggregation und  F a d en ad so rp tio n  auf, Nvelche diese 
n ich t n u r von F j und F 3 un te rsch e id e t, sondern  m it denen sie u n te r  d en  b ish er 
b ek an n ten  Phagen  a lle in s teh t.

FyPhage. K ugelförm iges, 600 A i  10%  grosses Partikelchen . Im  In n e re n  
sahen  w ir in  m ehreren  F ä llen  eine kreuzförm ige Z eichnung, als ob es a u s  v ie r

Abb. t. Mit F,-Phagen infizierte Bakterienkultur. In der U m gebung aufgedunsener B ak terien  
einige Phagpartikelchen, scheibenförmige Lysisprodukte und Fadengebilde. 26 000 X

k leineren  K ugelpartike lchen  bestände. Die e in ze ln en  Phagpartike lchen  liegen  
unregelm ässig  zwischen d en  L ysisp roduk ten , d en  be re its  erw ähnten sc h e ib e n 
förm igen G ebilden, doch kom m t es häufig vor, d ass  sich 2—5 P a r tik e lc h e n  
in  e in er R eihe, d ich t n eb en e in an d er befinden . D ie bereits e rw ähn ten  f a d e n 
förm igen G ebilde w aren in  allen G esichtsfeldern anzu treffen , aber a n  d iese  
ad so rb ie rte  P h ag p a rtik e lch en , wie sie für die F 2-P hage so c h a ra k te ris tisch  
sind , haben  w ir niem als gesehen (Abb. 4, 5, 6).

F 2 -P h a g e . Dieses P a rtik e lch en  ist g leichfalls kugelförm ig und h a t  e ine 
Grösse von 750 A ^  10% . Im  G egensatz zum  F j-P h a g e n  und  auch zu d en  R e 
su lta te n  d er biologischen M essungen erschien d iese P hage au f den e le k tro n e n -  
raikroskopischen A ufnahm en  s te ts  m it grosser Partike lchenzah l (A b b . 7). 
W ährend  w ir die F j-P h ag -P artik e lch en  v e rs tre u t, in  geringer Zahl u n d  o h n e
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Abb. 5. Mit Fj-Phagen infizierte Bakteriellkultur au f der K-Platte. Im Umkreis einer stark 
gedunsenen Bakterie sehr zahlreiche scheibenförmige Lysisprodukte und Phagpartikelchen.

15 500 X

Abb. 6 . Mit. F^Phagen infizierte Bakterienkultur au f der K-Platte. An der Stelle vollständig 
aufgelöster Bakterien sind scheibenförmige Gebilde un d  Phagpartikelchen zu sehen. 14 000 X
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Abb. 7 . Mit F2-Phagen infizierte Bakterienkultur in Bouillon. Tropfpräparat. In der Umgebung 
der sich auflösenden Bakterien zahlreiche Phagpartikelchen. 6600 X

Abb. 8 . An der Auflösungsstelle der m it F2-Phagen infizierten, auf K -Platte zerstäubten  B ak
terien zurückgebliebene scheibenförmige Gebilde und Phag-»Fam ilien«. Zwischen den Phagen 

sieht m an diese verbindende Fäden. 5000 X
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je d e  besondere A n o rd n u n g  an tra fen , w ar be i d e r  F 2-Phage die o ft au c h  300 
P a rtik e lc h e n  um fassende, en tsch ieden  aus dem  Z erfa ll einer B ak te rie  s tam m en d e  
»P hagfam ilie«  auffa llend  (A bb. 8, 10). Diese »fam ilienartige«  E rsc h e in u n g s
fo rm  w ar bei unseren  zah lre ich en  U n te rsu ch u n g en  ein s tän d ig  b eo b ach te tes  
P h ä n o m e n . Bei der F 2-P h ag e  zeigte sich ab e r a u c h  noch eine sehr k e n n z e ic h 
n e n d e  m orphologische E rsch e in u n g , und  zw ar in  e rs te r Linie die A ggrega tion , 
e in e  vielfach in  a u sg ep räg ten  D oppelreihen v o rh an d en e  A n ordnung  d e r Phag-

Abb. 9. Auf m it F2-Phagen infizierte K -Platte zerstäub te , verschiedene A bstufungen der Lysi 
aufweisende Bakterien. In  der linken unteren Ecke B ak terien  m it bereits aufgelöster S truk tu r 
in  d e r rechten unteren Ecke zwischen den grossen K lüm pchen einer verlängerten, aufgedunse
nen  B akterie noch nicht befreite , unreife Phagen. D arüber befinden sich an der Stelle eine
völlig aufgelösten Bakterie abgeflachte, zystenartige Gebilde und in Doppelreihen angeordnete

Phagpartikelchen. 9000 X

p a rtik e lch en . Diese A n o rd n u n g  w ar sowohl b e i den  nach  dem  F ilm bew uchs
v e rfa h re n  (Abb. 9), dem  A bzieh- (Abb. 10) u n d  dem  A b k la tsch v erfah ren  (Abb. 
11) hergestellten  P rä p a ra te n  als auch in  den  zen trifu g ie rten , f iltr ie r te n  u n d  in  
P h io le n  au fbew ahrten  re in e n  P hagsuspensionen  zu beobachten . D iese Z usam 
m e n ro ttu n g  der P h a g p a rtik e lc h e n  w ar d e ra r t  ch a rak te ris tisch  u n d  häufig, 
d a ss  w ir ih r in  a llen  P rä p a ra te n  begegneten .

E ine  andere, bei d e n  F j- u n d  F 3-P h ag en  n ic h t festgestellte  E rsch e in u n g  
w a r  die » F ad en ad so rp tio n «  der P h ag p artik e lch en . Sehr häfig fa n d e n  w ir lange, 
m eh re re  и  grosse, an  au fg e re ih te  Perlen e rin n e rn d e  Gebilde, an  w elche sich die 
P h ag p artik e lch en  wie a u f  die bereits e rw ä h n te n  geraden (Abb. 12) o d e r bogen-



ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNG DER PSEUDOMONAS-BAKTERIOPHAGEN 399

förm ig gek rüm m ten  (Abb. 13) F äd en , die erheblich  d ü n n e r  w aren als die F lim 
m erhärchen  und  diesen auch  s tru k tu re ll n ich t g lichen , adso rb ierten . A n G eissein 
h a ften d e  P hag p artik e lch en  sah en  Avir jedoch n u r in  den  se ltensten  F ä llen , u n d  
au ch  dann  befand  sich n u r  je  e in  P artike lchen  a n  d er Geissei, im  G egensatz  
zu den  le tz ten  und  vielen a n d e ren  ähnlichen F ä llen , bei denen bis zu 100 P a r t i 
kelchen an  einem  F aden  k leb ten .

F3-Phage. Im  G egensatz zu  den vo rsteh en d  beschriebenen  zwei P h ag - 
Spezies verm ochten w ir diese P h ag e  im  H inblick a u f  ih re  spezielleren N ährboden-

Abb. 10. Von der Oberfläche einer m it F2-Phagen infizierten Bouillon-Agarkultur zubereitetes 
(unbedam pftcs) A bziehpräparat. Zwischen den in Auflösung begriffenen Bakterien eine in 

Doppelreihen angeordnete Phagenfamilie. 8700 X

an sp rü ch e  am  w enigsten zu s tu d ie ren . Ihre  G rösse b e tru g  im Vergleich zu 
P o lysty ro lpartike lchen  750 A  i  10%  (Abb. 14). A uch  diese is t ähnlich  wie 
die beiden  anderen  ein kugelförm iges Partike lchen . In  den filtrierten  und  z e n tr i
fu g ie rten  P rä p a ra te n  w ar keine  derartige  A n o rd n u n g , Arie v i r  sie bei F 2 b e 
sch rieben , zu beobach ten , dagegen  fanden  w ir in  dem  a u f  die M em bran ge
sp rü h te n  U ltrazen trifu g en sed im en t ziemlich viele, d ie E lek tro n en  in  geringem  
Masse streuende  Phag-»ghost« -en  (Abb. 15). In  d en  10 M inuten nach  d er I n 
fek tion  hergestellten  P rä p a ra te n  sahen  wir an  die B ak terienoberfläche  ad so r
b ierte  P hagen  (Abb. 16). D agegen  ist es m it ke in em  P räp ara tio n sv erfah ren  
g e lungen , a u f  den ly tisch en  B ildern  F3-P h ag p artik e lch en  vorzufm den.
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Abb. 11. Von der Oberfläche einer m it F2-Phagen infizierten Bouillon-Agarkultur nach dem 
A bklatschverfahren hergestelltes P räparat. In  der Aufnahme sieht m an L ysisprodukte und in 

Doppelreihen angeordnete Phagpartikelchen. 16 000 X

A b b .  1 2 . Mit F2-Phagen infizierte Bakterienkultur auf K-Platte. Nach Auflösung der Bakterien 
blieben scheibenförmige Gebilde zurück, die freigesetzten Phagen haben sich an einen langen

Faden adsorbiert. 10 500 X
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Abb. 13. Die aus einer m it F2-Phagen infizierten, au f K -P la tte  zerstäubten B ak te rienku ltu r 
freiwerdenden Phagen haben sich an einen Faden adsorbiert. 16 000 X

Abb. 14. F3-Phagpartikelchen, zusammen mit Polystyrol latex-Partikelchen auf eine K -P latte
zerstäubt. 0500 x
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Abb. 15. F3-Phagpartikelchen aus dem U ltrazcntrifugensedim ent. Zwischen den kom pakten 
kontrastb ildenden Phagpartikelchen  sind weniger elektronenstreuende Phag-»ghost«-en zu sehen

12 500 X

Ibb. 16. F3-Phagpartikelchen, an die Oberfläche einer B ak terie  adsorbiert. A uf K -P la tte  zer 
stäubtes M ateria l, 10 Minuten nach der Infektion. 15 000 X
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Besprechung

Im  Laufe unserer U n te rsuchungen  h a tte n  wir die M öglichkeit, d ie bei den 
e lek tronenm ikroskopischen  P hagu n tersu ch u n g en  gebräuchlichen versch iedenen  
p rä p a ra tiv en  M ethoden m ite in an d e r zu vergleichen. W enngleich säm tlich e  
V erfahren  zufriedenstellende A ufnahm en ergaben , fanden  wir im H in b lick  
a u f  ih re  R einheit u n d  topograph ische  Z uverlässigkeit doch die K e l l e n b e r - 
GERsche F ilm bew uchsm ethode am  geeignetsten . Insbesondere  bei d e r  Z er
s täu b u n g  von Suspensionen m it n iedriger B ak te rien k o n zen tra tio n  (105— 10e/in l). 
wo sich die einzelnen Lysisereignisse in 20 — 30 /л E n tfe rn u n g  v o n e in an d er 
absp ielen , sich also die L y sisp roduk te  n ich t m ite in a n d e r  verm ischen k o n n ten , 
erschienen die einzelnen P hag-»F am ilien«  in  e iner Iso lierung , welche b einahe  
auch  die D urchführung  q u a n tita tiv e r  M essungen erm öglich t. E in  b e a c h te n s 
w ertes m orphologisches B ild  bo t die F 2-Phage. In  den  m eisten  P rä p a ra te n  
w ar die A ggregation der P hag p artik e lch en  — u n ab h än g ig  von der p rä p a ra 
tiv en  V orbereitung  — augenfä llig . In  den A ggregaten  w aren  100— 200. ja  häufig 
noch m ehr P hag p artik e lch en  in  doppelten  und  dreifachen  Reihen a n g eo rd n e t. 
Diese A ggregate verm och ten  wdr auch in den f iltr ie rten , von grösseren B a k te r ie n 
fragm en ten  gerein ig ten , k a lt au fb ew ah rten  Phagsuspensionen  zu beobachte»' 
In  e rs te r L inie in den a u f  K -P la tte n  hergeste llten  P rä p a ra te n  w ar au ch  die 
F ad en ad so rp tio n  der P h ag p artik e lch en  häufig w ah rn eh m b ar. Diese beiden  
E rscheinungen  betrafen  b e träch tlich e  P hagpartike lchenm engeii. w eshalb  die 
A nzah l d er freien P h ag p artik e lch en  in den zur In fek tio n  b e n u tz te n  P h a g 
suspensionen  n iedrig  ivar. V erm utlich  ist es d a ra u f  zu rückzu füh ren , das- 
die biologischen M essungen des F 2-Phagen  sehr niedrige Phagm engen  
ergaben .

U nsere U n tersuchungen  e rs treck ten  sich n ich t a u f  die K lärung  d e r U r
sachen  der A ggregation  u n d  F ad en ad so rp tio n  ; h ie rfü r sind  w eitere V ersuche 
erfo rderlich . N ach D urchsich t e iner grossen A nzah l von A ufnahm en ta u c h te  
aber der V erdach t auf, dass auch  die A n ordnung  in  doppelten  und  d re ifachen  
R eihen ursp rüng lich  m it e iner A dsorp tion  an die e rw äh n ten  F äden  b e g in n t. 
In  der lockeren S tru k tu r  der Phagfam ilien  ist zw ischen den P h ag p artik e lch en  
ein  verw orrenes Gewebe von F äd en  zu sehen, so dass angenom m en w erden  
k a n n , die Z u sam m en ro ttu n g  der P a rtik e lch en , die E n ts te h u n g  der »F am ilie« , 
tre te  bere its  aus diesem  G runde ein . Die A n ordnung  in  doppelten -d re ifachen  
R eihen  w ürde dem nach  einein s tä rk e ren , k o m ple tte ren  Z ustan d  der »Fam ilie«- 
Form  en tsp rechen .

Bei d er F j-P hage k o n n te n  w ir a u f  den e lek tronenm ikroskop ischen  A uf
nahm en  die versch iedensten  Z u stän d e  der Lysis b eo b ach ten , die A nzahl d er 
P hagen  w ar indessen w esentlich  geringer als bei d er F 2-Phage.

E in e r w eiteren  U n te rsu ch u n g  b ed a rf au ch  die F 3-Phage, bei d e r  w ir. 
obw ohl en tsch iedene Lysis zu sehen w ar, nach  keinem  der drei p rä p a ra tiv en
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V erfah ren  (F ilm bew uchs-, A bklatsch- u n d  A bziehm ethode) P h ag p artik e lch en  
a n z u tre ffen  verm och ten .

Zwischen der A n zah l d er scheibenförm igen Gebilde u n d  der F ä d e n  sowie 
d e m  Z ustan d  der L ysis sch ien  ein en tsch ied en er Z usam m enhang  zu bestehen . 
I n  d e n  A ufnahm en des a u s  fo rtg esch ritten er A uflösung  p rä p a rie r ten  M aterials 
k a m e n  beide in viel g rö sse re r A nzahl vor als zu d en  der In fek tio n  näherliegenden  
Z e itp u n k te n . N ach d e r L ö su n g  w ird das B ild  des A usgangsm ateria ls, der in 
t a k te n  B akterien  u n d  P h a g e n , vom Bilde m assen h a fte r Phag-, Geissei-, F aden- 
u n d  Scheibenform en a b g e lö s t. Diese le tz te ren  s in d  in  den elek tronenm ik rosko 
p isc h e n  A ufnahm en in  so lchen  Massen zu sehen , dass auch ihre D ifferenzierung 
a ls  selbständige F ra k tio n  u n d  ihre chem ische U n tersu ch u n g  n ic h t unm öglich 
e rsch e in t.

Zusammenfassung

Die neuen Pseudom onas pyocyanea-Bakt« riophagenstärnme F I( F2 und F3 wurden nach 
verschiedenen präparativen V erfahren zur elektronenmikroskopischen U ntersuchung vor
b ere ite t. Das Film bew uchsverfahren erscheint wegen seiner Reinheit und guten topographi
schen Resultate für Phaguntersuchungen am geeignetsten. Die Phagen F , und F2 wurden als 
P roduk te  der am Film vor sich gegangenen Lysis, die F3-Phage nach U ltrazentrifugenanreiche
ru n g  bzw. in dem an B ak terien  adsorbierten Zustand photographiert. Alle drei Phagen sind 
schwanzlos, kugelförmig und  weisen einen Durchmesser von 600— 800 . auf. Im  Laufe der 
L ysis wurden bei den Phagen F 3 und F2 sehr zahlreiche scheibenförmige Gebilde verschiedener 
G rösse, ferner sehr dünne F äd en  festgestellt. An le tz teren  war die A dsorption von F2-Phag- 
partikelchen zu beobachten. D ie F2-Phage bildete ausserdem  auch in doppelten und  dreifachen 
R eihen  angeordnete A ggregate und  Phag-»Familien« von ziemlich lockerer S truk tu r. Es ist 
anzunehm en, dass die E rgebnisse der biologischen Messungen an dieser Phage von diesen Eigen
schaften  beeinflusst w urden.
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T he re la tion  of d ie ta ry  p ro te in  to  an tib o d y  fo rm atio n  has been know n  
since  th e  w ork  of Ca n n o n  et al. [1]. I t  has been con firm ed  an d  fu rth e r  developed  
in  num erous investiga tions [2—6 ] .In  an  earlier p ap e r [3 ],one  of us successfu lly  
d e m o n s tra te d  th e  favourable effect a p ro te in  d iet ex e rts  on a n tito x in  p ro d u c tio n  
in  ch ild ren  inocu la ted  w ith  te ta n u s  an a to x in . A n u m b e r o f au th o rs  s tu d ie d  
th e  p ro te in  co n ten ts of th e  com plém ent an d  the re la tio n  betw een th e  sy n th es is  
o f  th e  serum  pro te in  frac tions a n d  th e  m echanism  u n d erly in g  th e  p ro d u c tio n  
o f  th e  p ro te in  com ponents o f th e  com plem ent [7— 12]. In  hum ans, we do n o t 
y e t know  w ith  c e rta in ty  w ith  w hich  pro te in  frac tio n  th e  syn thesis of th e  com 
p lem en t proceeds sim ultaneously  n o r is i t  know n how  com plem ent p ro d u c tio n  
is affec ted  b y  an  adequa te  p ro te in  d ie t.

Materials and methods

Groups of well-nourished and ill-fed subjects were kep t under observation. The im p e r
fectly nourished groups were made up of members of the gipsy settlem ents around Pécs. T he 
well-fed control groups consisted of children from the model crèches and day nurseries in  the 
tow n, and healthy adult town dwellers. Every  subject was exam ined four times during the  
year for which the investigations lasted.

P articu lar care was taken, four tim es in the year and each tim e over a whole week, in 
recording the subject’s diet and its  nu tritive value, and in observing the conditions u n d er 
which it  was being taken up.

Food uptake was evaluated on the basis of the D ietary S tandards issued by the Stale 
Institute o f Food Research [13]. The daily consumption of nu trien ts  per head was com pared 
w ith the data  approved by the Committee o f Nutrition o f the Hungarian Academy o f Sciences. 
In  determ ining the subject’s nutritional sta te , in controlling them  for nutritional disease, and 
in carrying out laboratory tests, the exam inations followed F e k e t e ’s  [ 1 4 ]  book on screenings. 
The children’s developmental state was determined by S i m k ó ’ s  [15] paediometric index and 
all subjects were clinically controlled for eventual pathological changes.

The complement was determ ined w ith the titration  method elaborated by the Serological 
Department of the Slate Institute o f Public Health. For the com plem ent and the sheep e ry th ro 
cytes we are indebted  to the University Institute o f Microbiology, Pécs. All determ inations 
were made w ithin 30 to 60 minutes following blood sampling. K o r p a c z y ’s  [16] salt m ethod 
was used in  establishing the total protein  of the serum ; the paper-electrophoretic m ethod 
described by G r a s s m a n n  [17] was employed in examining the serum  fractions, among them  
gamma-globulin. Since functional disturbances of the liver interfere w ith  both the com plem ent 
values and the synthesis of the serum fractions, the suspects were singled out by the M a l l e n  
and T a k a t a  tests and by examining the urine for urobilinogen.

True to  their accustomed ways, the gipsies in the settlem ents live chiefly on vegetables 
and consume bu t little  animal protein. They breast-feed their infants for years, and after w eaning
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keep  them  on a diet poor in  an im al protein. The m em bers of the group of undernourished sub
je c ts , afflicted with more or less g rave nutritional disease th a t  rendered them suitable for immuuo- 
biological studies, were selected from among 150 children of 1 to 16 years of age, and 256 adults.

The immunobiologically studied  cases were d is tribu ted  as follows : —  182 adult controls. 
42 children from 2 to 3 years o f age as controls : 234 underfed adults, and 56 undernourished 
ch ild ren  2 to 3 year- of age.

Results

Dietary studies. F ro m  th e  recorded in d iv id u a l an d  fam ily  d ie ts , th e  daily  
u p ta k e  per head teas c o m p u te d , w ith  the aid  o f  Diet Tables, for th e  in d iv id u a ls  in 
th e  various age groups. T h e  am ounts consum ed  were th en  com pared  w ith  th e  
v a lu e s  physiologically re q u ire d  b y  the sub jec ts , accord ing  to  th e ir  respective  age, 
b o d y  w eight, and  o c c u p a tio n . The relative figures are  lis ted  in  T ab les 1 an d  2.

I f  we com pare th e  d a ilv  averages o f n u tr ie n ts  ac tu a lly  ta k e n  up  by  th e  
g ip sy  children w ith th o se  consum ed by  th e  n o rm a l tow n ch ild ren  or w ith  th e  
phvsiological d ie ta ry  s ta n d a rd s  for ch ild ren  in  th e  2 to  3-year age group, we 
f in d  th a t  the gipsies a re  caloricallv  un ierfed  a n d  subsist upon  a d ie t poor in 
a n im a l protein. T heir co n su m p tio n  of fa t a n d  v itam in s  is also deficient ; p a r
tic u la r ly  lowr is th e  u p ta k e  o f v itam in  B2. v i ta m in  C, and  n ico tin ic  acid . W hile 
th e  u p tak e  of a d e q u a te  p ro te in  am ounts to  42 p er cen t o f th e  to ta l  p ro te in  
in  th e  control ch ild ren , i t  is less th a n  20 p e r  cen t in  th e  gipsies.

Similar deficiencies a re  found in th e  a d u lts . The d a ta  in  th e  T able refer 
to  k g  of bodv w eight. I n  th e  groups of b o th  n o rm als  and  u n d erfed s , th e  ac tual 
consum ption  figures a re  com pared  w ith  th e  n u tr ie n t  requ irem en ts o f  ind iv iduals 
o f  th e  same weight a n d  co n stitu tio n . In  th e  group  of u n d erfed s, th e  m en as 
yvell as the women a re  conspicuous for caloric  deficiency ; th e y  live on a diet 
p o o r in  anim al p ro te in  a n d  characterized  b y  a n  excess of ca rb o h y d ra te  and  a 
deficiency of v ita m in  B 2 a n d  nicotinic acid. O f a ll th e  essentials, fa t consum ption 
is  th e  nearest to  s a tis fa c to ry . Of the m in era ls , th e  u p tak e  o f  calcium  is th e  
loyvest. hardly co vering  h a lf  the  req u irem en t.

A comparison o f th e  d iets consum ed b y  th e  well-fed an d  ill-fed  children, 
respectively , th row s lig h t  upon the causes o f  th e  deficiencies. T he d iet fed to 
th e  normal children  is v a r ie d , yvhile th a t o f  th e  gipsy  ch ild ren , a n d  also of the 
a d u lts , is m onotonous, consisting  fu n d a m e n ta lly  of beans, p o ta to , an d  bread . 
T h e  qu an tita tiv e  d ifferences in  the daily  consum ption  per ch ild  are equally  
in s tru c tiv e . The n o rm a lly  fed child consum es a daily  average o f 0,5 1 of m ilk, 
th e  ill-fed gipsv ch ild  o n ly  0.05 1 : the  av erag e  consum ption  fo r th e  form er is 
o n e -th ird  of an egg p e r d a v . for the la tte r  one egg a yveek, an d  s im ila r differences 
a re  in  the up take  o f  o th e r  anim al p ro te in s (cheese, curds). T he underfed  are 
conspicuous for th e ir  h ig h  in tak e  of cereals. ^  hile the  no rm al ch ild ren  in  the 
crèches eat about 150 g o f  b read  a day. ill-fed g ipsy  children of th e  corresponding 
age consumed 250 to  300 g. The gipsy d ie t inc ludes only a m in im um  of fru its, 
a daily' average o f 20 to  30 g, and v e ry  sm all qu an tities  o f g reens and  fresh



Table 1

Food consumption o f well-fed and ill-fed children o f both sexes in the 2—3-year age group per day and head
N orm ally  fed children
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Ill-fed children

S 6 8 5  1 ,2 1 2 , 3  J 1 ,1  6 8 8  1 ,2 6 3 0 1 3 , 0 1 2 1 3 , 0  6 , 9  3 , 0  1 1 6 1  3 0  3 1 3  16 ,6 i  0 , 2 6  0 ,1  4 , 5 |  0 ,1  6 , 6  1 6 , 6  1 ,0 2 , 3  1 ,4 1 5 7  3 ,6 0 , 6  2 , 0

è-1

av =  arithm etical means of the consumption values, 
sc =̂= scatter.
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Table 2

Average daily food consumption per head o f normally and deficiently fed  adults

Normally fed males

0

я
£ - §

Body 
he igh t 
in  cm

B ody 
w e ig h t 
in  kg

N u m b er o f 
calories

P rotein  
in  g

4>
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41
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F at 
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!

1,08 0,61 1,87 0,8 40,2 1,3 35,8 3,3 6,25 2,1
I

30,0 2,2

Ill-fed males
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Normally fed females

62) 152! 2,0 48; 1 2671 342,6 101,2 13 42 78)6,1) 362) 7,2 i 5000 118)2,0 | 0,9 i 2,2 j 0,9) 46,oj 2,4 30 11 600 1,1 31 3,3

Ill-fed females

76 148)2,0 37 1,2 1895 2,63 83,8) 1,4 20 191 4,3 432,2 ) 6,3 867 110) 0,72 0,3 30,72 0,3 16,6) 2,1 13,3 8 4,36 1,3 26 [3,5

Average age of norm al men 38,5, of ill-fed men 42,3, of normal women 32,3, of ill-fed women 35,3 years, 
av =  arithm etical means of the consumption values, 
sc =  scatter.
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vegetab les. All th e  g rea te r is th e ir  consum ption o f  p o ta to  and  beans ; ev e n  
l i t t le  ch ild ren  are  fed daily  200 g of th e  form er a n d  50 g of the la tte r , on  a n  
average. Gipsies e a t l i ttle  forest p ro duc ts, m ostly  crab -app les and  wild p ea rs , 
a n d  w hen th e ir  season is on, straw berries an d  rasp b erries .

In te rg ro u p  d ie ta ry  s tu d ies  reveal, however, t h a t  th e  deficiency is th e  
g rea test in  th e  u p tak e  of h ig h -q u a lity  an im al p ro te in .

Statistical methods. In  ca lcu la tin g  th e  values o f th e  food consum ed, we 
based  ourselves upon th e  average in p u ts , an d  dete rm in ed  th e  sca ttering  a cco rd 
ingly. A sim ilar procedure was followed in  the  s ta t is t ic a l  evaluation  o f th e  
d a ta  on th e  serum  p ro te in  frac tio n s and  the com plem ent titre s .

Serological results, immunobiological tests. T able 3 lis ts  th e  protein u p ta k e s , 
th e  titre s  o f  th e  serum  com plem ent, an d  th e  values o f th e  serum  protein  frac tio n s . 
A gainst th e  figures, a rranged  from  th e  low est to  th e  h ig h es t, showing th e  u p 
ta k e  of d ie ta ry  pro te in  per kg o f body  w eight, s ta n d  a ll th e  serological d a ta  
p e rta in in g  to  each of tnem  sep ara te ly .

T a b le  3

Correlations between adequate protein uptake, serum complement litre, and the quantitative changes 
in serum protein fractions in subjects with differing diets

*o

i l
S -û

U p tak e  o f  
adeq . p ro te in

in p /kg

C om plem ent th ree S e г u  m

u n 
d il

u ted

d ill ted S erum  to ta l  
p ro te in  in 
g /100 m l

A lbum in  in 
g /100 ml

«1 g lobulin  
in g /100 ml

a ,  g lobu lin  
in  g /100 ml

f i  globulin 
in g/100 ml

у  g lo b u lin  
in g /100 m l

I  * HV 8C
% » : 5 % 1 : 10% av HC av ec av 8C . V  1 BC av SC av 8C

3 0 0 ,0 1 0 , 0 6 5 0 3 8 1 2 5 ,2 u 1 ,0 0 ,3 0 ,1 2 0 , 2 0 , 1 8 0 , 1 6 0 , 6 8 0 ,1 0 0 , 5 7 0 , 2 0

3 0 0 . 0 6 0 , 0 6 5 0 3 7 1 3 5 ,2 1 ,0 1 ,0 0 ,3 0 , 1 4 0 ,2 0 , 1 4 0 , 1 6 0 , 7 0 0 ,1 1 0 , 5 0 0 , 2 6

2 0 0 , 1 0 0 , 0 3 4 6 4 2 1 2 6 , 0 1 , 3 1 ,0 0 , 4 0 , 2 0 0 ,2 0 , 1 6 0 , 2 0 ,6 8 0 ,1 2 0 , 6 0 0 , 3 0

4 2 0 , 1 5 0 , 0 6 3 6 3 0 3 4 6 , 3 1 .3 1 ,2 0 ,5 0 , 1 0 0 , 2 0 ,1 1 0 , 2 1 0 , 7 0 0 ,3 1 0 , 5 0 0 , 3 0

2 8 0 , 2 0 0 , 0 8 4 0 4 0 2 0 6 ,3 1 ,4 1 ,2 0 ,7 0 , 2 6 0 , 1 6 0 , 1 0 0 ,1 1 0 , 6 8 0 ,2 2 0 , 8 0 0 , 2 9

3 0 0 , 2 5 0 , 0 8 4 0 4 2 1 8 6 , 8 1 ,2 1 ,3 0 , 6 0 ,1 1 0 ,2 1 0 , 1 6 0 , 2 1 0 , 2 6 0 ,1 8 0 ,3 2 0 , 1 2

6 0 0 , 3 0 0 , 1 0 3 5 3 5 3 0 6 , 6 1 , 3 1 ,6 0 , 4 0 , 2 0 0 , 1 6 0 , 2 6 0 , 2 0 0 , 3 9 0 ,1 1 0 , 5 0 0 , 1 6

3 0 0 , 4 0 0 , 1 0 3 0 3 5 3 5 7 .8 1 ,6 2 ,5 0 ,7 0 , 1 8 0 , 1 2 0 , 1 9 0 , 1 1 0 , 7 0 0 ,1 9 0 , 1 6 0 , 1 0

7 3 0 , 4 5 0 , 0 8 2 6 4 0 3 4 8 , 0 1 ,8 3 , 0 0 , 9 0 , 1 0 0 ,1 1 0 , 1 2 0 , 1 0 0 , 3 6 0 ,2 0 0 ,7 3 0 , 1 1

8 6 0 , 5 0 0 , 0 8 2 0 4 0 4 0 8 , 2 1 , 7 3 , 6 0 , 6 0 , 3 0 0 , 1 0 0 , 1 0 0 , 1 0 0 , 3 9 0 , 2 0 0 , 3 0 0 , 1 0

6 5 1 ,2 0 0 , 0 9 1 2 3 8 5 0 8 , 0 1 ,3 4 , 0 1 ,0 0 ,2 1 0 , 1 0 0 , 1 6 0 , 1 1 0 , 2 6 0 ,1 1 0 ,4 2 0 , 1 8

av =  arithm etical means of the consumption values, 
sc =  scatter.

These d a ta  were s tud ied  for co rre la tions betw een th e m . To have to  com 
pare abso lu te  values in s tead  o f p ropo rtio n s, th e  co m p lem en t titre s  were, in
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a n  a rb itr a ry  m anner, designed num erica lly . T he following co rre la tio n s of sig
n ifican ce  were estab lish ed  to  exist.

1. B etw een th e  a m o u n t of ad eq u a te  p ro te in  in  the food a n d  th e  com plem ent 
t i t r e  ; coefficient : -j- 0,746 ;

2. betw een th e  d ie ta ry  p ro te in  u p ta k e  an d  the  q u a n ti ta t iv e  changes 
in  th e  to ta l  p ro tein  a n d  th e  serum  a lb u m in , respectively  ; coefficients : -f- 0,876 
fo r to ta l  p ro tein , a n d  -f- 0,810 for a lb u m in  ;

3. betw een th e  changes in  th e  a m o u n t o f th e  serum  a lb u m in  an d  those 
o f  th e  com plem ent t i t r e  values ; coefficient : -f- 0,896.

U pon a p ro te in  u p ta k e  above 1,2 g p e r k g  th e  com plem ent t i t re s  an d  serum  
p ro te in  values cease to  increase, a n d  th e  co rre la tions only ex is t on low er levels, 
to  w hich  our ta b u la te d  d a ta  refer.

D iscussion

O n the  above evidence, i t  seems p ro b ab le  th a t a d ie t defic ien t in  p ro te in  
goes h a n d  in  h a n d  w ith  a low com plem en t t i t re , and  th a t  i t  is accom panied 
b y  changes in  th e  serum  p ro te in , p a r tic u la r ly  b y  a decrease in  th e  am oun t o f  
se ru m  album in. Since th u s  the  com plem en t t i tre  changes w ith  th e  changes in  
th e  serum  album in , th e re  seems reason  to  assum e th a t  com plem en t form ation  
a n d  serum  album in  p roduction  are  a b u n d a n t or deficient in  dependence  on th e  
s u b je c t’s diet being  rich  or poor in  p ro te in .

The f lu c tu a tio n s  o f th e  gam m a g lobu lin  level on th e  one h a n d , an d  th e  
differences in  th e  u p ta k e  of d ie ta ry  p ro te in  or the  com plem ent values on th e  
o th e r , do no t seem  to  be co rrelated . I t  w o u ld  appear th a t  to  a deficiency in  pro
te in , com plem ent a n d  a lbum in  p ro d u c tio n  reac t m uch m ore sensitive ly  th a n  
g lo bu lin  syn thesis. T h is is perhaps a n  in d ica tio n  th a t  th e  a lb u m in s an d  th e  
com plem ent m ay  h av e  a com m on m etab o lic  m echanism , a n d  th a t  th e  synthesis 
o f  th e ir  respective p ro te in  com ponen t is con tingen t on th e  sam e or sim ilar 
d ie ta ry  factors.

From  th e  im m unobiological p o in t o f  view, th e  p h en o m en a  observed p e r
m it  th e  following conclusions.

a) On a p ro tein -defic ien t d ie t th e  am o u n t of serum  a lb u m in  decreases, 
a n d  together w ith  i t  decreases th e  v a lu e  of the com plem ent t i t re .

b)  H ypoalbum inaem ia  an d  d im in ish in g  com plem ent a c tiv ity  assum edly  
im p a ir  the su b je c t’s resistive c a p a c ity  ; Ca n n o n  et al. h av e  shown th is  to  
be  th e  case in  an im als  [1] an d  epidem iological observations have  lead  to  th e  
sam e result.

c)  O ur p resen t findings a p p ea r to  confirm  earlier o bserva tions, nam ely , 
t h a t  i t  is p rim arily  th ro u g h  an  in a d e q u a te  u p tak e  of p ro te in  t h a t  m aln u tritio n  
asse rts  its  adverse  effects on th e  su b je c ts ’ capacity  to  re s is t infections.
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I t  is hoped th a t  su b sequen t research  w ork, using th e  above m e th o d s , 
w ill th ro w  ad d itio n a l ligh t on p ro te in  co ncen tra tes an d  special d ie ts  as th e  
m eans to  in tensify  resistance to  in fection  an d  to  estab lish  th e  n u tr i t io n a l p re 
requ isites of recovery.

Sum m ary

The effect of protein uptake on the changes in  the complement titre  was studied in  well- 
fed and ill-fed individuals. I t  was found th a t in subjects living on a diet deficient in adequate 
protein  the serum complement titre  is low, and so is the serum albumin content. Complement 
activ ity  reaches its optimum when 1,2 g of good-quality protein are taken  up per kg of body 
weight ; a higher rate of protein inpu t is no t accompanied by a rise in the complement titre .
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DIE ROLLE DES pH BEI DER STERILISIERUNG 
VON KONSERVEN

Von

K. V a s  u n d  G. P r o sz t

Forschungsinstitut fü r  die Konserven-, Fleisch- und Kühlindustrie, Budapest 

(Eingegangen am  22. Dezember 1956)

DIE WIRKUNG DES pH AUF DIE HITZETOLERANZ AEROBER BAKTERIENSPOREN

Die W asse rsto ffionenkonzen tra tion  ü b t a u f  alle L ebensphasen der M ikro
o rgan ism en  grossen E influss aus. A uch  die A btö tungsgeschw ind igkeit d er 
M ikroben ist vom p H  abhängig , ob es sich n u n  um  das » natü rliche«  A b ste rb en  
in  ä lte ren  K u ltu ren  oder um  k ü n s tl ic h  hervorgerufene, durch  C hem ikalien  
o d er H itze  bed ing te  Zerstörung h a n d e l t .

D er le tz te ren  M öglichkeit k o m m t in  der K onserv en in d u strie , wo die 
B ek ä m p fu rg  der schädlichen  M ikroben  das E ndziel d er Technologie b ild e t, 
grosse po ten tie lle  B ed eu tu n g  zu. D u rc h  eine R eihe d er zu diesem Zw eck in  
A nsp ruch  genom m enen technischen V erfah ren  such t m an  die M ikroorganism en 
chem isch oder du rch  H itze  zu v e rn ic h te n  bzw. die V erm ehrung  der am  L eben  
gebliebenen Zellen zu verh indern . Sow ohl die chem ische, als auch die p h y s i
kalische K onserv ierung  kann  jed o ch , w enn sich die im  N ah ru n g sm itte l a n 
w esenden M ikroben n u r  durch grobe chem ische oder H itzeeinw irkungen  v e r 
n ich ten  lassen, m it Folgen v e rk n ü p ft sein, welche den G eschm ack, G eruch , 
N äh rw ert u n d  biologischen W ert d e r  L ebensm itte l schädlich  beein flussen . 
In  d e ra rtigen  Fällen  erschein t je d e r  technologische E in g riff  b erech tig t, d u rch  
den  die W iderstandsfäh igkeit der M ikroben ohne w esentliche V erän d eru n g  
d er Z usam m ensetzung  sowie des b io logischen  u n d  G enussw ertes der L eb en s
m itte l  herabgesetzt w erden kann . D a  die Senkung des p H  hierzu geeignet e r
sch e in t, is t die W irk u n g  der p H -S en k u n g  a u f  die K onserv ierung  bere its  von 
vielen  A utoren u n te rsu c h t w orden. D er Erfolg der chem ischen B eh an d lu n g  
lä ss t sich durch die pH -Senkung b e trä c h tlic h  erhöhen  [10]. Ebensow enig fehlen  
in  d er L ite ra tu r  M itte ilungen  über d a s  verbesserte  E rgebn is der H itz e b e h a n d 
lu n g  nach  pH -S enkung  (z .B .[ l]) . A uf G ru n d  dieser E rk e n n tn is  ist es h eu te  üb lich , 
L eben sm itte l ihrem  H itzeb eh an d lu n g sb ed arf en tsp rech en d  nach dem  p H  zu 
g rupp ieren . (B ek an n tlich  genügt es, W are u n te r  p H  =  4,5 ohne D ru ck , im  
W asserbad  zu sterilis ieren , w äh ren d  es über pH  4,5 e iner H itzee inw irkung  
ü b er 100° C im  A u tok laven  bedarf.) U n te r  den L eb en sm itte ln , deren H itz e 
b eh an d lu n g  m an in einzelnen L ä n d e rn  durch pH -S enkung  zu m ildern  su ch t,
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s in d  in  erster L in ie  G em üsesorten , K a rto ffe ln  usw. zu e rw ähnen . Wo keine 
G eschm ackshindern isse  bestehen, w ird d ie  W asse rsto ffionenkonzen tra tion  m it 
S au e rk rau tsa ft oder a n d e re n  »natü rlichen«  säu reha ltigen  S toffen  erhöh t. D ie 
G renzen  des V erfah ren s  ergeben sich aus dem  bei grösserem  S äuregehalt au f
tre te n d e n  sauren  G eschm ack .

Die B eschäftigung  m it obiger F rage  sch ien  u ns in te re ssa n t ; w ir g lau b ten , 
k lä re n  zu m üssen, w o ra u f  die H a ltb a rk e it  d er gesäuerten  h itzeb eh an d e lten  
L ebensm itte l zu rü c k z u fü h ren  sei : a u f  d ie  herabgesetzte  H itze to le ran z  der
B ak te rien  oder d a ra u f , d ass  die Keim e, w elche die H itzeb eh an d lu n g  ü b e rs ta n 
d e n  haben, im  sa u re n  M edium  sich n ic h t v e rm eh ren  u n d  d a h e r ke in  V erderben 
hervo rru fen  k ö n n en .

Besonders in te re s s a n t  schien u ns d ie  U n te rsuchung  d er F rage, ob die 
A b tö tu n g sg esch w in d ig k e it der aeroben Sporen, welche den  g rössten  Teil der 
M ikroflora der » h a n d e lsü b lic h  sterilen« (d. h . w enige lebende, ab er verm eh ru n g s
u n fäh ig e  M ikroben e n th a lten d en ) K o n serv en  b ilden  [2], d u rch  pH -S enkung  
e rh ö h t werden k a n n . D ie  Frage der p a it ie lle n  oder v o lls tän d ig en  K eim freiheit 
d e r  K onservenerzeugnisse b ildet b e k a n n tlic h  fü r  die F ach leu te  der In d u s tr ie  
u n d  des öffentlichen G esundheitsw esens e in  s tänd iges P rob lem . W äh ren d  n ä m 
lic h  vom  G esich tsp u n k t des V erderbens d ie  R esidualm ikroflo ra  erfahrungs- 
gem äss p rak tisch  k e in e  G efahr b ed eu te t, m uss m an  vom  hyg ien ischen  S ta n d 
p u n k t  für w ü n schensw ert h a lten , dass die vo lls tän d ig e  S te r il i tä t  der K onserven  
b e i der industrie llen  H ers te llu n g  gew ährle iste t w ird. Sollte sich die pH -S enkung  
a u c h  den erw ähn ten  M ikroben  gegenüber a ls  erfolgreich erw eisen, so m uss ih re  
even tu e lle  A n w endung  in  E rw ägung gezogen w erden.

Versuche bei verschiedenem pH 

Material und Methoden

Der untersuchte Mikroorganismus. Für unsere Versuche verwendeten w ir einen Stamm des 
aeroben sporenhaltigen Bacillus cereus, der eine übliche Komponente der Restm ikroflora hitze
behandelter Konserven b ilde t.

Die für die U ntersuchungen benötigte Sporensuspension wurde so hergestellt, dass wir 
d en  Mikroorganismus au f e inem  4 g Fleischextrakt, 200 m l süsse Molke, 100 ml (1 +  10) Hcfe- 
dekok t, 10 g Glukose, 2 g P ep ton  (W itte), 20 g A gar und 700 ml dest. W asser enthaltenden, 
a u f  pH  7,2 eingestellten N ährboden in Petri-Schalen züchteten. Nach etw a einwöchiger Inkuba
tio n  (28° C) bestand die K u ltu r  hauptsächlich aus Sporen (Kontrolle m it dem Phasenkontrast
mikroskop). Die Sporen w urden  in M/15 Phosphatpuffer pH  7 gründlich dispergiert, von den 
eventuellen Klumpen m itte ls  aseptischer F ü tra tion  durch ein steriles Leinentuch befreit und 
10 M inuten bei 80° C gehalten . Diese bei 4— 5° C aufbew ahrte Stammsuspension (etwa 109— 
1010 Sporen/ml) benu tz ten  w ir sodann zur Im pfung der Hitzebehandlungsmedien.

Hitzebehandlungsmedien. Als H itzebehandlungsmedium verw endeten wir im  allgemei
n en  Phosphatgemische. A us 0,1 M  K3P 0 4- und 0,1 M  H 3P 0 4-Lösungen stellten wir Gemische 
zusam men, deren pH  3,0, 4,0, 5,0, 6,0 bzw. 7,0 betrug.

Bei pH 3 b rach ten  w ir drei verschiedene Erhitzungsm edien zur Anwendung : ausser 
Phosphorsäure M ilchsäure (6,0 g Milchsäure, 0,68 g N a-L aktat je  L iter) und auch Zitronen
sä u re  (12,6 g Z itronensäure, 7,4 g Na2 H P 0 4 je L iter).

Die Hitzebehandlung. V on der Sporensuspension übertrugen w ir etw a 2 Vol% in das frag
liche sterile Erhitzungsm edium , so dass die anfängliche Sporenzahl IO7— 108/m l war. Nach kräfti-
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gern U m rühren p ipettie rten  wir das beim pfte Erhitzungsm edium in Mengen von 0,75 ml in 
16 X 160 mm grosse Reagensgläser, und zw ar so, dass die P ipette die Innenw and des Reagens
glases nur am Boden b erührte  [10]. Die m it W attestopfen  verschlossenen Reagensgläser wurden 
in ein Glyzerin-Hitzebehandlungsbad von 90 i  0,25° C getaucht. Nach jeder H itzebehandlungs
periode (5— 10— 15 M inuten) wurden jeweils 5 Proben rasch herausgehoben, in  kaltem  W asser 
abgekühlt und m it je  15 m l steriler Magermilch von pH  7 aseptisch aufgefüllt. N ach Inkubation 
w ährend 20—30 Tagen hei 28° C stellten w ir die in  den Reagensgläsern stattgefundene E n t
wicklung fest.

Die Wirkung des pH auf die Hitzetoleranz der Bakteriensporen

Hitzetoleranz im  Phosphatmedium. Den E in flu ss des p H  a u f  die H itze
to le ran z  der Bacillus eereus-Sporen u n te rsu c h te n  wir in  m ehreren  V ersuchen 
bei 3, 4, 5, 6 u n d  7 pH  in 0,1 M  P h o sp h a lp u ffe r  bei 90° C.

A us der A n zah l der positiven bzw . negativen  R öhrchen  d er zu verschie
denen  Z e itp u n k ten  herausgenom m enen je  5 paralle l h itz eb eh an d e lten  R eagens
glas-Serien e rrech n eten  wir die dez im ale  R ed u k tionsze it (D w )  n ach  der M ethode 
von  H a l v o r s o n  u n d  Z i e g l e r  [3] bzw . S t u m b o  und  M ita rb e ite rn  [7] ,  m it der 
A bw eichung, dass w ir au f G rund u n se re r  bere its e rw äh n ten  früheren  U n te r
suchungen  [9, 10] n ic h t den D u rc h sc h n itt  der sich aus je  e in e r U n te rsuchungs
serie ergebenden D -W erte , sondern  den jen igen  jb-W ert zu r G rund lage  nahm en , 
d e r sich aus den A ngaben der w ä h re n d  der H itzeb eh an d lu n g  zeitlich  zuerst 
a u ftre ten d en , auch  negative R eagensg läser en th a lten d en  5 para lle len  R öhrchen  
e rrech n en  lä sst. D ie au f diese W eise gew onnenen D„0-W erte  s ind  m it ih ren  
M itte lw erten  u n d  den m ittleren  A bw eichungen  der M itte lw erte  a u f  T abelle I 
w iedergegeben .

W ie e rs ich tlich , ist die S ch w an k u n g  in nerha lb  der e inzelnen  pH -W erten  
u n te r  den P ara lle lu n te rsu ch u n g en  ziem lich  gross. D ennoch  s te h t der E influss 
des pH  a u f  die H itze to leranz, w ie A bb. 1 anschau lich  ze ig t, ausser Zweifel.

\u s  der in  T abelle Ia a n g e fü h rte n  V arianzanalyse k a n n  festgestellt w er
d en , dass die A bhängigkeit des Om-W ertes  vom pH  durch  die lineare  Regression 
(1. Kurve)

Dw =  2,075 pH  -  1,684

an n ä h e rn d  zum  A usdruck g e b ra c h t w ird. Die A bw eichung von der L inearen  
is t im  Vergleich zu r S treuung in n e rh a lb  der pH -N iveaus gerade noch signifikant 
(F  =  3,1 gegenüber F ofts =  2,8).

Bei A nw endung  der M ethode der orthogonalen  P o lynom ialen  [5] s te llten  
wir fest (Tabelle Ib ), dass die P u n k te  auch von den q u ad ra tisch en  (2. K urve) 
bzw . kubischen (3. Kurve) Z u sam m en h än g en  nach den Form eln

Da,, =  2,2201 +  0 ,3778 • pH  +  0,1697 • (pH )2 bzw.

Dw =  -7 .4 0 0 9  +  6.7561 • pH  -  1,1666 • (pH )2 - f  0,891 • (pH )3
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Tabelle I

Die Hitzeresistenz von Вас. cereus-Sporen in  phosphorsäurehaltigen Medien bei verschiedenen
pH-Werten; D90 in M inuten

N r. der
pH

B estim m ung 3 4 5 6 7

l ..................... 3,65 5,29 5,76 11,53 14,89
2 ..................... 4,08 8,68 7,69 11,53 15,37
3 ..................... 5,09 9,50 7,94 11,90 11,90
4 ..................... 4,76 6,61 9,31 9,92 13,03
5 ..................... 3,40 6,61 7,94 11,17 11,90
6 ..................... 5,44 6,61 7,69 9,92 11,90
7 ..................... 4,60 6,61 8,65 10,57 11,90
8 ..................... 6,08 5,29 7,94 9,61 15,87
9 ..................... 5,44 6,61 5,95 10,24 12,89

10 ..................... 4,08 9,26 7,94 11,90 12,10

Mittelwert . . . . 4,66 7,11 7,68 10,83 13,17
Mittlere Ab

weichung des 
Mittelwertes ±  0,27 ±  0,48 ±  0,34 ±  0,28 ±  0,50

Anmerkung. Anfängliche Sporenzahl : bei pH  3 : 4 ,9  • 107/m l ; bei den übrigen pH - 
W erten : 7 ,8  • 107/ml.

Tabelle I а

U rsprung  
d e r V a r ia tio n

S um m e d e r 
A bw eichungs

q u a d ra te

F re ih e its
g rad e V arian z F  ̂0,0ö F . . ,

Insgesamt ................................. 5 1 2 ,0 4 4 9

Zwischen den pH -N iveaus . . 4 4 4 ,4 2 4

Lineare Regression ........... 4 3 0 ,4 8 1

Abweichung von der line-
aren R eg ress ion ............. 1 3 ,9 5 3 4 ,6 5 3 ,1 0 * 2 ,8 4 ,3

Innerhalb der p H -W e rte .. . . 6 7 ,6 1 4 5 1 ,5 0

* Signifikant (W ahrscheinlichkeit des Zufalls : P  <[ 5% )

gerade noch sign ifikan te  A bw eichungen zeigen. Die beste  A nnäh eru n g  ergab 
n a tü rlich  (da es sich  um  5 pH -N iveaus h an d e lt)  die q u a rtisch e  Regression (4. 
K urve) nach  der G leichung

Dg,, =  -158,0181 +  139.6880 pH -  43,6298 (pH)2 +  5,9231 • (pH)
-0 ,2919  • (pH)4
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Tabelle 1b

U rsprung  der 
V aria tion

Sum m e d e r 
A bw eichungs

q u ad ra te

F re i-
h e its-
g rad c

V arian z F F . .„ F..„

Insgesamt. ................................ 512,04
Zwischen den pH-Niveaus . . 444,48 4

linearer Teil ........................ 430,48 1 430,48 287*** 4,1 7,3

quadrat. Teil ...................... 4,03 1 4,03 2,69 4,1 7,3

kubischer Teil .................... 1,14 1 U 4 0,76 4,1 7,3
quartischer T e i l ................. 8,74 1 8,74 5,83* 4,1 7,3

Innerhalb der pH-Niveaus . . 67,61 45 1,50

* Signifikant (P 5°/o)- 
*** Signifikant (P  <; 0'1 "/„)

Ügo (M in) 

IS'

IO

<?■ 3m a l 
-Ç -  4 m a l  
-ф- 5 m a l

vor kommende 
W e rte

pH
3 T 5  T 7

Abb. 1. Die Wirkung des pH  auf die H itzetoleranz der Вас. cereus-Sporen
Л*
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Tabelle II
Die Hilzerexistent von Вас. cereus-Sporen bei p H  3 in verschiedenen Medien; D00 in Minuten

N r. der
H itzebehand lungsm edium

B estim m u n g
p h o sp h o rsäu reh a ltig m  ilchsäurehaltig z itro n en säu reh a ltig

l .............................. 3,65 3,40 4,76
2 .............................. 4,08 4,08 5,73
3 .............................. 5,09 4,76 4,60
4 .............................. 4,76 4,76 3,29
5 .............................. 3,40 4,08 4.08
6 .............................. 5,44 2,72 4,08
7 .............................. 4.60 3,29 4,76
8 .............................. 6,08 3,40 3,95
9 .............................. 5,44 3,40 3,40

10 .............................. 4,08 3,04 6,11

M itte lw e r t............... 4,66 3,69 4,48
M ittlere Abwei

chung des M ittel
wertes ................... ±  0,27 zc 0,22 ±  0,27

Anfängliche Sporenzahl : 4.9 • 107/ml.

Tabelle I I  а

U rsp ru n g  d e r  V aria tio n
S um m e d e r 

A bw eichungs
q u a d ra te

F rei-
heite-
g rad e

V arianz F F..., 1*0,01

insgesam t ................................ 23,96 — — — — —

Zwischen den Hitzebehänd* 
lungsmedien ................... 5,29 2 2,65 3,82* 3,35 5,49

Innerhalb  der H itzebehand
lungsmedien ................... 18,67 27 0,69 _ _ _

Zwischen Phosphor- und 
M ilchsäure ........................ 4,69 1 4,69 6,78* 4,21 7,68

Zwischen Phosphor- und 
Zitronensäure ............... 0,18 I 0,18 0,26 —

* Signifikant (P : 5%).

F ü r  die Zwecke der P rax is genüg t es jed en fa lls , w enn wir den linearen  Z usam 
m en h an g  in  B e trach t ziehen. In  diesem  S inne w ird  durch  die S enkung  des pH  
um  ein e  E in h e it der bei p H  7 u n g efäh r 13 M in u ten  ausm achende D ^-W ert 
grob u m  2 M inuten herabgesetzt.
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Hitzetoleranz im  Milchsäure- bzw. Zitronensäuremedium. Um festzustellen , 
ob über die W irkung des W asserstoffions h inaus die A nionen oder gegebenen
falls die undissoziierten  Säuren  au f die H itze to le ran z  d er Sporen irgendeinen 
besonderen E ffek t ausüben , bestim m ten  wir die dezim ale R eduktionszeit bei 
90° C ausser in P hosphorsäu re  auch im M ilchsäure- bzw . Z itronensäu rem ed ium . 
(Die U ntersuchungen  e rfo lg ten  in  der W eise, dass w ir die H itze to leranz  an  je  
einem Tage in jedem  M edium  parallel bestim m ten  u n d  diese M essungen m e h r
mals w iederholten.) Die aus den R esu lta ten  e rrech n e ten  Dw-W erte sind  in 
Tabelle I I  en th a lten .

Durch V arianzanalyse lässt sich nachw eisen (T abelle l ia ) ,  dass zw ischen 
den D u rch schn ittsw erten  d er im  Phosphorsäure- u n d  Z itronensäurem edium  
vorgenom m enen B estim m ungen  (4,66 bzw. 4,43 M inuten) keine sign ifikante  
D ifferenz b esteh t, zw ischen den  M ittelw erten  d er M essungen in P h o sp h o r
säure- und  M ilchsäurelösung (4,66 bzw. 3,69 M inu ten) jedoch  bereits eine A b 
w eichung vo rh an d en  is t. Bei pH  3 ist dem nach  die H itze to le ran z  der u n te r 
suchten  ß ak te rien sp o ren  in  \nw esen h e it von M ilchsäure geringer als bei g lei
chem  pH  im Z itronensäure- oder Phosphorsäurem edium .

A usw ertung der Ergebnisse

Im  ersten  Teil unserer Versuche ste llten  w ir fest, dass die Hitzetoleranz 
der un tersuch ten  aeroben  B akteriensporen  du rch  die pH -S enkung  geschw ächt 
w urde. Z ur F ests te llu n g , ob diese V eränderung  vom  G esich tspunk t des Hitze
behandlungsbedarfes e inen  w esentlichen V orteil b e d e u te t, reicht die K e n n tn is  
der D -W erte n ich t aus, v ielm ehr muss m an auch  die W ärm ep en e tra tio n sk u rv e  
des fraglichen N ah ru n g sm itte ls  berücksich tigen . Infolgedessen k an n  m an  
natu rgem äss nicht m ehr erw arten , dass d u rch  die S enkung der dezim alen  
R eduk tionszeit z. B . a u f  x/3 auch der H itzeb eh an d lu n g sb ed arf au f */3 h e ra b 
gesetzt w ird. Im  folgenden wollen wir die S itu a tio n  an einem  Z ahlenbcisp iel 
e r läu te rn .

Im  W asserbad  von 100° C erw ärm ten  w ir in  e inem  1/1 kg Glas bzw. in  e in e r 
1/1 kg Dose grüne E rbsen  bzw. T om atenpüree  von 28—30 Refr.-G rad (d . h . 
ein  sich typischerw eise schnell und  ein sieb typ ischerw eise  langsam  erw ärm endes 
N ahrungsm itte l). T herm oelek trisch  w urde die im  th erm isch en  M itte lp u n k t der 
B ehälter herrschende T em p era tu r gem essen, die bei den grünen E rbsen  als 
F u n k tio n  der Zeit a u f  A bb. 2 dargestellt is t.

Indem  wir den  T em peraturkoeffiz ien ten  ( Ql0)  der H itzeab tö tu n g  in  allen  
Fällen als 10 an n ah m en  und  in  der V oraussetzung , dass die H itze to le ran z  der 
Sporen im  L ebensm itte l dieselbe ist wie im  P h o sp h a tp u ffe r, e rre c h n e te n  w ir 
die zur V ern ich tung  d er un tersuch ten  Sporen erforderliche H itzeb eh an d lu n g  
a u f  die übliche W eise [8, 9] durch B erechnung  d er H itzeab tö tu n g s- (L e th a li- 
tä ts-)geschw ind igkeiten , u n te r B erücksich tigung  e iner tlfachen S en k u n g  des
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Abb. 2. H itzepenetrationskurve von Erbsenkonserven

Û$0 *0,61

g r ü n e  E rbsen  (V tk g  Glas)

tЮ  ̂ 20
B5°c ao°c

,Dso= 3 6 '  (pH*3)

Dgp = 6.2' (pH*5)

,030 = 122' (pH ‘ 7)

30 4-0 50Hin.
36° C

Abb. 3. Berechnung des Hitzebehandlungsbedarfes bei Erbsenkonserven von verschiedenem  pH . 
—  Die schraffierten Flächen unter den L ethalitätskurven entsprechen einer Flächeneinheit.
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ursprüng lichen  Sporengehaltes a u f  1/ll} (d. h. V erm inderung  a u f  0 ,000001% ). 
D er E in fachheit u n d  besseren V erg leichbarkeit h a lber n ah m en  wir an , dass 
das p H  der E rb sen  oder des T o m aten p ü rces  so g es ta lte t w erden  k a n n , dass 
sich die dezim ale R ed u k tio n sze it d er B ak te rien  in  ihnen  bei 90° C zw ischen
12,2 bzw . 0,122 M inuten  v a riie ren  lä ss t. Die H itzeb eh an d lu n g sb ed arfsk u rv en  
(L e th a litä tsk u rv en ) fü r E rbsen  s ind  a u f  Abb. 3 ersich tlich .

D urch p lan im etrische M essung s te llte n  w ir die Z e itd au e r fest, in  der n a c h  
E rre ichung  einer G laszen tru m tem p era tu r von 65° C die W are — zwecks V er
n ich tu n g  der fraglichen B ak te rien  im  e rw äh n ten  A usm ass (V erm inderung  a u f
0.000001%  =  E rre ichung  der F läch en e in h e it) erw ärm t w erden muss.

Abb. 4. Wirkung der Veränderung der dezimalen Keduktionszeit (£*eo) auf die Gestaltung 
des Hitzcbehandlungsbedarfes von Erbsen- bzw. Tomatenpüreekonserven

Die E rgebnisse der B erech n u n g en  fü r E rbsen u n d  T om atenpüree  gehen 
aus A bb. 4 hervor.

Die S enkung des D 90-W ertes von den u rsp rüng lichen  12,2 M inuten  um  
70%  fü h rte  dem nach  bei den sich  rasch  erw ärm enden  E rbsen  zu einer 45%igen. 
bei dem  sich lan g sam  erw ärm enden  T om atenpüree  n u r  zu e in er 27%igen V er
m inderung  des H itzeb eh an d lu n g sb ed arfs . 99%ige S enkung  des D^ -W e rte s  
ergab  80- bzw. 70%ige V erm inderung  des H itzebehand lungsbedarfs. — Diese 
Z ahlen  zeigen d eu tlich , obwohl sie n u r  fü r  den gegebenen F a ll gelten , dass die 
W irkung  der S enkung  der dezim alen  R ed u k tio n sze it a u f  die V erm inderung  
des H itzebehand lungsbedarfs in fo lge der begrenzten  W ärm eleitungsgeschw in
d igke it n u r  v e rsp ä te t in  E rscheinung  t r i t t .

Die vorgenom m enen G eschm acksproben  und  ih re  m a th em a tisch -s ta ti
stische  A nalyse [11] ergaben , dass das p H  von grünen  E rbsen  u n d  Lecsó (g rüne 
P ap rik a  in  T om atenpüree) d u rch  A nw endung  von H 3P 0 4 oder M ilchsäure 
ohne unerw ünsch te  G eschm acksveränderungen  höchstens um  etw a 0,7 h e ra b 
gesetz t w erden k an n .
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D IE  WIRKUNG DES pH  AUF DIE K EIM UNG AEROBER B A K TER IEN  SPOREN

Im  ersten  T eil d ieser M itteilung h a t te n  w ir die Rolle des p H  bei der S terilis i
e ru n g  durch H itze  u n te rsu c h t und  festg este llt, dass zw ar bei s inkendem  p H  die 
H itze to leranz  der a ls  M odell b en u tz ten  aeroben  Sporen (m it der dezim alen 
R eduk tionszeit gem essen) geringer is t, je d o c h  der bei den  L eb en sm itte ln  von 
p H  <  4,5, in  der P ra x is  in  E rscheinung tre te n d e  geringe H itzeb eh an d lu n g s
b e d a r f  durch die im  sau ren  M edium fests te llb a re  geringe S enkung  der H itz e 
to le ran z  n icht e rk lä r t  w erden kann .

Im  zw eiten T eil unserer A rbeit u n te rsu ch en  wir n u n  die W irkung des 
p H  a u f die K eim ung  d er Sporen.

M aterial und  M ethoden

Der untersuchte Mikroorganismus. Für die Versuche verwendeten wir denselben aeroben 
Sporenbildner, einen Bacillus cereus-Stamm. wie bei den vorangegangenen Hitzetoleranzver- 
sucben. Züchtung, B ereitung und Aufbew ahrung 1er Sporensuspension erfolgten ebenso, wie oben 
beschrieben wurde. W ährend  der ganzen Versuchsserie benutzten wir die gleiche Suspension.

Die Messung der Sporenkeimung. Der Beginn der Keimung, ihre Geschwindigkeit und 
ih r Ausmass wurden in  der Sporensuspens.on turbidim etrisch gemessen. W ir benutzten hier die 
Beobachtung von P o w e l l  [6], wonach die den Beginn der Keimung anzeigende Refrakti- 
vitätsverm inderung durch  photometrische Messung der optischen Dichte bzw. Lichtabsorption 
der Sporensuspension einfach festgestellt w erden kann. Bekanntlich zeigt die erwähnte optische 
Veränderung den Beginn der Keimung und nicht die Entwicklung der K eimstäbchen an. Für

c4)•QО
c
$

c4

c0c
£

3

2

5

1

6

3

ibb. 5. Reagensglasadapter zum Langeschen licht elektrischen Kolorimeter, (1) W and der 100 
m l-K üvette des A pparates ; (2) rostfreie M etallplatte mit Blendenöffnung ; (3) Plexiplatte 
m it einer runden V ertiefung in der Mitte zur Fixierung des Reagensglasbodens ; (4) K üvetten- 
Deckplatte mit einer runden  Öffnung in der M itte zur Fixierung des Reagensglases ; (5) R ea

gensglas : (6 ) Sporensuspension
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uns war der erste Prozess entscheidend, da  dieser nach P ow ells  Untersuchungen sich paralle l 
mit der Veränderung tier Anzahl der hitzetoleranten Zellen verändert. Im  folgenden verstehen 
wir unter »Keimung« stets diese erste Phase der Keimbildung.

Für die U ntersuchungen benutzten wir das Langesche lichtelektrische Photokolorimeter 
(Typ IV), zu dem wir einen Reagensglasadapter konstru ierten , um  als Funktion der Z eit ohne 
Ausgiessen dieselbe Suspension oft untersuchen zu können. Das Reagensglas wurde in  der 
Mittellinie der w assergefüllten 100 m l-K üvette des A pparates untergebracht, auf der zur P h o to 
zelle befindlichen Seite wandten wir eine 9 mm breite und 25 mm lange Blende in der Weise 
an, dass ihre longitudinale Mittellinie m it der Längsachse des Reagensglases und der M ittel
linie der Photozelle in  einer Ebene lag. Die Oberfläche der Suspension im Rcagensglas befand 
sich über der oberen Linie der Blende (Abb. 5).

- T \\
-  50-Lc ° \2 Г \  O,

I  so f”'
e-о«о
$  50

5o>

° - ° - o - o - o - o -----о 1.

S* V  \  °~o-o-o-o-c

°' \
О °~0-O-Q-O-O— о 3.

50'|o.0 о
\ о

-° -o -o -0*0-0—-— O 4.

\
>0^ o - o - o - o - o ——о 5.

Min.
20 ' ÍS  60 во

Ufü. 6. U ntersuchung der Keimung von Sporensuspensionen durch Trübungsmessung in  5 
parallelen Reagensgläsern. — Um die parallelen Ergebnisse darstellen zu können, ist die O rdi

nate n icht kontinuierlich eingeteilt

Indem w ir die im Reagensglas (16 mm 0 ) befindliche Sporensuspension, deren T em pera tu r 
im asserbad elektrisch eingestellt worden war ( i0 ,2 5 °  C), für die Dauer der Messung in das 
Photometer stellten, konnten wir m it dem orangenfarbigen F ilter den Prozentualw ert der 
Lichtabsorption feststellen (wobei vor der Zelle der anderen Seite eine mit dest. W asser gefüllte 
100 m l-K üvette und eine ebensolche Blende verw endet wurden). /Vis Blindwert w urde die 
in den üblichen Reagensgläsern auftretende L ichtabsorption des suspendierenden Mediums 
angenommen und in Abzug gebracht. Im  verwendeten System  zeigte die K onzentration  der 
Sporensuspension nach den Vorversuchen mit der prozentualen Lichtabsorption in dem  bei 
den U ntersuchungen benutzten Bereich praktisch linearen Zusammenhang.
Das Suspendierungsmedium  wurde so zubereitet, dass wir zu der 4 g Fleischevtrakt, 200 ml 
süsse Molke, 100 ml Hefedekokt, 10 g Glukose, 5 g Pepton, 6 g KH2P 0 4 und 700 ml W asser 
enthaltenden, in  kleineren Mengen (genau 50 ml) in 150 ml-FIaschen mit W attestopfen bei 
115° C 30 M inuten sterilisierten, bis zur Verwendung auf Eis gelegten Grundlösung zwecks 
Einstellung des pFI verschiedene Säurelösungen gaben, das Volumen in Normalkolben auf 
100 ml einstellten und das Gemisch in Teilgaben von 8 ml in sterile Rcagensgläser übertrugen . 
Da das pH  in den Medien mit niedrigerem Säuregehalt auch von der zur Im pfung benutzten  
geringen Sporensuspension9menge etwas verändert wurde, nahm en wir die endgültige pII- 
Bestimmung in besonderen Reagensgläsern sofort nach der Beimpfung im Xîetrohm-A pparat 
mit Glaselektroden vor.
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Zur Einstellung des p H  wurden folgende Säuren benutzt : 0,43%ige Salzsäure, 3,20% - 
ige Phosphorsäure, 2,18% ige Milchsäure, 2,17% ige W einsäure, l,96% ige Zitronensäure und 
5,22%ige Essigsäure. Die W asserstoffionenkonzentration des Nährmediums suchten w ir hei 
säm tlichen Säuren im  allgemeinen auf pH 4,00,4 ,25,4 ,75, 5,00 und 6,00 einzustellen, was — von 
kleineren Abweichungen abgesehen —  auch gelang. D as pH  der Grundnährlösung betrug  6,9.

Von der beschriebenen konzentrierten Sporensuspension gaben wir zu den in  die Reagens
gläser eingemessenen, im  W asserbad gehaltenen 8 ml-Nährlösungsportionen 0,2 m l, so dass 
ihre anfängliche Sporenzahl je  ml etwa 1,4 • 108 betrug . Nach raschem Schütte ln  w urde die 
erste  Ablesung im  P ho tom eter in der 1. M inute nach  der Beimpfung vorgenommen, hiernach 
wurde in der ersten S tunde im  allgemeinen alle 6, fallweise alle 3 Minuten, sodann viertel-bzw. 
halbstündlich, im allgem einen 2—4 Stunden h indurch , gemessen.

Mit j eder Säure, bei allen pH-W erten und Tem peraturon , d. h. bei säm tlichen Behandlungs
weisen arbeiteten w ir jew eils m it 5 Reagensgläsern. Ü ber den zeitlichen V erlauf der Sporen
keim ung gibt Abb. 6 A uskunft.

Abb. 7. Graphische Bestim m ung der zur B erechnung der Keimungsgeschwindigkeit 
und Keimungsfähigkeit benö tig ten  Angaben

Bewertung der Resultate. Zwecks A uswertung der gewonnenen Ergebnisse w urde die 
Keimungskurve aller Reagensgläser aufgezeichnet u n d  au f diese Weise Geschwindigkeit und 
Ausmass der Lichtabsorptionsverminderung je K u ltu r graphisch untersucht. D en ersteren  W ert 
ste llten  wir so fest, dass w ir zum  schnellsten A bschnitt d er Absorptionsverminderung eine T an
gente zogen und durch E x trapo la tion  die Zeitdifferenz zwischen den Zeitpunkten feststellten, die 
einerseits zu dem als 100% angenommenen anfänglichen Lichtabsorptionsniveau (A ), anderer
seits zu 20% dieses W ertes gehören; diesen letzteren  W ert erreichte die Suspension selbstver
ständlich  in W irklichkeit niem als. Durch M ultiplikation des Reziprokwertes dieser in  M inuten 
ausgedrückten Zahl (t) m it 100 erhielten wir die M esszahl der in der schnellsten Phase, d. h . in

der Anfangsperiode vorkom m enden Keimungsgeschwindigkeit к 100
. Das M inim um

der Lichtabsorption (M ) w urde so festgestellt, dass w ir die Lichtabsorption (m) des am niedrig
sten  verlaufenden w nagerechten Abschnitts der K eim ungskurve, gewöhnlich in  der 60. M inute, 
im Prozentsatz des anfänglichen Absorptionswertes (А ) (nach der Beimpfung) zum A usdruck 
brachten . Das V erfahren is t au f Abb. 7 veranschaulicht.

Von den einzelnen M - and  k-Werten der 5 parallelen  Reagensgläser wurde der D urch
schn itt genommen, ferner die m ittlere Abweichung un d  die m ittlere Abweichung des M ittel
w ertes errechnet.

Aus dem Lichtabsorptionsm inim um  errechneten  w ir die Keimungsfähigkeit (das Aus
m ass der Keimung) (G) in  Analogie zur M itteilung von  H achisuka und M itarbeitern  [4] in  
bezug au f den M ittelw ert der 5 Parallelangaben. Aus dieser Zahl geht hervor, welcher P rozent
satz der Sporen im V ergleich zur Kontrolle, deren K eim ung nach den durchgeführten m ikro
skopischen U ntersuchungen praktisch 100% betrug, bei gegebener Behandlung keim te.
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Die K eim ungsfähigkeit wurde nach folgender Formel berechnet :

C
100 — M 
100 — Mc

100

wo M  den M ittelwert der relativen (auf die A -W erte bezogenen) Lichtabsorptionsm inima, 
Mc hingegen dasselbe fü r die Kontrolle anzeigt.

Wirkung der Temperatur auf die Keimung

Vor d er D u rch fü h ru n g  der p H -U n tersu ch u n g en  m u ssten  w ir die A bhäng ig 
keit der K eim ung  des u n te rsu ch ten  M ikroorganism us von  d er T em p era tu r  
festste llen . D ie K eim ungsgeschw indigkeit m usste  näm lich  n ach  M öglichkeit 
a u f  einen so geringen  W ert e ingeste llt w erden, dass sie so gen au  wie m öglich 
gem essen w erden k o n n te . Dies h o fften  w ir am  ein fach sten  d u rch  E in s te llu n g  
der T em p era tu r zu  erreichen.

Die G ru n d n äh rlö su n g  von beschriebener Z usam m ensetzung  w urde n a c h  
p H -E in ste llung , w ie e rw äh n t, m it d e s t. W asser a u f  das d o p p e lte  Volum en v e r
m eh rt, in  R eagensg läsern  in  W asserbäder von 15, 20, 25, 30, 35, 40 u n d  45° C 
gestellt und  n ach  B eim pfung m it der Sporensuspension — im  beschriebenen 
V erhältn is  — die V eränderung  d er L ich tab so rp tio n  gem essen. D as pH  w urde  
m it N aO H  bzw. H C l so e ingeste llt, dass sein W ert nach d e r B eim pfung in  e in e r 
V ersuchsserie 7,0, in  der anderen  5,1 w ar. Die R e su lta te  s in d  aus Tabelle I I I  
u n d  A bb. 8 e rs ich tlich . In  allen F ä llen  w urden  die sich aus 5 P ara lle len  ergebende 
m ittle re  G eschw indigkeit (k )  u n d  m ittle re  m in im ale L ich tabso rp tion  ( M )  
sowie die m ittle re  A bw eichung d er M itte lw erte  fsg bzw . 8%) angegeben.

T a b e l l e  I I I

E in fluss der Temperatur a u f die Keimung bei zwei pH-W erten

T e m p era 
tu r
(“C |

p H  - 5,1 p H  - 7,0

_

к ** M к V M SM
(m in  ~ l) (m in- 1 ) <%) (% ) (m in  - l ) (m in —*) <%) (% )

1 5 0,84 0 , 0 3 9 I4,ö 1 ,0 6 1,20 0 , 0 4 2 49,1 2 , 4 3

2 « 2,70 0 , 2 3 0 38,' 0 , 5 9 4,03 0 , 1 0 3 35,0 1 , 0 7

2 5 2,90 0 , 0 7 7 52,3 1 , 1 5 0,20 0 , 1 1 7 38,0 0 , 4 7

3 0 3,51 0 ,1 7 1 54,7 0 , 8 9 12,30 0 , 0 3 4 33,5 0 , 6 1

3 5 4, SS 0 , 2 6 3 04,5 2 , 9 5 19,58 1 , 6 6 5 30,9 0 , 7 1

4 0 o,xx 0 , 0 1 6 87,3 0 , 8 4 39,77 0 , 9 7 4 34,8 0 , 7 6

4 5 0 100 15,88 3 , 1 7 7 40,9 0 , 9 0

W ie ersich tlich , is t die T em p era tu rv e rän d e ru n g  zw ischen 15 und  45° C 
im  neu tra len  b z w . sauren  M edium  a u f  die Sporenkeim ung  von versch iedener
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W irkung. W äh ren d  die K eim ungsgeschw indigkeit bei p H  7,0 in  A bhängigkeil 
v o n  der T em p era tu r  grosse V erän d eru n g en  aufw eist, i s t  sie bei p H  5,1 von der 
T em p era tu r p ra k tisc h  unabhäng ig . D em gegenüber w ird  die K eim ungsfäh igkeit 
(bzw . die m in im ale  L ich tabso rp tion ) be i p H  7,0 von d er T em p era tu r kaum  
beein flusst, w äh ren d  sie bei p H  5,1 s ta rk  von der T e m p e ra tu r  abhäng ig  ist : 
b e i 20° C is t die K eim ungsfäh igkeit am  s tä rk s te n  (der M -W ert am  k le insten ), 
be i zunehm ender T e m p e ra tu r  w ird sie erheblich  schw ächer, bei 45° C h ö rt die 
K eim ung  v o lls tän d ig  au f.

.4bb. 8. Wirkung der T em peratur auf Geschwindigkeit und Ausmass der Sporeukeimnng bei
pH  5,1 bzw. 7,0

W ir u n te rsu c h te n  die T em perát u rab h än g ig k e it der Sporenkeim ungs- 
geschw indigkeit bei p H  7 u n d  ze ichneten  d en  L ogarithm us der G eschw indig
k e itsm itte lw e rte  als F u n k tio n  des R ez ip roks der abso lu ten  T em p era tu r  nach 
A r r h e n i u s  auf. Z w ischen 20 u n d  40° C zeig te sich e in  a n n ä h e rn d  linearer 
Z usam m enhang . D ie T e m p e ra tu rc h a ra k te r is tik  der K eim ung  i) is t u n te r  
B erücksich tigung  d e r A ngaben  der in  A bb. 9 d a rgeste llten  A usgleichungs
g e rad en  berechnet :

T, ■ To ko 293 • 313
M =  2,3 • R  • ■=*-----~  • log - -  =  2,3 • 2 • -

1 2 1 1 K1 20
• (1,56 — 0,58) =  21 000
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Den T em p era tu r  koeffizienten (Qw ) der Sporenkeim ungsgeschw indigkeit 
errechneten  w ir folgenderinassen :

b g k w,c -  log fe*. ,
•<»Ji (>10 =  2  =  ° -4 9

Q\o ~  ,̂1

Das O p tim u m  der K eiinungsgeschw indigkeit lag bei einer T e m p e ra tu r  
von ungefähr 40° C.

Abb. 9. A bhäng igkeit der Sporenkeiinungsgeschw indigkeit von der T em p era tu r 
( 1 rr/irriiи.ччсЬгг Z usam m enhang)

W irkung  des pH a u f  die K eim ung

Da wir zu r U n tersuchung  der pH -W irkung  experim entelle  B ed ingungen  
b enö tig ten , die im  op tim alen  N ährm edium  grosse K eim ungsfäh igkeit u n d  
gleichzeitig  — im  In teresse  der R eproduz ie rbarke it der M essungen — eine 
m öglichst geringe K eim ungsgeschw indigkeit e rgaben , nahm en wir die U n te r
suchungen  im  w eiteren  bei 20° C vor.

Die A ngaben über die K eim ungsgeschw indigkeit (kJ und das L ic h t
abso rp tionsm in im um  ( M )  sind  im  M itte lw ert von je  5 Paralle lm essungen  m it 
den m ittle ren  A bw eichungen des M ittelw ertes a u f  Tabelle IV  angegeben.

A u f T abelle IV  sind n ich t n u r  die p H -W erte  angefüh rt, bei d en en  die 
U ntersuchung  der Sporenkeim ung erfolgte, sondern  auch die S äu reg eh a lte , 
deren Zugabe zwecks p H -E in ste llu n g  erforderlich  w ar. Auf Abb. 10 u n d  11 
sind die M itte lw erte  der Sporenkeim ungsgeschw indigkeit (к ) bzw. K e im u n g s
fäh igkeit (Q)  als F u n k tio n  des p H  u n d  der Säuredosierung  d argeste llt.

W ie die A bbildungen  zeigen, hängen  — die Essigsäure ausgenom m en — 
K eim ungsgeschw indigkeit und  K eim ungsfäh igkeit im  wesentlichen vom  p H
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T a b e l l e  I V

Einfluss des p H  und der Säurekonzentration a u f die Keimung bei 20° C

Z u g eg eb en e  S ä u re
p H

к
(m in —*)

s k
(min

M
(% )

SM
(% )B enennung D os» (% )

—  (K o n tro lle ) - 6,89 5,34 0,145 46,0 0,43

0 ,0 4 2 4 , 0 6 0 _ 9 8 , 3 0 , 2 8
0 ,0 3 3 4 , 5 0 0 , 6 2 0 , 0 3 3 8 3 , 2 0 , 8 7

Salzsäure 0 ,0 2 8 4 , 7 8 1 ,6 3 0 , 0 2 9 5 9 , 1 0 , 5 9
0 ,0 2 5 5 , 0 3 3 , 4 5 0 , 1 1 6 5 0 , 7 1 ,0 4
0 ,0 1 4 6 , 0 2 4 ,3 .5 0 ,0 1 1 4 4 , 8 0 , 5 9
0 ,0 1 4 6 , 0 3 5 , 8 9 0 , 3 0 7 4 4 , 3 0 , 1 8

0 ,1 1 5 4 , 0 0 0 _ 1 0 0
0 ,0 9 6 4 , 3 0 0 , 4 9 0 ,0 1 7 8 7 , 2 0 , 5 9

Phosphorsä ure 0 ,0 8 2 4 , 6 0 1 ,1 5 0 , 0 3 2 8 2 , 7 0 , 8 4
0 ,0 7 0 4 , 8 2 2 , 1 2 0 , 0 0 6 6 3 , 8 0 , 2 9
0 ,0 6 3 5 , 0 5 3 , 3 6 0 , 0 9 6 5 6 , 2 1 ,7 4
0 ,0 3 5 5 , 9 5 5 , 7 6 0 ,0 6 1 5 2 , 1 0 ,5 6

0 ,1 7 4 4 , 0 0 0 1 0 4 , 7 0 , 1 7
0 ,1 0 5 4 , 5 0 0 , 7 3 0 ,0 1 8 7 9 , 4 0 , 3 9

Milchsäure 0 ,0 8 3 4 , 7 3 1 ,7 1 0 ,0 7 1 6 2 , 2 0 , 6 6
0 ,0 7 0 5 , 0 5 2 ,9 1 0 , 0 9 4 5 0 , 9 1 ,0 2
0 ,0 3 7 5 , 9 8 5 , 4 4 0 , 1 9 0 4 7 , 9 0 , 4 7
0 ,0 3 7 6 , 0 3 5 , 7 6 0 ,1 5 1 4 3 , 6 0 ,7 1

0 ,1 1 3 4 , 0 3 0 _ 9 7 , 9 0 , 4 7
0 ,0 9 1 4 , 2 5 0 , 5 0 0 ,0 1 7 9 1 , 7 0 , 4 9

Weinsäure 0 ,0 7 4 4 , 5 2 1 , 3 6 0 ,0 3 1 6 7 , 9 0 ,6 8
0 ,0 6 1 4 , 8 0 2 , 4 4 0 , 0 4 3 5 5 , 7 0 , 9 3
0 ,0 5 2 5 , 0 6 3 , 1 3 0 ,0 8 5 5 0 , 3 0 , 8 6
0 ,0 2 8 6 , 0 6 5 , 3 8 0 ,0 9 1 4 7 , 0 0 , 3 5

0 ,2 0 4 4 , 0 0 0 _ 1 0 0 , 3 0 , 2 0
0 ,1 1 4 4 , 4 7 0 , 5 5 0 ,0 2 2 8 3 , 8 0 , 7 7

Zitronensäure 0 ,0 8 1 4 , 7 6 1 , 0 9 0 , 0 8 9 5 8 , 6 0 , 5 5
0 ,0 6 7 5 , 0 0 3 , 4 7 0 , 0 8 4 5 0 , 5 0 , 5 8
0 ,0 2 7 5 , 9 2 5 , 7 8 0 ,1 7 1 4 5 , 0 0 , 5 5
0 ,0 2 6 6 , 0 6 5 ,8 1 0 ,0 8 3 4 3 , 3 0 , 6 2

0 ,2 9 2 4 , 0 0 0 _ 1 0 2 , 7 0 ,4 7
0 ,1 6 7 4 , 2 7 0 — 1 0 1 , 2 0 , 3 8

Essigsäure 0 ,1 1 7 4 , 5 0 0 — 1 0 1 , 3 0 ,3 1
0 ,0 7 1 4 , 7 5 1 , 2 0 0 ,0 2 7 6 8 , 0 0 ,3 5
0 ,0 5 2 5 , 0 0 2 , 4 0 0 ,0 5 1 5 6 , 7 0 , 3 6
0 ,0 2 1 5 , 9 8 6 , 0 7 0 ,2 4 3 5 1 , 4 0 ,6 2

ab . Bei gleichem p H  is t , unabhängig  vom  W e rt der zu seiner E rre ich u n g  b e 
n ö tig ten  Säurem engen , K eim ung von u n g e fä h r  gleicher S tä rk e  festzuste llen .

B etrach ten  w ir d ie zu r gleichen K eim ungshem m ung  erfo rderlichen  S äu re 
gehalte , so sehen w ir, d ass  zu einer u n g e fäh r 50% igen  H em m ung d er K eim ungs
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geschw indigkeit am  w enigsten v o n  der Salzsäure b e n ö tig t w ird u n d  s tä n d ig  
zunehm ende M engen in  der angegebenen  Reihenfolge von  n ach steh en d en  
Säuren : Essigsäure <  W einsäure <  Phosphorsäure <  M ilchsäure <  Z itro n en -

Abb. 10. W irkung des m it verschiedenen Säuren eingestellten pH  bzw. Säuregehalts 
auf die Sporenkeimungsgeschwindigkeit

Abb. 11. W irkung des mit verschiedenen Säuren eingestellten pH  bzw. Säuregehalts
auf die Keimungsfähigkeit

säure. (Zwischen den  le tz ten  d re i Säuren  b es tan d  sonst in  dieser H insich t ke in  
grosser U ntersch ied .) Zur 50% igen  H em m ung der K eim ungsfäh igkeit w ar die 
Reihenfolge d er S äuren  nach  d em  zunehm enden  S äu reb ed a rf folgende : Salz
säure  <  P hosphorsäure  a* E ssigsäure  a* W einsäure <  M ilchsäure <  Z itro n en 
säure.
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Das zur vo llständ igen  H em m u n g  no tw end ige pH  м аг bei Essigsäure 4,5. 
wozu 0,117%  E ssigsäure ben ö tig t w urde  ; bei den an d eren  S äuren  w ar das 
hem m ende p H  4,0, das bei d er gegebenen N ährlösung  m it fo lgenden Mengen 
d e r  einzelnen S äuren  erzielt w erden k o n n te  : Salzsäure 0 ,042% , W einsäure 
0 ,113% , P hosphorsäure  0,115% , M ilchsäure 0,175% , Z itro n en säu re  0,204% .

In teressan terw eise  en tw ickelten  sich bei der p H -V eränderung  Sporen
keim ungsgeschw indigkeit u n d  K eim ungsfäh igkeit n ich t para lle l zueinander. 
V on p H  6 abw ärts  b is p H  5 is t in  d er K eim ungsfäh igkeit keine e rn sth a fte re  
V eränderung  zu b eo b ach ten , w ährend  zw ischen p H  5 u n d  4 ein p lö tzlicher 
A bfall e in tritt?  Bei der K eim ungsgeschw indigkeit kom m t es dem gegenüber

Abb. 12. Zusammenhang zwischen der Keimungsfähigkeit und der Veränderung der Keiiuuug*-
gesohwindigkeit bei pH-Veränderung

b e re its  zwischen pH  6 und  5 zu e iner u n g efäh r ebenso s ta rk e n  Senkung wie 
zw ischen pH  5 und  4.

Die Z usam m enhänge der nach  p H -V eränderung  in der K eim ungsfäh igkeit 
u n d  K eim ungsgeschw indigkeit zu s tan d e  kom m enden V eränderungen  sind 
A b b . 12 zu en tn eh m en .

H ier haben w ir die m it versch iedenen  S äuren , bei un tersch ied lichen  pH  
gem essenen zusam m engehörigen k -  u n d  G -A ngaben im  P ro zen tsa tz  (rel. % ) 
d e r  Kontroll-fc- u n d  G -W erte au fgezeichnet. W ie ersichtlich ,

en tsp rich t der 10% igen G -Senkung etw a 43% ige k - Almain
„  20 „ 11 „  53 „ 11
„  30 „ TT „ 65 „ , ,

„ „  50 „ ii

ОCO 11
„  „  70 „ ii „  90 „
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Bewertung der Resultate

W ie im  ers ten  Teil d ieser M itte ilung  nachgew iesen  w urde, lä ss t-s ich  die 
T a tsach e , dass saure L eb en sm itte l durch  H itze b e h a n d lu n g  u n te r  100° C s te r ili
s ie rt w erden  können , quantitativ n ich t m it dem  bei n ied rigem  pH  in  E rsc h e in u n g  
tre te n d e n  herabgesetzten  W e rt der H itze to leranz  d e r B ak terienspo ren  e rk lä re n . 
Fassen w ir diese B eo b ach tu n g  m it den E rgebnissen  des zw eiten  Teils u n se re r M it
te ilung  zusam m en, so k ö n n en  w ir festste llen , dass d er n ied rige H itzeb eh an d lu n g s
b e d a rf  der sau ren  E rzeugnisse  du rch  die bei u n g e fäh r p H  4 e in tre ten d e  H em m u n g  
d er Sporenkeim ung gu t e rk lä r t  w erden k an n  (zu m in d est in  bezug a u f  aerobe, 
sporogene B ak terien  ; U n te rsu ch u n g en  m it a n ae ro b en  K eim en h ab en  w ir 
zw ar n ich t vorgenom m en, doch  ist von diesen e in  äh n liches V erhalten  zu er- 
w a-ten ).

F ern er konn ten  wir festste llen , dass pH  4,5 bei den  m eisten  S äuren  keine 
S icherheit gegen die S porenkeim ung  b ie te t u n d  von  den  u n te rsu ch ten  S äu ren  
n u r  bei A nw endung von E ssig säu re  ausre ich t. B ei d en  an d eren  Säuren  m uss 
das M edium  m indestens p H  4 ,0  aufw eisen, d am it die K eim ung  p rak tisch  vo ll
kom m en gehem m t sei.

Zusammenfassung

Die Ergebnisse des ersten und  zweiten Teils vorliegender A rbeit lassen sich folgen- 
dermassen zusammenfassen :

Die Veränderung der H itzetoleranz von Вас. cereus-Sporcn als Funktion des pH  w urde 
in Phosphatgemischen zwischen pH  =  3 und 7, ferner bei pH  3 auch im Milchsäure- und Z itronen
säuremedium untersucht. Der Zusam m enhang der dezimalen Reduktionszeit m it dem  pH  
wird annähernd durch die Gleichung De0 =  2,075 pH — 1,684 ausgedrückt. Bei pH 3 ergib t 
sich im zitronensäurehaltigen M edium dieselbe Hitzetoleranz wie im  phosphorsäurehaltigen, 
dagegen ist die dezimale R eduktionszeit im milchsäurehaltigen Medium statistisch signifikant 
kür: er als im phosphorsäurehaltigen.

Die W irkung der in der dezim alen Reduktionszeit auftre tenden  Senkung verm ag vom  
G esichtspunkt einer Verkürzung des Hitzebehandlungsbedarfes wegen der langsamen H itze
eindringung in das Lebensmittel nu r gehemmt zur Geltung zu kommen. Berücksichtigt m an 
auch die W ärm eleitung, so kann eine ernsthaftere Senkung des H itzebehandlungsbedarfes nur 
durch eine sehr starke V eränderung der dezimalen R eduktionszeit (z. B. 10- oder lOOfache 
Senkung) hervorgerufen werden. Die vom  Gesichtspunkt des Geschmacks bei einigen Lebens
m itteln  (z. B. grüne Erbsen, Lecsó) noch zulässige pH-Senkung (z. B. um  0,7) vermag u n te r 
Berücksichtigung der H itzetoleranz der untersuchten Sporen keine beträchtliche R eduktion 
des Hitzebehandlungsbedarfes herbeizuführen.

Mit der die Verminderung der Lichtbrechungsfähigkeit der Bakteriensporen registrie
renden PowELLschen Methode w urden un ter den die Keimung der Вас. cereus-Sporen beein
flussenden Faktoren die Tem peratur und W asse-stofftonenkonzentrat ion in ihren Beziehungen 
zur Keimungsgeschwindigkeit und Keimungsfähigkeit untersucht. Zwischen 15 und 45° C 
w irkt die Tem peraturveränderung bei verschiedenem pH unterschiedlich. W ährend die Keiinungs- 
geschwindigke:t  bei pH 7,0 als F unktion  der Tem peratur grosse V eränderungen aufweist, b leib t 
sie bei pH  5,1 praktisch unverändert. Die Keimungsfähigkeit is t demgegenüber bei pH  7,0 
,ron der Tem peratur unabhängig, v erändert sich aber bei pH  5,1 s ta rk  m it dieser. Bei pH  7 
is t im Bereich zwischen 20 und 40° C die T em peraturcharakteristik  der Sporenkeimungs
geschwindigkeit /и, =  21 000, ihr Q10-W ert 3,1.

Die W asserstoffionenkonzentration ü b t, bei 20° C un tersuch t, in der pH-Zone 4— 7 
au f die Sporenkeimung starken E influss aus. In  Anwesenheit von Salzsäure, Phosphorsäure, 
W ein-, Zitronen- und Milchsäure sind Keimungsgeschwindigkeit und  Keimungsfähigkeit p rak 
tisch  nur vom pH  abhängig, während bei Anwesenheit von Essigsäure auch eine spezielle Hem-

О Acta Microbiolotnca IV/4.
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mungswirkung beobachtet werden kann. Im allgemeinen tritt die vollständige Hemmung bei 
pH 4 ein, in Anwesenheit von Essigsäure jedoch bereits bei pH 4,5.

Der geringe Hitzebehandlungsbedarf saurer Lebensmittelprodukte (z. B. Obstkonserven) 
ist nicht auf die niedrige Hitzetoleranz der Sporen bei kleinen pH-Werten zurückzuführen, 
sonderr auf die Hemmung der Sporenkeimung.

Auch an dieser Stelle danken wir Chemiker-Ingenieur L. N yeste für die bei der Aus» 
gestaltung des Kolorimeter-Reagensglasadapters gebotene Hilfe.

L IT E R A T U R

1. B i g e l o w , W. D. und E s t y ,  J .  R . : J . Infect. D is., 27, 602 (1920).
2. C s i b a ,  L. : Élelmezési Ip a r , 7, 208 (1953).
3. H a l v o r s o n ,  H. 0 . und  Z i e g l e r ,  N. R . : J . B act., 25, 101 (1932).
4. H a c h i s u k a ,  Y ., A s a n o ,  N ., K a t ó ,  N ., O k a j i m a ,  M., K i t a o b i ,  M. und K u n o ,  T. : J . B act.,

69, 3 9 9  ( 1 9 5 5 ) .
5. M a t h e r ,  К. : S tatistical Analysis in  Biology, M ethuen, London (1949) S. 129.
6. P o w e l l ,  J . F . : J .  Gen. Microbiol., 4, 330 (1950).
7. S t u m b o ,  C. R ., M u r p h y ,  J .  R . und C o c h r a n ,  J . : Food Technoi., 4, 321 (1950).
8. T a g g a r t ,  R. und F a r r o w ,  F. D. : Food, 11, 13 (1942).
9. V a s ,  K. und P r o s z t ,  G. : Élelmezési Ipar, 8, 230 (1954).

10. V a s , К. und P r o s z t ,  G. : A cia Microbiol. H ung., 2, 235 (1955).
11. V a s ,  К. und P r o s z t ,  G. : erscheint dem nächst.



A METHOD FOR THE EVALUATION 
OF THE QUANTAL RESPONSE OF MICROBIAL 

CULTURES TO CHEMICAL AND PHYSICAL AGENTS

By

K .  V a s

I n s t i t u t e  f o r  R e se a r c h  in  C a n n in g , M e a t  P a c k in g  a n d  R e fr ig e r a tio n , B u d a p e s t  

(Received December 22, 1956)

N um erous m ethods are  availab le  fo r  th e  ev a lu a tio n  o f  th e  action  o f c h e 
m ical a n d  physical ag en ts  on m icroorganism s. O ne o f th e  m ain  groups o f th e se  
m e th o d s m easures quantitative responses o f th e  m icrob ia l cu ltu res to  th e se  
ag en ts , e. g. changes in  th e  num ber o f  v iab le  cells or changes in  g row th  ra te ,  
e tc . T h e  o th e r group o f  m ethods uses quantal (a lte rn a tiv e ) responses o f c u ltu 
res, b y  determ in ing  doses w hich cause to ta l  d e s tru c tio n  or in h ib itio n  ( lack  
o f  g row th ), or doses w hich induce g ro w th  in  (otherw ise) deficient m edia, e tc . 
T he re su lt o f tests  o f th e  la t te r  ty p e  is u su a lly  recorded  by  as +  o r — 
in  th e  protocol.

I n  th e  s tu d y  o f such  q u a n ta l responses, i t  is com m on experience t h a t  
in co n sis ten t resu lts  arise i f  th e  te s t is re p e a te d  several tim es : doses p ro duc ing  
com plete  effect often  show  some v a ria tio n . I f  th e  ex perim en ts are c o n d u c ted  
b y  ap p ly in g , a t each dose level, a n u m b er o f  p ara lle l sam ples (tubes, cans, e tc .) 
i t  m ay  be observed th a t  betw een  th e  doses show ing no effect an d  to ta l  e ffect, 
resp ., th e re  are doses b y  w hich only a c e r ta in  p ro p o rtio n  of th e  id en tica lly  
tre a te d  sam ples are a ffec ted .

E v a lu a tio n  of th e  re su lts  of such ex p e rim en ts  was a tte m p te d  by  ap p ly in g  
p ro b it an a ly sis  [3].

T h e  m ethod  was first em ployed in  o u r  la b o ra to ry  for s tu d y in g  th e  co m 
b ined  e ffec t of an tib io tics a n d  h ea t on th e  p reserv a tio n  o f can n ed  peas. S ince 
s te riliz a tio n  of non-acid  foods (pH  >  4,5) m a y  n o rm ally  be carried  ou t o n ly  
a t  te m p e ra tu res  above 100° C, a p rocedure  w hich causes undesirab le  o rg an o 
lep tic  a lte ra tio n s , th e re  w ere m any  a t te m p ts  to  reduce th is  h ea t t re a tm e n t 
by  th e  ap p lica tio n  o f v a rio u s chem icals. R ecen tly , A n d e r s e n  an d  M ic h e n e r  
[1] rep o rted  th a t  peas m a y  be sterilized  a t  or below  100° C in  th e  presence o f  
m inu te  am o u n ts  of th e  an tib io tic  su b tilin . A ltho u g h  these  claim s could n o t be 
confirm ed b y  o ther w orkers, th e y  s ta r te d  a  new  line  o f research  in  c a n n in g  
techno logy . In  th e  course o f  such ex p erim en ts , i t  w as fo u n d  [6] th a t  th o u g h  
m any  chem icals and  an tib io tic s  d id  no t m a te r ia lly  reduce th e  ac tu a l heat re
sistance o f  b ac te ria l spores (as m easured  b y  th e  decim al red u c tio n  tim e), c e r ta in  
chem icals, nevertheless, increased  the  o v e ra ll efficiency o f h ea t t re a tm e n t,
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possibly by in h ib itin g , a f te r  processing, th e  g erm ina tion  o f spores or th e  vege
ta t iv e  grow th o f  germ s [5].

In  the  p re se n t experim ents th e  u tiliz a tio n  of a n isin-like su b stan ce  [4] 
w as a ttem p ted . S ince c rysta lline  n isin  w as n o t availab le , a m ix tu re  o f  th e  c u l
tu re  flu ids of K o o y  a n d  P e t t e ’s Str. lactis s tra in s  Щ an d  R 3 was app lied . T h e  
s tra in s  were grow n in  doub ly  d ilu ted  s te riliz ed  m ilk  for 1 d a y  (1st E x p e rim en t) 
a n d  for 3 days (2 n d  E x p erim en t), resp ., (1 : 1) m ix tu res  of th e  cu ltu re s  of s tr a in  
-Rj an d  R 3 were th e n  d ilu ted  w ith  ta p  w a te r  in  various p ro p o rtio n s. These d i

lu tions were m easu red  in to  te s t tu b e s  c o n ta in in g  4,5 g of u n b lan ch ed  peas 
w hich  have been  shelled  24 hours p rev io u sly , held  a t room  te m p e ra tu re  a n d  
tho rough ly  m ix ed  in  o rder to  produce m assive  an d  un ifo rm  in fec tion . In  th e  
com pleted  tu b e s , th e  peas were covered  w ith  th e  above filling liq u id . T he d i
lu tio n s  were c a lc u la te d  so as to  give c o n cen tra tio n s  of 1, 2, 4, 8 a n d  16 per c e n t 
o f  th e  orig inal, m ix ed  cu ltu re  liqu id  in  th e  sam ples. A bout 100 tu b es  were u sed  
a t  each dose level. A ll tubes, to g e th e r w ith  th e  contro ls (m ade up  w ith  p u re  
ta p  w ater), w ere th e n  plugged w ith  c o tto n  a n d  steam ed  a t 100°C for 35 m in u te s . 
p H  d e te rm in a tio n s  show ed th a t  — ow ing to  th e  buffer c a p ac ity  o f peas — th e  
cu ltu re  liqu ids d id  n o t change th e  p H  o f th e  sam ples sign ifican tly . E v en  in  th e  
h ighest c o n cen tra tio n  of an tib io tic , th e  p H  was as high as 5,6, as com pared
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Table

1 st Experiment 2 nd Experiment

A (•/.)
x (= log2A) 
n 
г 
p

8
3

100
74
74

4
2

100
37
37

2
1

100
2
2

1
0

100
0
0

16
4

100
72
72

8
3

100
27
27

4
2

101
4
4

2
1

108
0
0

s „ 73,292 68,268

Sxy 91,137 81,093

Syj, 116,856 96,657

Prohit lines Y, =  2,072 +  1,217 x Y2 =  0,734 +  1,217 x

LogioED5(J 0,724176 1,055095

E D ju 5,30 % 11,35%

Relative potency
(R)

2,14

g 0,02

95'Уо fiducial
limits of К 1,86 — 2,47

Validity Tests:

1) Linearity: 5? 1 1
СЛ

1 
to I 

ts

1 st Experiment : 3,528 =
2 nd Experiment : 0,328 =  X(l

Total : 3,856 =  zó,
2) Parallelism:

Pooled value : 3,965 =
Linearity component : 3,856

Parallelism : 0,109 =  *(?,

Thus, deviations from linearity and parallelism are not significant. The calculations 
of EDM and R  arc therefore valid.

Notation :A: concentration of the antibiotic preparation in the samples (dose); x: logarithm 
(to base 2) of the dose; n; number of samples(tubes) at a given dose level; r: number of 
unspoilt samples ; p  the value of r in per cent.
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w ith  6,4 in  the  co n tro ls . T h u s , an  in te rfe rin g  a c tio n  o f hydrogen  ions was no t 
to  be expected.

The tubes w ere th e n  in cu b a ted  a t  35°C fo r 3 m on ths an d  subseq u en tly  
h e ld  a t  room te m p e ra tu re  fo r an o th er 3 m o n th s . W hile a spoilage o f  98—100 
p e r  cen t occurred w ith in  10—15 days in  th e  tw o  contro l series (70 p e r cen t 
o f  th e  samples d e te r io ra te d  in  2 days), sam p les  tre a te d  w ith  th e  an tib io tic  
show ed m uch less spo ilage . E xperim en ta l d a ta  (as recorded  a fte r  6 m on ths 
sto rag e) and  th e ir  p ro b it  analysis are given in  th e  accom panying T ab le  an d  
F ig u re .

I t  m ay be seen t h a t  p ro b it analysis o f th e  d a ta  can  be carried  o u t a n d  th e  
re la tiv e  potency o f  th e  tw o  p repara tions can  th u s  be estim a ted . I t  is c lear th a t  
w h ile  in  th e  first e x p e rim e n t 5,3 per cen t o f th e  an tib io tic  p rep ara tio n  w ould  be 
su ffic ien t to  p ro te c t 50 p e r  cen t o f th e  tu b es  from  spoilage, in  th e  second ex 
p e rim e n t 11,4 p er c e n t w ou ld  have been n eed ed  to  secure th e  sam e level o f 
p ro tec tio n . The c u ltu re  l iq u id  applied  in  th e  firs t experim en t was ab o u t tw ice 
(R  =  2,14) as ac tiv e  as t h a t  used in  t i e  second  experim en t.

I t  is know n t h a t ,  in  th e  field of biological s ta n d a rd iz a tio n  [2], ap p lica tio n  
o f  p ro b it analysis is b a se d  on th e  assum ption  t h a t  th e  frequency  d is tr ib u tio n  
o f  to lerances (to  a g iven  drug) am ong in d iv id u a l sub jec ts  ( lab o ra to ry  an im als, 
in se c ts , etc.) is o f  th e  n o rm a l or, m ore fre q u e n tly , of th e  log-norm al ty p e . 
I n  th e  case of th e  ab o v e  experim en t, i t  m a y  he im ag ined  th a t  th e  observed  
log-norm al d is tr ib u tio n  o f  “ to lerances”  o f th e  tu b es o rig inates from  a log
n o rm a l d is tribu tion  o f  resis tan ces  — to  h e a t a n d  an tib io tics — of th e  m icro 
organism s p resen t in  th e  un iform ly  in fec ted  sam ples.

A sim ilar s tu d y  o f  th e  effect an d  re la tiv e  p o ten cy  of o th e r p reserva tives 
a n d  preserving o p e ra tio n s  is in  progress. I t  is to  be expected  th a t  re la tiv e  p o 
ten c ies  of various p re p a ra tio n s  of th e  sam e an tim ic ro b ia l agen t m ay  be e s ta b 
lish ed  by  the above procedure.

Acknowledgement: T hanks are due to  G. P u la y  of the D airy Research In s titu te , Moson
m agyaróvár, for m aking available the strains of Str. lactis used in  the experiments.
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Several recent d a ta  have in d ic a te d  th a t  th e  resis tan ce  induced  in  vitro 
to  a single an tib io tic  m akes the  b a c te r iu m  re s is ta n t to  c e r ta in  o ther an tib io tic s . 
T h is  m ean s th a t  re s is tan ce  would be n o n  specific. A m ong Staphylococcus pyogenes 
aureus s tra in s  th e  inc idence  of in  vivo  res is tan ce  to  several an tib io tics w as also  
re p e a te d ly  observed. T h u s th e  phenom enon  of cross res is tan ce  was d e m o n s tra te d  
b o th  in  vitro an d  in  vivo [2].

P a n s y  et al. [12] m ade an  E . coli an d  a Staphylococcus pyogenes aureus 
s t r a in  re s is tan t to  chloram phenicol in  vitro. T h ey  s tu d ie d  th e  ap p earan ce  o f 
au reo m y c in  and  t< rram y c in  resistance  in  connection  w ith  th e  increasing  ch lo r
am p h en ico l resistance  o f these s tra in s . A fter 7 passages in  th e  presence o f  
ch lo ram phen ico l th e  resistance of th e  E . coli s tra in  ex h ib ited  a 21-fold increase  
to  th is  substance, w hile an  11-fold a n d  6,5-fold increase of resistance was fo u n d  
to  au reom ycin  an d  te rram y c in , resp ec tiv e ly . S im ilar re su lts  could be o b ta in e d  
w ith  th e  Staphylococcus pyogenes aureus s tra in . As to  th e  possible cause o f 
th is  cross-resistance, th e y  supposed t h a t  th e  th ree  su b stan ces m ight h av e  a 
s im ila r  p o in t of a t ta c k  in  the  m etab o lism  of b ac te ria . H e r r e l  [8] d em o n stra ted  
th a t  E . coli and  Aerobacter aerogenes, i f  re s is ta n t in  vitro to  te rram y c in , becam e 
also  re s is ta n t to  au reom ycin  an d  ch lo ram phen ico l, w hile no change cou ld  be 
o b serv ed  in  th e ir s trep to m y c in -sen sitiv ity . G e so n  a n d  F a sa n  [6] found  u n 
a lte re d  sen s itiv ity  to  neom ycin in  a ch lo ram phen ico l re s is ta n t Staphylococcus 
pyogenes aureus s tra in .

T h e  p resen t re p o rt sum m arizes th e  resu lts  o f our s tu d ies  concerning th e  
specific ity  of resistance  in  ch lo ram p h en ico l-resis tan t G ram -negative en te ric  
b a c te r ia  in  vitro, th e  cross-resistance a n d  th e  se n s itiv ity  o f re s is tan t b a c te r ia  
to  desin fec tan ts . E x am in a tio n  of e th e r  soluble lip ids o f b o th  sensitive a n d  
re s is ta n t bac te ria  was also carried o u t.

M aterials an d  m ethods

Bacterium strains: S. typhi, S. paratyphi B , E. coli О ; 111, S. lyphimurium  and S .  
paratyphi C strains were used.

Chloramphenicol resistance: A t the beginning of our studies the chloramphenicol resist
ance of the strains used was about 2—2,5 f ig m l. To induce resistance to the strains, ev e ry
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48 hours serial passages were made in bouillon containing increasing concentrations of chlor
amphenicol.

Testing o f resistance to different antiobiotics. All tes ts  were carried out in horse m eat bouil
lon medium in 2 ml final volum e. The actual antib io tic to  be tested was added to the medium in 
twofold dilution series. As inoculum, 0,1 ml of a 1 : 100 dilution of a bouillon culture incuba
ted  for 24 hours was used. The results were read a fte r 24 hours of incubation a t 37° C.

Testing o f desinfectants. The sensitivity of our strains to desinfectants was estim ated 
according to the in ternational standard method. As a stock, 1 : 100 dilution of phenol and 
1 : 1000 of Nitrogenol (hexacyedl pyridine bromide)  or Ryfen (mercuri phenyl borate)  was m ade 
in  m eat extract bouillon. For testing, further dilutions were made, each in a volume of 10 ml 
and the tubes were incubated  a t 37° C for 18— 20 hours. The result was now read by com
paring  the incubated tubes to  uninoculated controls. Tubes exhibiting bacterial growth (tu r
b id ity ) were designed as positive, those of unchanged appearance as negative.

Quantitative determination o f the ether soluble lip id  content o f bacteria. B acteria cultivated 
for 18— 20 hours a t 37° C on agar medium were washed off w ith saline and centrifuged a t 
3000 r. p. m. After two fu rther washings in saline the final sediment was dried a t 102° C for 24 
hours and powdered.

The lipid content of the powder thus obtained was determined as follows. 0,5 to 1,0 g of pow
der dried to constant w eight a t 102° C was weighed in a defatted filter paper tube on analytic 
balance. The tube was th en  suspended in a modified Soxhlet apparatus and extracted  w ith 
20 m l of freshly distilled e thy l ether for 3 hours in a w ater bath of 50° C.

The extract was poured into a weighed cup. The Soxhlet flask was rinsed three times 
w ith  about 5 ml of fresh ether each. The washings w ere added to the extract. A fter evapora
tion  a t room tem perature , a solid, wax-like, yellowish m aterial was obtained. The cup was 
now transferred to an exsiccator until its weight becam e constant and than  weighed on a balance 
of ± 0 ,2  mg accuracy.

E xperim en ta l

The ch lo ram phen ico l resistance o f  th e  s tra in s  described above could be  
g rad u a lly  en h an ced  b y  rep ea ted  passages 48 hours each in  bouillon  c o n ta in in g  
increasin g  am o u n ts  o f th e  drug. As a c o n tro l, sim ilar passages w ere carried  
o u t  in  bouillon w ith  no chloram phenicol. R esistance  to  ch loram phenico l a n d  
som e o ther an tib io tic s  (penicillin, te rra m y c in , strep tom ycin ) w as dete rm in ed  
a f te r  6, 9, 12 a n d  18 passages. The re su lts  o b ta in ed  w ith  S. paratyphi В  an d
S. typhi are p re sen ted  in  Tables I  a n d  I I .

I t  was observed  th a t ,  to g e th er w ith  th e  chloram phenicol resistance  o f  
th e  s tra in s , also th e  resistance to  te r ra m y c in  an d  pen icillin  ex h ib ited  som e 
increase , while no such  change occurred  in  th e  sen s itiv ity  to  s trep to m y c in . 
Aspecific resistance  was found to  increase  slower th a n  specific resistance . T he 
se n s itiv ity  o f th e  s tra in s  carried  th ro u g h  th e  contro l passages was essen tia lly  
u n a lte re d .

Changes s im ila r to  those described  above were also observed  w ith  ch lor
am phen ico l re s is ta n t s tra in s  of S. typhim urium , S. paratyphi C a n d  E. coli 0  : 111.

The se n s itiv ity  o f our ch lo ram phen ico l re s is tan t s tra in s  to  N itrogenol 
a n d  phenol was also  exam ined . The re su lts  are  p resen ted  in  T ab le  I I I .

The se n s itiv ity  o f chloram phenicol re s is ta n t s tra in s  w as decreased n o t 
o n ly  to  some o th e r  an tib io tic s  b u t also to  th e  surface ac tive  d es in fec tan t N itro 
genol. S en sitiv ity  to  phenol was increased .

N itrogenol a n d  o th e r q u a te rn a ry  am m onium  com pounds are know n 
to  ex e rt th e ir  e ffect b y  form ing com plexes w ith  certa in  p a r ts  of th e  b ac te ria l
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Table I

Increase o f resistance o f S . paratyphi В by repeated passages in bouillon containing chloramphenicol

Antibiotic

Number of passages

0* 6 * 12 18

Increase of inhibition expressed in multiples of the original

Chloramphenicol l 8 15 25 70

Penicillin l l 3 4,5 7

Terramycin l l 10 18 28

Streptom ycin l l 1,5 1 0,75

* Original sensitivity of the bacterium .
chloramphenicol
penicillin
terramycin
streptomycin

2 /ixg/ml 
10 jug/ml
25 jug/ml 
16 /xg 'ml

Table II

Relative increase o f resistance oj S. paratyphi В  by repeated passages in bouillon containing
chlor a m ph en icol

Ant ihioti«-

Number of passages

0* 7. 10 18 18

In'*rca*e of inhibitioi expressed in multiples of the original

Chloramphenicol l 8 12 25 70

Penicillin 1 1 2 3 7

Terram ycin l 1 3 4 12

Streptom ycin l 1 0,5 • 0,5

* Original sensitivity of the bacterium .
chloramphenicol
penicillin
terramycin
streptomycin

2 jug ml
15 fxg.inl 
2 /ng ml

16 /iig ml

surface. T his com bination  results in  d is in teg ra tio n  o f the bac te ria l su rface , 
w ith  subsequen t cy to lysis , as d em o n stra ted  electronm icroscopically  b y  Saltoiv 
et al. [14]. On th e  o th e r  hand , se n s itiv ity  to  phenol is know n to  be co n n ec ted
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Table Ш

Sensitivity in  vitro o f  chloramphenicol sensitive and resistant bacteria to Nitrogenol and phenol

B acterium Sensitiv ity
B ac terio sta tic  d ilu tio n  1 to

N itrogeno l P h en o l

S . paratyphi В sensitive
resistant

17 000 

7 000
600
800

S. typhimurium sensitive
resistant

17 000 
7 000

600
§00

S . paratyphi C sensitive
resistant

20 000 
15 000

600 
>  800

S. typhi sensitive
resistant

200 000 
70 000

600 
>  1 400

E . coli 0  : 111 sensitive 100 000 400
resistant 5 000 800

w ith  th e  lip id  c o n te n t o f  th e  surface. T he ch an g es occurring in  th e  N itrogeno l 
a n d  phenol s e n s itiv ity  o f  chloram phenicol r e s is ta n t s tra in s  th ere fo re  suggest 
t h a t  th e  surface o f  b a c te r ia , especially th e ir  lip id  con ten t, u n d erw en t ce rta in  
ch an g es in  co n n ec tio n  w ith  th e  deve lopm en t o f  chloram phenicol res is tan ce .

As i t  is kn o w n  t h a t  b ac te ria l phospho lip ids a re  p rec ip ita tab le  b y  p ro tam in e  
£10, 13], we s tu d ie d  th e  in fluence  of th is  su b s ta n c e  on some b a c te ria  re s is ta n t 
to  an tib io tics in  vitro o r in vivo.

Table IV  p re se n ts  th e  ch loram phenico l se n s itiv ity  of b o th  re s is ta n t a n d  
sen sitive  form s o f E . coli О : 111 an d  S. typhi 42A 5 8  in  th e  presence o f 0 to  15 /zg 
o f  p ro tam ine .

Table IV

Effect o f protamine on the chloramphenicol sensitivity o f  E . coli 0  : 111 and S. typh i strains 
(E ffective concentration of the an tib io tic  in  fig/ml)

P ro ta m in e  co n cen tra tio n
S. ty p h i 42A58 E . coli 0  : 111

in /ig /m l
sensitive re s is ta n t sensitive re s is ta n t

0 4 , 0 1 0 0 5 ,0 1 0 0

5 2 ,5 1 0 0 1 ,5 1 0 0

1 0 0 , 2 5 6 1 ,0 1 0 0

1 5 — 3 < 0 , 5 5 0
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I t  was clearly  observable th a t  th e  e ffec t o f  th e  an tib io tic  was e n h a n c e d  
b y  th e  presence o f p ro tam in e . T h is synerge tic  effect was p rop o rtio n a l to  th e  
co n cen tra tio n  of p ro tam ine . In  case of re s is ta n t s tra in s  m ore p ro tam in e  was 
necessary.

S im ilar resu lts  are sum m arized  in  T ab le  V, w hich presen ts changes o b 
served in  th e  sen s itiv ity  to  d iffe ren t an tib io tic s  o f a re s is ta n t an d  a sen sitiv e  
ty p e  o f E. coli 0  :111 s tra in  in  th e  presence of 5 /Ag/ml pro tam ine .

Table V

Changes in the antibiotic sensitivity o f chloramphenicol resistant E . coli 0 : 1 1 1  strain in the presence
o f  5 pg/m l protamine

(Effective concentration of the antibiotic in  p.g/ml)

A n tib io tic
P ro ta m in e  in 

/ .g /m l

E . coli 0  : 111

sen sitiv e re s is ta n t

Chloramphenicol 0
5

5
1,5

100
100

Penicillin 0
5

25
10

200
200

Streptom ycin 0
5

2.5
2.5

2.5
2.5

I t  can  be seen th a t  b y  p ro tam in e  th e  se n s itiv ity  of sensitive s tra in s  w as 
en h an ced  no t on ly  to  ch loram phenico l b u t  also to  penicillin . No change w as 
observed  in  th e  strep to m y c in  se n s itiv ity . T he 5 jug/ml am oun ts of p ro tam in e  
were ineffective in  in fluencing  th e  an tib io tic  se n s itiv ity  of re s is tan t s tra in s .

Table VI

Ether soluble lip id  content o f in vitro chloramphenicol sensitive and resistant bacteria

B ac te r iu m S e n s itiv ity P e r cen t lip id  c o n te n t

S. paratyphi В sensitive 1,64
resistant 3,64

S. typhimurium sensitive 2,73
resistant 3,19

S. paratyphi C sensitive 2,8
resistant 3,52

S. typhi sensitive 3,19
resistant 3,46

E. coli 0  : 111 sensitive 1,9
resistant 2,3



4 4 2 L. VACZI, J. SZITA mid V. CIELESZKY

T he e th e r  so luble  lipid co n ten t o f  re s is ta n t an d  sensitive  b a c te ria  ex 
p re ssed  in per cen t o f  to ta l  d ry  w eight, d e te rm in ed  as described in  th e  m e th o d 
ic a l p a r t , is d e m o n s tra te d  in  Table "VI.

O f the  s tra in s  te s te d , th e  re s is ta n t ones con ta ined  m arked ly  h igher q u a n 
t i t ie s  of lipid th a n  th e  sensitive s tra in s . T h e  difference was th e  g rea te s t in  th e  
case  o f S. paratyphi В  (sensitive, 1,64 p er c en t ; re s is tan t, 3,64 p er cen t) a n d  
th e  s n a lle s t in  th a t  o f S. typhi (sensitive, 3,19 p er cen t ; re s is ta n t, 3,46 per cen t). 
T h e  error of our m e th o d , if  carried  o u t in  d u p lica te  u n d er s ta n d a rd iz e d  c ircu m 
s ta n c e s , w as ^ 3  per c en t. The to ta l a m o u n t o f lip ids was e x tra c te d  in  60 m in u tes  
a n d  no fu r th e r  in c re a se  of th e ir  a m o u n t was observed d u rin g  th e  follow ing 
tw o  ho u rs . D a ta  concern ing  th is  o b se rv a tio n  are  p resen ted  in  th e  Figure.

abs.: time of e x ta c t:on, ord.: lipid conten t —----  X —  X: resist, strain —  О ------  O: sensi-
tive stra in

N ex t, Ave e x a m in e d  th e  changes in  th e  lip id  co n ten t o f b a c te ria  in  con
n e c tio n  w ith  th e  in c rease  of th e ir  re s is ta n c e  to  an tib io tics. F o r th a t  purpose 
a S . paratyphi В  s tr a in  w as te s ted  a t  p o in ts  w hen  its  resistance  w as increased  
10, 25 an d  70 fo ld . T h e  resu lts  are su m m a riz e d  in  T able V II.

Table VII
Relation o f lipid content to degree o f resistance in  in  v itro  chloramphenicol resistant S . paratyphi В

R e s is ta n t  s tra in

D egree o f  resistance  
in  //g /m l

S e n s it iv i ty  c o n tro l

L ip id  c o n te n t  in  per re n t  
o f  d ry  su b s ta n c e

2 2.22 2,22

20 2.42 2,37

50 3,52 2,21

140 3,64 —
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P ara lle l w ith  th e  increase of ch loram phenico l resistance , the  lip id  c o n te n t 
o f  S. paratyphi В  was found  increased . No d ifferences were found in  th e  lip id  
co n ten t o f sen sitive  b ac te ria  of d ifferen t con tro l passages. Sim ilar ex p erim en ts  
were carried  o u t w ith  S. typhi. In  th is  case th e  lip id  con ten t ex h ib ited  first 
a m oderate  decrease d u rin g  th e  developm ent o f re s is tan ce . An increase o f  th e  
am o u n t of lip id  s ta r te d  only  a f te r  a m arked  loss o f sen s itiv ity  had occu rred . 
T he lip id  c o n te n t o f contro l b ac te ria  passaged  in  com m on bouillon m ed iu m  
rem ained  e ssen tia lly  unchanged  as com pared to  th e  significant increase fo u n d  
in th e  re s is ta n t form  of th e  sam e s tra in .

As to  th e  lip id s  o th e r th a n  those e x tra c te d  by  e th e r , when e ther e x tra c tio n  
was followed b y  fu r th e r  e x tra c tio n  b y  chloroform  an  add itional a m o u n t o f 
lip id  (1,5 to  2 per cen t) was o b ta in ed . F u r th e r  s tu d ie s  on  th e  to ta l lipid c o n te n t 
a n d  th e  com position  o f lip id  frac tions are in  progress.

D iscussion

The lipopo lysaccharide-p ro te in -lip id  com plex  o f  G ram -negative en te ric  
b ac te ria  is know n  to  be of basic im portance  in  th e  b io logy of these organis«^.o. 
All the  S phase G ram -negative  organism s te s te d  h av e  as fa r been found to  p ro 
duce th e  above com plex in  an  essen tia lly  s im ila r com position  [7, 9, 11].

The lipopo lysaccharide  com plexes of G ram -n eg a tiv e  enteric b a c te r ia  
con ta in  tw o d ifferen t lip id  com ponents. O ne is d ifficu lt to  split (lip id  A ) ,  
w hile th e  o th e r  is sp lit easily  (lip id  В ). The l a t te r  w as found  by Mo r g a n  a n d  
P a r t r id g e  [11] to  be a phosphatide  soluble in  e th e r  a n d  benzene. No d e fin ite  
biological a c t iv i ty  o f th is  lip id  В has been d e m o n s tra te d , though it seem s m ost 
probable th a t  i t  p lays a ce rta in  role in  the b u ild in g  up  an d  perm eab ility  o f  the  
cell wall.

The q u a n tita tiv e  an d  q u a lita tiv e  com position  o f  the  surface lip id s  o f 
b ac te ria  m igh t h av e  an  in fluence  on th e ir  a n tib io tic  sensitiv ity . S tud ies b y  
C o g h ill  et al. [3] an d  A b r a h a m  et al. [1] on th e  a c tiv ity  of different ty p e s  
o f  penicillin  h av e  revealed  sim ilar fac ts , i. e. th e  a c t iv i ty  of azopenicillins a n d  
th a t  of cephalosporin N  ran  s tr ic tly  paralle l w ith  th e ir  lip id  solubility . A ccord ing  
to  Co o pe r  [4], th e  p en e tra tio n  in to  the  cell o f a n  a n tib io tic  m ay be en h a n c e d  
b y  its  lipid so lub ility . The sam e au th o r suggests as possible causes of slow ing  
dow n of penicillin  b in d in g  in  re s is tan t bac te ria , (i) th e  penicillin b ind ing  com 
ponen t (PBC) changes an d  becomes less reactive w ith  penicillin  ; (ii) th e  “ s te ric  
h idrance"’ is m ore m arked , th u s  adsorp tion  becom es in h ib ited  ; (iii) th e  p e r
m eab ility  o f th e  cell w all decreases, very  p robab ly  because  of changes o ccu rrin g  
in  th e  ra tio  o f cell w all phospholip ids, especially th e  low ering of lec ith ine  co n 
te n t . L ecith ine  is supposed b y  F e w  an d  Sc h u l m a n  [5] to  form the perm eab le  
lay e r for penicillin .
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T h e increased lip id  co n ten t o f re s is ta n t bac te ria  is d e m o n s tra te d  fu r th e r  
b y  th e  changes in  th e ir  sen sitiv ity  to  d e s in fec tan ts . T hus th e  se n s itiv ity  o f  
ch lo ram phen ico l re s is ta n t b ac te ria  increases to  th e  lip id  soluble p h en o l, w hile 
a g a in s t  N itrogenol, w hich  exerts its  a c tio n  d ire c tly  on the  cell w all, se n s itiv ity  
is  decreased . The increased  am ount of lip id s  accum ulates nea r, o r  on , th e  cell 
su rfa c e . As a re su lt o f p ro tam ine  ac tion  th e  su rface lipids are p re c ip ita te d  a n d  
th e  d isorganized  cell surface prom otes th e  p e n e tra tio n  of an tib io tic s . T c  achieve 
th is  effect, g rea te r am o u n ts  of p ro tam in e  a re  needed in  th e  case o f re s is ta n t 
b a c te r ia . This supp o rts  th e  observation  t h a t  th e  surface of r e s is ta n t cells con
ta in s  m ore lipid.

O n th e  basis o f th e  above we are in c lin e d  to  suggest th a t ,  as a re su lt o f  
a c q u ir in g  resistance to  ce rta in  an tib io tics , rem arkab le  changes ta k e  p lace in  
th e  e th e r  soluble lip id  co n ten t (lipid В )  o f  th e  cell. In  the  case o f S . paratyphi B , 
th e  accum ulation  o f  lip ids ru n s  para lle l w ith  th e  increase of re s is ta n c e . In  S . 
typ h i th e  lip id  co n ten t is in itia lly  low ered w hile  th e  s tra in  is m o d era te ly  re s is ta n t. 
L a te r , b y  acqu iring  resis tan ce  to  am o u n ts  o f m ore th a n  h u n d re d  f /g o f th e  
a n tib io tic  substance , th e re  is an  increase o f  th e  lip id  co n ten t.

A ccordingly, q u a n tita tiv e , an d  p e rh ap s  also qualita tive , chan g es occurring  
in  th e  surface lip ids govern ing  th e  p e rm e a b ility  o f th e  cell wall a re  v e ry  p ro b ab ly  
responsib le  for th e  a lte ra tio n  lend ing  re s is tan ce  to  th e  cells. J u s t  in  consequence 
o f  th e se  changes is res is tan ce  non-specific, since a t  the sam e tim e  th e y  in h ib it 
th e  en tra n c e  of a n u m b er of o th e r m a te r ia ls . As chloram phenicol is know n 
to  e x e r t  its  action  on b a c te r ia l esterases, th e  a lte ra tio n  of cell lip id s  in  connection  
w ith  th e  developing o f resistance  is easily  understood . This sam e m echanism  
seem s, fu rth e r, to  give rise  to  cross-resistance, resulting  in  th e  fo rm a tio n  o f  
v a r ia n ts  re s is tan t to  a considerable n u m b e r o f an tibac te ria l su b stan ces .

As resis tan t b a c te r ia  seem to  differ from  sensitive ones o n ly  in  th e  th ic k 
ness  o f  th e  surface lip id  lay e r, one m igh t suppose  th a t  th e  ac tio n  o f  an tib io tic s  
o n  re s is ta n t b ac te ria  m ig h t be en h an ced  b y  rendering  these com pounds m ore 
re a d i ly  soluble in  lip ids.

O u r resu lts  seem  to  te s tify  th e  im p o rta n c e  of certa in  changes in  th e  su r
face  lip id  (especially lipid В )  co n ten t o f b a c te r ia  in  connection w ith  th e  develop
m e n t o f  resistance.

S um m ary

1) The chloramphenicol resistance in vitro of Gram-negative enteric bacte ria  was found 
to  be aspecific. B acteria adopted to chloramphenicol became resistant also to  terram ycin  and 
penicillin , while their sensitivity  to  streptom ycin was unchanged.

2) The sensitivity of chloramphenicol res is tan t bacteria to phenol (readily soluble in 
lip ids) is enhanced while they  are resistant to  th e  action of the surface active Nitrogenol.

3) The effect of antibiotics (penicillin, chloramphenicol) is enhanced b y  protam ine not 
only  in  the case of sensitive b u t also of resistant bac te ria , though its am ount m ust be higher 
in  th e  la tte r  case.

4) The ether soluble lipid content of resistan t bacteria is higher th an  th a t  of sensitive 
ones. The difference is the greatest in S. paratyphi В  and the least in S. typh i strains.
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5) The lipid fraction in question w as completely ex tracted  from bacteria by e ther in  60 
m inutes and no fu rther increase of its am o u n t was observed a fter prolonged extraction .

6) The am ount of lipids increased paralle l w ith the developm ent of resistance in S. para
typhi В  strains while no such changes occurred in  the control bacteria. The lipid con ten t o f  
S. typhi after an initial decrease exhibited a n  increase parallel w ith the development of resist
ance.

7) Our results suggest the basic im portance of the increased surface lipid con ten t o f 
bacteria in the developm ent of resistance. This problem has been discussed in detail.
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SEROLOGICAL TYPING OF PROTEUS STRAINS. 
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T he a u th o r’s stud ies on th e  occurrence o f Proteus hauseri sero ty p es in  
th e  faeces o f in fa n ts  w ith  e n te ritis  an d  in  faecal sam ples o f o ther orig in  h av e  
been p u b lished  earlier [1].

T hese ex am in a tio n s have show n th a t  some serological types are  m u ch  
m ore freq u en tly  found in in fan tile  e n te ritis  th a n  o th e rs , while the  in c id en ce  
o f  th e  em erg ing  ty p es is no t m ore freq u en t in  no rm al a d u lts  th a n  th a t  o f o th e r  
types.

T hese observations have called  the  a tte n tio n  to  fu rth e r  problem s. O ne 
o f  these  was th e  resistance of faecal s tra in s  to  an tib io tic s . Some of these  d ru g s  
have w idely been used in  th is  co u n try  for years, a n d  s tra in s , especially  th e  
pathogen ic  ones, m igh t easily  have  h a d  chance to  req u ire  resistance a g a in s t 
them . Serological exam in a tio n  of s tra in s  from  patho log ica l m ateria ls o th e r  
th a n  faeces seem ed to  be a n o th e r w ay  to  assess th e  pathogen ic  role of c e r ta in  
sero types.

M aterials and  m ethods

/. Isolation o f cultures. Pathological materials were sent to this laboratory for routine bacterio 
logical exam ination by a number of hospitals and physicians. Samples of nonfaecal origin were 
streaked directly on plates of simple agar and blood agar and were inoculated in to  serum - 
broth. Depending on the origin of the m aterial other media were also used. (Endo’s-, brillian t 
greenand chocolate-agar, media for anaerobes, etc.)

2. Serological and biochemical methods. D eterm ination of antigens and biochemical reactions 
were performed as previously described [1]. According to recent investigations, the separation  
of Proteus strains occurring in mixed culture is no t always successful on bismuth sulfite agar. 
This technique has led to  some incorrect results. The four indole producing P. mirabilis s tra in s  
reported in our previous work were in  reality  m ixtures of biochemically typical P. m irabilis 
and P. morganii strains. The successful separation of such cultures is possible by using desoxy- 
cholate c itra te  agar.

3. D eterm ination o f  sensitivity to antibiotics. For determining sensitivity to penicillin , strep 
tom ycin, chloramphenicol and Oxytetracycline the multiple plate technique of FŰRÉSZ et al. was 
used [2]. This method involves the preparation of blood-agar plates containing four or five 
different concentrations of each of the antibiotics.

To be able to  test 8 different cultures on a single p late, the following procedure was 
carried out. Four diagonal lines were streaked across the surface of the agar by means of a

1956.
Presented a t the S taff Meeting of the S tate In s titu te  of Hygiene, Budapest, O ctober 8.



4 4 8 В. LÁNYI

th in  paint-brush. P rior to  each stroke the brush was dipped into a saturated aqueous solution 
of silver n itrate. Thus silver compounds form-id 3 to  6 mm wide stripes dividing the p lates 
in to  8 separate sectors and preventing the cultures from  swarming from one sector over an
o th e r [3]. Inoculations were m ade w ith a loopful o f 1 : 100 diluted 24 hour bro th  .culture onto  
th e  m iddle of each sector. Readings were made a fte r  an  incubat: ->n of 20 to  24 hours a t  37° C, 
considering the concentration of antibiotic com pletely inhibiting growth. Thus an organism 
w as classified as follows.

Concentration inhibiting growth

P en icillin  
u n it/m l

S tre p to m y c in
jug/ml

C h lo ram phen ico l
jtig/ml

O x y te tra c y c lin e
i-g /m l

V ery sensitive (V S )............................... — — 4 —

Sensitive (S)......................................... ... 0,25 4 16 4
M oderately sensitive (M S ) ................. 1 16 64 16
R elatively  resistant (R R ) ................. 16 64 — 64

R esis tan t ( R ) ......................................... > 1 6 200 > 6 4 > 6 4

H ighly  resistant (H R ).......................... — > 2 0 0 — —

T he disc method served for testing sensitivity to  chlortetracycline. The drug was im pregnated 
in to  paper discs a t concentrations of 5 /xg, 10 /xg and  30 /xg. The paper discs were placed on 
th e  surface of an agar p late  previously seeded w ith  a  1 : 100 dilution of the 24 hour bro th  cul
tu re  of the strain. Organisms were classified as follows. Sensitive, zones of inhibition around 
all discs ; moderately sensitive, zones of inhibition around  discs with the higher concentrations ; 
relatively resistant, zone of inhibition around disc of highest concentration ; resistant, no zones 
o f  inhibition around any disc.

Results

1. Results o f  examination o f Proteus strains from  pathological material other 
than faeces. P ro teu s  a n d  re la ted  o rg an ism s were iso lated  from  363 d ifferen t 
p a tie n ts . C u ltu res w ere m ade often  m ore  t h a n  once an d  a lto g e th e r 408 s tra in s  
w ere  iso lated .

Table I  reco rds th e  occurrence o f  Proteus an d  o ther, a d d itio n a lly  iso la ted  
p a th o g en ic  or p o te n tia lly  pathogenic  o rg an ism s in  various m a te ria ls . U rin a ry  
a n d  ea r-n o se-th ro at in fections seem to  be  th e  com m onest source o f Proteus. 
M ateria ls  from  th e  la t t e r  cases were m o s tly  o b ta in ed  from  in fec tions o f th e  ear, 
a n d  from  a considerab le  num ber o f th e m  Proteus and  Pseudomonas pyocyanea 
o r  o th e r Pseudomonas organisms w ere sim u ltaneously  cu ltu re d . In  u r in a ry  
in fec tio n s Pseudomonas was no t com m on. T hese  cases freq u en tly  y ie lded  lactose- 
fe rm en tin g  en te ric  b a c te ria  (Escherichia, Klebsiella),  in  a d d itio n  to  Proteus. 
S im ultaneous occurrence  of real pyogenic b a c te r ia  and  Proteus w as uncom m on.

Table I I  show s th e  frequency o f  Proteus s tra in s  of d iffe ren t biochem ical 
g roups in  u r in a ry , ear-nose-th roat a n d  o th e r  specim ens. O n ly  s tra in s  iso la ted  
a t  th e  first e x a m in a tio n  of p a tien ts  a re  in c lu d ed . P. hauseri s tra in s  were m uch 
m ore  frequen t th a n  o thers. W ith in  th e  P . hauseri group th e  inc idence  o f P. 
mirabilis was considerab ly  higher th a n  t h a t  of P. vulgaris.
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Table I

Incidence o f Proteus* in pure culture and in addition to other bacteria in pathological materials
on firs t isolation

Total num ber of patients, 363

P ro te u s  
in  p u re  
c u ltu re

P r o te u s  in  a d d itio n  to

Pathological
m ateria l

N o. of 
p a tie n ts Pseudo*

m onas
E sch erich ia ,
K leb sie lla

S ta p h .
au reu s
h a e m .

O ther
organism s

T w o  o r  
m ore

o rg an ism s

U rine ..................... 136 55 5 70 l l 4

E ar, nose and 
th roa t ................. 136 33 64 14 и l 13

Sputum  ................. 24 17 3 4 — — —

Duodenal juice . . . 20 5 1 12 l — 1
P u s .......................... 16 8 1 3 3 — 1
W o u n d s ................. 14 3 2 3 2 — 4
Miscellaneous . . . . 17 9 1 2 3 — 2

* Including Proteus vulgaris, mirabilis, morganii, rettgeri and Providencia.

Table II

Frequency o f Proteus and related organisms in pathological materials on firs t isolation 
Total num ber of patients, 363

Biochem ical g ro u p
N o. of 

p a tie n ts U rine
E a r , nose 

and  th ro a t
O th e r

m ate ria ls

P . hauseri
1. P. vu lg a r is .................................. 40 10 и 19
2. P. mirabilis.................................. 296 115 119 62

P . m organii............................................. 19 8 3 8
P . rettgeri ............................................... 3 2 — 1
Providencia ............................................. 5 1 3 1

Total ................................................. 363 136 136 91

O f th e  P. hauseri s tra in s  fro m  urine, 66,4 p e r c e n t ; from  ear-n o se-th ro at 
specim ens, 78,4 p er cen t ; a n d  fro m  other m a te ria ls , 55,5 per cen t, could  be 
ty p e d  according to  K a u ff m a n n  a n d  P e r c h ’s a n tig e n ic  schem a.

From  th e  d a ta  ob ta ined  b y  th e  serological ty p in g  o f P. hauseri s tra in s , 
T ab le  I I I  has been p repared . I t  show s th e  freq u en cy  o f  P. mirabilis s tra in s  
belonging to  th e  m ost often  o ccu rrin g  0  an tigen ic  g roups. P. vulgaris s tra in s  
h av e  been om itted , as th e  few s tra in s  belonged to  re la tiv e ly  num erous an tig en ic  
ty p e s .

O nly iso lations a t the first ex am in a tio n  o f p a tie n ts  have been in c luded .
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Table III

Distribution o f the most frequently occurring P. mirabilis 0  groups on f ir s t  isolation 
T o tal num ber of pa tien ts , 296

0  g ro u p U rine
E a r ,  no«e 

a n d  th ro a t
O th e r

m ate ria ls

О : 3 25 30 12
0  : 6 7 4 1
0  : 1 0 9 6 7
0  : 13 1 0 13 4
0  : 26 7 11 4
0  : 28 4 16 4

Other 0  groups 53 39 30

Total 115 119 62

From  Table I I I  i t  is c lear th a t  0  g roup  3 s tra in s  were m ore frequen t 
t h a n  s tra in s  of an y  o th e r  О group . A m ong P. hauseri, 25 (20,0 p e r cen t) o u t of 
125 u r in a ry  s tra in s , 30 (23,0 p e r  cent) o u t o f  130 ea r-n o se -th ro a t s tra in s  an d  
12 (14,8 per cent) o u t o f 81 s tra in s  of o th e r  orig in  belonged  to  О g roup  3. The 
l a t t e r  s tra in s were iso la te d  from  various m a te ria ls  show n in  T ab le  I .  Because 
o f  th e  sm all num ber o f  su ch  s tra in s , th e ir  О group d is tr ib u tio n  h as  n o t been 
ta b u la te d  according to  d iffe ren t pa tho log ica l conditions. T he above percentages 
c o n ce rn  P. hauseri. C onsidering  th e  inc idence  of 0  group 3 s tra in s  am ong bio
ch em ica l ty p e  P. mirabilis, th e  percen tage  frequencies w ere 21,7 fo r u rinary ,
25 ,2  for ear-nose-th roat a n d  19,3 for o th e r  s tra in s . 0  : 10, О : 13, О : 26 and  
О  : 28 s tra in s were also freq u en t in  ev e ry  m ate ria l.

30 p a tien ts  w ere su b seq u en tly  ex am in ed  on 2 to  5 occasions. The sub
s e q u e n t isolations y ie lded  th e  sam e serological a n d  biochem ical ty p e  in  19 cases. 
F ro m  th e  rem ain ing  11 p a tie n ts  o ther ty p es  were also iso la ted . T h e  m ateria ls  
e x a m in e d  o rig inated  from  in s titu tio n s  s itu a te d  m ostly  in  th e  a rea  o f  B udapest. 
U rin e  specim ens w ere o b ta in e d  from  47, e a r, nose an d  th ro a t  specim ens from 
39  d ifferen t in s titu tio n s . G enerally , 0  g roup  3 s tra in s  were th e  com m onest 
reg a rd less  of w here th e  m a te ria ls  were se n t from  to th is  la b o ra to ry . T his fact 
ex c lu d es  the  possib ility  o f  a v ir tu a l re su lt due  to  nosocom ial in fe c tio n . In  two 
h o sp ita ls , however, nosocom ial in fec tion  w as suspected . In  one o f  th e m , 26 : 3 
s t r a in s  were iso la ted  fro m  5 o u t of 18 p a tie n ts . In  an o th e r h o sp ita l, am ong 
41 o u t-p a tien ts  suffering  from  ea r disease, 11 were in fec ted  w ith  se ro ty p e  28 : 2. 
U n lik e  o ther 28 : 2 cu ltu res , te n  of th e  s tra in s  were h ighly  re s is ta n t  to  s tre p to 
m y c in .

Table IV  shows th e  re su lt of th e  serological a n d  b iochem ica l analysis 
o f  380 P. hauseri s tra in s  from  non-faecal m a te ria l. Table IV  in c lu d es  a ll s tra in s

V



SEROLOGICAL TY PIN C  OF PR O T EU S STRA INS. SENSITIVITY O F SER O TY PE S TO ANTIBIOTICS 451

Tabic IV
P. hauseri serotypes from  поп-faecal material 

T o tal num ber of strains, 380

Serotype Biochemical
type

No. of 
strains Serotype Biochemical

type
No. of 
strain»

1 : 1  ............................... l l 26 : 3 ................................... 2 23
3 : —  ............................ 2 10 26 : N D ................................. 1 2

3 : 1  .......................... 2 65 26 : N D ................................. 2 1

3 : 2  ............................ 2 5 27 : 2 ................................... 2 6

3 : 6  ............................ 1 1 28 : —  ................................. 2 1

4 : 1  ............................ 1 1 28 : 2 ................................... o 22
6 : 3  ............................... 2 14 28 : 3 ................................... 2 2

9 : 1  ............................... 2 1 28 : 6 ................................... 2 1
10 : 1 ............................... 2 13 30 : 1 ................................... 2 3
10 : 2 ............................... 2 6 30 : 2 ................................... 2 о

10 : 3 ............................... 2 4 31 : 1 ................................... 1 2
1 0 : 4  ............................... 2 2 31 : 2 ................................... 2 12
1 1 : 3  ............................... 2 1 32 : 1 ................................... 1 1
12 : 1 ............................... 1 3 ! 33 : 1 ................................... 2 1
13 : 1 ............................... 2 14 33 : 2 ................................... 2 1
13 : 2 ............................... 2 8 33 : 4 ................................... 2 1
13 : 3 ............................... 2 4 33 : N D ................................. 2 1

13 : N D ............................ 2 1 38 : 6 ................................... 2 1
15 : 1 .............................. 1 1 ND  : — ................................. 2 1

1 5 : 3  .............................. 2 1 ND : 1 ................................... 1 5
19 : 1 ............................... 1 1 ND  : 1 ................................... 2 17
20 : 1 .............................. 2 2 ND : 2 ................................. 1 1
20 : 2 ............................ 2 3 ! ND : 2 .............................. 2 29
21 : 1 ............................ 1 3 ND : 3 .............................. 2 20
2.3 : 1 ............................ 1 1 1 ND  : 5 .............................. 1 1

2.3 : 1 ............................ 2 1 Í ND : 5 .............................. 2 2
23 : 2 ............................ 2 3 ' N D : 6 .............................. 1 4
23 : 3 ............................ 2 6 ND  : 6 .............................. 2 1

24 : 1 ............................ 2 2 N D  : 13 .............................. 2 1
24 : 3 ............................ 2 1 N D : N D  .......................... 1 9

24 : 13 .......................... 2 2 N D : ND .......................... 2 12

26 : — .......................... 2 2 1 3

Unstable in s a l in e ........... 2 8

Key : Serotype =  Numbers ahead of colon mean the О antigens, those after colon th e  
H antigens.
Biochemical type 1 =  P. vulgaris, 2 =  P. mirabilis, ND =  New antigens, no t 
yet determined.
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iso la ted  on b o th  th e  firs t a n d  th e  su b seq u en t ex am in a tio n s o f p a tie n ts . O f th e  
s tr a in s ,  253 (66,6 p e r  cen t) could be in c lu d e d  in  th e  Kauffmann—P erch 
schem a. 8 s tra in s  (2,1 p e r  cent) fell in to  ty p e s  rep resen tin g  new  com binations 
o f  know n 0  a n d  H  a n tig e n s . O f these  ty p e s , 15 : 3, 28 : 6 a n d  33 : 2 were first 
iso la te d  by  th e  a u th o r  from  faeces [1]. T ypes 3 : 6 ,  33 :1 ,  33 : 4 a n d  38 : 6 are 
n ew  ones. 108 s tra in s  (28,5 per cent) c o n ta in e d  new 0  an d /o r H  an tigens. 11 
s tra in s  (2,8 per cen t) w ere u nstab le  in  saline.

In  add itio n  to  380 P . hauseri s tra in s , 28 s tra in s  were iso la ted , o f which 
19 belonged to  P. morganii, 3 to  P. rettgeri a n d  6 s tra in s  to  th e  Providencia group.

On b iochem ical an a ly sis , m ost s tra in s  gave ty p ica l reac tio n s . O f th e  P. 
morganii s tra in s  2 fe rm e n te d  xylose irreg u la rly . O f th e  P . mirabilis s tra in s  
14 ferm ented  xylose la te  o r n o t a t  all, 3 d id  n o t produce H 2S. O f th e  P. vulgaris 
s tra in s  1 fe rm en ted  m alto se  la te .

The resu lt o f  th e  investiga tions fu r th e r  confirm s th a t  an tig en ic  s tru c tu re  
a n d  biochem ical p ro p e rtie s  o f P. hauseri s tra in s  are stro n g ly  co n n ec ted , th a t  is, 
s tra in s  belonging to  th e  sam e sero type  h av e  so fa r a lm ost unex cep tio n a lly  
belonged  to  one b iochem ica l ty p e  (Perch [4], Lányi [1]). B y  th e  a u th o r, one 
excep tion  has been  fo u n d , nam ely  s tra in s  o f  b o th  biochem ical ty p e  (P . vulgaris 
a n d  mirabilis) b e long ing  to  serotype 23 : 1. I n  th e  course o f th e  p re se n t in v es ti
g a tio n s  a s tra in  w as iso la ted  which c o n ta in e d  H  an tig en  2 a n d  belonged to  
P . vulgaris. T his is a  v e ry  unusu a l find ing , since so fa r  b o th  P erch’s an d  th e  
a u th o r ’s s tra in s c o n ta in in g  H  an tigen  2 a ll belonged to  P . mirabilis.

2. Sensitivity o f  Proteus strains to antibiotics. Proteus s tra in s  o f  faecal origin 
w ere isolated ea rlie r L o rn  different e x a m in a tio n  groups. In  th e  p resen t work 
a  num ber of s tra in s  iso la ted  from  h e a lth y  subjects m ostly  a d u lts  a n d  from  
in fa n ts  w ith e n te r itis  w ere exam ined  for su scep tib ility  to  streptomycin, chlor
amphenicol an d  Oxytetracycline. All non-faecal s tra in s  iso la ted  in  th e  course of 
th e  present s tu d y  w ere exam ined  as to  th e ir  behav iour a g a in s t th ese  an tib io tics 
a n d , in  ad d itio n , a g a in s t penicillin, a n d  chlortetracyline. Some o th e r  an tib io tics 
effective against G ram  negative  b ac te ria  w ere n o t w idely av a ilab le  in  H u n g ary  
in  th e  past years a n d  h a v e  therefore n o t b een  inc luded . T ab le  V  p resen ts  a com 
p arison  of th e  s e n s it iv ity  of P . vulgaris, mirabilis an d  morganii s tra in s  to  th ree  
an tib io tics.

A gainst P .  vulgaris s tra in s , streptomycin an d  chloramphenicol were alm ost 
in v a riab ly  ac tive . M an y  o f th e  ch loram phenico l sensitive s tra in s  were in h ib ited  
b y  th is  drug a t  a low  co n cen tra tio n  (4 p g  p er m l). A considerab le  p a r t  o f P . 
vulgaris s tra in s  p ro v ed  to  be sensitive to  Oxytetracycline, b u t severa l re s is tan t 
o r re la tively  re s is ta n t cu ltu res  also o ccu rred . The ex am in a tio n  groups d id  no t 
d iffer sign ifican tly  in  th e  su scep tib ility  o f  P . vulgaris s tra in s  a g a in s t an y  of th e  
an tib io tics te s te d .

There w as a considerab le  difference betw een  th e  n o rm al a n d  th e  p a th o 
logical m ateria l re g a rd in g  th e  se n s itiv ity  o f P . mirabilis s tra in s  to  streptomycin.



Table V

Antibiotic sensitivity o f Proteus strains according to examination groups 

Total num ber of strains examined, 899

B iochem ical
group E x am in a tio n  group

N u m b er
o f

s tra in s

Streptomycin Chloramphenicol Orvtetrnrycline

S MS R R , R H R VS s MS R s MS R R R

Infants w ith enteritis . 2 8 2 4 1 l 2 11 1 6 _ l 1 7 2 4 5

P. vulgaris Normal individuals . . . 4 4 4 2 1 1 — 2 3 2 0 1 — 2 0 3 1 2 9

Non-faecal m aterial . . . 4 0 3 1 5 2 2 2 8 1 1 1 — 1 5 6 1 4 5

Infants w ith enteritis . 2 7 5 1 3 4 2 5 5 1 1 1 5 8 2 0 8 6 3 5 3 4 6 2 2 1

P. mirabilis Normal individuals . . . 5 3 4 9 2 — 2 2 5 0 1 — 7 1 3 4 2

Non-faecal m aterial . . . 3 4 0 1 4 4 7 5 7 1 1 4 3 3 2 7 0 3 2 5 7 3 5 3 2 5

Infants w ith enteritis . 7 0 2 9 2 7 3 2 2 4 0 2 4 4 6 4 1 1 4

P. morganii Normal individuals . . . 3 0 3 0 — — 9 1 9 2 — 2 6 — — 4

Non-faecal m a te r ia l__ 1 9 1 4 3 — 2 3 11 5 — 1 4 2 — 3

Abbreviations : VS =  very sensitive R R  =  relatively resistant
S =  sensitive R  =  resistant

MS =  moderately sensitive H R  =  highly resistant
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M ost P . mirabilis c u ltu re s  from  healthy  in d iv id u a ls  were sensitive to  strepto
m ycin, while 40,3 p e r cen t of stra in s from  cases o f in fan tile  e n te ritis  a n d  33,5 
p e r  cen t of s tra in s  from  non-faecal m a te ria l ex h ib ited  an  ex trem e resistance  
to  th is  an tib io tic . N o difference was fo u n d  be tw een  th e  exam ined  groups in  
th e  sen s itiv ity  o f P. mirabilis to  the  tw o o th e r  an tib io tics. Unlike P . vulgaris, 
m o st o f th e  P. mirabilis s tra in s  were re s is ta n t  to  Oxytetracycline.

Less th a n  h a lf  o f th e  P . morganii s tra in s  from  in fan tile  e n te r itis  proved  
to  be  sensitive to  streptomycin, while s tra in s  from  h ea lth y  in d iv id u a ls  w ere 
u n ifo rm ly  streptomycin sensitive. Most o f th e  P . morganii stra in s  w ere sen sitive  
to  chloramphenicol a n d  Oxytetracycline.

O nly non-faecal s tra in s  were ex am in ed  fo r sensitiv ity  to  penicillin  an d  
Chlortetracycline. F ive  ou t o f  40 P. vulgaris, 169 o u t of 340 P . mirabilis, an d  2 
o u t o f 19 P . morganii s tra in s  were re la tiv e ly  re s is ta n t  to  penicillin. T h e  rem ain -

Table VI

Streptomycin sensitirity o f Proteus strains belonging to the most frequently occurring P. mirabilis
C' groups

E x am in a tio n  g ro u p 0  group
N u m b e r  of S t r e p t o m y c i n

s tra in s
S MS R R , R HR

0  : 3 9 3 2 4 8 3 5 8

0  : 1 0 1 8 1 5 3 —

In fan ts  with enteritis
0  : 1 3 2 8 1 9 8 1 —

0  : 2 6 5 1 5 1

Other 8 5 7 6
6

l 2

0  : 3 4 3 1 - —

0  : 1 0 1 0 1 0 — — —

N orm al individuals О : 13 *> 9 — —

0  : 2 6 2 — _ 2

Other 2 8 2 7 1 — —

0  : 3 8 0 1 2 1 2 l 5 5

0  : 1 0 2 5 1 9 6 — —

jSon-laeeal material 0  : 1 3 2 7 1 3 1 3 — 1

0  : 2 6 2 6 5 1 — 2 0

Other 1 8 2 9 5 4 3 6 3 8

Abbreviations : S --  sensitive
MS =  moderately sensitive
R R , R  =  relatively resistan t or resistant
H R  =  highly resistant
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in g  cu ltu res  were all penicillin re s is ta n t. The ac tio n  o f Chlortetracycline on th e  
various s tra in s  was v e ry  s im ila r to  th a t  of Oxytetracycline.

T he an tib io tic  se n s it iv ity  o f P. hauseri s tra in s  w as com pared w ith  th e ir  
serological behaviour. T he ex am in a tio n s show ed th a t  an tib io tic  s e n s itiv ity  
a n d  an tig en ic  s tru c tu re  o f P. vulgaris cu ltures was n o t connected  in  a n y  w ay . 
As to  P. mirabilis, no su ch  con n ec tio n  could be d e m o n s tra te d  am ong th e  v a rio u s  
sero types as to  th e ir  se n s it iv ity  to  chloramphenicol a n d  th e  tetracyclines ; h o w 
ever, a s trik in g  association  w as fo u n d  betw een serological behav iou r an d  s t r e p to 
m ycin  sen sitiv ity .

T ab le  V I shows th e  s trep to m y c in  sen s itiv ity  o f  P. mirabilis s tra in s  b e 
longing to  d ifferent О an tig en ic  groups. I t  is c lear th a t  a high p ercen tage  o f 
О group 3 s tra in s , an d  m o st s tra in s  belonging to  О g roup  26, were h ighly  re s is ta n t 
to  th a t  d ru g . The n u m b e r o f О group 3 an d  26 s tra in s  iso la ted  from  n o rm a l 
faecal sam ples was too  sm all to  allow  an y  sa tis fac to ry  conclusions. I t  w as im 
possible, how ever, to  ex am in e  m ore P. mirabilis 0  : 3 a n d  О : 26 cu ltu res fro m  
norm al faeces, since no m ore such  s tra in s  h ad  been iso la ted  d u ring  th e  a u th o r ’s 
p rev ious w ork  from  as m uch  as 7521 sam ples. A m ong faecal s tra in s  o th e r th a n  
О : 3 a n d  0  : 26, p ractica lly  none was highly  re s is ta n t to  streptomycin. A m ong 
those  o rig in a tin g  from  non-faecal m a te ria l, how ever, a n u m b er o f s trep to m y c in  
re s is ta n t s tra in s  were en co u n te red  w hich belonged to  n e ith e r  of these se ro types.

F u r th e r  rem arkab le  observ a tio n s were m ade b y  exam in ing  th e  ty p e  
d is tr ib u tio n  an d  s trep to m y c in  se n s itiv ity  of О group 3 s tra in s . In  О group  3 
m ost o f th e  non-m otile s tra in s  a n d  s tra in s  possessing H  an tig en  1 were h ig h ly  
re s is ta n t to  streptomycin (28 o u t o f  33 3 : — stra in s  a n d  83 ou t o f 123 3 : 1 s tra in s ) . 
On th e  co n tra ry , out o f  21 o n ly  2 s tra in s  were fo u n d  to  be re sis tan t w ith in  
an tig en ic  ty p e  3 : 2.

I t  shou ld  be n o ted  th a t  О : 3 s tra in s  corresponded  to  th e  ex ten d ed  О 
an tig en ic  fo rm ula 3a, 3b, w hile О : 26 s tra in s  to  th e  fo rm ula  26a, 3b. A ccordingly, 
s tra in s  o f  О group 3 a n d  26 w ere re la ted , sh aring  a com m on О an tig en , 36.

Discussion

In  th e  a u th o r’s p rev ious a n d  p resen t stud ies o f  P. hauseri s tra in s  from  
various pathological m a te ria ls  tho se  belonging to  О groups 3 an d  26 were m ost 
freq u en tly  iso lated .

O f 880 P. hauseri s tra in s  from  in fan tile  en te ritis , 32,1 p er cent belonged  
to  О group 3 ; 20,6 per c en t to  О group 26. In  faeces from  norm al ad u lts  th e  
corresponding  percentages were 3,0 for th e  0  : 3, a n d  2,5 for th e  О : 26 g ro u p . 
F rom  a sm all num ber o f  faeces from  norm al in fa n ts  n e ith e r  of these s tra in s  
were iso la ted . In  non-faecal m a te ria l, О group 3 s tra in s  were m ost com m only  
m et w ith , th e  percentage frequencies being  in  u r in a ry  in fections 20,0 ; in ear-
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n o se -th ro a t in fec tions 23,0 ; in  o th e r in fec tio n s 14,8. F rom  th e  non-faecal 
spec im ens 0  group 26 s tra in s  were less fre q u e n tly  iso lated .

Being very  o ften  re s is ta n t to  s trep to m y c in , Proteus s tra in s  belonging 
to  th e  tw o an tig en ica lly  re la te d  serogroups О :3  an d  0  :26 , considerab ly  differed 
fro m  others. W ith in  th e se  groups on ly  sero ty p es 3 : —, 3 : 1  a n d  26 : 3 were 
fre q u e n tly  s trep to m y c in  re s is ta n t. T he occu rrence  of these th ree  ty p e s  in  faeces 
fro m  h ea lth y  a d u lts  w as v e ry  low (a lto g e th e r  2,0 per cen t). O n th e  con trary , 
from  cases of in fa n tile  e n te r itis  th e y  w ere iso la ted  in  48,7 p er cen t. In  non- 
faeca l m ateria ls also th e se  typ es d o m in a te d  am ong 0  : 3 a n d  О : 26 s tra in s .

T he occurrence o f  Proteus sero types h a s  been s tu d ie d  b y  som e w orkers, 
b u t  l i ttle  a tte n tio n  h as  been  paid  to  th e ir  frequency  in  w ell-defined groups 
o f  pathological m a te r ia ls . T hus a com parison  betw een o u r re su lts  a n d  those 
in  th e  lite ra tu re  can  h a rd ly  be m ade. K a u f f m a n n  a n d  P e r c h  d em o n stra ted  
О  g roup  3 s tra in s  in  4,5  p e r cen t o f th e ir  cases [5], ch iefly  from  faecal specim ens. 
O f  W in k l e ’s 961 Proteus s tra in s  58 c a n  be regarded  as belong ing  to  О group 
3 [6, 4]. S tra ins co rresp o n d in g  to  О group  3 were no t u n fre q u e n tly  found  by  
B e l y a v in  et al. am o n g  a co m p ara tiv e ly  sm all num ber of Proteus cu ltu res  from  
non-faecal m a te ria l [7].

A considerable n u m b e r of repo rts  give figures for th e  a n tib io tic  sensiti
v i ty  of Proteus ; few  o f th em  d is tin g u ish , how ever, betw een  th e  various b io
chem ica l groups. O n ly  P e r c h  has ca rr ied  o u t such e x am in a tio n s  on a larger 
sca le , considering th e  sen sitiv ities acco rd in g  to  b o th  b iochem ical groups and  
sero types [8]. She w o rk ed  w ith  s tra in s  iso la ted  before th e  era  o f an tib io tics 
a n d  found th em  u n ifo rm ly  sensitive to  s trep to m y c in  a n d  chloram phenicol. 
A s to  o ther d rugs, she fo u n d  a difference betw een  th e  b eh av io u r o f  P. vulgaris 
a n d  mirabilis to  oxy- a n d  C hlo rtetracycline. T his finding is in  accordance w ith 
th e  resu lt of th e  p re se n t w ork. P e r c h  h as po in ted  ou t t h a t  s tra in s  belonging 
to  th e  same se ro ty p e  beh av ed  sim ila rly  a g a in s t te tracy c lin es . In  th e  present 
w ork no such c lear a sso c ia tio n s could  be d em o n stra ted .

The freq u en t occurrence  of Proteus 0  group 3 s tra in s  in  pa thological 
m a te ria ls  seems to  in d ic a te  th a t  th e y  are  m ore freq u en tly  concerned  in  various 
in fec tions th a n  o th e r  serogroups. The fa c t, how ever, th a t  m em bers o f th e  0  group 
3 are  m ostly  re s is ta n t to  s trep to m y c in , m u s t no t be ignored .

Some hy p o th eses  can  be ad v an ced  to  ex p la in  th is  b eh av io u r o f О : 3 stra ins. 
B eing  pathogenic  o rgan ism s, О group 3 s tra in s  m igh t m ore o ften  have m et 
w ith  strep to m y cin  th a n  o th e r Proteus s tra in s . H av in g  once developed resist
an ce , these re s is ta n t s tra in s  m ay  cause  fu r th e r  in fec tion . A lte rn a tiv e ly , th e  
freq u en t occurrence o f  О : 3 an d  О : 26 s tra in s  m ay  be ex p la in ed  b y  th e  possi
b i l i ty  th a t  th e y  w ere iso la ted  from  p a tie n ts  receiving s trep to m y c in  tre a tm e n t 
H ow ever, 0  : 3 s tra in s , w hich were less freq u en tly  re s is ta n t to  s trep tom ycin  
w ere more fre q u e n tly  iso la ted  th a n  th e  n ea rly  alw ays re s is ta n t О : 26 s tra in s 
Secondly, О : 3 s tra in s  were more fre q u e n t in  th e  faeces from  in fa n ts  w ith  en
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te r i t is  th a n  from o th e r in fec tio n s, a lthough m ore o f  th e  la t te r  cases h ad  p ro b ab ly  
been tre a te d  w ith  s trep to m y c in . T h ird ly ,it  is q u estio n ab le  w hy ex ac tly  О group  
3 an d  26 s tra in s  have developed  resistance, a lth o u g h  th e  possibility  of a d iffe r
ence betw een  sero types in  th is  respect canno t be excluded .

As to  the  clin ical use o f an tib io tics ag a in s t Proteus infection, th e  p re se n t 
sen s itiv ity  te s ts  suggest th a t  chloram phenicol is th e  th e rap eu tic  agent o f choice 
in  p a tie n ts  w ith  th is  ty p e  o f in fec tion . To s trep to m y c in  the  s tra in s are  e ith e r  
re s is tan t or p robab ly  easily  develop resistance a g a in s t it. The te tracy c lin es  m a y  
be regarded  as ac tive  on ly  a g a in s t th e  rarely  occu rrin g  P. vulgaris an d  morganii 
in fec tions.

From  th e  p resen t in v e s tig a tio n  it m ay be concluded  th a t  more w ork  m u s t 
be done before th e  ae tio log ical role of certa in  Proteus sero types can be d e te rm in ed .

Sum m ary

A biochemical and serological study of 408 Proteus strains isolated from non-faecal 
materials from 363 patients has been carried out. Of P . hauseri strains from urinary infections, 
20,0 per cent ; from ear-nose-throat infections, 23,0 per cent ; and from other infections, 14,8 
per cent belonged to О antigenic group 3.

A ntibiotic sensitivity testing of 899 faecal and non-faecal Proteus strains showed th a t  
strains belonging to P. mirabilis О : 3 and 0  :26 groups were mostly highly resistant to  s trep to 
mycin, while strains of o ther О groups were markedly less frequently resistant to  th is an ti • 
biotic. The possibility of the pathogenic role of certain Proteus serotypes has been discussed.
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T he te rm  incom plete  in fluenza  v irus is used  as a definition o f  p a rtic le s  
possessing h aem ag g lu tin a tin g  a n d  enzym atic  ac tiv itie s  [3], while e ssen tia lly  
la ck in g  in fec tiv ity . I n  th e  u ltracen trifu g e  th e  sed im en ta tio n  of incom plete  
p a rtic le s  was found  to  be slow er th a n  th a t  of th e  com plete  v irus [1, 2]. N o such  
difference was observed betw een  in fec tive  an d  in a c tiv a te d , though h aem ag g lu 
t in a tin g  com plete v iru s  p a rtic le s  [6]. The an tig en ic  s tru c tu re  is th e  sam e of 
b o th  th e  com plete a n d  in co m p le te  v iruses ; b u t th e  la t te r  is able to  in te rfe re  
w ith  th e  form ers m u ltip lica tio n  [4], while its  m ouse to x ic ity  is on ly  m o d e ra to  
[5a, 6]. V irus suspensions o f h igh  incom plete  p a rtic le  co n ten t c o n ta in  less 
ribonucleic  acid [7] an d  m ore lip id  [8] as com pared  to  a suspension o f  co m p le te  
v iru s.

Incom ple te  partic les seem  to  rep resen t a c e r ta in  phase of th e  in tra c e llu la r  
v irus m u ltip lica tio n  process a n d  a re  supposed to  be tran sfo rm ed  in to  com ple te  
v iru s u n d e r  norm al co n d itions [11, 12]. E x trace llu la r  appearence of in co m p le te  
partic les  in  higher co n cen tra tio n  is achieved on ly  b y  th e  use of c e r ta in  special 
inocula [9, 10].

T h e  electronm icroscopic s tu d ie s  o f B i r c h — A n d e r s o n  c ited  b y  U h l e r  
a n d  G a r d  [8] d id  n o t reveal a n y  difference betw een  com plete a n d  in co m p le te  
partic les. O n th e  o th e r  h a n d , W e r n e r  an d  S c h l e s i n g e r  [13] o bserved  t h a t  
the d iam e te r  of incom plete  p a rtic le s  was longer a n d  th e ir  electron  d e n s ity  low er 
th a n  th o se  o f com plete v iru s . Also pleom orphism  a n d  f la tte n in g  of in co m p le te  
partic les was found . S im ilar observ a tio n  was m ad e  b y  Voss an d  W r e n g e l

[14]. N um erica l d a ta  have been pub lished  only concern ing  the  d iam eter o f  d if fe r 
e n t p a rtic le s  an d  none are  ava ilab le  on th e ir  e lec tron  density .

In  th e  stud ies p resen ted  below  we m easured  th e  d iam ete r a n d  e le c tro n  
d e n s ity  o f com plete v iru s a n d  o f tw o d iffe ren tly  p rep ared  types o f in c o m p le te  
partic les. E x am in a tio n s were also carried  ou t to  es tab lish  w hether these  c h a ra c 
teristics o f th e  com plete v iru s  cou ld  be changed  b y  in ac tiv a tio n  a t  37°C. A s to  
the d ifferences observed in  th e  e lec tron  d en sity  o f d ifferen t partic les, th e  ro le 
o f th e ir  f la tte n in g  d u rin g  p rep a ra tio n  an d  th a t o f som e possible o th e r  fa c to rs  
were also  s tu d ied .
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M aterials and m ethods

Virus strains. The strains РЯ8 (Influenza A), Lee (Influenza B) and Budapest (B p) /449 
(Influenza A prime) [15] were used. Strains have been maintained for years by serial allantoic 
passages in our laboratory. The passage numbers given represent only the passages made 
during the present experiments.

Standard complete virus ( St). To obtain St virus, 0,1 ml of a 10~ 3 dilution of the passage 
material was inoculated into the allantoic cavity of 11 day old embryonated eggs. Infected 
eggs were incubated at 35° C for 20 hours if PR8, for 24 hours if Lee, and for 22 hours if Bp 
4/49 strains were used. After chilling overnight the allantoic fluids were harvested separately 
to avoid eventual bacterial contamination. Material characterized by an infectivity/haemag- 
glutination ratio (I'HA) of 10® or higher was looked upon as St virus.

Incomplete particles (IC ). a) Several allantoic passages were made with 0,5 ml each of 
undiluted allantoic fluids virus. The incubation was 28 hours, independently of the actual 
strain used. Materials characterized by an I HA ratio of less than 104 were looked upon as 
incomplete virus particle.

b) To an undiluted St virus suspension inactivated at 37° C for 144 hours fresh St virus 
was added in a ratio of 1 : 5000. This mixture was inoculated into the allantoic cavity of embry
onated eggs, 0,5 ml in each. Independently of the strain, the incubation period was 28 hours. 
The I/HA ratio of harvest was 104 or less. This material was designed as heat inactivated pas
sage material (HIP).

Heat inactivation. Heat inactivation of Í t virus was made by incubating St2-, St72 and 
St144 at 37° C for 25, 72 and 144 hours, respectively.

Titration of infectivity. Infectivity t trations were carried out by the H orváth rotating 
drum method [16]. Calculation of the titres was made according to Reed and Muench [17]. 
Haemagglutination titration. This test was carried out by Takátsy’s spiral loop method [18], 
using a 1 per cent washed suspension of chicken RBC. The titration end point obtained directly 
or by interpolation was the virus dilution giving a 2+  haemagglutination.

Purification of virus. Only the Bp 4/49 strain was used in a purified form. Purification was 
made essentially according to T akátsy [19a, 6], with the only modification that precipitation 
by distilled water was repeated once more.

The electronmicroscope used was an EM 3 USSR (1951) apparatus, rebuilt and modified 
by H ollós and Barna [23].

Preparation for electronmicroscopy. All the preparations were fixed by 1 per cent buffered 
Os04 solution at 4° C, according to F a l a d é  [20].

The purified, fixed material was carried onto a microscreen with a small loop. After 
washing with distilled water the preparations were dried in air.

Most of our examinations were made on chicken red blood cell (RBC) adsorbed virus. 
A similar method of preparation was used by H einmets [21] with human RBC. The RBC 
were preparated according to the method of D a w s o n  and E i .k o f d  [22], as follows. To a 10 
per cent suspension of RBC in saline a 5 per cent saponine solution was added in a 1/50 volume 
ratio. After complete haemolysis the cell membranes were washed 3 or 4 times with chilled 
saline, centrifuging at 2000 r. p. m. for 5 minutes. The final sediment was made up to a 2 per 
cent suspension. The suspension was examined electronmicroscopically to judge its applica
bility for further purposes. The virus adsorption was made by mixing equal volumes of the 
above RBC membrane suspension with the supernatant of a freshly titrated virus suspension 
centrifuged at 4000 r. p. m. for 20 minutes. The mixture was allowed to stand in an ice bath 
for 25 minutes with occasional shaking. This was followed by rapid centrifugation, and the 
supernatant was replaced by Os04 solution. After fixation, the material was washed in a centri
fuge 3 to 4 times with chilled distilled water. The final sediment was made up to a slightly 
opalescent suspension and it was mounted onto collodium membrane. As a control, RBC mem
branes treated in a similar way were used.

Shadowing of preparations was made by gold or palladium.
Photos were taken at 40 KV potency with an externally adjustable objective aperture of 

40 ju [23] and a magnification of 4600 on “Forte Bromodia” plates. Conditions of taking and 
developing of micrographs were standardized as far as possible.

Measuring o f diameters. Measurings were made on contact diapositive copies by a Zeiss 
comparator. Particle diameters vertical to the shadowcastiug were always measured, disre-
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yarding whether the narrower or the wider diameter was observed. Filamentous forms were not 
measured.

Measuring o f density. The real electron density of single particles could not he measured. 
Nevertheless certain data concerning the relative density of particles could be obtained by taking 
the photos under fairly standardized conditions. To meet the above requirements, the dia
positives were selected according to the density of the background, i. e. only photos presenting 
a background of 30 to 40 microlumen transparency were used with RBC adsorbed preparations 
and those of 50 to 60 microlumen with purified virus particles. Transparency was measured 
by means of the densitometer presented in Fig. 1. Using this apparatus the magnification 
(20000 times) and the photocelldiaphragm diameter (2 mm) was chosen in such a way that 
the picture of a single virus particle should cover the entire diaphragm field. The transparency 
of the actual background and that of single virus particles could be thus compared. The light 
source and the densitometer were supplied by alternating current stabilized to ±  1 per cent.

Fig. 1. Scheme of densitometer
Explanations: The light of a 250 watt bulb is collected by a condensor onto a horizon
tal, transparent plate. A lense system magnifies the pictures obtained. The light enters 
the photocell through a diaphragm 2 millimeter in diameter. The magnified picture lies exactly 
in the level of the diaphragm. The measuring apparatus is on the left, together with the switch 

and the button for adjusting sensitivity

Statistical evaluation
a) Measuring of the diameter. A major, a medium and a small particle was selected. Their 

diameters were measured 50 times each. The values obtained were of normal distribution. The 
S value was between 2,29 to 2,88 inp.. Calculating with a probability of 5 per cent, the error 
was ±  5,63 to 7,58 per cent. This was within the i  10 per cent limit of error of electronoptical 
measuring methods sti ted by W i l l i a m s  [24].

b) Measuring of density. The density of each particle adsorbed onto the surface of a 
RBC was measured 4 times in random series to avoid subjective factors arising from repeated 
measuring of the same particle. The error with 5 per cent probability was calculated as i  21 
per cent.

c) Statistical evaluation. In the statistical evaluation of our results the t method was 
used. Only differences less than 0,1 per cent were taken as significant. In cases of wider distribu
tion F i s h e r ’s  F  quotient method was used. A 5 per cent fiducial limit was taken as significant.

Results

1. Direct evaluation o f micrographs
a) Control micrographs. On p h o to s  tak en  from con tro l RBC m em branes 

in fluenza  v iru s  like partic les w ere v e ry  rare ly  p resen t (photos 1 an d  2).
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b) Unshadowed preparations. I t  was a p p a re n t from  d irec t inspection  th a t  th e  
d e n s ity  of St an d  IC  p a rtic le s  was d ifferen t (photos 3 to  6). T he d e n s ity  of S t, 
S t25, S t72 and  S t144 p a r tic le s  seemed to  be closely sim ilar (photos 3, 7, 10, 11). 
A sim ilar re la tion  tvas fo u n d  betw een H I P  a n d  IC partic les  (photos 6, 12, 13).

Particles be lo n g in g  to  the  St group were w ell defined, w ith  clear m arg ins 
a n d  a dense, hom ogeneous inner s tru c tu re  (photo  3, 8).

IC  particles, o n  th e  o th e r han d , be in g  less dense a n d  h av in g  less defined 
m arg ins, were m ore co n flu en t w ith th e ir  b a ck g ro u n d  (photos 6, 9). T his fea tu re  
w as even more re m a rk a b le  w ith  purified  IC  p artic les (photo  5).

c) Shadowed preparations. G enerally , S t pa rtic le s  were spherica l or sligh tly  
ellipsoid  bodies e q u a l in  size (photos 14, 15, 20). P artic les  from  purified suspen
sions seemed to  be a l i t t le  m ore f la tte n e d  th a n  those  adso rbed  on RBC (photos 
14, 15, 16). H e a t in a c tiv a te d  partic les e x h ib ite d  v e ry  l i t t le  m orphological 
differences, as co m p ared  to  th e  S t bodies (photo  18). IC a n d  H IP  p artic les 
co idd  no t be d iffe re n tia ted  m orphologically, b o th  were irreg u la r  a n d  m ark ed ly  
f la t  (photos 17, 19, 21).

2. Quantitative evaluation o f  mierogrtphs
The d iam ete r o f  3759 an d  th e  d e n s ity  o f 4132 pa rtic le s  was m easured . 

B o th  the  d iam eter a n d  th e  d ensity  e x h ib ite d  logarithm ic  d is trib u tio n . The 
figures were c o n s tru c te d  accordingly.

Tables I  a n d  I I  p resen t th e  geom etric  m ean  values of v iru s  d iam eters in  
m  u  an d  those o f th e  densities in  m icro lum en. In  T able I I I  we sum m arized  th e  
num bers of d ia m e te r  a n d  density  m easu rem en ts , th e  geom etric m eans of the 
logarithm s of th e se  d a ta ,  an d  the  s2 values.

Table I

Geometric m e a n s  o£  v ir u s  d ia m e te r s  i n  т ц

S t r a i n

D esig n a tio n R B C  ad so rb ed
P u rif ied  B p  4/49

P R 8 Lee B p  4/49

St 92 108 106 114

S t 2 5 - 7 2 100 99 99 121

S t lJ 4 99 101 101

1C 127 123 114 140

H IP 109 121 111



a )  a c co rd in g  to  d ia m e te r b .) a cco rd in g  to d e n s i ty

m /u69  76 83 91 100109I20 131 1*9

m M 83 91 1001091201311**156172 jj. Iumen2 3 9  5  6  9  <2 16

Fig. 2. Distribution of PR8 virus particles

a ja c c o r d in g  to d ia m e te r

m/x 69 76 83 91 Ю0109120131/9*

b.) a c c o rd in g  to  d e n s i ty

Fig. 3. Distribution of PR8 virus particles

a j  a c co rd in g  to d ia m  e te r b j  a cco rd in g  to d e n s i t y
a . )  a c c o r d in g  to  d ia m e te r b .)  a c c o r d in g  to  d e n s i t y

m fj. 83 51 '00 Ю912013119*156172 fj. lumen 2 3  9  5  6 9 12 16 22

Fig. 4. Distribution of Lee virus particles
Fig. 2—5. Diagrams presenting the data 

on electronmicrographs
of diameter and density measurements carried out 
of RBC adsorbed virus particles

Explanations : Distribution is given in per cent. Number of measurements is presented 
separately. The arrow points to the geometric mean. Diameters are given in mg, densities 
in microlumen. For the abbreviations used in the figures, see text (Materials and methods).
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Table II

Geometric means o f density values in microlumen

S t r a i n

D esignation R B C  adsorbed
Purified

P R 8 Lee B p  4 /4 9
Bp 4/49

St 18,8 14,6 22,8 12,9

S t j s  72

18,1
13,3 20,4 16

Stm 14 15,5

IC 5,4 4,8 7,2 6,4

HIP 6,2 6,5 6,7

Fig. 2 p resen ts th e  d is tr ib u tio n  o f  d iam ete r a n d  d en sity  values o f  S t ,  IC 
a n d  H IP  groups o f P R 8  s tra in  v iru se s . The n u m b e r o f m easurem ents m a d e  
a re  given and  th e  incidence of th e  va lu es  is exp ressed  in  per cent. D ia m e te rs  
a re  given in m u  a n d  densities iu  m icro lum en . T he geom etric  m ean is in d ic a te d  
b y  a sm all arrow .

I f  the d iam eter a n d  d en sity  d iag ram s of S t a n d  IC  partic les are c o m p ared , 
we can  see th a t  th e  d iam e te r  d iag ram  of IC p a rtic le s  was shifted  r ig h t a n d  i ts  
d e n s ity  d iagram  to  le ft, i. e. th e  d iam e te rs  increased  w hile  th e  d ensity  d ec reased . 
T he d iam eter an d  d e n s ity  d iagram s o f H IP  p artic les a re  closely re la ted  to  th o se  
o f  IC partic les, th ough  th e y  seem  to  be sh ifted  s lig h tly  tow ards th e  v a lu es  
o f  th e  S t v irus d iagram s. We suppose , therefo re , t h a t  th e  H IP  p re p a ra tio n  
m igh t contain  num erous partic les o f  a higher degree o f  com pleteness, s im ila r  
to  th e  S t virus, b u t essen tia lly  la ck in g  in fec tiv ity .

In  Fig. 3 a com parison of S t a n d  hea t in a c tiv a te d  viruses is p re se n te d . 
N o difference was found  in  th e  d e n s ity  d iagram s o f  S t an d  heat in a c tiv a te d  
p a rtic le s . On th e  o th e r h an d , th e  m ore  prolonged w as h ea t in a c tiv a tio n , th e  
w ider was th e  d is tr ib u tio n  of d ia m e te r  values.

F ig . 4 p resen ts th e  d a ta  co n cern in g  the  S t, IC , a n d  H IP  groups o f  Lee 
v iru s . As com pared to  the  S t v iru s, th e  d iam ete r d iag ram s of IC an d  H I P  p a r 
tic les have sh ifted  to  r ig h t an d  th e ir  d en sity  d iag ram  to  le ft. The d e n s ity  d ia 
g ram  o f th e  IC partic les  revealed  3 p eak s decreasing  from  rig h t to  le f t, w hile 
th a t  o f th e  H IP  partic les  ex h ib ited  o n ly  one m ax im u m  corresponding to  th a t  
o f  IC . The H IP  d iag ram , as co m p ared  to  th a t  o f IC , was shifted to  th e  r ig h t. 
T he lack  of u n ifo rm ity  o f th e  IC p a rtic le s  was m ore m ark ed  w ith Lee th a n  w ith  
P R 8  virus.

7  Actn M ierohiolovirn TV/4.
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Table Ш

Logarithms o f virus diameter and density values

V î t  u s  » t r a i l

RBC adsorbed
tion PR8 Lee B p  4 /4 9 B p  4 /4 9

N X N X S* N X S» N X 1*

A )  Diameter

S t 156 1,9646 0,0037 447 2,0331 0,0038 306 2,0262 0,0046 150 2,0561 0,0043

Stas-72 256 2,0026 0,0047 159 1,9972 0,0017 167 1,9947 0,0037 155 2,0841 0,0036

® t144 401 1,9976 0,0068 163 2,0006 0,0029 186 2,0040 0,0048

IC 165 2,1052 0,0044 155 2,0896 0,0044 227 2,0550 0,0039 165 2,1958 0,0053

HIP 100 2,0362 0,0033 174 2,0816 0,0021 123 2,0431 0,0044

В )  Density

St 156 1,2741 0,0179 352 1,1651 0,0184 462 1,3589 0,0320 541 1,1107 0,0260

®4s-72
134 1,2570 0,0196

144 1,1235 0,0192 141 1,3109 0,0114 155 1,2034 0,0695

StX44 240 1,1471 0,02010 122 1,1913 0,0277

IC 135 0,7331 0,0372 206 0,6853 0,0627 483 0,8589 0,0641 419 0,81 0,0181

HIP 100 0,7941 0,0478 223 0,8185 0,0499 119 0,6731 0,0479

Explanations : N =  number of measurements
X =  logarithms of the values measured

Г ( х _ х ) 2s2-----------------
N — 1

F ig . 5 presents a com parison  of S t a n d  h e a t  in ac tiv a ted  p a rtic le s  of Lee 
v iru s .  The differences fo u n d  were o p p c 'ite  to  th o se  sum m arized in  F ig . 3, i. e. 
th e  longer heat in a c tiv a tio n  la s ted  a narrow er d is tr ib u tio n  in  th e  d iam e te rs  of 
h e a t  in ac tiv a ted  p a r tic le s  com pared  to  th e  S t  ones.
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T he f la tten in g  o f th e  S t v irus d iam e te r  d iag ram  m igh t be exp la ined  b y  
th e  p robab le  presence o f h a te  in a c tiv a te d  p a r t id e s  p roduced  du ring  th  com 
p a ra tiv e ly  long in cu b a tio n  o f Lee in fec ted  eggs. A tten tio n  was d raw n on  th e

a ja c c o r d m g  to d ia m e te r b .Jo c co rd in g  to d e n s i ty

%
<,0

30

20

to

S t
N u m b e r  o f  m e a s u r e m e n ts  1 5 0  

Geor:etric m eanín
m ^ 6 9  76 83 91 100109120 i31 M 158

% S t

F ig .  6 . Diagrams presenting the data of d iam eter and density m easurem ents carried out on 
electron micrographs of virus particles purified according to  T akä tsy . 

D istribution of B p. 4/49 virus particles

E x p la n a tio n s :  D istribution is given in per cen t. Number of m easurem ents is presented sepa
ra te ly . The arrow points to the geom etric mean. Diameters are given in m g , densities 
in microlumcn. For the abbreviations used in  the figures, see tex t (Materials and methods)

g re a t h e a t sen sitiv ity  o f Lee v irus b y  H o r s f a l l  [25]. D en sity  d iag ram s d id  
n o t reveal any  difference.

E x am in a tio n s m ade w ith th e  B p 4/49 s tra in  y ielded  resu lts  essen tia lly  
s im ila r  to  those o b ta in ed  w ith th e  tw o  o th e r s tra in s . N evertheless, th e  d iffe r
ence in  th e  d iam eters of IC and S t partic les  was less m arked . T here w as no

- 7 *
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significant f la tte n in g  o f  th e  d iam eter d iag ram s of h e a t in a c tiv a te d  p a rtic le s , 
as  com pared to  t h a t  o f  th e  St v irus.

R esults o f  o u r  ex perim en ts w ith  B p 4/49 v irus purified  accord ing  to  
T a k a t s y  [19a, b] a re  p resen ted  in  T ables 1 a n d  2 a n d  sum m arized  below. The 
geom etric m ean d ia m e te r  o f purified S t p a rtic le s  was 114 mu.. This m eans, as 
com pared to  th e  106 m  u  found w ith  R BC adso rbed  S t partic les , a significant 
(7,5 per cent) in c rea se . W e suppose th a t  th e  cond itions d u rin g  p u rifica tion  
m ig h t render th e  p a r tic le s  more inclined  to  f la tte n in g . T he increase in  th e  di-

P R  8  L e e  B p .

F ig . 7. Relative density

E x p la n a tio n s :  The colum n diagram s represent the relative density of particles of RBC ad
sorbed PR8, Lee and Bp 4/49 strains in per cents. The ratio  for the St group of the actual 
stra ins was taken as 100 p e r cent. The ratios were obtained by multiplying the square of the 
geom etric mean of the d iam eters 1 y the mean of the densities. In the case of diam eters shorter 
th a n  100 mfi they were counted for tha t value. For abbreviations in the figure, see tex t (Mate

rials and methods)

a m e te r  of the m ore sen s itiv e  IC partic les d u rin g  purifica tion  was found  to  be 
22 p er cent (114 to  140 m u ) .  No significant difference was found  in  th e  d is tr i
b u tio n  F  quo tien t o f  p u rified  an d  RBC ad so rb ed  partic les , n e ith e r of th e  S t nor 
o f  th e  IC type.

The decrease in  th e  d en sity  of p artic les f la tte n e d  as a re su lt o f purifica tion  
is n o t to be com pared  to  th e  differences observed  in  th e  d e n s ity  of S t a n d  IC 
p a rtic le s  of all th e  s tra in s  s tu d ied . T hus, th e  la t te r  can n o t be exp la ined  sim ply 
b y  fla tten ing .
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Photo 1— 7
(Kxpl. see on p. 471)
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Photo 8— 11
(Tíxpl. see on p. 471)
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П о ю  12— 18
(Expl. see on p. 471)
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Photo 19— 21
(Expl. see on p. 471)
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E x p l a n a t i o n s  t o  t h e  m i c r o g r a p h s

P h o t  ) 1 — 7 ,  p .  4 6 7

P h o to  1 .  ( N o .  1 5 3 2 )  Control chicken RBC m em brane. Nucleus bottom left, cell m argin top  
right. Spots of higher density unmistakable for virus particles are seen. 0 s 0 4 fixation, un 
shadowed. Magnification, about X 15 000 — P h o t o  2 .  ( N o .  1 7 1 4 )  Control chicken RBC m em 
brane. O s04 fixation, palladium  shadowed. Magnification, about X 15 000 —  P h o t o  3 .  
( N o .  4 6 1  )  RBC adsorbed St particles of Bp 4/49 strain . The irregularly distributed particles 
of m arked density have well-defined margins and a spherical or a slightly ellipsoid shape. 
0 s 0 4 fixation, unshadowed. Magnification, about X 15 000 — P h o to  4 .  ( N o .  5 4 4 )  St particles 
of Bp 4/49 strain  purified according to Ta k á t s y . The readily aggregating particles are less 
dense th an  the RBC adsorbed St particles of the same strain . O s04 fixation, unshadowed. 
M agnification, about X 15 000 — P h o to  5 .  ( N o .  5 7 2 )  IC particles of Bp 4/49 strain  purified 
according to  T akátsy . Particles of moderate density  and uncertain margins, markedly inclined 
to aggregation. 0 s 0 4 fixation, unshadowed. Magnification, about X 15 000 — P h o t o  6 .  
( N o .  4 9 1 )  RBC adsorbed IC particles of Bp 4/49 strain. The round, elongated or irregular 
particles of random distribution have uncertain m argins and are of moderate density. O s04 
fixation, unshadowed. Magnification, about X 15 000 —  P h o t o  7 .  ( N o .  1 5 8 3 )  St particles of 
Bp 4/49 stra in  inactivated for 72 hours at 37° C and adsorbed onto RBC membranes. The 
particles are essentially sim ilar to  those of S t v irus presented in Photo 3. 0 s 0 4 fixation, 

unshadowed. Magnification, about X 15 000

P h o to  8 — 1 1 ,  p .  4 6 8

P h o t o  8 .  ( N o .  4 6 1 )  Part of photo 3, higher magnification. The clear margins and the 
marked density  of particles is dem onstrated also at higher magnification. Magnification, 
about X  32 000 — P h o t o  9 .  ( N o .  491 )  P a rt o f Photo 6, higher magnification. The m oderate 
density  and poorly defined margins of particles render the magnified micrograph un- 
evaluable. Magnification, X 32 000 — P h o to  1 0 .  ( N o .  1 5 9 4 )  St particles of PR8 stra in  inacti
vated for 72 hours at 37° C and adsorbed onto RBC membranes. The particles are essentially 
sim ilar to those presented in Photos 3 and 7. O s04 fixation, unshadowed. Magnification, 
about X 15 000 — P h o t o  11 .  ( N o .  1 9 1 8 )  St particles of Lee strain  inactivated for 144 hours a t 
37° C and adsorbed onto RBC membranes. The density  of the particles is less than  th a t of the 
St and heat inactivated St types of Bp 4/49 and PR8 viruses adsorbed onto RBC. O s04 

fixation, unshadowed. M agnification, about X 15 000

Ph oto  1 2 — 1 8 ,  p .  4 6 9

P h o t o  1 2 .  ( N o .  1 9 0 2 )  H IP  particles of Bp 4/49 strain  adsorbed onto RBC m em brane. No 
difference was found between these and the IC particles presented in Photo 6. O s04 fixation, 
unshadowed. Magnification, about X 15 000 —  P h o t o  13 .  ( N o .  1 9 0 6 )  H IP particles of PR8 
strain  adsorbed onto RBC membranes. (See Photo  12) 0 s 0 4 fixation, unshadowed. Magnifi
cation, about X 15 000 —  P h o t o  14 .  ( N o .  3 9 3 )  St particles of Bp 4/49 strain  adsorbed 
onto RBC membranes. A great number of random ly distributed round or ellipsoid St p a r
ticles. 0 s 0 4 fixation, gold shadowed. M agnification, about X 15 000 — P h o t o  1 5 .  ( N o .  3 9 6 )  
St particles of Bp 4/49 stra in  adsorbed onto RBC membranes. OsO, fixation, gold shadowed. 
M agnification, about X 15 000 — P h o to  16 .  ( N o .  6 4 8 )  St particles of Bp 4/49 strain  pu ri
fied according to T a ká tsy . 0 s0 4 fixation, gold shadowed. Magnification, about X 15 000 
—  P h o t o  1 7 .  ( N o .  5 9 8 )  IC particles of Bp 4/49 strain purified according to T a k á tsy . The 
particles are more irregular and flat than those of St virus. 0 s 0 4 fixation, gold shadowed. 
M agnification, about X 15 000 — P h o to  1 8 .  ( N o .  1 7 3 8 )  St particles of PR8 strain  inactivated 
for 144 hours at 37° C and adsorbed onto RBC membranes. The margins of the parMcles are 
som ew hat less defined than  those presented in Photos 14 and 15. 0 s 0 4 fixation, palladium  

shadowed. Magnification, about X  15 000

P hoto  1 9 — 2 1 , p .  4 7 0

P h o t o  1 9 .  ( N o .  3 8 6 )  IC particles of Bp 4/49 stra in  adsorbed onto RBC membranes. Particles 
are fla ttened  and very often pleomorphic. Two particles resembling St virus are indicated 
by arrows. 0 s 0 4 fixation, gold shadowed. Magnification, about X 15 000 —  P h o t o  2 0 .  
( N o .  3 9 6 )  P art of Photo 15, higher magnification. Magnification, about X 60 000 — P h o t o  

2 1 .  ( N o .  3 8 6 )  Part of Photo  19, higher magnification. Magnification, about X 60 000
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D iscussion

By m eans o f o u r m eth o d  describ ed  ab o v e  we were able to  m easure a n d  
express num erica lly  th e  differences observed  d irec tly  in th e  d e n s ity  of S t a n d  
IC  pa rtic le s  on o u r m icrographs. N a tu ra lly , these  figures do n o t rep re sen t 
ab so lu te  e lec tron  density ' values.

I t  has been  estab lish ed  th a t  b y  h e a t in a c tiv a tio n  of S t v iiu s  no like IC  
p a rtic le s  are o b ta in e d . H e a t in a c tiv a te d  S t v iru s  in o cu la ted  in to  th e  a llan to ic  
c a v ity  of em b ry o n a ted  eggs was n o t fo u n d  in  th e  h a rv es t, while pa rtic le s  u n - 
d is tin g u ish ab le  from  IC were p resen t.

In  th e  case o f  Bp 4/49 s tra in  th e  d ia m e te r  differences of S t a n d  IC pa rtic le s  
cou ld  be exp la ined  b y  f la tte n in g  of th e  la t te r .  S t p artic les f la tte n e d  as a re su lt 
o f  purifica tion  h a d  d iam ete rs  sim ilar to  t h a t  o f adso rbed  IC partic les . The m ean  
d ia m e te r  values o f IC pa rtic le s  as com pared  to  th a t  of S t v irus, ex h ib ited  a n  
in c rease  of 28,14 a n d  7,5 p er cent in  P R 8 , Lee a n d  Bp 4/49 s tra in s , respective ly . 
T hese  fac ts  su p p o rt th e  v iew  th a t  increase  in  th e  d iam ete r of IC partic les  is 
b u t  an  a rte fac t.

I t  has been e s tab lish ed  th a t  th e  d ia m e te r  d iagram s of h e a t tre a te d  S t 
p a rtic le s  were m ore f la t  th a n  those of S t v iru s . T he g rea te r n u m b er of w ider 
p a rtic le s  appeared  as a re su lt of a f la t te n in g  o f partic les  in ju red  b y  h e a t t r e a t 
m e n t, while th e  sm alle r ones were supposed  to  h av e  lost volum e b y  d isso lu tion  
o f  m a te r ia l from  th e  p a r tic le  or b y  fra g m e n ta tio n . T h is is also su p p o rted  b y  th e  
o b se rv a tio n  th a t  th e  d e n s ity  of h ea t t re a te d  p a rtic le s  was n o t less th a n  th a t  o f  
S t v iru s  (Fig. 6). B ey o n d  a ce rta in  lim it o f  h e a t tre a tm e n t fu r th e r  changes 
o ccu rred  in  th e  d ia m e te r  d is trib u tio n , v e ry  p ro b a b ly  because th e  m ost in ju red  
p a rtic le s  lost th e ir  a b ili ty  to  adsorb  on to  R BC.

T he d en sity  d iag ram s revealed  close re la tio n s  betw een  th e  groups of St 
a n d  h e a t tre a te d  S t a n d  those  of H IP  a n d  IC  p a rtic le s , respectively . T h e  m u ltip le  
p eak s  observed on th e  d e n s ity  d iagram s o f IC a n d  H IP  p artic les are  supposed 
to  be  caused  b y  th e  p resence  of partic les rep re se n tin g  d ifferen t phases o f develop
m e n t. A p p aren tly  s im ila r ch arac teris tics  o f  incom plete  p artic les w ere found  
b y  B u r n e t  et al. [26] b y  essen tia lly  d iffe ren t m ethods.

D a ta  of T ables I  a n d  I I  suggest th a t  th e  d ifferences found  in  th e  d iam eters 
o f  S t a n d  IC p a rtic le s  a re  n o t sufficient to  e x p la in  th e  v e ry  m ark ed  difference 
in  th e ir  d en sity  on ly  b y  f la tte n in g . W e are  in c lin e d  to  suppose th a t  th e  d en sity  
d ifferences observed m ig h t be th e  re su lt o f  a  d iffe ren t com position of partic les .

To verify  also n u m erica lly  our above suppositio n , we m ade use of a ra tio  
ch a rac té riz in g  th e  m ean  d en sity  of a single p a rtic le  in  th e  d ifferen t groups. 
T h e  value  of th is  ra t io  equals th e  a c tu a l d e n s ity  m easured  in  m icro lum en, 
in  th e  case of p a rtic le s  w ith  a d iam ete r o f 100 m u. or less. F o r pa rtic le s  w ider 
th a n  100 m u  th e  ra tio  w as ob ta in ed  b y  m u ltip ly in g  th e  d en sity  m easured  a t 
a  d iap h rag m  d iam e te r o f 100 mp, b y  th e  q u o tie n t, square  of th e  rea l d iam e te r
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100 m  u .  Fig. 6 p resen ts these ratios c a lc u la ted  for partic les  adsorbed  o n to  R B C - 
T h e  ra tio  for S t v iru s was taken  as 100. N everthe less, we do no t c la im  o u r  d a ta  
ac c u ra te ly  to  d em o n stra te  the re la tio n s  betw een  th e  electron  d e n s ity  v a lu es  
o f  d iffe ren t partic les, as we d isregarded  th e  lo g arithm ic  n a tu re  of th e  e x tin c tio n  
cu rve  a n d  took  th e  re la tio n  for lin ea r. M oreover, th e  d en sity  of p a rtic le s  w ith  
a d iam e te r w ider th a n  100 m u  was m easu red  in  th e ir  cen tra l a rea w here th e y  
were m ost dense. T hese failures of th e  m e th o d  could  no t be regarded  as in flu e n c . 
in g  th e  v a lid ity  o f o u r resu lts as th e y  could  on ly  d im in ish  th e  differences o b 
served  in  th e  d en sity  of St and  IC p a rtic le s . N evertheless, these d iffe rences 
seem ed to  be m ark ed  enough to  su p p o rt ou r view  th a t  there was a d iffe ren ce  
in  th e  com position o f  S t and  IC p a rtic le s .

S um m ary

From a statistical evaluation of data obtained by measuring the diameter of 3759 and 
the density of 4132 particles of PR8, Lee and Bp 4/49 virus in form of complete, heat inactivated 
and two types of incomplete particles, the following conclusions were drawn.

1. The longer diameter of incomplete particles as compared to that of complete virus 
is a result of flattening.

2. The markedly decreased density of incomplete particles cannot be explained only 
by flattening, but a difference in their composition seems to be most probable.

3. The above statements are valid for both types of incomplete particles, i .  e. those 
produced with concentrated inocula of live virus and with heat inactivated plus live virus 
inocula. IC particles thus obtained seem to represent a mixture of incomplete virus particles 
of different phases of development.

4. No significant differences were found in the density of heat inactivated particles as 
compared to St virus, while the moderate alteration of diameters during heat inactivation is 
a  result of flattening, fragmentation and selection by injury.

A c k n o w le d g e m e n ts . The author is indebted to Dr. G y . B a r s y  for his valuable help in 
the statistical evaluation of results. For lending the Zeiss comparator, the author expresses 
his thanks to the Institute of Biochemistry of the Hungarian Academy of Sciences.
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