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MEASLES IMMUNITY IN INFANTS

By

Z . P a LLINGER  and  G lZ E L L A  P a L L IN G E R -S z e KERES

N ational In s titu te  o f Public H ealth  (Director : T. B akács), B udapest 

(R eceived O c to b er 5, 1970)

S u m m ary . S e ra  f ro m  218 babies less th a n  1 y e a r  old were exam ined  for m easles a n t i 
bodies by  th e  h aem ag g lu tin a tio n  in h ib itio n  te s t. T he a n tib o d y  level w as fo u n d  to  decrease  
ra p id ly  up  to  5 m o n th s  o f age, and to  p e rs is t  a t  a  low  level u n til beyond  9 m o n th s  of age i t  
te n d e d  to  rise again. T hese  findings a re  in  good accordance  w ith  th e  epidem iological cu rv es 
for th e  age group d is tr ib u tio n  of measles, w h ich  show  a n  a b ru p t  increase in  m o rb id ity  a t  5 — 8 
m o n th s  o f age.

D efining th e  youngest age g roup  to  be v accinated  a g a in s t m easles, 
co nsidera tion  shou ld  be given to  th e  specific  an tib o d y  levels an d  th e  age 
d is tr ib u tio n  of incidence. D ata fo r in fa n ts  u n d e r  one y ear of age h av e  been 
re p o rte d  from  W est G erm any [1] a n d  J a p a n  [5 ,6 ] , while in H u n g a ry  sero log
ical screening of c h ild ren  1—9 y e a rs  old fo r m easles an tib o d ies  has been 
described  [2].

T his p ap er is a re p o rt on th e  m easles a n tib o d y  s ta tu s  of in fa n ts  less th a n  
1 y e a r  old, as assessed b y  screening o f sera from  218 babies.

Materials and methods

A ntibodies w ere dem o n stra ted  b y  th e  h aem ag g lu tin a tio n  in h ib ition  (H I)  tes t.
A ntigen . F o u r s tra in s  of measles v iru s  w ere u sed  as an tigens, th e  s tra in s  L en in g rad -4 , 

E d m o n sto n -A , Prague-1  an d  the  stra in  d e s ig n a ted  “ 5” , iso la ted  in th is la b o ra to ry  from  th e  
leu k o cy tes  of a m easles p a tie n t. The in fec tive  t i t r e  of th e  v iru s stra ins was 1030 — 104 2 T C ID 50/ 
0.1 m l in  p rim ary  v e rv e t m onkey  k idney  e p ith e lia l cell cu ltu res .

T h e  h a em ag g lu tin a tin g  titre  of th e  s tra in s  was d e te rm in ed  ind iv id u a lly  fo r each  lo t o f  
red b lood  cells. The av erag e  t itre  was 24 — 25. S torage te m p e ra tu re  was —20 °C.

Blood sera. Serum  sam ples su b m itted  fo r ro u tin e  la b o ra to ry  tes ts  in  a  c h ild ren ’s h o sp ita l  
were used  th ro u g h o u t. S e ra  from  pa tien ts w ith  in fec tious disease or im m une defic iency  w ere 
excluded  from  th e  s tu d y . T he sera were co llec ted  from  F e b ru a ry  to  Ju ly , 1967. F re sh  sam ples 
w ere in c a tiv a te d  a t  56 °C fo r 30 m inutes.

H aem agglutination inhibiton test. E a c h  serum  sam ple  was tes ted  ag a in s t all th e  fo u r 
an tig en s w ith  the  reac tio n  described by R o s e n  [3], u sin g  T akátsy’s m ic ro titra to r  tech n iq u e  
[4]. T h e  c riterio n  of p o s it iv ity  was the co m p le te  in h ib itio n  of h aem ag g lu tin a tio n  of 4 a n tig en  
u n its  b y  a serum  d ilu tio n  of a t  least 1 : 8. T h e  b eh av io u r o f th e  serum  sam ples w as p ra c tic a lly  
id en tica l w ith  all th e  fo u r antigens.

R ed  blood cells fresh ly  w ithdraw n fro m  rhesus a n d  v e rv e t m onkeys w ere used  a f te r  
w ash ing  in  ph o sp h a te  b u ffe r  solution pH  7.2 u n til  d e -p ro te in iza tio n  of th e  su p e rn a ta n t, checked  
by  th e  su lphosalicylic acid  te s t.

Comparison o f  sam ples by different serological tests. A t th e  beginning of th e  ex p erim en ts , 
paralle l w ith  th e  H I  te s t ,  50 serum  sam ples eac h  were te s te d  for v irus neu tra liz in g  a n d  co m p le 
m ent fix in g  an tib o d y  c o n te n ts . Results o f th e  th ree  te s ts  w ere in good accordance.
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Results

T h e q u a rte rly  d is tr ib u tio n  of th e  po sitiv e  serological response o f  th e  
ex am in ed  218 in fa n ts  is show n in F ig . 1. T he p ro p o rtio n  of serological p o s itiv 
i ty  w as h ighest in  th e  y o u n g est, 0— 3 m o n th  old age group , in  w hich 28 of 
38 serum  sam ples c o n ta in e d  an tibod ies to  m easles v iru s . The num ber o f sero-

F ig. 1. P ro p o rtio n  of p o s itiv e  serological responses am ong  b ab ies  0 12 m o n th s old, as d e 
m o n stra ted  b y  H I  te s t

Age of subjects ( months )

Fig. 2. M ean H I  t itre s  in  serum  sam ples fro m  babies 0 —12 m on ths old

log ica lly  positive in fa n ts  first ten d ed  to  decrease w ith  age, H I an tib o d ies  being 
fo u n d  in  only 26 o f th e  51 serum  sam ples rep resen tin g  th e  7— 9 m o n th s  age 
g roup , th e n  it  rose s lig h tly  as show n b y  th e  p o s itiv ity  of 37 from  th e  64 sam ples 
ex am in ed  for th e  10— 12 m onths age group.

T he geom etric  m e a n  of th e  H I  t i tre s  (F ig. 2) w as also h ighest in  th e  0— 3 
m o n th s  old group , show ing  a decreasing  ten d e n c y  in  th e  second a n d  th ird  
q u a rte rs  and  in c reasin g  ten d en cy  in  th e  fo u r th  q u a rte r . The slopes of th e  
cu rv es  in  Figs 1 a n d  2 are  sim ilar, b u t  th e  la t te r  show s a s teeper descen t.
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T he p e rcen tu a l d is trib u tio n  of th e  H I  titre s  is seen in  F ig . 3. T he p ro p o rtio n  
o f serologically  n e g a tiv e  babies te n d e d  to  rise up  to  9 m o n th s of age, w ith  a 
b re a k  a t  7 m on ths. T h e  num ber of se ra  w ith  titre s  of 1 : 64 or above te n d e d  to  
decrease up  to  5 m o n th s ; in the  6— 7 m on ths old g roup  few serum  sam ples 
h ad  reached  th a t  level. Beyond 9 m o n th s  of age th e  p ro p o rtio n  of h igh ti t re s  
te n d e d  to  rise again .

D a ta  in F ig . 3 correlate in e v e ry  respect w ith  th o se  of Fig. 4, w hich  
show  th e  age d is tr ib u tio n  of the re p o r te d  cases of m easles am ong 0— 11 m o n th s  
old in fa n ts . An a b ru p t  increase of inc idence  was n o ted  a t  th e  age of 5 m o n th s  
w hen  th e  p ro p o rtio n  of se ro n eg a tiv ity  a tta in e d  a b o u t 50% .

Discussion

M ost repo rts  on th e  serological screen ing  fo r m easles an tibod ies w ere 
re la te d  to  th e  p o ten cy  te s tin g  of v a r io u s  m easles vaccines. E x am in a tio n s  on 
in fa n ts  less th a n  1 y e a r  old were re p o r te d  b y  E n d e r s - R uckle  et al. [1], 
w ho te s te d  sera from  180 infants in  a su rv ey  of th e  p o p u la tio n  of W est G er
m an y . T h ey  d e m o n s tra te d  measles a n tib o d ie s  in  90%  of th e  sera from  bab ies 
less th a n  6 m onths o ld  and  in 10%  o f tho se  from  bab ies 7— 12 m o n ths old. 
S im ila r find ings h av e  been  described b y  U e d a  et al. [5, 6] w ho found  a n t i 
bodies in  th e  sera o f all in fan ts up to  2 m on th s old an d  a su b seq u en t decrease 
o f  th e  an tib o d y  level to  zero a t 8 m o n th s  of age.

I n  th is  la b o ra to ry , a steady  in c rease  of n eg a tiv e  serological responses 
w as n o te d  up to  9 m o n th s  of age, w ith  a co rrespond ing  decrease of th e  h igh , 
1 : 64 o r above, t i t re  levels which w ere ra re  in  th e  5— 8 m o n th s  old group u n til  
from  th e  9 th  m on th  on th e  titre s  te n d e d  to  rise again . T he increasing  ten d en cy  
o f  serological n e g a tiv ity  and  the d ecrease  of th e  m ean  t i t r e  w ere v e ry  likely

1 * Acta Microbiologica Academiae Scientiarum Hungaricae 18, 1971

Fig. 3. P e rc en tu a l d istribu tion  of H I  titre s  in th e  ex am ined  age groups
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r e la te d  w ith  th e  decline of m a te rn a l an tib o d ies . The steep  decrease of th e  
m e a n  t i t r e ,  as show n in  Fig. 2, in d ic a te d  a red u c tio n  o f t i t r e  levels w hich, 
h o w ev er, did no t a lw ays im ply  serological n eg a tiv ity . T he reap p ea ran ce  of 
h ig h  t i t r e s  a fte r 9 m o n th s  of age su g g ested  a convalescen t s ta te  in  p a r t  of 
th e  cases, as con firm ed  also b y  th e  a b ru p t  rise of th e  incidence of m easles 
a f te r  5 m on ths of age (F ig . 4), w hen  th e  p ro p o rtio n  of sero logically  negative

Age of subjects ( months)

Fin. 4. Age d is tr ib u tio n  of rep o rted  cases o f m easles in  0 — 11 m o n th s old b ab ies in  th e  period
1 9 6 4 - 6 6

in d iv id u a ls  was h ig h e s t —  ab o u t 5 0 %  —  in th e  p o p u la tio n  group  stud ied . A t 
7 — 9 m on ths of age th e  epidem iological cu rve  show ed a sim ilar b re a k  as show n 
in  F ig . 3. As a lread y  n o ted  a t  7— 10 m o n th s  of age th e  p ro p o rtio n  of sero logi
c a lly  negative  b ab ies  was low er th a n  ex p ec ted ; i t  w as, th e re fo re , checked  
w h e th e r  th e  co llection  of th e  re la te d  sam ples h ad  p e rh ap s coincided w ith  an  
ep id em ic  period  ( la te n t in fection , b o o s te r  effect). H ow ever, no such  co rre 
la t io n  was d em o n strab le , as each su p p ly  of te s t  m a te ria l co n ta in ed  sam ples 
f ro m  all age g roups exam ined  in  ro u g h ly  un iform  d is tr ib u tio n . A ccording to  
th e  epidem iological d a ta , th e  p e rio d  of m ax im um  m easles incidence is in  A pril

Acla Microbiologica Academiae Scientiarum Hungaricae 18, 1971
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and M ay, th a t  of m inim um  incidence in  A u g u st and  S ep tem ber. Since the 
bab ies w ith  a considerab ly  reduced  a n tib o d y  level, viz. tho se  o lder th a n  4— 5 
m o n th s , c o n tra c te d  m easles in th e  period  of m ax im um  incidence, serum  sam 
ples co llected  in  M ay, Ju n e  an d  J u ly  from  5— 8 m on ths old bab ies  o u g h t to  
show  an  e lev a ted  H I  t itre . E x am in in g  th e  m ean  H I  t i t re  assessed in  th e  d if
fe ren t age g roups w ith  respect to  m o n th s  of sam pling  (Fig. 5), th e  curves for 
the  0— 3 an d  10— 12 m onths old age groups show ed h igh values in  F e b ru a ry ,

Fig. 5. M ean  H I  a n tib o d y  t it re  to m easles v iru s in  sera  from  babies 0 —11 m o n th s  old in  th e
d ifferen t m o n th s  o f th e  y ea r

fell s te ep ly  u n til  A pril and a fte r a s lig h t rise in  M ay, fell again u n til  J u ly . A 
sim ilar ro u g h  para lle lism  was n o te d  w ith  th e  curves for th e  o th e r  tw o  age 
groups, d iffering  from  the  form er only  b y  a peak  in  M arch, a f te r  w hich  th e y  
show ed a decrease to  a m inim um  in  J u ly .

T he av a ilab le  lite ra ry  d a ta  offer no e x p la n a tio n  for th e  f lu c tu a tio n  o f a n t i 
bo d y  levels in  th e  d ifferen t m on th s of th e  y e a r, n e ith e r for th e  re la tio n sh ip  
of th e se  f lu c tu a tio n s  w ith  th e  seasonal changes of m easles incidence. N o r is 
th e re  in fo rm a tio n  w h e th e r or no t s im ilar f lu c tu a tio n s  occur in  th e  o th e r m o n th s  
of th e  y ea r.

T h e  sligh t d iss im ila rity  of ou r find ings to  th e  cited  lite ra ry  d a ta  be ing  p o s
sibly re la te d  to  d ifferences in  th e  epidem iological conditions, we agree w ith  
E n d e r s -R u c k l e ’s view  in th a t  a serological su rv ey  of th e  m easles s ta tu s  is 
of im m ed ia te  in te re s t  in  every co u n try .
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SOME PROPERTIES
OF THE MEMBRANE-BOUND PENICILLINASE 

OF BACILLUS CEREUS 569
B y

У. C s a n y i , I .  M i l e , I l o n a  F e r e n c z  an d  E v a  S z a b ó

Institu te  o f  M edical Chem istry  (H ead: F . A n t o n i), Semmelweis U niversity  M edical School,
B udapest

(R eceived  A u g u st 1, 1970)

Sum m ary . T h ree  k in d s  o f m em b ran e -b o u n d  penicillinase, d iffering  from  one a n o th e r  
in c e rta in  p roperties , w ere iso la ted  by  v a rio u s m eth o d s from  cells o f th e  B acillus cereus 569/H  
stra in . T he p ro p erties  o f one v a r ia n t  co rresponded  w ith  those  of th e  '/-pen icillinase  iso la ted  
earlier b y  P ollock . C onclusions d raw n  fro m  ex p erim en ta l ev idence concern ing  th e  m echan ism  
of fo rm atio n  of th e  th re e  k in d s  of bound  pen icillinase  are p resen ted .

B . cereus p roduces tw o k inds o f penicillinase w hich  are well d is tin g u ish 
able h y  im m unolog ical an d  chem ical m ethods. T he b u lk  of penicillinase is 
secre ted  in to  th e  su rro u n d in g  m ed iu m  (exopenicillinase), w hereas a b o u t 10%  
of th e  to ta l  enzym e y ie ld  is cell-bound ; th e  la t te r  fra c tio n  has been  te rm e d  b y  
P o l l o c k  y-penicillinase. H e observed  th a t  while th e  exopenicillinase is re la 
tiv e ly  io d in e-resis tan t, th e  cell-bound penicillinase is ra p id ly  in a c tiv a te d  b y  
e lem en ta ry  iodine [1]. D eta iled  in v estig a tio n s in to  th e  b eh av io u r ag a in s t 
iodine show ed of th e  tw o enzym e frac tio n s  to  be conform ers of each o th e r [2]. 
P rev ious stud ies in  th is  la b o ra to ry  rev ea led  th a t  th e  k in e tic s  of in d u c tio n  of 
th e  m em b ran e-b o u n d  enzym e an d  th e  exoenzym e are  d iffe ren t [3], an d  th a t  
th e  iod ine in a c tiv a tio n  o f th e  la t te r  is a com plica ted  reac tio n  ta k in g  p lace 
in  severa l steps [4— 6].

This p ap er re p o rts  on in v es tig a tio n s  in to  th e  sim ila rities  an d  d iss im ila ri
ties of th e  iodine in a c tiv a tio n  reac tio n s o f m em b ran e-b o u n d  an d  exopen ic illi
nase.

Materials and methods

E xopenicillinase  p ro d u ced  by  th e  s tra in  II. cereus 569/H  w as u sed  a f te r  p u rif ic a tio n  b y  
a p ro ced u re  described earlie r [4]. T he m em b ran e-b o u n d  penicillinase w as e x tra c te d  fro m  cells 
o f th e  sam e s tra in  b y  th e  m eth o d  described u n d e r  “ R esu lts” . T he co n d itio n s o f cu ltu rin g  w ere  
th e  sam e as those  app lied  fo r th e  syn thesis o f th e  exoenzym e [4].

Iod ine  tre a tm e n t o f th e  tw o  enzym e frac tio n s  was carried  o u t a t  p H  6.5 in  0.05 M  p h o s
p h a te  b u ffer and  a t  p H  9 in  0.05 M  c a rb o n a te  b u ffer, respectively , as described prev iously  [4].

T he ex o pen icillinase-an tiserum  was p re p are d  in  ra b b its  b y  th e  m eth o d  of P o llock  
and  K ra m er  [7].

T he p ro tam in e  su lp h a te  used w as a  p ro d u c t of th e  G edeon R ich te r  P h a rm ac eu tica l 
W orks, B u d ap est, and  th e  try p s in  of R ean a l Co., B udapest.
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Results

P urifica tion  and  properties o f  m em brane-bound pen icillinase. The m ethod  
of p u rifica tio n  p ro p o sed  b y  P o l l o c k  [1] consists  o f d isso lu tion  o f th e  enzym e 
b y  pro longed au to ly sis  o f th e  cells and  su b se q u e n t p u rif ic a tio n  b y  frac tio n a tio n  
w ith  am m onium  su lp h a te . The pen ic illinase  th u s  o b ta in ed  is characterized  
b y  a h igh iodine se n s itiv ity , so lub ility  in  c o n cen tra ted  (up to  0.8 sa tu ra ted ) 
am m o n iu m  su lp h a te  a n d  p rac tica lly  com p le te  res is tan ce  to  in ac tiv a tio n  by  
exopen ic illin ase-an tise ru m . Since, how ever, a su b s ta n tia l p a r t  o f th e  enzym e 
w as in ac tiv a ted  d u rin g  au to lysis , we e la b o ra te d  a new p ro ced u re  for its  p u ri
fic a tio n .

B . cereus 569 /H  cells were cen trifu g ed , g round  w ith  pow dered  alum in ium  
o x ide  of iden tica l w e ig h t and  resu sp en d ed  in  a p H  6.5 so lu tion  con ta in in g  1 M  
N aC l, 0.2 M  N a -c itra te  and  0.05 M  p h o sp h a te ; th e  vo lum e of th e  so lu tion  
a lw ay s corresponded  to  th e  w et w eight o f th e  cells in  gram m es. T he suspension 
w as hom ogenated , cen trifu g ed  a t 20 000 g  fo r 30 m inu tes and th e  su p e rn a ta n t 
w as d iscarded; th e n  fresh  “ w ashing”  so lu tio n  w as added  to  th e  cell-alum inium  
o x ide  sedim ent o f th e  su p e rn a ta n t v /v  a n d  cen trifu g a tio n  w as rep ea ted . Three 
su ch  w ashings rem o v ed  th e  exopenicillinase loosely b o und  to  th e  cell surface 
a n d  also the  g re a te r  p a r t  of th e  sed im en ted  cell m em branes an d  cell walls 
w as ex trac ted  by  enzym ic  digestion , u sing  100 ,«g/ml try p s in  in  0.05 M  phos
p h a te  buffer p H  6.5 a t  30 °C.

On in cu b a tio n  w ith  try p s in  for a b o u t 30 m inu tes, 15— 2 0%  of th e  bound  
enzym e was released  an d  only little  o f i t  h a d  been  in a c tiv a te d , w hile prolonged 
in c u b a tio n  resu lted  in in ac tiv a tio n  of th e  g re a te r  p a r t  of th e  enzym e. In  view 
o f th is , we in te r ru p te d  th e  in cu b a tio n  a t  3 0 -m inu te  in te rv a ls  on 4 — 5 occasions, 
w hen  th e  suspension  w as cen trifuged  a n d  th e  su p e rn a ta n t w as collected and  
rep laced  by  a fresh  try p s in  so lu tion . T he su p e rn a ta n ts , w h ich  con ta ined  a 
su b s ta n tia l p a r t  o f th e  b o u n d  enzym e in  a dissolved s ta te , w ere pooled, p ro 
ta m in e  su lp h a te  w as ad d ed  a t  1 m g /m l c o n cen tra tio n , th e  copious p rec ip i
t a te  form ed was rem o v ed  b y  c en tr ifu g a tio n  a t  10 000 g  fo r 5 m inu tes and  th e  
f lu id  phase w as f ra c tio n a te d  w ith  am m o n iu m  su lp h a te . As, according to  
P o l l o c k , the  m em b ran e-b o u n d  enzym e p rec ip ita te s  a t  s a tu ra tio n  degrees 
o f 0.8— 1.0, th e  co rrespond ing  p re c ip ita te s  w ere collected  an d  ch ro m ato 
g rap h ed  on a CM -cellulose colum n. T he resu lts  of a ty p ic a l experim en t are 
show n in Table I.

As can be seen  from  Table I , th e  degree of p u rific a tio n  w as ab o u t 200- 
fo ld ; th e  frac tio n  th u s  ob ta in ed  w as n am ed  “ b o u n d  enzym e I ” . The frac tio n  
o b ta in ed  a t  a 0.8 degree of sa tu ra tio n  w as in itia lly  d iscard ed  according to  
th e  m ethod  of P o l l o c k , b u t la te r  i t  w as collected as i t  s till con tained  a 
considerab le  a m o u n t of penicillinase. W e shall re v e rt to  th is  question  la te r.
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Table I

T re a tm e n t

Penicillinase Specific

_
S u p e rn a ta n t S ed im en t

p e r cen t a c tiv ity  
U /m g N

100 g bac teria  in 100 m l b u ffer (1 M  NaCl 
-f- 0.2 M  N a c itra te  -f- 0.05 M  phosphate), 
pH  6.5 1,440,000 100 140

1st cen trifugation 720 000 720 000

2nd cen trifugation 162 000 650 000 - —
3rd cen trifugation 38 000 610 000 - -

Sedim ent in  0.05 M  p h o sp h a te  buffer of pH  
6.5, trea te d  w ith  lOO ^g/m l trypsin  a t 30 °C 
for 30 min. 112 000 490 000

2nd try p sin  trea tm e n t 78 000 400 000 - -

3rd try p sin  trea tm e n t 180 000 270 000 - —

4th  try p sin  trea tm e n t 90 000 90 000 - -

Pool of trypsin ized  su p e rn a ta n ts , 260 ml 390 000 - 27 -

1 m g/m l p ro tam in e  su lp h a te , p recip ita te  
centrifuged 385 000 4 000 — —

S a tu ra ted  w ith  am m onium  sulphate  to the  
degree of 0.8 181 000 204 000 — —

S u p e rn a tan t sa tu ra ted  to  th e  degree of 1.0 — 168 000 11.5 4 700

C hrom atography on CM-cellulose and elu
tion  w ith  NaCl 102 000 - 7.0 33 000

0.05 M  NaCl in  0.05 M  phosphate  b u ffer (pH  6.5) was conducted  w ith  th e  g rad ien t te c h 
nique u n d e r co n stan t s tirr in g  in to  a bo ttle  co n ta in ing  250 ml 0.05 M  p h o sphate  of p H  6.5. T he 
peak  contain ing  th e  enzym e elu ted  from  th e  co lum n a t an  0 .1 —0.2 M  concen tra tion  of NaCl.

B ound  enzym e I  was exam ined  fo r ce rta in  p ro p ertie s ; Figs 1 an d  2 
re spec tive ly , show  its  pH  s ta b ility  an d  th e rm o s ta b ility , an d  Fig 3 show s 
its  iodine se n s itiv ity  to g e th e r w ith  th a t  o f th e  exopenicillinase.

I t  was d e m o n s tra te d  earlier (4— 6) th a t  th e  iodine in a c tiv a tio n  of ex o 
penicillinase ta k e s  p lace  in tw o in d ep en d en t s tep s , one req u irin g  a p H  of a b o u t 
9 and  an  iodine c o n cen tra tio n  above 10 ~ 4 N ,  th e  o th e r  e ith e r  a p H  well above  
9 or a m uch h ig h er (10 _1 N )  iodine co n cen tra tio n  a t  p H  9.

As can be seen from  Fig. 3, th e  iodine inactiv  a tio n  of th e  b o n d u  enzym e 
a p p a re n tly  did n o t inc lude  tw o reac tio n s ; th is  frac tio n  w as p rac tica lly  iod ine 
re s is ta n t a t  p H  6, as was also th e  exoenzym e [4], an d  becam e com plete ly  
in a c tiv a te d  a t  a low  co n cen tra tio n  (10 “ 3 N )  of iodine a t  p H  9. T hus th e  io 
d in e -sen sitiv ity  an d  so lu b ility  in am m onium  su lp h a te  of th e  “ bound  enzym e I ”  
co rresponded  in  ev e ry  respect w ith  t h a t  of P o l l o c k ’s iso la te ; as w ill be seen 
la te r  also th e ir  serological p roperties w ere iden tica l. In  resp ec t of o th e r p ro p 
erties, how ever, o u r “ b ound  enzym e I ”  an d  P o l l o c k ’s y-penicillinase w ere 
d ifferen t a s  show n b y  fu r th e r  stud ies.
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pH

F ig . 1. p H  sta b ility  o f “ b o u n d  enzym e I ” . 300 U  exoenzym e or “ b o u n d  enzym e I ”  w ere 
in c u b a te d  for 20 m in u te s  a t  30 °C in tw o m l o f 0.05 M  p h o sp h a te  buffer o f a p H  specified  in  
th e  F ig u re , and  th e  sam p les were su b seq u en tly  a ssay ed  for enzym e a c tiv ity . T he resu lts  w ere 
expressed  in  per cen ts o f th e  a c tiv ity  of th e  c o n tro l sam ple  in  0.05 M  p h o sp h a te  buffer. p H  6.5,

a t  0°C

F ig . 2. T h erm o stab ility  o f “ bound  enzym e I ” . 300 U  exoenzym e or “ bound  enzym e I”  w ere 
in c u b a te d  for d iffe ren t tim e s  a t  50 °C in  one m l o f  0.05 M  ph o sp h a te  buffer of p H  6.5 and  th e  
sam ples w ere assayed  fo r residual enzym e a c t iv ity  w hich was expressed  in  pe r cen ts of th e  

a c tiv ity  of th e  c o n tro l sam ple a t  0 °C
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M em brane-bound penicillinase o f  different properties. P o l l o c k  em ployed  
frac tio n a tio n  w ith  am m o n iu m  su lp h a te  to  s e p a ra te  th e  b o u n d  enzym e from  th e  
exoenzym e p re se n t in  th e  a u to ly sa te , as he d id  n o t rem ove th e  la t te r  by  w ashing  
p rio r to  au to lysis . F o r  th is  reason  he d iscarded  th e  frac tio n  o b ta ined  a t  0.8 
degree of sa tu ra tio n  as one con ta in ing  exopenicillinase.

As in  th e  p re se n t ex perim en ts th e  loosely  bound  exoenzym e was com 
ple te ly  rem oved p rio r to  au to lysis  by  w ashing  w ith  a c o n cen tra ted  e lectro ly te  
so lu tion , th e  enzym e p re se n t in th e  frac tio n  in  question  w as supposed to  be

Fig. 3. Iod in e  sen sitiv ity  of “ b o u n d  enzym e I ” . 500 U  exoenzym e or “ b o u n d  enzym e I”  w ere 
tre a te d  w ith  d iffe ren t c o n ce n tra tio n s  of iodine for one m in u te  a t  0 °C, using  as in cu b a tio n  
m edium  th ree  m l 0.05 M  p h o sp h a te  b u ffer of pH  6, or th re e  ml 0.05 M  c a rb o n a te  buffer o f 
pH  9. R esidual enzym e a c t iv ity  w as expressed in p e r cen ts  of th e  a c tiv ity  of th e  u n tre a te d

sam ple

cell-bound an d  acco rd in g ly  te rm e d  “ b o u n d  enzym e I I ” . In  iod ine sen s itiv ity  
te s ts , “ b o u n d  enzym e I I ”  w as com pletely  r e s is ta n t  a t  p H  6 (a fa c t no t show n 
in  Fig. 4), an d  s till co n sid e rab ly  re s is ta n t a t  p H  9, in  c o n tra s t to  th e  high sen 
s itiv ity  of “ b o u n d  enzym e I ” ( P o l l o c k ’s y-penicillinase) (F ig . 3); it was even 
m ore re s is ta n t th a n  exopenicillinase.

This does n o t, how ever, im p ly  th a t  th e  cell-bound penicillinase consists 
of tw o frac tio n s d iffering  in  re sp ec t of iodine sen s itiv ity  an d  so lub ility  in a m 
m onium  su lp h a te , because  b o th  P o l l o c k  a n d  ourselves iso la ted  th e  enzym e 
b y  a ly tic  enzym ic p ro ced u re  w hich m ay  h av e  p roduced  an  a r te fa c t b y  p a r tia l 
a lte ra tio n  of th e  b o u n d  enzym e, w ith o u t chang ing  its  a c tiv ity . A n a tte m p t 
was th erefo re  m ade to  e lab o ra te  a new m eth o d  of iso lation  less likely to  p ro 
duce an  a rte fac t.
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Isolation o f bound enzyme by ultrasonic disintegration. Cells co n ta in in g  th e  
b o u n d  enzym e w ere g ro u n d  w ith  a lu m in iu m  oxide an d  w ashed  in  th e  concen
tra te d  e lec tro ly te  so lu tio n  as before, to  rem ove the  exopenicillinase. T h e  d is
ru p te d  cells w ere re su sp en d ed  in  0.05 M p h o sp h a te  bu ffe r, p H  6.5, an d  so n ic a t
ed for 15 m inu tes a t  0 °C, using a M SE 100 W a tt U ltra so n ic  D is in teg ra to r. 
Son ica tion  was in te r ru p te d  every  tw o  m in u tes  and  th e  m ix tu re  was cooled to  
0 CC, to  p rev en t enzym e in a c tiv a tio n  b y  th e  rise of te m p e ra tu re .

U ltrason ic  d is in teg ra tio n  m ade i t  possible to  e x tra c t  70— 80%  o f th e  
enzym e. In  one ex p e rim en t, th e  s u p e rn a ta n t  of th e  so n ica ted  cell suspension

5*Ю'5 КГ4 1СГ3 10'2
[l2l

F ig. 4. Iod ine sen sitiv ity  o f “ b ound  enzym e I I ” . 500 U “ b ound  enzym e I I ”  or exopen icilli
nase  w ere in cu b a ted  in  th re e  m l 0.05 M  c a rb o n a te  buffer of p H  9 fo r 1 m in u te  a t  0 °C, w ith  
iodine ad ded  a t  th e  co n cen tra tio n s  specified in  th e  F igure. S ub seq u en tly , th e  iod ine  w as re 
m oved  by  w ashing and  th e  residual a c tiv ity  of th e  sam ples w as m easu red  and  expressed  in 

p e r cen ts of th e  co n tro l n o t trea te d  w ith  iodine

(125 ml) co n ta in ed  197 000 U pen icillinase, while th a t  o f th e  am m o n iu m  su l
p h a te  frac tio n  (0.8) on ly  4000 U; 190 000 U were re ta in e d  in  th e  p re c ip ita te . 
T h u s , th e  enzym e fra c tio n  o b ta ined  b y  sonication  d id  n o t read ily  d isso lve in  
am m onium  su lp h a te  (sa tu ra te d  to  0.8), while th e  co rrespond ing  fra c tio n  ob
ta in e d  b y  enzym ic (ly tic) d is in teg ra tio n  covered a lm o st 50%  of th e  to ta l  cell- 
b o u n d  enzym e. T he u ltra so n ica lly  e x tra c te d  (US) enzym e p rec ip ita ted  a t  0 .6—
0.8 sa tu ra tio n  degrees of am m onium  su lp h a te  an d  h a d  a specific a c t iv i ty  of 
4000— 5000 U /m g N . T he specific a c t iv i ty  of th e  ch ro m ato g rap h ic  enzym e 
frac tio n  varied  from  29 000 to  37 000 U /m g N, depend ing  on th e  p u r ity  o f th e  
p rep a ra tio n , i.e. its  p u r i ty  co rresponded  to  th a t  of “ b o u n d  enzym e I ” . T esting  
th e  iodine se n s itiv ity  of th e  “ US en zy m e”  a t  pH  9, i t  w as found  to  be  in te r 
m ed ia te  be tw een  th e  sensitiv ities o f “ b o u n d  enzym e I ”  an d  “ b o und  enzym e I I ” , 
o b ta in ed  b y  th e  ly tic  m eth o d  (Fig. 5).
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The im m une  reac tio n  to w ard s  exopenicillinase an tise ru m  of th e  th re e  
h o u n d  enzym e frac tions and  th e  exopenicillinase frac tion  w as th e  least d is 
t in c t  w ith  “ b o u n d  enzym e I ”  an d  th e  m ost d is tin c t w ith  “ b o u n d  enzym e I I ” , 
th e  response  of th e  “ US enzym e”  being  in te rm e d ia te  b e tw een  th e  tw o ; th e  
b o u n d  enzym e frac tions b eh av ed  in  general q u ite  d ifferen tly  fro m  exopen icilli
nase (F ig. 6).

A tte m p ts  a t tra n sm u ta tio n  of th e  ce ll-bound  frac tio n s have failed ; 
try p s in  tre a tm e n t of th e  “ U S -enzym e”  did  n o t y ie ld”  “ h o und  enzym e I ” an d  
son ica tio n  of th e  la t te r  an d  of th e  “ b o u n d  enzym e I I ” did n o t yield  “ US en-

F ig. 5. Io d in e  sen sitiv ity  of th e  b o u n d  enzym e o b ta in ed  by  son ication  500 U  enzym e p re tre a te d  
in  d ifferen t m an n e rs  were io d in a ted  in th ree  m l 0.05 M  c a rb o n a te  b u ffer o f pH  9. a t  iod ine 
c o n ce n tra tio n s  specified in  th e  F igure . R esidual enzym e a c tiv ity  was m easu red  an d  expressed  

in p e r cen ts o f th e  a c tiv ity  o f th e  u n tre a te d  contro l

z y m e” ; n e ith er  th e  iod ine se n s it iv ity , nor th e  im m u n ologica l b eh av iou r  o f  a n y  
fraction  cou ld  b e a ltered  on ce it  had  b een  iso la ted .

y -p en ic illin ase  was prepared b y  P o llo ck ’s original m eth od ; th is  fra c
tion , on th e  b asis o f its so lu b ility  in am m on iu m  su lph ate, its  iod in e se n s it iv ity  
and im m u n o log ica l b eh av iou r , can  be regarded  as id en tica l w ith  th e  fra c tio n  
“ boun d  en zy m e I ” iso lated  b y  us.

Discussion

A b o u t 10%  o f th e  p en icillin ase sy n th e tiz ed  b y  B . cereus is m em brane- 
b oun d  [1, 3]. P ollock ob served  th a t his p a r tia lly  purified  hound en zym e p rep 
aration  d iffered  from  th e  exoen zym e in  io d in e  se n s itiv ity , in  am m on iu m  
su lp h a te  so lu b ility  and im m u n olog ica l b eh av iou r . The c larifica tion  o f  th e
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re la tio n sh ip  b e tw een  th e  twTo kinds o f pen icillinase w as expected  to  th ro w  a 
lig h t on th e  re g u la tio n  of its b io syn thesis . I f  Cit r i an d  P ollock’s [2] h y p o 
thesis  th a t  th e  d ifference betw een th e  b o u n d  enzym e an d  th e  exoenzym e is 
only  co n fo rm atio n a l is tru e , th e  fo rm a tio n  of th e  b o u n d  enzym e is easy  to  
exp la in , a t  le a s t a t  th e  m essenger R N A  level. If, how ever, th e  b o u n d  enzym e 
rep resen ts in  fa c t an  in d ep en d en t s tru c tu ra l  e n tity  de te rm in ed  b y  a s e p a ra te  
s tru c tu ra l gene, th e  reg u la tion  of pen ic illinase  b io syn th esis  will h av e  to  be

Fig. 6. Im m uno log ica l reac tio n s  o f the  th ree  h o u n d  enzym e p re p a ra tio n s  w ith  exopen icillinase  
an tise ru m . 500 II  enzym e w ere  incu b a ted  in  tw o  m l 0.05 M  p h o sp h a te  buffer p H  6.5 fo r 15 
m in u tes  a t  30 °C, w ith  exopenicillinase a n tise ru m  ad d ed  a t  co n cen tra tio n s specified in  th e  
F igure. R esidual a c tiv ity  o f  th e  enzym e was exp ressed  in  pe r cen ts  o f th e  a c tiv ity  o f th e  u n 

tre a te d  co n tro ls

ap proached  in  a d iffe ren t wray. C o n sidera tion  shou ld  also be given to  th e  fa c t 
t h a t  w hile th e  b o u n d  enzym e p ro tec ts  th e  cell w all d irec tly  against th e  ac tio n  
of penicillin , th e  exoenzym e confers o n ly  a “ co llective”  p ro tec tio n  u p o n  th e  
cell p o p u la tio n  in general.

S ign ifican t as i t  is, th e  b ound  enzym e has nevertheless been  h a rd ly  
s tu d ied . T he reasons m ay  have been  i ts  lowr c o n cen tra tio n  in  th e  cell and 
th e  d ifficu lty  of its  p u rifica tio n ; th e  p ro ced u res  p roposed  up to  now  fo r th is  
p u rpose  [1, 8, 9] a re  all based on its  d iffe re n tia tio n  from  th e  exoenzym e 
b y  th e  ch a ra c te ris tic  p roperties observed  b y  P ollock (h igh iodine se n s itiv ity , 
easy  so lub ility  in am m onium  su lp h a te  a n d  im m u n e  response d iffering  from  
th a t  of th e  exoenzym e). T he degree of p u rif ic a tio n  n ev e r exceeded one h u n 
dredfo ld , to  ju d g e  from  th e  d a ta  ava ilab le .

I t  was d e m o n s tra te d  in th is  la b o ra to ry  th a t  th e  au to ly tic  p ro ced u re  
of ex trac tio n , th e  effic iency  of w hich is low , can be rep laced  b y  try p s in  tre a t-
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m en t w hich y ields a bound  enzym e fra c tio n  correspond ing  in  various p ro p e r
ties to  th e  y-penicillinase of P o llo ck . A nalysing  th e  try p s in  p rocedure  in  
m ore de ta il, it w as found to  yield tw o  k inds of enzym e, b o th  of w hich are 
m em b ran e  b o u n d , b u t  only one resem bles P ollock’s y-penicillinase. D is in 
te g ra tio n  b y  son ica tion  yielded a single hom ogeneous frac tion , th e  p ro 
pe rtie s  of w hich d iffered  from  tho se  o f th e  tw o frac tio n s o b ta in ed  b y  ly tic  
p rocedures. This suggested  th a t  one of th e  th ree  enzym e p rep ara tio n s  m ay  
h av e  been  an  a r te fa c t.  As the  p ro b a b ili ty  of a r te fa c t fo rm atio n  is g re a te r  
w ith  th e  p ro ced u res  em ploying ly tic  enzym es, we believe th a t  P ollock’s 
y-penicillinase c a n n o t be regarded  as a b o u n d  enzym e u n til proof is f o r th 
com ing from  fu r th e r  experim ents. I t  seem s a lto g e th e r m ore p robable  th a t  th e  
th e  tru e  hound  enzym e is th a t  p re se n t in  th e  son ica ted  p rep a ra tio n , w hose 
p ro p ertie s  differ from  those of th e  exoenzym e and  fio m  those  of th e  y -p en i
cillinase as well. W ith  these co n sid era tio n s in m ind  i t  seems n ecessary  to  
rev ise  th e  h y p o th e tic a l conclusion d e riv ed  from  ce rta in  con fo rm ational c h a n 
ges of th e  exoenzym e, i.e. th a t  the  p r im a ry  s tru c tu re s  of th e  cell-bound an d  
exopenicillinase a re  identical [2].

Iod ine  in a c tiv a tio n  of th e  exopen icillinase was show n to  ta k e  p lace in  
tw o  in d ep en d en t s tep s  [4— 6]. T h e io d in e  sen s itiv ity  te s ts  o f “ bound  enzym e I ”  
an d  “ b o u n d  enzym e I I ”  ob tained  b y  try p s in iz a tio n  show ed th a t  each rep resen ts  
a n o th e r  ex trem e; a t  p H  9, “ hound  en zy m e I ”  w as ex trem ely  sensitive, w hile 
“ b o u n d  enzym e I I ”  w as res is tan t, to  iod ine  and  th e  sensitiv ities of the exoen 
zym e an d  of th e  U S enzym e p repared  b y  son ica tio n  w ere in te rm ed ia te  be tw een  
th e  tw o ex trem es.

F ro m  our in v estig a tio n s in to  th e  m echan ism  of ac tio n  of th e  pen icillin  
analógon  p irazocillin , th e  h y p o th e tica l conclusion was d raw n  th a t  th e  p e n i
cillinase m olecule p ro b ab ly  con ta ins tw o  in d ep en d en t ac tiv e  cen tres [10]. 
C orre la ting  th is  w ith  th e  observation  th a t  th e  US enzym e an d  th e  exoenzym e 
are  sim ilar in  iod ine sen sitiv ity , it  does n o t seem im p ro b ab le  th a t  th e  b o u n d  
enzym e is e ith er id en tica l w ith , or h a rd ly  differs s tru c tu ra lly  from , th e  exo- 
enzym e an d  its  d iffe ren t behav iou r s tem s from  its  be ing  fixed  to  th e  cell 
m em b ran e  in  a g iven  conform ation  w h ich  allows its  be ing  sp lit b y  th e  ly tic  
enzym es in to  tw o ac tiv e  p a rts , one o f w h ich  m igh t co rrespond  to  P ollock’s 
y-penicillinase, i.e. to  our “ bound enzym e I ” , and  th e  o th e r to  our “ b o u n d  
enzym e I I ” . The fo rm er fraction  becom es in a c tiv a te d  in  th e  “ p H  sen sitiv e” , 
th e  la t te r  in  th e  “ p H  re s is ta n t” step  o f th e  iodine in a c tiv a tio n  reac tion . T hese 
rem ain , n a tu ra lly , on ly  speculations u n ti l  fu r th e r  p u rif ic a tio n  and  a m ore 
d e ta iled  s tru c tu ra l analysis  of th e  th re e  enzym e p rep a ra tio n s  will th ro w  m ore 
lig h t on th e  p rob lem .
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EFFECT OF UREA ON THE TWO IODINE INACTIVATION 
REACTIONS OF BACILLUS CEREUS PENICILLINASE
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J .  H a j d ú , I l o n a  F e r e n c z , I .  M i l e  and  V . C s á n y i

Institu te  o f  M edical Chemistry  (H e a d : F . A n to n i), Sem m elw eis 
U niversity  M edical School, Budapest

(R eceived A u g u st 1, 1970)

S um m ary . T he presence of u re a  s tim u la ted  b o th  steps o f th e  iod ine  in a c tiv a tio n  reac tio n  
of Bacillus cereus penicillinase  an d  th e  degree of s tim u la tio n  was p ro p o rtio n a l to  th e  co n cen tra 
tio n  of u rea . P re in cu b a tio n  of th e  penicillinase w ith  7.5 M  u rea  fo r 30 m in u te s  a lte red  th e  
conditions o f iod ine in a c tiv a tio n , as b o th  reac tio n s  to o k  p lace a t  low er p H  th a n  norm ally . 
Com bining u re a  w ith  m eth ic illin , each  ac ted  on  one o f th e  tw o  steps, causing  th em  to  tak e  
place s im ultaneously , w ith  th e  re su lt th a t  in a c tiv a tio n  w as p ra c tica lly  com ple te  a t  b o th  p H  
grades tested .

C i t r i  et al. have  show n th a t  u rea  accelera tes th e  iod ine in a c tiv a tio n  
reac tio n  of penicillinase [1, 2]. This re a c tio n  tak es  place in  tw o in d ep en d en t 
steps, as show n earlier in  th is  lab o ra to ry  [3— 5]. T he f irs t  s tep , te rm ed  b y  us 
“ p H  sen sitive” , is th e  in a c tiv a tio n  of 30— 4 0 %  of th e  enzym e a c tiv ity  b y  10_3 
N  iodine a t 0 and  p H  9, w hile th e  second, “ pH  re s is ta n t” , s tep  tak es  place 
in  th e  p H  range above 9, unless m eth ic illin , a selective in h ib ito r  of penicilli
nase, is added  to  th e  reac tio n  m ix tu re ; th is  causes th e  accom plishm en t of the 
reaction  a lread y  a t p H  6.

The p resen t ex p erim en ts  were u n d e r ta k e n  to  c larify  w hich  of th e  tw o 
steps of th e  iodine in a c tiv a tio n  reac tio n  of penicillinase is in fluenced  b y  urea.

M aterials and  m ethods

E xopenicillinase  p ro d u ced  by  th e  569/H  s tra in  o f B. cereus an d  p u rified  as described 
earlier [3] w as used . Iod ine t re a tm e n t  of th e  enzym e w as carried  o u t in  glass c u v e tte s  of 5 m l 
volum e p laced  in  a w a te r  b a th  of 0 °C, using  as in cu b a tio n  m edium  0.05 M  p h o sp h a te  buffer 
o f p H  6 and  0.05 M  c arb o n a te -b ica rb o n a te  buffer o f p H  9. A fter t re a tm e n t, th e  excess iodine 
was rem oved  by  th e  a d d itio n  of an  eq u iva len t q u a n ti ty  of th io su lp h a te  (in  0.1 m l so lu tion) 
and  residual enzym e a c tiv ity  w as estim ated  as described  earlier [3].

R esu lts

Effect o f  short-term urea treatment on the iodine inactivation reactions o f  
penicillinase. U rea  a t d iffe ren t co n cen tra tio n s w as dissolved in  th e  iodine con
ta in in g  in cu b a tio n  m edium  an d  th e  reac tio n  w as s ta r te d  b y  ad d itio n  of th e  
enzym e to  ensure  th a t  th e  u rea  should  a c t on ly  for th e  d u ra tio n  of iodine 
tre a tm e n t w hich  was one m inu te .

As can  be seen from  F ig . 1, in a c tiv a tio n  b y  1 0 _s N  iodine w as accel
e ra ted  lin ea rly  w ith  th e  e lev a tio n  of th e  c o n cen tra tio n  of u re a  a t  b o th  p H  6-
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an d  9. In  previous ex p erim en ts  [5, 6] th e  ad d itio n  of com pounds specifically  
in fluenc ing  th e  iodine se n s itiv ity  (m eth icillin , po lyethyleneglycol) re su lted  
in  h ig h er reaction  ra te s  th a n  m igh t have  been expec ted  from  th e  e lev a tio n  
of th e  iodine c o n cen tra tio n . In  th e  p resen t s tu d y , e lev a tio n  of th e  iodine level 
to  7 X 10 3 N  failed  to  a lte r  th e  lin ear re la tionsh ip  of th e  reac tio n  ra te  w ith  
th e  co n cen tra tio n  of u rea  added .

F ig . 1. E ffec t of th e  c o n ce n tra tio n  of u re a  on th e  iodine in a c tiv a tio n  of penicillinase. 300 U  
p en ic illinase  was tre a te d  w ith  iodine a t  d iffe ren t co n cen tra tio n s in  th e  presence of u re a  in 
a m o u n ts  specified in  th e  F ig u re , using  as in cu b a tio n  m edium  1 m l p h o sp h a te  b u ffer (0.05 M ) 
of p H  6 or 1 ml c a rb o n a te  b u ffe r  o f p H  9. Io d in a tio n  la s ted  fo r 1 m in u te  a t  0 °C, th e n  th e  
sam ples w ere d ilu ted  20fold a n d  assayed  for re sidual enzym e a c t iv ity  w hich  was expressed  

in  p e r cen ts  o f th e  a c tiv ity  of th e  u n tre a te d  con tro ls

T he sam e conclusion  w as d raw n  from  ex p erim en ts  in  w hich th e  level 
o f  u re a  was k e p t c o n s ta n t (7.5 M )  an d  th e  iodine c o n cen tra tio n  was changed  
(F ig . 2). In a c tiv a tio n  o f th e  enzym e w as accelera ted  lin ea rly  w ith  th e  e lev a tio n  
of th e  iodine level, w ith o u t show ing th e  a b ru p t increase w hich  occured in th e  
presence  of m eth ic illin  or p o ly e th y len e  glycol in th e  iod ine co n cen tra tio n  ran g e  
above 10~3 iV.

Effect o f  preincubation  in  urea on the iodine inactivation  reactions o f  p e 
nicillinase. P en icillinase an d  7.5 M  u rea  w ere d issolved in  0.05 M  p h o sp h a te  
b u ffe r  of pH  6 and  in c u b a te d  a t 30 °C for d ifferen t tim es. Sam ples ta k e n  a fte r  
each  in cu b a tio n  perio d  w ere d ilu ted  30fold and  in c u b a te d  w ith  iodine a t  p H  6 
an d  p H  9.

R esu lts are show n  in Fig. 3. D epend ing  on th e  tim e  of p re in cu b a tio n  
w ith  u rea, a t pH  6 th e  ra te  of iodine in ac tiv a tio n  increased , th e n  p e rs is ted  
a t  th e  sam e level an d  d id  n o t exceed th e  30— 35%  in a c tiv a tio n  level com m on in 
th e  “ p H  sensitive”  s tep . P re in c u b a tio n  w ith  u rea  seem ed to  m ake th e  “ p H

Acta Microbiologica Academiae Scientiarum Hungaricae 18, 1971



E FFEC T OF UREA 19

se n s itiv e ”  reac tio n  to  ta k e  place a lre a d y  a t  pH  6, th o u g h  i t  n o rm a lly  ta k e s  
p lace  a t  p H  9. Iod ine  tre a tm e n t of th e  p re in cu b a ted  enzym e a t p H  9 resu lted  
ip a slow in a c tiv a tio n  of 90%  of th e  a c tiv ity . A p p a ren tly , in  th e  p resence  of 
u re a , th e  “ pH  re s is ta n t”  step  of th e  re a c tio n  took place a lread y  a t  p H  9.

F ig . 2. E ffec t of th e  co n ce n tra tio n  of iodine on  th e  in ac tiv a tio n  of pen ic illinase  in  th e  p resen ce  
of 7.5 M  u rea . 300 U  penicillinase was tre a te d  w ith  iodine a t  d iffe re n t co n cen tra tio n s  in  th e  
p resen ce  of 7.5 M  u rea , using  as in cu b a tio n  m ed iu m  1 m l p h o sp h a te  b u ffer (0.05 M )  o f p H  6 o r 
1 m l c a rb o n a te  buffer (0.05 M ) of p H  9. Io d in a tio n  las ted  for 1 m in u te  a t  0 °C, th e n , sam ples 
w ere d ilu te d  20fold an d  assay ed  fo r residual enzym e a c tiv ity  w hich  w as expressed  in  p e r  c en ts  

of th e  a c tiv ity  o f th e  u n tre a te d  controls

Fig. 3. E ffec t of p re in cu b a tio n  w ith  7.5 M  u re a  on  th e  iodine sen sitiv ity  of pen ic illinase . 
4500 U /m l penicillinase w as in cu b a ted  w ith  7.5 M  u re a  in 0.05 M  p h o sp h a te  b u ffer p H  6 fo r 
v a rio u s  tim es a t  30 °C. Sam ples tak e n  a t  d iffe re n t in te rv a ls  were d ilu te d  30fold an d  a ssay ed  
fo r io d in e  sen sitiv ity  (residual enzym e a c tiv ity )  b y  incu b a tio n  w ith  10~3 N  iod ine in  3 m l 
0.05 M  p h o sp h a te  buffer p H  6 or 0.05 M  c a rb o n a te  b u ffer p H  9, fo r 1 m in u te  a t  0 °C. R e sid u a l 

enzym e a c tiv ity  w as expressed  in  pe r cen ts o f th e  a c tiv ity  of th e  n o n -io d in a ted  co n tro l
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Combined effect o f  urea and m ethicillin on the iodine inactivation reaction 
o f  penicillinase. I t  w as show n [5] th a t  m eth ic illin  specifically  accelerated  th e  
“ p H  re s is ta n t” s tep  o f th e  iodine in ac tiv a tio n  reac tio n , h u t fa iled  to  influence 
th e  “ p H  sensitive”  s te p . C orre la ting  th is  w ith  th e  o b se rv a tio n  th a t  p re incu 
b a tio n  of the enzym e w ith  u rea  caused th e  “ p H  sensitiv e”  reaction  to  tak e  
p lace  a t  pH  6, it  has b een  concluded  th a t  th e  jo in t ac tion  of u rea  and  m e th i
cillin  caused b o th  reac tio n s  to  tak e  place s im u ltan eo u sly  a t  p H  6.

L_ <
° ш  50H
ujS

оer
UREA + METHICILLIN pH 6

------------ ----------------Ü_________ о-----------------------------

UREA + METHICILLIN pH 9

10 20
MINUTES

30

Fig. 4. Combined effec t o f  m eth ic illin  and  urea  on th e  iod ine  in ac tiv a tio n  reac tio n  of pen ic illi
n ase . 4500 U /m l pen ic illinase  w as in cu b a ted  w ith  7.5 M  u re a  in  0.05 M  p h o sp h a te  buffer p H  6 
a t  30 °C. Sam ples ta k e n  a t  d iffe ren t in te rv a ls  w ere tre a te d  w ith  10 -3 N  iodine for 1 m in u te  
a t  0 °C, either in  0.05 M  p h o sp h a te  b u ffer p H  6, o r w ith  100 /zg/ml m eth ic illin  added in  0.05 M  
p h o sp h a te  buffer p H  6, a n d  0.05 M  carb o n a te  b u ffer p H  9. R esidual enzym e a c tiv ity  w as 

expressed in  p e r  cen ts o f th e  a c tiv ity  o f th e  n o n -io d in a ted  con tro ls

E x p erim en ta l ev idence  w as p resen ted  as follows. P enicillinase w as in 
cu b a te d  w ith  7.5 M  u re a  an d  sam ples ta k e n  a t  d ifferen t tim es  were t re a te d  
w ith  iodine in th e  p resence  of m eth icillin  a t  p H  6 and  pH  9. As show n in Fig. 4, 
in  th e  presence o f m e th ic illin  10 3 N  iodine in a c tiv a te d  th e  enzym e com plete ly  
a t  p H  9 and a b o u t 9 0 %  o f it  a t pH  6.

This fac t co n firm ed  th a t  in  th e  g iven sy stem  th e  ac tions of u rea  an d  
m eth icillin  are a d d itiv e .

Discussion

The iodine in a c tiv a tio n  reac tion  of penicillinase is a su itab le  m odel fo r 
th e  s tu d y  of co n fo rm a tio n a l changes [2 ,3 ] . P rev ious ex p erim en ts  in th is  la b o 
ra to ry  [3, 4] show ed th is  reac tio n  to  ta k e  p lace in  tw o steps. T he firs t reac tio n , 
involv ing  th e  loss o f 30— 35 %  of th e  enzym e a c tiv ity , has been  te rm ed  “ p H
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sen sitiv e”  as it  requ ires a p H  of a b o u t 9; th e  d irec t cause o f th e  decrease in 
a c tiv ity  is th e  su b s titu tio n  of iodine for one ty rosine  side ch a in  [7]. T he o th e r 
reac tio n , te rm e d  “ pH  re s is ta n t” , req u ires  a p H  above 10 an d  involves th e  loss 
of 65— 70%  of th e  enzym e a c tiv ity  by  som e un id en tified  m echan ism . In  th e  
p re sen t ex p erim en ts , u rea , know n  con sid erab ly  to  in fluence p ro te in  confor
m a tio n , w as exam ined  for its  effect on th e  tw o reactions w ith  th e  re su lt th a t  
its  sh o rt- te rm  ac tio n  accelera ted  b o th  steps of iodine in a c tiv a tio n  and  th is  
effect increased  linearly  w ith  th e  co n cen tra tio n . The fa c t t h a t  th e  increase 
in th e  re a c tio n  ra te  was m o d era te  is exp la ined  b y  th e  sh o rt (1 -m inu te) t r e a t 
m en t w ith  u rea  w hich m igh t not h av e  p roduced  a n o tab le  co n fo rm atio n a l 
change .

H ow ever, p re in cu b a tio n  w ith  7.5 M  u rea  a ltered  th e  p H  req u irem en ts  of 
b o th  reac tio n s , as th e  “ pH  sen sitiv e”  s tep  took  place a t  p H  6 an d  th e  “ p H  
re s is ta n t”  s tep  a t  p H  9, in  c o n tra s t  to  th e ir  norm al req u irem en ts  of p H  9 
an d  above 10, respective ly . T he re su lts  suggest th a t  th e  co n fo rm atio n a l change 
effected  b y  u rea  involves th e  d isp lacem en t of th e  io d in e -reac tiv e  ty ro s in e  
side chain  to  th e  surface of th e  m olecule.

In  earlie r s tud ies m eth ieillin  w as show n to  cause th e  “ p H  re s is ta n t” 
s tep  o f iodine in ac tiv a tio n  to  ta k e  p lace a t  p H  6. The com bined  ap p lica tio n  
of m eth ie illin  an d  u rea  in  th is  s tu d y  re su lte d  in  an  alm ost com ple te  in a c tiv a tio n  
of th e  enzvm e at b o th  pH  6 and  p H  9. T he a d d itiv e  effect o f th e  tw o  com pounds 
m an ifested  itse lf  so th a t  p re in cu b a tio n  of th e  enzym e w ith  u rea  caused th e  
“ p H  sen sitiv e”  step  to  ta k e  p lace a t  p H  6 in stead  of p H  9 an d  m eth ie illin  
caused  th e  “ p H  re s is ta n t”  step  to  ta k e  p lace a t  p H  6 in s tead  o f above p H  10. 
The re su lt w as a com plete  in a c tiv a tio n  of th e  enzym e an d  th e  conclusion has 
been d raw n  th a t  th e  con fo rm ation  chan g in g  actions of u rea  and  m eth ie illin  
are en tire ly  d ifferen t.

A cknow ledgem ents. T he a u th o rs  a re  in d e b te d  to  Professor F . B. St r a u b  for v a lu a b le  
ad v ice  an d  to  Mr. I. B alázs for excellen t te c h n ica l assistance.
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Sum m ary . Sp lenom egaly , as well as in te rfe ro n  an d  tum our-spec ific  an tib o d y  p ro d u c tio n , 
w ere exam ined  in  in b red  B alb /c , D B A /1 a n d  C 57B l/10S n m ice in fec ted  w ith  th e  R au sch er 
v irus. A d irec t re la tio n  w as fo u n d  b e tw een  a n tib o d y  p ro d u c tio n  an d  resistance. In  th e  m edium - 
re s is tan t D BA /1 m ice, th e  R au sch er v iru s p roved  to  be a good in te rfe ro n  in d u cer, in  th e  o th er 
tw o  stra in s  in te rfe ro n  p ro d u c tio n  w as negligible.

It is w ell-know n th a t  th e  sp lenom egaly  caused  b y  th e  R au sch er leukaem ia 
v irus is considerab le  in B alb /c  m ice, w hereas sligh t and tr a n s i to ry  in C57B1 
mice [1]. In  th e  la t te r  s tra in , h ig h -titre  cy to to x ic  an tib o d ies  are p roduced  
a fte r  in tro d u c tio n  of th e  v iru s  [2]. O n th e  o th e r h an d , accord ing  to  G lasgow  
an d  F r ie d m a n  [3] th e  serum  in te rfe ro n  level in  th e  in fec ted  CD -I mice, 
a s tra in  re s is ta n t to  th e  R au sch er v iru s , is s ign ifican tly  h igher th a n  in  infected 
B alb/c mice. T h u s , b o th  in te rfe ro n  and  im m une response m ay  be responsible 
for th e  resis tan ce , b u t  i t  is n o t clear how  general th e  role o f each  of th e  tw o 
fac to rs is. The p resen t w ork  was u n d e rta k e n  to  co n tr ib u te  to  th e  c larification  
of th is  p roblem . A n tib o d y  an d  in te rfe ro n  p ro d u c tio n  b y  B alb /c , DBA/1 and  
C 57B l/10Sn m ice in fec ted  w ith  th e  R au sch er virus was s tu d ied .

Materials and methods
Viruses. T he R au sch er leu k aem ia  v iru s was k in d ly  supplied  by  P ro fesso r V. M. B er g o l t s  

(G retsen  In s t i tu te  fo r O ncology, Moscow) in  in fec ted  B alb /c  mice. T he en larged  spleen of th e  
an im als w as rem oved  in  th e  th ird  w eek follow ing in fection , an d  its  20%  suspension  w as c e n tr i
fuged  a t  5000 g fo r 30 m in u tes , an d  th e  su p e rn a ta n t w as s to red  a t  —70 °C u n til  used. E x p e 
rim e n ta l an im als w ere in jec ted  w ith  0.2 m l o f th is  suspension b y  th e  in tra p e rito n ea l ro u te .

V esicular s to m a titis  (VS) v iru s w as p ro p ag a ted  in  H eL a  cell cu ltu res  an d  th e  cu ltu re  
m edia co n ta in ing  v iru s w ere sto red  a t  —70 °C.

M ice. In b red  m ale 8-week-old B alb /c , C 57B l/10S n an d  DBA/1 m ice o b ta in ed  from  th e  
N a tio n a l B lood S u p p ly  Service, B u d ap es t, w ere used in  th e  experim en ts. B lood sam ples fo r 
a n tib o d y  and in te rfe ro n  t i t r a tio n  w ere ta k e n  from  seven m ice a t  th e  tim es in d ica ted  in  th e  
figures.

Fluorescent-antibody test. T he in d ire c t tech n iq u e  was applied  in  liv ing  cells, used b y  
M ö l l e r  [4] and  b y  K l e in  an d  K l e in  [5]. In  th e  f irs t  phase  of th e  reac tio n , 0.05 m l u n d ilu ted  
serum  was ad ded  to  2 X 10e leukaem ic B alb /c  spleen cells. A fter th o ro u g h  sh ak in g  th e  su sp en 
sion was in cu b a ted  fo r 20 m in u tes  a t  37 °C; in  th e  m ean tim e  i t  w as sh ak en  th re e  tim es. S u b 
seq uen tly , th e  suspension  w as w ashed  th ree  tim es w ith  4 ml R inger so lu tion , p H  7.2. In  th e  
second phase  of th e  reac tio n , 0.05 m l sw ine an ti-m ouse  gam m a globulin  labe lled  w ith  fluorescein 
iso th io cy an ate  (SEVA C P rag u e) w as ad d ed , an d  th e  p rocedure  described fo r th e  f irs t  phase  
was repea ted . T he cells w ere th e n  resu sp en d ed  in  one drop  of R in g er’s so lu tion  an d  dropped
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on to  a slide. A fter th e  cells h a d  sed im en ted  th e  p re p ara tio n  was in cu b a ted  a t  room  te m p e ra tu re  
u n til  com plete  d rying. F in a lly , one d rop  of R in g er’s so lu tion  m ixed  w ith  an  equal vo lum e of 
g lycerine  p H  7.2 was d ro p p ed  o n to  th e  cells an d  th e  p re p a ra tio n  w as covered  w ith  a  coverslip  
a n d  sealed w ith  paraffin . In  each  p re p a ra tio n  200 in ta c t  cells w ere ex am ined  u n d e r th e  flu o res
cence m icroscope. F ro m  th e  p e rce n ta g e  of th e  cells show ing surface  fluorescence, th e  flu o res
cence in d ex  was calcu la ted  as reco m m en d ed  b y  K l e in  an d  K l e in  [5].

T he R inger’s so lu tion  used  in  th e  course o f th e  p rocedure  w as ice-cold an d  th e  c en tr i
fu g a tio n s  w ere carried  o u t a t  —4 °C. To exclude  reac tio n s to  iso an tigens, th e  C 57B l/10S n and 
D B A /1 serum  sam ples w ere  a b so rb ed  w ith  B alb /c  spleen cells; 107 cells w ere ad d ed  to  1 m l 
se ru m  a n d  th e  suspension w as k e p t  fo r 5 m in u te s  a t  37 °C, th e n  fo r 30 m in u te s  a t  room  te m p e r 
a tu re  an d , a t  las t, for 60 m in u te s  a t  —4 °C. D uring  in cu b a tio n  th e  suspension  w as shaken  
severa l tim es.

Fig. 1. Splenom egaly in  d iffe re n t m ouse s tra in s  follow ing R au sch er v iru s infection . M ean spleen
w eigh t in  n o rm al anim als =  1

Interferon titration. Sera  w ere d ialysed  aga in st 100 volum es of glycine-H Cl b u ffer pH  
2 fo r 96 hours, th en  th e  p H  w as re -a d ju s ted  to  7.4 by  d ialysing  ag a in s t PB S.

F ro m  each p re p a ra tio n  a four-fo ld  d ilu tio n  series w as p re p are d  in  P a rk e r’s m edium  
No. 199, con tain ing  2 %  c a lf  serum . 0 .5 %  lac ta lb u m in  h y d ro ly sa te  an d  0 .125%  sodium  h y d ro 
c a rb o n a te . F rom  each d ilu tio n  1 m l w as ad d ed  to  a m ono layer cu ltu re  of L cells, and  th e  cu l
tu re s  w ere in cubated  o v e rn ig h t. S u b seq u en tly , th e  cu ltu res  w ere w ashed  and  in fec ted  w ith  
a p p ro x im ate ly  50 C PD 50 of VS v iru s co n ta in ed  in  1 ml cu ltu re  m edium . The resu lt was read  as 
th e  degeneration  in  th e  co n tro l tu b es  h ad  reached  70 —100% . T he highest v irus d ilu tion  
affo rd ing  p ro tec tion  to  5 0 %  o f th e  cells w as considered th e  in te rfero n  titre .

Results

Fig. 1 shows th e  degree of sp lenom egaly  as a fu n c tio n  of tim e.
The spleen of B a lb /c  mice grew to  30—40-fold of th e  norm al size w ith in  

4 w eeks a fte r in fec tion ; p rac tica lly  all th e  in fected  B alb /c  mice died w ith in  
40 days.

F o r C 57B l/10Sn m ice th e  h ighest index  of sp lenom egaly  was 4, which 
b eg an  to  decrease a f te r  th e  second week and  reached  th e  no rm al value b y  the
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end  of th e  5 th  w eek; th e n  it rem ained  a t  th e  sam e level till th e  end of th e  
o b se rv a tio n  period 70 days a fte r  in fec tion . No specific d e a th  w as observed  
in  th is  s tra in .

T he sp leen  w eight of th e  DBA/1 m ice show ed a p ecu liar tw o-w ave curve, 
w hich  reached  its f irs t peak  a t  th e  m iddle  of the  th ird  week w ith  an  index 
be tw een  th e  m ax im um  for th e  B alb/c m ice an d  th a t  for th e  C 57B l/10S n  mice. 
In  th e  su b seq u en t w av e-th ro u g h  th e  index  s tag n a ted  a t a v a lue  of 3. I t  began 
to  rise again  a t  th e  50 th  day . A t th e  tim e  o f th e  firs t p eak  a b o u t 10%  o f th e  
m ice d ied . M ost surv ivors d ied  a t  th e  tim e  o f th e  second w ave o f sp lenom egaly .

Fig. 2. A n tib o d y  p ro d u c tio n  in d ifferen t m ouse s tra in s  follow ing R au sch er v iru s  in fec tion

Fig. 2 shows th e  k inetics of th e  tum our-specific  a n tib o d y  p ro d u c tio n .
In  th e  sera of in fected  B alb/c m ice, in itia lly  some tum our-spec ific  a n t i 

body  w as dem o n strab le ; th e  titre s  in  general did no t reach  th e  th re sh o ld  of 
sign ificance (0.3).

S tra in  C 57B l/10Sn w as ch a rac te rized  b y  an  excellent a n tib o d y  p ro d u c 
tio n , w hereas th e  im m une response of th e  DBA/1 line was less in tensive  and  
th e  a n tib o d y  t i tre  ten d ed  to  decline from  th e  40 th  d ay  on.

In  F ig . 3 th e  in te rfe ro n  levels in m ice infected w ith  th e  R au sch er v iru s 
are show n.

T he R au sch er virus induced  little  in te rfe ro n  p ro d u c tio n  in  m ice of th e  
B alb/c and C 57B l/10Sn s tra in s . In  c o n tra s t, in terferon  p ro d u c tio n  b y  th e  
DBA /1 m ice was in tensive ; th e  peak  t i t r e  wras 5 tim es h ig h er th a n  th a t  for 
th e  o th e r tw o  m ouse s tra in s  an d  th e  serum  of th e  DBA/1 m ice s till co n ta ined  
in te rfe ro n  in  th e  64th  hour a fte r  in fection .
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D iscussion

The e ry th ro leu k aem ia  induced  b y  th e  R au sch er v iru s  was th e  m ost 
severe in  th e  B alb /c  m ouse s tra in , an d  th e  leas t severe  in  th e  C 57B l/10Sn 
s tra in . A reac tio n  o f th e  sam e ty p e  as observed  b y  us in  DBA/1 m ice w as 
described  by  o th ers  [6] in  B D F 1 m ice in fec ted  w ith  th e  F rien d  virus.

Hours _
Fig. 3. In te rfe ro n  p ro d u c tio n  in  d ifferen t m ouse s tra in s  follow ing R au sch er v irus in fection

The resistance  o f th e  s tra in s  ra n  p a ra lle l w ith  th e ir  an tib o d y  p rod u c tio n . 
T h e  role of th e  h ig h - ti tre  an tibod ies in  th e  suppression  of th e  p a tho log ica l 
process is obvius. I t  m ay  be a t tr ib u te d  to  th e  cy to to x ic , v iru s-n eu tra liz in g  
an d  v iro ly tic  [7] a c tiv itie s  of an tibod ies.

The s tra in -d ep en d en ce  of th e  im m une  response m ay  be due to  th e  s tra in -  
dependence of th e  im m u n o su p p ressiv e  effect o f th e  R au sch er v irus [8— 10]. 
A ccording to  S i e g e l  an d  M o r t o n  [11], im m u n o su p p ressio n  is a consequence 
o f a com petition  b e tw een  v irus rep lica tio n  and  an tig en ic  s tim u lus, b o th  of 
w hich  are d irec ted  to w a rd s  th e  sam e p lu r ip o te n t ty p e  o f ta rg e t cell. T h is 
v iew  seems to  be su p p o rte d  by  th e  observ a tio n  th a t  in  B alb /c  mice, charg ing  
o f th e  im m u n o -a p p a ra tu s  b y  “ in d iffe ren t”  an tigens considerab ly  in te rfe res  
w ith  th e  p rogression  o f R au sch er leu k aem ia , if  im m u n iza tio n  precedes th e  
in fec tion  w ith  R a u sc h e r v iru s  [11]. In  th is  case th e  p ro te c tiv e  effect m ay  be 
a t tr ib u te d  to  a re d u c tio n  in  th e  n u m b er of th e  p recu rso r cells capab le  o f 
m a lig n an t tra n s fo rm a tio n . The genetica lly  d e te rm in ed  equ ilib rium  be tw een  
th e  defensive an d  re p lic a tiv e  func tions of th e  im m une  sy stem  m ay a l te rn a 
tiv e ly  be sh ifted  in  th e  d irec tion  of su scep tib ility . P re tre a tm e n t w ith  com plete  
F re u n d  a d ju v a n t en h an ces th e  tra n s ito ry  sp lenom egaly  in  th e  o therw ise 
re s is ta n t C57B1/6 m ice [12], a phenom enon  a t tr ib u ta b le  to  an  increased  re-
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p ro d u c tio n  of th e  v iru s  [13]. A t th e  sam e tim e  th e  im m une response is d e layed  
[14].

T he in h ib itio n  of th e  progression  of v ira l leukaem ia  b y  in te rfe ro n  w as 
f irs t  observed  a f te r  th e  in tro d u c tio n  of exogenous in te rfe ro n . This in h ib itio n  
could be exp la ined  b y  an  in h ib ition  of b o th  v iru s  rep ro d u c tio n  and  m alig 
n a n t  tra n s fo rm a tio n  [15]. U sing C D -I m ice as ex p e rim en ta l an im al, Glasgo w  
and  F r ie d m a n  [3] d e m o n s tra te d  th a t  an  in ten siv e  in te rfe ro n  p ro d u c tio n  is 
one of th e  m echan ism s responsib le  fo r resistance . W e h av e , how ever, failed  to  
d e m o n s tra te  a p a ra lle lism  betw een  in te rfe ro n  response an d  resistance.

T ak ing  in to  a cco u n t th e  m echanism  of d ev e lo p m en t of im m u n o su p p res
sion as ou tlined  ab o v e , a synerg ism  betw een  th e  tw o k in d s of defence m ech a 
nism  seem s to  he v e ry  like ly ; th e  good im m une response ch a rac te ris tic  of DBA/1 
m ice m ay  he based  on th e ir  good in te rfe ro n  p rod u c tio n .
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S u m m ary . M egacinogenic B acillus megaterium  s tra in  216 was in fec ted  w ith  h o st ran g e  
m u ta n t  p hage  o b ta in ed  from  lysogenic s tra in  899. Spore  clones develop ing  on n u tr ie n t  ag ar 
p la te s  seeded w ith  th e  in fec ted  b a c te r ia  w ere d iffe ren t in  respec t to  p ro phage  and  m egacin  
fac to r. As a n  effec t of phage in fec tio n , th e  m egacin  fa c to r m ay  becom e labile  an d  be lost. 
T h e  non-m egacinogenic  segregants o b ta in ed  in  th is  m an n e r m ay  becom e lysogenic, b u t  f re 
q u e n tly  no s tab iliza tio n  of th e  p ro p h ag e  occurs in  th e  cells and  th u s  in  c e r ta in  iso lates ly so g en y  
fails to  develop a f te r  th e  loss of m egacin  facto r. W h en  th e  m egacin fa c to r h a d  n o t d isap p ea red , 
th e  d e riv a tiv e s show ed lab ile  or stab le  lysogeny. I n  stab le  isolates c a rry in g  th e  tw o p lasm id s 
th e  fu n c tio n  of one of th em  p red o m in ated . T hese d e riv a tiv e s w ere lysed  up o n  th e  a d d itio n  
o f m ito m y cin ; th e  k in e tics  of th e  lysis and  th e  q u a n ti ta t iv e  re la tio n sh ip  of phage an d  m eg acin  
p ro d u ced  d iffered  according to th e  p redom inance  of th e  facto rs. In  c e r ta in  iso lates th e  m eg acin  
fa c to r com ple te ly  repressed  th e  in d u c tio n  of p ro p h ag e. T he tw o p lasm ids m ay , acco rd in g ly , 
h in d er one a n o th e r’s rep lica tio n  and  in d u ctio n  in  d iffe ren t degrees.

P a r t  o f B acillus megaterium  s tra in s  occurring  in n a tu re  shows lysis a f te r  
u ltra v io le t ir ra d ia tio n . T he ly sa tes  co n ta in  a n a rrow -spec trum  a n tib a c te r ia l 
ag en t te rm ed  m egacin [1]. T he p ro d u c t ex e rted  a b ac te ric id a l effect on all 
o f a g rea t n u m b e r of B . megaterium  s tra in s  by  d estro y in g  th e  cy to p lasm ic  
m em b ran e  [2, 3]. A larger p a r t  of B. m egaterium  s tra in s  p roduced  b ac te rio - 
cins c learly  d istin g u ish ab le  from  th e  above ag en t on th e  basis o f th e  m a n n e r 
o f fo rm atio n  an d  m ode of ac tion . H o l l a n d  an d  R o berts  [4] classified th e se  
organism s in to  producers of m egacin В an d  m egacin C. T he b ac te rioc in  p ro 
duced  a fte r  in d u c tio n  and  causing cy to p lasm ic  d estru c tio n  is te rm ed  m egacin  
A. As th e  p re sen t p ap er deals w ith  m egacin  A, in the  follow ing th e  agen t w ill 
he referred  to  as m egacin.

In  th e  course of screening of a b o u t 400 B . megaterium  s tra in s  we h av e  
iso la ted  m ore th a n  24 m egac in -p roducing  cu ltu res [6, un p u b lish ed  d a ta ] . 
S tra in  216, y ie ld ing  th e  m ost effective ly sa te s , was s tu d ied  in tensive ly . T he 
ly sa te s  of th is  cu ltu re  m ay  he  m ore ac tiv e  b y  several ex p onen ts th a n  th o se  
p rep a red  from  o th e r m egacinogenic o rgan ism s. The m egacin  of s tra in  216 w as 
iso la ted  as a hom om olecular p ro te in  [7] an d  i t  has been show n to  be id en tica l 
w ith  phospho lipase  A [8]. I t  w ould  a p p ea r t h a t  th e  genetic con tro l of m egacin  is 
n o t lo ca ted  in  th e  chrom osom e b u t  is connec ted  w ith  a p lasm id ; th is  w as 
su p p o rte d  by  th e  high degree segregation  o f th e  m egacin fac to r. The p ro p o r
tio n  of non-m egacinogenic segregan ts in spore popu la tio n s is u sua lly  10 2 to
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10 _3, b u t th e re  is a s tr a in  w hich yields su ch  segregan ts a t  a frequency  as h igh 
as 10%  [5, 6]. In d u c tio n  o f m egacin p ro d u c tio n  is v e ry  sim ilar to  th e  in d u c 
tio n  of typ ica l lysogenic  B . megaterium  [9]. O n th e  basis of th e  s im ila rity  it 
m ay  be assum ed  th a t  m egacin  p ro duc tion  is con tro lled  b y  a defective p ro p h ag e  
[5]. T his a ssu m p tio n , how ever, could n o t be  confirm ed b y  th e  exp erim en ta l 
conversion  of ty p ic a l lysogenic cu ltu res in to  m egacinogenic organism s. E lec 
tro n  m icroscopic s tu d ie s  of th e  ly sa tes o f s tra in  216 an d  o th e r cu ltu re s  
failed  to  show  defec tiv e  p rophage s tru c tu re s  [10 an d  D r. B e l i a e v a , p e r 
sonal co m m unica tion ].

T he p resen t p a p e r  rep o rts  on th e  p ro d u c tio n  an d  s tu d y  of lysogenic 
d e riv a tiv e s  from  s tra in  216.

Materials and methods

Bacterial strains. B . megaterium  s tra in  216 p ro d u ces m egacin  C in  add ition  to  m egacin  
A [4]. T he geno type  of th is  organism  is re ferred  to  as 216 M A+ C+ . F o r phage t i t r a t io n  B. 
megaterium  s tra in  K M , fo r m egacin  assay phage r e s is ta n t  s tra in  M UT-C w ere used. T he la t te r  
w as iso la ted  in  our la b o ra to ry  from  B. megaterium  s tra in  “ M u tila te”  [11]; s tra in  M U T-C is 
a b o u t ten  tim es as sen sitiv e  to  m egacin th a n  s tra in  KM .

Phage. T he p h ag e  o f B . megaterium  lysogenic s tra in  899(1) was used. The phage w as 
iso la ted  and p ro p a g a ted  to  h igh  t it re  on s tra in  K M . As th e  phage ex erted  a slight a c t iv ity  
on  s tra in s  216 and  216 M A ~C  + , its  host range  m u ta n t  (hp) was used . T h e  e.o.p. va lue  fo r th e  
m u ta n t  was still low er to  s tra in  216 th a n  to  s tra in  KM  (0.05 as re la te d  to  th e  value  fo r s tra in  
KM ). T he p laques of hp  p h ag e  on cu ltu re  KM w ere la rg e  an d  sem i-clear, while on 216 M A ~C  + 
cu ltu re s  th e y  w ere sm alle r a n d  defin itely  tu rb id .

M edia. Y T (y e a s t e x tr a c t  try p to n e ) m ed iu m : try p to n e  (O xoid), 10 g; y eas t e x tra c t  
(O xo id ), 2.5 g; K 2H P O (î, 1 g; NaCl, 5 g; d istilled  w a te r , 1000 m l; p H  7.5. Y P  (y east e x tra c t  
p e p to n e ) m edium  w as p re p a re d  as described p rev io u sly  [12].

M egacin and phage titra tion . Y P b ro th  c u ltu re  of MUT-C (O .D .620 =  0.8) was d ilu te d  
1 : 4 w ith  Y P  m edium  a n d  1 m l w as m ixed w ith  1 m l m o lten  (47 °C) n u tr ie n t agar and p o u red  
on a basic lay e r of th e  sam e m edium . The basic la y e r  w as p rep ared  w ith  1.5%  agar, th e  u p p e r  
so ft lay e r co n ta in ed  h a lf  o f  th is  concen tra tion . Serial d ilu tions of th e  ly sa tes  were p rep ared  
w ith  saline co n ta in in g  20%  Y P  b ro th . By m eans of a loop equal am o u n ts  of th e  serial d ilu tio n s  
w ere p laced  on to  th e  su rface  of th e  in d ica to r p la te s . T he reciproca l o f th e  h ighest d ilu tio n  
causing  c lear zones or ly sing  a t  least ha lf of th e  b a c te r ia  a t th e  co rresponding  site was reg ard ed  
as one u n it  o f m egacin /m l.

Cultivation o f  bacteria and induction o f  megacin factor and prophage. From  a s ta n d in g  
cu ltu re  in YT m edium  in c u b a te d  overn igh t 0.2 m l w as tran sfe rre d  to  10 m l YT m edium  p ip e tte d  
in to  a 100 ml E rlen m ey e r flask . T he flask w as sh a k e n  in  w a ter b a th  a t  37 °C. W hen a n  O .D. 
v a lu e  of 0.25 had  been  re ac h ed  (num ber of colony fo rm ers, 5 X 106/in l average chain  len g th , 
4 — 5), th e  cu ltu res  w ere supp lem en ted  w ith  m ito m y cin  (0.5 p g /m l)  an d  the  change in  O .D. 
on fu r th e r  in cu b a tio n  w as recorded .

Checking o f  lysogenicity and megacinogenicity  of sp o ru la ting  b a c te ria  exposed to  p h ag e  
action  was perfo rm ed  w ith  in d ica to r stra in s  KM  a n d  MUT-C by th e  cross-streak  m eth o d . 
I f  m ore iso lates w ere ex am in ed , th e  hea ted  spore  suspensions w ere s treak ed  on to  Y P  ag ar 
so as to  give 80 — 100 colonies. T he young cu ltu re s  w ere th en  tran sfe rre d  to KM and  M UT-C 
in d ic a to r p la tes b y  m ean s of velveteen  stam p s. B efore in cu b a tio n  th e  replica p la te s  w ere 
ir ra d ia te d  for 5 seconds w ith  a low pressure m ercu ry  v a p o u r lam p (7 erg /sec/m m 2). The presence 
of m egacinogenic clones w as in d ica ted  by  an  a c t iv ity  on b o th  in d ic a to r p lates; in  case  of 
lysogeny, lysis occu rred  on ly  on KM plates. F in a l e x am in a tio n  of th e  iso lates was c a rried  o u t 
b y  m ito m y cin  in d u c tio n  in  liq u id  m edium . I f  th e  ly sa te s  ex h ib ited  v e ry  low m egacin a c tiv ity , 
th e  d iffe ren tia tio n  from  m egacin  C was perform ed b y  th e  use of an ti-m egacin  A im m une serum . 
T he im m une serum  w as p rep ared  in rab b its  by  re p e a te d  in jec tions of m egacin  A k in d ly  su p p lied  
b y  D r. I. B. H o lla n d . M egacin A n eu tra liza tio n  te s t  w as perfo rm ed  as described in  [13].

Preparation o f  spore suspension. W ell-sporu la ting  colonies or ag ar slan t cu ltu res  w ere 
suspended  in  0.02 M  p h o sp h a te  buffer (pH  7.2). A fte r  c en trifu g a tio n  th e  deposit was re su s
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pen d ed  and  in cu b a ted  a t  47 °C for a few hours to  d igest th e  cellular debris. A fte r a  second w ash 
ing  th e  suspension w as cen trifuged  a t  300 r.p .m . fo r 5 m inu tes th en  th e  su p e rn a ta n t, w hich  
co n ta in ed  m ain ly  single spores, was collected and  h e a ted  a t  75 °C for 10 m in u tes .

Results

Lvsogenization o f  strain 216 with hp phage. YT m edium  cu ltu re  (O .D . =  
-  0.5; 8 X 10°/ml colony fo rm er chains each  consisting on th e  average  of 
8 rods) was m ixed w ith  hp phage (10 m .o.i.) an d  left to  s ta n d  a t  room  te m p e r
a tu re  for 1 hou r. A fter cen trifu g a tio n  d iffe ren t am ounts of th e  d eposit w ere 
s tre a k e d  to  YT and  Y P  p la tes. T he cu ltu re s  were in cuba ted  a t  37 °C for 6— 7 
d ay s . Colony m orphology  differed in  v a rio u s experim en ts. T he follow ing g ro u p 
ing w as m ade:

1. T ra n sp a re n t colonies co n ta in in g  ly sed  bac te ria  w hich could no t be 
su b c u ltu re d .

2. S a te llite  colonies; sm all colonies a long  a concentric  line a t  a d istance  
o f a b o u t 1 m m  from  th e  edge of a la rge , seem ingly norm al colony. O n su b 
cu ltu rin g , th e  sa te llites grew as n o rm al colonies. M itom ycin  ly sa te  of th e  
colonies show ed th e  exclusive presence of phages. The phage t i t r e  w as high 
(1010— 1011/m l); m egacin  was ab sen t, b u t  m egacin  C p ro d u c tio n  w as re ta in e d . 
T hese  iso la tes w ere d esigna ted  as 216 M A ~ C + (hp).

3. Colonies of no rm al m orpho logy  ch arac terized  b y  s tab le  p lasm ids. 
H e a te d  spore suspensions of 25 colonies show ed th e  presence of m egacin  A 
a n d  phage. T he m egacin  t i t re  of th e  ly sa te s  varied  betw een  10 an d  104 u n its  
an d  th e  phage y ields w ere in  th e  ran g e  o f 106— 1010 P F U /m l. T hese iso lates 
w ere desig n a ted  as 216 MA + C + (hp).

4. Colonies of no rm al m orphology  ch aracterized  b y  lab ile  p lasm ids. 
In  one ly sogen iza tion  ex perim en t th e  h e a te d  spore suspensions of 10 d iffe ren t 
colonies w ere su b cu ltu red  in tu b es  of liqu id  m edium . A fter th e  ad d itio n  of 
m ito m y c in  th e  cu ltu res  did or did n o t lyse. I f  th e  b ac te ria  w ere ly sed , th e  
ly sa te s  w ere n o t iden tica l. T he b eh av io u r o f subcu ltu res p re p a re d  from  th e  
10 colonies m ay  be classified as follows.

a) S ubcu ltu res of 3 colonies w ere n o t lysed a fte r th e  a d d itio n  of m ito 
m ycin . O th e r m ethods also failed  to  show  th e  presence of p ro p h ag e  or m egacin  
fa c to r  in th e  b ac te ria .

b) In  th e  ly sa te  of 4 colonies on ly  m egacin  (ap p ro x im ate ly  104 un its) 
w as d e m o n s tra te d , i.e. no lysogen iza tion  occurred .

c) B o th  phage an d  m egacin  w ere p re se n t in th e  ly sa te  of 3 colonies, 
b u t  th ese  clones w ere n o t stab le  on su b cu ltu rin g .

S ta b ility  o f  the isolates. Iso la te s  described  u n d er 2 an d  3, 216 M A - C + 
(hp) an d  216 MA + C + (hp), w ere s tab le  an d  re ta in ed  th e ir  o rig inal p ro p ertie s  
a f te r  severa l su b cu ltu res . In  c o n tra s t, iso la tes described u n d e r 4c seg regated  
on su b cu ltu rin g . T he spore suspension o f one colony of th e  la s t-m en tio n ed  iso-
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la te s  was exam ined  fo r phage an d  niogacin p ro d u c tio n ; o f 90 colonies o b ta in ed  
b y  su b cu ltu rin g , 17 p roduced  n e ith e r  phage no r m egacin , 73 lost th e ir  p ro 
phage b u t  re ta in e d  th e ir  m egacin-form ing  cap ac ity .

A ccord ingly , th e  re la tio n sh ip  an d  s ta b ility  of th e  tw o plasm ids (p rophage 
an d  m egacin fac to r)  m ay  be v a riab le  in  spore clones o b ta in ed  b y  tre a t in g  
th e  m egacinogenic s tra in  w ith  te m p e ra te  phage. T he lysogenized clone m ay  
co n ta in  stab le  b a c te r ia  possessing b o th  p ro p ertie s  (lysogenic and  m egacino
genic) so th a t  one o r th e  o th e r c h a ra c te r  p red o m in a ted . In  o ther spores th e  
p rophage w as u n s ta b le  an d  segregated  on g e rm in a tio n . The lab ility  o f th e  
p rophage m ay  in v o lv e  th e  loss of m egacin  fac to r  an d  th u s  b o th  p lasm ids m ay  
be segregated  from  th e  cell. In  c o n tra s t, th e  p ro p h ag e  m ay  becom e stab ilized  
b u t  th e  m egacin  fa c to r  is lost.

K inetics o f  the induction  o f  various derivatives. T h e  relationsh ip  an d  fo r
m atio n  of p ro d u c ts  con tro lled  by  th e  tw o p lasm ids m ay  he highly  v a riab le  
in iso lates 216 MA + C + (hp) and  216 MA C + (hp) derived  from  “ w ild”  ty p e  
s tra in  216 MA + C+ (T ab le  I).

Table I

Characteristics o f  some derivatives o f  “w ild” type strain 216

S tra in
P ro d u c t  in th e  lysate*

R em arks
m egacin-A p hage

216 MA + C + “ w ild” ty p e  stra in

216 M A O  (h p ) — + “ sate llite”  colonies

216 MA+C+ (hp)-ell h igh  m egacin yield

216 M A O  (hp)-b21 + low m egacin yield

* M egacin C occurring  in  insignificant am o u n t in th e  lysa tes was disregarded in  all e x p e 
rim ents

The k in e tics  o f th e  in d u c tio n  of “ w ild” ty p e  s tra in  216 MA + C + a n d  its  
lysogenized d e riv a tiv e  216 M A ~C + (hp) is show n in Fig. 1.

The lysogenic d e riv a tiv e , hav ing  lo st m egacin  A fac to r , reached m ax im um  
grow th  soon a f te r  th e  add itio n  of m ito m y c in  an d  th e  rap id  lysis of th e  cu ltu re  
resu lted  in  a h igh  p hage  titre . T he “ w ild”  ty p e  216 MA + C + stra in  grew  less 
rap id ly  in  th e  p resence  of m itom vcin  an d  reach ed  th e  peak  only a f te r  50 
m inu tes. T hen  a p ro longed  lysis follow ed w hich  h ad  n o t been com plete b y  th e  
end of th e  e x p e rim en t. M egacin released  from  th e  c u ltu re  reached a p eak  t i t r e  
a t  th e  150th  m in u te . T he ch a rac te ris tic  b eh av io u r of th e  s tra in s  was confirm ed 
in  th ree  d iffe ren t ex perim en ts carried  o u t u n d e r id en tica l conditions (T able 
II) .
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Fig. 1. K inetics of th e  in d u c tio n  of s tra in s  216 M A + C + an d  216 M A - C + (hp). L ogarithm ic  
g ro w th  ph ase  cu ltu re  in  YT m ed iu m  was su p p lem en ted  w ith  m ito m y cin  a t  0 m in u te  an d  
re in cu b a ted . 216 M A +C + : ▲ o p tica l d en sity , Д m egacin  t itre . 216 M A ~C + (hp): •  op tica l

den sity , О phage t i t r e

Table II

Results o f  three different experiments w ith strains 216 M A +C + and 216 M A ~ C +(h p )

* A bbrev ia ted  sym bols (see T able  I).
** E stim a ted  fro m  th e  tw o in te rv a ls  of assays.

F o r su p p lem en tin g  th e  d a ta  p re sen ted  in  T ab le  I I  i t  shou ld  be m en tio n ed  
th a t  th e  phage t i t r e  before th e  in d u c tio n  of th e  lysogenic s tra in  was a lread y  
5— 6 log u n its  or even  h igher, in d ica tin g  th a t  p a r t  o f th e  p o p u la tio n  h ad  u n d e r
gone spon tan eo u s in d u c tio n  before  th e  ad d itio n  of m ito m y cin . T he m egacino- 
genic cu ltu re  co n ta in ed  s lig h t am o u n ts  of b ac te rio c in  before  in d u c tio n  an d  
lysis occurred  co n sid e rab ly  la te r  th a n  w ith  th e  lysogenic s tra in .
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T he course o f th e  in d u c tio n  of lysogenic and  m egacinogenic d eriv a tiv e  
216 MA + C + (hp)-cll d iffered  defin ite ly  from  th a t  show n fo r th e  above cul
tu re s . As show n in F ig . 2, g row th  co n tin u ed  fo r a considerab le  tim e  a f te r  m ito 
m ycin  tre a tm e n t an d  th e  cu ltu re  reached  a high O .D . va lue . T he grow ing 
c u ltu re  released p hages as soon as a fte r  40 m inu tes. T he in te n s ity  o f th e  rise 
in  ph ag e  t i tre  decreased  a t  th e  60 th  m in u te , th e n  a second h igh degree phage 
re lease  was observed. T his double ph ag e  p ro d u c tio n  w as d em o n stra ted

F ig . 2. K inetics of th e  in d u c tio n  of iso late 216M A  + C + (hp)-cll. T he cu ltu re  was su p p lem en ted  
w ith  m itom ycin  a t  0 m in u te  an d  re in cu b ated . □ o p tica l d ensity , •  phage titre , О p hage  titre  

a f te r  th e  add itio n  of lysozym e, Д  m egacin t itre

in  all experim en ts. T h e  second phase  coincided w ith  th e  accu m u la tio n  of 
m egacin . I t  was su p p o sed  th a t  from  p a r t  of phage-p roducing  cells th e  virions 
w ere no t released sp o n tan eo u sly  an d  these  cells w ere lysed only as an  effect 
of m egacin. To co n firm  th is  a ssum ption , th e  follow ing ex p erim en t w as p e r
fo rm ed . Two p ara lle l sam ples w ere ta k e n  from  th e  induced  cu ltu re  of 
216 MA + C + (hp)-ell an d  one of th em  was tre a te d  w ith  lysozym e (10 /.ig c rys
ta llin e  p ro d u c t p er m l). T he phage ti tre s  o b ta in ed  are  show n in Fig. 2.

I t  was q u estio n ab le  w hy ly so zy m e-trea ted  cells y ielded  in th e  50 an d  60 
m in u tes  sam ples o f p o o rer in phage th a n  th a t  p resen t in  th e  u n tre a te d  con
tro l cu ltu re . T here a re  severa l exam ples th a t  phage rep lica tio n  is closely asso
c ia ted  w ith  ce rta in  s tru c tu ra l elem ents o f th e  cell. F o r exam ple, rep lica tio n  
o f lam bda-phage is assoc ia ted  w ith  th e  cy top lasm ic  m em brane from  w hich 
D N A  molecules e n te r  th e  cy top lasm  w here th e ir  final m a tu ra tio n  ta k e s  place
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[14]. L ysozym e tre a tm e n t in th e  early  s tag e  of g row th  ac ts by  d e s tro y in g  
th e  cellu lar s tru c tu re  on phage rep lica tio n  an d  is p resu m ab ly  th e  reason  fo r 
th e  low er t i t r e  of infective v irions.

A s tr ik in g  p ro p e rty  of s tra in  216 MA + C + (hp)-cll w as th a t  th e  p h ag e  
t i t re  in  its  ly s a te  w as lower b y  3— 4 ex p o n en ts  th a n  in  th e  ly sa te  of 216 M A - C + 
(hp)-cll.

S im ilar ex perim en ts were p erfo rm ed  w ith  iso late  216 MA + C + (hp)-b21 . 
In d u c tio n  o f th is  deriva tive  re su lted  alw ays in v e ry  low m egacin t i tre  (5 100
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F ig. 3. K in e tic s o f th e  in d uction  of iso la te  216 MA + C + (hp)-b21 . О o p tica l d ensity , •  p h a g e  
titre . M egacin t i t r e  ( д )  ranged  betw een  1 a n d  10 u n its /m l in  d iffe ren t assays. T he solid lin e  

show s th e  course of m egacin  t i t r e  fo r an  average  va lue  of 5 u n its /m l

u n its  in  v a rio u s  experim en ts). T he a n tib a c te r ia l agen t could be id en tified  
w ith  specific im m u n e  serum  as m egacin  A. T he k inetics of th e  in d u c tio n  o f 
th is  s tra in  is show n in Fig. 3.

T he m egacin  t i t re  was v e ry  low , in  th e  range  of 5 un its , th ro u g h o u t th e  
ex p erim en t. T h is  find ing  could n o t be exp la ined  b y  assum ing  th a t  th e  m egacin  
fac to r had  con sid erab ly  segregated  from  th e  cells o f th e  iso late. Colonies 
grow n from  2304 spores of iso la te  216 MA + C + (hp)-b21 w ere exam ined  fo r 
th e  p resence o f m egacin fac to r an d  th e re  w ere only 6 colonies in w hich th e  
fac to r w as a b se n t. The low m egacin  c o n te n t of th e  ly sa te  w as p ro b ab ly  d u e  
to  a rap id  in d u c tio n  of th e  p ro p h ag e  up o n  m itom ycin  tre a tm e n t and th e  cells 
w ere lysed  b efo re  th e  tim e n ecessary  fo r th e  d ev e lopm en t of m egacin p ro d u c 
tion .
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D eterm ination o f  the single cell burst size. E x p erim en ts  w ith  s tra in  216 
M A~C + (hp) are su m m arized  in T ab le  I I I .

T ab le  I I I

Single cell burst size experiments with spore suspension o f  strain 216 M A ~ C + (h p )

E x p . 1 E x p . 2

No. o f sp o res/tu b e  (calculated) 0.3 0.5
No. o f tu b es inocu la ted 60 50

No. of tu b es show ing growth 15 35

No. o f tu b es inocu la ted  -}- m ito m y cin 60 50

No. o f tu b es  show ing growth 0 0

No. of tu b es  w ith  phage 14 35

P F U /tu b e  m ax im um 890 966

P F U /tu b e  m in im um

D istrib u tio n  o f tu b es according to  phage 

yields

49 88

P F U /tu b e  100 2 2

1 0 1 -2 0 0 2 0

2 0 1 -4 0 0 4 2

400 6 31
B u rs t size, average 364 708

Spore suspension of s tra in  216 M A - C+ (hp) was d ilu te d  w ith  YT m edium  and used as inoculum  
a t  0.5 m l (calculated  No. o f  spores, 0 .3—0.5) pe r tu b e . Before d is trib u tio n  in to  tu b es th e  spore 
suspension was in cu b a ted  a t  37 °C for 1 hour to  in d u ce  germ ination . T hen  th e  suspension was 
d iv id ed  in to  two portions: one of them  was supp lem en ted  w ith  m itom ycin  (0.5 //,g nil), th e  o th er 
served  as control. T he suspensions were d is tr ib u te d  a t  0.5 m l am ounts so th a t  th e  calcu la ted  
No. o f spores was 0.3 — 0.5 p e r  tube. All tubes w ith  m itom ycin  rem ained  clear and were used  for 
phage counting  by  KM in d ica to r. P a r t  of m itom ycin-free  tubes showing grow th served for th e  
d e te rm in a tio n  of ac tu a l spore  counts.

T he difference in  average values a n d  in  d is tr ib u tio n  of phage y ields 
accord ing  to  tu b es  in  th e  tw o experim en ts  could  n o t be a t tr ib u te d  to  th e  d if
ference  in  th e  av e rag e  n u m b er of spores. T he Poisson d is tr ib u tio n  m ay  on ly  
p a r t ly  be responsib le  fo r th e  finding. In d u c tio n  s ta r te d  a fte r  1 h o u r g e rm in a
tio n  h a d  ended on ly  30—40 m inu tes la te r ;  th is  tim e  sufficed  fo r a t  leas t 
one d iv ision  cycle. T h e  induced b a c te ria  show ed n o t only  an  increase in  size 
b u t  also doubled th e ir  n u m b er [15]. I t  m a y  be assum ed th a t  th e  ac tu a l n u m b er 
of v irions released fro m  lysogenic cells w as low er th a n  th e  value  de te rm in ed .

In  sim ilar ex p e rim en ts  w ith  iso la te  216 M + C + (hp)-b21 100 tu b e s  w ere 
in o cu la ted . P hages w ere detec ted  in 14 tu b e s , in  th e  re s t th e re  was no g row th . 
T h e  phage coun t in  th e  positive tu b es fell in  th e  range 118—296; th e  average  
cell b u rs t  size w as 200. A ccordingly, th e  p resence of m egacin fac to r  decreases
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th e  v a lu e  of b u rs t size w ith o u t ex e rtin g  a sign ifican t effect on th e  k inetics 
of lysis.

In  experim en ts w ith  iso late 216 M + C + (h p )-c ll th e  long in d u c tio n  tim e  
was ta k e n  in to  co n sid e ra tio n : a fte r th e  ad d itio n  of m ito m y cin , inoculations 
w ere m ade in to  60 tu b e s  a fte r  each sam pling  perform ed a t 1, 2 an d  3 hours. 
A fter in cu b a tio n  for 24 h ours none of th e  180 tu b es, each  in o cu la ted  w ith  an  
average  of 0.54 spore, show ed evidence of grow th . T he c o n te n t o f all tu b es  
was m ixed  w ith soft a g a r  con ta in ing  th e  phage-sensitive  in d ica to r  cu ltu re  
and  p o u red  in to  p la te s . N one of th e  180 p la tes  show ed p laq u es. A ccord ingly , 
in d u c tio n  of th e  ca lcu la ted  108 spores fa iled  to  give rise to  phage p ro d u c tio n .

To th e  contro l c u ltu re s  no m itom ycin  was added. In  36 o u t of 60 con tro l 
tu b es  g row th  was v isib le  a fte r  in cu b a tio n  overn igh t. F ro m  8 of th e  tu rb id  
cu ltu res  0.1 ml a liquo ts w ere tran sfe rred  in to  tu b es w ith  10 ml Y T b ro th  and 
th e  cu ltu res  were in d u ced  w ith  m itom ycin  in th e  usual m an n er. The ly sa tes  
show ed th e  presence o f phages (10-’— 10e P F U /m l) an d  m egacin  (103— 104 
u n its). A ccordingly, in  a ll spores of iso la te  216 MA + C + (h p ) - c l l  b o th  p lasm ids 
w ere p re sen t. I f  a single cell is induced , i t  fails to  release phages. I f  a p o p u la 
tion  derived  from  one •’ell is induced , how ever, th e  p ro d u c ts  of b o th  p lasm ids 
can be observed . T he f in d in g  can be in te rp re te d  b y  assum ing  th a t  th e  m egacin  
fac to r  represses th e  in d u c tio n  of p ro p h ag e ; la rger p o p u la tio n s m ay  co n ta in  
m egacin-factor-free ly so g en ’c segregan ts an d  th u s  on in d u c tio n  th e y  m ay  
release phages. S tra in  216 p roduces non-m egacinogenic  seg regan ts a t  a ra te  of 
ap p ro x im a te ly  10 _3 [6], in  o th e r w ords, th e  phage y ields m ay  be expec ted  
to  be low er b y  3 ex p o n en ts  th a n  tho se  fo r th e  above iso la te . T his d ifference 
agrees w ell w ith  th e  ex p e rim en ta l find ings. Iso la te  MA + C + (h p ) -c l l  w as ex am 
ined fo r th e  presence o f m egacin -fac to r-free  spores. A to ta l  of 5037 in d iv id u a l 
spores all con ta ined  m egacin  fac to r. C onsequen tly , th e  ex p erim en ts  failed  to  
offer a d irec t p roo f of th e  assum ed segregation . The fa ilu re  m ay  h av e  h ad  
several reasons: 1. T he n u m b e r of spores w as no t su ffic ien t fo r show ing th e  
ex p ec ted  10_3 frequency  o f segregation ; 2. b ac te ria  a fte r  losing th e  m egacin  
fac to r  m ay  undergo  a sp o n tan eo u s in d u c tio n  during  sp o ru la tio n  an d  th u s  
th e ir  p ro p o rtio n  m ay  be  low er th a n  ex p ec ted . The high la b ility  of th e  exclu 
sively  lysogenic s tra in s  in d ica tes  a sp o n tan eo u s in d uc tion  o f th e  segregan ts.

Discussion
T here  are several exam ples th a t  m ore th a n  one ex trach ro m o so m al ge

netic  e lem ent (plasm id) m a y  ex ist in  a single host. One o f th e se  fac to rs  m ay  
h in d er th e  p ro p ag a tio n  o f th e  o ther. L ysogenic s tra in s  are  w ell-know n to  lose 
th e ir  p rophages upon  in fec tion  by  hom ologous phage [16, 17].

D iffe ren t sex fac to rs  in  E . coli m a y  h in d e r th e  rep lica tio n  of th e  o thers. 
The cell ca rry ing  th e  hom ologous sex fa c to r  fails to  p ro p a g a te  th e  superin - 
fec ting  sex  fac to r [18, 19]. As an  effect o f R  fac to r, in tro d u c e d  in to  E . coli
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b y  con jugation , th e  cu ltu re  loses its  colicinogenic p ro p e rty  [20 ,21 ]. T he p re s 
ence of m ore p lasm ids m ay  give rise to  an  u n s tab le  s ta te  in  th e  cell, in  con
sequence  of w hich a seg rega tion  of th e se  fac to rs  m ay  occur during  m u ltip li
c a tio n  [22]. In tro d u c tio n  o f a c e r ta in  colicin  fac to r  in to  th e  cell m ay m obilize 
th e  o therw ise la te n t  R -d e te rm in a n t [23]. T he m u tu a l effect on E . coli cells 
a n d  com petitio n  o f sex  fac to rs  an d  res is tan ce  fac to rs  a re  o f special in te re s t. 
T h e  d ifferen t fac to rs  m ay  cause s tru c tu ra l  changes (specific pili) on th e  cell 
su rface  m an ifesting  th em selv es  in  an  a lte ra tio n  of phage se n s itiv ity  and  o f th e  
o rg an ism ’s an tigen ic  s tru c tu re . In  resp ec t to  th is  in te re s tin g  prob lem  we refer 
to  th e  review  of Me y n e l l  an d  D atta  [24], an d  only  m en tio n  th a t  th e  fu n c tio n  
o f F  fac to r  is com ple te ly  rep ressed  b y  fi ~ R  fac to r in tro d u ced  in to  th e  cell, 
w hile its  fi +R m u ta n t  exerts  no such  effect.

In  our ex p e rim en ts  th e  m u tu a l re la tio n sh ip  of B. megaterium  p lasm ids 
w as s tu d ied . F o r th e  genetic  co n tro l o f m egacin  A, w hich  is iden tica l w ith  
phospho lipase  A  [8], a defec tive  p ro p h ag e  ap p ears  to  be  responsible [5]. 
T h e  s ta b ility  of th e  h y p o th e tic a l defec tive  p rophage , re fe rred  to  as MA + 
p lasm id , was h ig h ly  in fluenced  b y  su p erin fec tio n  w ith  a ph ag e  o b ta ined  from  
B . megaterium  s tra in  899(1). In  our ex p erim en ts  s tra in  216 was in fected  b y  
a high m u ltip lic ity  p h ag e , sp o ru la ted  on ag ar p la te  fo r p ro longed  periods an d  
an a ly sed  for m egacin  fa c to r  an d  p ro p h ag e  re la tio n sh ip . U n fo rtu n a te ly  th is  
m e th o d , in sp ite  o f its  a d v a n ta g e s , offered  p rac tica lly  no d a ta  to  allow for 
q u a n tita tiv e  conclusions. T he effect of phage tre a tm e n t was m arked , th a t  is, 
on  fu r th e r  in cu b a tio n  th e  m a jo rity  of lysogenic colonies w ere lysed. T he t r a n 
s ie n t lysogenic s ta te  w as p ro b ab ly  v e ry  lab ile ; s im ilar o b serv a tio n s were m ade 
fo r ind iv iduals o f spore clones o rig in a tin g  n o t u n fre q u e n tly  from  lysogenic 
b a c te r ia . D uring  g e rm in a tio n  an d  m u ltip lica tio n  of th e se  th e  prophage w as 
fre q u e n tly  lost. T he loss of p lasm ids o ccu rred  in  d iffe ren t m anners as follows,
(a) T he prophage in tro d u c e d  failed  to  stab ilize , (b) As an  effect of phage in 
fec tio n , the  m egacin  fac to r  d isap p eared  from  th e  sp o ru la ted  cells, h u t  th e  
b a c te r ia  becam e lysogenic and  w ere stab ilized  in th is  s ta te , (c) In  spore clones 
d eriv ed  from  in fec ted  cells n e ith e r  p ro p h ag e  no r m egacin  fa c to r  was p re sen t,
i.e. as an  effect o f ph ag e  ac tio n  th e  m egacin  fac to r  d isap p eared  from  th e  in 
fec ted  cell w ith o u t ren d erin g  th e  organ ism  lysogenic, (d) B o th  p lasm ids w ere 
in tro d u ced  in to  th e  cells in  s tab le  s ta te .

S tab le  m egacinogenic an d  lysogenic iso lates w ere especially  in te re s tin g  
in  th a t ,  a lthough  b o th  p lasm ids could  be induced  se p a ra te ly  w ith  m itom ycin , 
th e ir  sim ultaneous occurrence h ad  influenced  one a n o th e r’s induction . T here  
w ere iso lates th e  in d u c tio n  of w hich  ensued  ra p id ly  and  th e  ly sa te  c h a ra c te r 
ized  b y  high phage y ields co n ta in ed  v e ry  sligh t am o u n ts  of m egacin a lth o u g h  
th e  p lasm id  of th e  la s t-m en tio n ed  fac to r  w as p resen t p rac tica lly  in  all spores. 
A n  iso late , in  w hich  th e  m egacin  fac to r  rep ressed  th e  p ro p h ag e  in  such a degree 
t h a t  its  in d u c tio n  failed  to  ta k e  p lace, deserves special in te re s t.
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The find ing  th a t  th e  rep ressor p roduced  u n d e r th e  effect o f m egacin  
fac to r m ay com plete ly  repress th e  in d uc tion  of p ro p h ag e  should also he 
stressed . T he q u es tio n  arises of th e  specific ity  o f th e  rep ressor in th a t  case. 
Does th e  sam e rep resso r, in view  of its  high a m o u n t, a c t on the  co rrespond ing  
o p era to r of b o th  p lasm ids? I f  so, a less d efin ite  com m on specific ity  w ould  also 
b rin g  a b o u t th e  effect. Tt m igh t o f course he supposed  th a t  in these  iso lates 
a reco m b in a tio n  of th e  co rrespond ing  sectors o f th e  tw o plasm ids occu rred , 
w hich re su lted  in a rep ressor p ro te in  capab le  of ex e rtin g  an ac tion  on b o th  
facto rs.

F in a lly , we w ish to  m en tio n  th a t  we iso la ted  a b o u t 24 s tra in s p ro d u c in g  
m egacin A. T he ly sa te s  of th ese , excep t for s tra in  216, show ed a sligh t or m e
dium  an tib a c te ria l a c tiv ity . A lthough  all m egacin  A ly sa tes  were id en tica l in 
m ode of ac tion , th e y  d iffered sh a rp ly  in  im m unobio log ical specificity  from  th e  
m egacin  of s tra in  216 [25]. Two of th e  iso lates re leased  v e ry  slight a m o u n ts  
of phages [6, unpub lished  d a ta ] . I t  w ould a p p ea r th a t  in n a tu ra l lysogenic 
d e riv a tiv es  of m egacin  А -producing  s tra in s  p ro p h ag e  in d u c tio n  can be rep re ss 
ed b y  m egacin fac to r.
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EFFECT OF PYRAZOCIFLIN ON THE 
INDUCED PENICILLINASE SYNTHESIS 

OF BACILLUS CEREUS
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(R eceived  O ctober 29, 1970)

S u m m a ry . Pyrazocillin  (l-(2 ,6 -d ich lo ropheny l)-4 -m ethy l-5 -pyrazo ly l pen ic illin ) in d u ced  
a low -degree pen ic illinase  syn thesis in  B acillus cereus 569 cells. I ts  a f f in ity  to  th e  “ pen icillin  
b in d in g  fa c to r”  of th e  cells w as low  in  c o n tra s t  to  th e  h ig h  affin ity  of pen ic illin , b u t  th e  b in d in g  
w as irreversib le , like  th a t  of penicillin.

T he sem i-syn the tic  penicillin  d e riv a tiv e s  have th ree  im p o r ta n t p ro p ertie s  
viz. th e y  e x e rt a d is tin c t an tib io tic  ac tio n , th e y  induce pen icillinase syn th esis  
in inducib le  s tra in s  and  th e y  influence th e  conform ation  o f th e  penicillinase 
p ro te in  [2]. Pyrazocillin ,*  co n ta in in g  a l-(2 ,6 -d ich lo ropheny l)4 -m ethy l-5 - 
p y razo ly l side chain , suppresses th e  g row th  of G ram -positive m icroorganism s 
a t  a low co n cen tra tio n  and  is, th ere fo re , an  excellent th e ra p e u tic  ag en t [2].

D eta iled  stud ies by  one of us [3] on th e  effect of py razoc illin  on th e  
exopenicillinase of th e  B. cereus 569/H  s tra in  suggested t h a t  th e  com pound  
influences th e  con fo rm ation  of penicillinase d ifferen tly  from  o th e r penicillin  
analogons. In  its  p resence, penicillinase w as rap id ly  in a c tiv a te d , th is  effect 
w as reversib le  b y  d ilu tion  and  n o t rev ers ib le  b y  add ition  to  th e  in ac tiv a ted  
sy stem  of G -penicillin , th e  enzym e’s n a tu ra l  su b stra te . U n like  G -penicillin  
an d  th e  know n  analogons, pyrazocillin  is b o u n d  to  penicillinase w eak ly  an d  
th is  seem s to  acco u n t for its  fa ilu re  to  in a c tiv a te  th e  enzym e if  G -penicillin  is 
p resen t.

T hese e x tra o rd in a ry  p ro p ertie s  of pyrazocillin  h av e  in i t ia te d  fu r th e r  
in v estig a tio n s in to  its  effect on th e  sy n th es is  of induced  penicillinase.

Materials and methods
P y razocillin  (l-(2 ,6 -d ich lo ropheny l)-4 -m ethy l-5 -pyrazo ly l penicillin) w as used  in  th e  

fo rm  of i ts  sodium  salt. T he p o tassium  sa lt of pen ic illin -G  was a p ro d u c t o f th e  B iogal P h a rm a 
ceu tica l W orks (D ebrecen, H ungary ).

Cells o f th e  B . cereus 569 s tra in  w ere c u ltiv a te d  u n d e r th e  sam e co n d itions as d e 
scribed  earlier [4]. T he d ry  m ate ria l c o n te n t o f th e  cells was assessed b y  p h o to m e try  an d  
th e ir  penicillinase a c tiv ity  was d e te rm in ed  as re p o rte d  earlier [5].

* T he pyrazocillin  p re p a ra tio n  used  in  th e  experim en ts  was su p p lied  b y  th e  In s t i tu te  
o f P h a rm ac eu tica l R esearch  (B u d ap est)
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Results

F irs t, p y razo c illin  was te s te d  fo r a b ility  to  induce  penicillinase syn th esis . 
G -penicillin or p y razo c illin  were ad d ed  to  B . cereus 569 cu ltu re s  in the  log p h ase  
o f grow th and  th e  d ry  m ate ria l c o n ten ts  an d  pen icillinase p roduction  o f th e  
cells were d e te rm in ed . G -penicillin  in d u ced  m ax im u m  enzym e syn thesis a t  a 
co n cen tra tio n  as low  as 0.5 pg/m l [6], w hile one h u n d re d  tim es m ore (50 /tg/m l)

Fig. 1. In d u c tio n  of pen ic illinase  w ith  pyrazocillin . G -penicillin  (0.5 flg /m l)  or pyrazocillin  a t  
various co n cen tra tio n s w ere ad ded  to  ceils in  th e  log phase  of g ro w th  (0.1 fig /m l d ry  m a te ria l 
co n ten t), and  th e  pen ic illinase  a c tiv ity  of th e  system s w as e s tim a te d  a t  d ifferen t po in ts o f tim e . 
T he d ry  m ate ria l c o n te n ts  o f th e  d iffe ren tly  tre a te d  sam ples d id  n o t  differ n o tab ly  b y  th e  end

of th e  ex p erim en t

pyrazocillin  in d u ced  th e  p ro d u c tio n  of te n  tim es less enzym e. This yield could  
n o t be increased  b y  au gm en ting  th e  c o n cen tra tio n  of pyrazocillin  above 50 
50 /rg/ml; th e re  w as ra th e r  a ce rta in  decrease w hich  m a y  h av e  been due to  th e  
en zy m e-inh ib ito ry  ac tio n  of th e  com pound .

In  th e  e x p e rim e n t show n in  Fig. 1, th e  d ry  m a te r ia l co n ten t of th e  cu l
tu re s  did no t change u n d e r th e  effect of pyrazocillin  a t  0 to  200 /ig/ml co n cen 
tra tio n , h u t it decreased  by  ab o u t 10%  a t  250 /(g/ml concen tra tion .

O bviously , py razoc illin  is ab le to  induce pen icillinase like th e  o th e r 
penicillin  ana logons, b u t  th is  a c tiv ity  is v e ry  sligh t.

The n e x t s te p  w as to  clarify  w h e th e r py razocillin  is as irreversib ly  b o u n d  
b y  th e  cells as G -penicillin  is [6] an d  if so, how  th is  w ould influence th e  
induc tio n  b y  G -penicillin .

A suspension  o f B . cereus cells in th e  log p h ase  of g row th  was d iv ided  
in to  four p a rts . To th e  f irs t suspension , py razocillin  w as added  up to  a f in a l
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co n cen tra tio n  of 250 /tg /m l, th e n  i t  was in c u b a te d  for 5 m in u tes  a t 30 °C, 
cen trifuged  an d  w ashed  w ith cold (0 °C) g ro w th  m edium . T he w ashed cell 
sed im ent w as resu sp en d ed  in  G -penicillin (0.5 pg/m l) c o n ta in in g  w arm  m e
dium  (30 °C), allow ed to  s tan d  for 5 m in u tes , cen trifuged , w ashed  w ith  cold 
m edium , an d  fin a lly  resuspended  in fresh  g ro w th  m edium . T he second suspen-

Fig. 2. E ffec t of p y razocillin  on  th e  q u a n tity  of pen ic illinase  induced  b y  G -penicillin. B . cereus 
569/H  cells p re tre a te d  in  d iffe ren t w ays in  th e  log ph ase  of g ro w th  were cen trifu g ed , re su sp en d ed  
in  fresh  g ro w th  m ed iu m  a n d  assayed  for pen ic illinase  a c tiv ity . P re tre a tm e n ts . X =  C ontro l, 
n o t p re tre a te d . О =  250 f lg/m l pyrazocillin  was ad d ed  to  th e  cell suspension  fo r 5 m in u te s , 
th en  i t  w as rem o v ed  b y  cen trifu g a tio n  and w ashing. □  =  P re in cu b a tio n  w ith  pyrazocillin  as 
above +  G penicillin , th e  w ashed  cells were resu sp en d ed  in  an  0.5 U'J. nil G -penicillin  con ta in ing  
m edium  fo r 5 m in u te s , th e n  w ashed  and cen trifuged . •  =  Penicillin  w as ad d ed  to  th e  m edium  
a t  a co n cen tra tio n  of 0.5 fig /m l  an d  was rem oved a f te r  5 m in u te s  by  cen trifu g a tio n  and  w ashing

sion was tre a te d  in th e  sam e m anner, b u t  G -penicillin  was o m itted . The th ird  
suspension was tre a te d  on ly  w ith  th e  0.5 /tg /m l G -penicillin  co n ta in in g  m edium , 
cen trifuged , w ashed  an d  resuspended . T he fo u rth  suspension  served as an  
u n tre a te d  con tro l. All fo u r suspensions w ere assayed  for enzym e a c tiv ity  
(Fig. 2).

As can be seen from  Fig. 2, 5 -m inu te  py razocillin  p re tre a tm e n t had  n o t 
n o tab ly  affected  th e  in d u cer a c tiv ity  of G -penicillin ; th e  enzym e yields were 
alm ost th e  sam e in  p re tre a te d  and  n o t p re tre a te d  cu ltu res if G -penicillin w as 
k e p t a t th e  sam e level. A t a co n cen tra tio n  o f 250 /ig/m l, pyrazocillin  itse lf  
ac ted  as an  in d u cer desp ite  th e  a tte m p t to  rem ove  i t  by  w ash ing  a fte r 5 m in 
u tes; th e  fac t th a t  th is  ac tio n  was m ore p ro n o u n ced  th a n  th a t  of 50 /ig/inl 
re ta ined  in th e  system  in th e  firs t ex p e rim en t, suggests th a t  pyrazocillin  is 
irreversib ly  b ound  b y  th e  cells.
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Discussion

Previous s tu d ies  in  th is  la b o ra to ry  suggested  a special in fluence  of 
pyrazocillin  on th e  con fo rm atio n  of penicillinase. P y razoc illin  was show n to  
in a c tiv a te  th e  enzym e a f te r  a few m in u te s  of in cu b a tio n , and  th e  in a c tiv a tio n  
w as no t reversib le b y  G -penicillin , th e  specific su b s tra te . T he b in d ing  o f p y ra 
zocillin  to  penicillinase w as b y  severa l o rders w eaker th a n  th a t  of G -penicillin  
[4].

I t  was supposed  th a t  cells cap ab le  of an  in d u c tiv e  penicillinase sy n th es is  
possess in add itio n  to  th e  enzym e a t  le a s t one p ro te in  w hich  reac ts  specifically  
w ith  penicillin or its  d e riv a tiv e ; th is  h y p o th e tica l p ro te in  was te rm e d  “ p e n i
cillin  b ind ing  fa c to r” . T he G -penicillin  com plex of th is  fa c to r  seem ed to  be 
responsib le  for th e  increase  in  th e  ra te  of penicillinase syn th esis  d u rin g  in d u c 
tio n  [6].

As in  th e  p re se n t ex perim en ts pyrazocillin  has been  show n to  be cap ab le  
of inducing  penicillinase sy n th esis , its  link ing  w ith  th e  “ penicillin  b in d in g  
fa c to r”  seems v e ry  p ro b ab le .

T he a ffin ity  be tw een  th em  is, n everthe less, w eak as 50 //g/m l py razocillin  
a c tiv a te d  te n  tim es less enzym e sy n th e tiz in g  c a p ac ity  th a n  d id  0.5 /ig/m l 
G -penicillin .

D espite  th e ir  low  affin ity , th e  b in d ing  b e tw een  pyrazocillin  a n d  th e  
“ pen icillin  b ind ing  fa c to r”  seem s irreversib le ; cells p re in cu b a ted  w ith  250 
/tg /m l of th e  com pound  con tin u ed  to  sy n th e tize  penicillinase a fte r  th e  rem o v a l 
o f u n b o u n d  py razocillin  b y  w ashing  (F ig . 2).

The low a ffin ity  of pyrazocillin  to  b o th  th e  “ penicillin  b ind ing  fa c to r”  
a n d  th e  penicillinase enzym e seem s to  suggest a g rea t s im ila rity  of th e  re sp ec tiv e  
com ponen ts responsib le  fo r b ind ing  (ac tiv e  centres).

A d issim ila rity , in  c o n tra s t, w as suggested  b y  th e  fa c t th a t  th e  p resen ce  
of pyrazocillin  caused no red u c tio n  o f th e  am o u n t of G -penicillin  b o u n d  b y  
th e  “ penicillin b ind ing  fa c to r” , th o u g h  such  a decrease m igh t have  b een  ex 
p ec ted  from  th e  in a c tiv a tin g  effect of py razocillin  on pen icillinase. Cells p re in 
c u b a te d  w ith  py razoc illin  w ere induc ib le  w ith  penicillin  G to  th e  sam e e x te n t  
as th e  contro l cells if  th e  u n b o u n d  py razoc illin  had  been  rem oved  b y  w ash ing . 
T h is suggests th a t  py razoc illin  e lim inates th e  in h ib ito ry  effect of th e  “ pen icillin  
b in d in g  fac to r” , in  ag reem en t w ith  R ic h m o n d ’s h y p o th es is  [7] th a t  th e  re g u 
la to ry  system s of penicillinase consist o f a t  least tw o u n its  of p ro te in  n a tu re , 
one of w hich links w ith  th e  inducer a n d  ac ts  negative ly . O ur ow n ex p erim en ts  
on th e  m essenger s ta b ili ty  of pen icillinase also suggest th a t  th e  p o sitiv e ly  
ac tin g  p ro te in  c an n o t stab ilize  th e  m essenger unless th e  n eg a tiv e ly  re g u la tin g  
“ penicillin  b ind ing  fa c to r”  has been  “ n eu tra lized ”  b y  th e  inducer [8].
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LYSOGENIC CONVERSION 
IN THE SHIGELLA FLEXNERI GROUP

By

I. K É T Y i, A d é l  V e r t é n y i  and  I . F i n a n c s e k  

Institu te  o f  M icrobiology  (H ead: K. R a u ss), U niversity  M edical School, Pécs 

(R eceived O c to b er 30, 1970)

S u m m a ry . A te m p e ra te  phage capable o f ind u cin g  an tig en  conversion  was iso la ted  from  
a  Shigella fle x n er i  ty p e  4b  s tra in . The iso late, d esig n ated  P90, in d u ced  th e  ap p earance  of ty p e -  
specific an tigen  IV , in  all exam ined  stra in s  e x cep t those  carry in g  an tig en  com plex IV. T he 
an tig en  ap pearing  in  th e  c o n v e rted  stra ins w as n o t  id en tica l b u t  show ed an  a, b — a, c an tig en ic  
re la tio n sh ip  w ith  an tig e n  IV ,.

N eu tra liza tio n  te s ts  show ed phage P90 to  be  serologically id en tica l w ith  phage <pIV, 
o f sim ilar a n tig en -co n v e rtin g  ab ility . Y et th e re  w as no cross im m u n ity  betw een  th e  tw o p h ages 
and  a double lysogenic d e riv a tiv e  could be in d u ced  w ith  them .

Lysogenic conversions of an tigen ic  s tru c tu re  have been  stud ied  p rim arily  
w ith  regard  to  th e  Salm onella group. S im ilar stud ies o f Sh. flexneri were firs t 
rep o rted  b y  Ma t s u i  [1], w ho described an  a lte ra tio n  of th e  antigenic p a tte rn  
b y  lysogenic conversion  in to  ty p e  IV , u sing  a phage iso la ted  from  a 4aA  
stra in . More d e ta iled  exam inations along  th is  line w ere th e n  perfo rm ed  by  
I se k i  and  H amono  [2]. O k ada  et al. [3] iso lated  a phage w hich induced  th e  
ap p earan ce  of ty p e  I an tigen  in m any  sero ty p es. G iammanco  |4 ] and Gia m - 
MANCO and  N atoli  [5] d em o n stra ted  th e  in d u c tio n  of an tigens “ I I ” , “ V ”  and 
“ 7, 8”  by lysogenic conversion . C on jugation  ex perim en ts b y  T imakov  et al. [6] 
show ed th e  ch rom osom al localization  of th e  in fo rm atio n  of all these  an tigens 
to  be in linkage w ith  th e  proline locus.

In  th is  la b o ra to ry , exam ina tions o f lysogenic conversion in th e  Sh. 
fle xn er i  group w ere u n d e rta k e n  to  co m p lem en t genetic  stud ies perform ed on 
th e  sam e g roup  w ith  th e  con jugation  tech n iq u e . This p a p e r repo rts  on resu lts  
o b ta in ed  w ith  a p hage  of an tig en -co n v ertin g  ab ility  iso la ted  b y  us.

M aterials an d  m ethods

M edia. M eat b ro th , liqu id  and solidified b y  a d d itio n  of 1 .8%  agar was used. B o th  th e  
liqu id  and  th e  solid m ed iu m  co n ta ined  0 .5%  NaCÍ an d  1%  p ep tone .

P ro p ag a tio n  of th e  p hage  in  liquid m ed iu m  w as m ade in  L o eb ’s [7] solution.
Strains. T he s tra in s  rep resen tin g  va rio u s Sh. fle x n er i  se ro ty p es are listed  in  T ab le  I ,  

w ith  th e ir  origins m ark ed  u n d e r  th e  heading “ S tra in s” . O th er s tra in s  used  in  th e  ex p erim en ts  
were a Sh. f le x n e r i  4b s tra in , defective in re sp ec t of an tig en  IV ,, d esignated  “ 527” , I s e k i’s 
“ v a r ia n t 4c”  s tra in  lysogenic  fo r phage qpIV, an d  te s te r  s tra in  E W 8, a Sh. fle x n eri  ty p e  l a  
s tra in , b o th  supplied  by  th e  au th o r.

Sera. Sh. f le x n e r i  ty p e  and  facto r sera p re p are d  in th is  in s t i tu te  w ere used [8]. A n ti
p h age  sera w ere p re p a re d  in  ra b b its  b y  tre a tin g  th e m  in trav en o u s ly  w ith  5 m l phage ly sa te

Ac/a Microbiologica Academiae Scientiarum Hungaricae 18, 1971



4 8 I. К Е Т У I et al.

tw ice  w eekly  for 3 w eeks; th e  dose co rresp o n d ed  to  a b o u t 107 e.o .p/m l. F iv e  days a f te r  th e  la s t  
in o cu la tio n  th e  an im als w ere e x san g u in a ted  an d  th e  h a rv ested  serum  w as sto red  w ith o u t 
p re se rv a tio n  a t  —10 °C.

A ntigen  ad so rp tio n  te s ts  w ere pe rfo rm ed  w ith  1 : 10 d ilu ted  sera  an d  th e  resu lts  w ere  
o b ta in e d  b y  slide ag g lu tin a tio n  tests .

Phage techniques. Iso la tio n  of th e  te m p e ra te  p h age  of an tig en -co n v ertin g  ab ility  was m ad e  
fro m  th e  single p laq u e  fo rm ed  b y  th e  p h ag es re leased  from  th e  ch loroform -killed  lysogenic  
s tra in  u n d e r covering w ith  th e  te s te r  s tra in . T he b lock  of ag ar co n ta in in g  th e  p laq u e  w as c u t 
o u t  fro m  th e  p la te , p laced  in  b ro th , th e  b a c te r ia  w ere killed w ith  ch loroform  an d  rem o v ed  
to g e th e r  w ith  agar frag m e n ts  by  c en trifu g a tio n . T he iso la tion  of a  single p laq u e  was re p ea te d  
3 tim es  for ap p ro p ria te  p u rificatio n .

In d u c tio n  b y  U V , w hich  failed , w as m ad e  w ith  a  25 W  bulb  a t  50 cm  d istance, w ith  th e  
ex p o su re  v a ry in g  b e tw een  10 seconds a n d  5 m in u tes .

A ttem p ts  to  p ro p a g a te  th e  p h ag e  in  liq u id  m ed ium  — b ro th  or L o e b ’s so lu tion  — i n 
v a r ia b ly  failed, also w ith  v a ried  sizes o f inocu lum . P ro p ag a tio n  w as, th ere fo re , m ade b y  w a s h 
in g  o ff w ith  b ro th  th e  p laq u es  fo rm ed on a g a r p la te s  show ing co n flu en t lysis.

Phage  titra tio n s  w ere  m ade on  th e  surface  of ag ar p la tes, using  serial d ilu tions o f th e  
ly sa te  in  b ro th  an d  of a b o u t 107 germ s of th e  ad d ed  te s te r  s tra in . M ean p laq u e  co u n ts  c a lc u 
la te d  fro m  th e  a p p ro p ria te  d ilu tions w ere expressed  in  term s of p la tin g  efficiency (e. o. p .)

In  th e  n e u tra liz a tio n  te s ts , 107 e. o. р ./m l p hage  was added  to  ten fo ld  serial d ilu tions, 
o f se ru m  in  b ro th  (1 0 _1 — 1 0 -4); such  m ix tu re s  o f th e  p re h ea te d  (37 °C) com p o n en ts  w ere  
in c u b a te d  for 5, 10 an d  15 m in u tes  in  a  w a te r  b a th  o f 37 °C. In  sam ples im m ed ia te ly  d ilu te d  
to  1 : 100 th e  p laque  c o u n t w as estim a ted . B y  m ean s of p a ralle l t it ra tio n s  o f th e  n o n -n eu tra lized  
p h a g e , th e  resu lts  w ere expressed  as “ k ”  v a lue .

F o r lysogenic conversion , th e  b a c te r ia l  s tra in  w as carried  th ro u g h  5 serial passages in  
b ro th  to  w hich a b o u t 106 e. o. р ./m l o f p h ag e  w as added . T he b ro th  cu ltu re  w as s tre ak e d  
o n to  ag ar p la tes  and , a f te r  a p p ro p ria te  in cu b a tio n , a t  least 50 colonies w ere iso la ted  an d  
e x am in ed  for change o f an tigen ic  p a tte rn  in  th e  slide ag g lu tin a tio n  te s t  u sing  fac to r sera.

F o r  th e  pu rp o se  of “ d isin fection” , th e  lysogenic  s tra in  was carried  th ro u g h  1 : 10 d ilu te d  
an tip h ag e-co n ta in in g  b ro th , a t  least 5 tim es.

M athem atical-statistical analysis  o f th e  re su lts  w as perform ed b y  St u d e n t ’s t te s t  [9].

R esults

1. Isolation o f  P90 phage. A te m p e ra te  phage w as iso la ted  from  a ly so 
genic ty p e  4b Sh. fle x n e r i  s tra in  d e s ig n a te d  “ 90” , b y  m eans o f an  Sh. fle x n e r i  
l a  sen sitive  s tra in . W ith  regard  to  th e  h o s t s tra in , th e  iso la te  w as d esig n a ted  
P 9 0 . T he phage w as released  sp o n ta n e o u s ly  a fte r  th e  h o st s tra in  had  been  
k illed  b y  chloroform  v ap o u r; a t te m p ts  to  induce  it w ith  UY irra d ia tio n  h ad  
fa iled . In  th e  b ro th  cu ltu re  of th e  te s te r  s tra in  th e  phage d id  n o t cause lysis, 
n o r a red u c tio n  of germ  coun t. CaCl2 d id  n o t increase sp o n tan eo u s  lysis. P ro p 
a g a tio n  b y  w ashing  off of p laq u es fo rm ed  on agar p la te  re su lted  in  a ly sa te  
w ith  a value of a b o u t 5 X 107 e. o. р ./m l. P h ag e  P90 p ro v ed  to  be re s is ta n t to  
ch lo ro fo rm , b u t d isp layed  low s ta b ili ty  in  saline. P laq u es fo rm ed  on th e  Sh. 
f le x n e r i  l a  s tra in  u sed  as te s te r  w ere of th e  clear m in u te  ty p e  (Table I), w hile 
on o th e r  s tra in s re a c tin g  w ith  lysis, th e  p laq u es were ra th e r  o f tu rb id  c h a ra c te r  
( re p ré se n tan t s tra in s  of th e  lb ,  3a and Y  v a ria n t se ro ty p es). R e p ré se n ta n t 
s tra in s  of th e  o th e r sero types ex cep t 4aA  and  4aB , h a d  adso rbed  th e  phage 
as concluded  from  th e  re su ltin g  an tig en ic  conversion.

2. Conversion o f  antigen induced by phage P90. E v e n tu a l  conversion  of 
a n tig e n  and  th e  r a te  of conversion w ere assessed b y  slide ag g lu tin a tio n  te s t  
u sin g  fac to r sera. O f th e  s tra in s  re a c tin g  to  th e  phage w ith  lysis or ad so rp tio n ,
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T ab le  I

Sensitiv ity  to phage P90 o f  Shigella f le x n e r i strains representing different serotypes

Sero type S tra in *
S en s itiv ity  
to  p h ag e

P90

la W eil; 6 3 - 1 2 5 - 7 0 0 Л -

lb W eil; 66 — 1 — 409 -{-

2a W eil; 6 3 —40 A

2b W eil; 6 6 - 1 - 1 2 6 8 A

3a W eil; 63 —  38

3b E w ing; 9124 A

4aA C arpen ter; Ratcliffe —
4aB C arpen ter; 11D -
4b R auss; 90

5 W eil; 6 3 - 1 4 9 - 1 1 9 A

6 Weil; 64 —104 —i A
var. X W eil; 66 — 1 -4 1 1 A

var. Y W eil; 6 3 - 1 4 3 - 4 +  +

* O rigin an d  original designation
E x p lan atio n s: +  +  =  clear m inu te  ty p e  p laque; +  =  tu rb id  m inute  p laque; A =  a d 

sorption  of pliage w ith o u t lysis; — =  phage re s is tan t; . =  n o t tes ted

in  a frequency  of 2— 70%  show ed th e  phenom enon  of an tigen ic  conversion  
as assessed b y  exam in a tio n  of 50 colonies each. The freq u en cy  found  w as in 
itse lf  exclusive of th e  phenom enon  of tra n sd u c tio n . I n  ev ery  case, conversion  
m an ifested  itse lf  by  th e  ap p earan ce  o f a group IV  ( IV J  specific an tig en  
(T able II) .

In  th e  case of Sh. fle x n e r i  ty p e  l a  an d  lh  s tra in s , th e  ty p e  specific “ I ” 
an tig en  d isap p eared  a t  th e  ap p earan ce  of ty p e  IV) specific ity . E ssen tia lly  th e  
sam e occurred  w ith  sero types 2a and  2b, b u t  in th is  case conversion I I  —>- IY X 
w as associa ted  w ith  th e  ap p earan ce  of group an tig en  “ 3, 4” . G roup an tig en  
“ 3, 4 ”  could n o t be d em o n stra ted  in  S -phase s tra in s , its  ap p earan ce  being  
in te rp re te d  as th e  sign of R  m u ta tio n  ta k in g  place b y  g roup  an tig en  “ 3, 4 ” 
of th e  specific an tigens. In  c o n tra s t, in  th e  se ro rep re sen tan t Sh. fle x n e r i  v a r . 
Y , g roup  fac to r  3, 4 was converted  in to  ty p e  specific an tig en  IV r  U nlike th e  
fo rm er, th e  con v erted  ty p e  3b s tra in  w as found  to  co n ta in  exclusively  IV X 
an tig en ; g roup  fac to rs “ 3, 4 ”  an d  “ 6”  as well as ty p e  specific an tig en  “ I I I ”  
h a d  d isap p eared . The re p ré se n ta n t s tra in s  o f Sh. fle x n e r i  3a, 5, 6 an d  v a r. 
X  re ta in e d  all an tigen ic  fac to rs o rig inally  p resen t in th e m  desp ite  th e  a c tu a l 
an tig en ic  conversion  of IV r

I t  shou ld  be n o ted  th a t  th e  s tra in s  reac tin g  to  ph ag e  P90 b y  lysis (ty p es  
la ,  lb ,  3a, v a r . Y) lost th e ir  se n s itiv ity  to  th is  phage a fte r  lysogen iza tion .
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T ab le  I I

Antigenic conversions induced by phage P90 by agglutination test using factor sera

O riginal 
s tr a in  

(se ro ty p e) 
a n d  c o n 

v e rte d  
s tr a in

R a te s  o f  
conversion  

(No. o f  co lo
nies ex am 

ined  /N o. o f 
colonies 

converted )

A g g lu tin a tio n  in  fac to r sera

3.4 6 7.8 I II I l l IV2 У VI

l a 3/150 — + + . —

la/26* — - + +

lb 2/50 — +  + + + -

lb /3 9 — + + - + +

2a 1/50 — +  + -
2a/41 + + — + +

2b 1/50 — + + + -

1b/49 + + + + — + - 1-

3a 36/50 - +  +  + + + + + —

3a/6 — + + + + + + + + +

3b 20/50 + + + + - + + -

3b/9 - - - - +  +

5 4/50 + - + +

5/12 + + + + +  +

6 3/50 - +  T  +

6/9 + + +  +  +

v a r .  X 7/50 + + -

X/6 + + + +

v a r .  Y 11/50 -

x/46 — •

* D esignation of th e  converted  stra in
Sym bols used: +  +  + ,  + + ,  +  =  ag g lu tin atio n

— — negative  reac tion
. =  n o t tes ted

T ype 4b S h .fle x n e r i  s tra in  “ 90” lost its  IV 1 an tigen ic  specific ity  upon  tre a tm e n t 
w ith  an ti-p h ag e  se ru m  an d  on su b seq u en t lysogen iza tion  w ith  phage P90 it 
ad so rb ed  th is  w ith o u t lysis, w ith  th e  rea p p e a ra n c e  of th e  specific an tigen  IV r  
In  a Sh. fle xn er i  ty p e  4b s tra in  (“ 527” ) w hich  h ad  p rev iously  lost its  fac to r  
IV , th is  fac to r a p p e a re d  a fte r  ly sogen iza tion  w ith  phage P90.

3. A n a lys is  by antigen absorption o f  the converted antigenic specific ity  I  V v  
T hese  ex am in a tio n s w ere carried  o u t b y  m eans of th e  se ro co n v e rtan t Sh. 
fle x n e r i  la /2 6 , using  th e  fac to r sera p re p a re d  d u ring  th is  an tigen ic  analysis 
to  id en tify  th e  co n v e rted  an tigens w hich un ifo rm ly  p roved  to  be of IV X specifi
c ity  in  th e  re p ré se n ta n t s tra in s  of all th e  sero types exam ined .
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R esu lts are sum m arized  in  T ab le  I I I .  D espite  its IV] an tig en ic  charac ter, 
the  con v erted  s tra in  Sh. flexn eri la /2 6  failed  to  absorb  an tib o d ies  to  IY  specific 
(IV 2) and  IV  group fac to rs  (IVj) from  an ti-4aA , -4aB  or -4b sera . O n th e  o th e r 
h a n d , negative  re su lts  o f th e  ab so rp tio n  experim en t w ith  l a  ty p e  serum  v e ri
fied  th e  loss of an tig en ic  fac to r “ I ” , w hich  was n o t d em o n strab le  by  ag g lu ti
n a tio n , e ither.

T ab le  I I I

Serological analysis o f  I V , t y p e  specific antigen induced in  Shigella f le x n e r i l a  ( la /2 6 ) strain by
lysogenization w ith phage P90

S tra in s
A g g lu tin a tio n w ith  ab so rb ed  sera

4 a A > la /2 6 * 4 aB  >  la /2 6 4b >  la /2 6 l a  >  la /2 6 la /2 6  >  4aA l a / 2 6  > 4 a B 1 а /2 6 > 4 а В + З а la /2 6  > 4 b (9 0 )

la — — — + + + — — — —

la /2 6 - - - - + + + + + + + + +

3a - — + + + — - - -

4aA + + + — - - — +  + — -

4aB + + + + + + — + - f + - — -

4b - + + + + + + — + + + - -

v a r. Y — — — — — —

* — 1 : 10 d ilu ted  serum  and an tigen  
used for ab so rp tio n
Sym bols used : —j—j—[—, + 4 -, -T =  agglu tination

— =  negative reaction

R eciprocal ab so rp tio n  ex p erim en ts , too , have  show n th e  failu re  of all 
s tra in s  carry ing  an tig en  IV 15 includ ing  th e  h o s t s tra in  of p h ag e  P 90 , to  rem ove 
specific an tibod ies from  th e  an tise ru m  to  th e  converted  s tra in  la /2 6 .

T he an tigenic  analyses have  confirm ed an  a, b — a, c ty p e  re la tionsh ip  
be tw een  fac to r IV X a n d  th e  co n v erted  an tigen .

4. Comparative studies o f phages P90 and (pIVv  I t  seem ed  in te restin g  
to  com pare th e  phages P90 and  çTVj^ [2] of sim ilar co n v ertin g  ab ility . T he 
lysogenic “ v a r ia n t IV c”  s tra in  carry in g  phage tp IV X and , fo r p ro p ag a tio n , th e  
Sh. fle x n e r i  ty p e  la  s tra in  E W 8 w ere k in d ly  supp lied  for th e  experim en ts by  
D r . S. I s e k i . P h ag e  Ç9IVX p roduced  clear p laques of p in p o in t ra th e r  th a n  
m in u te  ty p e  in th e  E W 8 s tra in  as w ell as in  our ty p e  l a  s tra in . The ly sa te  
o b ta in ed  b y  p ro p ag a tio n  of th e  çTVj  ̂ phage was of ab o u t th e  sam e order (107) 
as th a t  ob ta in ab le  w ith  phage P90. A p a r t from  th e  d issim ilar p laq u e  m orphol
ogy, th e  tw o phages d iffered  also in  o th e r  respects , as s tra in  E W 8  w as re s is ta n t 
to  phage P90 and  o u r Sh. fle xn er i  ty p e  s tra in s  b eh av ed  d issim ilarly  against 
phage 99lVr  In  a d d itio n  to  our la s tra in , only th e  4b s tra in  desig n a ted  “ 527” 
w hich  was defective in  resp ec t of an tig en  IV t, reac ted  b y  lysis to  phage gjIVj.
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T he la t te r  phage w as rep o rted  b y  I s e k i  and H am ano  [2] to  convert s tra in s  
o f l a ,  lb ,  2a and  3b ty p e  w hereas, as ou tlined  in th e  foregoing, our phage P90 
co n v erted  all ex am in ed  s tra in s  e x c e p t those ca rry in g  an tig en  com plex IV .

The ab ility  o f p h ag e  çdV , to  c o n v e rt th e  Sh. f le x n e r i  l a  s tra in  m ain ta in ed  
in  th is  lab o ra to ry  w as exam ined  u n d e r th e  cond itions p rev iously  em ployed 
fo r phage P90. T h e  50 colonies ex am in ed  a fte r ly sogen iza tion  in  th e  phage- 
co n ta in in g  b ro th  show ed  a very  h igh  —  46/50 — ra te  o f conversion. One of th e  
co n v erted  s tra in s  ( la /1 )  was ex am in ed  fu rth e r; te s tin g  it  w ith  th e  fac to r sera 
o b ta in ed  b y  an tig en ic  analysis, th e  fa c to r  replacing a n tig e n  “ I ” was iden tified  
as a com plete IV ,.

The con v erted  s tra in  la /1 , lysogenic  for phage çd V , re ta in ed  its  orig inal 
se n s itiv ity  to  P90. T h e  o th e r co n v e rted  m u ta n t of th e  l a  s tra in , la /2 6 , lysogenic 
fo r phage P90, p ro v e d  sensitive to  e/TV,. U sing th e  la t te r  d e riv a tiv e  and  phage 
ç?IV,, a double lysogen ic  s tra in  covdd be produced . T h e  p ro o f of double lyso- 
gen ic ity  was on th e  one h an d  th e  im m u n ity  to  b o th  p h ages, and  on th e  o th e r 
h a n d  th e  presence of th e  an tigen ic  fa c to r  specific for P90  to g e th e r w ith  a full 
an tig en ic ity  of IV ,, as d e m o n s tra te d  serologically.

Table IV

Serological comparison o f  phages P90 and rp!Vl by neutralization tests

P h a g e s
k -v a lu es  o b ta in e d  w ith  a n tip h a g e  sera

P 90 V IV ,

P90 66.4 ±  14.8* 59.9 ±  21.6

9dV , 1250 ± 2 1 6 1480 ± 1 8 5

* =  ±  s ta n d a rd  dev ia tio n

Finally , using  an tip h ag e  sera  p rep a red  w ith  th e  tw o  phages, th e ir  sero 
logical re la tionsh ip  w as exam ined  b y  n eu tra liza tio n  te s ts . E x p e rim en ta l resu lts  
o b ta in ed  in  th is  series are  su m m arized  in  Table IV . As seen from  th is  T able, 
th e  average va lu es  y ie lded  b y  cross n eu tra liza tio n  te s ts  v a ried  w ith in  th e  
lim its  o f th e  s ta n d a rd  d ev ia tion , i. e. th e  serological d ifferences betw een  th e  
tw o  phages were n o t  sign ifican t s ta tis tic a lly .

D iscussion

G enetic in fo rm a tio n  and  im m u n o ch em istry  o f th e  an tigen ic  s tru c tu re  
o f  Sh. flexn eri d iffer in  ce rta in  re sp ec ts  from  tho se  o f th e  Salm onella group 
w hich  has been s tu d ie d  in  m ore d e ta il. In  b o th  Salm onella  [10] an d  Escherichia  
[ И ] ,  th e  locus o f th e  О an tigens w as found  to  be in  lin k ag e  w ith  th e  h istid ine  
gen e. As to  Sh. f le x n e r i,  F ormal et al. [12],  using a Sh. fle xn er i  2a H fr s tra in
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o b ta in ed  b y  te rm in a l se lection , found  th e  group fac to r  “ 3, 4 ”  to  be re la ted  to  
th e  h istid ine locus, w hile th e  ty p e  specific an tig en  “ I I ”  to  loci linked  w ith  th e  
p ro line gene. As a re su lt of crosses perfo rm ed  w ith  th e  E . coli K-12 H frC  s tra in  
as donor, T i m a k o v  et al. [6] iden tified  th e  sites of loci o f th e  I , I I ,  IV  and  У 
type-specific  an tigens and  of th e  group fac to rs “ 7, 8”  as well, to  be in a linkage 
group w ith  th e  p ro line region. The proline reg ion-linked  O -an tigen  loci 
differ considerab ly  from  th e  h is tid in e  linkage, w hich is ce rta in ly  th e  evo lu tionari- 
ly  a rchaic  one of its  k ind . T h is difference an d  c o n trad ic tio n  a p p e a r to  be v ir tu a l 
if it is considered th a t  th e  fo rm atio n  of these  an tigens b y  lysogenic conversion 
has been  verified .

In  im m unochem ical resp ec t, th e  find ings of S i m m o n s  [13] are w o rth  of 
considera tion . U nlike th e  О-specific po lysaccharide  side chain  of salm onellae, 
Sh. fle xn er i  con ta in s one p rim a ry  and  one so-called secondary  side chain . 
T he p rim ary  side ch a in  consists o f a lte rn a te  rham nose  an d  acety l-g lucosam ine 
m olecules, its  group-specific  ch a ra c te r  being  defined b y  th e  ty p e  of linkages. 
On th is  chain  is superposed  th e  so-called secondary  side chain  consisting  of 
glucose or perhaps O -aeety lg lucose m olecules, w hich is responsib le  for th e  ty p e- 
specific ity . As o u tlined  in  th e  foregoing, m ost of th e  type-specific  an tigen ic  
in fo rm atio n  is linked w ith  th e  proline locus. T hus, accord ing  to  SlMMONS  

[13], a uniform  e x p lan a tio n  can he found  fo r lysogenic conversions.
The phage w ith  co n v ertin g  a b ility  iso la ted  in  th is  la b o ra to ry  appears 

in te restin g  in  several respects . F irs t of all it  induced  an tigen ic  conversion in 
all sero types te s te d  excep t th e  s tra in s  carry ing  th e  an tig en  com plex IV . 
E x am in in g  th e  d a ta  for serological conversions in  T ab le  I I  from  th e  angle of 
changes in th e  an tigen ic  fo rm ula  of th e  con v erted  s tra in s , i t  is obvious th a t  
th e  appearance  of IV , sp ec ific ity  alw ays to o k  place w ith  th e  loss of I  ( la ,  lb )  
an d  I I  (2a, 2b) ty p e  specific an tigens. This d id  n o t, how ever, occur w ith  group 
fac to r  “ 7, 8”  (2b, 3a, 5, v a r. X ) an d  У (5) an tig en  (also, “ p ro line-g roup-re lat- 
ed” ). The availab le  d a ta  n a tu ra lly  do n o t suffice for conclusions on th e  allelic 
n a tu re  of I, 11 and  IV  an tigen ic  in fo rm ations. A pp earan ce  of IV , specificity  
d id  n o t involve th e  d isap p earan ce  of th e  “ h is tid in e -re la ted ” , viz. “ 6” , “ 3, 4” , 
“ V I”  or “ I I I ” an tig en s, ex cep t w ith  th e  re p ré se n ta n t s tra in s  3b or Y  v a r ia n t, 
for w hich it  is d ifficu lt to  fin d  an  ex p lan a tio n . A n ev en tu a l m ask ing  effect 
rem ains to  be confirm ed b y  fu r th e r  an tig en  ad so rp tio n  experim en ts.

A n o th er in co n sis ten t fe a tu re  of an tigen ic  conversion  p ro d u ced  b y  phage 
P90 is th e  ap p earan ce  of a serologically  n o n -id en tica l IV , specificity . This 
p rob lem  is m ost reaso n ab ly  d iscussed  in  re la tio n  to  phage qjIV,. Phage y-IV,, 
th e  ab ility  of w hich to  ind u ce  an tigen ic  conversion  of id en tica l IV , specific ity  
has also been confirm ed in  th is  lab o ra to ry , m ay  be considered  serologically  
id en tica l w ith  phage P90  on th e  evidence of cross n e u tra liz a tio n  te s ts . Y e t 
th e re  is no im m u n ity  (repression) be tw een  th e  tw o phages an d  even a double 
lysogenic d e riv a tiv e  can be p ro d u ced  w ith  th em . H y p o th e tic a lly , th e  e x p lan a 
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t io n  m ay  be offered th a t  th e  chrom osom al a tta c h m e n t sites of th e  tw o con
v e rtin g  phages are n o t  id en tica l. A ccep ting  L e Mi n o r ’s [14] h y p o th esis  in  th a t  
th e  m echanism  of lysogenic  conversion  is due to  a fu n c tio n a l m od ifica tion  b y  
th e  a tta c h m e n t of th e  p ro p h ag e  to  th e  ch rom osom al locus responsib le  for a n 
tig e n  synthesis, b o th  th e  difference in  an tig en  specific ity  a n d  th e  absence of 
cross im m u n ity  b e tw een  phages qdV an d  P90 seem reasonab le .

T he a tta c h m e n t s ites of th e  p rophages an d  th e  precise loca liza tio n  of th e  
an tig en ic  in form ations o n  th e  Sh. fle x n e r i  chrom osom e rem ain  to  he clarified  
b y  fu r th e r  studies.
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S um m ary . T heophy lline  a t  c o n cen tra tio n s  o f 3 X  10 ~3 M  an d  h igher w as fo und  to  
in h ib it  (J-galactosidase sy n th esis  in  fu lly  in d u ced  Escherichia coli К  12 cells to  an  e x te n t d e p en d 
ing  u p o n  th e  co n cen tra tio n  em ployed. A co m p e titio n  be tw een  th eo p h y llin e  an d  cyclic AM P 
is assum ed.

Cyclic adenosine 3 ’,5 ’-m o n o p h o sp h a te  (cyclic AM P) p lays an  im p o r ta n t 
role in  various reg u la tin g  m echanism s in  an im al tissues (for rev iew , see 
R o b i n s o n , B utcher  a n d  S u t h e r l a n d  [1]) and  also in  b a c te r ia  as i t  has 
re c e n tly  been  sum m arized  b y  P a s t a n  an d  P erlm an  [2]. In  inducib le  E . coli 
s tra in s , tran sc rip tio n  of th e  lac operon  needs no t only  th e  presence of th e  in 
ducer (e. g. m ethy lth io -/S -D -galac tropyranoside , TMG) b u t  also a su ffic ien t 
in tra c e llu la r  am o u n t o f cyclic AM P. M u tan ts  w hich do n o t p ro d u ce  cyclic 
A M P are  n o t inducible w ith  th e  p ro p e r inducer unless cyclic AM P is p rov ided  
in th e  m ed ium . Glucose (and  o th e r ca rb o h y d ra tes ) w hich causes a ra p id  low ering 
of in trace llu la r  cyclic A M P co n cen tra tio n  elicits a c a ta b o lite  rep ression  of 
induced  /J-galactosidase sy n th esis  in  E . coli and  o th e r b a c te ria  [2].

In  an im al cells an d  in  some b ac te ria l s tra in s , cyclic AM P is hyd ro ly zed  
to  5’AM P by  a cyclic A M P phosphod ieste rase . In  m am m alian  m ate ria l, 
B u t c h e r  and  Su t h e r l a n d  [3] re p o rte d  th e  in h ib itio n  of th is  enzym e b y  
m e th y lx an th in es , especially  by  th eo phy lline . P a st a n  and  P erlm an  were not 
able to  d e te c t th is effect o f m e th y lx a n th in e s  in  E . coli [unpu b lish ed  d a ta , cit. 
2]. T herefo re , we h av e  s tu d ie d  th e  effect o f th eo p h y llin e  up o n  in d u ced  /1-galac- 
to sid ase  syn thesis  in  E . coli К  12 w ild -ty p e  s tra in . T heophy lline  a t  c o n c e n tra 
tio n s of 3 X 1 0 '3 M a n d  h igher w as ab le to  in h ib it induced  /1-galactosidase 
syn th esis .

M aterials and  m ethods

E . coli К  12 w ild -ty p e  s tra in  was u sed . Cells w ere g row n in  th e  follow ing m edium : 
N H 4C1, 2.0 g; N a2H P 0 4, 6.0 g; K H 2P 0 4, 3.0 g; NaCl, 3.0 g; MgCl2, 0.04 g; N a 2S 0 4, 0.116 g; 
N a-su cc in a te , 10.0 g; an d  casam ino  acids, 1.0 g pe r litre , p H  7.4. A n o v ern ig h t cu ltu re  w as 
cen trifu g ed  in  th e  m orn ing  a n d  w ashed w ith  a  so lu tion  of th e  in o rgan ic  co m p o n en ts  of th e  
m ed iu m  a n d  resuspended  in  fresh  m edium  a t  an  op tica l d en sity  (O D ) of a b o u t 0.300, m easu red  
a t  570 m /t.
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T he suspension of th e  b a c te ria l cells was induced  w ith  5 X 10 _4 M TM G (Sigm a). A fter 
th e  v e ry  rap id  dissolving of th e  in d u cer (less th a n  15 second), a liq u o ts  o f th is  suspension were 
p ip e tte d  in to  E rlen m ey er fla sk s  co n ta in ing  th eo p h y llin e  in  solid form  (P h . H ung . V) to  give 
th e  fin a l con cen tra tio n  w a n ted . T he sub cu ltu res  w ere p laced  on to  a recip roca l shaker in  a 
w a te r  b a th  of 37 °C an d  sh ak in g  w as s ta r te d  ( =  0 m inu te).

I f  th e  th eo p h y llin e  (o r glucose) was added  la te r , p a r t  of th e  con tro l cu ltu re  was p ip e tted  
n to  a n  E rlenm eyer flask  co n ta in in g  the  req u ired  add ition .

F ig . 1. An overn igh t c u ltu re  of E . coli К  12 w as co llected  and  w ashed b y  cen trifu g a tio n , 
re su sp en d ed  in a fresh  m ed iu m  a t an  O D 570 =  0.300 (ap p ro x .). To in d u ce  /?-galactosidase 
sy n th esis , TMG was ad d ed  a t  0 m in u te  to  a fin a l c o n cen tra tio n  of 5 X  1 0 -4 M . Sam ples w ere 
im m ed ia te ly  p ip e tted  in to  E rlen m ey e r flasks co n ta in in g  th eo p h y llin e  to  give th e  co n cen tra tio n  
w a n ted  and  shaking w as s ta r te d  in  a w a te r b a th  of 37 °C. A t 15 an d  25 m in u tes , as ind ica ted  
b y  th e  arrow s, sam ples w ere  ta k e n  from  th e  co n tro l cu ltu re  an d  p ip e tted  in to  theophylline- 
c o n ta in in g  E rlenm eyer f la sk s  an d  shak ing  was con tinued . 1.0 m l a liquo ts w ere tak en  a t  in te r 
v a ls  an d  p ip e tted  in to  a 0.1 m l so lu tion  of СТАВ and  ch loram phen ico l (1.0 m g/m l and  0.5 
m g /m l, respectively). A fte r  v igo rous m ixing, th e  sam ples w ere p laced in to  an  ice b a th , ß-galac- 
to sid ase  a c tiv ity  was e s tim a te d  on th e  basis of O N PG  hvdro lysis. 1.5 m l o f a 1.0 m g/m l so lu tion  
w as g iven  to th e  sam ples a n d  in cu b a ted  a t  37 °C for 10 m inu tes. H y d ro ly sis was te rm in a ted  
b y  a d d in g  1.0 m l of 1.0 M  N a 2COr  T he absorbance of th e  su p e rn a ta n t was read  a t  420 m ^.
C ontro l %— • ,  th eo p h y llin e  2 X 10-2 M  ft ■ . 10-2 M  □ ---- □ , 6 X 10~3 M  H--------
3 X 1 0 -3 M  X X a t 0 m in . 6 X 10-3 M  theophy lline  a t  15 m in. H------ h, a t  25 m in. +  . . . +  e

Sam ples of 1.0 m l w ere ta k e n  a t  in te rv a ls  and  p ip e tte d  in to  0.1 m l so lu tion  of cety l- 
trim e th y l-am m o n iu m  b ro m id e  (СТАВ, F lu k a) an d  ch loram phenico l 1.0 mg an d  0.5 mg per ml, 
re spec tive ly . A fter v igo rous m ix ing  th e  sam ples w ere placed in to  an  ice b a th .

F o r th e  estim a tio n  o f /З-galactosidase  ac tiv ity , sam ples w ere in cu b a ted  w ith  1.5 ml of 
a  1.0 m g/m l solution of o -n itrophenyl-/5 -D -galactopyranoside  (O N PG , F lu k a ) fo r 10 m inu tes 
a t  37 °C and th e  reac tio n  w as te rm in a ted  by  add in g  1.0 ml 1.0 M  N a2C 0 3. A bsorbance was 
re a d  a t  420 m /i in  a  S p ek tro m o m  201 sp ec tro p h o to m eter (MOM, B u d ap est). E nzym e a c tiv ity  
w as expressed  as follows: 1 u n i t  =  1 /гто1е O N PG  hyd ro ly zed  a t  37 °C in  10 m inu tes by  1 ml 
b a c te r ia l suspension.

G row th  of th e  c u ltu re s  w as follow ed b y  e stim a tin g  l4C-leucine in co rp o ra tio n  (0.1 f iC/ml) 
o r b y  th e  d e te rm in a tio n  o f O D 570.
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R esults

R esu lts  are  p re sen ted  in Figs 1 and  2. Fig. 1 shows th e  effect o f 2 X 10~2 
M , 1 0 " 2 M , 6 X  10~ 3 M  and  3 X 10~3 M  th eo p h y llin e , ad d ed  a t  0 m in u te  
of th e  in d u c tio n , and  th a t  of 6 X 10 “ 3 M , a d d ed  a t  th e  15th an d  2 5 th  m in u te  
of th e  ex p e rim en t. Syn thesis of th e  enzym e w as inh ib ited  b y  th eo phy lline  
an d  th e  e x te n t of th e  inh ib itio n  depended  on th e  concen tra tion  em ployed.

Fig. 2. P ro ced u re  e ssen tia lly  as in  Fig. 1. In d u c tio n  w ith  5 X 10 M TM G a t  0 m in, O f th e  
induced  c u ltu re  a liq u o ts  w ere ta k e n  and  p ip e tte d  in to  E rlen m ey er flasks co n ta in in g  solid 
th eo p h y llin e  to  give th e  ap p ro p ria te  fin a l co n cen tra tio n s a t  20 '25", 20'30", 30'28"  and  ЗО'ЗЗ”, 
as in d ic a te d  b y  arrow s. A n  a liq u o t of th e  co n tro l c u ltu re  w as p ip e tted  in to  glucose to  give a 
final c o n cen tra tio n  of 10 -3 M  a t  20'40". Control ф — ф . theophy lline  2 X 1 0 _! M  |
6 X 10 “ 3 M  ч-----+ , glucose 10-3 M  A — A :  th eo p h y llin e  10~2 M  □ ----- □ , 6 X 10 -3 M

F ig . 2 show s th e  k inetics of th e  in h ib itio n , a f te r  in d u c tio n  a t  0 m in u te ; 
a d d itio n  of 2 X 10 “ 2 M , 6 X 10 _3 M  th eo p h y llin e  and  10_3 M  glucose a t  
20'25", 20 '30" an d  20 '40", respective ly , an d  th e  ea rly  k inetics of th e  in h ib itio n  
of /З-galac tosidase  syn th esis  was followed. A t 30 '28" and 30'33" 10 ~2 M  and  
6 X 10 -3  M  th eo p h y llin e , re spec tive ly , w as ad d ed  to  flasks con ta in in g  th e  
induced  cu ltu re . T he effect o f th e  various co n cen tra tio n s was sim ilar to  those  
p resen ted  in  Fig. 1. In  th e  f irs t period  of th e  in h ib itio n  th e re  w as a severe 
rep ression  w hich w as follow ed b y  a sligh t in h ib itio n  of enzym e syn thesis . 
The d iffe ren tia l ra te  of Д-galactosidase syn thesis  in  th e  presence of th e o p h y l
line w as low er th a n  th a t  o f th e  contro l.

T he d iffe ren tia l ra te  of enzym e syn thesis  p lo tte d  against th e  in co rp o ra tio n  
of rad io ac tiv e  leucine show ed a severe rep ression  in  th e  f irs t period  of th e
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ex p e rim e n t b u t a f te r  escape from  th is  s tro n g ly  rep ressed  s ta te  th e  d iffe ren tia l 
ra te  o f (l-galactosidase syn thesis  was sim ilar to  th a t  o f th e  contro l (n o t show n 
in  th e  figure).

Table I

S p ecific  activity  o f  E .  coli ß-galactosidase 
in  the presence o f  theophylline and cyclic A M P

A d dition  (s)
A  /?-galactosidase U

4 0 D „ ,

N one (control) 0.025

10 ~2 M  theophylline 0.019

+  1 0 - 3 M  cyclic AM P 0.024

10-3 M  cyclic AM P 0.030

T ab le  I  shows th e  specific a c tiv ity  of /3-galactosidase a t  th e  7 0 th  m in u te  
of an  ex p erim en t in  w hich  th e  effect o f cyclic AM P w as te s ted  u p o n  th e  in h i
b itio n  b y  th eo p h y llin e  of enzym e sy n th esis . T he d a ta  ob ta ined  show ed th a t  
th eo p h y llin e  in h ib its  /i-galactosidase sy n th esis  specifically  and  cyclic AM P 
can  reverse  th e  in h ib ito ry  effect of th eo p h y llin e .

D iscussion

T heophy lline  w as found  specifically  to  in h ib it /З-galactosidase sy n th esis  
in  E .coli. The g ro w th  of th e  organism  w as also in h ib ited  a t  a ra te  o f ab o u t 
34 %  h u t  th e  in h ib itio n  of enzym e sy n th es is  am o u n ted  to  52%  an d  in h ib itio n  
o f th e  specific a c tiv ity  to  34%  (T able I). T heophy lline  did n o t in h ib it th e  
enzym e itself.

/9-G alactosidase syn thesis  is specifically  in h ib ited  by  glucose an d  o th e r 
c a rb o h y d ra te s  b y  decreasing  th e  in tra c e llu la r  a m o u n t of cyclic A M P. T he k i
ne tic s  of th e  in h ib ito ry  ac tion  of th eo p h y llin e  rem in d s of th e  c a ta b o lite  re 
p ressio n  b y  glucose (see for com parison  F ig . 2). T he enzym e a c tiv ity  curves 
in  th e  presence of 10 ~“3 M  glucose an d  2 X 10 ~2 theophy lline  w ere sim ilar.

To exp la in  th e  m ode of ac tio n  of th eo p h y llin e  one m u st consider th e  
ro le o f cyclic A M P reg u la tin g  th e  tra n sc r ip tio n  o f th e  lac operon  [2]. The 
degree o f in d u c tio n  o r repression  depends up o n  th e  co n cen tra tio n  o f cyclic 
A M P in  th e  cell. Cyclic AM P is form ed o f A TP b y  aden y l cyclase an d  is h y d ro 
lyzed  to  5’AM P b y  a specific phosp h o d ieste rase . A ccording to  our h y p o th esis , 
th eo p h y llin e  in h ib its  aden y l cyclase o r co m p e titiv e ly  inh ib its  th e  a tta c h m e n t 
of cyclic AM P to  CR p ro te in  w hich is a p re req u is ite  o f th e  effect o f cyclic 
A M P u p o n  /З-galac tosidase  syn th esis  [4].
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I t  does no t seem  p ro b ab le  t h a t  theophy lline  shou ld  in h ib it cyclic A M P 
phosph o d ieste rase  as i t  w as show n in  m am m alian  sy stem s [3], since th e o p h y l
line a t  low co n cen tra tio n s (5 X 1 0 ~ 1 M  and  10~4 M)  did n o t reg u la rly  increase 
enzym e syn th esis , in  ag reem en t w ith  th e  d a ta  of P a s t a n  an d  P e r l m a n  [2].

T he above d a ta  d id  n o t allow  to  exclude a non-specific  theoph y llin e- 
in h ib itio n  of /9-galactosidase sy n th es is  b y  decreasing th e  ra te  of g row th  of th e  
cells.

Acknowledgement. W e are  in d eb te d  to  D r. L. PÓLYA for calling  ou r a tte n tio n  to  th e o p h y l
line , to  Mrs. I. Sze k e r es  for skilful tech n ica l assistance, and to  M r. F . F á b iá n  for th e  d raw ings.
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EFFECT OF VARIOUS DILUENTS ON STABILITY 
OF VACCINIA VIRUS DILUTIONS
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Institu te  fo r  Serobacieriological Production and Research “H U M A N ” (Director: I. V ető ),
B udapest

(R eceived D ecem ber 31, 1970)

Sum m ary . — V accin ia v im s d ilu tions p rep ared  w ith  d iffe ren t d iluen ts in  th e  ran g e  
of 10 ~5 — 10~ 7 show ed loss of pock form ing  u n it  co n te n t w hen in cu b a ted  a t  37 °C. P ock  t it re s  
were m ost stab le  in  th e  sk im  m ilk co n ta in in g  b u ffer and n e x t to  i t  in  th e  scrum  co n ta in in g  
d iluents. T he presence of accom panying  b a c te r ia  or tissue deb ris in  th e  v iru s suspension did 
no t ap p ea r to  a ffec t th e  d ilu tio n  s tab ility  o f th e  v irus. C om parison of serial d ilu tions of th e  
v irus in p la in  and  m ilk -co n ta in in g  buffer show ed th a t  th e  pock titre s  were a lw ays h ig h er in 
th e  la t te r  d iluen t.

T he d ilu en ts  com m only  used for th e  in fec tiv ity  t i tra t io n  of vaccin iaj  j

v irus suspensions a re  saline [1] or som e k ind  of b u ffe r so lu tion  [2] w ith  serum  
[3], b ro th  [4, 5] o r m ilk  [6, 7] alone or added  for s tab iliza tio n . T he s ta b ility  
of th e  d ilu tio n  is p a rtic u la rly  im p o r ta n t in  n e u tra liza tio n  te s ts  w hich include 
an  in cu b a tio n  o f th e  v iru s-an tib o d y  m ix tu re  for 2 hours a t  37 °C. E x am in in g  
th e  s ta b ility  of v iru s  d ilu tions a t 37 °C, B o u l t e r  [6] found th a t  th e  s ta b iliz 
ing effect v a ried  w ith  th e  d iluen t. Since th e  pox  vaccines and  o th e r su sp en 
sions of vaccin ia  v iru s  co n ta in  v a ry in g  am o u n ts  of tissu e  debris an d  cu tan eo u s 
b ac te ria l flo ra  from  th e  host o rgan ism , i t  seem ed w orthw hile  to  exam ine 
w h e th e r th e re  w as a re la tionsh ip  b e tw een  th e  q u a lity  an d  th e  d ilu tio n  s ta b il
ity  of such m a te ria ls .

M aterials an d  m ethods

Vaccinia virus strains. T he “ B u d a p es t”  s tra in  of vaccin ia  v irus, used in H u n g a ry  fo r 
vaccine p ro d u c tio n  since 1927, and  th e  “ E ls tre e ” -(L ister) s tra in  recom m ended  for th is  p u rpose  
b y  th e  W H O  and  a d o p te d  here  as a vaccine s tra in  since 1967 were used  in th e  ex p erim en ts. 
T he p ro p e rtie s  o f th e  tw o  stra in s  have  been  described in  d e ta il [8, 9].

V irus suspensions. T he stra ins w ere p ro p a g a ted  on ch icken  em bryo ch orioa llan to ic  
m em b ran e  (CAM) an d  on th e  sk in  of calves an d  rab b its . CAMs from  11 —12 d ay  old ch icken  
em bryos show ing c o n flu en t lesions were co llected  48 — 72 hours la te r. Cows and  ra b b its  w ere 
in o cu la ted  b y  cu tan eo u s  scarifica tion  an d  th e  p ustu les w ere h a rv este d  on th e  fo u rth  and  th ird  
d ay , respec tive ly . T he v iru s con ta in ing  tissues w ere h om ogenated  in  1 : 5 M cllvaine  b u ffer 
or 50%  glycerol a n d  th e  suspensions w ere s to red  a t  —15 °C u n til  use. F rom  th e  “ B u d a p es t”  
m ate ria l a  p a r tia lly  p u rified  e lem en tary  b o d y  suspension w as p rep ared  by  th e  ro u tin e  p ro ce 
d ure  app lied  in  th is  in s t i tu te ,  i. e. a fte r  t r e a tm e n t  w ith  p h eno l and  F rigen  113, cen trifuged  
and  resuspended  in  5%  p ep to n e  solu tion , d is tr ib u te d  in to  am poules in 0.2 ml volum e a n d  
freeze-dried  [10]. T he co u n ts  o f th e  acco m pany ing  b ac te ria  w ere assessed b y  th e  p o u r-p la te  
m ethod .

D eterm ination o f  pock counts was m ad e  b y  th e  m eth o d  of W estw oo d  et al. [11]. T he 
suspensions w ere d ilu ted  serially  in  th reefo ld  step s and  each  a p p ro p ria te  d ilu tio n  w as ino cu la ted
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in  0.1 m l doses on to  th e  CAMs of 5 —8 ch ick en  em bryos p re in cu b a ted  for 11 — 12 days. T he 
pocks w ere counted  a f te r  in cu b a tio n  a t  37 °C a n d  expressed  in  base 10 lo g arith m s.

D iluents. (1) P h o sp h a te -b u ffe red  sa line , a d ju s te d  to  p H  7.2; (2) 0.004 M  M cllva ine  
b u ffe r  (c itric  acid -j- p h o sp h a te ) , pH  7.2; (3) p ep to n e  w a te r  (1 — 5%  so lu tion  of D ifco-B acto  
p e p to n e ), ad ju s ted  to  p H  7.6;

All d iluen ts w ere  ste rilized  in  th e  au to c lav e  an d  to  each  were ad d ed  stre p to m y c in  and  
pen icillin  to  a final c o n ce n tra tio n  of 50 //g  nil an d  500 U /m l, respectively .

R esu lts

T h e  s ta b ility  o f th e  d ilu tions w as assessed by  coun ting  th e  n u m b er of 
p ock  fo rm ing  u n its  in  0.1 ml vo lum e im m ed ia te ly  a fte r  p re p a ra tio n  and  a fte r  
in c u b a tio n  for tw o  h o u rs  in a w a te r b a th  o f 37 °C. Two or th ree  d ilu tio n  steps, 
u su a lly  in  th e  ran g e  10 ~5 —  10~7, w ere selected  from  those  w hich w ere ju d g ed  
to  be ab le to  p ro d u ce  10— 60 easily rea d a b le  pocks. R esults are show n in T able I.

T a b le  I

Decrease in per cent o f  pock counts after incubation fo r  two hours at 37 °C in 10 ’ — 10 ~ 
vaccin ia  virus dilutions prepared with different diluents

D ilu en t
C ru d e  p u s tu le  hom ()genate P u rif ied  p u s tu le  h om ogenate

m ed iu m  J m in. m ax . m ed iu m  i m in. m ax .

P hosphate-buffered  saline 70.1 50.5 94.6 68.8 j 58.2 88.2
M cllvaine  buffer 67.4 54.9 85.0 70.2 58.0 84.4
P e p to n e  solutions, 1 —5% 21.2 0 50.6 26.4 9.7 54.2
B ro th  (bacteriological) 19.8 8.2 66.0 24.3 0 74.5
M cllva ine  buffer -(- 5%  horse serum 5.4 0 23.6 _  * _  * _*

M cllva ine  buffer -(- 10%  m ilk 4.0 0 24.6 4.8 5.1 25.2

* N ot tested

T he s ta b ility  o f  th e  d ilu tions d id  n o t s ig n ifican tly  v a ry  w ith  th e  q u a lity  
of th e  v iru s suspensions. The e x te n t o f pock  co u n t red u c tio n  w as u n re la ted  
to  th e  ty p e  of th e  s tra in  (B udapest, E ls tree ), species of th e  host (chicken em bryo , 
r a b b it ,  cow) and  th e  presence of no (CAM), few (g lycero l-trea ted  or e lem en tary  
b o d y  suspensions) or m an y  acco m p an y in g  b ac te ria  (pustu le  m a te ria l in  
M cllv a in e  buffer) as well as to  th e  degree of p u rifica tio n  from  m icrobes or 
tissu e  d e tritu s . T ab le  I  shows only d a ta  fo r c rude  an d  pu rified  p u stu le  hom o- 
g e n a te d  to  p ro m o te  a b e tte r  u n d e rs tan d in g . O bviously , th e  d ilu tions p rep ared  
in  p la in  buffer so lu tio n  were th e  le a s t s tab le , show ing a pock co u n t red u c tio n  
b y  50— 95% , and  th o se  p repared  in  h o rse  serum  or m ilk  con ta in ing  M cllvaine 
b u ffe r  w ere th e  m o st stab le , as found  also b y  B o u l t e r . S urprising ly  d ifferen t 
re su lts  w ere o b ta in ed  w ith  b ro th , w h ich  stab ilized  v e ry  well in  one p a r t  of 
th e  experim en ts  b u t  failed  to  stab ilize  in  th e  o th e r p a r t ,  regard less w h e th e r 
i t  w as used  in itse lf  u n d ilu te d  or ad d ed  to  M cllvaine  buffer a t  a co n cen tra tio n
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of 10— 50% . W e scru tin ized  th is  p a r tic u la r  d ilu en t in g rea t d e ta il as it has 
been  com m only used  to  d ilu te  vaccin ia  v irus. T he s ta b ility  d a ta  an d  th e  in ac 
tiv a tio n  k inetics a re  show n in T ab le  I I .

T ab le  I I

Pock counts at 37 °C in  stable and instable dilutions o f  vaccinia virus

P re p ara tio n D iluen t
Pock co u n ts n  0.1 m l a fte r

0 m in. 30 m in. 2 h rs. 4  hrs.

233 P h o sp h ate-buffered  saline 17.1 10.3 7.2 1 .2

B ro th  (bacteriological) 18.5 18.5 17.5 17.0

242 P h osphate-buffered  saline 17.3 6.8 3.0 1.6

B ro th  (bacteriological) 16.8 17.2 7.8 4.5

In  th e  d ilu tio n  p rep ared  w ith  buffered  saline (10 _6) th e  n u m b er o f pock 
fo rm ing  u n its  te n d e d  to  decrease u n til  i t  h ad  fallen  to  10%  of th e  o rig in a  
coun t by the  4 th  h o u r in b o th  exp erim en ts . T he b ro th  d ilu tio n  w as stab le  fol 
4 hours in  th e  f irs t  ex p erim en t, b u t  in  th e  second ex p e rim en t its  s ta b ili tr  
te n d e d  to  decline a f te r  h a lf  an  h o u r and  m ore th a n  50%  of th e  pock fo rm iny  
u n its  h ad  d e te rio ra ted  by  th e  second hour.

B o th  th e  liq u id  glycerol an d  th e  freeze-dried  pox  vaccine con ta in  m icro
organism s d isp lay ing  a high enzym e ac tiv ity . D o s t a l  [12] observed  th a t  such 
germ s influenced  th e  th e rm o s ta b ility  of th e  vaccin ia  v iru s  suspension . E nzym es 
o rig inating  from  tissu e  d e tr itu s  h av e  a sim ilar effect. B ac te ria  of high p ro teo 
ly tic  or h aem oly tic  a c tiv ity  iso la ted  from  vaccin ia  v iru s suspensions in  this 
la b o ra to ry  were in o cu la ted  in to  tho se  v irus suspensions w hich  rem ained  stab le  
w hen  d ilu ted  in  b ro th , to  exam ine w h e th e r one or a n o th e r enzym e w ould 
d estro y  th e  v irions a t  37 °C. N one o f th e  organism s te s te d  a ffec ted  th e  s ta b ility  
of th e  v irus d ilu tio n s ; how ever, we m ay  have  chosen th e  w rong b ac te ria . 
These negative  re su lts  did no t, how ever, change ou r view  th a t  th e  enzym e 
co n ten t of th e  v iru s  suspension m ay  a t  least in p a r t  be responsib le  for th e  loss 
o f s tab ility . E x p e rim en ts  w ith  p h en o l-trea ted  v iru s suspensions are  in su p p o rt 
of th is  h y p o thesis . One h a lf of p u s tu le  hom ogenates in  M cllva ine  buffer w ere 
tre a te d  w ith  1 .0%  phenol and  allow ed to  s ta n d  a t  room  te m p e ra tu re  for 48 
hours before th e  ad d itio n  of an  equal vo lum e of glycerol, while to  th e  o th e r h a lf  
glycerol was a d d ed  w ith o u t phenol p re tre a tm e n t. W hen  te s te d  for d ilu tion  
s ta b ility  a fte r s to rag e  a t  — 15 °C for th ree  m o n th s, th e  d ilu tions o f th e  phenol- 
tre a te d  sam ples w ere considerab ly  m ore stab le  th a n  those  of th e  u n tre a te d  
con tro l sam ples w hich  con ta ined  m an y  accom pany ing  germ s an d  p resum ab ly  
also re la tive ly  m u ch  enzym e (T able I I I ) .
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T ab le  I I I

Stability at 37 °C o f  vaccinia virus suspensions with different germ counts diluted in broth

50%  glycero l co n ta in ing  
p u s tu le  hom ogenate

P re p a ra tio n  N o . 244 P re p a ra tio n  N o. 246

B ac teria l c o u n t/m l R e d u c tio n  o f  pock  
c o u n t  a fte r  2 h r

B ac te ria l co u n t/m l R ed u c tio n  o f  pock  
c o u n t a fte r  2 h r

N o t phenol-treated 26.650 62.6% 24.500 72.2%
T rea te d  w ith  0.5%

phenol 450 23.0% 1 1 18.0%

As th e  d ilu tio n  s ta b ili ty  w as fo u n d  to  be good in  th e  skim  m ilk  con ta in ing  
M cllva ine  buffer, we h a v e  ad o p ted  th is  d ilu en t in s tead  o f th e  p la in  M cllvaine 
b u ffe r  previously  used  fo r ro u tin e  p o c k -titra tio n s  of vacc in ia  v iru s  suspensions 
a n d  pox  vaccines, an d  con tin u ed  to  use th e  la t te r  fo r con tro l exam ina tions. 
T itra tio n  results o f th e  freeze-dried  p o x  vaccine, used  in  th is  la b o ra to ry  as a 
reference p rep a ra tio n , d ilu ted  in M cllvaine  buffer w ith  and w ith o u t skim  
m ilk  are  show n in T ab le  IV,

As can be seen fro m  th e  lust co lum n  of T able IV , one an d  th e  sam e v irus 
suspension  had  a 2— 5.8 tim es h ig h er t i t re  w hen d ilu ted  in m ilk -con ta in ing  
in s te a d  of p lain  M cllv a in e  buffer. F u r th e r  ex perim en ts perfo rm ed  since th e  
subm ission  of th is  p a p e r  h ad  sim ilar re su lts . The “ m ilk y ”  t i t r e  w as nev er id en 
tic a l to  or lower th a n , its  “ p la in ”  c o u n te rp a r t.

T a b le  IV

Pock titre o f  the freeze-dried pox vaccine N o. L22

M cllv a in e  b u ffe r 
X 108/m l

M c llv a in e  b u ffe r 
+  10%  m ilk  X 10e/m l

R

0.34 2.0 5.8

0.3 0.6 2.0

0.5 2.2 4.4

0.44 1.3 2.9

0.7 1.4 2.0

0.3 1.6 5.3

M ean: 0.43 m ean: 1.5 m ean: 3.7

R = Q uotient of pock counts established a fte r incubation  in buffer d iluen t w ith  and w ith 
o u t m ilk.

The stab iliz ing  ro le  of th e  m ilk  m ay  stem  from  its  ac tion  e ith e r on th e  
em bryo  or on th e  v iru s . I ts  in fluence on th e  em bryo m ay  be m etabo lic  or one 
p ro m o tin g  th e  p e n e tra tio n  of p a r tia lly  or com pletely  m a tu re  v irions in to  th e

A d a  Microbiologica Academiae Scientiarum Hungaricae 18, 1971



EFFECT OF VARIOUS DILUENTS 6 5

T ab le  V

Effect on pock titres o f  vaccinia virus suspensions diluted in  buffer o f m ilk  adm inistration in  d iffe r
ent phases o f  egg inoculation]

CAM d ro p p ed  
w ith

T im e o f  a d d itio n Q u a lity
T itre  X 107/m l R

o f 0.1 m l d ilu e n t

M — — 3.2 1.4

p - - 2.2

p 30 m inu tes prior to infection M 2.6 1.1

p p 2.3

p A t infection M 2.7 0.9

p p 3.0

p 30 m in u tes  afte r infection M 5.0 1.0
p p 5.1

P  =  P la in  M cllva ine  buffer 
M  =  M cllvaine  b u ffer contain ing  10%  m ilk 

R  =  Q u o tien t o f pock titre s  o b ta ined  w ith  and  w ith o u t separa te  ad m in istra tio n  of m ilk

O iо

7-

6 -

5-I 4-1
I  3-1

2
Я

I I Dilutions in plain Mcllvaine buffer

□ Dilutions in 10 % milk containing 
Mcllvaine buffer

F ig . 1

CAM. M ilk w as th e re fo re  ad m in is te red  se p a ra te ly  before, during  an d  a f te r  
th e  in o cu la tio n  o f v irions d ilu ted  in  p la in  b u ffe r to  s tu d y  w heth er i t  caused  
an  a lte ra tio n  of pock  counts.
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T h e ti tre s  o b ta in e d  w ith  and  w ith o u t m ilk  w ere a lm ost id en tica l and  
th e  v a lu e  of R  was a lw ays a b o u t one. T he n u m b e r of pocks developing  on CAM 
w as c learly  u n re la te d  w ith  th e  tim in g  o f m ilk  a d m in is tra tio n  in to  th e  egg.

As to  th e  ac tio n  of m ilk  on th e  v irio n s , i t  w as supposed  to  p re v e n t th e ir  
ag g reg a tio n  d u ring  d ilu tio n . To confirm  th is  ex p erim en ta lly , d ilu tio n  series 
from  1 0 t o 10 " 6 w ere so p rep ared  th a t  th e  p la in  an d  m ilk -con ta in ing  bu ffer 
d ilu en ts  w ere ex ch an g ed  a fte r  a given n u m b e r of steps, as show n in  F ig . 1. 
T h e  v a lu es  show n in  F ig . 1 rep re sen t m eans o f 3— 4 m easurem ents.

B o th  d iagram s in  F ig . 1 suggest t h a t  th e  m ore d ilu tio n  steps w ere p re 
p a re d  w ith  m ilk -co n ta in in g  buffer, th e  h ig h e r w as th e  pock titre .

D iscussion

T h e  in fec tive  t i t r e  of one an d  th e  sam e vaccin ia  v iru s suspension  varies 
in  a w ide range  in  su b seq u en t assays. T h e  re su lts  of n e u tra liz a tio n  te s ts  a t 
37 °C are  p a r tic u la r ly  d ifficu lt to  rep ro d u ce , owing p ro b ab ly  to  th e  th e rm o 
se n s it iv ity  of th e  v iru s  [13]. T hough  th e  presence  of p ro te in  in  th e  d ilu en t 
in c reases  th e  s ta b ili ty  of th e  v iru s  d ilu tio n , in  can n o t com plete ly  p re v e n t 
th e  d e s tru c tio n  o f th e  v irions. P o x  v acc in es , nam ely  th e  liq u id  glycerol- 
t r e a te d  p re p a ra tio n s , co n ta in  a consid erab le  a m o u n t of tissu e  d e tr i tu s  and  
c u ta n e o u s  b ac te ria  fro m  th e  h o s t o rg an ism ; th ese  u n w an ted  com ponen ts 
can  b e  rem oved  fo r th e  m ost p a r t  or co m p le te ly  b y  p u rific a tio n  a n d  freeze
d ry in g . B u t th e  b asic  m a te iia ls  of th e  vacc in e  p re p a ra tio n , m ain ly  th e  p u s 
tu le  h o m o g en a tes , c o n ta in  a rich  acco m p an y in g  b ac te ria l flo ra , som e com po
n e n ts  o f w hich a re  enzym ica lly  h igh ly  ac tiv e  [12] an d  also th e  cells of th e  
tis su e  d e tr itu s  c o n ta in  enzym es. These enzym es m ay  affect th e  s ta b ili ty  of 
th e  v iru s  d ilu tio n , especia lly  a t  37 °C, th u s  in fluencing  th e  rep ro d u c ib ility  
of th e  in fec tive  t i t r e .  W e p u rsu ed  th e  p re se n t investig a tio n s to  o b ta in  m ore 
in fo rm a tio n  on th is  p ro b lem , b u t  no conv incing  re su lt has em erged from  these  
s tu d ie s . N everthe less, th e  g rea te r d ilu tio n  s ta b ili ty  of th e  p h en o l-trea ted  p re p 
a ra t io n  suggests t h a t  th e  p ro b a b ility  o f enzym ic in terference  c a n n o t be ex 
c luded .

T he f lu c tu a tio n  of th e  in fec tive  t i t r e  depends to  a ce rta in  e x te n t n o t 
on ly  on  th e  q u a lity  o f th e  v iru s  suspension , b u t  also on on th a t  o f th e  eggs. 
T h o u g h  th e  eggs u sed  in  th e  ex p erim en ts  w ere p ro cu red  from  one an d  th e  
sam e source th ro u g h o u t, th e  aspecific em b ry o n ic  d ea th  ra te  before  or a fte r  
in o c u la tio n  v a ried  co n sid e rab ly  w ith  th e  in d iv id u a l lo ts. T here w ere also 
d ifferences in  th e  in d iv id u a l eggs co n g en ita l m alfo rm ations w ere freq u en t. W e 
tr ie d  to  m inim ize th e  e rro r  arising  from  th e se  sources b y  re p e a te d  ex p eri
m e n ts . A  ce rta in  v iru s  p re p a ra tio n , fo r exam ple , w as te s te d  fo r s ta b ility  
tw e n ty  tim es.
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G a l a s s o  an d  S h a r p  [14] and  o th e rs  observed th a t  vacc in ia  v iru s  p a r t i 
cles are  e x tra o rd in a rily  liab le  to  ag g reg a tio n . As a single ag g reg a te  consists o f 
tw o  to  severa l h u n d re d  v irions, th e  c lu m p in g  considerab ly  in fluences th e  n u m 
b e r of dem o n strab le  ac tiv e  u n its , in  o th e r  w ords th e  in fec tive  t i t r e .  T he v a r ia 
tio n s  in  d ilu tio n  s ta b ili ty  w ith  th e  d iffe ren t d iluents a t 37 °C can  be exp la ined  
b y  th e  d iverse  in fluence  of th e  degree o f d ilu tio n  on ag g reg a tio n  a t  a g iven 
te m p e ra tu re . P ro te in  in  th e  d ilu en t p re v e n ts  aggregation  to  a ce rta in  e x te n t. 
T he ev idence em erging  from  our ex p e rim en ts  th a t  th e  m ore  d ilu tio n  step s  
are  p re p a re d  in  m ilk -co n ta in in g  d iluen t, th e  higher is th e  n u m b e r of th e  ac tiv e  
u n its  d em o n strab le  on th e  CAM suggests t h a t  m ilk p re v e n ts  e ith e r  clum ping  
on th e  w hole or th e  fo rm a tio n  of la rg e r aggregates. E x p e rim e n ts  are  being  
ca rried  on to  su b s ta n tia te  th is  h y p o th esis .
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WATER LIMITED REACTION OF BACILLUS CEREUS 
PENICILLINASE IN NONAQUEOUS SOLVENT

B y

У .  C s á n y i , I .  M i l e , É v a  S z a b ó , G y . H a r m a t h  a n d  I l o n a  F e r e n c z

In stitu te  o f  M edical C hem istry (H ead: F . An t o n i), Semmelweis U niversity  M edical School,
B udapest

(R eceived  Ja n u a ry  18, 1971)

Sum m ary . I t  w as fo u n d  t h a t  B acillus cereus penicillinase can  be  k e p t  in  glycerol w ith o u t 
d é n a tu ra tio n . Som e fe a tu re s  o f th e  reac tio n  ca ta ly se d  b y  pen ic illinase  w ere in v es tig a ted  in  
g lycerol of low w a te r  c o n te n t .  T h e  reac tio n  w as d ep en d en t on w a te r  an d  enzym e c o n te n ts  
a t  th e  su b s tra te  s a tu ra tio n  level.

Stud ies of th e  in te ra c tio n  of p ro te in s an d  d iffe ren t nonaqueous so lven ts 
have revealed  th a t  m o st o f th e  p ro te in s undergo  a series o f m ark ed  conform a
tio n a l changes w hen  th e  a m o u n t of w a te r is lim ited  [1]. F u r th e r  stud ies h av e  
show n th a t  u n d e r c e r ta in  cond itions enzym e a c tiv ity  an d  n a tiv e  con fo rm ation  
rem ain  in ta c t in  sp ite  o f th e  lim ita tio n  of w a te r  [2, 3].

In  th e  p re se n t p a p e r  som e ex p erim en ts  are  described  p ro v in g  th a t  th e  
h y d ro ly tic  reac tion  ca ta ly sed  by  B . cereus pen icillinase can  be in v es tig a ted  
in  glycerol of low  w a te r  c o n te n t. U nder th e se  c ircu m stan ces th e  ra te  of th e  
reac tio n  ca ta ly sed  b y  pen ic illinase  was d ep e n d e n t on th e  w a te r  co n ten t.

Materials and methods

E xopenic illinase  p ro d u c ed  b y  B . cereus s tra in  569/H  was used  in  th e  experim ents. P u r i 
f ic a tio n  o f th e  enzym e has b een  described  earlier [4].

A ll th e  so lu tio n s w ere m ad e  from  fresh ly  d istilled  glycerol co n ta in in g  1%  w a te r as d e 
te rm in e d  b y  K a rl F isc h e r’s re ag e n t.

T he “ bu ffer-p en ic illin ”  so lu tio n  co n ta ined  a  m ix tu re  of po tassiu m -d ih y d ro g en  p h o sp h a te  
an d  d iso d iu m -h y d ro g en  p h o sp h a te  d ried  a t  110 °C. T he ra tio  of th e  tw o  com pounds was m ain 
ta in e d  so th a t  th e  p H  of a sam p le  o f th e  m ix tu re  d issolved in  w ater w as 6.5. T he reac tio n  veloc
i ty  in  g lycerol show ed its  m a x im u m  a t  th e  p a r tic u la r  ra tio  of th e  tw o com pounds. The so lu tion  
also c o n ta in ed  sod ium -b en zy lp en ic illin  d ried  in  vacuo. T he a m o u n t o f th e  buffer sa lts  and  
pen ic illin  w as 5%  in  each  of th e  f in a l in cu b a tio n  m ix tu re s  co n ta in in g  penicillinase.

L yoph ilized  p en ic illin ase  w as dissolved sep e ra te ly  in  glycerol.
M easurem ent o f  the reaction. T he w a te r c o n te n t req u ested  in  each  ex p erim en t w as a d 

ju s te d  30 m in  before  s ta r tin g  th e  ex p erim en ts  in  “ buffer-pen ic illin” a n d  penicillinase so lu tion  
se p a ra te ly . T he re ac tio n  w as s ta r te d  b y  vigorous m ix ing  of th e  tw o  p rew arm ed  solu tions a t  
30 °C. T he m ix tu re s  w ere sealed , fu r th e r  s tirrin g  w as n o t necessary. In  o rd e r to  stop  th e  reac tio n  
a t  a p p ro p ria te  in te rv a ls , 0.5 — 1.0 m l sam ples w ere ta k e n  and  tran s fe rre d  b y  a glass syringe 
in to  5 m l of a  so lu tio n  co n sis tin g  of 0.5 M  sod ium -w olfram ate  and  1.0 M  sodium  ace ta te , p H  
4.0. Penicilloic acid  w as th e n  e s tim a te d  iodom etrica lly  as described p rev iously  [5] an d  th e  
re su lt w as expressed  in  m l o f 0.005 N  I 2. On th e  basis o f p re lim in ary  ex p erim en ts , co n cen tra tio n  
of b u ffer sa lts  an d  pen ic illin  w ere  chosen so th a t  th e  velocities m easu red  d u rin g  th e  in cu b a tio n  
re ferred  to  m ax im um  v e loc ity .
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R esults

T he w ork re p o rte d  here  w as p ro m p te d  b y  our o b se rv a tio n  th a t  p en ic illin 
ase could  be dissolved an d  p reserv ed  for a long tim e  in  glycerol an d  iso p ropy l 
a lcoho l w ith o u t an y  loss of th e  o rig inal a c tiv ity  m easu red  a fte r  d ilu tio n  of 
th e  organic so lvents b y  excess w a te r. T hese find ings gave an  o p p o r tu n ity  to  
ex am in e  th e  ca ta ly tic  p ro p ertie s  of penicillinase d issolved in  glycerol o f low 
w a te r  co n ten t.

Fig. 1 shows th e  a c tiv ity  o f penicillinase in  d iffe ren t w ater-g lycero l 
m ix tu re s  con ta in ing  decreasing  q u a n titie s  o f w ate r. A p p ro x im a te ly  50— 60%  
w a te r  w as necessary  to  m a in ta in  th e  v e lo c ity  of th e  re a c tio n  a t  th e  level ob-

F  ig. 1. Penicillinase a c t iv ity  m easu red  in  g lycerol o f decreasing w a te r  co n te n t. 500 U  pen ic illin 
ase  a n d  0.06 g penicillin  G w ere in cu b a ted  in  5 m l of a 0.1 M  m ix tu re  o f p h o sp h a te  b u ffe r  p H  

6.5 an d  glycerol, fo r 5 m in  a t  30 °C. (R e ac tio n  v e loc ity  1.0 refers to  80 m l 0.005 N  I 2)

se rv ed  in  pure  w a te r  so lu tion . I f  th e  w a te r  co n ten t of th e  in cu b a tio n  m ix tu re s  
w as less th a n  50% , th e  reac tio n  ra te  decreased  linearly  w ith  w a te r  co n ten t. T he 
v e lo c ity  of th e  re a c tio n  w as p rac tica lly  zero a t  10%  w a te r  co n ten t. H ow ever, 
if  th e  penicillinase c o n te n t o f th e  reac tio n  m ix tu res  w as ra ised  b y  severa l 
o rd e rs  of m ag n itu d e , som e ch a ra s te ris tic  fea tu res  of th e  rem ain ing  slow reac 
tio n  (1— 2%  of th e  o rig inal velocity) could  be in v es tig a ted .

The ex perim en ts p erfo rm ed  in  th e  presence of th e  low est w a te r  co n te n t 
(1% ) penicillin hy d ro ly sis  proceeded  a t  a lim ited  ra te  (F ig . 2).

R aising th e  w a te r  co n ten t w as follow ed by  an  increase  in  th e  reac tio n  
ra te . This u n d er 6— 10%  depended  ex p o n en tia lly  on th e  w a te r  co n ten t (F ig . 3).

A bove 10%  w a te r , th e  reac tio n  ra te  depended  lin ea rly  on th e  w a te r  
c o n te n t as show n in  F ig . 1. Several experim en ts show ed th a t  th e  reac tio n
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F ig . 2. Pen ic illinase  a c tiv ity  in  glycerol w ith  one p e r cen t w ater. 6800 U /m l pen ic illinase  was 
in c u b a te d  in  a  buffer-pen icillin  so lu tion  co n ta in in g  1%  w ater a t  30 °C. A t 190 m in  o f th e  
e x p erim e n t th e  in cu b a tio n  m ix tu re  w as supp lied  w ith  a n o th e r 1%  w a te r . T he co n tro l sam ples

d id  n o t c o n ta in  penicillinase

F ig. 3. E ffec t o f w a te r  c o n ten t on pen ic illinase  ac tiv ity . 10,300 U /m l pen ic illinase  w as in c u b a te d  
in  buffer-penicillin  m ix tu re s  o f d iffe ren t w a te r  co n ten ts  for 10 m in  a t  30 °C

v e lo c ity  w as u n d e r double lim ita tio n , th e  lim iting  fac to rs  be ing  w a te r  an d  
enzym e co n cen tra tio n s. T he co n cen tra tio n  o f su b s tra te  w as a t  th e  s a tu ra tio n  
level m easu red  in  p re lim in ary  ex p erim en ts. T he ra te  of th e  reac tio n  m easu red  
e ith e r  a t  d iffe ren t w a te r co n cen tra tio n s (F ig. 4), or a t  d iffe ren t enzym e con
c e n tra tio n s  (Fig. 5) was alw ays linear.
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Fig. 4. Penicillin  h y d ro ly sis  r a te  in  m ix tu re s  of d iffe ren t w a te r  co n ten ts . 10,300 U /m l pen ic illin 
ase w as in c u b a te d  in  m ix tu res  of va rio u s w a te r  co n te n ts  a t  30 °C

Fig. 5. Penicillin h y d ro ly sis  ra te  in  m ix tu res of d iffe re n t pen ic illinase  con ten ts. D ifferen t 
a m o u n ts  of penicillinase w ere in c u b a te d  in buffer-pen ic illin  so lu tion  w ith  2 .5%  w ater for 30 m in.

D iscussion

Penicillinase can be  dissolved in  glycerol of low w a te r  co n ten t w ith o u t 
an y  sign of d é n a tu ra tio n . In  a m ix tu re  consisting  of p h o sp h a te  bu ffe r an d  
penicillin-G  disso lved  in  g lycerol, th e  h y d ro ly tic  reac tio n  w as slow. T he ra te  
o f th e  reaction  c a ta ly se d  b y  penicillinase d isso lved  in  glycerol and  a few per 
c en t of w a te r w as lim ite d  b y  th e  w a te r c o n te n t.
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T he fin d in g s have  supplied  a con v en ien t to o l for th e  fu r th e r  in v es tig a 
tio n  of th e  re a c tio n  ca ta ly sed  b y  pen icillinase. W h e th e r th e  cause o f th e  slow 
ing dow n o f th e  reac tio n  was in  con n ec tio n  w ith  th e  physico-chem ical p ro p 
erties of th e  g lycero l or w ith  changes in  th e  p ro p e rtie s  of th e  pen icillinase 
m olecule rem a in  to  be decided. H ow ever, s im ila rly  to  w a te r  glycerol has an  
u n u su a lly  h igh  d ielectric  co n stan t. T h u s, h igh  co n cen tra tio n s  of b u ffe r and  
penicillin  can  be  d issolved in  g lycerol. T he d issoc ia tio n  o f some g roups in  th e  
penicillinase m olecule essen tia l fo r enzym e did  n o t seem  to  h av e  severely  
a lte red  in  g lycerol.

I t  is k n o w n  from  th e  re su lts  o f T a n f o r d  t h a t  a p ro te in  m olecule can 
b in d  100— 1000 m olecules of w a te r  as an  ind ispensib le  p a r t  of th e  ac tiv e  
p ro te in  s tru c tu re  [6]. S k u j i n s  and  M c L a r e n  found  th a t  th e  ca ta ly tic  a c tiv ity  
of d ry  u rease  depends on th e  ab so rb ed  w a te r  n ecessary  fo r th e  re a c tio n  itse lf  
and , as p e rh ap s  also in our case, fo r sh ap in g  th e  c a ta ly tic  con fo rm atio n  [7].

A p lau sib le  ex p lan a tio n  is th a t  in  our ex p erim en ts  th e  role o f th e  w a te r 
w as to  m a in ta in  a ca ta ly tica lly  ac tiv e  enzym e co n fo rm ation . T he w a te r  neces
sa ry  fo r th e  h y d ro ly tic  reac tio n  itse lf  seem ed to  be  a b u n d a n t.

Acknow ledgem ent. W e are in d eb ted  to  P rofessor F . B. Stra u b  fo r helpfu l a n d  v a lu ab le
discussions.
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CORRELATION RETWEEN THE MORPHOLOGICAL 
VARIABILITY AND RIBOFLAVIN PRODUCING 

CAPACITY OF EREMOTHECIUM ASHBYII

By

T. V Á G H Y

P hylaxia  Veterinary Biologicals and Feedstuff's L td . (Director : J .  Mo ln ár), Budapest 

(Received F e b ru a ry  10. 1971)

Sum m ary . A to ta l  o f  3484 indiv idual colonies o f th e  genetica lly  in stab le  fungus Erem o- 
thecium  ashbyii was exam in ed  for a co rre lation  be tw een  e x te rn a l p ro p e rtie s  (grow th in te n sity , 
shape, colour, sa lta tio n , e tc .)  and riboflavin  p ro d u c in g  cap acity . T he ideal colony ty p e  d is
tin gu ished  b y  th e  h ig h es t ribo flav in  syn th esiz in g  cap ac ity , wras ch arac te rized  b y  m ed iu m  
g row th  in te n sity , sm o o th  su rface  covered by  a ir  m ycelia , d is tin c t chrom ogenic p ro p e rty  and  
no sec to r fo rm ation .

R iboflav in  is p roduced  on a p la n t  scale from  subm erged  cu ltu res of 
A shbya gossypii or Eremothecium ashbyii m icroorganism s [5, 6]. The v ita m in  
syn thesiz ing  c a p a c ity  o f th e  E. ashbyii s tra in  used  in  th is  lab o ra to ry  show ed 
d is tin c t f lu c tu a tio n s . T he yield of one fe rm e n to r cu ltu re  v aried  from 800 to  
2000 ftg/m l, w ith o u t a n y  change of th e  fe rm e n ta tio n  p a ram e te rs . A ccording 
to  th e  ad o p ted  p ra c tic e , th e  inocula w ere p rep a red  in flasks seeded w ith  in d i
v idua l colonies iso la ted  from  streak  p la te s  o f spore suspensions. M any m o rp h o 
logically  d ifferen t colonies grew on th e  p la te s  and  th e ir  m ixed  use as inocu lum  
m ight have acco u n ted  fo r the  f lu c tu a tio n  o f th e  v itam in  y ield . This suggested  
th e  responsib ility  of th e  genetic in s ta b ility  an d  m arked  spon taneous m u ta tio n  
of th e  s tra in  and  th e  exam inations re p o r te d  in th is p a p e r were carried  ou t 
w ith  th e  aim  to o b ta in  m ore in fo rm atio n  on th e  re la tio n sh ip  betw een th e  
colony m orpho logy  a n d  v itam in  p ro d u c in g  c a p ac ity  of E . ashbyii.

Colonies of d issim ilar m orphology w ere h a rv es ted  from  streak  p la te s  
of spore suspensions on pep tone-w ater ag a r. A to ta l  o f 3484 colonies w as 
exam ined  for colony ch arac teristics (g ro w th  in te n s ity , colour, sector fo rm atio n  
and  surface) and  rib o flav in  synthesizing c a p a c ity , in view  o f th e  fact th a t  m ore 
th a n  1000 d a ta  are req u ired  to ob ta in  re su lts  o f high p ro b a b ility  [3].

Material and methods

M onospore cu ltu res  w ere p repared  w ith  a Zeiss ty p e  3041 m ic ro m an ip u la to r, using  100 
ml g ro w th  m edium  of th e  follow ing com position (g p e r 1000.0 m l ta p  w a te r): NaCl, 1; M g S 0 4, 
0.7; CaCl2, 0.5; F e S 0 4, 0 .05; M n S 0 4, 0.02; Z n S 0 4, 0 .02; corn  steep  liq u o r, 60; b rew er’s y e a s t 
(d ry ), 1.0; m ea t e x tra c t,  5 .0; glucose, 10; m olasses, 5.0; m alt, 10; gibb. m ycelia , 5.0; a d ju s te d  
to p H  6.8.
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The cu ltu re  w as sh ak en  a t  380 r.p .m . fo r 48 h o u rs  a t  27°C, th en  a b o u t 50 h ea t-s te rilized  
g lass beads 4 m m  in d ia m e te r  were ad d ed  to  i t  u n d e r  sterile  conditions an d , a fte r a d d itio n a l 
sh ak in g  for 30 m in u te s , i t  w as passed th ro u g h  an  a b o u t  1 cm th ick  fib re-g lass filte r p re-s te rilized  
w ith  h eat [7]. Spore co u n ts  were de te rm in ed  in th e  f i ltra te  and ad ju s ted  to  100/ml w ith  s te rile  
sa line . The d ilu ted  susp en sio n  was s treak ed  o n to  p ep to n e  agar p la te s , each  of w hich w ere 
seeded  w ith ab o u t 4 0 — 50 spores. T he p ep to n e  a g a r consisted of 2.0 g b rew er’s y eas t, 3.0 g 
p e p to n e , 10.0 g d ex tro se , 20.0 g ag ar-ag ar m ade  u p  to  1000 ml w ith d istilled  w a ter and  a d ju s te d  
to  p H  6.5.

The p lates w ere in cu b a ted  a t  27°C fo r 96 h o u rs , th en  each colony w as tran sfe rred  in to  a 
fla sk  containing th e  f lu id  m edium  and  sh ak en  fo r 120 hours as described  above. R ib o flav in  
w as ex trac ted  by  bo iling  w ith  acetic  acid from  sam ples tak en  in th e  72nd, 9 6 th  and 120th  h o u r 
a n d  determ ined q u a n ti ta t iv e ly  in a P u lfrich  s te p p h o to m e te r.

The colonies w ere classified according to  th e  follow ing c riteria : 1. co lony size: (a) sm all, 
0 — 5 mm in d iam e te r (F ig . 1), (b) m edium  size, 5 — 10 m m  in d iam ete r (F ig . 4), (c) large , 10 
m m  in d iam eter (F ig . 1); 2. colour: (a) colourless (achrom ogenic) (Fig. 2), (b) yellow  (chrom o- 
genie) (Fig. 5), (c) in te n siv e  yellow  (in ten siv e ly  chrom ogenic) (Fig. 3); 3. sectorial p ro p e rties : 
(a ) hom ogeneous co lo n y  (F ig . 5), (b) p ositive  o r n eg ativ e  sectors in colonies (F igs 2 and 6); 4. 
d issim ila rity  o f shap e : (a) colony w ith o u t a ir m y ce lia , w ith  rad ia l folds (F ig . 1), (b) colony w ith  
a ir  m ycelia and w ith o u t folds (F ig. 5), (c) co lony  w ith  cen tra l p ro tru s io n  (h o rn y  type).

In  add ition , m u ta t io n  was induced  in s tre a k  p la te  cu ltu res o f spore  suspensions, using  
u ltra v io le t ligh t as th e  m u tag en ic  ag en t (O rig inal H a n au  lam p, S teriso l tu b e , ty p e  N N  30/89 
b u rn e r, 220 V), a t  a F B  d istan ce  of 50 cm for 3 -m in u te  exposure tim e.

Results

The d a ta  fo r colony size d is tr ib u tio n  and  th e  co rrespond ing  r ib o flav in  
synthesizing  a c tiv i ty  are  show n in T ab le  I.

Table I

D istribution  o f colonies according to size and riboflavin y ie ld

Colony size
T o ta l

larg e m edium sm all

« , . n u m b er Colonies .per c en t
114

3.54
2247

64.06
1123

32.4
3484

100

R iboflav in  level a f te r  
120 hours, //g /m l 843.7

I
968.3 931.2

Table IT show s colony d is tr ib u tio n  accord ing  to  colour and  the co rrespond
ing  v itam in  y ie ld s. T ab le  III shows th e  hom ogeneity  versus p ro d u c tio n  d a ta

Table II

D istribution o f colon ies according to colour and riboflavin yield

Colour

Colonies R ib o flav in  yield

n u m b er per cent
a f te r  120 h o u rs,

m l “ 1

Yellow 3112 89.10 1007.4

D ark  yellow 158 4.58 1139.5

Colourless 214 6.32 634.4
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T ab le  I I I

Proportion o f sectored and homogeneous colonies and the corresponding riboflavin yields

Colony ty p e
C olony incidence R ib o f la v in  yield 

a f te r  120 hours,
/ig/mln u m b er p e r  cen t

Sectored

H om ogeneous

268

3216

7.7

92.3

764.0

1058.5

T otal 3484 100.0

F ig. 1. Colonies of d iffe ren t size ( X 3)
F ig . 2. W hite (achrom ogenic) colonies ( X 2)

Fig. 3. Deep yellow (in ten siv e ly  chrom ogenic) colony w ith  rad ia l folds an d  w ith o u t air m ycelia
(type  44R ” )

Fig. 4. Yellow (chrom ogenic) colonies ( X 1.5)
Fig. 5. S m ooth  colony covered b y  a ir m ycelia  (44S”  ty p e) ( x 3 )

Fig. 6. Sectored colonies ( x 3 )
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On fu r th e r  in v es tig a tin g  th e  p rob lem  o f sectorial d is tr ib u tio n , th e  n eg a tiv e  
sec to rs of th e  colonies w ere seg reg a ted  a n d  inoculated  in to  flu id  m ed ium  to  
com pare  th e ir  r ib o flav in  y ields w ith  th o se  o f th e  rest of th e  colonies, in o cu la ted  
in to  an o th e r f la sk . T he 120-hour m ean  y ie ld  of the  achrom ogenic  sectors was 
632 //g/m l, a va lu e  d is tin c tly  in ferio r to  th a t  ob tained  for th e  “ m o th e r” colo
n ies (943.5 //g/m l).

T hen  th e  p ro p o rtio n s of sec to red  an d  hom ogeneous colonies were com 
p a re d  in  spore suspension  cu ltu res  from  th e  “ m o th er” an d  secto ria l colonies. 
F ro m  th e  fo rm er, 16 .1%  of th e  colonies were sectored an d  from  th e  la t te r  
3 2 .4 % .

I t  was m ore d ifficu lt to  e v a lu a te  th e  colonies accord ing  to  m orphological 
differences. T hose bu lg ing  a t  th e  cen tre  w ere so rare (0 .2% ) th a t  th e y  h a d  to  
he d isregarded , 36 .2%  of th e  colonies w ere sm ooth  and covered  w ith  a ir  m ycelia  
a n d  63 .6%  w ere creased and  bore no a ir  m ycelia. T he colonies rep resen tin g  
these  tw o m ain  categories w ere m ore d ifficu lt to  d is tin g u ish  th a n  th e  re s t, 
because th e ir  d issim ilarities are inconsp icuous; how ever, th e ir  ribo flav in  sy n 
th esiz in g  c a p a c ity  d iffered co n sid e rab ly  (T able IV).

Table IV

Riboflavin y ie ld  fo r  the two dom inant colony shapes after 72, 96 and 120 hours incubation

Colony ty p e
Riboflav in  y ield  //g /m l, a t

72 hours 96 hours 120 hours

Creased colony w ith o u t a ir 
m ycelia 597.2 866.0 998.7

Sm ooth  colony w ith  air 
m ycelia 731.0 957.6 1124.5

In d u ced  m u ta tio n  ex p erim en ts  y ie lded  surprising  resu lts . In  c o n tra s t 
to  spon tan eo u s m u ta n ts , only v e ry  few  (0.2% ) of th e  U V -exposed colonies 
becam e achrom ogenic  or secto red .

D iscussion

A ccording to  th e  above find ings, th e  E . ashbyii co lony ideal for r ib o flav in  
p ro d u c tio n  is cha rac terized  b y  (a) m ed iu m  grow th in te n s ity  (colony size), 
a tta in in g  8 —10 m m  in d iam ete r over a cu ltu rin g  period o f 96 hours; (b) in 
ten s iv e  yellow  colour; (c) absence o f sec to r fo rm ation ; (d) sm ooth  su rface  
covered  by  a ir m ycelia.

Acta Microbiologica Academiae Scientiarum Hungaricae 18, 1971



M O R P H O L O G IC A L  V A R I A B I L I T Y 79

From  th e  p o in t o f v iew  of p ro d u c tio n , th e  so-called defective dw arfs 
occurring  am ong th e  sm all colonies (less th a n  5 m m  in d iam eter) are d is tin c tly  
dangerous, because th e y  c a rry  a le thal effect an d  are  ind is tin g u ish ab le  from 
v iab le  colonies. Colourless an d  sectored colonies shou ld  also be rem oved from  
th e  seed. The presence in  th e  inoculum  o f colonies w ith o u t a ir m ycelia m ay  
cause a certa in  red u c tio n  of th e  riboflav in  y ie ld , b u t b y  no m eans will it  render 
th e  fe rm en ta tio n  im p ro d u c tiv e .

I t  seems th a t  th e  f lu c tu a tio n  of th e  rib o flav in  yield can reasonab ly  be 
p rev en ted  by  an a p p ro p ria te  selection o f th e  co lony  ty p e  used for seeding th e  
inocula. Colonies no t m ee tin g  the  above c r ite r ia  of op tim u m  p ro d u c tiv ity  
m u st no t be used.

An exp lan a tio n  fo r th e  g reater lia b ility  o f th e  fungus s tra in  to  sp o n ta 
neous m u ta tio n  should  be sough t in th e  spore itse lf  or, m ore precisely , in th e  
stage  of spore fo rm atio n . In  th is  respect B u x t o n ’s [1, 2] view  on th e  sp o n ta 
neous anastom osis of th e  h y p h ae  and th e  co n sequen t he te ro k ary o sis  does not 
seem accep tab le . In  th e  p resen t experim en ts th e  sp o n ta n e ity  of th e  phenom ena, 
above all th a t  of sa lta tio n  (sector fo rm ation ) could  be excluded , since

(a) the  m ateria l h av in g  been derived  from  m onospore suspensions, th e re  
w as no possib ility  for h y p h a e  of d ifferen t orig in  to  anastom ose ;

ib) on cu ltu rin g  o f th e  a ltered  an d  th e  rem ain ing  p a r ts  o f sectored  
colonies th ere  was a s ig n ifican t increase in  th e  p ro p o rtio n  of th e  a lte red  ones;

(c) on m utagen ic  tre a tm e n t only 0 .2 %  of th e  new colonies tu rn e d  ou t 
to  be sectored  or achrom ogenic .

As to  th e  causes of th e  unusual v a r ia b ility  o f E . ashbyii, we offer th e  
following h y p o th e tica l ex p lan a tio n  [I]:

(1) Segregations s tem m in g  from  exchange of genetic  m a te ria l betw een  
u n its  o f higher sy s tem a tic  position.

(2) R eduction  of th e  in fo rm ation  m a te ria l ch a rac te ris tic  o f th e  species 
to  a level still capab le  of p roducing  m ore or less v iab le  m u ta n ts .

(3) A p ro b ab ly  u n e q u a l d is trib u tio n  of th e  n uc lear su b stan ce  (in to  n o r
m al and defective sectors) in th e  course of nu c lea r am itosis. T he defective 
sec to r e ither does n o t p ro d u ce  any  new in d iv id u a l (e lim ination), or it produces 
a m u ta n t in th e  physio logical or m orphological sense if th e  defect is less 
pronounced .

The th ird  p o in t seem s th e  m ost p ro b ab le  in  re la tio n  to  th e  s tra in  in 
question . A t th e  d ev e lo p m en t of the sp o ran g iu m  spore, th e  nucleus of th e  
sporang ium  divides u n til i t  has reached th e  n u m b er o f nuclei cha rac teris tic  
o f th e  genus (4 — 32, m ean  1 0 — 14). Some of th e  re la tiv e ly  num erous nuclei 
p ro b ab ly  carry  th e  basis fo r a defect an d  p e rh ap s  also a h e te rokaryosis  m ay  
tem p o ra rily  be p resen t w ith in  one and  th e  sam e species. T he nucleus gives 
rise to  th e  spores and  on th e ir  release th e  m a tu re  spores give rise to  new in d i
v iduals unless th e y  ca rry  a le tha l defect.
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I n  sum m ary , th e re  seem  to  be tw o w ays of p rev en tin g  th e  m u ta tio n s  
responsib le  for th e  d isad v an tag eo u s  f lu c tu a tio n s  of rib o flav in  y ield  on a p la n t 
scale, viz.

(i) induced m u ta tio n  (e.g. w ith  UV) to  destro y  th e  less v iab le  (defective) 
in d iv id u a ls ;

(ii) selection o f th e  colonies u sed  to  seed th e  inocu lum  fo r o p tim u m  
rib o flav in  yield, on th e  basis o f g ro w th  in te n s ity , colour, shape  an d  ho m o 
gen e ity .
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PHAGE INFECTION OF VITAMIN B12 PRODUCING 
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(R eceived F e b ru a ry  17, 1971)

Sum m ary. Two phage s tra in s  have been  iso la ted  from  p la n t scale fe rm en to r cu ltu res fo 
a R hizobium  melilotii s tra in  m ain ta in ed  in  th e  la b o ra to ry  for a long tim e  as a v itam in  B l2 
p roducer. A tten tio n  to phage infection  had been  a ttra c te d  by th e  declin ing  v ita m in  sy n th e tiz -  
ing cap ac ity  o f th e  cu ltu res . T he tw o isolates d iffered  in p laque size, b a c te r iu m  con ten ts an d  
an tig en ic ity , and have  been  used  w ith  success fo r th e  selection  of p h age  re s is ta n t Rhizobium  
m u ta n ts  o f h igh v itam in  B 12 producing  cap ac ity . A co rre la tio n  has been d e m o n s tra ted  betw een 
th e  B 12 a c tiv ity  and  capsule  p roducing  cap ac ity  o f th e  selected b a c te r ia l m u ta n ts .

Phage  infection of  th e  cultures of  various v i tam in  B j2 producing  m icro
organisms ( Bacillus m egaterium , ac tinom ycètes)  has been observed  by  Ga r i 
b a l d i  et al. [6], Ca r v a ja l  [5] and R a u t e n s t e i n  [16].

The v i tam in  B 12 produc ing  ca p a c i ty  of rhizobia was f irs t  reported  b y  
B urton  and L occhead  [3]. L ater  a m e th o d  was e labo ra ted  and  pa ten ted  in 
th is  In s t i tu te  [11] for th e  p lan t  scale p ro d u c t io n  of th e  v i ta m in  from these 
microorganism s. In  th e  course of p ro d u c t io n  it was n o ted  t h a t  in certa in  
fe rm en to r  cultures th e  rh izobia  e ither  grew poorly or no t  a t  all, or showed 
an unusua lly  long lag phase  period. Also, th e  v i tam in  Bj., co n ten ts  of the  cu l
tu res  were som etim es unusua lly  low w i th o u t  any  a p p a re n t  reason and th e  
average ti t res  fell g radually .

An exp lana tion  of th is  phenom enon  was sought first in th e  medium, in 
th e  compressed air or som e toxic su b s tan ce  and , as 2 0 %  of th e  ferm entor  
cultures  were found to  h av e  been in fected  w ith  sap ro p h y t ic  organisms, even 
a b ac te r ia l  an tagon ism  was tak en  in to  consideration .

A phage infection was not suspec ted  before all the  above  speculations 
had  p roven  erroneous; in fact, there  was no t the  slightest  ind ica tion  of the  
presence of a phage (p laques or failure o f  g row th  on agar  s lan ts ) ,  ne ither  had 
been a phage infection of subm erged rh izob ium  cultures r e p o r te d  in the  l i te ra 
tu re .  A nyhow , of 17 sam ples taken  from differen t ferm entors ,  7 lysed the cu l
tu re  of th e  host cells com plete ly  or a lm os t  com pletely , an d  th e  bacterium -free 
f i l t ra te  of th e  lysed cu ltu res  gave rise to  characteris tic  p laques  in solid agar 
cultures of the  p ro d u cer  s tra in .

This paper  is a re p o r t  of exam ina tions  of the  phage  infection of m ass 
cu ltu res  of the  B 12 ac tive  Rhizobium  m elilo tii s tra in .
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Material and methods

T he phage s tra in s  w ere iso lated  fro m  fe rm en to r cu ltu res o f R h. m elilotii. F rom  each  
su sp ec t cu ltu re  1 ml of th e  f lu id  phase  w as ad d ed  to a 12— 16-hour sh a k e n  cu ltu re  o f th e  h o st 
s tra in . A fter incu b a tio n  fo r 16— 24 ho u rs , th e  s tra in s  were ex am in ed  m icroscopically  an d  
th o se  show ing com plete lysis or poor g ro w th  in  com parison to  th e  co n tro ls  were qualified  as 
in fec ted  w ith  a R hizobium  phage. Sam ples secu red  from  the  lysed  cu ltu res  were cen trifuged  
a n d  passed  th ro u g h  a G — 5 glass filte r ; th e  p h ag e  particle  co u n ts  o f th e  f iltra te s  w ere th e n  
d e te rm in e d  on agar p la te s  in  P e tr i d ishes. A ccord ing  to  the  m eth o d  o f Adams [1 1, p la te s  con
ta in in g  2 .5%  ag ar were o v erlay ered  each w ith  3 m l 0.8%  soft ag ar (42°C.) to  w hich 1.5 m l o f a 
16-hour phage sensitive b a c te r ia l  cu ltu re  an d  0.5 m l of d ilu ted  phage f i ltra te  had  p rev io u sly  
b een  added . The phage m a te ria l  h ad  been  d ilu te d  in tenfold  serial step s, using  a 10% , p H  7 
p e p to n e -w a te r  d iluen t. T he cooled p la te s  w ere th en  incubated  for 24 — 36 hours a t  27°C. T he 
n u m b er o f phage p a rtic les w as expressed  as p laq u e  counts, tak in g  in to  co n sid era tio n  th e  p laq u e  
sizes, to  assess th e  id e n tity  or n o n -id en tity  o f th e  phage stra in s . T he la t te r  were c u ltiv a te d  
fro m  single m orpholog ically  d issim ilar p laq u e s , designating  th e  sm all ones as and th e  
larg e  ones as P 2.

In  add itio n  to  p laq u e  size d e te rm in a tio n , th e  phage s tra in s  w ere  id en tified  by  cross in 
fec tio n  ex p erim en ts an d  n e u tra liz a tio n  te s ts . T he serum  used for th e  la t te r  was p rep ared  in  
ra b b its , by  im m unizing  th e m  w ith  rising  doses (0 .5—4.0 ml) of u n d ilu te d  (109/nd) phage su s
pensions on five occasions a t  3 -day  in te rv a ls . T h e  sera were in a c tiv a te d  a t  56°C for 30 m in u te s  
a n d  sto red  w ith o u t p reserv in g  ag en t in th e  re fr ig e ra to r (0—4°C). Sera for con tro l te s ts  w ere 
o b ta in e d  in  th e  sam e m an n e r from  ra b b its  im m unized  w ith  th e  p hage-free  h o st stra in . In  th e  
n e u tra liz a tio n  tes ts , 1 : 5 d ilu te d  serum  w as m ix ed  w ith  d ifferen t d ilu tio n s o f the  phage s tra in  
in  an  equal volum e, th e  m ix tu re  was in c u b a te d  a t  27°C for 30 m in u te s  and  t i t r a te d  for p hage  
c o n te n t by  th e  m eth o d  of H orváth  an d  A l f ö l d i [8]. The reverse  te s t  was carried  o u t by . 
ad d in g  an  equal volum e of d iffe ren t se ru m  d ilu tio n s to  a know n a m o u n t of phage (107/m l).

T he p H -sen s itiv ity  o f th e  phage s tra in s  w as exam ined in  th e  ran g e  of p H  5—9. A su s
pension  con ta in ing  108/m l phage p a rtic le s  w as m ixed w ith  a d ilu e n t ad ju s ted  to  d iffe ren t 
p H s. T he m ix tu re  was in cu b a te d  for 1 h o u r  a t  27°C and t i t r a te d  for p h age  c o n ten t b y  th e  pour- 
p la te  techn ique. T herm o sen sib ility  was e s tab lish e d  from  th e  t it re  decrease  of a know n phage 
suspension  (108/m l) a fte r  in cu b a tio n  a t  56°C fo r 5, 10, 20, 30 an d  60 m inu tes.

Bacterial strain. V itam in  B I2 was p ro d u ced  from  a m u ta n t  (R h  66/27) of Rh. m elilotii. 
w hich  served also as th e  h o st s tra in  of phage P , .  S im ultaneously  w ith  th e  iso lation  of th e  phage, 
also phage re s is tan t m u ta n ts , d e sig n ated  as F , ,  F 2 and F 122, w ere selected  from  th e  lysed  
cu ltu re  of the  s tra in . L a te r  phage P 2 was iso la ted  from  the  m u ta n t  s tra in  F 12, w hich p roved  to  
be its  h o st and was re s is ta n t  to  P ,. The m u ta n ts  re s is tan t to phage P 2 ( F 123— F 239) were selected 
as above.

P hage resistance  w as exam ined  w ith  th e  d ro p le t-test developed  by  L ovreko v ich  and  
J ohan  [13] for th e  check ing  of ac tin o m y cète s . B 12 ac tiv ity  was e s tim a te d  by th e  E . co li-test 
a n d  th e  com position  of th e  v ita m in  B 12 p ro d u c t  was analyzed by  p a p e r  ch ro m ato g rap h y . To 
p re v en t phage carrie rsh ip , th e  re s is ta n t s tra in s  were trea ted  w ith  specific a n tib o d y  co n ta in in g  
blood serum .

The com position  of th e  m edium  p H  7.0 used  in the  e x p e rim e n ts  was (g /litre): sucrose, 
20.0; sodium  n itra te , 2 .0; p o tassiu m  iod ide , 0 .5; iron  su lp h a te , 0.01. Solid m edia for m a in 
ten an ce  of the  s tra in s  and  p o u r-p la te  te c h n iq u e  were p repared  b y  a d d itio n  of 2%  ag ar to  th e  
m ix tu re .

Results

The t i t re  of phage  P , grow n in  shaken cu lture  of th e  host b ac te r iu m  
a t ta in e d  10<J/ml. T h e  p laque  d ia m e te r  varied  be tw een  0.4 an d  0.8 m m ; th e  
p laq u e  base was clear and t r a n s p a re n t  and the  m arg ins  were sm ooth  an d  
sh a rp ly  contoured . T h e  p H  o p t im u m  was between 6.8 and  7.2, bu t  h e a t  Avas 
deleterious for phage  ac t iv i ty  even  u n d e r  such conditions. The phage  w as 
in ac t iv a ted  a t  56°C in 20 m in u tes  a n d  a t  0 —4°C in 10 — 14 days. On th e  a d d i 
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t ion  of 1%  h y d ro x y g e n  base or fo rm ald eh y d e  it  lost its ac t iv i ty  in a few m i 
nu tes  even a t  room  tem p era tu re ,  b u t  m a in ta in e d  it for as long as 1 year, m  
th e  freeze-dried s ta te  (no ac tiv ity  te s ts  were m ad e  beyond  t h a t  period).

Since th e  va r ious  technological m easures  (m ethod  of sterilization, c o n 
s truc tion  of th e  sy s tem , filters, etc.) can  m in im ize  bac te r ia l  con tam in a t io n  
b u t  do no t p ro tec t  aga ins t  phage infection, c e r ta in  physical or chemical p ro 
cedures were scru tin ized  for the ir  va lue  in suppressing  phage  grow th d irec tly ,  
w ithout dam age  to  th e  host b ac te r ium . B u t  as the  hea t  and  p H  op tim a of 
th e  v i tam in  p roduc ing  rh izobium  s tra in  corresponded  w ith  those  of phage P ,  
and the  form er was as sensitive to  chem ical agen ts  as th e  la t te r ,  phage g ro w th  
inhibitors  (c itra te , ph o sp h a te )  were te s te d  w i th o u t  any  obvious result. A lthough  
th e  phage suspensions induced a specific a n t ib o d y  p roduc tion  in the  ra b b i t ,  
addition  of such im m u n e  sera to  the  fe rm e n to r  cultures  was ou t  of question . 
The only possible w ay  of increasing th e  sa fe ty  of v i ta m in  B 12 produc tion  
seemed to be th e  selection of a p p rop r ia te ly  v i tam in -ac t iv e ,  b u t  phage re s is tan t  
s trains. F or  th is  purpose , s treak  p lates were p rep a red  from th e  m u ta n t  s t ra in  
Bli66/27 after  exposure  to  the phage. On incuba tion  for 3 — 5 days, c h a r 
acteristic  small rh izob ium  colonies grew on th e  agar, which differed from one 
an o the r  and  often also from the  colonies of th e  p a re n t  s tra in .  Between d ry ,  
slightly opalescent, small and slightly bu lg ing  colonies the re  appeared  larger, 
f la t ,  glistening, d is t inc t ly  mucinous a n d  often  confluent ones which were 
w hite r  in colour and  less tra n sp a re n t  th a n  th e  form er type . T he  subcultures of 
the  isolated colonies m ain ta in ed  the ir  ch arac ter is t ics  and  all of them  were 
res is tan t  to  phage  P , ,  b u t  differed conside rab ly  in respect of B 12 a c t iv i ty  
(from a few te n th s  to  5 pg/ml). A ctiv i ty  of non-m ucinous m u ta n ts  Fj,, a n d  
F 12 was, however, consis ten tly  superior to  t h a t  of the  pa ren t  s tra in , while 
the ir  E . coli-ac tive  p ro d u c t  was in every  respect similar to  t h a t  syn the tized  
by  the  la t te r .  S tra in  F 1() and la ter  s t ra in  F 12were subsequen tly  used with suc 
cess for the  p ro d u c t io n  of v i tam in  B 12 as selected P ,- re s is tan t  m u ta n ts .  H o w 
ever, phenom ena  ind ica t ive  of phage in fec tion  reappeared  in th e  fe rm en to r  
cultures after a p ro d u c t io n  period of 4 m o n th s ,  a lthough  th e  strains were 
t re a te d  with specific an ti-phage sera (Table  I).

The isolate, phage  P.,, differed from  P x in colony m orphology, giving 
rise to  plaques 1 .0— 1.3 m m  in d iam eter ,  la rger  th a n  those of th e  la t te r .  S tra ins  
res is tan t  to P 2 were sensitive to P 2 a n d  th e  hos t  s tra in  of th e  former (B b  
66/27) was re s is tan t  to  th e  la tte r .  Also, th e  an tibodies  specific to  P 2 did no t  
neu tralize  P r  O f th e  m a n y  strains iso la ted  from  lysates of P 2 and  P L, th a t  des
igna ted  F 222, fo rm ing  slightly m ucinous, glistening, t r a n s p a re n t  colonies, 
was resis tan t to  b o th  phages and p roduced  in shaken  cu ltures  5 —15% m ore  
v i tam in  B 12 th a n  did  s t ra in  F 12. Since th e  com position  o f  th e  E . coli-ac tive  
substance  did n o t  change  despite its h igher  t i t r e ,  s tra in  F 12 was replaced b y  
s tra in  F 222, for p la n t  scale produc tion  of  th e  v i tam in .
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Table I

Some characteristics o f  ferm entor cultures o f  phage-infected Rh. melilotii strains

F e rm e n to r  cu ltu re

D esig n atio n  
o f fe rm en to r T im e of c u ltu rin g , 

hours
B a c te r ia l count*

X 0.9X10®
B12 t i t r e  E . coli

te s t ,  f i  g /m l

X X II 12 14 —

15 22 ±
18 3** 0.6

12 8 —

15 13 1.8

X X 18 18 2.9
21 2** 2.9

12 7 —

X V II 15 11 1.9
18 3** 2.1

* C ulture d ilu ted  corresponding to 3rd grade nephelom etric  
den sity  (figures in T able), m ultip lied  by 0.9 X 109 

** B acterio lysis

T he different B 12 ac t iv i ty  of th e  P ,  — P„ phage res is tan t  m u ta n t s  and 
above  all the  h igher v i ta m in  sy n th e t iz in g  ability  of certa in  stra ins  h ave  called 
for th e  use of th e  phage  isolates for s t r a in  selection experim ents .  Colonies of 
d iss im ilar  m orpho logy  were iso lated  from  phage-exposed sensitive bac te r ia l  
cu ltu res  and th e  re s is tan t  m u ta n ts  w ere  exam ined for B , ,  ac t iv i ty  in 48 or 
72 h o u r  shaken  cu ltures ,  by  com par ing  th em  to th e  ac t iv i ty  of th e  original

Table II

B l2 activity o f  phage-resistant mutants

R h izo b iu m  s tra in
P h a g e  resistance

В , , ac tiv ity ,

P , P  2 p. +  p *
m l ml

R h 66/27 s s 5.25

F,o R s 5.95

F u R s 6.31

F ,ss R R 3.10

f 222 R R 7.21

f 312 R R 0.55

F X I I I R R R 0.73

F x x R R R 8.65

S =  sensitive ; К — res is tan t; . =  no t tested
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producer s tra in .  Taille I I  shows d a ta  for some ty p ic a l  s tra ins , to i l lu s tra te  
t h a t  s im ultaneously  w i th  th e  deve lopm ent of  phage  rss is tance_ano ther  ty p e  
of m u ta t io n  ( transduc tion )  is tak ing  place. T he  new p ropert ie s  induced b y  the 
phage  (phage-resistance, a lte ra tion  of B 12 ac t iv i ty ,  m orphological p roperties)  
p roved  to  be he red i ta ry ,  which was im p o r ta n t  from th e  po in t of view o f  p ro 
duction . I t  should  he no ted  th a t  a fairly large p ro p o r t io n  o f  th e  m u ta n ts  were 
B 12-p ositive; th is  was due p ro b ab ly  to  th e  p r im a ry  selection for colony ty p e  
(see later) am ong  o thers. The most B 12-active  m u t a n t  isolated up to  now , 
Fxx> was also encoun tered  in th e  course o f  th is  work.

2i-----

i ---------

Fig. 1. C hange o f m ean B 12 titre s  over fo u r m o n th s a f te r  p hage  infection. 
----------  F e rm e n to r  No. X I X , ..............F e rm en to r No. X V III

Discussion

Of all specula tions concerning the  origin of phage  P ,  (Rhizobium  b a c t e 
rial s tra in ,  su rro u n d in g  soil, lysogenesis, etc.), its in tro d u c t io n  with wild 
R hizobium  s tra ins  cu ltu red  in small fe rm en te rs  for a n o th e r  purpose seemed 
m ost p robable  (Fig. 1). The observation  th a t  initia lly  th e  phage infection was 
confined to  certa in  fe rm entors  only was in su p p o r t  of th is  assum ption.

The origin of phage s tra in  P 2 was also unclear . T h e  experim ents  failed 
to  reveal a m u ta t io n  of phage P , or of b ac te r ia l  s tra ins  F 10 an d  F 12 which are  
re s is tan t  to  it. T he  p ro b ab ly  lysogenic n a tu re  of these  s tra in s  cannot be e x 
cluded either, a l th o u g h  th e  d issim ilarity  of th e  p laques  was against t h a t  p o s 
sibility and  so was th e  c ircum stance  th a t  on rep ea ted  t r e a tm e n t  of the s tra in s  
w ith  UV or l i th ium  chloride to increase th e ir  B 12 a c t iv i ty ,  no lysis occurred  
in an y  su bcu ltu re  of th e  surviving stra ins . Also, th e re  were no plaques in 
pou r-p la te  cu ltu res  of m ixed suspensions of  the  re s is ta n t  host strains an d  
cer ta in ly  susceptib le  stra ins . I t  seemed therefore  t h a t  th e  phage popu la t ion
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in t ro d u c e d  into the  p lan t  in some w ay  h a d  been a m ixed  one.from  the  beg in 
n ing . Iden tif ica tion  of th e  isolates as one or ano ther  of th e  k n o w n  R hizobium  
p h a g e s  ( P arkek  and A l l e n  [15]) is b e y o n d  th e  scope of th is  report .

T he  aimed app lica t ion  of R hizobium  phages for s t ra in  selection is a new 
m e th o d  of g reat p rac t ica l  im por tance .  T h e  underly ing  fac t  is p ro b a b ly  th e  
occu rrence  of a m u ta t io n  an d  of a su b se q u e n t  selection, d u r ing  which some 
in d iv idua ls  of the  m ixed bac te r ia l  s t ra in  m ig h t  resist phage infection and  i t  is 
p ro b a b ly  these which are  segregated  b y  th e  isolation as r e s is ta n t  m u ta n ts .  
W h a t  m a tte rs  is the  in h e r i tance  of th e  l a t t e r  p roperty  w hich  is specific and 
o r ig ina tes  from a change in th e  bac te r ia l  wall. The es tab l ish m en t  o f  B 12 
a c t iv i ty  in Rh. m elilotii m u ta n t s  is also re la te d  to  the  wall.

Polish investiga tors  [10] have observed  th a t  h ighly  m ucinous s tra ins  
a re  less active th a n  “ d ry ”  ones. In  fac t ,  o f  th e  m any  phage  re s is ta n t  m u ta n ts  
iso la ted  in the  presen t s tu d y ,  those show ing  the  h ighest B 12 a c t iv i ty  were 
c e r ta in ly  no t  m ucinous; th is  co rre la tion , nevertheless, requ ires  fu r th e r  in
ves t iga t ions .
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Sum m ary, (i) Six Y ersin ia  pseudotuberculosis s tra in s  hav e  been  investiga ted . F ive  
cu ltu res  were iso lated  fro m  th e  m esen teria l ly m p h  g land  of p a tie n ts  w ith  M asshoff’s disease, 
one s tra in  was c u ltu red  fro m  a rem oved appen d ix .

(ii) R esistance o f th e  stra in s  to h e a t a n d  d is in fec tan ts  w as s im ilar to  th a t  o f Entero- 
bacteriaceae.

(iii) Five s tra in s  be longed  to serogroup IA , 1 s tra in  to  serogroup  IB . All stra ins show ed 
u n ifo rm  biochem ical re ac tio n s  corresponding  to  ch arac te ris tics  d escribed  in th e  lite ra tu re .

(iv) A to ta l of 1214 sera  from  p a tie n ts  an d  400 sera from  h e a lth y  persons was tes ted  for 
Y . pseudotuberculosis an tib o d ies . I t  has been show n th a t  t itre s  o f 1 : 100 should  be regarded  as 
d o u b tfu l, while titre s  o f  1 : 200 or over as positive  reactions.

The im portance  of  hu m an  Y ersin ia  pseudotuberculosis infection in E urope  
has been emphasized b y  Massh o ff  [1]. In  H u n g a ry ,  several au thors  have  
dea lt  w ith  abscessing re ticu la r  m esenteria l  ly m p h ad en i t is  know n as Mass
hoff’s disease [2 — 8]. A bacteriologically  and serologically verified ou tb reak  
affecting  30 children was described b y  Zoltai et al. [9].

In  this paper we p resen t  studies on  the  p roperties  o f  У. pseudotuberculosis 
s tra in s  isolated in H u n g a ry  and on th e  results o f  ag g lu tina t ion  tests m ade  
w ith  serum  samples received in our D e p a r tm e n t  during  a 3-year period.

Materials and methods

Stra ins and bacteriological exam ination. F ive s tra in s  w ere iso la ted  from  m esen teria l 
ly m p h  g lands of 5 d iffe re n t p a tien ts . One s tra in  was cu ltu red  in a n o th e r  lab o ra to ry  from  a 
surg ically  rem oved a p p en d ix  and  was sen t fo r id en tific a tio n  to  o u r D ep artm en t.

C u ltu ra l p roperties w ere s tud ied  on sim ple  agar, chocolate , b lood , eosin m ethy lene blue, 
b ism u th  su lph ite  and d eso x y ch o la te  c itra te  m ed ia  [10]. M edia described  by  B r i z i n  [11] and 
P a t e r s o n  and Coo k  [12] w ere also used. A n tib io tic  sen sitiv ity  w as ex am ined  by the  disk  
m eth o d  [10]. B acteric idal effec t of d is in fec tan ts  and  th e rm o res is tan ce  were tested  as de 
scribed  in [13—15]. O sera  fo r slide ag g lu tin a tio n  (IA , IB , IIA , I IB , I I I ,  IV , V) were p repared  
from  th e  following h e a ted  (2 %  hours a t  100°C) cu ltu res : N.C.T.C. 1103, 824, 8477, 1779, 10278, 
8580, 8579.

A ntibody titres in  h u m a n  sera. A to ta l  o f 1214 sera from  p a tie n ts  was exam ined w ith  
W id a l-ty p e  agg lu tination . C ontro l sera were ta k e n  from  300 blood donors and  from  100 p e r
sons screened for W asserm an n  reac tion . B a c te ria l an tigens I, I I ,  I I I ,  IV an d  V were p rep ared  
from  th e  following N .C.T.C. s tra in s : 10275, 10277, 10278, 8580, 8579. S tab le  suspensions 
were o b ta in ed  by cu ltu rin g  th e  organism s a t  room  te m p e ra tu re  fo r 48 hours in R oux  flasks 
co n ta in in g  chocolate m ed iu m  w ith  an agar co n cen tra tio n  10%  low er th a n  th e  usual. The 
cu ltu re  was killed w ith  0 .5%  form alin  and a d ju s te d  to  th e  d en sity  o f a s ta n d a rd  giving 74%  
tra n sm itta n c e  a t 1 cm lig h t p a th  in the  B eck m an  DU sp e c tro p h o to m e te r se t a t  0.03 m m  slit

Acta Microbiologica Academiae Scientiarum Hungaricae 18, 1971



8 8 J .  S Z I T A  a n d  A . S V ID R Ó

an d  530 m fi  w avelength . Suspensions p re p a re d  in  th is  m anner rem ain ed  s tab le  fo r a t  least 6 
m o n th s ; c e rta in  an tigens ( I I I  and IV) show ed no sp on taneous a g g lu tin a tio n  even  a f te r  18- 24 
m o n th s .

F o r  th e  ag g lu tin a tio n  te s t  0.05 m l a n tig e n  was added  w ith  T a k á ts y ’s p ip e tte  to  0.5 ml 
se ru m  d ilu tio n . For an tigen  I, d ilu tio n s w ere p u t  up  rang ing  from  1 : 100 to  1 : 1600; for a n ti
gens I I ,  I I I ,  IV and V th e  sera  were te s te d  in  single tu b es w ith  d ilu tio n s  1 : 100 an d  serial 
d ilu tio n s  were m ade on ly  if  p ositive  re ac tio n s  w ere observed. T he tu b e s  w ere in cu b a ted  a t 
37°C o v ern ig h t. In  view  of o th e r  w orkers’ op in ion  [16, 17], 50 sera w ere te s te d  p a ralle l a t  37°C 
a n d  in  w a te r  b a th  a t 52°C ov ern ig h t. T he re su lts  were identical.

I f  a serum  ag g lu tin a ted  У. pseudotuberculosis an tigens I I  or IV , in view  of th e  know n 
a n tig e n ic  re la tionsh ip  be tw een  these  g ro u p s a n d  Salm onella  04 ,27  and  0 9 ,4 6  an tig en s, respec
tiv e ly , th e  sera were re te s ted  w ith  Y . pseudotuberculosis an tigens a f te r  a b so rp tio n  w ith  the 
co rresp o n d in g  Salmonella  an tigen .

Results

Cultural properties. Y . pseudotuberculosis grows read ily  on simple, blood 
a n d  chocolate  agar m ed ia  form ing  greyish, t rans lucen t ,  low convex  colonies 
2 — 3 m m  in d iam eter .  I t  fails to  grow on several selective m edia  (b ism uth  
su lp h i te  agar, eosin m e th y len e  b lue  ag a r  w ith  anionic d e te rgen t) ,  a n d  produces 
v e ry  small yellowish-pink colonies on desoxycholate  c i t ra te  ag a r  a f te r  48 
hou rs .  All stra ins s tud ied  were iso la ted  on blood or chocola te  agar. As our 
e fforts  to  isolate th e  ag en t  from faeces h av e  failed, in m odel experim en ts  we 
te s te d  th e  m edia  described b y  B rizin  [11] and P a t e r so n  and  Cook [12]. 
O n th e  form er th e  organism  p ro d u ced  greyish-black, on th e  l a t t e r  fa in t  violet 
colonies. These m edia  were no t  suffic ien tly  selective for faecal cu ltu res  and did 
n o t  allow an easy d is t inc t ion  of Y .  pseudotuberculosis colonies.

F o r  differential diagnosis (especially  for d istinguishing from  У. pestis), 
m o t i l i ty  tes ting  is o f  im p o r tan ce .  O u r  s tra ins  failed to  m ig ra te  th ro u g h  U 
tu b e s  in cuba ted  a t  37°C for 14 days ,  b u t  a t  20°C m o ti l i ty  was ev id en t  in 3 — 5 
days .

D isinfectants  exe r ted  an  effect s im ilar to  t h a t  observed  w ith  Entero- 
bacteriaceae. All s tra ins  were killed in 1 m inu te  by  5 %  phenol, 3 %  form alin , 
0 .1 %  chloram ine, m ercuric  chloride, S terogenol®  (hexadecy lpy rid in ium  b ro 
m ide), and  0 .01%  F a m o se p t  (pheny l m ercuric  bora te) .

Heat resistance. T he  s tra in s  su rv ived  exposure to  50°C for 6 hours, to  
60°C for 1/2 to  1 hour .  All s tra in s  were killed a t  70°C in 3 m inu tes .  In  b ro th  
cu l tu re s  stored a t  4°C all s tra ins  were v iable  after 1 m o n th .

A ntibiotic sensitiv ity . All s t ra in s  were sensitive to  s t re p to m y c in ,  chlor
am phenico l,  neom ycin , m o d e ra te ly  sensitive to te t racy c l in e ,  re s is tan t  to  
penicillin , e ry th rom yc in ,  p o ly m y x in  B, and  su lphonam ides.

Biochemical reactions are p re sen ted  in Table I. All s tra ins  b ehaved  un i
fo rm ly , only some differences were n o ted  in the  tim e before sugar  fe rm en ta t ion  
h a d  appeared . The s tra ins  conform ed  in  biochemical reac tions  to  d a ta  in th e  
l i te ra tu re .

Serological typ ing . On th e  basis  o f  the rm ostab le  О an tigens,  Y . pseudo- 
tuberculosis can be d iv ided  in to  5 serological groups. G roups I ,  I I  and  IV can
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T ab le  I

Biochemical reactions o f  Y . pseudotuberculosis

Adonitol + 7- ' 4 X ylose +
Arabinose + M ethyl red +
Dulcitol - V oges— Proskauer -
Galactose + 1- 2 T ry p to p h a n  deam inase -
Glucose + L ysine decarboxylase —
Glycerol ! 2 - 1 0 A rginine dihydrolase -
Inositol — O rn ith ine  decarboxylase —
Laevulose + G elatin  liquefaction -
Lactose - U rease +
Maltose I 1 - 2 Indole —
Mamii lo i l l Serum  liquefaction -
Raffinose - N itra te  reduction +
Rhamnose + 1 H .S -

Sucrose — A m m onium  c itra te  u tiliza tio n —

Salicin +  J -7 Catalase +
Sorbitol — Oxidase

Trehalose +  1-- KCN -

be classified in to  subgroups IA, IB ,  H A , 1 IB. IVA and IV B . Y . pseudotuber
culosis contains an  R  antigen iden tica l  in all groups and  in  Y . pestis. In  view 
of th e  common p a r t ia l  antigens, th e  therm olab ile  II an tigen  is of no practical 
va lue  in d ifferen tia tion . Five s tra in s  iso lated  in  th is  s tu d y  from  lym ph  glands 
belonged to su b g ro u p  I A; one s t ra in  cu ltu red  from a p p e n d ix  was classified 
in to  subgroup IB .

Antibody titres in human sera. Between J u n e  2, 1966, a n d  N ovem ber  15, 
1970, a to ta l  of 1214 serum specimens was received from  p a t ie n ts  w ith  sus
pec ted  Y . pseudotuberculosis infection. T he  agg lu tina t ion  t e s t  was nega tive  
in 902 sera. D is tr ib u t io n  of reac t in g  sera according to  an tigens  and  m ean  
t i t re s  is p resen ted  in  Table I I .

The titre  of 512 sera reac ting  w ith  one of the  5 d ifferen t antigens fell in 
th e  range 1 : 100 to  1 : 25 600. T i t re s  of 1 : 100 or 1 : 200 were ob ta ined  for 
58 o u t  of 400 c o n tro l  sera. Accordingly, if  sera reac ting  a t  t i t r e s  of 1 : 100 or 
over are considered, th e  mean t i t r e  for p a t ie n t  sera is 1 : 226; for control sera, 
1 : 111. I t  is in te re s t in g  th a t  th e  m a jo r i ty  of p a t ie n ts ’ pos itive  sera reac ted  
w i th  0  antigen I, w hile  most positive  control sera w ith  0  an t ig en  I I .  In  respect 
to  th e  known an tigen ic  re la tionships, agg lu tina t ion  w ith  О an tigen  I I  m igh t  
ind ica te  a h is to ry  of  Salmonella  В group infection. A fter  absorp tion  w ith  
Salm onella  В g roup  s tra ins  these  sera failed to  agg lu tina te  У. pseudotubercu- 
losis О group I I  an tigen .
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T ab le  I I

Distribution o f  hum an  sera reacting w ith Y . pseudotuberculosis antigens I — V

Sera
A ntig en s

T o ta l  po sitiv e  J M ean t it re
I I I h i IV V

1214 p a tie n t sera 263 29 6 8 6 312 1 : 226

400 contro l sera 4 51 2
1

58 1 : 111

N

M ean titre  =  1 ci,"1 • d2n’. . . dnn" 
rf1, d., . . .  dn — reciproca ls o f serum  d ilu tions 
rij, n2 . . . n n =  n u m b er o f  sera giving th e  corresponding titre  
N  =  to ta l num ber o f  sera

Table  I I I  shows th e  d is tr ibu tion  o f  sera according to  antigens an d  ti t res .  
As regards antigen  I positive agg lu tina t ions  were specific. A t i t re  of 1 : 100 
or over was d isplayed b y  263 out o f  1214 p a t ien t  sera. T h e  nu m b er  of sera 
t i t e r e d  1 : 200 or over  was considerable  in this group of persons. In  con tras t ,  
on ly  4 out of 400 c o n tro l  sera showed О group I agg lu t in a t io n  a t  a t i t r e  of 
1 : 100. For 0  group I I  antigen  th e  difference betw een th e  tw o groups of p e r
sons was not s ign if ican t.

T ab le  I I I

Distribution o f  hum an sera reacting with Y . pseudotuberculosis antigen, 
according to agglutination titres

A n tig en Sera
T itre s

T o ta l no. of

1 : 100 1 : 200 I : 400 1 : 800 1 : 1600 1 :3 2 0 0 *
reac tin g  sera M ean t i t re

I
patien ts 111 84 42 13 5 8 263 l 202

control 4 — — - — — 4 l 100

и patien ts 15 8 3 2 1 — 29 l 178

control 30 21 - - - — 51 l 102

h i
patien ts

control

3 1 2
— -

— 6 l 252

IV
pa tien ts 5 2 1 - - — 8 l 141

control l 1 — - — — 2 l 141

у
pa tien ts l 2 1 1 1 — 6 l 356

control l — — — 1 l 100

* or higher
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Discussion

T h e  Y . pseudotuberculosis s t ra in s  exam ined in th is  s tu d y  were isolated 
on blood  or chocolate agar .  From m ix e d  bacterial popu la t io n  (faeces, append ix , 
t h r o a t  specimens) th e i r  isolation on th e se  media m ay  be difficult. For the  iso
la tion  of  th e  genus Y ersin ia  d ifferen t selective m edia  h av e  been described 
[ И .  12, 19, 20]. F ü z i ’s vancom ycin  m ed ium  [21] is reco m m en d ed  for th e  iso
la tion  of Pasteurella f rom  Gram po s i t iv e  bacteria. I n s te a d  of  selective media, 
the  m e th o d  of R é d e y  [22] using th e  ab ili ty  of Y . pseudotuberculosis to  cause 
ke ra tocon junc tiv i t is  in  th e  guinea p ig  m ay  be applied: a loopful of m ixed 
bacteria l  culture  is inocu la ted  into t h e  eyes of the  an im al and  a f te r  the  devel
o p m e n t  of  in f lam m ation  a su b cu l tu re  on non-selective m edia  is p repared . 
A t te m p t  to  show У. pseudotuberculosis b y  im m unofluorescen t  t rac ing  yielded 
c o n tra d ic to ry  results [23, 24].

Y . pseudotuberculosis cultures show ed a resistance to  d is infectan ts  and  
h e a t  s im ilar to th a t  o f  Enterobacteriaceae. Our stra ins were re s is tan t  to p en i
cillin, B r i z i n ’s s tra ins  were also re s is ta n t  to  th e rap eu t ic  concen tra t ions  of 
penicillin [25]. For th e  d ifferen tia tion  of Y . pestis and  Y . pseudotuberculosis, 
te s t in g  of motility , u rea ,  trehalose, sorbito l and rh am n o se  reactions are of 
va lue . T imofeva  [26] emphasizes th e  im portance  of ph ag e  exam ina tions .  F or  
th e  d ifferentia tion  of  Y . enterocolitica and  У. pseudotuberculosis, in addition  
to  serological typing, o rn i th in e  decarboxy lase  produc tion  an d  sucrose, sorbose, 
melibiose and rham nose  fe rm en ta t ion  are  especially im p o r ta n t .

On the  basis of se ro typ ing  of s t r a in s  and in view of th e  a n t ib o d y  con ten t  
of h u m a n  sera it m a y  be concluded th a t ,  similarly to  m a n y  countries  in 
E u ro p e  [27 — 30], У. pseudotuberculosis group 1 s tra ins  p red o m in a te  also in 
H u n g a ry .  Before 1967, g roup V Mas t h e  m ost f requent in J a p a n  [33], while in 
the  U.S.A. the  m a jo r i ty  of  hum an  infections are caused b y  group I [34]. In  
H u n g a ry ,  K em enes  [35] reported  t h a t  in hares group I was th e  one m ost 
f req u en t ly  encountered.

All У. pseudotuberculosis s tra ins  share  a com m on an tigen  presen t also 
in У. pestis. The re la t ionsh ip  b e tw een  th e  tM'o species has  been  s tud ied  in 
an tigen ic  analyses [36, 37], genetic ex p e r im en ts  [38, 40] a n d  a n t ib o d y  t i t r a 
tion o f  an im al sera o b ta in ed  in endem ic foci [41]. The re la t ionsh ip  is indica ted  
b y  th e  fac t  th a t  an im als  hav ing  p assed  th rough  n a tu ra l  or artificial pseudo
tubercu losis  infection a re  resistant to  bubon ic  plague. A lthough  K na p p  [42] 
p o in ted  o u t  t h a t  there  were  no proofs fo r  th e  tran s fo rm a tio n  of  th e  tw o species 
in to  each other, the  sp read  of У. pseudotuberculosis am o n g  MÛld anim als m a y  
ex tingu ish  plague in th e  corresponding  area.

I n  addition  to  th e  a fo rem entioned  serological re la t ionsh ip  be tw een  Sal
m onellae  and  Y . pseudotuberculosis, K n a p p  described com m on  par t ia l  antigens 
in Y . pseudotuberculosis IY A  and E . coli 0 1 7  and 0 7 7 .  W e t z l e r  [45] used 
haem ag g lu t in a t io n  for de tec ting  a l ipopolysaccharide-like an tigen  p resen t in
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Enterobacteriaceae an d  in  У. pseudotuberculosis. In  view of th is  finding he 
reco m m en d ed  th a t  Y . pseudotuberculosis should be exc luded  from  the genus 
Pasteurella  and classified in th e  new genus Y ersin ia .

Our absorbed ty p in g  sera gave no reaction  w ith  Salm onella  groups В 
a n d  D, hum an p a th o g en ic  Y . enterocolitica groups 3 and  9, P . tularensis and 
Brucella  antigens. A n tise ra  p rep a red  against these  organism s did  not aggluti
n a t e  Y . pseudotuberculosis groups I to  V.

The fairly large n u m b e r  of sera sent to  our la b o ra to ry  for  th e  detection 
o f  agglutinins against Y . pseudotuberculosis ind ica te  t h a t  clinicians are needing 
m o re  frequently  a serological th a n  a cu ltu ra l  ex am ina tion .  I t  was, therefore, 
considered  im p o r ta n t  to  p ro d u ce  s torab le  antigens and  to e s tab lish  the  norm al 
t i t r e s  by  examining a su ff ic ien t n u m b e r  of sera from h e a l th y  individuals . The 
re su l ts  showed th a t  Y . pseudotuberculosis group I agglu tin ins  are unfrequen t 
in  norm al popula tion  (T ab le  I I I ) .  The large n u m b er  of no rm a l  sera reacting 
w i th  Y . pseudotuberculosis g roup I I  m igh t  in some of th e  cases be associated 
w i th  a history of Salm onella  В group infection. A negligible n u m b er  of the  
con tro l  sera reacted  w i th  o th e r  groups of Y . pseudotuberculosis. In  routine 
exam ina tions  serological re la tionships w ith  o the r  bac te r ia  p resent no diffi
cu lt ies  as sera reacting  w i th  such antigens are a lways re te s ted  a f te r  absorption 
w i th  the  corresponding an tigen .

In  comparing t i t r e s  o b ta in ed  for p a t ie n ts ’ and con tro l  sera  (Table I I I ) ,  
i t  seems justified t h a t  t i t r e s  o f  1 : 200 or over should be reg a rd ed  as positive. 
T h is  is in agreem ent w i th  th e  opinion of H u d e m a n  a n d  E z o l d  [17] and  of 
S p l i n o  et al. [46], w hose  d a ta  indicate  t h a t  t i tres  of 1 : 166 or higher are 
positive . According to  o th e r  au tho rs ,  values lower th a n  th e  above  should also 
he regarded  as positive  [16, 32, 47].

Antibodies to  Y . pseudotuberculosis m a y  persist for m o n th s ;  out of 26 
p a t ie n ts  with positive a n t ib o d y  ti tres  th e  sera of 9 still re ac ted  after  4 m on ths  
a n d  1 patien t was po s i t iv e  even a f te r  13 m on ths  [9].

According to  M o l l a r e t  [48] pat ien ts  w ith  Y . pseudotuberculosis in 
fec t ion  give a positive  cu tan eo u s  reaction. O ur experim en ts  on persons th a t  
h a d  passed th rough  ty p h o id  fever or had  been v acc in a ted  aga ins t  it and on 
tubercu lous  pa tien ts  [49] verif ied  the  specificity of Mo l l a r e t ’s antigen.

Although h u m a n  pseudo tubercu losis  is no t a f req u en t  disease, the  b ac 
terio logist should he r e a d y  for th e  exam ina tion  of m a te r ia ls  from suspected 
cases. The diagnosis is confirm ed  by  the  biochemical a n d  serological iden ti
f ica t ion  of the  agen t  c u l tu re d  from ly m p h  glands, faeces, append ix ,  blood, or 
p u s ,  by  the W ida l- type  agg lu tina t ion  te s t  of the  sera and b y  a positive c u ta 
neous  test.
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Sum m ary. P hage ty p in g  as an ep idem io log ical m arker of en terococci a sso c ia ted  w ith 
food poisoning has been in troduced . A to ta l  o f  557 D -group strep to co cca l s tra in s  iso la ted  from 
food  specim ens and  o th e r m ate ria ls  was ty p a b le  in  53.0%  w ith  R o u m an ia n  phages.

In  recen t years, food hygienis ts  h ave  devoted increased  a t te n t io n  to 
D -group streptococci. These organism s, in  addition  to being excellent ind ica tors  
o f  faecal co n tam ina tion ,  m ay  cause food poisoning. A l im e n ta ry  toxicoinfec- 
t ions associated w ith  enterococci h av e  been  described from  1899 onw ard  by  
several au tho rs  [9, 16]. Enterococci were  isolated from m e a t  specim ens in 
volved in food poisoning by  T u r n e r  a n d  T h o r n  [19], H a r t  et al. [11] and  L a n g  

[13]. L ü ö n d  and G a s s e r  [15] a ssu m ed  th a t  a s im ila rity  ex is ted  between 
s taphylococcal and  enterococcal food poisoning. This f ind ing  was confirmed 
by  F u j i w a r a  et al. [10] who isolated  to x in s  from two s tra in s  of  Streptococcus 
zymogerres- in connection w ith  food poisoning. Biochemical exam ina tions ,  
h u m a n  vo lun teer  experim ents  and th e  classical Dolman te s t  in d ica ted  th a t  the  
organism  produced a tox in  similar in ac t io n  to  the  en te ro to x in  of  Stapliylo- 
cocc us-, adt.te.us.

Owing to  the ir  high resistance, enterococci are good in d ica to rs  o f  faecal 
con tam in a t io n .  Their  presence in re f r ige ra ted  or dried foods p roves a co n tam i
na tion  t h a t  h ad  tak en  place long before  th e  exam ina tion . Search  for these 
organism s on th e  surface of fomites a n d  h an d s  of s taff  m a y  be used in hygienic 
exam in a t io n s  [12]. As phage ty p in g  has  been  widely used as an  epidemiological 
m a rk e r  for a n u m b e r  of pa thogen ic  b ac te r ia ,  i t  seemed in te re s t in g  to  s tu d y  
th e  applicab ili ty  of th is  m e thod  for D -group  streptococci.

M aterial and  methods ]

Food specim ens or suabs were ino cu la ted  in  L it s k y -M allmann  e n ric h m e n t m edium  [14]. 
S u b cu ltu re s  were s treak ed  on Szita ’s E e7 ag ar [17]. T he isolates were id en tified  on th e  basis o f 
Sh er m a n ’s c rite ria , i.e. g row th  in th e  range  of 10 — 45°C, in the  p resence of 6 .5 %  NaCl, 40%  
bile and  a t  p H  9.6 [18]. As recom m ended  b y  P u szta i [18], TTC, p o ta s s iu m  te llu r ite  and 
so rb ito l reac tio n s were also tes ted .

Phage typ ing  o f enterococci was carried  o u t  w ith  phages used  in  R o u m an ia . T he se t 
co n ta in ed  phages acting  on Str. faecalis  va r. zym ogenes and  var. liquefaciens (g ro u p  I) and  on
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Str. faecium , durons a n d  bovis (g ro u p  I I ) .  F o r  p h a g e  ty p in g  T o d d  H e w it t  b ro th  a n d  a g a r  
w ere  u se d . O n p la te s  o f  th e  l a t t e r  a n  a b u n d a n t  c o n f lu e n t g row  t h  m o s t  s u i ta b le  fo r p h ag e  ty p in g  
w as o b ta in e d .

A 24 -h o u r b r o th  c u l tu r e  w as  in o c u la te d  in to  fre sh  b r o th .  A f te r  2 h o u rs  in c u b a tio n , a g a r  
p la te s  w ere flo o d ed  w i th  th e  c u l tu r e .  T h e  ex cess c u ltu re  w a s  p ip e t t e d  o ff, th e  p la te s  w ere  d r ie d  
a t  ro o m  te m p e r a tu re ,  t h e n  o n e  d ro p  o f  th e  a p p ro p r ia te  d i lu t io n  o f  e a c h  p h a g e  w as p la c e d  o n  
th e  p la te . R e a d in g s  w e re  m a d e  a f te r  24 h o u rs  in c u b a tio n  a t  37°C. A c c o rd in g  to  th e  ly sis p a t t e r n ,  
t h e  s tra in s  w ere c la s s if ie d  in to  g ro u p  I o r g ro u p  I I .  S om e s t r a in s  w ere  ly se d  b y  p h ag es  o f  b o th  
g ro u p s  (“ m ix ed  p h a g e  g r o u p ” ).

Results

A to ta l  of 557 D -g roup  streptococci was ty p e d  (Table  I) .  T ypable  cu ltu res  
were encountered  in  53 .0% , th e  rem ain ing  47 .0 %  of s t ra in s  showed no lysis 
w ith  any phage of th e  set. S tra ins  associated w i th  food poisoning were ty p a b le  
in 64.2%. O th e r  food specimens yielded ty p a b le  s tra in s  in 51.2% , hygienic 
exam inations in  4 7 .4 % .

Strains iso la ted  from  food specimens and  from  food poisoning belonged 
to  group 1 in 59 .7 %  and  46 .3% , respectively: hygienic  exam ina tions  y ielded 
phage  group I s t ra in s  in  55 .1% . Classification of s t ra in s  in to  subspecies b y  
phage  typ ing  co rresponded  in  95 .7%  to results o b ta in e d  b y  combined b ac te r io 
logical and serological exam in a t io n .  B m zu  et al. [5] exam ined  2000 s tra in s  
isolated from food specim ens in association w ith  food poisoning and  found  
S tr. faecalis g roup  s t ra in s  ty p a b le  in 56.32% . A fte r  a m odif ica t ion  of the  phage  
se t they  were able  to  raise th e  percen tage  of  ty p a b le  s tra in s  to  65.03. Str. 
faec ium  group s t ra in s  were ty p a b le  in 43 .5% .

Table I

Typing with R oum anian  phages o f D-group streptococci isolated fro m  various rnaterials

N o. o f
U n ty p a b le T ypab le P h ag e  g ro u p  d is tr ib u tio n  o f ty p ab le  s tra in s

Specim en
id e n ti

fied
No. %

I I I M ixed

s tr a in s
N °-

/о
No. % No. % No. %

F o o d 256 125 48.8 131 51.2 78 59.7 50 38.1 3 2.2

F o o d  poison ing  
H y g ie n ic

e x a m in a tio n s

81 29 35.8 52 64.2 24 46.3 16 30.7 12 23 .0

169 89 52.6 80 47.4 44 55.1 33 41.2 3 3.7

O th e r 51 19 37.2 32 62.8 12 37.5 16 50.0 4 12.5

T o ta l 557 262 47.0 295 53.0 158 53.8 115 38.9 22 7.3

B oth Str. faeca lis  an d  Str. faecium  g roup phages  lysed  22 strains. These  
cultures were classified as “ m ixed  phage g ro u p ”  s tra in s .  Such isolates were 
s tud ied  by  B e l o i u  et al. [4] who showed b y  m u lt ip le  co lony  exam ination  t h a t  
Str. faecalis a n d  S tr. fa ec iu m  group stra ins were p re se n t  in mixed cu ltu re .  
After  proper iso la t ion  the  cu ltu res  were lysed on ly  b y  th e  corresponding g roup  
o f phages.
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Table II

Number o f  enterococcal strains lysed by phages o f  the Roum anian set 

T o ta l  n u m b e r  o f  s t r a in s  te s te d . 295

P h ag e  g ro u p  1* P h ag e  group  II* * ••M ixed”
s tra in s

O rigin o f strains.
I 2 4 5 6 7 10 13 19 41 8 1 3 9 6 7 0 8 6 7 9 6 3 1510

(unelassi-
f iah le )

Food 21 l — l 1 5 28 20 71 36 5 25 6 27 4 3

Fo o d  poisoning 7 i - l 1 1 7 5 - 23 12 2 9 3 11 1 12

H ygienic exam inations 12 — — — - - 12 6 - 42 28 2 20 6 18 3 3

O ther 3 - - - - 1 4 - 9 10 1 9 5 10 1 4

T o ta l 43 2 — 2 2 6 48 35 — 145 86 10 63 20 66 9 22

* Str. faecalis  v a r . zymogenes, v a r . liquefaciens 
** Str. fa ec iu m , durans , bovis
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Table  I I  shows th e  n u m b er  of s tra in s  lysed b y  d ifferen t phages. T h e  
m a jo r i ty  of s tra ins  was lysed b y  group I phages 41, 10, 13 and  1. Phages 2, 5, 
6 a n d  7 each lysed less t h a n  10 stra ins . N one of the  s tra ins  reac ted  w ith  p h ag es  
4 a n d  19. In group I I  th e  m a jo r i ty  of s tra ins  were lysed b y  phages 8, 963 a n d  
670. Phages 139 and  1510 lysed 10 an d  9 s tra ins ,  respectively . The n u m b e r  of  
“ m ix e d ”  strains was 22. As th e  sam e s tra in  was f req u en t ly  lysed b y  m o re  
t h a n  one phage, th e  n u m b e r  of ty p a b le  s tra in s  shown in T ab le  I differs f ro m  
th e  to ta l  nu m b er  of  isolates in Tab le  I I .

Discussion

Phages ac t ing  on enterococci were f irs t  isolated by  B e c k e r i c h  et al. [3], 
B a g g e r  [1] and D u t t o n  [8]. C i u c a  et al. [7] showed t h a t  by  the  use o f  a 
su i tab le  phage set Str. faecalis  and  its v a r ia n ts  can be d istinguished  from  S tr . 
fa ec iu m , durons an d  bovis. Phage  ty p in g  com bined w ith  B a r n e s ’ m edium  a n d  
po tass ium  tellurite  m ed iu m  becam e an im p o r ta n t  m eans of  differential d ia g 
nosis between th e  tw o  groups of enterococci. B a l d o v i n - A g a p i  and B a l t e a n u  

[2] and  B e l o i u  [4] im p ro v ed  the  ty p in g  techn ique  b y  in troduc ing  new p h ag es .  
B r o c k  [6] confirm ed th a t  Sir. faecalis  and  Str. faecium  were d is t ingu ishab le  
b y  phages. He show ed th a t  phage sens i t iv i ty  is de te rm ined  by  t e m p e r a te  
phages  of the  bac te r ia  and  t h a t  phage  sens itiv ity  m ay  be altered  by  m u ta t io n s  
in  th e  organism. T h is  f ind ing  is su p p o r te d  by  the  fac t t h a t  m u ta n ts  a c q u ir in g  
resis tance  to  ce r ta in  g row th  fac to r  analogues differ in  ph ag e  sensitiv ity  f ro m  
th e  original s tra ins.

The p ractica l app licab ili ty  of th e  m e thod  is p ro v ed  b y  the  o b se rv a t io n  
of  B i r z u  et al. [5] who described th a t  from  p a t ie n ts ’ and cooks’ faeces in v o lv e d  
in  tw o different food poisonings w ith  cream  confectionery  and ewe-cheese 
a n d  from the in c r im in a ted  food specim ens, identical phage  types of e n t e r o 
cocci were isolated.

Acknowledgement. T he a u th o rs  are in d eb te d  to  D r. A. P l e c e a s , C antacuzino I n s t i tu te .  
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and N ational Institu te  o f  N u tr itio n  (D irector: R. T a r j á n ), B udapest

(R ece iv ed  M arch 11, 1971)

Sum m ary. D -G roup strep tococci u n ty p a b le  w ith  th e  R o u m an ian  se t o f phages were 
classified  in 42 .9%  w ith  phages o f th e  p re se n t au th o rs . H eat tre a tm e n t o f u n ty p a b le  stra in s  
in creased  th e  incidence of classifiable en te ro co cca l cultures. The new  se t is c o n s titu te d  of 
v iru le n t phages iso lated  from  sewage a n d  of phages released a fte r UV in d u c tio n  b y  s tra in s  
iso la ted  by  th e  au th o rs . In s ta b ility  o f ty p in g  phages was decreased by th e  ad d itio n  of 0.01 M  
m agnesium  su lp h a te , 10%  hum an  se ru m  a n d  1 M  sucrose, and by ac id ification . In  m odel 
e x p erim en ts  th e  h e a t sensitiv ity  o f th e  ty p in g  phage and th e  p o ssib ility  o f increasing  h ea t 
re sis tan ce  have  been exam ined.

Our s tu d y  on th e  app licab il i ty  of  R o u m an ian  phages for ty p in g  of en te ro 
cocci [4] was con tinued  to increase th e  n u m b er  of classifiable s tra in s  b y  the  
use of new phages.

Materials and methods
Isolation o f  phages fro m  sewage. A n  u n tre a te d  sewage specim en was d iv id ed  in to  3 

p o rtio n s in  o rd e r to  com pare th e  e ffec tiveness o f various m ethods of phage iso lation .
The f irs t  p o rtio n  was cen trifuged  a t  3000 r .p .m . tw ice for 20 m in u te s  each  an d  th e  su p e r

n a ta n t  was te s te d  for th e  presence of phages.
The second p o rtio n  was sh ak en  w ith  1%  (v/v) chloroform  a t room  te m p e ra tu re  for 5 

m in u te s , c en trifu g ed  a t  3000 r.p .m . fo r 20 m in u te s , th e n  exam ined for p h age  c o n ten t.
T he th ird  p o rtio n  was tre a te d  w i th  0 .1%  (v /v) to luo l a t  37°C fo r 30 m in u te s , cen trifuged , 

th e n  th e  s u p e rn a ta n t  was tes ted  for phages.
T he su p e rn a ta n ts  were sp o tted  on  p la te s  seeded w ith  a selected  se t o f in d ic a to r  s tra in s . 

T he p la te s  w ere re ad  a fte r 18 hours in c u b a tio n  a t  37°C. The p laques w ere d is tin g u ish ed  m o r
phologically . I f  th e  iso lated  p laques w ere hom ogeneous in m orphology, th e  phage w as p ro p 
a g a ted  in  b ro th  an d  finally  te s ted  in R .T .D . Som etim es phages iso la ted  from  sew age failed  
to  show a hom ogeneous m orphology ev en  a f te r  severa l passages.

Release o f  temperate phages. F ro m  en te ro co cca l stra in s  iso lated  in th e  course o f ro u tin e  
e x am in a tio n s , 30 d iffe ren t tem p e ra te  p h ag es  w ere ob ta ined . Of th ese , 11 hav e  been included 
in  o u r ty p in g  set. B acteria  in  the  5 th  h o u r  o f e x p o n en tia l g row th  were susp en d ed  in p h o sp h a te  
b u ffer (p H  7.2) an d  irrad ia te d  w ith  a T u n g sra m  G erm icid lam p a t 256 m /и w av elen g th  from  20 
cm  d istan ce  for 30 seconds. S u b cu ltu res  w ere  p re p are d  in T o d d —H e w itt b ro th  a t  37°C fo r 16 
h ours. T h en  th e  cu ltu re  was cen trifu g ed  (3000 r .p .m ., 30 m inutes) an d  th e  su p e rn a ta n t  was 
te s te d  on a se lec ted  se t of in d ica to r s tra in s . A fte r  in cubation  a t  37°C for 18 ho u rs , p laque  
iso la tion , p ro p a g a tio n  and lysis sp e c tru m  d e te rm in a tio n  were p e rfo rm ed  as described  above.

D-Group streptococci were iso la ted  from  food specim ens asso c ia ted  or n o t associated  
w ith  food poisoning and in the  course o f hy g ien ic  exam inations. T he cu ltu res  w ere id en tified  as 
described  in  [4]. T he stra in s  were su b c u ltu re d  on blood agar a t  3 -m o n th  in te rv a ls  an d  s to red  
on  blood ag ar s la n ts  a t  4°C.

Phages were designated so t h a t  th e  n u m e ra to r  ind ica ted  th e  p ro p a g a tin g  s tra in s , the  
d e n o m in a to r show ed th e  serial n u m b er o f th e  phage. Phages bearing  seria l n u m b ers  4, 5, 6, 8,
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9, 10, 11, 15, 16, 17, 18, 21, 22 an d  23 corresponded to  v iru le n t phages iso lated  from  sew age, 
th o se  designed w ith 1, 2, 3, 7, 12, 13, 14, 19, 20, 24 a n d  25 w ere re leased  by  UV irrad ia tio n .

Phage typing  w as c a r r ie d  o u t on T o d d — H e w itt a g a r p la te s  seeded w ith  cu ltu res grow n 
in T o d d — H ew itt b ro th  a t  37°C for 3 hours. R ead in g s w ere m ade w ith  hand  lens ( x lO )  a t  
ob liq u e  ligh t after 18 h o u rs  in cu b a tio n  a t 37°C. In  reco rd in g  th e  resu lts , phages giving con
f lu e n t or sem iconfluent ly sis w ere listed  u n b ra ck e te d , p h ages show ing less defin ite  lysis were 
lis ted  in brackets.

Heat sensitivity o f  phage 917/11. T he stock  p h age  suspension  was d ilu ted  10 ~3 th e n  
exposed  in phosphate  b u ffe rs  o f d ifferen t pH , in d istilled  w a te r and  in  various com binations of 
sucrose , m agnesium  su lp h a te  an d  hu m an  serum  in  a w a te r  b a th  a t  56°C for 30 m inu tes. 
B efore and  after h ea t t r e a tm e n t  0.01 ml a liquots w ere sp o tte d  w ith  p la tin u m  loop on p la te s  
in o cu la ted  w ith the  in d ic a to r  s tra in s . Phage ac tio n  w as read  as described  above. T his sem i- 
q u a n ti ta t iv e  m ethod  w as m o re  su itab le  th a n  th e  use o f so ft ag a r p la te s  in w hich the  developed 
p laq u es  were small an d  in d e fin ite .

Storing o f phages. A t  f i r s t ,  th e  phages w ere s to red  a t  4°C in T o d d — H ew itt b ro th . L a te r  
T o d d — H ew itt b ro th  su p p le m e n te d  w ith  1 M  sucrose, 0.01 M  m agnesium  su lphate  and 10%  
h u m an  serum  and a d ju s te d  to  p H  6.9 was used.

Heat treatment o f  un typable  strains. T h ree-hour b ro th  cu ltu res  were trea te d  in a w a te r  
b a th  a t  56°C for 2 m in u te s , th e n  cooled rap id ly  [1, 5]. T y p in g  of u n tre a te d  and trea te d  b ac teria  
w as perform ed in p a ra lle l ex p erim en ts .

Results

A to ta l  of 259 u n ty p a b le  stra ins was exam ined  w ith  14 v iru len t and  11 
te m p e ra te  phages iso la ted  during this s tu d y .  W ith  th e  new phage set, 111 
s tra in s  were typ ab le  (42 .9% ), 148 stra ins rem a in ed  u n ty p a b le  (57.1%). A fter  
h e a t  t re a tm e n t  71 of  t h e  l a t te r  cultures becam e ty p a b le  w ith  the  supp lem en
t a r y  phage set.

Table I

L ysis spectrum o f phages

P ro p a g a tin g
s tra in 434/1 434/2 4 34 /3 434/4 434/5 434/6 434/7 434/8 434/9 917/10 917/11 917/12

434 scl cl cl — cl cl cl cl - —  ± —

917 - - — — - - — — + + +  + + + -

1169 - - — — - + + + + + + + - + + +  + + + -

H 33v - +  + ± - ± +  + scl + + + - + + +  + + + -

H 33F - - — - - - — - - -  - -

25 scl - — - scl scl +  +  + + + + — + +  - -

H9 - - +  + - +  +  +  +  + cl cl - -  - -

200 - - — - - + + + scl cl - -  - -

4 - - — — + + + + + + + + + + + + - —  4 - -

8 - - — - scl scl - — - -  - -

22 — — — — — + + + scl cl — —  — -

cl - confluent lysis; scl =  sem iconfluent lysis; +  +  +  =  5 0 -  100 plaques; + +  =
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V iru len t phages isolated from  sewage gave rise to  a b ro ad  lysis spec trum . 
P hages  16, 17 a n d  18 were especially ac tive .  In  agreem ent w ith  d a ta  in th e  
l i te ra tu re  [2], th e  lytic  spec trum  of te m p e ra te  phages was ve ry  narrow .

Table  I shows th e  lytic  ac t iv i ty  of our phages on the  p rop ag a t in g  s tra ins  
used  as ind ica tors .  On s torage o f  the  ty p in g  phages a t  4°C in T odd  H ew itt  
b r o th  there  w as a considerable decrease in  t i t r e  or th e  ac t iv i ty  was lost. To 
e labo ra te  a m e th o d  for inh ib it ing  sp on taneous  inac tiva t ion ,  th e  th e rm a l  dé
n a tu ra t io n  of  th e  phages was exam ined  in m odel experim ents .  In  these studies 
p h a g e  917/11 was used.

The o p t im u m  pro tec t ive  effect aga ins t  hea ting  a t  56°C for 30 m inu tes  
was observed in  a solution con ta in ing  10%  h u m a n  serum , 1 M  sucrose and  
0.01 M  m agnesium  su lphate .  P h o sp h a te  buffers  of alkaline reac tion  failed to  
ex e r t  any  p ro tec t iv e  effect, while in acid p h o sp h a te  buffers th e  phage was 
d es troyed  less read ily . The size of p laques increased on rais ing  th e  sucrose 
concen tra t ion .  On th e  basis of these exp er im en ts  we p repared  th e  preserving 
so lu tion  for s to r ing  th e  phages a t  4°C.

io:i

Discussion

Enterococca l s tra ins u n ty p a b le  w ith  R o u m an ian  phages were classified 
in 42 .9 %  by  th e  use of our set of v iru len t  and  te m p e ra te  phages. W ith  h e a t  
t r e a tm e n t  th e  effectiveness of ty p in g  increased. It m a y  be assum ed th a t  th e

isolated in the present study

1169/13 1169/14 Ш З у /1 5 H 33v /16 H 33f /17 H 33F /18 25/19 25/20 H9/21 H 9/22 200/23 4/24 8/25

— — — s c l c l c l — — c l s c l c l c l c l

- - - - s c l s c l - - - — - —

c l s c l — - - — - — + + + - c l - —

— c l + + + c l c l - - s c l - c l - -

— - - + + + ! c l c l  1 - - - - - - -

+ + + + + + +  +  + + + + c l c l — + + + s c l — -

- - - c l c l c l - - c l c l c l + + + +  +  +

- - - - c l - - - c l - f c l + + + +  H-

— - — + + + c l c l - — + + + + + + c l c l + + +

— - - + + s c l + + + - — - + + + c l s c l c l

— — — — c l — — — c l c l +  + +

20 -5 0  p laques; +  ; 1 0 - 2 0  plaques; £  =  0 10 p laques

Acta Microbiologica Academiae Scientiarum Hungaricae 18, 1971



1 0 4 G . H É R M Â N  a n il  V . H O C H

hypothes is  concerning th e  mode of ac t ion  of h e a t  t r e a tm e n t  of s taphylococci 
[1, 5] is valid  for enterococci. The phage  set consisting of  v iru len t  and  t e m p e r 
a te  phages m ay  be considered an a d e q u a te  com bina tion , since only th e  si
m u ltaneous  app lica t ion  of b ro ad -sp ec tru m  v iru len t  and  n a rrow -spec trum  
te m p e ra te  phages w ould  allow a suffic ient classification of enterococci.

O ur  v ir iden t  phages  were unspecific  in t h a t  th e y  lysed 7 Str. uberis an d  
some serologically u n ty p e d  a lpha-haem oly tic  s treptococcal s tra ins. T h e  t e m 
p e ra te  phages failed to  lyse th e  above cultures.

In a c t iv a t io n  of phages during  s to rage  m a y  be expla ined  b y  a sp on taneous  
d é n a tu ra t io n  of th e i r  p ro te in  con s t i tu en ts .  E x p e r im en ts  w ith  phage  917/11 
show ed t h a t  th e  phage  was hea t  sensitive. Accordingly, a slow d é n a tu ra t io n  
of its p ro te in  cover a t  a velocity  depend ing  on th e  te m p e ra tu re  m a y  occur. 
H e a t  resistance of  th e  phage  is increased  b y  p ro tec t ive  colloids and  m em b ran e -  
s tabilizing substances  such as h u m a n  serum , m agnesium  and  sucrose. W h en  
for some reason f i l t ra t io n  canno t be done, the  p ro p ag a t in g  b ac te r ia  can  be 
rem oved  from th e  phage  lysa te  b y  h e a t in g  and  centr ifuging in th e  presence  
of  th e  preserving solution.

R epea ted  phage  typ in g  of th e  s tra in s  ind ica ted  th a t  th e  lysis p a t t e r n  
was reproducible. Slight ins tab ili ty  was observed only  w ith  less defin ite  ly tic  
reactions.

Multiple colony exam ina tion  and  te m p e ra te  phage experim ents  in d ica ted  
th a t  one of our u n ty p a b le  stra ins was a m ixed  cu lture . I t  con ta ined  a lysogenic, 
an  u n ty p a b le  and  a non-lysogenic v a r ia n t .  This f ind ing  indicates th e  ty p e  
d e te rm in ing  role of te m p e ra te  phages [2].

T he  com bined  applica tion  of  th e  R o u m a n ia n  and  our phage sets  has 
been found  su itab le  for studies of th e  role of enterococci in food poisoning. 
T he  studies  of G r o m a n  [ 3 ]  and  Z a b r i s k i e  [ 6 ]  on d ip h th e r ia  and  scarle t  fever 
have  opened a new  aspect for inves t iga t ions  into th e  p a thogen ic i ty  of e n te ro 
cocci: th e  t ran sfe r  o f  th e  genetic fac to r  of p a th o gen ic i ty  m ay  be associated  
w ith  te m p e ra te  pliages.
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Sum m ary . Teichoic acid  was absen t f ro m  th e  cell wall o f tw o  s tra in s  an d  an  aden ine  
d e fic ien t m u ta n t  of Bacillus anthracis. O ther a u th o rs  failed to d e te c t th is  com pound  in B acillus  
cereus. T he absence of p o ly p h o sp h a te  from  th e  cell wall ind icates a  fu r th e r  phy logenetic  con
nection  be tw een  the  two re la te d  species.

A uxotroph ic  m u ta n t s  of B acillus anthracis requ ir ing  exogenic adenine 
were show n to be apa thogen ic  for the  m o u se  [1]. These m u ta n t s  were deficient 
in adenylosuccinate  sy n th e ta se  or in  adenylosuccinate  lyase. These specific 
adenine-requiring  m u ta n t s  failed to m u l t ip ly  in mice even  w hen  th e  anim als 
were t r e a te d  with aden ine  after  in fec tion  [2]. S tudying  th is  p rob lem  teas m ade 
difficult b y  the  fact t h a t  adenine is r a p id ly  m etabolized o r  excre ted  [3, 4] and 
is tox ic  in larger a m o u n ts  [5, 6]. A l th o u g h  by giving high doses th e  required  
blood adenine  level cou ld  be a t ta in e d ,  adenine d ep en d en t  bac te r ia  in jec ted  
in trap e r i to n ea l ly  failed to  invade th e  b lood  stream and to  kill th e  animals. 
In  th e  peritoneal e x u d a te  ne ither  a d en in e  nor guanine were de tec tab le .  W hen 
guanine  deficient m u t a n t  cells were in jec ted  in trape r i tonea l ly ,  th e  bac te r ia  
m u lt ip l ied  gradually  a n d  then  su d d en ly  entered the  c ircu la t ion  and  killed 
th e  an im als  [2].

These  observations ind ica ted  t h a t  th e  avirulence o f  aden ine  d e p en d en t  
m u ta n t s  is no t merely d u e  to the  ab sen ce  of exogenic adenine  b u t  m a y  be 
associated  with an a l te ra t io n  in the cell wall s truc tu re  of  th e  m u ta n t .  This 
a ssum ption  seemed to be supported  b y  th e  fact th a t ,  in c o n tra s t  to  w ild-type  
s tra ins  and  other a u x o tro p h s ,  these m u ta n t s  showed a change in alkaline 
p h o sp h a ta se  regulation [7]. D a ta  for t h e  cell wall s t ru c tu re  of B . anthracis [8] 
are in agreem ent with th e  old o bse rva tion  th a t  in au to ly sa tes  of th is  organism  
the re  is a m ucopeptide  con ta in ing  acetylg lucosam ine a n d  galactose a t  equ i
m olar  a m o u n ts  [9]. No d a t a  were ava i lab le  as to  w he the r  th e  cell wall of this 
o rganism  contained te ichoic  acid, a su b s ta n c e  usually p re se n t  in o th e r  G ra m 
positive bacteria .  I t  was supposed t h a t  th is  com ponent p lay ed  a p a r t  in the  
loss o f  v iru lence in aden ine  dependen t m u ta n ts .  To e luc ida te  th is  p rob lem  we 
h ave  a t t e m p te d  to d e te c t  teichoic ac id  in non-capsulogenic w ild - type  B. 
anthracis s tra ins  and in th e i r  a u x o tro p h s .
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M ateria ls  and methods

Bacterial strains. B . anthracis  non-capsu logenic  s tra in  Y ollum  (V C - ), its  adenine au x o 
t ro p h  (23C - a d e~ II-3 ) a n d  th e  p ro to tro p h ic  re v e r ta n t  o f th e  la t te r  (2 3 C "ad e  + ) described b y  
I v á n o v i c s  et al. [2] w ere u sed . В . anthracis S terne (CN 35— 18) and B. sub tilis  168 were also 
s tu d ied .

M edium . Y east e x tr a c t  p e p to n e  m edium  [10] was su p p lem en ted  w ith  0.01 M  phosphate. 
T h e  m edium  was h a rd en ed  w ith  1 .5%  agar and d is tr ib u te d  in to  R oux  flasks.

Cultures. Spore su sp en sio n s w ere in o cu la ted  on agar s lan ts  an d  in cu b a ted  overn igh t. 
T h e  cu ltu res were su sp en d ed  in  25 m l saline and  4 m l a liq u o ts  were used  to  in o cu la te  each R oux  
fla sk . In cubation  was done  a t  37°C fo r 16 hours. T he suspension  w as w ash ed  twice in 20 m l 
co ld  saline and filte red  th ro u g h  4 layers o f gauze. By cen trifu g a tio n  a t  3500 r.p .m . for 40 
m in u te s  th e  bacteria  w ere w ash ed  3 tim es in 400 m l p o rtio n s of cold saline.

Cell wall preparation  in  M ickle  disintegrator. One g w ashed b a c te r ia  w as suspended in 
6 m l cold distilled w a te r a n d  a f te r  th e  ad d itio n  of 3 ml B a llo tin i glass b ead s th e  suspension w as 
t r e a te d  for 4 x  10 m in u te s  in  th e  d is in te g ra to r. A t in te rv a ls  be tw een  each  t re a tm e n t  the  b ac teria  
w ere re frigerated  for 10 m in u te s  in ice an d  d is in teg ra tio n  of th e  cells was ex am in ed  under th e  
p h a se  m icroscope. B y th e  en d  o f th e  tre a tm e n t less th a n  1%  of th e  cells h a d  rem ained  in ta c t. 
G lass beads were rem o v ed  b y  f i ltra tio n  th ro u g h  G —3 filte r. T he cell w all suspension w as 
h e a te d  a t  70°C for 20 m in u te s , th e n  0 .5%  N a H C 0 3 and  0 .1%  try p s in  w ere added . A fter in cu 
b a tio n  a t 37°C for 60— 90 m in u te s  th e  suspension w as u ltra ce n trifu g e d  a t  10 000 g for 30 
m in u te s , washed tw ice in d is tilled  w a te r  an d  dried in th e  ex sicca to r to  c o n s ta n t  weight.

Cell ivall extraction. T w o m eth o d s were em ployed: (a) 100 m g cell w all were suspended  
in  5 m l 10% trich lo ro ace tic  acid  an d  re frig e ra ted  for 20 hours [11]. (b) 100 m g cell wall w ere 
su sp en d ed  in 8 ml 0.5 M  N a O H  an d  left to  s tan d  a t  room  te m p e ra tu re  fo r 4 hours [12]. A fte r 
c en trifu g a tio n  the  s u p e rn a ta n ts  were n eu tra lized  and  d ialysed  ag a in s t cold d istilled  w ater fo r 
48 hours. Finally, th e  d ia ly sed  m a te ria l was freeze-dried  and  th e  d ry  w e igh t o f th e  e x trac t was 
d e te rm in ed .

Cell wall hydrolysis. T o 50 m g cell w all p re p ara tio n  3 m l 2 N  HC1 w ere a d d ed . The m ix tu re  
w as sealed in am poules a n d  h e a te d  a t  100°C for 16 hours.

A nalytical methods. P h o sp h o ru s  co n te n t o f th e  e x tra c ts  w as d e te rm in e d  as described by  
Ch e n  and T o r ib a r a  [13].  F o r show ing rib ito l and  glycerol th e  specim ens w ere hydro lyzed  in 2 
N  IT Cl a t 100°C for 16 h o u rs  a n d  ch ro m a to g rap h ed  on K ieselgur G th in  lay e r by  using n -b u ta -  
nol : acetone : pH  5.0  p h o sp h a te  b u ffer (50 : 40 : 10) as so lv en t [14];  th e  hR /  values were 90  
fo r g lycerol and 77 for rib ito l. T h e  sp o ts were d e tec ted  w ith  lead te tra a c e ta te  [15]. Q u an tita tiv e  
d e te rm in a tio n  of rib ito l w as p e rfo rm ed  w ith  th e  p e rio d a te  o x id a tio n  m eth o d  [16]. G alactose 
a n d  glucose were d e te c te d  on  K iese lgu r G p la te  in th e  above so lv en t u sing  th e  corresponding 
m onosaccharides as co n tro ls . T h e  sp o ts were d e tec ted  w ith  an iline  p h th a la te  [17]. Q u a n tita tiv e  
d e te rm in a tio n  of th e  tw o  su g a rs  was perform ed by  e lu tin g  the  co rrespond ing  spots [18].  
H ex o sam in e  was d e te rm in e d  b y  th e  m eth o d  of B oas  [19].

A gar gel im m unopréc ip ita tion . A fter n eu tra liz a tio n  th e  a lka line  e x tra c t was te s te d  
a g a in s t B. anthracis an tip o ly sa cc h a rid e  ra b b it  serum  k ind ly  supp lied  b y  Professor G. I v á n o - 
v ic s .  The plates were in c u b a te d  a t  room  te m p e ra tu re  for 5 days.

Results

W ith  cold tr ich lo ro ace t ic  acid t r e a tm e n t  from th e  cell wall of B. anthracis 
1 % ,  from the cell w all  o f  B . subtilis  30%  soluble m a te r ia l  was obtained. S u b 
seq u en t ly  alkaline e x t ra c t io n  was a t te m p te d ,  which yie lded  5%  soluble 
f rac t io n  for B. anthracis  and  35%  for B . subtilis. A lkaline ex trac ts  of B . 
anthracis cell wall failed to  reac t  w ith  th e  po lysaccharide  antiserum . T h e  
a m o u n t  of soluble f ra c t io n  o b ta ined  for B . subtilis  i s in  ag reem en t  with d a ta  in 
th e  li terature  [11], in t h a t  a b o u t  30%  of the  cell wall of th is  organism  is e x t ra c t i 
ble and  th a t  the  e x t r a c te d  m a te r ia l  is identical w ith  teichoic acid. The a m o u n t  
o f  materia] ex t ra c te d  from  B . anthracis was v e ry  small, ind ica ting  th a t  th e  
bac te r ia  do not co n ta in  te ichoic  acid. By hydrochloric  acid hydrolysis  and th in
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layer  c h ro m a to g rap h y  of alkaline e x t r a c ts  we have  a t te m p te d  to  show ribitol 
and  glycerol. These substances  were p resen t  in B . subtilis  h u t  were absen t 
from  B . anthracis cell wall extracts .

In  view of th e  fa i lu re  of the a lka line  ex trac t ion ,  th e  cell wall p repa ra t ions  
were sub jected  to d irec t  hydrochloric acid hydrolysis . T h e  am o u n t  of ex trac t ib le  
f rac t ions  obtained b y  different m e th o d s  is shown in Table  I.

T ab le  I

Percentage o f  soluble fraction  extracted with d ifferent methods 
fro m  the cell wall o f  B . anthracis and B. subtilis

Cold 10% 0.5 M  N aO H H o t 2 N  HC1
TCA a t  ro o m  tem p . 16 hours*

B . anthracis V C - 1 .2 5.5 88.0

B . anthracis 2 3 C -a d e - I I -3 0.8 5.45 70.8

B . anthracis 2 3 C -a d e+ 0.88 5.9 87.0
B . anthracis S te rn e  CN 35 — 18 1.5 5.3 83.0

B . subtilis 168 w ild -ty p e 30.0 35.0 89.7

* A fter hydrolysis in  sealed ampoule th e  m ateria l was centrifuged and dried  
in  vacuo over N aO H . T he supernatan t a n d  deposit were analysed separa te ly , th en  
th e  sum  of the  tw o  determ inations w as used for expressing th e  percen tage of 
ex trac tib le  fraction

T ab le  П

Products o f  direct hydrochloric acid hydrolysis o f  B . anthracis cell w all*

G a lac to se G lucosam ine O rgan ic  P R ib ito l G lycerol

B . anthracis  V C - 27.4 28.0 0.27 0 0

B . anthracis  23C_ad e_ II-3 31.0 34.0 0.29 0 0

B . anthracis  23C- ade + 28.0 28.9 0.28 0 0

B . anthracis  Sterne CN 3 5 — 18 24.0 24.1 0.48 0 0

* T he figures represen t th e  average of 3 d iffe ren t analyses in  percentage

Table  I I  shows t h a t  direct hydrochloric  acid hydrolysis  y ielded galactose 
g lucosamine and organic  phosphate  b u t  n o t  ribitol or glycerol. T he  tw o m ono
saccharides were p re se n t  in equimolar am o u n ts  corresponding  to  f indings for 
m ucopep tide  isolated f ro m  B. anthracis au to lysates .
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Discussion

The wide-spread occurrence  of teichoic acid in G ram -positive  bac te r ia  
is well known. In  a m o n o g rap h ,  S a l t o n  su m m arized  th e  results  for a large 
n u m b e r  of bac te r ia  [20]. As to  B. anthracis, we found no d a ta  in th is  respect. 
T h e  absence of te ichoic  acid from  th is  pa thogen ic  agent was som ew hat su r
prising, a lthough th e  f ind ing  is n o t  unpara lle led , since B . cereus s tra in  N C IB  
2600 has been show n to  lack th is  com pound  an d  to  conta in  only  in trace llu la r  
g lycerol teichoic acid  [21].

B . cereus is phy logene tica l ly  closely re la ted  to  B . anthracis and  i t  has 
even  been supposed t h a t  th e  l a t te r  is a pa thogen ic  v a r ia n t  o f  th e  form er and  
no t  a separa te  species [22]. As th e  criterion of, and  the  bo rder  betw een , species 
a re  deba ted  p roblem s, th is  conception has been rejected  [23]. N evertheless, 
th e  absence of te ichoic  acid from B . anthracis and  from B . cereus is a n o th e r  
p ro o f  for the  close re la t ionsh ip  of th e  two bacteria .
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EFFECT OF INTERFERON TREATMENT 
ON THE TUMOUR-SPECIFIC ANTIRODY RESPONSE 

OF RAUR/c MICE INFECTED WITH RAUSCHER VIRUS
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Sum m ary. P ro longed  in te rfero n  tr e a tm e n t  slows down th e  sp lenom egaly  of B A L B /c 
m ice in fec ted  w ith  R au sch er v irus. Mice t r e a te d  w ith  in te rferon  e lic it an  enhanced  tu m o u r- 
specific  a n tib o d y  response w hich precedes th e  suppression of th e  p rogress of leukaem ia. The 
p ro tec tiv e  effect of in te rfe ro n  m ay be a t t r ib u te d  to  th e  p rev en tio n  of th e  in fection  and of the  
m a lig n a n t tran sfo rm a tio n  of im m u n o co m p e ten t precursor cells.

The progress of v ira l  mouse leukaem ias  can be slowed down by  prolonged 
a d m in is t ra t io n  of in terferon  [1 - 3 ] .  T he  pro tec tive  effect of in terferon  is 
a t t r ib u te d  to an inh ib ition  of th e  v irus  m ultip lication  [2] and  of cell division 
[4]; in certa in  cases even a s t im u la t io n  of phagocytic  a c t iv i ty  can n o t  be ex
c luded  [5].

F u r th e rm o re ,  leukaem ia  viruses possess a well-defined im m u n o su p p res 
sive ac t iv i ty  [6] which  is of decisive im portance  in p re v e n t in g  th e  p ro tec t ive  
reac tions  of th e  organism .

In  the  p resen t  s tu d y  it  has been s tudied w h e th e r  th e  immunological 
defense m echanism , too , was enhanced  by  interferon. Besides, efforts were 
m a d e  to  ob ta in  d a ta  on the  m echan ism  of the im m unosuppress ive  effect of 
v iruses.

Materials and methods

Viruses. R au sch er v iru s was passaged  in  B A LB /c mice. Mice w ere inocu la ted  in trap eri-  
to n ea lly  w ith  0.2 ml o f th e  su p e rn a ta n t of 20%  spleen suspension. T he spleen suspension  was 
s to re d  a t  —70 C u n til  used.

V esicular s to m a titis  v iru s (VSV) w as p ro p a g a ted  in H eL a  cell cu ltu res . The n u tr ie n t 
m ed iu m  co n ta in ing  v iru s w as s to red  a t  — 70°C.

S tra in  H of th e  N ew castle  disease v iru s  (ND V) was p ro p a g a te d  in th e  a llan to is sac of 
th e  e m b ry o n a te d  h en ’s egg, and  th e  a llan to is  flu ids con tain ing  v iru s  were s to red  a t —}— 4°C.

M ice. E igh t-w eek-o ld  in b red  m ale B A L B /c  mice were u se d  fo r b o th  p rod u c in g  in te r
fe ro n  an d  exam in ing  tu m our-spec ific  a n tib o d y  p roduction .

E ach  serum  sam ple  used  for fluo rescen t a n tib o d y  te s t w as a pool collected from  seven
m ice.

Fluorescent antibody test. The in d irec t te s t  was applied in liv in g  cells. O ur tech n iq u e  [7] 
w as b ased  on th e  m eth o d s described by M ö l l e r  [8 | and K l e i n  a n d  K l e i n  [9].

Production o f  interferon. Mice were in jec ted  w ith  0.2 m l N D V  suspension, i.e., 2 • 108 
E I D 50 of v irus, in to  th e  ta i l  vein. The an im als were ex san g u in a ted  5 — 6 hours th e re a f te r  and 
th e  serum  th u s  o b ta in ed  was d ialyzed  ag a in s t glycine-IIC l b u ffer o f p H  2 for 96 hours. The p H  
w as th e n  re -ad ju s ted  to  7.4 b y  d ialyzing  ag a in s t PBS.
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Interferon titration. L cell m onolayers and , as challenge v iru s, 50 C P D -0 of VSV were 
u sed . T he highest d ilu tio n  t h a t  p re v en ted  50%  of th e  cells from  being in fec ted  was considered 
th e  v iru s titre .

Scheme o f interferon treatm ent. T re a tm e n t was s ta r te d  in th e  2 4 th  h o u r  follow ing in fection  
w ith  R auscher virus. A d a ily  dose of 0.3 m l, i.e. 900 u n its , was a d m in is te red  in trap erito n ea lly  
to  e ac h  m ouse over a period  o f 14 d ays. A con tro l group received no rm al se ru m  p re trea ted  w ith  
g lycine-H C l buffer and  P B S , a n o th e r  con tro l group was n o t p re tre a te d .

Results

The increase in  sp leen  w eight in in te r fe ron - trea ted  a n d  control animals 
is show n in Fig. 1 as a fu n c t io n  of time.

Since there was no appreciab le  difference in spleen w eigh t  between the  
an im als  th a t  had rece ived  norm al serum an d  th e  u n t re a te d  ones, the  control 
d a t a  were il lustra ted  b y  a single, combined curve.

From day 12 to  d a y  20 af te r  infection th e  curve for th e  animals trea ted  
w i th  interferon is co n s id e rab ly  less steep th a n  the  con tro l  curve , b u t  after 
t h e  20 th  day the  tw o  curves  run  parallel.

The survival pe r io d  of  th e  in te rfe ron -trea ted  an im als  was prolonged, 
t h e  m ean  being 38 d ay s  in co n tra s t  to 30 days for the  controls.

Fig. 2 illustra tes  th e  tum our-specif ic  an t ib o d y  response.

A

F ig . 1. Influence of p ro lo n g ed  in te rfe ro n  tre a tm e n t on th e  p rogress o f R au sch er leukaem ia
in B A LB /c mice

•------. Control
□ —  .a Interferon 

treated

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 Day
АН Н *  H+A Af 

Interferon treatm ent

F ig . 2. Influence of p ro lo n g ed  in te rfero n  tre a tm e n t on th e  tum o u r-sp ec ific  im m une response 
of B A L B /c  m ice in fec ted  w ith  R au sch er leu k aem ia  v iru s
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The sera of  th e  mice th a t  h ad  received R au sch e r  v irus  alone or R auscher  
v irus an d  no rm a l  se rum , con ta ined  no a n t ib o d y  except a ro u n d  th e  7 th  d ay  
when th e  a n t ib o d y  level was below th e  level of significance (fluorescence 
index  =  0.3). In  th e  sera of th e  mice t r e a te d  w i th  in terferon , on the  o ther  h an d ,  
the  t i t r e  of th e  tum our-spec if ic  antibodies con t in u o u s ly  increased  after  th e  7 th  
d ay  u n ti l  th e  17 th  d a y  w hen  it  reached  a p eak  of 0.5. Subsequen tly ,  th e  t i t r e  
declined sudden ly .

Discussion

In  th e  presen t s tu d y ,  in terferon  t r e a tm e n t  was followed f irs t  by  an en 
hanced  a n t ib o d y  p ro d u c t io n  and  th e n  b y  a suppression of tu m o u r  grow th . 
The la t t e r  effect m a y  be a t t r ib u te d  f irs t  o f  all to  th e  enhanced  an tibody  p ro 
duction , for leukaem ia  and  ly m p h o m a  cells are  ve ry  sensitive to  th e  ly tic  
effect of cy to tox ic  an tibod ies  [10]. This is well d em o n s tra ted  b y  th e  fac t th a t ,  
a lthough  in te rfe ron  t r e a tm e n t  h ad  been d isco n t in u ed  on the  15th  day , th e  ra te  
of spleen g row th  rem ain ed  a t  a reduced  level u n t i l  th e  antibodies h a d  d isappear
ed. Subsequen tly ,  th e  spleen began to  grow rap id ly .

S v e t - M o l d a v s k y ’s [11] research g roup  has shown t h a t  th e  cellular 
im m une  response to  sa rcom a  cells is increased  b y  in terferon. T hus , am ong the  
com ponen ts  of th e  p ro tec t ive  effect of in te r fe ro n ,  th e  s t im u la t io n  of tum our-  
specific im m u n i ty  has  an im p o r ta n t  role.

Since in th e  p re sen t  s tu d y  in terferon  t r e a tm e n t  was s ta r te d  as la te  as 
24 hours  following v irus  infection, it  could n o t  influence th e  f i rs t  cycle of v irus  
m ultip lica tion . I t  c an n o t  be supposed th a t  in te r fe ro n  would he able to  inhibit  
th e  division of tu m o u r  cells to  a significant degree, for the  ra te  of splenomegaly 
was the  same in th e  in te r fe ro n - trea ted  mice as in th e  control animals up to  
the  9 th  d ay  a f te r  v irus  inoculation .

O ur d a ta  seem to  be consis ten t w ith  th e  suggestion of S i e g e l  and M o r 

t o n  [12], who a t t r ib u te  th e  im m unosuppress ive  effect of the  leukaem ia  viruses 
to  th e  id e n t i ty  w ith  th e  im m unoprecursors  o f  th e  stem  cells w hich  are t r a n s 
formed by  the  viruses. According to  B e n n e t t  and  S t e e v e s  [13], on the  o ther  
hand , th e  ta rg e t  cells are no t identical w ith  th e  im m u n o co m p e ten t  precursors. 
However, in th e  immunoblast.s of the spleen of  mice infected w ith  R auscher  
virus, C-type partic les  h ave  been d e m o n s t ra te d  [14]. Thus, th e  im m u n o su p 
pression nevertheless seems to  be a consequence of th e  infection b y  leukaem ia  
viruses. O ur resu lts  seem to  support  th is  view.
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Sum m ary, (i) S tu d ies  on the p re p a ra tio n  of Y ersin ia  entcrocolitica ty p in g  sera on th e  
basis of W in b la d ’s schem a are described.

(ii) Serological ty p in g  of 41 s tra in s  in d ic a te d  th a t  in H u n g ary  group  3 is th e  m o st 
freq u e n t one. G roup 3 w as isolated from  th e  faeces o f 15, group 9 from  th e  faeces o f 3 persons.

(iii) W idal-type  ag g lu tination  p e rfo rm ed  w ith  sera  of 1500 h e a lth y  in d iv id u a ls an d  of 
249 p a tie n ts  show ed th a t ,  in agreem ent w ith  d a ta  in  th e  lite ra tu re , t itre s  o f 1 : 40 shou ld  be 
reg ard ed  as d o u b tfu l, t it re s  of 1 : 80 or o v er as po sitiv e  reac tions.

(iv) C onsidering th e  serological re la tio n sh ip  be tw een  Y . enterocolitica 0 9  and  Brucella  
abortus, p a tie n t sera ag g lu tin atin g  0 9  a n tig e n  should  be te s te d  against Brucella  an tigen . I f  th e  
re su lts  are positive  w ith  b o th  antigens, th e  serum  shou ld  be re-exam ined  a f te r  abso rp tio n  an d  
effo rts  should  be m ade to  isolate the  c au sa tiv e  ag en t.

System atic  studies  on the  incidence of  Yersin ia  enterocolitica infection 
in  H u n g a ry  have been carried ou t  since 1969. Serological ty p in g  of th e  agent 
a n d  W ida l- type  agglu tination  to  d e te c t  th e  im m une  response of p a t ien ts  have  
been  applied. The f i rs t  isolation o f  У. enterocolitica in this co u n try  has been 
rep o r ted  recen tly  [1, 2].

In  th is  p ap e r  we give an a c c o u n t  of observations on th e  p rep a ra t io n  of 
У. enterocolitica agg lu tinating  sera an d  s tud ies  on the  p roper eva lua tion  of 
im m u n e  response in infected p a t ie n ts .

Materials and methods
Preparation o f  antigens. W in b l a d ’s m eth o d  was som ew hat m odified as follows. T ype  

s tra in s  348, 338, W bdx , P76 , Vache, P219, P 4 1 3 , 311 an d  5385 were o b ta in ed  from  th e  In s t i tu te  
o f C linical B acterio logy , U niversity  of L u n d , M alm ö, Sw eden. The s tra in s  w ere s treak ed  on 
blood agar p la tes, in cu b a ted  at room te m p e ra tu re  fo r 48 hours and S colonies were tran sfe rred  
in to  b ro th . The tu b es w ere again in cu b a ted  a t  room  te m p e ra tu re  for 48 ho u rs , th e n  used  for 
seeding R oux  flasks co n ta in in g  soft ch oco late  agar. A fte r incubation  a t  room  tem p e ra tu re  fo r 
48 hours th e  bac teria  w ere harvested  and  cen trifu g ed  a t  3000 r.p .m . for 30 m in u te s , th en  a u to 
c laved  a t  120°C for 1 h o u r 15 m inutes. D e n s ity  was a d ju s te d  so as to co rrespond  to  a s ta n d a rd  
g iv ing  70%  tra n sm itta n c e  a t  1 cm lig h t p a th  in th e  B eckm an  DU sp e c tro p h o to m ete r se t a t 
0.03 m m  slit and 530 m p  w avelength.

Im m u n iza tio n  o f  rabbits was p e rfo rm ed  w ith  th e  above-described an tig e n  by  in jec ting  
6 g rad ed  in trav en o u s  doses ranging from  0.5 to  5 ml.

Absorption o f  sera was carried o u t on  th e  basis o f W in b l a d ’s schem a. U sually  1 ml 
serum  was absorbed  w ith  th e  same vo lum e o f a n tig en  or m ix tu re  of an tig en s (Table I). T he 
ab so rb ed  sera were checked  w ith  slide ag g lu tin a tio n . W ork ing  d ilu tion  was a d ju s te d  so th a t  th e  
serum  gave a defin ite , p ro m p t reaction  w ith  th e  hom ologous s tra in , b u t failed  to  ag g lu tin a te  
hetero logous cultures.
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Detection o f  agg lu tin ins in  hum an sera. A  to ta l  of 1500 serum  specim ens o rig in a tin g  
p a r tly  from  W asserm an n  screen ing  tests in th e  Serology D e p a rtm e n t o f our in s titu te , p a r tly  
from  donors of th e  N a tio n a l B lood Service w ere exam ined . F ro m  p a tie n ts  w ith  su spec ted  Y .  
enterocolitica in fection  249 se ru m  specim ens w ere exam ined . All se ra  were in ac tiv a te d  a t  56°C 
for 30 m inu tes and te s te d  fo r agg lu tin ins ag a in st О groups 3 and  9 w hich are the  m ost f req u e n tly  
invo lved  in hu m an  in fec tio n .

To 0.5 m l serum  d ilu tio n  0.05 ml a n tig en  p rep ared  and  a d ju s te d  as described u n d e r 
" P re p a ra tio n  of an tig en s”  w as added  w ith T a k á ts y ’s p ip e tte . F o r 0 3  an tigen  serial d ilu tio n s of 
th e  serum  specim ens w ere m ad e  in th e  range 1 : 10 — 1 : 160, for 0 9  an tig en  only tw o d ilu tio n s 
(1 : 10 and 1 : 20) w ere p re p a re d . W hen a p o sitiv e  reac tio n  w as ob ta in ed , fu r th e r  d ilu tio n s 
w ere m ade to d e te rm in e  th e  end  titre . The tu b e s  w ere in cu b a ted  ov ern ig h t a t 52°C as recom 
m ended  by W in b la d  [4]. P a ra lle l experim ents w ith  100 specim ens were carried  o u t a t  37°C; 
th e  re su lts  were th e  sam e a t  b o th  in cubation  te m p e ra tu re s . In  v iew  of th e  serological re la tio n 
ship  betw een Y. enterocolitica  0 9  and B. abortus [5], all sera reac tin g  w ith  th e  fo rm er were 
te s te d  w ith  Brucella  su spension .

T a b le  I

Slide agglutination reactions o f  Y .  enterocolitica typ ing  sera 
prepared on the basis o f  W inblad4s schema

G roup I 2 3 4 5 6 7 8 9 R ecip ro ca ls  of 
hom ologous

S era  0  an tigens 1, 2 , 3 2, 3 3 5 7, 8
t i t re s

before
a b 

so rp tio n

a fte r
a b 

so rp tio nT y p e  s tra in s P 3 4 8 337 X W b d P76 V ache P219 P41.3 310 5385

A n t i - 1  abs. by  P338 + — — — — — — — — 1280 640

A nti-2 , 3 abs. by 
X W bd + + ___ ___ ___ ___ ___ 1280 640

A n ti-1 ,2 ,3  abs. b y  P76 + + + — — — — — 2560 1280

A nti-4  abs. by  P348 - - — + — - — - — 1280 640

A n t i - 5  abs. by 
X W bd +  P76 
+  P348 + 1280 640

A nti-6  abs. by X W bd 
A  P348 ___ ___ + ___ ___ 1280 80

A nti-7 , 8 abs. by 
P219 +  310 - ___ ___ ___ + ___ — 1280 640

A nti-8 abs. by  X W bd — - — — — — + - 1280 640

A nti-9 abs. by  X W bd 
-f-  Vache — + 2560 1280

Results

Serological iden tifica tion  o f Y . enterocolitica. T ab le  I shows slide ag g lu t i 
na t io n  reactions o b ta in e d  with our absorbed  sera. T h e  te s t  stra ins rep resen ted  
th e  9 different О g ro u p s  described b y  W i n b l a d . О groups 1 ,2  and 7 con ta in  
com plex an tigens d e n o te d  by  symbols 1, 2, 3 2, 3 and  7, 8 , respectively. In  order 
to  avoid cross re ac t io n s ,  sera for o th e r  О groups were also absorbed. T he  orig
inal tu b e  a g g lu t in a t io n  t i t re  of th e  se rum  to th e  homologous s tra in  decreased 
a f te r  absorp tion  (r igh t  h an d  column in Tab le  I). T h e  absorbed sera gave slide 
reactions of a d e q u a te  in tens i ty  a t  w ork ing  dilu tions 1 : 5 — 1 : 40. O ur  ty p in g
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sera were com pared  w ith  those  o b ta in ed  from  th e  Y ersin ia  enterocolitica R e fe r
ence L a b o ra to ry  in Malmö. The resu lts  were identical.

In  th e  course of these  studies  41 s tra ins  of Y . enterocolitica were isolated 
in, or sent for iden tif ica tion  to, our D e p a r tm e n t .  The s tra ins  were isolated 
from  18 different pa t ien ts .  T h ir ty - fo u r  cu ltu res  belonged to  0 3 ,  7 cultures to 
0 9  group. No o th e r  serogroups have  so fa r  been  isolated in H u n g a ry .  Ten  of the  
s t ra in s  were sen t to  th e  Y ersin ia  enterocolitica Reference L a b o ra to ry  in Malmö, 
w here  our results  of se ro typ ing  were confirm ed.

Detection o f  agglutinins in  sera o f  healthy individuals and o f  pa tien ts. In 
these  experim ents  h ea ted  an tigens for О groups 3 and  9 were used. Two- 
h u n d re d  sera were te s ted  paralle l w i th  formalinized antigens, which proved  
to  he more s tab le  th a n  h ea ted  suspensions.

As seen in Table  11 ou t of the  1500 specimens from  h e a l th y  persons. 
1348 a n d  1445 sera failed to  reac t  w i th  an tigens  0 3  an d  0 9 ,  respectively . W ith  
th e  form er an tigen  152 sera, w ith  th e  la t t e r  55 sera gave 1 : 10 — 1 : 160 t i t re  
agg lu tina t ions .  The m ean  t i t r e  ca lcu la ted  b y  th e  use of th e  given form ula  was 
sim ilar  for b o th  antigens (1 : 15.4 a n d  1 : 15.3).

F rom  p a t ien ts  w ith  suspected  Y . enterocolitica infection 249 sera were 
received. W ith  0 3  an tigen  66 sera reac ted  a t  ti tres  1 : 10 — 1 : 2560, w ith  0 9  
an t ig en  21 sera showed ag g lu tina t ion  in th e  range of 1 : 10 — 1 : 1280. The 
m ean  t i t re  in p a t ien ts  was h igher th a n  in hea lthy  persons: considering only 
th e  positive sera, for 0 3  an tigen  1 : 88.7, for 0 9  antigen  1 : 45.6 values were 
calcu la ted .

Table  111 shows ti t res  in 10 p a t ie n ts  suffering from clinically typical 
Y . enterocolitica infection and  excre ting  th e  organism in th e ir  faeces. F rom  
th e  4 add itiona l p a t ien ts  in  Table  I I I  th e  causative  agent was not isolated, 
b u t  positive serum  titres ,  epidemiological d a ta  and clinical sy m p to m s  s u p p o r t 
ed th e  h is to ry  of У. enterocolitica infection.

In  case 1 an  increased 0 9  t i t re  was d em ons tra ted  in th e  serum  and  У. 
enterocolitica of th e  same serogroup was iso lated  from the  faeces. In  cases 2, 8 
an d  9, despite  th e  positive faecal cu ltu re  and  clinical sy m p to m s,  antibodies 
failed to  appear.  W henever  i t  was possible, we exam ined  tw o d ifferent serum  
sam ples  ta k e n  from th e  sam e p a t ie n t  a t in tervals . As seen in Tab le  I I I ,  in 
cases 3, 5, 6, 7 and 10 th e  increase in t i t re  supported  th e  У. enterocolitica 
aetio logy of th e  d iarrhoea.

in  2 p a t ie n ts  w ith  nega tive  faecal cu ltu re  (cases 11 and  14) increased 
or h igh ti t res  were detec ted . A t th e  t im e  of exam ina tion  p a t ie n t  11 still showed 
clinical sym ptom s,  while p a t ie n t  14 h a d  a lready  recovered. In  th e  fam ily  of 
p a t ie n ts  12 and  13 there  were con tac ts  w ith  subacute  d iarrhoea  th e  У. entero
colitica aetiology of which was confirm ed b y  faecal culture.

F ro m  Tab le  I I I  we o m it ted  some p a t ie n ts  yielding a h igh  a n t ib o d y  t i t re  
a n d  a positive cu ltu re  because no clinical d a ta  were available. In  th e  14 cases
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T ab le  I I
D istribution o f control and patient sera according to

Sera
< 1 0

A ntig en  0 3  ( s tra in  W b d x )

10 20 40 80 160 320 640 1280 2560

Control sera (healthy  persons) 
1500 sam ples 1348 78 57 15 1 1 — —

P a tie n t sera, 249 sam ples 183 8 14 12 5 6 6 6 7 2

N

M ean titre  =  '[ d f -  ■ d2n‘ . . . dnn,‘
( f . d2 . . .  dn =  reciprocals of serum  d ilu tio n s

d em o n s tra ted ,  faecal e x am in a t io n  in view of th e  en terit is  usually  preceded 
th e  search for an tibod ies  in the  serum. In  some of th e  cases the  serum  speci
mens were exam ined  f i rs t ,  th en ,  in view of th e ir  pos itive  reaction , faecal s a m 
ples were asked for. T h e  p resen t  f indings ind ica te  t h a t  serum  antibodies p e r 
sisted a t  least for 5 weeks.

T ab le  I I I
A ntibody titre to Y . enterocolitica 0 3  and 0 9  antigens 

in  sera fro m  patients with and without positive faecal culture

Case
Age, In te rv a l  betw een A n tib o d y  t it re s F aecal c u ltu re

Sym ptom syears tw o  sam p lin g s , 
d a y s 0 3 0 9

an d  g ro u p  
o f s tra in

l 4 _ 1 : 160 +  0 9 A cute d iarrhoea

2 2 — — +  0 9 Spastic  b ronchitis -j- 2 
p u trid  faeces

3 38 10 1 : 1280 
1 : 20

— +  0 3 A cute d iarrhoea

4 4 1 : 160 +  0 3 E n te ritis

5 10 37
1 : 80

— +  0 3 Prolonged d iarrhoea

6 6 37
1 : 20

— +  0 3 A cute d iarrhoea

7 5 37 1 : 10
1 : 20

+  0 3 A cute d iarrhoea

8 О +  0 3 A cute  resp ira to ry  infection  
5 — 7 p u trid  faeces

9 2 — - +  0 3 Prolonged d iarrhoea

1(1 8 m onths 10 1 : 1280 
1 : 160

+  0 3 E nteroco litis

11 12 33 1 : 80 
1 : 160

— — Prolonged d iarrhoea

12 43 27 1 : 1280 
1 : 160

— — E nvironm en t

13 42 33 1 : 40 
1 : 40

— — E nvironm ent

14 29 1 : 1280 — E nteroco litis
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antibody titre against Y .  enterocolitiea 03  and 0 9  antigens

A n tig en  0 9  (stra in  5385) M ean t i t re

< 1 0 10 20 40 80 160 320 640 1280 2560 0 3 0 9

1445 32 15 5 3 — — 15.4 15.3

228 3 7 5 - 3 2 l - 88.7 45.6

n j. n2 . . . n n =  n u m b er of sera g iving th e  corresponding  ti t r e  
N  — to ta l nu m b er o f sera

Discussion

W i n b l a d ’s an tigen ic  schema is b a sed  on th e  О an tigens of Y . entero- 
colitica*  The specific О antigens of th e  species have  been  d em o n s tra ted  .ne ither  
in Enterobacteriaceae n o r  in Y . pseudotuberculosis an d  Y . pestis. W in b l a d  [3] 
showed th a t  im m u n iz a t io n  with h e a te d  У. enterocolitiea stra ins produced  
antibodies  reac ting  w i th  Salmonella g roups  A, В, C and  E and  with  E . coli 
and  Proteus s tra ins .  L iv ing  cultures fa iled  to  induce  such antibodies. O ur 
cross-agglutination experim en ts  ind ica ted  no antigenic  re la tionship  betw een  
У. enterocolitiea a n d  У. pseudotuberculosis [9]. A h v o n e n  et al. [5] described 
a s trong  cross-reaction betw een  У. enterocolitiea  0 9  and  B . abortus. Our studies  
confirm ed this re la t ionsh ip :  after abso rp t io n  by  B . abortus a ra b b i t  0 9  serum  
con ta ined  only low t i t r e  У. enterocolitiea agg lu tin ins  (1 : 80).

Similar find ings were d e m o n s tra te d  for p a t ie n t  sera reacting  w ith  У. 
enterocolitiea 0 9 .  Accordingly, every  h u m a n  serum  agg lu tina t ing  У. entero- 
colitica 0 9  should he te s te d  with Brucella  an t igen  and  efforts should be m ade  
to  isolate th e  causa tive  agent. In  c o n tra s t  to  some o th e r  countries, for exam ple  
to  F in land  [6], w here  brucellosis has b een  e rad ica ted ,  in H u n g a ry  we still 
have  to consider th e  incidence of h u m a n  Brucella  infections.

According to  N i l é h n  [7] in h u m a n  cases У. enterocolitiea 0 3  s tra ins  
predom ina te .  Our f ind ings  in H u n g a ry  were similar: 0 3  s tra ins  were cu ltu red  
from th e  faeces of 15, while 0 9  s tra ins  f rom  th e  faeces of  only 3 persons. T he  
h igher incidence of 0 3  s tra ins was in d ic a te d  b y  th e  f requency  of h u m an  sera 
conta in ing  antibodies  to  this group.

In  tes t ing  h u m a n  sera with 0 3  an t ig en ,  W i n b l a d  [4] regards 1 : 40 
titres as doubtfu l,  1 : 80 or higher t i t re s  as positive reactions. R u s u  et al. [8] 
s imilarly consider 1 : 40 as a border value . O ur  f indings confirm ed these d a ta .  
Considering only pos i t ive  sera, in h e a l th y  ind iv idua ls  1 : 15.4 — 1 : 15.3, in

* W hile th is p ap er w as in  p rep ara tio n  a re p o rt  b y  W a u t e r s  et al. ( W a u t e r s , G., L e  
M i n o r , L., C h a l m , M. M.: A nn. Inst. P a s te u r  120, 631 (1971)), who supp lem en ted  th e  W in
b lad  schem a and  d is tin g u ish ed  17 different О g ro u p s, a ttra c te d  o u r a tte n tio n .
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p a t ie n ts  1 : 88.7 — 1 : 45.6 m ean  t i t re s  were ob ta ined  for th e  tw o  m ost co m m o n  
serogroups.

W e were unable  to  collect a suffic ient n u m b er  of d a ta  as to  th e  a p p e a r 
ance , m a x im u m  t i t re  and  persis tence  of an tibodies  in h u m a n  infections. F ro m  
th e  l i te ra tu re  [3] it  seems t h a t  th e  an tibod ies  m ay  persist  even  for 9 m o n th s  
a n d  th e i r  t i t r e  rises 6 —12 days a f te r  th e  onset of sy m p to m s.  F o r  a p ro p e r  
serological diagnosis it  is, there fo re ,  recom m ended  to exam ine  paired  sera  
(one a t  th e  t im e  of onset a n d  one 6 — 10 days  later).

T h e  p resen t  s tu d y  m a y  be reg a rd ed  as the  f irst successful s tep  in d e te c t 
ing  a pathogen ic  agen t  so far  u n k n o w n  in H ungary .

Acknowledgement. T he a u th o rs  a re  in d eb te d  to  P rofessor S. W i n b l a d  and  D r. B. 
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TWENTY YEARS OBSERVATION ON THE STABILITY 
OF SALMONELLA TYPHI PHAGE TYPES
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G. H e r m á n  and  H e d d a  M i l c h  

N ational In stitu te  o f Public H ealth (Director : T. B akács), Budapest

(R eceived M ay 19. 1971)

Sum m ary. A to ta l  o f 3776 chronic a n d  t ra n s ie n t  carriers o f Salm onella typh i has been  
exam ined . T he o rder o f incidence of p h age  ty p es  in  H u n g a ry  is described. Loss of Yi a n tig e n  
was observed  in m ost p hage  types; Vi n e g a tiv e  s tra in s  ap p eared  m ore freq u en tly  in ca rrie rs  
excreting  phage ty p es  A, D , and  E la th a n  in  c arrie rs  o f ty p es  Ct an d  F , .  P hage ty p es o th e r  th a n  
th e  orig inal ty p e  or an tig en ic  a lte ra tio n  in flu en cin g  ty p e  d e te rm in a tio n  appeared  in 15 .9%  of 
the  carriers. E x cre tio n  o f d ifferen t ty p es b y  th e  sam e person  w as assum ed to  be due m ain ly  to  
in fection  w ith  m ore th a n  one type  and less f req u e n tly  to  change in phage type.

In  th e  last 30 years , phage ty p in g  has  been an  im p o r ta n t  m e th o d  of 
epidemiological s tud ies  of typho id  fever. T he  m e th o d  in troduced  by C.r a i g i e  

and Y e n  [ 1 , 2 ] has been  sys tem atica lly  developed a n d  based  on well-defined 
genetic g rounds [3 —10]. Phage ty p e s  de te rm in ed  according to  the  ty p in g  
schema h ave  usually  p roved  stable a n d  allowed th e  app lica tion  of th e  m e th o d  
in epidemiological investiga tions [2 , 4 ] .  T h e  s tab i l i ty  of  phage types is som e
w h a t  lim ited . Spon taneous  a lte ra t ions  in  phage  ty p e  m a y  occur un d er  la b o ra 
to ry  conditions [4] a n d  m any  phage ty p es  can  artif ic ia lly  be transfo rm ed  in to  
o ther  — b u t  no t  to  a n y  — phage ty p e  b y  lysogenization  or “ curing”  [12]. 
Changes in phage  ty p e  were observed  d u r in g  pro longed  carriership  [13]; 
phage ty p e  A was iso la ted  from a carr ie r  h a rb o u r in g  ty p es  T  and  О [11]. 
H e l m e r  et al. iso la ted  phage types  F t an d  F 2 from  th e  blood of a p a t ie n t  
w ith  ty p h o id  fever [ 14] .  The s im ultaneous  ap pearance  of different phage ty p es  
was described by  B o y d  [15], E ö r s i  [16] a n d  R i s c h e  a n d  R o h n e  [ 17] . B o r e c k á  

inves t iga ted  in  vivo changes and s im u ltan eo u s ly  appear ing  different S. typ h i 
phage types  [18].

The above d a ta  and  our own o b se rva tions  have  induced  us to  s tu d y  th e  
frequency of ty p e  a l te ra t ions  on a large  m a te r ia l  and  to  follow up  changes in  Yi 
antigen con ten t  and  xylose reac t io n  of th e  stra ins .

Materials and methods
P hage ty p in g  of S . typ h i  was carried  o u t u n d e r  in te rn a tio n a lly  s ta n d ard ized  conditions. 

T ype phages were o b ta in e d  from  tlie W H O  In te rn a tio n a l C entre o f E n te ric  Phage T y p in g , 
London. Yi an tig en  was d e te c te d  w ith  slide a g g lu tin a tio n  in th e  ap p ro p ria te  w orking d ilu tio n  
of anti-V i serum  p rep ared  b y  th e  D e p a rtm en t o f B acterio lo g y  of o u r in s titu te . X ylose fe rm en 
ta tio n  was ex am ined  in 1%  peptone w ater c o n ta in in g  1%  su b s tra te ;  in cu b a tio n  las ted  fo r 6 
days a t  37°C.
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Chronic and  tra n s ie n t c arriers were g ro u p ed  accord ing  to  phage ty p e  o f S. typ h i c u ltu re d  
on  th e  f irs t exam in atio n . T y p in g  of stra in s  o b ta in e d  on rep ea ted  ex am in a tio n s  was also con
sidered . X ylose fe rm e n ta tio n  w as tes ted  only fo r p a r t  o f  th e  s tra in s ; th e  p e rcen tag e  d is tr ib u tio n  
o f  xy lose  positive an d  n eg ativ e  s tra in s  was d e te rm in e d  for each phage ty p e . C arriers ex cre tin g  
Vi n eg ativ e , rou g h , m in u te  o r phage carrie r s tra in s  on  th e  f irs t faecal cu ltu re  w ere classified  
sep a ra te ly .

T he incidence of carrie rs  h a rb ouring  p h ag e  ty p e s  d ifferen t from  th e ir  o rig inal ty p e  a n d  
th e  association  be tw een  d iffe ren t ty p es p re sen t in  th e  sam e carrie r were also s tu d ied . C arriers 
ex am in ed  for m ore th a n  one S. typ h i colony in each  faecal cu ltu re  were an alysed  sep a ra te ly .

Results

The incidence of phage  types  in  H u n g a ry  is p resen ted  in T able  I . T y p e  
A was the  m ost f req u en t ,  types  E ia, D t, F 15 C15 etc., were nex t  in order. T he  
d a t a  were collected from  results for 3776 carriers  yielding positive cu ltu res  on 
1, 3, 5, 10 or more occasions. A lthough  rough , phage carrier and  Vi n eg a t iv e  
s t ra in s  do no t rep resen t phage types; in view  of the ir  influence on the  ev a lu 
a t ion  and app licab ili ty  in  epidemiological t rac ing ,  they  were inc luded  in T ab le  
I . In  15.8% of carriers  th e  f irs t  ex a m in a t io n  yielded cu ltu res  unclassif iab le  
in to  phage ty p es  (u n ty p ab le ,  degraded , Vi negative , phage carr ie r  an d  ro u g h  
s tra ins) .

Table  I I  shows xylose fe rm en ta t io n  b y  our strains. As show n b y  a long 
experience, th e  ab i l i ty  to  fe rm ent th is  su g a r  is a s table p ro p e r ty .  As to  xylose 
fe rm e n ta t io n  by  s tra ins  falling in to  d iffe ren t  phage types ,  our results  co rre 
sponded  to o the r  a u th o r s ’ findings. S . typ h i  s tra ins  supposed to  h av e  u n dergone  
a phage  ty p e  a l te ra t io n  in carriers a lw ays re ta in e d  the ir  original xylose reac tion .

Table I I I  shows th e  incidence accord ing  to  phage ty p es  a n d  carriers  of 
Vi negative , rough , phage  carrier a n d  m in u te  stra ins in persons h a rb o u r in g  
different phage types .  In  accordance w ith  R i s c h e  and R o h n e  [17], we showed 
t h a t  stra ins p roduc ing  m in u te  colonies occur  m os t  f requen tly  in persons e x c re t 
ing phage ty p e  A. (The n u m b er  of B 3 carriers  was no t  sufficient for d raw in g  
conclusions.)

Phage carrier s tra ins  were f re q u e n t ly  observed am ong  cu ltures  from  Vi 
nega tive  carriers. Tab le  IV  sum m arizes  find ings concerning ty p e  a l te ra t io n  
w ith in  phage ty p es  a n d  the  app ea ran ce  of new types. In  carriers g rouped  
according to  th e  phage  ty p e  of th e  f i rs t  isolate, the  appearance  of a d iffe ren t  
phage  ty p e  wras reg a rd ed  as an a l te ra t ion .  T he  criterion for a change in carriers  
w ith  u n ty p ab le  (I — IV  positive) cu ltu res  was the  appearance  of d eg raded  
s tra ins .  In  carriers of rough stra ins  th e  deve lopm ent of О an tigen  positive, in 
Vi negative  carriers th e  appearance  of  Vi positive typ ab le ,  degraded  or u n 
ty p a b le  organisms was regarded as an  a l te ra t ion .

The incidence of phage ty p e  a l te ra t io n  in carriers excre ting  f re q u e n t  
ty p es  B ,  and  A was 16.2 and 9 .6 % , respectively . Lowrer percen tages  were 
shown for Cj (8 .8% ), Dj (8.5%) an d  F j  (6 .8% ) carriers. A m ong  com m oner  
phage  types the  lowest value (50% ) o f ap p ea ran ce  of a new phage ty p e  w as
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Table I
D istribution o f  3776 chronic and  transient carriers exam ined over a 20 year period (1948— 1968) 

according to phage type o f S. typ h i isolated on f ir s t  exam ination

N um ber of ca rrie rs y ield ing Total

P h ag e  ty p e l 3 5 10 10 No. p er cen t

positive  c u ltu re s o f carriers

A 162 202 121 158 93 736 19.49

B, 7 7 2 5 2 23 0.60

B , 34 41 37 29 19 160 4.23

5 4 8 2 2 21 0.55

C, 88 75 43 52 23 281 7.43

Co 3 2 1 2 — 8 0.21

c 4 2 2 1 5 — 10 0.26

D, 147 153 101 120 65 586 15.51

Do 6 8 4 1 7 26 0.68

Д 7 7 6 6 1 27 0.71

Д-, 1 2 — — — 3 0.07

Be — 2 — 8 10 0.26

d 7 — - 1 — 1 0.02

Д — 1 2 — 1 4 0.10

Dio — — - - 1 1 0.02

E.a 179 180 109 151 99 718 19.01

Elb 6 9 — 4 3 22 0.58

E , 1 1 - 2 0.05

e4 - - — 1 — 1 0.02

f4 105 131 71 85 62 454 12.02

F , 1 — 1 2 2 6 0.15

J , 1 1 — 2 0.05

N 1 2 3 1 2 9 0.23

T 5 5 3 8 12 33 0.87

27 1 4 — — — 5 0.12

28 6 6 1 3 — i6 0.42

38 3 2 1 1 — 7 0.18

40 о — — — 2 0.05

43 — 1 — 1 0.02

46 1 1 — - 2 0.05

N t 37 44 20 43 38 182 4.80

D egraded 62 76 37 35 18 228 6.03

Vi negative 44 31 30 26 25 156 4.13

Phage-carrier 3 3 3 2 4 15 0.39

R ough 1 4 4 7 2 18 0.45

T otal 920 1003 613 751 489 3776 100.00
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T a b le  I I
Distribution o f carriers according to phage type and xylose reaction o f  S . typhi

X y lo se  positive.. X y lose n ega tive . X y lose reac tio n  
P h ag e  ty p e  i p e r  c e n t per cen t u n know n*

A 32.33 56.65 11.01

B, 73.79 8.69 17.39

B . 61.87 30.62 7.50

B 3 33.33 61.90 4.76

Cl 87.54 1.06 11.38

Co — 100.00 -

C4 100.00 — —

d 4 80.20 10.92 8.87

Do 19.23 61.53 19.23

d 4 88.88 — 11.11

D ó 33.33 — 66.66

D« 100.00 —

D , 100.00 — —

Da 100.00 — —

D,o 100.00 -

E ia 88.16 0.27 11.55

E ,b 100.00 —

Eo 50.00 — 50.00

E , — — 100.00

f 4 89.20 0.66 10.13

F . 83.33 — 16.66

J i 100.00 — —

N — 100.00 —

T 96.96 3.03 -

27 100.00 —

28 81.25 18.75 —

38 71.42 28.57 -

40 50.00 50.00 —

43 100.00 —

46 100.00 — —

N t 66.48 24.72 8.79

D egraded 43.43 46.49 10.08

Yi negative 71.15 23.07 5.76

P hage-carrier 60.00 26.66 13.33

Rouwli 61.11 27.77 11.11

T o ta l 68.86 21.18 9.96

* T est n o t perform ed. T he m eth o d  was in troduced  in 1951.
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Table  I I I

Incidence o f  Vi negative, rough, m inu te  and phage carrier strains 
in subjects harbouring different phage types o f  S . typhi

P h ag e  ty p e

Vi n egative R ough M inute P h ag e -ca rrie r

No. per cent No. p e r cen t No. p e r cent No. p e r ce n t

A 80 10.8 8 1.0 35 4.7 20 2 .7

B , 1 4 3 .4 — — —

B , 12 7.5 3 1.8 3 1.8

B 3 1 4 .7 — 2 9 .5

C, 14 4 .9 1 0 .3 — 2 0 .7

c 2 — — -

C4 - - -

D , 54 9.2 8 1.3 2 0 .3 13 2 .2

D , 1 3.8 - — 1 3 .8

d 4 1 37 .0 — _ —

D -, - -

D c 3 30 .0 1 10 .0 — 1 10.0

D ; — —

D a

D ,o

1 25 .0 — - -

61 8 .4 3 0 .4 7 0 .9 24 3 .4

Eib
K ,

2 9.0 — — 1 4 .5

E ,

E , 19 4.1 3 0 .6 4 0 .8 3 0 .6

f 2 1 16.6 — —

•L - — - 1 5 0 .0

T 6 18.1 2 6 .0 — 1 3 .0

27 — — — 1 2 0 .0

23 1 6 .2 — — -
38 — — — —

40 — — —

43 — — — —

46 — — —

N t 20 10.9 2 1.0 1 0 .5 4 2.1

D egraded 10 4 .3 2 0 .8 4 1.7 4 1 .7

Vi negative / 7 4 .4 1 0 .6 10 6 .4

Phage-carrier 3 20.0 2 13.3 - /
R ough 3 16.6 / - -

T otal 294 7.7 39 0.1 59 0.1 89 0 .2
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T a b le  IV
Incidence o f  phage type alteration in  3776 carriers 

(F igu res in d ica te  n u m b er of carriers)

Phage type
Carriers ex
creting one 
phage type

Carriers excreting two or more phage

in 3 i 5 I 10 10

types
total All

carriers
positive cultures No. per cent

A 665 14 13 25 19 71 9.64 736

B, 15 2 l 4 1 8 24.70 23

B„ 134 — 9 12 5 26 16.20 160

B3 15 — 3 1 2 6 28.50 21

Q 256 3 6 10 6 25 8.80 281

c , 5 1 — 2 - 3 37.50 8

C4 9 — 1 — — 1 10.00 10

Dr 536 7 11 19 13 50 8.50 586

I), 25 — - 1 1 3.80 26

d 4 17 3 4 2 1 10 37.10 27

D- 3 — — - - 3

D6 5 - — — 5 5 50.00 10

» , 1 - - - 1

d 9 4 - — - - 4

Dio — — — — 1 1 100.00 1

Era 678 4 6 14 i6 40 5.50 718

Eib 16 5 — 1 - 6 27.20 22

e 2 1 — 1 - 1 50.00 2

e 4 1 — - - - - 1

F, 423 6 7 10 8 31 6.80 454

f 2 1 — 1 2 2 5 83.30 6

J i 2 — — — - - - 2

N 4 1 2 — 2 5 55.50 9

T 12 1 2 8 10 21 63.60 33

27 5 — - - 5

28 14 — 1 1 - 2 12.50 16

38 6 — 1 — - 1 14.20 7

40 2 — - - - 2

43 1 — - 1 100.00 1

46 2 — — — 2

N t 106 12 8 29 27 76 41.70 182

D egraded 130 31 22 28 17 98 42.90 228

Yi negative 74 16 22 22 22 82 52.50 156

Phage-carrier 3 3 3 2 4 12 80.00 15

R ough 5 1 4 7 1 13 72.70 18

T otal 3175 111 128 199 163 601 15.90 3776
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observed for ty p e  E ia. New phage ty p e s  em erged  in carriers  excreting u n ty p -  
able s tra ins in 4 1 .7 % , degraded s t ra in s  in 42 .9 %  and  Vi nega tive  stra ins  in 
52 .9% . Strains be long ing  to new phage  ty p e s  were f re q u e n t ly  isolated on 
rep ea ted  exam ina tions  from F , ,  N an d  T  ty p e  carriers. T h is  finding, a l though 
th e  d a ta  represent a small num ber of  s tra ins ,  was rem ark ab le .

As regards th e  to ta l  m aterial com pris ing  20 yea rs ’ d a ta  for 3776 carriers, 
phage types or Vi a n d  О antigen v a r ia n ts  d ifferent from th o se  encountered  on 
the  f irs t  exam ination  emerged in 15 .9%  of carriers. I f  th e  189 carriers w ith  Vi 
negative ,  phage ca rr ie r  and rough s tra in s  are d isregarded , new phage ty p e s  
appeared  in 13.7% o f  3587 carriers.

F or  a fu r the r  analysis  of type  a l te ra t io n s  th e  beh av io u r  of  strains iso la ted  
on periodical e x am in a t io n s  from each  of our carriers was exam ined. On th e  
basis of characteris tic  forms of a l te ra t io n  th e  following 4 groups were d is
t inguished  (Table V).

(1) Stable m onotype carriers. O n  serial exam in a t io n  th e  lytic p a t t e r n  
corresponds to  th e  g iven phage ty p e  or shows negligible changes. Carriers 
belonging to this g roup  harboured  m a in ly  phage  types E ia, F x, D a and Cr

(2) Oscillating monotype carriers. R e p e a te d  exam in a t io n s  showed form s 
tran s ien t  into deg raded  phage types. D eg rad a t io n  appeared  m a in ly  in d ifferen t 
В types ,  certain D ty p e s  as well as in  ty p es  A, T and  28. T h e  high incidence 
of degraded  phage ty p e  was observed in carriers  excre ting  Vi negative s t ra in  
on th e  first e x am in a t io n .

(3) D itype carriers. Two different phage  ty p es  are h a rb o u re d  which are  
often s im ultaneously  presen t in th e  faecal sample. This  group of carriers  
excre ted  m ainly  B, ce r ta in  D, Cj a n d  A ty p es .  The app ea ran ce  of new phage  
types  in excreters o f  un typab le  s tra in s  occurred  f req u en t ly .  (System atic  
in troduc tion  of new  ty p in g  phages a llowed th e  classification into new p h ag e  
types  of strains w h ich  had  previously been considered u n ty p a b le  cu ltures.)

(4) Polytype carriers. Three or more phage  ty p es  are  excreted s im u l
taneously  or a t su b se q u e n t  samplings. A n u m b e r  of carriers  of types F.,, T, D 
and  un ty p ab le  s t ra in s  belonged to th is  group. The occurrence  of three or m ore  
types  was also o b se rv ed  in type  %  a n d  E ia carriers.

Table  VI shows th e  incidence of  new phage ty p es  emerging in d i ty p e  
carriers. In  carriers o f  common phage  ty p es  ( E ]a, F , ,  D ,,  С,, B.,) phage ty p e  
A was the  most f re q u e n t  as a second ty p e .  In  carriers of ty p e  A, mainly ty p e s  
B , ,  D , and E ,a ap p ea red .  Type B., was ve ry  f requen tly  followed by ty p e  A. 
In  ty p e  C, carriers th e  appearance of  ty p e  A p redom ina ted .

U n ty p ab le  s t ra in s  were encoun tered  usua lly  w ith  phage  type  D r  In  
carriers of u n f re q u e n t  ty p es  D d and D 6 some D, stra ins  were isolated. In  g roup  
E th e  s im ultaneous excretion  of E ia and  E,!, s tra ins  was characteris tic . In  F t 
carriers, as well as in  Cj carriers, th e  occurrence  of ty p e  A was the m ost f re 
qu en t ;  in 3 cases ty p e  F 3 emerged. In  carriers  o f degraded  s tra ins ,  in addition  to
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T able  V

D istribution o f  carriers according to the characteristics o f  phage type alteration

P h ag e  ty p e
S ta b le  m o n o ty p e , 

p e r cen t
O sc illa tin g  m ono type , 

p e r  cen t
D ity p e , 

p e r  ce n t
P o ly ty p e , 
p e r  ce n t

A 7 7 .7 4 1 2 .6 4 7 .3 4 2 .3 0

в , 5 2 .1 8 1 3 .0 4 3 4 .7 8 —

B , 3 0 .0 0 5 3 .7 6 1 3 .1 2 3 .1 2

B 3 23 .81 47 .61 2 3 .8 1 4 .7 6

C. 8 1 .8 2 9 .2 2 8 .1 6 0 .8 0

c .. 5 0 .0 0 1 2 .5 0 2 5 .0 0 1 2 .5 0

C , 9 0 .0 0 — 1 0 .0 0

l>, 7 5 .7 7 1 5 .6 9 6 .6 6 1 .88

D„ 8 4 .6 2 1 1 .5 3 3 .8 5 —

d 4 4 4 .4 4 1 8 .5 2 2 2 .2 2 1 4 .8 2

Dä 1 0 0 .0 0 — — —

Do 2 0 .0 0 3 0 .0 0 5 0 .0 0

d 7 — 1 0 0 .0 0 —

d 9 — 1 0 0 .0 0 — —

D io — — 1 0 0 .0 0

B-ia 8 8 .7 2 5 .7 2 4 .4 5 1.11

E ib 7 2 .7 3 — 2 7 .2 7 -

E 2 5 0 .0 0 5 0 .0 0 —

e 4 — 1 0 0 .0 0 — —

F i 8 5 .2 5 7 .9 2 5 .5 0 1 .32

f 2 16 .67 — 1 6 .6 7 6 6 .6 6

J i 5 0 .0 0 5 0 .0 0 — —

N 2 2 .2 2 2 2 .2 2 3 3 .3 4 2 2 .2 2

T 3 .0 3 3 3 .3 3 3 6 .3 6 2 7 .2 8

27 100 .00 — —

28 3 1 .2 5 5 6 .2 5 1 2 .5 0 —

38 5 7 .1 5 2 8 .5 7 1 4 .2 8 —

40 1 0 0 .0 0 — —

43 — — 1 0 0 .0 0 —

46 5 0 .0 0 5 0 .0 0 —

N t 5 5 .5 0 2 .7 5 3 0 .2 2 1 1 .5 3

D egraded 5 7 .0 2 3 2 .4 6 6 .1 4 4 .3 8

Vi negative 4 7 .4 3 4 2 .3 0 5 .1 3 5 .1 3

Phage-carrier 2 0 .0 0 6 6 .6 6 1 3 .3 4 —

R ough 2 7 .7 7 55.55 16.68 -

T o ta l 7 2 .5 7 1 5 .7 8 8 .7 7 2 .8 8
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Table VI

Phage type alterations o f ditype character in  carriers

P h ag e  ty p e  d e tec ted  on  
f ir s t  ex am in a tio n

P h ag e  types d e te c ted  on  su b seq u en t e x a m in a tio n s ; 
figures in b rack e ts  in d ic a te  th e  n u m b er  o f carrie rs

A В 1 (3), в,,(15). B:1(3), C,(3), C4(l), D,(12). D4(l) , D6(l), E la(7), F 4(2) 
T (l), 28(1). 46(1), Nt(3)

B4 A(6). D 4(l), 28(1)
B, A(15), C4(l), E Ia(l), N (l), T ( l) ,  28(1). N t(l)

B, A(4), N (l)

C, A(12), B2( l) ,  D ,(4), E la(3), F , ( l ) ,  38(1), N t(l)
c . A(2)

C, EIad)
D, A(15), B ,( l) ,  B2(l) .  D 7( l) ,  D9(2), E la(5), F 4(2), N (l) , N T ( ll)

a D,(l)
d 4 D,(4), E la(l), N t(l)
D- \ t ( l )

D . A(3), D,(2)

Bio Dad )

E.a A(7), Cj(2). D 4(3), E lb(14), Ea(l) , F 4(l), Nt(4)

E,b E la(5), N t(l)
e 2 E„(l)
Е, A(6), C,(2), C,(2), D4(2), D6(3), F 3(3), Nt(7)
f . F 4(l)
N B ,( l) ,  D j(l), N t(l)
T C4(3), 28(5), 46(1). Nt(3)
28 A (l), N t(l)
38 A (l)
46 N t(l)
nt A(9). В.,(2), C4( 1 ), C„(2), C4(2), D,(7), E lb(6), F 4(4), Fs(2), F4(l), 

N (l), T (l), 27(2), 28(7), 38(1), 40(5), 45(2)

D egraded A(21). B2( l l ) ,  B3(4), Cj(7), C..(l), D ,(20), E la(3), 27(1), 46(1), Nt(3)
Vi negative A( 13), B ,(4), C4(2), D,(12), E lb(19), F 4(4), F ,( l) ,  N t(5), D egraded (6)

Phage-carrier A (l). B:i(l) , Dj(2), E la(4), F j( l) , N t(l)
Rough A(6), D4(2), E la( l) ,  F 4( l)

ty p e  A, ty p e  D t was f requen t .  U n ty p ab le  s tra ins  were, in add i t io n  to  common 
types ,  often  accom panied  b y  ty p es  28 and  40. Carriers harb o u r in g  Vi negative 
s tra ins on the  f irs t  ex am ina tion  frequen tly  y ie lded  E ia, A a n d  D, cultures 
afte rw ards ;  types an d  were found in a s tr ik ing ly  low n u m b e r  in these 
subjects.
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Some in te res t ing  co m bina tions  of p o ly type  carriersh ip  and  th e  o rder  of 
ap p e a ra n ce  of new ty p es  were as follows.

A. 1. D j- D 8- D 10- D 9

2. Dj-D,-Du
3. E ,a-Vi n e g a t iv e -E 7- n t - E 7-phage carrier
4 . F j - n t - F n

5. T-degraded-28-T-A
6. T -n t-T -deg raded -n t-deg raded -A
7. T -deg raded -n t-28 -deg raded -28

In  o ther p o ly ty p e  carriers th e  following “ irregu la r”  changes were re 
corded.

B. 1. F ,-A -D ,-A
2. T -T - | -F 1 deg raded  (m ult ip le  colony exam in a t io n )-F  j-Vi negative- 

T-A-T-Vi negative-T-T-degraded-28  degraded
3. T-nt-F ., degraded-F .,T  dcgraded-28-T-T degraded-28 degraded-28
4. F 1- E ia-F 1 deg raded  (3 colon ies)- |-E ia (7 colonies)-Eia (9 colonies)-+- 

— F 2 (1 colony)
5. E ia-A -A - |-E ia(m ultip le  colony ex a in in a t io n )-E ,a

Phage  ty p in g  of cu ltu res  p re p a re d  from several isolated colonies grown 
from  the  same specim en was useful for analysing th e  appearance  of  different 
phage  types. C harac te ris tic  f ind ings are presented  in th e  following (typings 
are  shown in chronological order, figures w ith  m ult ip l ica t ion  m a rk  before 
ty p e s  indicate  th e  n u m b e r  of  consecutive  samples y ield ing th e  corresponding 
type ) .

degraded  (5 colonies)
Case 1. l x  A degraded , 1 X 8 x  A

A (5 colonies)

Yi nega tive  (9 colonies)
Case 2. 1 X A, 1 X 3 X A

A (1 colony)

A (5 colonies)
Case 3. 1 X A, 4 X D j (10 colonies), 1 X A, 1 X 4 x D ,

D 4(5 colonies)

A (several colonies)
Case 4. 1 X A, 4 X D (. 1 X 3 X D0

D |S (several colonies)
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F , (3 colonies)
Case 5. 2 x  n t ,  1 X F 15 3 x n t ,  1 x  n t  (2 colonies)

F.2 (1 colony)

46 (1 colony)
Case 6. l x  Vi negative , 1 X 4 6 ,  l x

n t  (4 colonies)

Case 7. 5 x E ia, 2 x A ,  l x

Case 8. 2 x  F 15 1 X E ia, l x

A (several colonies)
1 X E  | a

E ia (several colonies)

F , degraded  (3 colonies)

E , a (7 colonies),
F ,  (1 colony) 
E , a (1 colony)

Discussion

The incidence o f  phage types in  chronic  and  t ra n s ie n t  carriers registered 
in H u n g a ry  over a 20 y e a r  period has  been  p resen ted . T he  d a ta  do no t reflect 
the  presen t s i tua t ion , as systematic in v es t iga t ions  reveal every  year a n u m b e r  
of carriers, and  m a n y  carriers die or cease to  h a rb o u r  ty p h o id  bacteria. Y e t ,  
collection of such d a t a  is of great im p o r tan ce .  W hen  th e  phage type  d is t r i 
bu tion  of S. typh i in d iffe ren t  parts of th e  w orld  will he know n, it will be pos
sible to  est im ate  th e  source  of a new ty p e  appear ing  f irs t  in a country .

In  th e  present s tud ies , a ltera tions in Vi antigen co n te n t  of the  s tra ins  
which limit the  use of  phage  typing in epidemiological investiga tions have also 
been s tud ied . On re p e a te d  exam ina tion  of  th e  same carrier ,  Vi negative or 
rough stra ins  in th e  m a jo r i ty  of cases were followed b y  ty p a b le  cultures. As 
regards f requen t  phage  types ,  the  incidence of  Vi nega tive  s tra ins  was the  less 
f requen t  in Cj and F t carriers. A f re q u e n t  a l te rn a t iv e  incidence of Vi positive 
and  Vi negative s tra in s  was observed in E ia carriers. T here  was no definite  
association betw een th e  loss of Vi an tigen  a n d  cer ta in  phage  types .  The a p p e a r 
ance of Vi negative or p h ag e  carrier s t ra in s  w as f req u en t  in persons harbouring  
types A 1; D] and  E ia; th e se  strains were less com m on w ith  phage  types and 
F j. This find ing  in d ica tes  t h a t  the  loss of Vi an tigen  m a y  be associated w ith  
phage action.

T he  appearance  o f  one or more p h a g e  ty p e s  on su b seq u en t  exam ina tion  
of the  same carrier m a y  be explained as follows. D a ta  for po ly type  carriers 
indicate  t h a t  a m ixed  infection had occu rred  and th a t  d ifferen t phage ty p es
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p re s e n t  in the  carrier were isolated s im ultaneously  or a l te rn a t iv e ly  (see ex 
am p le  B 1 5 for p o ly ty p e  carriers). T h is  explanation is su p p o r ted  b y  th e
fa c t  t h a t  carriers, who m ain ly  belong to  older age groups, h a d  been passing  
p a r t  of their  lives u n d e r  un sa t is fac to ry  hygien ic  conditions a n d  m a n y  of th e m  
h a d  acquired ty p h o id  fever in th e  course  of w ater-borne  ou tb reaks .  I n  th e  
l i te ra tu re ,  E ö r s i  [16] in 1955 was th e  f i rs t  to  report  on a w a te r-bo rne  epidem ic 
caused  by S. typ h i s tra ins  belonging to  d ifferent phage types .  In  her p a p e r  she 
also m entioned  th a t ,  as ind ica ted  by  l a t e r  exam ina tion  of carriers  h a rb o u r in g  
d ifferen t phage types ,  a w ater-borne  o u tb re a k  in 1929 h a d  also been due  to  
m ix e d  infection. N i c o l l e  [19] rep o r ted  on a possibly w a te r-b o rn e  o u tb re a k  
o f  ty pho id  fever caused b y  phage ty p es  I) ,  an d  F,. B o y d  [15] described m ixed  
S . typ h i phage ty p e  infections in a c row ded  prisoner of w ar  cam p. C onditions 
d u r in g  the  f irs t  and  second world w ars  y ielded an am ple  chance for m ixed  
infections in H u n g a ry .

D itype  and  p o ly ty p e  carriers as well as multiple colony ex am in a t io n s  
revea led  the  s im ultaneous  appearance  of  phage  types, th e  a l te rn a t io n  of w hich  
c a n n o t  he exp la ined  by  an  u p ta k e  or loss of the  ty p e -d e te rm in in g  phage. T h e  
frequency  of d i ty p e  an d  po ly type  carrie rs  harbouring  a w ide scale of phage  
ty p e s  indicates t h a t  in th e  m a jo r i ty  of  carriers a m ixed in fection h a d  ta k e n  
p lace (see exam ples 7 an d  8 for m ult ip le  colony exam ina tions  and  exam ple  В 
for  po ly type  carriers). I n  a smaller p a r t  of carriers th e  ph ag e  ty p es  m a y  u n 
dergo altera tions associated  w ith  type -d e te rm in in g  phages (see exam ples  3, 
4, 5 and 6 for m ultip le  colony e x am in a t io n s  and exam ple A for po ly ty p e  c a r 
riers). For th e  ap p earan ce  of pairs A -D x, D 4-D x, D6-A, Е 1а-Е я, T-28 a n d  28-A 
in  d i type  carriers p ro b a b ly  the  ty p e -d e te rm in in g  phage is responsible, a l th o u g h  
a reinfection m ig h t  also have  occurred. A ltera tion  E ia-EXb belongs also to  th is -  
group. This a ssum ption  is supported  b y  th e  opinion of C r a g i e  and F e l i x  

t h a t  the  appearance  of phage ty p e  A does no t necessarily m ean  a m ixed  in 
fection.

The m a jo r i ty  of carriers excre t ing  tw o types (pairs A-Cx, A - F L, A - E ia, 
etc.) had  p ro b ab ly  been infected w ith  tw o  different phage  types .  It is also 
possible t h a t  th e  carrier had  su b seq u en t ly  been re in fec ted  w ith  a d ifferen t 
phage  type.

W hen a new phage  type  d ifferen t from the  original one appears  in a 
carr ie r  who has so far been excreting  one single type , th e  following possibilities 
m a y  be considered.

(1) I f  th e  a l te ra t io n  can be exp la ined  by  an u p ta k e  or loss of th e  ty p e 
de te rm in ing  phage, an  in  vivo change m a y  be assumed.

(2) I f  th e  a l te ra t io n  canno t be associa ted  with a ty p e -d e te rm in in g  phage ,  
m ixed  infection or re infection should  be suspected. A h is to ry  of long m o n o ty p e  
carriership m akes  th e  la t te r  p robab le .  T he  finding suggests t h a t  in th e  en 
v ironm ent of th e  carrier ano ther ,  y e t  unde tec ted , ca rr ie r  m a y  be p re sen t ;
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accordingly, epidemiological investiga tions an d  screening tes ts  are reco m 
m ended .

F o r  supp lem en tin g  th e  changes l is ted  a n d  analysed above, it  should be 
m en tioned  th a t  a p h a g e  type  a l te ra t io n  associated  w ith  type-d e te rm in in g  
ph ages m ay  occur in persons who h av e  becom e carriers a f te r  con trac t ing  a 
m ixed infection. In  such  cases the analysis  of ty p e  a l te ra t ion  m ay  be difficult . 
(Case 8 for multiple colony exam inations p resen ts  a good exam ple.)

A survey of ou r  20 year m ateria l  a n d  epidemiological experience in d i 
cates th a t ,  in view of th e  stability of p h a g e  ty p e s  and  xylose fe rm en ta t ion ,  S . 
typh i phage typ ing  in tro d u ced  in H u n g a ry  b y  E ö r s i  in 1948 has become an 
essential m eans of sea rch  for infective foci. W h en  antigenic  a lte ra tions m ak e  
ty p in g  difficult, re p e a te d  and m ultip le  co lony  exam ina tions  usually  reveal 
ty p a b le  strains.

W hen , rarely, a t y p e  different from  th e  original one emerges in a carrier,  
a coopera tive  genetic a n d  epidemiological analysis  will solve th e  problem.
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A NEW SALMONELLA SEROTYPE: SALMONELLA 
ISASZEG (48 : z,0 : e, n, x)
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(R eceived J u ly  6, 1971)

Sum m ary. A new  Salmonella  subgenus I se ro ty p e : S. isaszeg (48 : z 10 : e, n, x ) iso la ted  
from  surface  w a ter is described.

A new Salm onella  serotype has  been isolated  from  the  w ater  o f  b rook  
R ákos n e a r  the  to w n  Isaszeg (pronounced  i’shahseg) in th e  year 1969. A bove  
th e  sam pling  po in t th e re  was an in le t  of a canal ca rry in g  th e  sewage o f G ö
döllő town.

Materials a n d  methods

Isolation o f  the culture  was perform ed by  passing  one litre  o f brook w ater th ro u g h  
m em brane  filte r  and  tran s fe rrin g  the  filte r in to  R a ppa po r t ’s m ed ium  [4].

Biochemical am i serological methods w ere as described in [1 — 3].

R esults

As seen in T ab le  I ,  according to  b iochemical reac tions  the  s tra in  belongs 
to  Salm onella  subgenus  1.

Serological analysis  of the  s t ra in  is p resen ted  in T ab le  I I .T h e  О an t ig en  
of th e  cu ltu re  is iden tica l w ith  t h a t  o f  S . dahlem  (048). The first phase  of  its 
H  an tigen  is identical w ith  the  z 10 a n t ig e n  of S. glostrup. In  the  second H  
phase the re  is a m in o r  difference b e tw een  the iso late  and  S. abortus-equi 
(e, n , x).

The above an tigen ic  s truc tu re  o f  th e  new  sero type  has been co n f irm ed  
in th e  In te rn a t io n a l  Salmonella Centre , Paris ,  w ith  th e  completion t h a t  its 
0  an tigen  is a com plex  of 018,48., a n d  th e  second phase  of th e  II an tigen  cor
responds to  e, n, x, z ,6.

The new se ro type  has been in c luded  in th e  H u n g a r ia n  N ational Collec
tion of Medical B ac te r ia ,  Budapest,  u n d e r  accession n u m b e r  10253. O u r  a t 
te m p ts  a t  isolating m ore  strains w i th  th e  sam e an tigen ic  s truc tu re  from  th e  
same geographical a rea  have failed.
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Table I
Biochemical reactions o f  stra in  10 253

Adonitol — D -X ylose +

L-Arabinose + Aesculin

Dulcitol + D ex trin +

D -Fructose + S tarch + 7
D-G alactose + ON PG —

D-Glucose (gas) 37° + M ethyl red 37° +
22° + 22° +

Glycerol _|_5 V oges—Proskauer 37° —
m -Inositol — 22° —

Inulin — U rea —

Lactose — Indole —

D-M altose + H,S +
D-M annitol (gas) 37° + G elatin —

22° + Am m onium  c itra te  37° + ?
D-M annose + 22° + -
Raffinose — D -T artra te + 3
L -R ham nose + M alonate —

Salicin — Lysine decarboxylase +
D-Sorbitol + O rnith ine  decarboxylase +
Sucrose — A rginine d ihydrolase —

D -Trehalose + KCN

Table II
Serological analysis o f  stra in  10 253

0  serum i S. dahlem  (0 4 8 ) 0  serum s tr a in  10 253

O an tigens
-

ab so rb ed  b y  s tr a in  
10 253 - ab so rb ed  by  S. dahlem

S . dahlem 1280 5120
S tra in  10 253 1280 — 5120 —

11 an tigens

H  seru m  S . glos
trup  p h ase  1 (=i0)

H  se ru m  s tra in  
10 253 p h a se  1

H  serum  S. 
cqui (p,

abortus-
n, X )

H  seru m  s tra in  10 253 
p hase  2

abs. b y
10 253

a b s. b y
S.

glostrup

abs. b y  
10 253

abs. b y  S. 
abortus-equi

S . glostrup  phase 1 
S tra in  10 253 phase 1

5120
5120

5120
5120

S . aborlus-equi 
S tra in  10 253 phase 2

10 240 
10 240

10 240
10 240 320
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IRREVERSIBLE ADSORPTION OF EXOPENICILLINASE 
ON BACILLUS CEREUS 569 CELLS

B y

Y. Cs á n y i , I. M i l e , T. R o m h á n y i , P. H o rt o b ág yi  and F. H a t f a l u d i

Institu te  o f  M edical C hem istry  (Director: F . A n t o n i ) ,  Sem m elw eis U niversity  M edical School,
B udapest

(R eceived J a n u a ry  18, 1971)

Sum m ary. U n d e r  ap p ro p ria te  e x p e rim e n ta l conditions, a sm all p ro p o rtio n  of ex o 
penicillinase was c ap a b le  o f adsorp tion  o n to  th e  surface o f B acillu s  cereus cells an d  o th e r  
ad so rben ts . The m o st fa v o u rab le  ex p e rim e n ta l conditions n eed ed  fo r irreversib le  a d so rp tio n  
were stu d ied . I t  w as fo u n d  th a t  in the  pen ic illin ase  frac tio n  in cap ab le  of irreversib le  a d so rp 
tio n , a form  capable o f  ad so rp tio n  ap p ea red  u n d e r  the  effec t o f s tro n g  con fo rm atio n -a lte rin g  
agen ts.

The irrev ersib ly  adso rb ed  pen icillinase  could be red isso lv ed  b y  in cu b a tio n  w ith  c o n 
c en tra te d  bases. Im m u n o lo g ica l studies o f  th e  y-penicillinase fo rm ed  during  in d u ctio n  a n d  
of th e  irreversib ly  a d so rb e d  exoenzyme re v e a le d  close s im ilarities be tw een  th e  two enzym es.

Bacillus cereus 569 is know n to  produce tw o k inds  of penicillinase, viz . 
exopenicillinase w h ich  is secreted in to  th e  su rround ing  m ed ium , and  y-penicil- 
linase which rep re sen ts  about 10%  o f  th e  to ta l  enzym e yield and is i r reve rs 
ibly bound to  th e  cells, i.e. can n o t  be rem oved b y  co n cen tra ted  electro ly te  
solutions. The tw o  k in d s  of enzyme differ in several chem ical properties. These  
differences are, h o w ev e r ,  supposed to  be  due to  differences in th e  conform ation  
of th e  enzymes [1, 2].

S tudying th e  form ation  of t h e  y-enzyme, P ollock  and  K ram er  [3]  
h ave  d em o n s tra ted  t h a t  it  does n o t  serve as a p recu rso r  of exopenicillinase. 
S tud ies  performed in this labo ra to ry  [4] have show n th a t  it is p robab ly  th e  
y-enzym e which is fo rm ed  from exopenicillinase th ro u g h  secondary  ad so rp 
tion .

According to  Cit r i  [8] exopenicillinase is read ily  adsorbed  onto var ious  
surfaces such as glass, quar tz ,  cells, e tc .  and the  con fo rm atio n  of the  adsorbed  
penicillinase is d if fe ren t  from th a t  o f  exopenicillinase. T h e  p resen t  experim ents  
were performed in o rd e r  to s tudy  th e  process of a d so rp t io n  and the role of 
th is  in the  fo rm atio n  of  hound y-penicillinase.

Materials a n d  methods

Cultivation o f  B . cereus 569 has been  described  p rev iously  [5].
The m ethod o f exopenicillinase p re p a ra tio n  from  B . cereus 569 cells was th e  sam e as 

t h a t  used  for s tra in  5 6 9 /H  [6]. Enzym e p re p a ra tio n s  n o t o ld er th a n  fiv e  days were used  in  
th ese  experim ents.

S eparation  a n d  e s tim a tio n  of th e  a c t iv i ty  o f th e  b o u n d  enzym es w ere perfo rm ed  as 
re p o rte d  earlier [4].

E xopenicillinase antiserum  was p re p a re d  b y  th e  m ethod  of P ollock  and  K bá m er  [3].
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Results

T h e  bound en zy m e  co n ten t  of non-induced  B . cereus 569 cells varied  
b e tw e e n  0.2 — 0.5 U /m g  d ry  m ateria l .  T h e  exopenicillinase b ind ing  capacity  
of th e  cells in an e lec tro ly te  deficient m ed iu m  was s tud ied  b y  th e  following 
m e th o d .  The cells were suspended  in  a liquo ts  of 5 ml distilled w a te r  (2.5 mg 
cells/aliquot) and th e n  purif ied  exopenicillinase was added  in growing con-

F ig . 1. A dsorp tion  of p en ic illin ase  to  B . cereus 569 cells in  e lectro ly te  poor m ed iu m . The am o u n t 
o f a d so rb ed  penicillinase is  p lo tte d  ag a in st th e  pen ic illinase  c o n ten t o f th e  adso rb ed  m ix tu re . 

E x p e r im e n ta l co n d itio n s a re  described in  th e  te x t

c e n t ra t io n  to  each of th e  aliquots. A f te r  incuba tion  a t  0 °C for 15 m inutes, 
th e  cell suspension w as  cen tr ifuged  and  th e  cells were w ashed  w i th  five changes 
of  10 m l distilled w a te r ,  th e n  resuspended  in 3 ml 0 .5%  ge la t in  solution and  
th e  a m o u n t  of penicillinase b o u n d  to  th e  cells teas e s t im a ted .  As shown in 
F ig . 1, th e  cells were b in d in g  large q u a n t i t ie s  of exopenicillinase in  an electro
ly te  poo r  medium.

A  similar te c h n iq u e  was used for s tu d y in g  the  adso rp t io n  o f  exopenicil
l inase  to  d iatom ite  celite  535. The a d so rp t io n  kinetics showed sim ilar  cha rac te r 
is tics  and  the m a x im u m  values of th e  b o u n d  enzyme were a ro u n d  100 U /m g 
celite .

W hen in s tead  o f  distilled w a te r  1 %  NaCl was used  d u r in g  adsorp tion  
a n d  for  the  su b se q u e n t  washings, th e  qua li ta t ive  course o f  th e  adsorp tion  
process was similar to  t h a t  described above  and only th e  adso rbed  am ounts  
o f  th e  enzyme show ed  values  lower (40 — 60% ) th a n  in  th e  experim en ts  w ith  
d isti l led  water. Penic il l inase  b o u n d  to  th e  cells in th is  w ay  is te rm e d  “ loosely 
b o u n d ”  penicillinase w h ich  is easily rem oved  from th e  cells b y  t r e a tm e n t
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w ith  co n cen tra ted  electro ly te  so lu tions [1]. S tud ies w ere p erfo rm ed  to  decide 
w h e th e r it was possib le to  rem o v e  all th e  “ loosely b o u n d ”  exopenicillinase 
from  th e  cells if  th e  co n cen tra ted  e lec tro ly te  so lu tions w ere applied  a fte r th e  
com pletion  of a d so rp tio n , as su ch  solutions leave only  th e  irreversib ly  b o u n d  
penicillinase on th e  cell surface [1].

For the  ad so rp tio n  p ro ced u re , 2 m g cells were su spended  in  each of 1 ml 
NaCl solution a liq u o t, and exopenicillinase was added  in  grow ing concen tra-

Fig. 2. Irreversib le  ad so rp tio n  of exopenicillinase  to  B . cereus 569 cell. T he a m o u n t of i r 
rev ersib ly  adsorbed  enzym e is p lo tte d  a g a in s t th e  pen ic illinase  c o n te n t o f th e  ex p erim en t

(see tex t)

t io n  to  each of th e m . A fte r in c u b a tio n  a t 0 °C fo r 15 m in . th e  cells were eentri- 
fuged and  w ashed fiv e  tim es w ith  th e  elu tion  f lu id  (1 M  N aCl -f- 0.2 M  N a- 
c itra te , pH  0.8) u sed  also for th e  sep a ra tio n  of th e  y -enzym e form ed during  
in d u c tio n  [4]. T he a m o u n t of ce ll-bound  enzym e n o t rem o v ab le  b y  concen
t r a te d  e lectro ly te  so lu tions was e s tim a te d . In  o rd e r to  d e m o n s tra te  th e  h igh 
rep ro d u c ib ility  o f th e  exp erim en ts , th e  resu lts o f ex p erim en ts  perfo rm ed  a t 
d iffe ren t po in ts o f tim e  are show n in Fig. 2. T he cells w ere able to  adsorb 
severa l tenfolds o f th e ir  original b o u n d  enzym e co n te n t. T h e  shape of th e  
ad so rp tio n  curve is, how ever, d iffe ren t from  th a t  fo u n d  for th e  loosely b o und  
enzym e in e lec tro ly te-free  m edium .

In  th e  follow ing, ex perim en ts are  p resen ted  w hich  h av e  been perform ed 
to  de te rm ine  th e  m o st favourab le  ex p e rim en ta l cond itions needed  for irrev e rs
ible adsorp tion .

T he effect on irreversib le  a d so rp tio n  of th e  c o n c e n tra tio n  o f th e  w ashing 
so lu tion  and  of th e  n u m b er o f w ash ings is p re sen ted  in  F ig . 3 an d  Fig. 4, 
respective ly .
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I t  was found th a t  th e  p re lim in ary  add itio n  of th e  w ash ing  flu id  inh ib ited  
th e  occurrence of a d so rp tio n . T his fin d in g  offered a possib ility  for s tudy ing  
th e  tim e  course of th e  process of ad so rp tio n ; th e  re su lts  are show n in Fig. 5.

[Na-CITRATE ]

F ig . 3. E ffec t of the  c o n c e n tra tio n  of th e  w ash ing  solution on th e  a m o u n t o f irreversib ly  ad 
so rb ed  penicillinase. B. cereus 569 cells (3.5 m g) were suspended  in  5 ml 5%  NaCl contain ing  
5 X 104 U  exopenicillinase. A fte r  an  in cu b a tio n  period  of 15 m inu tes, th e  cells were centrifuged 
a n d  w ash ed  5 tim es w ith  w ash in g  flu id  a t  th e  con cen tra tio n  show n. T he cells were finally  
su sp en d e d  in  3 ml 1.5%  g e la tin  so lu tion  an d  th e  q u a n tity  o f b o u n d  enzym e w as estim ated

WASHING

F ig . 4. E ffec t of th e  n u m b e r of w ashings w ith  e lectro ly te  so lu tion  on th e  q u a n ti ty  of i r 
re v e rs ib ly  adsorbing pen ic illinase . T he cells (2.5 mg) were suspended  in  5 ml 1%  NaCl con tain ing  
5 X  104 U  penicillinase, in c u b a te d  a t  0 °C for 15 m inu tes an d  th en  cen trifuged . T he sam ples 
w ere w ashed  5 tim es. T he cells were f in a lly  suspended  in  0 .5%  g e la tin  so lu tion  an d  th e  am o u n t

o f adso rbed  enzym e was estim a ted
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In cu b a tio n  te m p e ra tu re  in  th e  range of 0 —40 °C w as found  to  have 
little  influence on irreversib le  ad so rp tio n .

E xperim en ts  w ere  perform ed to  decide w h e th e r th e  a m o u n t of th e  irrev e rs
ib ly  adsorbed pen ic illinase  was d e p e n d e n t on th e  c o n cen tra tio n  of th e  exo
enzym e as found b y  us in  several ex p erim en ts  on “ loose”  ad so rp tion . The 
resu lts  of these ex p e rim en ts  uneq u iv o ca lly  show ed th a t  th e  am o u n t of th e

F ig. 5. T im e course o f th e  irreversib le  ad so rp tio n  of exopenicillinase. T he cells (2.5 mg) were 
su spended  in  5 ml 1%  N aC l con tain ing  5 X 104 U  penicillinase. T he m ix tu re  w as in cu b a ted  a t  
0 °C an d  adsorp tion  w as in te r ru p te d  by  a m ix tu re  of 5 ml 2 M  NaCl an d  0.4 M  N a -c itra te  a t  
d iffe ren t po in ts of tim e. T h e  cells were cen trifu g ed , w ashed fiv e  tim es and  th e  a m o u n t of bound

enzym e w as e s tim a ted

irreversib ly  adso rbed  penicillinase depends on th e  q u a n ti ty  in s tead  of the  
co n cen tra tio n  of exopenicillinase used  du ring  in c u b a tio n  (Figs 6 an d  7).

T his finding led  to  th e  assu m p tio n  th a t  only  a defin ite  frac tio n  in stead  
o f all o f the  penicillinase molecules p resen t in th e  so lu tion  m igh t be involved 
in  irreversib le  a d so rp tio n . In  o ther w ords, th e  exopenicillinase so lu tion  can 
be “ d ep le ted” , i.e., i t s  m olecules cap ab le  of a d so rp tio n  can  be com pletely  
rem oved .

To te s t th is  h y p o th es is , a “ d e p le tio n ” ex p erim en t was perfo rm ed  in th e  
follow ing way. A fte r th e  cen trifu g a tio n  of an in cu b a tio n  m ix tu re  of a given 
a m o u n t of exopenicillinase and a g iven  am o u n t o f b ac te ria l cells, fresh cells 
w ere added to  th e  su p e rn a ta n t  c o n ta in in g  th e  enzym e. T he m ix tu re  was re
in c u b a te d  and th e n  cen trifuged  four tim es. T he am o u n ts  of th e  loosely and  
irrev e rsib ly  adsorbed  enzym es were e s tim a te d  a fte r  each  cen trifu g a tio n . The 
a m o u n t of the loosely b o u n d  enzym es w as ab o u t th e  sam e a fte r  each  cen tr i
fu g a tio n . On the  o th e r  h an d , a s ig n ifican t decrease in  th e  q u a n ti ty  of th e  
irrev ers ib ly  adsorbed  enzym e could be observed  a fte r  each cen trifu g a tio n , so
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th a t  p rac tica lly  no irreversib le  a d so rp tio n  was d e tec tab le  a f te r  th e  th ird  or 
fo u r th  cen trifu g a tio n  (F ig . 8).

I f  th e  enzym e capab le  of a d so rp tio n  form s only  a sm all frac tio n  of 
exopenicillinase, i t  is q u estionab le  w h e th e r it  is indeed  th e  exopenicillinase 
or e v e n tu a lly  a n o th e r enzym e ex h ib itin g  penicillinase a c tiv ity  th a t  is involved
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F ig . 6. E ffec t of d ilu tio n  on  th e  irreversib le  ad so rp tio n  of pen ic illinase . To 1, 10, 50 and  100 
m l o f 1%  NaCl each, 2 m g cells and  5 X  104 U  penicillinase w ere added . T he sam ples were 
in c u b a te d  a t  0 °C for 15 m inu tes. A fter c en trifu g a tio n , th e  cells w ere w ashed  five  tim es an d  

th e  a m o u n t o f b o u n d  enzym e was e s tim a te d

D.W.M. mg

F ig. 7. D ependence of th e  am o u n t o f irrev e rs ib ly  bound  enzym e on th a t  of th e  adso rb en t. 
T h e  cells (in am o u n ts show n  in  the  F igu re) w ere in cu b a ted  w ith  5 X  104 U  penicillinase in 5 m l 
1 %  NaCl a t  0 °C fo r 15 m inu tes, c en trifu g ed  and w ashed five  tim es. T he a m o u n t of b ound

enzym e w as estim ated
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in  th e  adso rp tion . I t  seem ed rea so n ab le  to  suppose th a t  th e  exopenicillinase 
p re p a ra tio n  used b y  us co n ta in ed  a sm all a m o u n t o f y -penicillinase p resen t 
o rig inally  in a cell b o u n d  s ta te  a n d  th is  was th e  fa c to r  th a t  h a d  th e  specific 
c a p a c ity  of ad so rp tio n . T herefo re, we stud ied  th e  ad so rp tio n  cap ac ity  of th e  
y-penicillinase described  by P o l l o c k  [1] and of th e  b o u n d  enzym e I , h o und  
enzym e I I  and U S -enzym e iso la te d  by  us [4]. T he resu lts  of these  stud ies 
u nequ ivocally  show ed  th a t  th e  a d so rp tio n  cap ac ity  o f these  p re p a ra tio n s  was

Fig. 8. “ D e p le tio n ”  b y  r e p e a te d  in c u b a t io n  o f  th e  e n z y m e  f ra c tio n  c a p a b le  o f  a d s o rp tio n . 
T h e  ce lls (2.5 m g) w ere  in c u b a te d  w ith  5 X 104 U p en ic illin ase  in  5 m l 1% N aC l a t  0 °C fo r  15 
m in u te s ,  c e n tr ifu g e d  a n d  w a sh e d  f iv e  t im e s .  T h e  a m o u n t  o f  b o u n d  e n z y m e  w a s e s t im a te d .  
T o  th e  s u p e rn a ta n t  o f  t h e  in c u b a t io n  m ix tu r e ,  f u r th e r  2.5 m g  cells w ere  a d d e d  a n d  c e n tr ifu g e d  
a s  a b o v e . T h e  a m o u n t  o f  e n z y m e  b o u n d  to  t h e  cells u se d  fo r s u b s e q u e n t  in c u b a t io n s  is p lo t te d  
a g a in s t  th e  n u m b e r  o f  in c u b a t io n s .  T h e  t o t a l  e n z y m e  c o n te n t  o f  th e  in c u b a t io n  m ix tu re  d e 

c re a s e d  b y  a b o u t  10% a f te r  th e  4 th  in c u b a t io n

m u ch  low er th a n  th a t  of th e  exopenicillinase. T he o rig inally  cell b o u n d  
y-penicillinase th u s  h a s  no special ad so rp tio n  c a p ac ity .

T he nex t p ro b lem  was th a t  i f  th e  frac tion  cap ab le  of ad so rp tio n  can he 
rem o v ed  from  th e  exoenzym e p re p a ra tio n , is i t  re ta in e d  d u rin g  iso lation  
w hen  celite ch ro m a to g rap h y  is ap p lied  by  w hich irreversib le  ad so rp tio n  is 
o therw ise  well d e tec tab le?  I t  could b e  assum ed th a t  th e  raw  m ix tu re  con ta ined  
th e  irreversib ly  b o u n d  frac tion  a t  a h igh  co n cen tra tio n . T herefo re , th e  p ro 
p o rtio n  of the enzym e adsorbed  fro m  th e  su p e rn a ta n t o f cells induced  b y  
penicillin  onto cells irrev e rs ib ly  n o t  induced was e s tim a ted . T he p ro p o rtio n  
o f th e  irreversib ly  ad so rb ed  frac tio n  was found to  be a ro u n d  0 .1% , a value 
s im ila r to  th a t  for p u rif ie d  enzym e p rep ara tio n s .

T his ex p erim en t show ed t h a t  th e  am o u n t o f th e  enzym e capab le  of 
a d so rp tio n  is ab o u t th e  sam e b o th  befo re  and  a fte r  th e  iso la tio n  procedure
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th o u g h  adsorp tion  c h ro m a to g ra p h y  ap p lied  during  iso la tion  shou ld  obviously 
h av e  re su lted  in d ifferences. T he co n trad ic tio n  could  on ly  be exp la ined  by 
su p p osing  th e  existence o f  a k ind  of ba lance  betw een  th e  frac tio n s  capable 
an d  in cap ab le  of a d so rp tio n , i.e., th e  fo rm atio n  of th e  frac tio n  capable  of 
a d so rp tio n  from  th a t  in cap ab le  of a d so rp tio n  w ith o u t th e  occurrence of any 
co n fo rm atio n a l changes.

A ccepting  th is  su p p o sitio n  as a w orking h y p o th esis , it  m u st im m edia te ly  
be ad d e d  th a t  the  p re su m e d  balance m u s t be a v e ry  special one since no d a ta  
in d ic a tin g  the  fast o ccu rren ce  of an equ ilib rium  w ere o b ta in ed  during  our 
s tu d ie s  on the  cond itions o f ad so rp tio n  (on th e  effect o f tim e , tem p era tu re , 
e tc .).

O ur first a t te m p ts  to  enable th e  “ d ep le ted ” enzym e p re p a ra tio n  in
cap ab le  of adsorp tion  to  regain  its c a p ac ity  for irreversib le  ad so rp tio n , failed 
se ria lly . I f  an enzym e p re p a ra tio n  w as com pletely  “ d ep le ted ”  w ith  repeated  
in cu b a tio n s  w ith cells, no new ly form ed frac tion  capab le  of irreversib le  adsorp
tio n  could be de tec ted  even  a fte r severa l weeks sto rage  in so lu tio n  at 0 °C. 
I t  w as th u s  concluded t h a t  th e  effect o f a co n fo rm atio n -a lte rin g  ag en t m ust 
be te s te d .

I t  has been show n in prev ious stud ies th a t  exopenicillinase does not 
lose its  a c tiv ity  in 0.1 N  b ase  a t 0 °C, b u t  undergoes co n fo rm atio n a l changes [11]. 
A tte m p ts  were th ere fo re  m ade to  ap p ly  alkaline t re a tm e n t for p roducing  the  
co n fo rm atio n  capable  o f  irreversib le  adso rp tion . T he m eth o d  proved  to  be 
successfu l as in a co m p le te ly  “ d ep le ted ”  exoenzym e p re p a ra tio n  th e  enzym e 
f ra c tio n  capable of irrev e rs ib le  ad so rp tio n  reap p eared  tw o m in u tes  a fte r alkali 
t r e a tm e n t  (Table I).

F u rth e r  stud ies rev ea led  g reat differences in th e  a m o u n t of th e  enzym e 
capable1 of irreversib le ad so rp tio n  o b ta in ed  a fte r alkali t re a tm e n t (from  3 —4 U

Table I

Production fro m  “ depleted”  enzyme o f  irreversibly 
adsorbing penicillinase by alkali treatment

F o r  d e ta i ls ,  see te x t

T re a tm e n t
U n its  irrev ers ib ly  
a d so rb ed  enzym e 

2.5 m g cells

Before d e p le tio n  
(50 000 U ) 7.2

A fte r to ta l  d e p le tio n  
(50 000 U ) 0 . 0

50 000 U  e n z y m e  b e fo re  d e p le tio n  
— 50 000 U  e n z y m e  a f te r  d e p le tio n 8.6

D ep le ted  e n z y m e  a f te r  a lk a li t r e a tm e n t  
(50 000 U ) 18.9
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to  100 U/104 U “ d e p le te d ” enzym e). T he phenom enon  m ay  be explained as 
follows.

The enzym e cap ab le  of irreversib le  adso rp tio n  is p re sen t a t re la tiv e ly  h igh 
concen tra tions in fresh ly  iso la ted  enzym e p re p a ra tio n s  and , a f te r  rem oval of 
th e  enzym e b y  d ep le tio n , it is possible to  resto re  h igh  enzym e co n cen tra tions 
b y  alkali t re a tm e n t. H ow ever, th e  ageing of th e  enzym e p re p a ra tio n  resu lts  
in  a parallel decrease b o th  in th e  a m o u n t of th e  fra c tio n  capab le  of adso rp tion  
an d  in the  re s to ra tio n  ra te .

E stim a tes  o f th e  irreversib ly  adsorb ing  enzym e c o n te n t of th e  fresh 
enzym e p re p a ra tio n s  show ed th a t  th is  frac tio n  rep re sen ts  a b o u t 0 .1%  of th e  
to ta l  enzym e a c tiv ity . T his value falls to  ab o u t one f if th  d u rin g  one week by  
p rim ary  k inetics. D ep le ted  fresh enzym e p re p a ra tio n s  can  be re a c tiv a ted  by  
alkali tre a tm e n t or even by  p rec ip ita tio n  w ith  c o n c e n tra ted  am m onium  su l
p h a te  solu tion  an d  am o u n ts  tw o or th ree  tim es h ig h er th a n  th e  original of 
th e  irreversib ly  ad so rb ed  frac tio n  m ay  th u s  be o b ta in ed . P rep a ra tio n s  one 
w eek old or o lder can  be “ a c tiv a te d ”  to  a sm all e x te n t. T he fac to rs  responsible 
for th is special “ age in g ”  are no t know n.

The irreversib ly  adsorbed  enzym e could be red isso lved  by  0.1 N  alkali 
so lu tion . The enzym e adso rbed  to  celite could also be red isso lved  Mrith  a 
m inim um  decrease o f a c tiv ity  b y  t re a tm e n t w ith  0.1 N  N aO H  for one m in u te .

This find ing  offered a possib ility  for s tu d y in g  th e  im m unological p ro p 
erties of b o th  th e  y-penicillinase fo rm ed  d u r;ng in d u c tio n  and  th e  irrev e rs
ib ly  adsorbed enzym e p rep ared  b y  us, and  also th e  re la tio n  betw een the  
tw o enzym es.

For the  fo llow ing ex p erim en t, sam ples w ere p rep a red  in four d ifferen t 
w ays, (i) The b o u n d  y-enzym e was set free from  th e  pen ic illin -induced  cells 
by  u ltrasonic  t r e a tm e n t  (U S-y-enzym e). (ii) A fte r rem oval of cell d e tritu s  
by  cen trifu g a tio n , p a r t  o f th e  U S-y-enzym e was in c u b a te d  a t p H  13 a t 0 °C 
for 1 m inu te  an d  th e n  reacid ified  to  p H  6 (U S -y-enzym e-)- N aO H ). (iii) The 
exoenzym e was adso rbed  irreversib ly  to  a large q u a n t i ty  of cells and a fte r 
w ashing w ith  e lu tio n  flu id , th e  cells w ere son ica ted  b y  th e  m ethod  used for 
induced  cells. In  th is  w ay , th e  adso rbed  enzym e w as red isso lved  (adsorbed  
enzym e), (iv) P a r t  o f th e  adsorbed  enzym e in so lu tion  w as su b m itte d  to  alkali 
tre a tm e n t and  th e n  reacid ified  (adso rbed  enzym e -f- N aO H ). T he im m une 
response to  ex o -an tise ru m  of each  o f th e  four sam ples as well as th a t  of th e  
purified  exopenicillinase was th en  te s te d .

The resu lts  o f th e  im m une reac tions are su m m arized  in Fig. 9. T he 
response to  an tise ru m  of th e  exoenzym e red isso lved  b y  u ltra so n ic  tre a tm e n t 
an d  of the  red isso lved  p re p a ra tio n  of th e  irrev ers ib ly  ad so rb ed  enzym e was 
m uch  w eaker th a n  th a t  o f th e  exoenzym e. A lkali t r e a tm e n t resu lted  in an 
increase in the  in te n s ity  of th e  reac tio n  w ith  ex o -an tise ru m  o f b o th  frac tions 
th o u g h  these va lu es  w ere still lower th a n  those  o b ta in e d  for th e  exoenzym e.
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In  o th e r  experim en ts w hen  ad so rp tio n  to  celite w as s tu d ie d , th e  reaction  
w ith  an tise ru m  of th e  enzym e e lu te d  b y  alkali an d  th a t  o f th e  exoenzym e 
w as sim ilar.

W hen  ev a lu a tin g  th e  d a ta  o b ta in e d , it m ust be ta k e n  in to  acco u n t th a t  
th e  im m u n e  serum  sp ec ific ity  of th e  enzym e p rep a ra tio n s  in creased  a fte r  alkali 
t r e a tm e n t.

100

о
et
ш
CL

<  50

<jQ
ID

1 --- 1------------------------

_U S-tf ENZYME

k . ADSORBED ENZYME

V- US--tf ENZYME *NaOH

ADSORBED ENZYME+NaOH
-

V EXOENZYME

-

0.01 0.05
ANTISERUM ml

0.1

Fig. 9. Im m u n e  re sp o n se  to  e x o p e n ic ill in a se  o f  th e  b o u n d  a n d  th e  i r r e v e r s ib ly  a d s o rb e d  e n z y m e . 
O f th e  e n z y m e s , 300 — 400 U  w ere  a d d e d  to  10 m l 0.05 M  p h o s p h a te  b u f fe r  a n d  in c u b a te d  w ith  
e x o p e n ic ill in a se  a n t is e ru m  fo r  15 m in u te s . R e s id u a l  e n z y m e  a c t iv i ty  w a s  e x p re ss e d  in  p e r  

c e n t  o f  th e  a c t iv i ty  o f  th e  se ru m -fre e  c o n tro l  sa m p le s

Discussion

I t  has been show n th a t  exopenicillinase from  B . cereus is adso rbed  in 
tw o  w ays. F irs t, th e  enzym e is ad so rb ed  “ loosely”  on to  th e  cells or o th e r 
s tru c tu re s  and is re a d ily  rem oved  from  the  surface on t re a tm e n t w ith  con
c e n tra te d  e lec tro ly te  so lu tions. S econd, th e  adso rp tio n  is “ irrev e rs ib le” w hen 
w ash ing  of th e  cells w ith  e lec tro ly te  so lu tions does n o t re su lt in  a release of 
th e  enzym e. A b o u t 0 .1 %  of th e  enzym e co n ten t o f th e  raw  fe rm en t ju ice or 
o f th e  exoenzym e p re p a ra tio n s  p re p a re d  b y  us is capab le  o f irreversib le  
ad so rp tio n . R ep ea ted  adso rp tio n  re su lts  in a com plete  rem o v a l from  th e  
exopenicillinase p re p a ra tio n  of th e  enzym e frac tio n  capab le  o f irreversib le  
ad so rp tio n . In  fresh  enzym e p re p a ra tio n s , s trong  co n fo rm atio n  a lte rin g  agen ts 
such  as co n cen tra ted  am m onium  su lp h a te  or p re c ip ita tio n  b y  0.1 N  a lkali 
m ay  resto re  th e  c a p a c ity  for irreversib le  adsorp tion  of p a r t  of th e  “ d ep le ted ” 
enzym e p rep a ra tio n . Irreversib le  ad so rp tio n  m ay be p re v e n te d  and  th e  a d 
so rb ed  enzym e red isso lved  b y  base  tre a tm e n t. T he im m une  response  of d if
fe re n t enzym e p re p a ra tio n s  to  exopenicillinase an tise ru m  show ed th a t  th e
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“ n a tiv e  b o u n d  enzym e” found du ring  in d u c tio n  as well as th e  irrev e rs ib ly  
adso rbed  penicillinase give a w eak reac tio n  w ith  exo -an tise rum . T he specific 
response of e ith e r  of th ese  tw o p re p a ra tio n s  can  be reinforced  b y  alkali t r e a t 
m en t.

T he m echan ism  of b o u n d  penicillinase fo rm atio n  is a m uch  d iscussed  
prob lem  [1, 3]. E a rlie r in d u c tio n  ex p erim en ts  have m ade us to  conclude th a t

h o u n d  y-penicillinase p roduced  d u rin g  in d u c tio n  was form ed by  seco n d ary  
adso rp tio n .

The ex p erim en ts  p resen ted  give fu r th e r  su p p o rt to  th is  h y p o thesis . O ur 
a tte m p ts  a t d em o n stra tin g  th e  irreversib le  ad so rp tio n  of exopenicillinase h av e  
been successful. B ound  y-enzym es adso rbed  irreversib ly  or form ed d u rin g  
in d u c tio n  show ed a w eak reac tio n  w ith  an ti-exopen icillinase. The im m u n e  
response of b o th  enzym es was enhanced  b y  alkali. O ur experim en ts p e rfo rm ed  
th u s  fa r suggest th a t  th e  exopenicillinase m olecule carries an  “ a t ta c h m e n t 
cen tre”  w hich — in th e  case of exopenicillinase — is bu ried  deep in  th e  m o le
cule. H ow ever, a n o th e r con fo rm ation  of exopenicillinase exists w hen th e  “ a t 
ta c h m e n t cen tre”  reach ing  th e  surface allows an in tensive  adso rp tion  to  an y  
su itab le  surface. S im ilar a tta c h m e n t cen tres  have  been suggested  also for 
o th e r p ro te in s  [12].

P enicillinase is fo rm ed  d u ring  b iosyn thesis  in  a conform ation  from  w hich  
b o th  ty p es — capab le  an d  in cap ab le  of ad so rp tio n  — can develop. I t  is th e  
in trace llu la r cond itions th a t  d e te rm in e  th e  ra tio  of th e  enzym e p ro d u ced  to
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develop in to  bound y -enzym e and of th e  enzym e leav ing  th e  cell. A sm all 
p ro p o rtio n , 0 .1% , of th e  ex trace llu la r enzym e ex h ib its  the  con fo rm ation  allow 
ing for ad so rp tio n . T h e  presence of e lec tro ly tes  resu lts  in a decrease of th e  
am o u n t o f b o u n d  enzym e [4] since e lec tro ly tes  are in h ib itin g  th e  adso rp tio n . 
The suggested  m echan ism  is show n in F ig . 10.
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S u m m a ry . E x a m in a tio n s  o f th e  faeces of h e a lth y  slau g h te r-h o u se  w orkers, h e a lth y  
persons of o th er e m p lo y m en ts , p reg n an t and  p o s tp a r tu m  w om en a n d  en te ritis  p a tie n ts  w ere 
carried  ou t w ith  th e  a im  to  e s tim a te  th e  occurrence of Listeria monocytogenes in H u n g a ry .

The faecal sam ples were c u ltiv a ted  a t  4 °C using  H o lm an ’s cooked-m eat m edium  an d  
a selective serum  a g a r co n ta in in g  try p aflav in e  and  nalid ix ic  acid.

The o rgan ism  w as iso la ted  from  3 .5%  of th e  n early  3900 sam ples exam ined. The s tra in s  
were sero type 1, 3, 4 an d  also n o n -ty p ab le  stra in s  w ere en co un tered .

I t  is concluded  th a t  h u m an  carriers of L . monocytogenes a re  n o t  in frequen t in  H u n g a ry  
and  th a t  th ey  m ay  be responsib le  in  th e  spread  o f disease.

The fac t t h a t  som e anim als m ay suffer from  L isteria  monocytogenes 
infection  is k n o w n  since 1911 [1]. The f irs t h u m an  case was rep o rted  b y  
N y f e l d t  in 1929 [2]. T he pathogenesis o f th e  in fec tion  is no t clear an d  its  
epidem iology h as  n o t been in vestiga ted  su ffic ien tly . A p a r t from  som e ra re  
o u tb reak s h u m a n  illness occurs sporad ically . T he n u m b e r of bacterio log ically  
confirm ed cases h ith e r to  d iagnosed comes to  several th o u san d s .

In  H u n g a ry  th e  s tu d y  of listeriosis w as in itia te d  b y  v e te rin a rian s  MÓCSY 

and  S a l y i  [3] re p o rtin g  on listeriosis in sheep. L a te r  th e  organism  was d em 
o n stra ted  b y  severa l a u th o rs  from  the  goose, c a ttle , p ig , ra b b it and gu in ea  
pig [ 4 - 8 ] .

As reg a rd s h u m a n  in fection , the  f irs t  o b se rv a tio n  w as pub lished  by  
P á l Óc z y  [9]. In v e s tig a tio n s  w ith  the  aim  to  o b ta in  fu r th e r  in fo rm ations on 
th e  epidem iology an d  pathogenesis of th e  organism  h av e  been carried  o u t 
since 1957 [10 — 37]. A h u m a n  case of p u ru le n t m en ing itis  was rep o rted  b y  
R o d l e r  and S z e m e s  in  1966 [38] and th e  au th o rs  p re sen ted  bacterio log ical 
evidence of its  ae tio logy . In  1960, R é d e y  [39] iso la ted  lis te ria  from  a food  
sam ple. R a l o v i c h  et al. [34] cu ltiv a ted  L . monocytogenes from  th e  th ro a t  of 
a sym ptom less sh ep h e rd  in 1968. In  th e  sam e y ea r F a z e k a s  et al. [28] d iag 
nosed L . monocytogenes as th e  causative  ag en t o f a m iscarriage and  a p re 
m a tu re  b ir th . B o d n á r  et al. [33] rep o rted  th e  in fec tion  o f a p reg n an t w om an . 
Since th e n  five  a d d itio n a l bacterio log ically  p roven  cases h av e  been described .

A t th e  B ac te rio lo g ica l D ep a rtm en t of th e  N a tio n a l In s t i tu te  of P u b lic  
H ea lth  we h av e  ex am in ed  th e  occurrence of L . monocytogenes in sewage and  
surface w ate r. F o r ty  p e r cen t of the  sew age sam ples p roved  to  co n ta in
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L . monocytogenes and  even  0 .5%  of su rface  w a te r  sam ples w as bacterio log ically  
po sitiv e . This o b se rv a tio n , especially  if  one com pares th e  figures to  those  
o b ta in e d  b y  th e  v e te r in a ry  service, calls fo r p a rticu la r a tte n tio n  an d  suggests 
th a t  lis te r ia  is w idespread  in  th is  c o u n try . T h is alone m ay  w ell ju s tify  a s tu d y  
o f th e  im p o rtan ce  of L . monocytogenes in fec tio n  in h u m an  p o p u la tio n s .

In  th e  p resen t re p o r t  we wish to  give an account on o u r in v estiga tions 
for th e  d em o n stra tio n  o f L . monocytogenes in  h u m an  faecal sam ples, and 
a t te m p t  to  give an e s tim a te  on th e  inc idence  of the  o rgan ism , based  in  p a r t  
on a u th e n tic  isolations ca rried  ou t till  now  in H ungary .

Materials and methods

Faecal samples w ere exam in ed  in th e  fo llow ing groups of persons. 1. H e a lth y  s la u g h te r
house  w orkers. 2. H ea lth y  pe rso n s of o th er em p lo y m en ts . 3. P reg n an t a n d  p o s tp a r tu m  w om en. 
4. G a s tro e n te r it is  p a tien ts .

C ultivation, isolation and identification o f  the strains. A sm all q u a n ti ty  o f faeces was 
in o cu la te d  in  H olm an’s cooked m ea t m edium . T h e  tu b es  were k e p t a t  4 °C an d  a fte r  an  in 
c u b a tio n  period  of fo u rteen  d ay s, one m o n th  a n d  th ree  m onths, su b c u ltu re s  were m ad e  on 
se lec tive  serum  agar co n ta in in g  try p aflav in e  a n d  nalid ix ic  acid (TN SA ) [40]. The p la te s  were 
ex am in ed  b y  H en ry ’s ob lique ligh ting  m eth o d , su sp ec t colonies were iso la ted  an d  id en tified  
acco rd in g  to  th e  p rincip les described  p rev io u sly  [40].

A s listeriosis is n o t n o tifiab le  in  H u n g a ry , th e  d a ta  on hu m an  cases hav e  been collected  
from  th e  l i te ra tu re  or a re  based  on personal com m unications.

Results and discussion

W e w ere successful in  iso la ting  th e  organism  from  3 .5 %  of th e  nearly  
3900 specim ens exam ined . This inc idence  is in accordance w ith  th e  find ing  
of sev era l au th o rs , w ho s ta te d  th a t  L . monocytogenes can  o ften  be d e tec ted  
in  h u m a n  faeces. M ost o f th e  s tra in s  iso la ted  were se ro type  4 , or belonged  to  
th e  g roup  of n o n -ty p ab le  (NT) s tra in s  (32.4 and 33.5% , respec tive ly ). Less 
f re q u e n t were sero ty p e  1/2 s tra in s  (2 3 .3% ), and sero type 3 iso lates w ere en 
co u n te re d  only in 10 .5% . In  T ab le  I  th e  stra in s re fe rred  to  as N T ty p es 
m orpho log ica lly  and  b iochem ically  b e h a v e d  as typ ica l L . monocytogenes and  
sh a red  som e an tigen  com ponen ts c h a ra c te ris tic  of lis te riae , b u t  th e y  could 
n o t be ty p e d  according to  th e  accep ted  an tigenic  schem e. W e l s h i m e r  and  
D o n k e h - V o e t  [42] also rep o rted  t h a t  such  s tra in s were o ften  iso la ted  from  
sew age an d  faecal sam ples, and  th a t  th e y  p roved  to  be a v iru le n t for la b o ra 
to ry  an im als (no reac tio n  a fte r th e  c o n ju n c tiv a l infection  o f gu inea pigs, and  
m ice w ere n o t killed b y  in tra p e rito n e a l in jec tion  of th e  cu ltu res). T he p a th o 
genetic  role and  epidem iological im p o rta n c e  of NT s tra in s  is n o t su ffic ien tly  
clear.

W e cu ltiv a ted  L . monocytogenes from  th e  faeces of 86 slaugh te r-house  
w orkers (an  incidence o f 4 .2 % ). T h a t  th e  h igh  occurrence o f L . monocytogenes
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Table I

Incidence o f  L . monocytogenes carriers in  H ungary  
1970— 71

G roups

N u m b er
of

S ero ty p es T o ta l

sam ples
exam ined 1/2 3 4 N T * N o. of

cases
P e r  ce n t

1. H ealth y  slaughter-house 
w orkers 2055 20 10 33 23 86 4.2

2. O th er employees (healthy) 212 2 3 1 6 2.8
3. P reg n an t and p o stp a rtu m  

w om en (healthy) 1164 8 4 4 18 34 2.9
4. E n te ritis  p a tien ts 399 1 — 3 3 7 1.8

T o ta l 3830 31 14 43 45 133 3.5

* N on-typable  stra in s  according to  th e  accep ted  antigenic schem e.

is correlated w ith  direct co n ta ct  w ith  anim als is suggested  also b y  the  f ind ings  
o f  B o jz e n -M 0l l e r  [43] w ho foun d  the  organism  in 4 .8 %  in the faeces of  
h e a lth y  s laughter-house workers (55 excreters out o f  1150 persons in v e s t i 
gated ).

A m ong h e a lth y  in d iv id u a ls  of o th e r em ploym en ts L . monocytogenes c a r
riers were found  in  2 .8% . T his group com prised  persons w ho were su b m itte d  
to  em ploym en t c u ltu ra l te s t  or su b jec t to  th e  reg u la r bac te rio log ical ex am in a 
tio n  o f th e ir  faeces (em ployees in th e  ca te rin g  tra d e  or in  ch ild ren ’s co m m u n 
ities, etc .). In  th is  group L . monocytogenes w as d e tec ted  from  th e  faeces of 
a shop assis tan t an d  from  th a t  of a cann ing  fac to ry  w orker, an d  even a m o th e r 
m ilk  donor was found  to  be excre te r. T hese observa tions ind ica te  th a t  in 
ad d itio n  to  m ilk and d a iry  p ro d u c ts  o th e r  foodstuffs m ay  p la y  a sign ifican t 
p a r t  in th e  sp read ing  of listeriosis.

T h irty -fo u r of 1164 p re g n a n t an d  p o s tp a r tu m  w om en h a rb o u red  L . mono
cytogenes b u t no d isorders o f an y  k in d  w ere observed  e ith e r  in  th e  affec ted  
m o th ers  or th e ir  in fan ts . T hough  p reg n an t w om en w ith  a p ositive  b a c te rio 
logical find ing  w ere t r e a te d  w ith  an tib io tic s , tw o of th e m  still excre ted  th e  
o rgan ism  a t th e  con tro l la b o ra to ry  ex am in a tio n  carried  o u t a f te r  p a r tu r it io n .

In  th e  g roup  of 399 g astro en te ritie s  p a tie n ts  L . monocytogenes was iso
la te d  in  7 cases (1 .7% ). O th e r en te ro p a th o g en ic  b ac te ria  w ere n o t c u ltiv a te d  
from  th e  faeces of L . monocytogenes ex cre te rs . S im ilar re su lts  were rep o rted  
b y  B o jz e n -M0lle r  [43], w ho h a d  found  th e  organism  in 6 cases (1%) o u t of 
620 en te ritis  p a tie n ts . A ccord ing  to  all ev idence availab le  th e  aetio logical 
b ea rin g  of L . monocytogenes u p o n  en te ric  in fections is o u t o f question .

W e m ay conclude from  th e  above fin d in g s and  from  th e  l i te ra tu re  on 
th e  su b jec t th a t  h u m an  carrie rs  p lay  an  im p o r ta n t p a r t  in  th e  sp read  of
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L . monocytogenes in fection  of m an. I t  seem s likely, on th e  o th e r h an d , th a t  
th e  o rgan ism  passing  in to  th e  in te s tin a l t r a c t  u n d e r n o rm al c ircum stances 
exerts  no h arm fu l effect upon  th e  h o s t o rganism . Special cond itions, how 
ever, o f w hich we ignore  th e  n a tu re , m a y  give rise to  th e  v a riab le  m a n ife s ta 
tions o f listeriosis.

F ro m  our in v estig a tio n s evidence h as  accu m u la ted  to  suggest th a t  L . 
monocytogenes is n o t less com m on in H u n g a ry  th a n  in  o th e r  coun tries. I t  a p 
pears, m oreover, th a t  as regards th e  source of in fec tion  (ill an im al, h e a lth y  
h u m a n  and  anim al excre ters) and  th e  fac to rs  responsib le of its transm issio n  
(foodstu ffs, stools, in fec ted  slopw ater) th e  sam e is valid  in th is  co u n try  as in 
th e  U .S .A . or in G erm an y .

In  th e  la s t 6 y ea rs  in  H u n g ary  n ine  b acterio log ically  confirm ed h u m an  
cases o f listeriosis w ere on record  e ig h t o f w hich h av e  d a te d  from  th e  recen t 
four y ears . The cases w ere found in co un ties T o lna, Z ala , S zabo lcs-S zatm ár, 
V eszprém  and  in th e  to w n  of B u d ap est. F ive of th e  a ffec ted  persons were 
m ales an d  four w ere fem ales. Six of th e  in fections were le th a l, five of th e m  as 
a re su lt of m en ing itis an d  one in th e  form  of p e rin a ta l d ea th . F rom  th e  sm all 
n u m b e r of find ings no conclusions can  he d raw n  concern ing  th e  age d is tr ib u 
tio n  o f th e  disease; new born  in fan ts , y o u n g  and  aged ad u lts  w ere eq ua lly  
affected . Six tim es th e  causa tive  o rgan ism  was d e m o n s tra te d  from  cereb ro 
sp inal flu id , th ree  iso la tions were carried  o u t from  o th e r sources (spleen, liver, 
lung, p lacen ta , um bilica l blood, lochia). Seven s tra in s  w ere sero type  1/2, tw o 
iso la tes  belonged to  se ro ty p e  4 (T able I I ) .

C learly, th e  p rev en tio n  of listeriosis is a com plex p u b lic  h ea lth  p rob lem , 
w hich  has b o th  v e te r in a ry  and  food-hygien ic aspects. D efence p resen ts  m uch

Table II

Bacteriologically confirmed cases o f  listeriosis in H ungary  
1 9 6 5 -7 1

S ite  of the  
isolation 1965 1966 1967 1968 1969 1970 1971

T o ta l 
No. of
cases

R efer
ences

C ounty  T olna
I 3 l b 2 “ [381

(Szekszárd) b [44]

C ounty  Szabolcs-Szatm ár 9 [3 3 1

(Szokoly, N agykálló) 128]
C ounty  Veszprém  

(H erend) - — — l — - 1 [45]

C ounty  Zala
(L en ti. Lovászi) — — — 2 - 2 [46]

B u d ap es t — — — - h i b 2* a [47] 
b [48]

T o ta l 1 — 3 l 3 l 9

* b o th  stra ins w ere sero type 4b.
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d ifficu lty  as we a lm o st com pletely  ignore  th e  ep idem iology  of th e  d isease. 
T here is, how ever, a considerable a m o u n t of evidence to  show  th a t  in  th e  
d issem ina tion  of th e  in fec tion  bo th  h u m a n  an d  an im al sym ptom less ex c re te rs  
m ay  p lay  som e p a r t .  As po in ted  ou t b y  G r a y  an d  K il l in g e r  [49] it  is n o t 
clear w h e th e r h u m a n  listeriosis is due ch ie fly  to  a d irec t co n tac t w ith  ill 
an im als or anim al ca rrie rs . K am pel m a c h er  and  N oorle  J a n s e n  [50] con
cluded th a t  a d irec t c o n ta c t w ith  an im als does n o t p la y  a m a jo r p a r t  in  d e te r 
m ining th e  sp read  o f th e  disease. To w h a t e x te n t are  foodstuffs of an im al 
origin concerned in th e  transference  of listeriosis is s till open  to  in v es tig a tio n . 
In fec ted  soil, w a te r  a n d  sewage m ay p ro b a b ly  also a c t as m eans of sp read in g  
th e  disease. M ention sh o u ld  be m ade of th e  o b serv a tio n s o f S e e l ig e r  et al. [51] 
who suggested  th a t  b o th  h u m an  and an im al o u tb reak s  could survive in  th e m 
selves as sep a ra te  recu rren ces. T hey succeeded  in iso la tin g  L . monocytogenes 
from  th e  faeces of a w o m an  who h ad  a h is to ry  of fo u r abo rtions, from  h er 
h u sb a n d ’s faeces, from  th e  soil of th e ir g a rd en  and  from  th e  sewage w ith  w hich  
th e y  h ad  m an u red  th e  garden . A possible ch a in  of in fec tio n  m igh t be as fo l
lows: faeces co n ta in in g  L . monocytogenes — po llu tio n  o f th e  soil — c o n ta m in a 
tio n  o f sa lad  or v eg e tab le  w ith  soil or e x c re ta  (sewage) — oral infection  of m an .

On th e  basis o f o th e r  au th o rs’ fin d in g s [42, 50] an d  our observa tions 
th e re  is every  reason  to  believe th a t  th e  cau sa tiv e  o rgan ism  is ex cre ted  in  
th e  faeces b y  a h igh p ercen tag e  of th e  a ffec ted  persons; hence th e  insistence 
on a h igh s ta n d a rd  o f  personal hygiene in  all who are  in  d irec t co n tac t w ith  
an im als, or who are engaged  in p rep arin g  food, em ployed  in ch ild ren’s com 
m unities is of o u ts ta n d in g  im portance. S a n ita ry  ed u ca tio n  an d  hygienic in 
fo rm atio n  am ong p re g n a n t women and  in  ru ra l p o p u la tio n  is an ad d itio n a l 
p recau tio n .

As a p ro p h y lac tic  m eans against th e  listeriosis o f p reg n an ts  and  ag a in s t 
p e rin a ta l d e a th  th e  sea rch  for L. monocytogenes in  th e  faeces and  in th e  v ag in a l 
specim en o f p re g n a n t w om en  is advisable. I n  th e  case of a positive bacte rio lo g 
ical find ing , or of fever o f uncerta in  orig in  d u ring  p reg n an cy , th e  a d m in is tra 
tio n  of specific an tib io tic s  is recom m ended.
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PHAGE TYPING OF MYCOBACTERIUM TUBERCULOSIS 
STRAINS ISOLATED IN HUNGARY

B y

E d i t h  V a n d r a  a n d  T .  F o d o r

4*K o rá n y i”  N ationa l In s titu te  fo r  Tuberculosis a n d  Pulm onology (Director : I. H u t á s ) ,  B udapest

(R eceived A p ril 27, 1971)

Sum m ary . T he p h ag e  ty p e  d is trib u tio n  o f 152 M ycobacterium  tuberculosis s tra in s  has 
been exam ined  by  th e  use  o f phages DS6A, G S 4E , BG1, D-34 an d  B K 1. T he incidence of 
s tra in s  acco rd ing  t o  th e  g roup ing  of B â t e s  et al. w as: A, 8 .5 % ; В , 16 .5% ; C, n il; in te rm e 
d ia te  75% .

In  recen t y ea rs  a new progress h a s  been  ach ieved  in  th e  c lassifica tion  
of m y co b ac te ria . B y  th e  use of phages, B a e s s  [1], B a t e s  and  F i t z h u g h  [3], 
T o k u n a g a , M a r u y a m a  and  M u r o h a s h i  [15] and  S u l a  an d  R e d m o n d  [11] 
d isting u ish ed  several subgroups in M ycobacterium  tuberculosis. T he incidence 
of th e  subgroups has been surveyed  in  severa l coun tries. T he p resen t s tu d y  is 
a c o n tr ib u tio n  to  th is  w ork.

M aterials an d  m ethods

Stra ins. A ll 152 M . tuberculosis s tra in s  w ere iso lated  from  tu b ercu lo u s  p a tie n ts . O u t 
of th e  s tra in s  108 w ere cu ltu red  from  sp u tu m , 24 from  urine  a n d  20 from  gynaeco log ical 
m ate ria l. W ith  th e  s ta n d a rd  m eth o d  [12] each  specim en  was c u ltu red  on 2 m odified  S u l a  
m edia [14] an d  on 2 L öw enste in  Jen sen  m edia . O ne of the  la t te r  c o n ta in ed  PAS (100 /ig /m l) 
for th e  d iffe ren tia tio n  of a ty p ic a l stra ins. C u ltu res  iso lated  from  p a tie n ts  w ith  p u lm o n a ry  
tu b ercu losis w ere all sensitive  to  IN H , those  c u ltu re d  from  u rin e  an d  gynaecological speci
m ens were p a r tly  sensitive , p a r tly  re s is tan t to  IN H . D rug sen sitiv ity  w as de te rm in ed  b y  th e  
m eth o d  of C a n e t t i  et al. [5] as m odified by  S z a b ó  [13]. On th e  basis of biochem ical te s ts  
and  PA S se n sitiv ity  all s tra in s  belonged to M . tuberculosis.

Biochem ical methods. N itra te  red uctase  w as d e tec ted  as described  by  V irta n en  [17]. 
One loopful o f a 4-week cu ltu re  was suspended  in  2 ml 1%  K N 0 3 dissolved in  p h o sp h a te  
b u ffer (pH  7.0, 1/15 M ).  A fte r 2 hours in c u b a tio n  a t  37 °C, 0.5 m l G riess—Ilo sv ay  re ag e n t 
was added . T he change in  colour was reco rded  a f te r  10 m inu tes s ta n d in g  a t  room  te m p e ra 
tu re . K onno’s niacin  te s t  [7] was perform ed as m odfied  by  Medveczky  [8] using 3 weeks 
old L ö w en ste in —Jen sen  cu ltu res  and 3% a lcoholic  benzid ine w ith  c o n cen tra ted  cyanogen  
b rom ide.

Phage typ in g  was pe rfo rm ed  b y  the  m e th o d  of R edmond an d  W ard [10]. P hages 
D S6A , G S4E, BG1 of R edm ond  [9], D-34 of F roman et al. [6] and  B K 1 of B aess [1] were 
used  a t  ro u tin e  te s t  d ilu tio n s (1 : 1000 for DS6A, G S4E  and B K 1, 1 : 100 for BG1 and  1 : 10 
for D-34). C u ltiv a tio n  of th e  s tra in s  and ty p in g  w ere perform ed o n  th e  m edium  described  
by  R edm ond  an d  W ard  [10]. T he degree of ly sis (0— 4) was read  a f te r  1 week in cu b a tio n .

T he re su lts  a re  show n on  th e  basis of th e  sch em a of Bates et al. [3, 4], who d istingu ished  
subgroups A , В a n d  C a n d  in te rm ed ia te  group. T ab le  I shows subgroups A, В and  C as d e te r 
m ined by  ph ag es DS6A, G S4E, BG1 and D-34 a n d  th e  in te rm ed ia te  group  d iv ided  b y  us 
in to  u n its  a, b , c an d  d. T h e  ac tio n  of phage B K 1 on  subgroup  A, В an d  C stra in s  and  on  in te r 
m ed ia te  cu ltu res  is p re sen te d  on th e  basis o f ex p erien ce  gained in  th e  s tu d y  of B ates and  
Mitchison  [4].
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Table I

C lassification o f  M . tuberculosis with phages

Phage Phages
types DS6A GS4E BG1 D-34 BK1

A
I

+ _ — — —

В + + + - +

C + + + +

« a + + — - -

£ l) + - +

c + +
1

a.
S a + — ~r —

+
no d a ta

R esults

F ig . 1 shows th a t  83 s tra in s  (54 .6% ) fell in to  subgroup  In te rm e d ia te  b . 
A cco rd in g  to  th e  g ro u p in g  of B a t e s  et al. on ly  25%  of th e  s tra in s  belonged  
to  su b g ro u p s A an d  B, th e  rem ain ing  s tra in s  could  be classified  only  as in te r 
m e d ia te  cu ltu res. N one o f our s tra in s  belonged  to  subgroup  C.

C om parison o f th e  origin and  phage ty p e  of th e  iso lates is show n 
in  T a b le  I I .  As in d ic a te d  b y  th e  %2 te s t ,  th e  d ifference in  d is tr ib u tio n  
of p h ag e  types in  sp u tu m , u rine  an d  gynaecological specim ens was n o t 
s ig n ifican t.

Fig. 1. Incidence of p liage subgroups
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Table II

D istribution o f  M . tuberculosis phage types according to source

P h ag e  subgroups

Source
в

In te rm e d ia te T o ta

a b c d

S p u tu m и 15 — 2 61 и 8 108

U rine l 7 — — 14 1 1 24
Gynaecological

specim ens l 3 - 1 8 6 1 20

T o ta l No. 13 25 — 3 83 18 10 152

P e r  cen t 8.55 16.44 1.98 54.60 11.84 6.58 100.00

D iscussion

T he purpose o f phage ty p in g  of M . tuberculosis s tra in s  w as to  o b ta in  
d a ta  as to  th e  incidence of phage su b g ro u p s in H u n g a ry .

B a e ss  [1] w as th e  f irs t to  use th e  phage se n s itiv ity  of M . tuberculosis 
as an  ep idem io log ical m ark er. A lth o u g h  a great p a r t  o f th e  iso lates w as re 
s is ta n t  to  phage BK1, B a e ss  concluded  th a t  the  m e th o d  w as su itab le  for th e  
d iv is io n  of th e  species in to  su bgroups.

B at e s  and  F it zh u g h  [3] used  4 phages and were able to  classify  92 stra in s  
in to  3 d ifferen t su bgroups. S u b g ro u p  A w as the  m ost f re q u e n t in  tubercu lous 
p a tie n ts .

T o k u n a g a  et al. [15] show ed th a t  M . tuberculosis s tra in s  iso la ted  from  
ep idem iologically  co n n ec ted  cases w ere iden tical in  p hage  sen s itiv ity . Iso lates 
o rig in a tin g  from  d iffe ren t foci show ed no such associa tion . L a te r , B ates  and  
M it c h iso n  [4] rep o rted  on th e  ty p in g  b y  5 phages o f 255 s tra in s  collected 
from  p a tie n ts  w ith  p u lm o n a ry  tu b ercu lo sis  in  coun tries of d iffe ren t geograph
ical s itu a tio n . S ubgroup  A show ed th e  h ighest incidence  in  all countries 
(H o n g  K ong 89% , B hodesia  78% , M adras 54% , E n g lan d  50% ). In  add ition  
to  subgroups A, В an d  C th e y  d is tin g u ish ed  an “ in te rm e d ia te ”  group . T hey  
described  th is  group as inhom ogeneous and n o t w ell definab le  by  phage 
ty p in g .

O nly 25%  of our 152 M . tuberculosis stra ins fell in to  subgroups A and  B. 
I n  c o n tra s t to  th e  above find ings g roup  A was en co u n te red  in freq u en tly  
(8 .5 % ). As ab o u t 75%  of our s tra in s  belonged to  th e  in te rm e d ia te  subgroup , 
w e a tte m p te d  to  m ak e  a subd iv is io n . As shown in  T ab le  I ,  we estab lished  
4 new  u n its  te rm ed  a, b , c and  d. T h e  lysis p a tte rn s  o f th ese  subgroups show ed 
an  in te rm e d ia ry  p o sitio n  betw een  subg ro u p s A and  B . T he m a jo rity  of our
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iso la te s  (83 stra in s, 5 4 .6 % ) fell in to  in te rm ed ia te  b . In  incidence subgroup 
В an d  in te rm ed ia te  c w ere n e x t in  o rder. This d is tr ib u tio n  w as charac teris tic  
o f a ll k in d s of specim ens exam in ed .

F ro m  p a tien ts  w ith  p u lm o n a ry  tubercu losis  o n ly  IN H  sensitive s tra in s  
w ere s tu d ie d  since IN H  resis tan ce  m ay  cause d ifficu lties in  d istinguish ing  
M . tuberculosis and  M . bovis. In  v iew  of th e  sm all n u m b e r of s tra in s  iso lated  
from  u rin e  and gynaeco log ical specim ens, b o th  IN H  sensitive  and  re s is tan t 
s tra in s  w ere used if  o th e r  te s ts  doub tlessly  in d ica ted  M . tuberculosis. P hage 
se n s it iv ity  is in d e p e n d e n t o f d ru g  resistance  [3, 16] an d  th u s  th e  la tte r  d id  
n o t  in flu en ce  our re su lts .

T h e  incidence o f p h a g e  subgroups varies accord ing  to  coun tries [4] and  
a u th o rs . T he difference m a y  be due p a r tly  to  geograph ical, p a r t ly  to  m e th o d 
ica l reasons. L et i t  su ffice  to  m en tio n  th e  resu lts  o f B a e s s  [2] w hich v a ried  
w ith  d iffe ren t phage co n c e n tra tio n s . E lu c id a tio n  of th is  p rob lem  needs fu r th e r  
s tu d ies .

R E F E R E N C E S

1. B a e s s , I .:  Amer. R ev . re sp . D is. 93, 622 (1966).
2. B a e s s , I .:  A cta p a th , m icrob io l. scand . 76, 464 (1969).
3. B a t e s , J .  H ., F it z h u g h , J .  K .: A m er. R ev. resp. Dis. 96, 7 (1967).
4. B a t e s , J . H ., Mit c h is o n , D . A.: A m er. R ev. resp. Dis. 100, 189 (1969).
5. Ca n e t t i , G., R is t , N ., Gr o s s e t , J . :  R ev. T uberc. 27, 217 (1963).
6. F r o m a n , S., W il l , D. M., B o g e n , E .: A m er. J .  publ. H lth  44, 1326 (1954).
7. K o n n o , K .: Science 124, 985 (1956).
8. M e d v e c z k y , E .: A m er. R ev . resp . D is. 81, 757 (1960).
9. R e d m o n d , W. В.: E x c e rp ta  m ed. In t .  Congr. Ser. 63, 317 (1963).

10. R e d m o n d , W. B., W a r d , D . M .: S ym posia  in  M ycobacteria  an d  E x p e rim en ta l T uberculosis.
Tuberculosis R esearch  In s t i tu te ,  P rag u e  1965.

11. S u l a ,  L., R e d m o n d , W . B .: P roceed ings on  th e  S ix th  S ym posium  on Iso la tio n , C lassifica
t io n  and W orld-w ide D is tr ib u tio n  of M ycobacteria . T ubercu losis R esearch  In s t i tu te , 
P rag u e  1970.

12. Sza bó , I.: T uberk. K é rd . 8, 92 (1955).
13. S z a b ó , I.: B eitr. k lin . T u b e rk . 136, 299 (1967).
14. T á r n o k , I ., Szabó, I .:  Z. T u b e rk . 120, 74 (1963).
15. T o k u n a g a , T., Ma r d y a m a , Y ., Mu r o h a sh i, J .:  Am er. R ev. resp . D is. 97, 469 (1968).
16. V a n d r a , E ., Gá l , F .: A c ta  m icrob io l. A cad. Sei. hung. 5, 43 (1958).
17. V ir t a n e n , S.: A cta  tu b e rc . scand . Suppl. 48 (1960).

A d d re ss  o f  th e  au thors:

E d it  V a n d r a , T amás F odor
“ K o rá n y i”  N a tio n a l In s t i tu te  fo r  T u b e rcu lo s is  a n d  P u lm onology  
P ih e n ő  ú t  1, B u d ap est X I I ,  H u n g a ry

A d a  Microbiologica Academiae Scientiarum  Hungaricae 18, 1971



Acta microbiol. Acad. Sei. hung. 18, 159— 165, 1971

BACTERIAL CARDIOLIPINS 
AND THEIR SEROLOGICAL ACTIVITY
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Sum m ary. Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, C lostridium  novyi 
a n d  Clostridium tetani w ere analysed  for to ta l  lip id  and  card io lip in  co n te n t. Cardiolipin co n 
s t i tu te d  0.2—0 .7% , to ta l  lip id  3.1 — 9 .5%  of th e  d ry  w eigh t o f b a c te ria . A lte ra tio n  in  c u ltu ra l 
conditions resu lted  in  a  change in  to ta l  lip id  an d  p h o sp h a tid e  c o n te n t b u t  n o t in  card io lip in  
c o n ten t.

Cardiolipins v a rie d  n o t only q u a n tita tiv e ly  b u t  also q u a lita tiv e ly  in  the  o rgan ism s 
te s te d ; glycerol : p h o sp h o ru s  ra tio  d e te rm in a tio n s in d ica ted  s tru c tu ra l  differences.

B acteria l card io lip in s were eq u iv a len t in  sen sitiv ity  an d  sp ec ific ity  to  in te rn a tio n a l 
s ta n d a rd  p ro d u c ts . A fte r  1 y e a r storage all specim ens were stab le .

A considerab le  p a r t  of b ac te ria l lipids consists of phospho lip ids. T hese 
substances are p a r t ly  fu n c tiona l p a r tly  s tru c tu ra l c o n s titu e n ts  of th e  b a c 
te r ia l cell. A m ong phospho lip ids, d isp h o sp h a tid y l glycerol (cardio lip in) is an  
especially  im p o r ta n t su b stan ce  p resen t in  G ram -nega tive  an d  in  G ram -positive  
b ac te ria .

The purpose o f th e  p resen t investig a tio n s w as to  com pare  q u a n tita tiv e ly  
an d  q u a lita tiv e ly  th e  card io lip in  c o n te n t in  5 d iffe ren t b ac te ria . In  order to  
o b ta in  d a ta  for th e  su ita b ility  of b ac te ria l card io lip ins in  th e  serological 
diagnosis of syph ilis , th e  a c tiv ity  of card io lip in  p re p a ra tio n s  was com pared  
to  in te rn a tio n a l s ta n d a rd  p ro d u c ts .

M aterials and  m ethods

Strains. Escherichia coli s tra in  30006 an d  Proteus vulgaris s tra in  61001 were o b ta in ed  
fro m  th e  H u n g a rian  N a tio n a l Collection of M edical B acteria , N a tio n a l In s t i tu te  o f P ub lic  
H e a lth , B u d ap est. P seudom onas aeruginosa s tra in  21 was iso la ted  in  th e  In s t i tu te  of M icro
biology, D ebrecen. A n aerob ic  b ac te ria  were rep re sen ted  by  C lostridium  novyi and  Clostridium  
te tan i H a rv ard  s tra in s .

Culture media. G ram -n eg a tiv e  b ac teria  w ere cu ltu red  in th e  follow ing m edia. M edium  I .  
C asitone (Difco), 10 g; N aC l, 5 g; N a 2H P 0 4, 5 g; K H ,P 0 4, 5 g; F e (N H 4)2 S 0 4, 0.03 g; M n S 0 4, 
0.01 g; M gS 04, 0.01 g; d is tilled  w ater, 1000 m l. M edium  I I  w as p re p a re d  by  add ing  1%  
y e a s t e x tra c t (D ifco) to  m ed iu m  I. M edium  I I I  was p re p are d  b y  add in g  1%  y eas t e x tra c t  
(D ifco) and 10%  h u m a n  se ru m  to  m edium  I. M edium  I V  w as p rep ared  by  add ing  10%  
h u m a n  serum  to  m ed iu m  I. T he m edia were a d ju s te d  to  p H  7.2. A ll in g red ien ts  were a n a ly t
ica l grade reag en ts . T he in o cu la ted  m edia w ere shaken  a t  120 r .p .m . for 18 hours a t  37 +  1 °C.

Cl. novyi w as c u ltu red  in  a m edium  co n ta in ing  y e as t e x tra c t  (D ifco), 5 g; try p easin , 
15 g; glucose, 5 g; sod ium  th iog lyco lla te  (S ch u ch ard t), 0.5 g; NaCl, 2.5 g; 0 .2%  m ethy lene- 
b lu e  solu tion , 0.5 m l; d is tilled  w a ter, 1000 ml. S tan d in g  cu ltu res  w ere in cu b a ted  for 18 h o u rs  
a t  37 °C. Cl. tetani cu ltu re  w as p rep ared  in  F ise k —M ueller—M iller m ed iu m  b y  th e  In s t i tu te  
fo r Serobacterio logical P ro d u c tio n  and  R esearch  H u m an , B u d ap est.
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E xtraction  and a n a lys is  o f  lip ids. T h e  b a c te r ia  were h a rv es te d  by  cen trifu g a tio n  a t  
3600 r .p .m ., w ashed in  sa lin e  and  dried  in  ace to n e  (bacteria l cu ltu res  in 1000 m l m edium  
were susp en d ed  in  35 m l ace tone).

A fte r re frig e ratio n  a t  4 °C for 24 h o u rs , th e  b ac teria  were se p a ra te d  by  f iltra tio n , d ried  
in  vacuo  over p h osphorus p en to x id e  an d  hom ogen ized . E x tra c tio n  of lip ids was perform ed 
as desc rib ed  by V o r b e c k  a n d  M a r i n e t t i  [ 1 ] .

P reparation o f  card io lip in . C ard io lip ins w ere p repared  by  tw o d iffe ren t m ethods. 
T he f i r s t  m ethod  was as d escribed  in  [14]. T h e  o th e r  m ethod  w as as follow s. T he lip id  e x tra c t 
was d ried  over phosp h o ru s p en to x id e  th e n  d issolved in  96%  e th an o l. T he e thano l-in so lub le  
f ra c tio n  w as sep ara ted  b y  cen trifu g a tio n  a t  10 000 r.p .m . a t  — 10 °C. T he su p e rn a ta n t, co n ta in 
ing th e  m ain  p a r t  of n e u tra l  lip ids and  v e ry  slig h t a m o u n t o f p o la r  lip ids, was d iscarded. 
T he d e p o sit w ith  th e  m ain  p a r t  o f polar lip id s  w as dissolved in  ch lo ro fo rm  an d  frac tio n a ted  
on silicic acid colum n ( len g th , 20 cm ; d iam e te r, 1.7 cm ; co n ten ts , 4 p a r ts  40 — 50 m esh and 
1 p a r t  100 m esh M erck silicic acid). T he fo llow ing e luan ts (100 m l each) w ere used : 1. ch lo
ro fo rm ; 2. 2%  m ethano l in  ch loroform ; 3. 4 %  m eth an o l in ch lo ro fo rm ; 4. 8%  m eth an o l in  ch lo
ro fo rm ; 5. 15%  m eth an o l in  chloroform ; 6. 2 5 %  m ethano l in  ch lo ro fo rm ; 7. m ethano l.

T h e  frac tions w ere c o n cen tra ted  b y  ev ap o ra tio n . T h in -lay er c h ro m a to g ra p h y  was 
p e rfo rm ed  on 500/i S ilicagel G layer in ch lo ro fo rm  : m ethanol : w a te r (70 : 22 : 3) so lvent. 
C ard io lip in  was p re sen t in  frac tio n s 4 a n d  5. T hese  were u n ite d , dissolved in  e th an o l and  
cen trifu g ed  as described abo v e . The d e p o sit so luble  in chloroform  : m ethano l (2 : 1) cor
re sp o n d ed  to  pure  card io lip in .

P u rified  card io lip in s w ere an alysed  b y  de term in ing  th e ir  p h o sp h o ru s c o n ten t [2], 
g lycero l c o n te n t [3] a n d  n itro g en  c o n ten t [4]. M easurem ents w ere pe rfo rm ed  by  th e  use of 
a J o b e n  Y von  sp ec tro p h o to m ete r. F a t ty  acid  co n stitu en ts  w ere d e te rm in ed  as described
in  [5].

Preparation o f  bacterial cardiolipin fo r  syp h ilis  serological tests. D ried  p re p ara tio n s  of 
k n o w n  d ry  w eight were s to re d  in  am poules. T e s t an tigens were p re p are d  im m ed ia te ly  a fte r  
d isso lv ing  th e  co n ten t o f  th e  am poule in 1 m l chloroform  : m eth an o l m ix tu re  (2 : 1). To th e  
b a c te r ia l  card io lip in  spec im en , in te rn a tio n a lly  s tan d ard ized  lec ith in  an d  cholestero l were 
ad d ed . C on tro l an tigens w ere p rep ared  w ith  in te rn a tio n a l s ta n d a rd s  o f card io lip in  and  lecith in . 
K o lm er an tig en s for 50%  haem olysis an d  m ic ro -co m p lem en t te s t  w ere p rep ared  from  0.03%  
card io lip in , 0 .05%  lec ith in  a n d  0 .3%  ch o lestero l. V D R L  an tigens co n ta in ed  0 .03%  card io 
lip in , 0 .2 2 %  lec ith in  a n d  0 .9 %  cholestero l.

5 0 %  haemolysis test w as p e rfo rm ed  acco rd in g  to  th e  W H O  m eth o d  [10] m odified as 
described  in  [111.

Comparison o f  antigens. K olm er a n tig e n s  p rep ared  from  b ac te ria l card io lip ins and 
from  th e  s ta n d a rd  a n tig en  w ere com pared  w ith  m icro-com plem ent te s t  [12]. In  som e e x p eri
m en ts  th e  cardio lip in  p re p a ra tio n  was checked  as V D R L  an tig en  [12].

Statistical methods. R eac tio n s reco rd ed  b y  crosses were expressed  in  log]0 titre s  acco rd 
ing to  K ä r b e r  [ 1 3 ] .  S ignificance of th e  d ifference  in average titre s  be tw een  th e  exam ined  
and  th e  s ta n d a rd  an tig en s w as tes ted  b y  a n a ly s is  o f variance.

R esu lts

T ab le  1 show s th e  to ta l lip id  c o n te n t of E . colt, P . vulgaris an d  Ps. 
aeruginosa  a fte r 18 h o u rs  cu ltiv a tio n  in  basa l m ed ium  an d  in  th e  presence 
of 10%  serum . T he re su lts  in d ica ted  t h a t  in b ac te ria  grow n w ith  serum  th e  
to ta l  lip id  co n ten t w as h igher.

In  subsequen t ex p erim en ts  th e  p ro p o rtio n  of n e u tra l and  po lar lip ids 
was exam ined . W ith in  p o la r lipids th e  card io lip in  co n ten t w as also de te rm ined . 
In  b a c te r ia  grow n in  th e  basal m ed iu m  po lar lipids w ere p re sen t in g rea te r 
p ro p o rtio n  th a n  n e u tra l  lip ids, b u t  in  se ru m  m edium  th e  a m o u n t of th e  la t te r  
increased . The ca rd io lip in  co n ten t o f  th e  th ree  b a c te ria  ran g ed  betw een  0.17 
and  0 .65%  and w as n o t s ig n ifican tly  in fluenced  by  cu ltu ra l cond itions.

In  com paring phosp h o ru s, g lycero l and  n itrogen  c o n te n t of pu re  b a c 
te r ia l  cardio lip ins a n d  s ta n d a rd  b ee f h e a r t  card io lip in  th e  follow ing resu lts
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Table I

L ip id  content o f  Gram-negative bacteria cultured in  different media

M edium *
P ercen tag e  fo r d ry  w e ig h t o f  bacteria*

T o ta l lip id N e u tra l lipid P o lar lipid C ardiolipin

E . coli 1 3.8 0.5 3.3 0.17
2 4.7 2.1 2.6 0.22

P. vulgaris 1 5.4 0.5 4.9 0.20

2 7.0 3.0 4.0 0.18

Ps. aeruginosa 1 7.2 1.7 5.5 0.65
2 9.5 6.0 3.5 0.56

* 1 — basal m edium ; 2 - basal m edium  supplem ented  w ith  10%  serum 
** A verage of 3 d e te rm inations

w ere ob ta in ed . B eef h e a r t  card io lip in  co n ta in ed  4.1 — 4 .3 %  phosphorus, 18.5 — 
22%  glycerol and  less th a n  0.01%  n itro g en ; the  p h o sp h o ru s glycerol ra tio  
was 2 : 3. In  E . coli an d  Ps. aeruginosa  card io lip ins th e  phosphorus — glycerol 
ra tio  teas th e  sam e as in  beef h e a r t ca rd io lip in , b u t  fo r P . vulgaris a s lig h tly  
d ifferen t v a lue  was fo und . In  seru m -su p p lem en ted  m ed iu m  th e  b ac te ria l c a r 
diolipins show ed a h ig h er glycerol c o n te n t an d  a so m ew h at lower p h o sp h o ru s 
co n ten t as co m p ared  to  beef h e a r t card io lip in .

Table II

M a in  fa tty  acids in  bacterial and beef heart cardiolipins

Cardiolipins

P e rcen tag e  d is tr ib u tio n  of f a t ty  acids*

C" C I ? J С „ :г C19-t ciaj
Total

u n sa tu ra te d
T o ta l
cy c lo 

p ro p a n e

E . coli 40 22 — 8 20 12 42

P. vulgaris 42 30 — + 20 1 50

Ps. aeruginosa 40 5 - 30 16 42 21

B eef heart + 78 8 96 —

* A verage of 3 d e te rm inations

In  T ab le  I I  are p re sen ted  th e  m ain  f a t ty  acids in  th e  th re e  above b a c te ria . 
W hile in  b ac te ria l card io lip ins th e  m a jo rity  of f a t ty  acids co rresponded  to  
s a tu ra te d  or cyclop ropane com pounds, in  b eef h e a r t ca rd io lip in  u n sa tu ra te d  
f a t ty  acids p red o m in a ted . In  beef h e a r t card io lip in  u n s a tu ra te d  doub le-bond  
fa t ty  acid C18.2 was p re sen t in 78% . In  b ac te ria l card io lip in s th is com pound  
w as ab sen t an d  th e  m ain  fa t ty  acid co m p o n en t was p a lm itic  acid.
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T ab le  I I I  shows th e  lip id  com position  of the tw o an ae ro b ic  b ac te ria . 
M ain  f a t ty  acids in card io lip ins of these  organ ism s are p re sen ted  in T ab le  IV . 
S im ila rly  to  G ram -nega tive  b a c te ria , in  anaerob ic  organ ism s pa lm itic  acid 
w as th e  m ain  com ponen t am o u n tin g  to  5 0 %  of all fa t ty  acids. M yristic  acid  
w as d e te c te d  also in  h igh  am o u n ts . I t  w as especially  in te re s tin g  th a t  Cl. tetani 
c a rd io lip in  con ta ined  no u n s a tu ra te d  f a t ty  acids. In  Cl. novyi card io lip in  
th e  ph o sp h o ru s — glycerol ra tio  was 2 : 3, in  Cl. tetani a s lig h t difference was 
n o te d  from  the  above v a lue .

Table I I I

L ip id  content o f  clostridia

P ercen tag e  fo r d ry w eight of b ac te ria *

T o ta l lip id N e u tra l  lip id Polar lipid C ardio lip in

Cl. novyi 3.1 1.3 1.8 0.65

Cl. tetani 3.7 1.7 2.0 0.70

* Average c f  3 de term inations

Table IV

M a in  fa tty  acids in clostridial cardiolipins

C ardiolipins
P e rcen tag e  d is tr ib u tio n  o f f a t ty  acids*

C„ c,.:i cie Ci8:i Г'-'18
T o ta l

sa tu ra te d
T o ta l

u n s a tu ra te d

Cl. novyi 23 9 51 4 5 84 16

Cl. tetani 45 + 50 — — 100 —

* Average of 3 de te rm in a tio n s

T he serological a c tiv ity  of 14 b ac te ria l card io lip in  p rep a ra tio n s  was 
e x a m in e d  in m icro -com plem ent f ix a tio n  te s t .  S trains used fo r p roducing  c a r 
d io lip in s and average t i tre s  o b ta in ed  w ith  K olm er an tig en s p rep ared  from  
th e m  are  show n in T ab le  V.

In  serological a c tiv ity  12 ou t of 14 cardiolip in  p re p a ra tio n s  were id en 
tic a l w ith  th e  in te rn a tio n a l s ta n d a rd  card io lip in . P ro b a b ly  because of a d e 
com p o sitio n  during  p re p a ra tio n , tw o card io lip ins m ade from  E . coli and  
P . vulgaris show ed p rac tica lly  no serological ac tiv ity .

V D R L  an tigen  w as p rep a red  from  3 bac te ria l card io lip in s (IV /P , I /P  
a n d  I/P O ). These were e q u iv a len t in a c tiv ity  w ith  the  s ta n d a rd  V D R L  an tig en .

T he serological a c tiv ity  of K olm er an tig en  p repared  from  b ac te ria l c a r 
d io lip in  I /P  was com pared  w ith  th e  s ta n d a rd  K olm er an tig en  by  exam in ing  
21 p o sitiv e  sera  w ith  th e  50%  haem olysis te s t. On th e  basis of seq u en tia l 
an a ly s is , in view  th a t  th e  d ifference o f G -values was h igher th a n  0.070 only
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Table V

Serological activity  o f  bacterial cardiolipins

C ardio lip in
p re p a ra tio n

P o s itiv e  se ra A verage of log10 t it re s S ignificance

T o ta l
No.

N o. re 
a c tiv e

te s t
a n tig e n

con tro l
an tigen 1 P

E . coli I I/C* 17 15 1.2183 1.2302 0.154 0.8

E . coli I I II/C 17 17 1.1321 1.2302 1.272 0.2

E . coli I I I III/C 17 2 - - — —
E . coli IV IV/C 17 17 1.1801 1.2302 0.663 0.5
Ps. aeruginosa I I /p 18 18 1.2850 1.3044 0.193 0.8

P. vulgaris I I/V 18 18 1.2495 1.3044 0.540 0.5

P. vulgaris IV IY/V 6 1 - - — —
Ps. aeruginosa I I IV /P 18 18 1.2090 1.3044 0.945 0.3
Ps. aeruginosa I/PO ** 21 21 1.023 1.119 0.763 0.4
E . coli I/CO 24 22 0.7840 0.8170 0.423 0.6

P . vulgaris I/VO 24 22 0.6150 0.8170 1.239 0.2

Ps. aeruginosa I/PO . 2. 24 24 0.8270 0.8170 0.080 0.9
Cl. novyi 12 12 0.8083 0.7288 0.828 0.4
Cl. tetani 12 11 0.7347 0.7288 0.061 0.9

* C ardiolipins were p repared  according to  th e  f irs t m ethod [14]
** C ardiolipins were p repared  according to  th e  second m ethod (abbrev ia tions in  tex t)

in  one serum , b ac te ria l card io lip in  w as considered  su itab le  as a c o n s titu e n t 
o f syphilis an tig en .

K o lm er an d  V D R L  antigens p re p a re d  from  bac te ria l card io lip ins were 
te s te d  w ith  50 an d  150 negative  sera , re sp ec tiv e ly . No aspecific reac tio n s were 
o b ta in ed .

K o lm er an tig en  p rep ared  from  card io lip in  I/P O  and  a s ta n d a rd  K olm er 
an tig en  m ade a t  th e  sam e tim e  w ere s to red  fo r 1 year, th en  th e  tw o  an tigens 
w ere co m p ared  w ith  a freshly  p re p a re d  s ta n d a rd  K olm er an tig en . T here  w as 
no sign ifican t difference in m ean  ti tre s  o b ta in ed  w ith  th e  th ree  an tigens.

D iscussion

T he p re sen t findings in d ica ted  th a t  c u ltu ra l conditions in fluence  the  
lip id  c o n s titu tio n  of E . coli, P. vulgaris  an d  Ps. aeruginosa. In  serum -free 
m ed ium  p o la r lip ids p red o m in a ted  an d  n e u tra l  lipids were p re se n t on ly  in 
10 — 2 5 % . In  se rum -supp lem en ted  m ed ium  th e  ra tio  of po lar lip ids increased  
an d  a q u a n ti ta t iv e  a lte rn a tio n  of th e se  su b stan ces was also ev id en t. E . coli 
an d  P . vulgaris syn thesized  a g rea t a m o u n t o f trig lycerides in  th e  presence
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of se ru m  b u t failed to  p roduce  th em  in serum -free m ed ium . In  th e  lip ids of 
Ps. aeruginosa  th e re  w as an  increase in  d ig lycerides if  th e  m edium  was su p p le 
m en ted  w ith  serum .

As to  polar lip id s , th e  appearance  o f a new  co m p o n en t was no t observed  
a fte r  com pleting  th e  m ed iu m  w ith  serum  an d  th e re  w as no a lte ra tio n  in  th e  
ca rd io lip in  co n ten t o f d ry  b ac te ria . This fin d in g  in d ica tes  th a t  d ip h o sp h a tid y l 
g lycero l is a s tru c tu ra l com ponen t.

T h e  v a ria b ility  o f  phosphorus — glycerol ra tio , especially  th e  low  p h o s
p h o ru s an d  high g lycero l co n ten t in  P . vulgaris, w ere suggestive of s tru c tu ra l 
d ifferences betw een  b a c te r ia l card io lip ins.

T h e  m ost s tr ik in g  difference w as n o ted  in  f a t ty  acid chains. T he m ain  
f a t ty  acid  com ponen t (s tru c tu ra l f a t ty  acid) w as p a lm itic  acid in all b a c te r ia l 
card io lip ins. In  o th e r  f a t ty  acid com ponen ts th e re  w as a considerable v a r ia b il
ity . I t  w as especially  in te res tin g  th a t  Cl. tetani card io lip in  co n ta ined  only  
s a tu ra te d  fa t ty  acids. F a u r e  and  Mo relec  [6] an d  d e  H aas  and  v a n  D e e n e n  
[7] show ed th a t  ca rd io lip in s  including  n a tu ra l and  sy n th e tic  p rep ara tio n s  d if
fe red  m ain ly  in  th e ir  f a t ty  acid chains. K at ao k a  an d  N ojima  [8] re p o rte d  
s im ila r resu lts  in ac tin o m y cè tes . I n o u e  an d  N ojima  [9] show ed th a t  n a tu ra l  
an d  sy n th e tic  ca rd io lip in s  con ta in ing  f a t ty  acids v a ry in g  in  th e  degree of 
s a tu ra t io n  h ad  d iffe ren t R ( values. N a tu ra l ca rd io lip in s  charac terized  b y  s a tu 
ra te d  f a t ty  acids show ed  low er Rf values th a n  b eef h e a r t  cardio lip ins co n ta in in g  
u n s a tu ra te d  fa t ty  ac ids. In  our ex perim en ts th in -la y e r ch ro m ato g rap h ic  Rf 
v a lu es  fo r b ac te ria l ca rd io lip in s were id en tica l, w ith  th e  exception  of Cl. tetani 
c a rd io lip in  w hich m ig ra te d  less rap id ly  th a n  b eef h e a r t  cardio lip in .

Serological ch eck ing  of p u rified  b a c te r ia l card io lip ins ind ica ted  th a t  th e y  
w ere eq u iv a len t in  s e n s itiv ity  and  specific ity  w ith  in te rn a tio n a lly  s ta n d a rd 
ized b ee f h ea rt p ro d u c ts . T here w as no d ifference in  th e  serological a c tiv ity  
of card io lip in s p re p a re d  from  differen t b ac te ria . T h e  loss of serological a c tiv ity  
in  tw o  specim ens w as p ro b a b ly  due to  errors m ade d u ring  p rep a ra tio n . I t  m ay , 
th e re fo re , be co n c lu d ed  th a t  b ac te ria l card io lip ins are  su itab le  for th e  sero
logical diagnosis o f sy ph ilis . This fin d in g  is of in te re s t p a r tly  th eo re tica lly , 
p a r t ly  from  th e  p ra c t ic a l  p o in t of v iew , since m ass fe im e n ta tio n  of b a c te ria  
is re la tiv e ly  in ex p e n s iv e  and  large am o u n ts  of b a c te r ia  are availab le  as b y 
p ro d u c ts  of ex o to x in  p re p a ra tio n .
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SIGNIFICANCE OF THE “EPITHELIAL PHASE”
IN EXPERIMENTAL SALMONELLA CONJUNCTIVITIS
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(R eceived  M ay 22, 1971)

S u m m ary . C o n ju n ctiv itis  ru n n in g  a reg u la r  course  w as induced  by  in o cu la tin g  10s 
b a c te ria  o f d iffe re n t Salmonella typ h i-m u r iu m  an d  Salm onella  enteritidis s tra in s  in to  th e  
co n ju n c tiv a l sac o f gu inea  pigs. T he d ev elo p m en t o f th e  in fec tive  process has been follow ed 
h isto log ically  fo r 28 days. I t  was fo u n d  t h a t  an  “ e p ith e lia l phase”  precedes th e  p e n e tra tio n  
of Salm onellae in to  th e  m acrophage-type  cells s i tu a te d  in  deeper p a r ts  of th e  organ. D u rin g  
th e  “ ep ith e lia l p h a se ” , p a r t  of th e  b a c te r ia  n o t  on ly  passes th ro u g h  th e  in te rce llu la r space  
b u t  in v ad in g  th e  c o n ju n c tiv a l ep ithe lia l cells m u ltip lie s  there .

T he m orphogenesis of co n ju n c tiv itis  sa lm onellosa  is com pared  w ith  th a t  o f k e ra to 
c o n ju n c tiv itis  shigellosa. W hile th e  sh o rt “ ep ith e lia l p h a se ”  observed in  salm onella  c o n ju n c 
tiv itis  is follow ed b y  a long “ m acrophage  p h a se ”  d u rin g  w hich  th e  cen tre  of th e  in fec tio n  is 
tran sfe rre d  from  th e  ep ithe lia l a rea  to  th e  m ac ro p h ag e -ty p e  cells, in  k e ra to co n ju n c tiv itis  
shigellosa th e  sh igellae a re  localized th ro u g h o u t th e  course  of th e  disease to  th e  co n ju n c tiv a l 
an d  corneal e p ith e lia l cells. T hey are ra re ly  seen in  m acro p h ag e-ty p e  cells an d  th en  on ly  fo r 
a  v e ry  sh o rt p e rio d . T his difference is re la te d  to  th e  b asic  biological p rop erties  o f th e  tw o  
pa th o g en s.

Successful in d u c tio n  of k e ra ti t is  in  gu in ea  pigs b y  th e  local in o cu la tio n  
of Salm onella typ h i  has been re p o rte d  b y  S e d a n  and  H e r r m a n  [1] in  1924.

I t  has b een  confirm ed b y  sev era l in v es tig a to rs  th a t  co n ju n c tiv itis  c an  
be induced  in  th e  guinea pig b y  d iffe ren t Salm onella  s tra in s [2 — 8]. A ccord ing  
to  ce rta in  l i te ra ry  d a ta  no t only  c o n ju n c tiv itis  b u t  also k e ra to c o n ju n c tiv itis  
can  be induced  w ith  certa in  s tra in s  [9 — 11]. O th e r in vestiga to rs rep o rted  on 
n eg a tiv e  re su lts  [12 — 14]. O nly one d e ta iled  w ork  has been pub lished  [15]  
on th e  h isto logy  of salm onella c o n ju n c tiv itis ; even  th is  w ork failed , how ever, 
to  deal w ith  th e  in te rac tio n  be tw een  th e  co rneal or co n ju n c tiv a l ep ith e lia l 
cells and  th e  p a th o g en ic  salm onellae. A n analysis  of th is  phase of p a thogenesis  
w as m ade tim e ly  b y  th e  m orphological s tu d ies  of k e ra to co n ju n c tiv itis  sh igel
losa [16— 21],  an d  k e ra to co n ju n c tiv itis  lis te rio sa  [22 — 24] ,  w hich  rev ea led  
th a t  th e  in v asio n  o f th e  p a th o g en  in to  th e  live cells and  its  m u ltip lica tio n  
m u st have  a le ad in g  role in  th e  pa th o g en esis  of these  exp erim en ta l diseases. 
W e h av e  suggested  to  te rm  th is  stag e  “ ep ith e lia l p h ase”  w ith in  th e  co n cep tu a l 
sphere of in tra c e llu la r  p arasitism  [25].

T he p u rp o se  o f th e  p resen t ex p e rim en ts  w as to  s tu d y  th e  sign ificance 
of th e  “ ep ith e lia l p h ase” .
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M aterials an d  m ethods

Culture preparation. E ig h t  d ifferen t s tra in s  w ere used for inocu la tion . F ive  of th e m  w ere 
p ro v id ed  b y  Dr. G. I s t r a t i  (D r. I .  C antacuzino  In s t i tu te ,  B u ch arest) w ith  th e  follow ing 
d esignations: S. typ h i-m u r iu m  818, S. typ h i-m u r iu m  cobai I I ,  S. typh i-m urium  114, “ Salm o
nella g ä r tn e r i”  cobai I I ,  a n d  “ Salm onella g ä r tn e r i”  374. T hese s tra in s  h ad  induced  k e ra to 
co n ju n c tiv itis  in  guinea pigs in  1960, and were m a in ta in e d  in  D o rset cu ltu re  m edium  b y  yearly  
tran sfe r  till 1968. A cco rd in g  to  I s t r a t i  [26] th e ir  c ap ac ity  to  induce  k e ra titis  h a d  been lo st 
by th is  tim e . A S. typ h i-m u r iu m  and  a S. en teritid is  s tra in  was iso la ted  from  a p a tie n t  in  th e  
la b o ra to ry  o f th e  L ászló  H o sp ita l for In fec tio u s D iseases, B u d ap es t. The an im als in fec ted  
w ith  th e  abo v e-m en tio n ed  s tra in s  were observed  fo r 5 days a fte r  in fection , and  th e n  h is to lo g 
ical e x am in a tio n s  were p e rfo rm ed .

O u r m ain  e x p e rim e n t w hich  included bacterio log ica l ex am inations was carried  o u t 
w ith  a S . typ h i-m u r iu m  s t ra in  freshly  iso la ted  fro m  m an  by  D r. B. R é d e y . T he in fec tive  
process w as follow ed fo r 28 d a y s  a fte r in o cu la tio n . E ig h teen -h o u r agar cu ltu res w ere used  for 
in fec tio n  in  each  e x p e rim e n ta l line.

Technique o f  infection. G uinea pigs of b o th  sexes, w eighing 250 — 300 g, from  th e  breed  
of th e  I n s t i tu te  o f P ub lic  H e a lth  were used. G ro u p s of 3 an im als were in fec ted  w ith  ab o u t 
109 organ ism s b y  m eans of a p la tin u m  loop in to  th e  co n ju n c tiv a l sac. The an im als w ere sacri
ficed b y  cerv ica l d isloca tion  1, 3, 6, 9 ,1 2 ,1 8 , 24, 36, 48, 60 an d  72 hours a fte r in fec tion , fu r th e r  
on ev ery  o th e r  day  up  to  28 d ays. E x u d a te  w as ta k e n  from  th e  left eye p rev ious to  killing, 
sm ears w ere  p rep ared  a n d  s ta in ed  w ith  G iem sa. B acteria l co u n t was d e term ined  from  th e  
c o n ju n c tiv a l ex u d a te  o f th e  sam e eye. The r ig h t eye-ba ll was rem oved  to g eth e r w ith  th e  eyelids 
and  th e  c o n te n t of th e  b o n y  o rb it. This m a te ria l  was fixed  in  M axim ov fix a tiv e  an d  a fte r 
em b edd ing  i t  in  com bined cello id in—paraffin , Ър th in  sections w ere p repared  a t  18 levels from  
each eye. S ta in ing  w as pe rfo rm ed  w ith  h a e m a to x y lin — eosin and  th ion in  — m eth y lene-b lue .

Bacteriological exam inations. Besides th e  b a c te r ia l  co u n t of th e  co n ju n c tiv a l ex u d a te , 
bacterio log ica l ex am in a tio n s  w ere carried o u t fro m  h e a r t  blood, liver, spleen a n d  k idney . 
R esu lts  o f th e  ex am in a tio n s  will be rep o rted  elsew here.

R esu lts

T h e  course of th e  pathological p rocess was essen tia lly  iden tica l in each 
e x p e rim e n ta l line, e x c e p t some d ev ia tio n s  in in ten s ity . T hus, resu lts  only  of 
th e  m a in  ex p erim en t w ill he p resen ted  here .

O ne ho u r a fte r  inocu la tion  th e  m a jo r ity  of th e  Salmonellae w as found  
ex trace llu la rly . H ow ever, a g reat n u m b e r of phago cy tin g  po ly m o rp h o n u clear 
leucocy tes were v isib le . Some of th em  h a d  a well re ta in ed  cy top lasm ic  s tru c 
tu re ; th e se  co n ta in ed  sm all am ounts o f Salm onellae. T he organism s w ere s itu 
a ted  in a c ircum scribed  cytoplasm ic a rea  (P la te  I, F ig. 1). O ther p o ly m o rp h o 
n u c lea r leucocytes show ed  pycnotic nucle i, and  th e ir  cy top lasm  w as a lm ost 
filled w ith  b a c te ria  (P la te  I , Fig. 2). In  som e cases even th e  d esq u am a ted  con
ju n c tiv a l  ep ithe lia l cells contained  a few  Salm onellae. E p ithe lia l cells w ith  
few b a c te r ia  in th e ir  cy to p lasm  were fo u n d  occasionally , in d ifferen t areas of 
th e  ep ithe lia l co a t o f th e  eyelid c o n ju n c tiv a , w hen 1-hour sections w ere ex 
am ined  (P la te  I I ,  F ig . 1). A lthough th e re  w as no general rule in localiza tion  
of th e  in fec ted  cells, it was s trik ing  th a t  th e  ep ithe lia l cells c o n ta in in g  th e  
g re a te s t n u m b er of Salm onellae were fo u n d  a ro u n d  a c ircum scribed  lym pho- 
re tic u la r  g row th , s i tu a te d  under th e  ep ith e lia l co a t of th e  co n ju n c tiv a  (P la te  
H I, F ig . 6, F igs 4 an d  1). P o ly m o rp h o n u c lea r leucocytes were often d e tec ted  
in  th e  neighbourhood  o f th e  infected  cells (P la te  I , F igs 4 and  2).
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Plate I. Sm ears p re p are d  from  th e  ex u d a te  o f the  co n ju n c tiv a l sac a t  d ifferen t in te rv a ls  fo llow 
ing in o cu la tio n  (M ay—G rünw ald  — G iem sa s ta in , X 1200)

Fig. 1. P hagocy ting  po ly m o rp h o n u c lea r leucocyte, sa lm onellae  localized in a c ircum scribed  
a rea  of the  cy to p lasm  (arrow ). M ain ta ined  nuclear u l tra s tru c tu re , one hour a fte r ino cu la tio n  
Fig. 2. D esq u am ated  co n ju n c tiv a l ep ithe lia l cell. B elow  is a po lym orphonuclear leucocyte  
w ith  pycno tic  nucleus. T he cy top lasm  is a lm ost co m ple te ly  filled  w ith  salm onellae, a n d  a 

nu m b er o f th e m  are s itu a te d  ex trace llu la rly . O ne h o u r a fte r  inocu lation  
Fig. 3. R ela tive ly  big salm onellae in  p o lym orphonuclear leucocy tes (P). “ Salm onella s t a r ” 
in  the  cy top lasm  of a d e sq u am a ted  con ju n c tiv a l ep ith e lia l cell (arrow ). N ine hours a f te r  in 

ocu lation
Fig. 4. Phagocy ting  po ly m o rp h o n u c lea r leucocyte (P ). “ Salm onella  s ta r”  (S t) in a d e sq u am a ted  

c o n ju n c tiv a l ep ith e lia l cell. N ine ho u rs  a f te r  inocu la tion  
Fig. 5. “ Salm onella s ta r ”  in  a d e sq u am a ted  c o n ju n c tiv a l ep ith e lia l cell (arrow ). Nine h o u rs

a fte r  inocu la tion
Fig. 6. D esquam ated  co n ju n c tiv a l ep ith e lia l cells in  the  m iddle  of th e  figu re; “ salm onella s ta r s ”  

in  th e ir  cy top lasm . Twelve h o u rs  a f te r  ino cu la tio n  
Fig. 7. “ Salm onella s ta r”  in  a d e sq u am a ted  co n ju n c tiv a l ep ith e lia l cell (arrow ). Tw elve h o u rs

a fte r  inocu lation
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Plate I I

F ig. 1. C on ju n ctiv a l ep ith e liu m . In ten se ly  s ta in in g  salm onella  (arrow ) in cy to p la sm  of an 
e p ith e lia l cell. One h o u r  a f te r  in fec tio n  ( th io n in  — rnethylene-blue s ta in , X 1200)

Fig. 2. “ In tra e p ith e lia l  abscess”  (arrow ) in co n ju n c tiv a l ep ithelium . Corneal e p ith e liu m  (C) 
in ta c t.  T hree ho u rs  a f te r  in o cu la tio n  ( th io n in —m ethy lene-b lue  s ta in , X 480)

Fig. 3. P h ag o cy tin g  p o ly m o rp h o n u c lea r leu co cy te  in  lum en of “ in tra e p ith e lia l  abscess” .
Tw elve hours a f te r  in o cu la tion  ( th io n in  — m ethylene-b lue s ta in , X  1200)

Fig. 4. N u m ero u s sa lm onellae  (arrow ) in  co n ju n c tiv a l ep ithelial cells. T w elve h o u rs  a fte r 
in o cu la tio n  (th io n in  m eth y len e -b lu e  s ta in , X1120)

Fig. 5. “ Salm onella  s ta rs”  (a rro w ) in  c o n ju n c tiv a l ep ithe lia l cells. Tw elve hours a f te r  in o cu la 
tio n  ( th io n in —m eth y len e -b lu e  s ta in , X  1640)

Fig. 6. M acrophage-type  cell (M) in  loosened c o n ju n c tiv a l ep ithelium . N u m erous sa lm onellae  
in  th e  n e ig h b o u rin g  ep ith e lia l cells. Tw elve h o u rs  a f te r  in o cu la tion  ( th io n in —m eth y len e-b lu e

s ta in , X 1120)
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T hree h o u rs  a fte r th e  in o cu la tio n  m icro-abscesses developed  in  th e  ep i
th e liu m  of th e  eyelid  co n ju n c tiv a . P o ly m o rp h o n u c lea r leucocytes g a th e red  in  
foci am ong th e  ep ithe lia l cells, in  th e  area  of th e  in fec ted  cells (P la te  I I I ,  F ig . 2). 
Salm onellae w ere visible also in  th e  p o ly m o rp h o n u c lea r leucocytes (P la te  I I ,  
F ig. 3). The ca lix  cells were ex c re tin g  increased  am o u n ts  of m ucus.

The n u m b er of th e  ep ith e lia l cells w hich co n ta in ed  b a c te r ia  increased  
g rad u a lly  6, 9 an d  12 hours a fte r  in o cu la tio n  (P la te  I I ,  Figs 4 and  5), an d  th e  
occurrence of in fec ted  cells in  th e  areas above th e  ly m p h o re ticu la r  tissu e , i.e., 
in  o th e r p a r ts  o f th e  co n ju n c tiv a l ep ithe lium , h a d  becam e m ore a p p a re n t. 
M acrophage-type  cells ap p eared  am ong  th e  cells in f iltra tin g  th e  ep ith e liu m  
(P la te  I I ,  F ig . 6). Salm onellae w ere freq u en t in  th e se  cells. M acrophage-type  
cells con ta in in g  salm onellae w ere observed  also in  th e  su b ep ith e lia l ly m p h o 
re tic u la r  tissue (P la te  I I I ,  F igs 1, 7, 8, 9).

An u n u su a l phenom enon  w as observed  in th e  sm ears of ep ith e lia l cells, 
9 to  12 hours a fte r  infection . Salm onellae , a rran g ed  in foci ap p eared  in sm all 
c ircum scribed  areas of th e  cy to p lasm  of ep ith e lia l cells, w hich failed  to  show  
m orphological lesions: sa lm onella-stars  developed  (P la te  I , Figs 3, 4, 5, 6, 7). 
M acrophage-type  cells also ap p ea red  co n ta in in g  salm onellae .

C o n junc tiva l u lcera tion  could  n o t be observed  24 hours a fte r  in o cu la 
tio n . T he changes were m ost m ark ed  in th e  co n ju n c tiv a l area co rrespond ing  
to  th e  ly m p h o re ticu la r  system . T h e  ep ithe lium  becam e loosened and  form ed 
a re ticu lum -like  s tru c tu re , th e  re tic u la r  spaces co n ta in ed  few leucocy tes, th e  
in filtra tio n  consisted  m ain ly  of m ac ro p h ag e-ty p e  cells (P la te  I I I ,  F ig . 2). 
T he n u m b er of cells con ta in ing  salm onellae decreased  sign ifican tly , while 
num erous m acro p h ag e-ty p e  cells c o n ta in in g  b a c te r ia  ap p eared  in  th e  ly m p h o 
re tic u la r  tissue . Cells con ta in in g  b a c te r ia  becam e decom posed  in  som e areas 
an d  in tense ly  s ta in in g  ex trace llu la rly  s itu a te d  salm onellae  as well as p o ly 
m orp h o n u clear leucocytes could be observed  a ro u n d  th em .

T h irty -s ix , 48 and  72 hours a fte r  th e  in o cu la tio n  th e  n u m b er of ep ithe lia l 
cells con ta in in g  b a c te ria  decreased  rap id ly  an d  th e  in fec tive  p rocess was 
g rad u a lly  sh ifting  to  th e  ly m p h o re ticu la r  tissue , n e a r  th e  co n ju n c tiv a l forn ix . 
A d e ta iled  analysis of th is  fin d in g  w ould  need  fu r th e r  ex p erim en ta l w ork 
an d  now  only  th e  observations connected  w ith  th e  “ ep ithe lia l p h a se ” will 
be described. I t  seem ed of im p o rtan ce  th a t  g re a t n u m b ers  of p lasm a  cells 
an d  R ussel bodies appeared  a fte r  th e  3 6 th  h o u r, n e a r  th e  ep ith e liu m  an d  
even am ong th e  ep ithe lia l cells. B esides, an  a c tiv a tio n  of th e  local cells, phago- 
cy tin g  m acro p h ag e-ty p e  cells could be seen in  th e  a rea  of th e  eyelids (P la te  I I I ,  
F ig . 3). The in f il tra te  consisted  p re v a le n tly  of p o ly m o rp h o n u c lea r leucocy tes 
only  in  th e  circum scribed  ep ithe lia l a reas, w here b a c te r ia  persisted  in  th e  cells 
(P la te  I I I ,  Fig. 4).

T he corneal ep ithe lium  rem ain ed  in ta c t  in  each  ex p erim en ta l an im al 
till th e  la s t d ay  o f observation , 28 days a fte r th e  in fec tion . No in f iltra tio n
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co u ld  be observed in  th e  su b s ta n tia  p ro p ria . One anim al rep re sen ted  an  ex 
c e p tio n  d isplaying k e ra titis  (P la te  1 1 1 , Fig. 5); th is  anim al w as sacrificed  
10 d ay s  a fte r inocu la tion . T he corneal ep ithe lium  did  n o t show  signs of d e s tru c 
tio n  in  th is  case e ith e r. A t th e  tim e  of th e  ex am in a tio n  th e  co rneal ep ithe lia l 
cells as well as th e  cells in f iltra tin g  th e  su b s ta n tia  p ro p ria , m o stly  lym pho id  
cells, d id  no t co n ta in  an y  b ac te ria .

Discussion

C onjunctiv itis  w ith  a reg u la r course w as successfully in d u ced  in  each 
e x p e rim e n ta l series b y  in tro d u c in g  109 organism s of S. typ h i-m u riu m  and
S . enteritid is  in to  th e  co n ju n c tiv a l sac of gu inea pigs. Mild k e ra titis  developed 
in  one anim al.

A cta  Microbiologica Academiae Scientiarum Hungaricae 18, 1971



S I G N I F I C A N C E  O F  T H E  “ E P I T H E L I A L  P H A S E ” 1 7 3

The Salm onellae w ith in  one hour en te r th e  ep ith e lia l cells of the  con
ju n c tiv a . N ine to  12 hours a f te r  th e  inocu la tion  th e  n u m b e r of Salmonellae 
increases in th e  in fec ted  cells, w h ich  refers to  th e  m u ltip lic a tio n  of th e  p a th o 
gen in th e  ep ithe lium .

The p e n e tra tio n  of salm onellae  in to  th e  ep ith e liu m  w as rep o rted  also 
in  connection w ith  o th e r o rgans. F lorey  [27] in  1933 ap p lied  a th ick  su s
pension  of S. typ h i-m u riu m  on th e  surface of th e  ileal loop o f guinea pigs, an d  
as a resu lt coccoid an d  w eakly  s ta in in g  salm onellae could  be observed a t som e 
sites in  the  ep ith e lia l cells. In  th e  op in ion  of th is  a u th o r , p a r t  of th e  p a th o 
gens is destroyed  in  th e  cells, w hile th e  re st m ay  pass th ro u g h  th e  cells. T he 
ep ithe lia l cells w h ich  co n ta in ed  salm onellae failed  to  show  histo logical signs 
o f  cell death . Salm onellae w ere observed  in  th e  e n d o th e liu m  afte r ex p eri
m en ta l infection  also by  B e l y a n i n  [28]. T a k e u c h i  [29] confirm ed  by  elec tron  
m icroscopic ex am in a tio n s  th a t  salm onellae en te r th e  reac tiv e , liv ing ep ithe lia l 
cells of th e  en d o th e liu m ; in his experim en ts gu inea  pigs p reco n d itio n ed  by  
s ta rv in g  and op ium  were in fec ted  orally  w ith  S. typ h i-m u riu m . In  our ex p eri
m en ts  w ith sa lm onella-cystitis , th e  p en e tra tio n  and  m u ltip lica tio n  of S. typhi- 
m urium  and S. enteritidis  w ere s tu d ied  in th e  liv ing  ep ith e lia l cells o f th e  
b la d d e r [30]. A r ie l  and  B e r n o v s k a y a  [31] observed  salm onellae in th e  
b ronch ia l ep ithe lium  of som e m ice w ith  ex p erim en ta lly  induced  salm onella- 
pneum on ia .

The question  arises of th e  w ay  of en try  of salm onellae  in to  th e  con
ju n c tiv a l ep ithe lium . In  our op in ion  the  process is s im ilar to  th a t  observed in 
k e ra to co n ju n c tiv itis  listeriosa  [24], th u s  it m ay  be a special form  of endo- 
cytosis.

Plate I I I

F ig . 1. Salm onellae in  c o n ju n c tiv a l ep ith e lia l cells (arrow ). S a lm o n e lla -p h ag o cy tin g  m acro 
p h ag e-ty p e  cell (M )in  ly m p h o re tic u la r  tissue . Twelve hours a f te r  in o cu la tio n  ( th io n in —m e th y 

len e-b lu e  s ta in , X 240)
F ig . 2. Few poly m orp h o n u clea r leu cocy tes in  th e  spaces o f th e  loosened  co n ju n c tiv a l ep ith e 
lium . The in f iltra te  consists m ostly  o f m acro p h ag e-ty p e  cells. T he b o rd e rs  o f th e  ep ithe lium  
a n d  of th e  areas u n d e r  th e  ep ith e liu m  are  in d ica ted  by  arrow s. T w en ty -fo u r hours a fte r inoc

u la tio n  (th io n in  — m ethylene-b lue s ta in , X 480)
F ig . 3. Active m ac ro p h ag e-ty p e  cells in  th e  connective tissu e  u n d e r  th e  co n ju n c tiv a l e p ith e 
lium . The borders o f th e  ep ith e liu m  are  in d ica ted  by  arrow s. T h irty -s ix  h o u rs  a fte r ino cu la tio n

(h a e m a to x y lin —eosin s ta in , X 448)
F ig . 4. In f iltra te  co n sistin g  of p o ly m o rp h o n u c lea r leucocytes in  a c ircu m scrib ed  area  of th e  
c o n ju n c tiv a l ep ith e liu m . T h irty -s ix  h o u rs  a f te r  in o cu la tion  (h aem ato x y lin -e o sin  s ta in , X 448) 
F ig . 5. Cellular in f il tra te  o f th e  su b s ta n tia  p ro p ria  of th e  cornea (C). G ran u lo m a  (arrow ) in  th e  
a rea  u n d e r con ju n c tiv a l ep ithe lium . T en d a y s  a fte r inocu la tion  (h a e m a to x y lin —eosin s ta in , X67.5) 
F ig . 6. C ircum scribed ly m p h o re tic u la r  g row th  (arrow ) in  th e  eyelid  o f h e a lth y  guinea pig.

C ornea (C), eyelid (E )
F ig . 7. Salm onellae (a rro w ) in  th e  cells s itu a te d  in th e  a rea  o f the  ly m p h o re ticu la r  g row th .

Twelve h o u rs  a f te r  in o cu la tio n  (th io n in  —m ethy lene-b lue  s ta in , X 1200)
Fig. 8. M acrophage-type cells co n ta in in g  salm onellae in th e  a rea  of th e  ly m p h o re ticu la r  g row th  

(arrow ). Tw elve h o u rs  a fte r  in o cu la tio n  ( th io n in -m e th y le n e -b lu e  s ta in , X 1200)
F ig . 9. M acrophage-type cells co n ta in in g  salm onellae in the  a rea  o f th e  ly m p h o re tic u la r  g row th . 

Twelve ho u rs  a f te r  in o cu la tio n  (th io n in  —m eth y len e-b lu e  s ta in ,  X 1240)
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B y  com paring th e  h u m a n  diseases caused b y  S . typ h i  w ith  th e  experi
m e n ta l sa lm o n e lla -co n ju n c tiv itis , i t  is o f in te rest th a t  in  th e  la t te r  case the  
g re a te s t  n u m b er of b a c te r ia  w as found  in  th e  ep ithe lium  covering  th e  lym pho- 
r e tic u la r  tissue. S im ilarly  to  th e  re la tio n s of th e  P ay er-p laq u es in  th e  in testine , 
here  to o , close connections w ere observed  betw een th e  ep ith e lia l cells and  the

F ig. 1. A n a to m ical schem e show ing  th e  h isto log ical appearance  of th e  eye of th e  guinea pig.
Cornea (C), ly m p h o re tic u la r  tissue (L. R .), eyelid  (E )

F ig . 2. O ne h o u r afte r in o cu la tio n . Salm onella  (S) in  con ju n c tiv a l e p ith e lia l cell. Po lym orpho
nuclear leu co cy te  (P ) in  th e  ne ighbourhood  of th e  ep ith e lia l cell 

F ig. 3. L a te  “ in traep ith e lia l ab scess” . B esides po lym orphonuclear leucocy tes, phagocyting  
m ac ro p h ag e -ty p e  cells in th e  lu m e n , th e  la t te r  m ay  en te r la te r  th e  su b ep ith e lia l tissue or the 
c o n ju n c tiv a l cav ity , carry in g  w ith  th em  th e  in fec tio n  (the  arrow  show s th e  d irec tio n  of their 
m ig ra tio n ). “ Salm onella s ta r ”  (S t)  in  th e  ep ith e lia l cells. P lasm a cell (P I) in  th e  subepithelia l

in f il tra te

ly m p h o re tic u la r  tissue. T h e  Salm onellae gain  en trance  th ro u g h  th e  ep ithelium  
in to  th e  m acro p h ag e-ty p e  cells of th e  ly m p h o re ticu la r tissu e  an d  m u ltip ly  
th e re  on  th e  firs t days a f te r  in o cu la tio n . L a te r, regu lar ty p h o id  nodes develop 
a t  th e se  sites (P la te  I I I ,  F ig . 5). T here  m ig h t exist a p o ssib ility  th a t  th e  m acro
p hages con tain ing  sa lm onellae  m ig ra te  from  the  ly m p h o re tic u la r  tissue , thus 
from  th e  opposite d irec tio n , th ro u g h  th e  ep ithelia l h a rr ie r  in to  th e  co n ju n c ti
v a l sac . S alm o n ella -co n ju n c tiv itis  can  serve as a su itab le  m odel fo r th e  stu d y  
o f th e  m orphogenesis o f th e  ty p h o id  g ranulom a. T his p rob lem  will he the 
su b je c t o f ano ther p a p e r.
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T he po lym orphoncu lear leuco cy tes  are of special im p o rtan ce  from  th e  
p o in t of v iew  of th e  “ ep ithe lia l p h a se ” . T h ey  ap p ea r a t an  early  phase  in  
th e  ep ith e liu m  con ta in ing  Salm onellae. F o ca l cell g roups and “ m icroabscesses” 
develop , s im ilarly  to  those o bserved  in k e ra to co n ju n c tiv itis  lis te rio sa  [22]. 
T he Salm onellae are in tensively  p h ag o c y te d  by  th e  p o ly m o rp h o n u c lea r leuco
cy tes. T he po lym orphonuclear leu co cy tes  becom e often  d es tro y ed  d u rin g  th e  
phagocy tosis  an d , in our op in ion , th e  released to x ic  m ateria l destroys th e  
ep ith e lia l cells. T he Salmonellae p e rs is tin g  in th e  ep ithe lia l cells seem  to  affect 
th e  cells only  sligh tly  and th e  ep ith e lia l cells con ta in in g  b ac te ria , b o th  in  
th e  ex u d a te  of th e  con ju n c tiv a l sac a n d  in  th e  h isto log ical sections, show ed 
m a in ta in e d  nu c lear and  cy top lasm ic  u ltra s tru c tu re s .

S trik in g  is th e  phenom enon o f th e  “ s ta rs”  consisting  o f b a c te ria  in th e  
ep ith e lia l cells o f th e  sm ears. W e do n o t know  of sim ilar o b serv a tio n s rep o rted  
in th e  l i te ra tu re . Two possible ex p lan a tio n s  can be found  concern ing  th e ir  
o rig in ; e ith e r a g rea t num ber of b a c te r ia  en te r th e  cell s im u ltan eo u sly  s tay in g  
to g e th e r  in  th e  phagosom e, or else a group o f b ac te ria  m u ltip ly in g  in  th e  
h o st cell s tay s  to g e th e r for a ce rta in  period . T he la t te r  possib ility  seems to  be 
th e  m ore  like ly  one.

W h a t is th e  significance o f th e  “ ep ithe lia l p h ase” from  th e  p o in t of 
v iew  of system ic  resistance, on th e  basis of th ese  observa tions ? T he d esq u a
m atio n  of th e  cells w ith  the  ex u d a te  th ro u g h  th e  p a lp eb ra l fissu re  decreases 
th e  n u m b e r of b a c te ria  w hich gain  en tran ce  in to  th e  deeper p a r ts  of th e  o r
ganism . In  th is  sense th e  d esq u am a tio n  of th e  in fec ted  cells has a role in  th e  
defence of th e  host.

T he significance of the  “ ep ith e lia l p h ase”  is n o t re s tr ic te d  to  th e  
d esq u am a tio n  o f cells conta in ing  b a c te r ia . T he po ly m o rp h o n u clear leucocytes, 
m acrophage an d  lym pho id  ty p e  cells app earin g  am ong th e  cells of th e  ep i
th e lia l h a rr ie r  or d irec tly  u n d er it, as well as th e  cells of th e  ly m p h o re ticu la r  
tissue  show ing a tonsil-like a rra n g e m en t n ear th e  fo rn ix  of th e  c o n ju n c tiv a , 
fo rm  to g e th e r  a functional u n it. T h e  co n s titu e n ts  of th e  ep ithe lia l b a rr ie r  
undergo  sign ifican t changes d u ring  th e  in fective process. T he fu n c tio n a l and  
m orphological changes w hich h av e  been  observed  in ex p erim en ta l lis te ria  
k e ra to c o n ju n c tiv itis  [24] m ight occur also in  th e  course of a salm onella  infec
tio n  o f th e  co n ju n c tiv a l ep ithelia l cells. T h is, how ever, needs fu r th e r  co n firm a
tio n  b y  u ltra s tru c tu re  studies. W e use th e  te rm  “ ac tiv a tio n  of th e  ep ithe lia l 
cells”  for th ese  changes, considering  th e  phenom enon  to  be sim ilar to  th a t  
described  by  N orth  and  MacK a n e s s  [32, 33] in  connection  w ith  the m acro 
phages. As reg a rd s th e  m orphological re la tio n s, th is  a c tiv a tio n  m an ifests  itse lf 
in th e  increase of th e  lysosom es an d  in  th e  h y p e rtro p h y  b o th  of th e  Golgi- 
a p p a ra tu s  an d  of th e  endoplasm ic re ticu lu m , in th e  ep ithe lia l cells s im ilarly  
to  th a t  observed  in th e  m acrophages. T h e  ap p earan ce  in salm onella  co n ju n c
tiv itis  o f p lasm a  cells and Russel bodies am ong th e  ep ithe lia l cells an d  d irec tly
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u n d er th e m , belongs to  th e  im m une-m orpho log ical changes of the  ep ithe lia l 
b a rrie r.

To u n d e rs tan d  th e  “ b a rr ie r” fu n c tio n  of th e  ep ith e liu m  in  co n ju n c tiv itis  
salm onellose, it seem ed usefu l to  com pare  th e  m orphogenesis o f th e  disease 
w ith  t h a t  of the  k e ra to c o n ju n c tiv itis  caused  by  th e  “ ep ithe lia l p a ra s ite ” 
shigella . One of th e  m o s t im p o rta n t ch a rac te ris tic s  of th e  v iru le n t shigella 
is its  a b ility  to  p e n e tra te  and  m u ltip ly  in th e  co n ju n c tiv a l and corneal ep i
th e lia l cells. H ow ever, th e y  seldom  p e n e tra te  in to  th e  subep ith e lia l areas. 
In  o u r h isto logical s tu d ie s  perform ed on a b o u t 1500 eyes du ring  10 years, 
sh igellae  were observed  on ly  excep tionally  in th e  m acro p h ag e-ty p e  cells of 
th e  ly m p h o re ticu la r tis su e  u n d er th e  co n ju n c tiv a l ep ithe lium . A ccording to  
Se r é n y  [34] an in c id e n ta l b ac te riaem ia  follow ing th e  in fection  is only  of 
tra n s i to ry  significance, a n d  of no im p o rtan ce  from  th e  p a th o g en e tic  p o in t of 
view . T h e  process does n o t  becom e generalized , sep ticaem ia  is ra re  an d  de
velops on ly  when th e  re s is tan ce  of th e  o rganism  is a rtific ia lly  reduced .

H isto logical e x am in a tio n s  show ed th a t  th e  in fec tion  proceeds from  n u m er
ous foci s itu a ted  all o v e r th e  co n ju n c tiv a , these  foci develop qu ick ly  an d  large 
u lce ra tio n s  are fo rm ed. T h e  infection  sp reads rap id ly  to  th e  corneal ep ithe lium  
and  w ith  th is  the  p rocess is p rac tica lly  tra n sfe rre d  to  th e  cornea [18].

I n  co n trast, in  sa lm onella  co n ju n c tiv itis  th e  process is n o t so un ifo rm ly  
d is tr ib u te d  on th e  c o n ju n c tiv a l ep ithe lium  as in  th e  case of shigellae. I t  m an i
fests i tse lf  m ore in te n s iv e ly  in th e  areas above th e  lym phoretievdar tissues. 
T h u s th e  cen tre  of th e  process fails to  be tra n sfe rre d  to  th e  corneal ep ithe lium  
b u t th e  p a thogens p e n e tra te  in to  th e  areas un d er th e  con ju n c tiv a l ep ith e liu m , 
an d  th e  process often  becom es generalized.

T h e  functional co n d itio n  of th e  ep ithe lia l b a rr ie r  is of g rea t im p o rtan ce  
in  sa lm o n e lla -co n ju n c tiv itis , th is  being th e  an a to m ica l area w here th e  p a th o 
gen is p rev en ted  from  p e n e tra tin g  in to  th e  organism . This explains th e  f in d 
ing t h a t  in the  efficacy o f vaccines d ifferences w ere found  in th e  salm onella 
in fec tions induced b y  o ra l or p a ren te ra l a d m in is tra tio n  of th e  p a th o g en . The 
w orks o f McL eod  [35] a n d  Gr e e n w o o d , T o p l e y  and  W ilson  [36] refer also 
to  th is  observation . T h ese  au th o rs  found  th a t  m ice im m unized  w ith  h ea t- 
k illed  S . typ h i-m u riu m  vaccine , show ing p a r tia l res is tan ce  ag a in st in tra p e r i
to n e a l in fection , fa iled  to  be p ro tec ted  aga in st o ral in fec tion .

T h e  conclusions d ra w n  concerning th e  role of th e  ep ithe lia l b a rrie r in  
sa lm onella  co n ju n c tiv itis  m igh t be of un iv ersa l v a lid ity , and  ap p ly  to  all 
tho se  infections in  w h ich  th e  salm onellae gain  en tran ce  in to  th e  organism  
th ro u g h  th e  ep ithe lia l b a rrie r.

A ll these em phasize  th e  im p o rtan ce  of th e  local fac to rs in th e  im m une  
p ro p h y lax is  of th is  g ro u p  of salm onelloses as well as p e rh ap s in  th e  h u m an  
diseases caused by  S . ty p h i.
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SIGNIFICANCE OF “INTRACELLULAR PARASITISM” 
IN EXPERIMENTAL SHIGELLA CYSTITIS*

By

C l a r a  T e n n e r , P . R á c z  and  B. S e r é n y  

N ational Institu te  o f  Public Health (D irector: T. B a k á c s ) ,  B udapest 

(R eceived  J u n e  24, 1971)

S u m m ary . C ystitis d isp lay ing  a reg u la r course  has been induced  by  in tro d u c in g  2 X 10я 
Shigella f le x n e r i  3a, and  in a n o th e r ex p erim en ta l series th e  sam e n u m b e r o f Shigella sonnei, 
in to  th e  u r in a ry  b ladder.

D e ta iled  h isto logical stud ies o f B i i n g e l ’s  m odel concerning th e  b iological p rop erties  
of shigellae w ere leading to  th e  sam e re su lts  as th e  histological ex am in a tio n  of k e ra to co n 
ju n c tiv it is  shigellosa did : shigellae are  able to  p e n e tra te  and m u ltip ly  in  th e  ep ith e lia l cells, 
th e ir  cy to to x ic  effect on th e  ep ith e lia l cells is s lig h t, th ey  are localized d u rin g  th e  in fective  
course to  th e  ep ithe lia l b a rrie r, p o ly m o rp h o n u c lea r leucocytes d e s tro y  th em , and  du ring  
th is  e v e n t to x ic  m ate ria ls are re leased  and  are in ju r in g  th e  ep ithelial cells. Shigellae are ra re ly  
seen in  th e  cy to p lasm  of m acro p h ag e-ty p e  cells.

T he m orphogenesis o f u lce ra tio n s on th e  su rface  of the  b lad d e r co rresponds to  those 
obse rv ed  in  th e  co n ju n c tiv a l ep ithe lium . In  k e ra to co n ju n c tiv itis  shigellosa, focal u lce ratio n s 
p roceed  from  a few in fected  ep ithe lia l cells, th e  foci a re  growing and becom e confluen t. E x te n 
sive ep ith e lia l defects develop du rin g  th e  in fec tiv e  process.

T he corresponding  p henom ena observed  in  tw o different ex p e rim e n ta l m odels refer 
to  th e  basic p ro p e rtie s  of shigellae.

Successful induction  of cy s titis  show ing  a regular course b y  th e  in tr a 
v esica l in tro d u c tio n  of an  a p p ro p ria te  n u m b e r of shigellae w as rep o rted  by  
B in g e l  [1] in 1943.

On th e  basis of th e  re su lts , B in g e l  cam e to  the  conclusion  th a t  v iru len t 
shigellae are  a tta ck in g  th e  ep ith e liu m  o f th e  b ladder. B in g e l  app lied  h is to 
logical tech n iq u es only as su b sid ia ry  ex am in a tio n s , and  could  n o t confirm  
his s ta te m e n ts  w ith  su itab le  m orpho log ica l evidence. L e t t e r e r  and  S e y b o l d  
[2] th e n  rep e a te d  th e  exp erim en ts , b u t  fa iled  to  confirm  th e  re su lt of pa th o - 
histo logical exam ina tions and  asserted  t h a t  th e  site of p rim a ry  lesions was 
th e  v a sc u la r  system .

I t  was subseq u en tly  P ié c h a u d  an d  S ztu r m - R u b i n s t e n  [3] and  St e n ze l  
[4, 5] w ho s tu d ied  cystitis  shigellosa from  a bacterio log ical p o in t of view .

T he cy s titis  m odel o f B in g e l  has n o t  been applied  w idely  in  b a c te rio 
logical diagnosis, it becam e, how ever, o f g re a t theore tica l im p o rtan ce  as soon 
as i t  w as found  th a t  k e ra to c o n ju n c tiv itis  can  be induced in  gu inea pigs and 
ra b b its  w ith o u t any  p re tre a tm e n t using  v iru le n t shigellae [6]. I t  was found

* W o rk  perform ed in co llabora tion  w ith  th e  In s t i tu te  of E x p erim en ta l M edicine of the  
A cadem y of M edical Sciences o f th e  U SSR .
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b y  ligh t and e lec tron  m icroscopic ex am in a tio n s [7—12] th a t  th e  p a th o g en ic ity  
o f  v iru len t shigellae w as connected  w ith  th e ir  ab ility  to  p e n e tra te  and m u ltip ly  
in  th e  corneal and  c o n ju n c tiv a l ep ithe lium . H isto logical s tud ies then  c larified  
th e  m echanism  o f th e  developm ent of u lcera tions on th e  con junc tiva l an d  
corneal ep ithe lium . C oncern ing  th e  biological p ro p erties  o f shigellae it is th e r e 
fore im p o rtan t to  e s tab lish  how far th e  conclusions d raw n  from  the  s tu d ies  
of k e ra to co n ju n c tiv itis  w ould app ly  to  th e  ep ithe lium  o f o th e r organs.

Considering th e  fact  that  B i n g e l ’s m odel has n o t  been subjected  to  
histological ex a m in a t io n s ,  the purpose of  the  present experim ents w as to  
perform detailed h isto log ica l  studies o f  th a t  model.

The aim th e re fo re  was to  s tu d y  th e  ab ility  of p e n e tra tio n  and m u ltip li
ca tion  of live shigellae in th e  ep ithelia l cells o f th e  b la d d e r  as well as th e  to x ic  
effect on the in v ad ed  h o st cell. In  ad d itio n  th e  q u estio n  has been s tu d ie d  
w h e th e r the  shigellae w ere localized th ro u g h o u t th e  in fec tive  process in to  
th e  ep ithelium  or ga in ed  en tran ce  in to  th e  su b ep ith e lia l tissues. On th is  basis  
an  a tte m p t was m ad e  to  form  an opinion in th e  co n tro v e rsy  betw een B i n g e l  

an d  L e t t e r e r  co ncern ing  th e  pathogenesis of u lce ra tio n s  in the  u r in a ry  
b lad d er.

M aterials and  m ethods

Culture prepara tions. Sh. fle xn eri 3a a n d  Sh. sonnei s t r a in s  w e re  u se d  fo r in o c u la t io n . 
Sh. flexn eri 3a w as is o la te d  so m e y e a rs  ago  f ro m  a p a t i e n t  w ith  d y s e n te ry  a n d  i t s  v i ru le n c e  
w a s  m a in ta in e d  b y  a n im a l  p assag es . T h e  s t r a in  c o n s is te d  m a in ly  o f  v iru le n t  co lon ies a s  o b 
se rv e d  b y  o b liq u e  i l lu m in a t io n  [13]. T h e  Sh. sonnei s t r a in  w as f re s h ly  iso la te d  fro m  a p a t i e n t .  
P r io r  to  th e  e x p e r im e n t  th e  p a th o g e n ic i ty  o f b o th  s t r a in s  w as c h e c k e d  b y  th e  k e r a to c o n ju n c 
t iv i t is  te s t.  B o u illo n  c u l tu r e s  in c u b a te d  fo r  18 h o u rs  a t  37 °C  w e re  u se d  fo r in o c u la tio n , c o n 
ta in in g  2 X 108/m l b a c te r ia .

Technique o f  in fection . F e m a le  g u in e a  p ig s  w e ig h in g  2 5 0 — 300 g o f  th e  b re e d  o f  o u r  
I n s t i t u t e  w ere u se d  in  t h e  e x p e r im e n ts .  T h e  in o c u la tio n  w as p e r fo rm e d  b y  o b ta in in g  th r o u g h  a 
g la ss  c a th e te r  u r in e  f ro m  th e  b la d d e r  a n d  in tro d u c in g  in to  i t  1 m l o f  b ro th  c u ltu re . G ro u p s  
o f th re e  an im a ls  w e re  sa c r if ic e d  b y  c e rv ic a l d is lo c a tio n  1, 3, 6, 9, 12, 24, 36, 48, 72, 96 a n d  
144 h o u rs  a f te r  in fe c t io n .

F iv e  u n t r e a te d  a n im a ls  w ere  u se d  as c o n tro l to  o b se rv e  th e  n o rm a l a n a to m ic a l a p p e a r 
a n c e , w hile  a n o th e r  e x p e r im e n ta l  g ro u p  o f  18 a n im a ls  w as u se d  fo r  c o n tro llin g  th e  te c h n iq u e  
o f  in fe c tio n . T h ese  a n im a ls  w ere  t r e a te d  w ith  1 m l s te r ile  b r o th  u s in g  th e  a b o v e -d e s c r ib e d  
te c h n iq u e . T h ese  a n im a ls  fo rm e d  s im ila r ly  g ro u p s  o f  th re e  a n d  w e re  sac rif iced  b y  c e rv ic a l  
d is lo c a tio n  1, 3, 6, 12 a n d  24 h o u rs  a f te r  in fe c tio n .

Light microscopic exam ination . A fte r  g ro ss in sp e c tio n  o f th e  in te r n a l  o rg an s, th e  u r in a r y  
b la d d e r  w as re m o v e d  to g e th e r  w ith  th e  o rg a n s  o f  th e  sm a ll p e lv is . I n  th e  case o f Sh. f le x n e r i  
in fe c tio n , th e  o rg a n s  w e re  f ix e d  in  fo rm a lin  w h ile  in  th e  case  o f  Sh. sonnei in fe c tio n  fo rm a l in  
a n d  C a r n o y ’s  f lu id  w e re  a p p lie d . In  fo rm a lin  w ere  f ix e d  f u r th e r m o re  a p p ro p r ia te  f r a g m e n ts  
o f  k id n e y , sp le en , l iv e r  a n d  h e a r t .  A f te r  e m b e d d in g  in  p a r a f f in ,  s e c tio n s  o f 3 to  4 /i w e re  p r e 
p a r e d  an d  s ta in e d  w i th  h a e m a to x y l in  — eo sin , th io n in , m e th y l  g re e n  p y ro n in e  a n d  w i th  th e  
te c h n iq u e  o f  M a s s o n .

Bacteriological exam ination . B a c te rio lo g ic a l e x a m in a t io n s  w e re  c a rr ie d  o u t  f ro m  th e  
u r in a r y  b la d d e r , k id n e y ,  a d re n a l ,  l iv e r  a n d  sp le e n , o f  e a c h  a n im a l  in fe c te d  w ith  Sh. sonnei. 
T issu e  f ra g m e n ts  w e re  in c u b a te d  in  6 m l o f  s te r ile  b r o th  a t  37 °C  fo r  24 h o u rs , a n d  i f  n o  t u r 
b id i ty  cou ld  he  o b se rv e d  a f te r  one  d a y , fo r 48 h o u rs . T h e  e x a m in a t io n  w as c o n s id e red  n e g a t iv e  
i f  th e  b ro th  re m a in e d  c le a r  a f te r  48 h o u rs . A g a r  p la te s ,  d e s o x y c h o la te -c i t r a te  a n d  t r ip le  su g a r  
c u l tu r e  m e d ia  w ere  in o c u la te d  f ro m  th e  tu b e s  sh o w in g  tu r b id i ty  a n d  an  a g g lu t in a t io n  t e s t  
w a s  p e r fo rm e d  w i th  t h e  d e v e lo p e d  co lon ies.
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R esu lts

M acroscopic changes corresponded  from  th e  p o in t of v iew  of ch rono logy  
and  ap p earan ce  to  those described b y  B in g e l  [1]. T hus th e  oedem a o f th e  
b lad d er w all becam e visib le to  th e  n ak ed  eye and  p u n c tifo rm  haem o rrh ag es 
were found  a t som e sites of th e  m ucous m em brane  a fte r  6 hours. L a te r  th e  
oedem a of th e  b la d d e r was sp read ing  to w a rd s  th e  sm all pelvis an d  to  th e  
p eriu re teric  tissues. B eginning from  th e  2 4 th  hou r, areas of p inhead  size de
prived  of ep ith e liu m  becam e visible even m acroscopically .

The u r in a ry  b lad d er of th e  gu inea p ig  is covered by  an in te rm e d ia te  
ep ith e liu m . L e t t e r e k  an d  S e y b o l d  [2] gave a d e ta iled  descrip tion  of its  h is
tological ap p earan ce . O ur observations w ere in full ag reem en t w ith  th e ir  d a ta .

One h o u r a fte r in fection  a few ep ith e lia l cells ap p ea red  in d ifferen t areas 
of th e  m ucous m em b ran e  of th e  b la d d e r, show ing m a in ta in ed  s tru c tu re s  and 
a few w ell-sta ined  shigellae in th e ir  cy to p la sm  (P la te  I , F ig. 1). A few  p o ly 
m orphonuclear leucocy tes could be o bserved  in th e ir  neighbourhood . P o ly 
m o rp h o n u clear leucocytes were found in th e  lam in a  p ro p ria , d irec tly  u n d e r  
th e  ep ith e liu m  in b o th  th e  infected  an im als and  th e  an im als tre a te d  w ith  
sterile  b ro th . T h e  n u m b er of po ly m o rp h o n u clear leucocy tes increased also in 
th e  lum en of th e  sm all veins passing th ro u g h  th e  area. S ligh t oedem a ap p e a re d  
p rev a len tly  in th e  lam in a  p rop ria .

The n u m b e r of shigellae increased  in  th e  cells 3 hours a fte r in fec tio n  
(P la te  I ,  F ig . 2) an d  in  som e cases a few  shigellae could  be d e tec ted  in  th e  
cy top lasm  of th e  ep ithe lia l cells su rro u n d in g  th e  in fected  cells.

Six hours a fte r  in fection  th e  m ost s tr ik in g  find ing  w as th e  gross increase  
of th e  oedem a; its  e x te n t was iden tical in  b o th  th e  in fec ted  and th e  con tro l 
anim als. In  th e  in fec ted  anim als, u n d er low  pow er th e  o therw ise well re ta in e d

Plate / ,  Fig. 1. I n te rm e d ia te  e p ith e liu m  o f th e  b la d d e r .  T w o  sh ig e lla e  a t  d if fe re n t lev e ls  in  a n  
u m b re lla  cell s i tu a te d  in  th e  c e n tre  o f  th e  su rfa c e . P o ly m o rp h o n u c le a r  le u c o c y te s  in  th e  la m in a  

p ro p r ia .  1 h o u r  a f te r  in fe c tio n  w ith  Sh. fle xn eri  3a ( th io n in  s ta in in g , X 1200)
Plate  J ,  Fig. 2. F o c u s  fo rm e d  b y  e p ith e lia l cells c o n ta in in g  sh ig e llae . I n f i l t r a te  c o n s is t in g  o f  
p o ly m o rp h o n u c le a r  le u c o c y te s  in  th e  la m in a  p r o p r ia ;  3 h o u rs  a f te r  in fe c tio n  w ith  Sh. f le x n e r i

3a ( th io n in  s ta in in g ,  У 500)
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P late  J ,  Fig. 3. E p ith e l iu m  c o v e r in g  th e  b la d d e r  is  w ell r e ta in e d , a t  so m e  s ite s  c irc u m sc r ib e d  
d e n s e  a re a s  (a rro w s). P ro n o u n c e d  o e d em a  a n d  c e l lu la r  in f i l t r a t io n  in  th e  la m in a  p ro p r ia .  
N u m e ro u s  p o ly m o rp h o n u c le a r  le u c o c y te s  in  th e  lu m e n  o f  th e  u r e te r ;  6 h o u rs  a f te r  in fe c tio n  

w i th  Sh. f le x n er i  3a ( th io n in  s ta in in g  X 30)
Plate  7, Fig. 4. C irc u m sc r ib e d  u lc e r a t io n  on th e  s u r fa c e  o f  th e  b la d d e r . E p ith e l iu m  a ro u n d  th e  
u lc e r a t io n  in ta c t ,  p ro n o u n c e d  o e d e m a  in  th e  la m in a  p ro p r ia ;  6 h o u rs  a f t e r  in fe c tio n  w ith  

Sh. sonnei (h a e m a to x y l in  — e o s in  s ta in in g , X 200)
P late  7, Fig. 5. P a r t  o f  P l a t e  I ,  F ig . 3. I n t r a e p i th e l i a l  ab scess  (a rro w ). N u m e ro u s  sh ig e lla e  in  
t h e  c y to p la s m  of th e  e p i th e l ia l  ce lls  su r ro u n d in g  th e  a b scess ; 6 h o u rs  a f te r  in fe c tio n  w ith  

Sh . f le x n e r i  3a ( th io n in  s ta in in g ,  X 400)

ep ith e liu m  co n ta in ed  sm all c ircum scribed  dense areas (P la te  I , F ig. 3). In c re a s 
in g  th e  m agn ifica tion , th re e  ty p es of changes were discernible in  these  areas.

1. E p ith e lia l cells d isp lay ing  a cy to p la sm  filled w ith  shigellae. T h ey  
w ere  s itu a te d  m o stly  in  th e  cen tre . Som e cells had  decom posed and  re leased  
th e  shigellae. T hese cells w ere su rro u n d ed  b y  p o ly m orphonuclear leucocy tes 
(P la te  I , Figs 6 an d  7).

2. In  o th e r a reas  in tra e p ith e lia l m icro-abscesses developed  due to  in 
crease of oedem a flu id  betw een  th e  ep ith e lia l cells co n ta in in g  shigellae, and 
p o ly m o rp h o n u c lea r leucocy tes m ig ra ted  in to  th e ir  lum en  (P la te  I , F ig . 5).

3 .  The in fec ted  ep ithe lia l cells w hich  su rrounded  th e  m icro-abscesses 
f ro m  th e  side of th e  vesical lum en becam e destroyed , th u s  th e  m icro-abscesses

P late I ,  Fig. 6. E p i th e l ia l  cell sh o w in g  d e s tru c t io n ,  in  th e  c e n tre  o f th e  e p i th e lia l  fo c u s , w i th  
c y to p la s m  a lm o s t  f ille d  w i th  sh ig e llae  a n d  p o ly m o rp h o n u c le a r  le u c o c y te s  a ro u n d  i t ;  6 h o u rs  

a f te r  in f e c t io n  w ith  Sh. f le x n er i  3 a  ( th io n in  s ta in in g , X 400)
Plate I ,  F ig. 7. H ig h  p o w e r  v iew  o f e p i th e l ia l  focu s in  P la te  I ,  F ig . 6 ( x l 2 0 0 )
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opened  up and  sm all erosions a n d  u lcera tions developed  (P la te  I I ,  
F ig . 4).

P o ly m o rp h o n u clear leucocytes w ere fo u n d  in th e  u re te r  passing  th ro u g h  
th e  b lad d e r w all an d  shigellae w ere p re se n t in  th e  ep ithe lia l cells o f th e  u re te r  
(P la te  I ,  Fig. 3 ).

N um erous m a c ro p h ag e -ty p e  cells ap p eared  am ong th e  p o ly m o rp h o 
n u c lea r leucocytes in f iltra tin g  th e  su b ep ith e lia l area. A c tiv a tio n  of local cells 
cou ld  also be observed .

L arger u lce ra tio n s becom e v isib le  9 hours a fte r  in fection . E pithelia l 
cells on th e  p e rip h ery  of th e  u lcera tio n s co n ta in ed  shigellae. New foci devel
oped  beside th e  old ones in  th e  areas w here th e  ep ithe lia l cells con t a ined  a 
g re a t n u m b er of shigellae. The new foci w ere sim ilar in  ap p ea ran ce  to  those 
developed  in th e  firs t hours a fte r in fec tion  (P la te  I I ,  F ig . 1). T he ep ith e liu m  
be tw een  th e  u lcera tions w as usually  in ta c t  excep t for som e in trace llu la r  oedem a 
n ea r th e  u lcera tions. A vacuole  like halo  can be seen a ro u n d  th e  in te rm e d ia ry  
ep ith e lia l cells (P la te  I I ,  F ig . 1).

T w en ty -fo u r hours a fte r th e  in fec tio n  the  m a jo rity  of th e  “ m icro 
abscesses”  becom es open (P la te  I I ,  F ig . 2) and  a few ep ithelia l cells w ith  
th e ir  cy top lasm  full o f shigellae can be observed  on th e  basis o f sm alle r and  
la rg e r u lcera tions developed  d irec tly  above th e  lam in a  p ro p ria  (P la te  I I ,  
F igs 3 and  4).

F o rty -e ig h t hours a fte r  in fection  ex ten siv e  u lcera tions can be seen. T he 
o edem a of th e  b lad d e r wall increases. T he ep ithe lium  re ta in s  its layers a t 
th e  p e rip h ery  of th e  u lcera tions, in o th e r  cases it becom es, how ever, f la t  and 
u m b re lla -ty p e  cells creep to  th e  b are  su rface .

T he in flam m ato ry  in filtra te  of th e  subep ith e lia l tissue  is of focal n a tu re , 
s im ila rly  to  the  u lce ra tio n s, and  is p re v a le n t in th e  areas d ep riv ed  of ep i
th e liu m  (P la te  I I ,  F ig . 5), or w here th e  ep ithe lium  con ta in s m icro-abscesses.

Plate I I ,  F ig. 1. N ew  fo cu s o f in fe c te d  e p ith e lia l  ce lls  (a rro w ), p o ly m o rp h o n u c le a r  le u c o c y te s  
in  th e i r  n e ig h b o u rh o o d ; 9 h o u rs  a f te r  in fe c tio n  w i th  Sh. fle xn eri  3 a  ( th io n in  s ta in in g , X 4 0 0 ) 
Plate I I ,  F ig. 2. C irc u m sc rib e d  u lc e ra t io n  in  th e  e p i th e l iu m  o f th e  b la d d e r .  N u m e ro u s  p o ly 
m o rp h o n u c le a r  le u c o c y te s  o n  th e  su rfa c e  o f  th e  u lc e r a t io n ;  24 h o u rs  a f te r  in f e c t io n  w ith

Sh. sonnei ( th io n in  s ta in in g ,  x 4 5 0 )
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Plate I I ,  Fig. 3. U lc e ra t io n  w ith  s h a rp  b o rd e rs  o n  th e  m u c o u s  m e m b ra n e  o f  th e  b la d d e r ,  
e p i th e l ia l  cells sh o w in g  d e s t ru c t io n  o n  th e  su rfa c e  o f  th e  u lc e ra t io n , c y to p la s m s  f ille d  w ith  

sh ig e llae ; 24 h o u r s  a f t e r  in fe c tio n  w ith  Sh. f le x n er i  3a ( th io n in  s ta in in g , X 400)
Plate I I ,  F ig. 4. H ig h  p o w e r  v ie w  o f  th e  u lc e ra t io n  su r fa c e  in  P la te  I I ,  F ig . 3 (X 1 2 0 0 )

Shigellae w ere u su a lly  n o t observed in  th e  lam in a  p ro p ria , and  m ac ro 
p h ag e -ty p e  cells co n ta in in g  shigellae were found  only  in  excep tional cases, 
on  th e  base of th e  u lce ra tio n s in  th e  subep ith e lia l tissue .

As observed in  an im als sacrificed  a t a la te r  stage  of th e  infective process, 
th e  u lcerations co n tin u e d  to  sp read  desp ite  th e  reg en era tio n  of th e  ep ithe lium  
observed  a t som e s ites. In tra e p ith e lia l abscesses in ran d o m  a rran g em en t a p 
p ea red  a t various sites of th e  ep ithe lium . N e ith e r th e  p ycno tic  po ly m o rp h o 
n u c lea r  leucocytes in  th e ir  lum en , no r th e  ep ith e lia l cells su rro u n d in g  th em  
w ere fround  to  c o n ta in  b ac te ria  (P la te  I I ,  F ig . 6). D esp ite  th e  ex ten siv e  
u lcera tio n s, in th e ir  n e ighbourhood , th e  ep ith e liu m  re ta in e d  its norm al m o r
phological s tru c tu re .

Six days a f te r  in fec tion  n ea rly  th e  en tire  surface of th e  b ladder becom es 
u lce ra ted  and  as seen in  o th e r phases, new  foci develop in  th e  still in ta c t 
a reas  of the  ep ith e liu m .

Plate I I ,  Fig. 5. E x te n s iv e  u lc e r a t io n  o n  th e  su rfa c e  o f  th e  b la d d e r .  T h e  in f la m m a to r y  c e llu la r  
in f i l t r a t e  o f th e  la m in a  p r o p r ia  is  p ro n o u n c e d  in  th e  a re a s  d e p r iv e d  o f  e p ith e liu m ; 48 h o u rs  

a f te r  in f e c t io n  w ith  Sh. sonnei ( h a e m a to x y l in —eosin  s ta in in g , X 30)
Plate I I ,  Fig. 6. S u b s id e d  in t ra e p i th e l ia l  ab scess  in  th e  e p ith e liu m  o f  th e  b la d d e r  (a rro w ) . 
N o  b a c te r ia  in  th e  e p i th e l ia l  cells , p y c n o tic  cells in  th e  lu m e n  o f  th e  ab sc e ss ; 3 d a y s  a f te r  in fe c 

t io n  w i th  Sh. sonnei (h a e m a to x y l in  -  eo s in  s ta in in g , X 500)
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F rom  the  organs sub jec ted  to  h isto logical e x a m in a tio n  a few d a ta  con
cern ing  the  k idney are  p resen ted  here . W hile only a few  shigellae were d e te c t
ab le  in the  um brella  cells of th e  in te rm ed ia te  ep ith e liu m  covering th e  renal 
pe lv is  3 hours a fte r  in fection , 9 h ou rs a fte r infection  th e  ep ithe lium  of th e  
re n a l pelvis show ed in tra e p ith e lia l m icro-abscesses an d  u lcera tions in each 
an im al. The num ber of ep ithe lia l cells con ta in ing  b ac te ria , an d  th e  n u m b er of th e  
b a c te r ia  in one cell rose sig n ifican tly  (P la te  I I I ,  F ig . 1). T he urine in  th e  lu 
m en  of th e  renal pelv is co n ta ined  g rea t num bers o f p o ly m o rp h o n u c lea r leu 
cocy tes, detached  ep ithe lia l cells an d  b acteria . In fla m m a to ry  oedem a and  a 
leucocy tic  in filtra tio n  appeared  in  th e  connective tissu e  (P la te  I I I ,  Fig. 2). 
T h e  sam e p ic tu re  w as observed  12 h o u rs  a fte r in fec tion  (P la te  I I I ,  Fig. 3). In  
an im als  sacrificed a t  a la te r  period  th e  in ten sity  of th e  pyelitis  decreased an d  
m ore  or less sim u ltan eo u sly  th e  in flam m ato ry  changes o f th e  u re te r  in the  
b la d d e r  wall subsided  (P la te  I I I ,  F ig . 4).

P late I I I ,  F ig. 1. S h ig e llae  in  th e  e p i th e liu m  co v e rin g  th e  r e n a l  p a p i l la  ( a r ro w ) ;  9 h o u rs  a f te r  
in fe c tio n  w ith  Sh. f le x n e r i  3a  ( th io n in  s ta in in g , X  600)

Plate I I I ,  F ig. 2. P ro n o u n c e d  p o ly m o rp h o n u c le a r  le u c o c y tic  in f i l t r a t i o n  a n d  o e d e m a  in  th e  
c o n n e c t iv e  tissu e  u n d e r  t h e  e p ith e liu m  o f  th e  re n a l  p e lv is ; 9 h o u r s  a f te r  in fe c tio n  w ith  

Sh. f le x n e r i  3a  (h a e m a to x y l in  — eosin  s ta in in g , X  120)
P late I I I ,  Fig. 3. N u m e ro u s  p o ly m o rp h o n u c le a r  le u co cy tes  in  th e  lu m e n  o f  r e n a l  p e lv is . P r o 
n o u n c e d  o ed em a  in  c o n n e c tiv e  tis su e  u n d e r  th e  e p ith e liu m  o f r e n a l  p e lv is ;  12 h o u rs  a f te r  in fe c 

t io n  w ith  Sh. fle x n er i  3 a  ( th io n in  s ta in in g , X 1 2 0 )
P late I I I ,  Fig. 4. E x te n s iv e  u lc e ra tio n  o n  th e  su rfa c e  o f th e  b la d d e r .  T h e  p a r t  o f  th e  u r e te r  
in  t h e  b la d d e r -w a ll  (a rro w )  fa ils  to  sh o w  in f la m m a to ry  c h a n g e s ; 3 d a y s  a f te r  in fe c tio n  w ith  

Sh. sonnei ( h a e m a to x y l in — eosin  s ta in in g , X  30)
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Table I

Occurrence o f  positive f in d in g s  obtained by-the vesical introduction o f  virulent Shigella sonnei culture
after 24 and 48 hours incubation

Hours/num ber U rinary  bladder Kidney A drenal gland Liver Spleen

animals 24 48 24 48 24 48 24 48 24 48

i / i -L + + — — +

1/2 + + — — — — +

1/3 + + — — - + - f

3/1 — — - - - - — — +

3/2 — — - • - — — - — +

3/3 + - - - - - — - -

6/1

6/2 +

— — — — — — — — —

6/3 + — - - - — - - -

9/1 + - - - - - — - —

9/2 + - - — - - — - +

9/3 + + + — — - -

1 2 /1 + - — — — — — — +
12/2 + + — — - — — - —
12/3 + - - - - - + - -

24/1

24/2

24/3

+ + + — — +

+ + + + +

36/1

36/2

36/3

+ + + +

+ — — — — + +

48/1

48/2
+

+

— : — — — — —

48/3 + + + + +

72/1 + - — — — — — — —
72/2 + + + + +
72/3 + + - - + +

96/1 + — — — — — — — —
96/2 + + - - — — — —
96/3 + - - - — — — - -

144/1 + - — — — — — — —
144/2

Contr/1
+ — — +

Contr/2

Contr/3
— — — — — — — — — —
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Shigellae were localized all th ro u g h  to  th e  level of th e  ep ith e liu m  an d  
did  n o t sp read  to  th e  renal p a ren ch y m a . A sm all am o u n t of in f iltra te  consisting  
of p o ly m o rp h o n u c lea r leucocytes w as found  a ro u n d  th e  e ffe ren t cana licu li 
n e a r  th e  re n a l pelvis in an im als sacrificed  9 and  12 hours a fte r  in fec tion .

B acterio log ical resu lts are  sum m arized  in T ab le  I.

D iscussion

T he h isto log ica l ex am in a tio n s confirm ed  th a t  shigellae are able to  p e n e 
tr a te  an d  m u ltip ly  in  the  ep ith e lia l cells of th e  u r in a ry  b lad d er. In  ou r op in ion  
th e  fa ilu re  o f  L e t t e r e r  and  S e y b o l d  [2] in  find ing  b a c te ria  in  th e  ep ith e lia l 
cells m ay  be  exp la ined  by  th e  fa c t t h a t  th e y  did n o t app ly  h isto log ica l s ta in in g  
tech n iq u es  su itab le  for th e  d e m o n s tra tio n  of b ac te ria  in  th e  tissues. T he sam e 
m ig h t a p p ly  also to  th e  w ork o f A w a t a g u c h i  et al. [14] w ho could  n o t d e te c t 
sh igellae in  h isto log ical sections s ta in e d  w ith  h aem a to x y lin  — eosin.

L e v e n b u k  and  A n d r e i e v a  [15] confirm ed  on th e  basis o f h isto log ical 
s tud ies th e  supposition  concern ing  th e  in trace llu la r p a ra s itism  of sh igellae. 
N o d e ta iled  conclusions can be d raw n , how ever, from  th e ir  w ork  concern ing  
th e  d y n am ics o f th e  process, th e y  h av in g  used  a lim ited  n u m b e r of an im als 
to  s tu d y  th e  given periods fo llow ing th e  in fec tion . (W ith  4 d iffe ren t Shigella  
s tra in s , 25 an im als  were in fected  an d  15 of th em  died.) Mano l o v  an d  K o s t u r - 
K O V  [16] also su p p o rted  th e  v iew  of an  in traep ith e lia l m u ltip lica tio n  of 
sh igellae.

Sz t u r m - R u b i n s t e n  and  P i é c h a u d  [17] confirm ed th e  in tra e p ith e lia l 
p a ra s itism  o f shigellae in cy s titis  shigellosa in  exam ina tions of th e  u r in a ry  
sed im en t a n d  m ucous m em brane scrap ings ta k e n  from  th e  fu n d u s an d  cerv ix  
of th e  u r in a ry  b lad d er. S tudies o f th e  cells iso la ted  from  th e  u r in a ry  sed im en t 
could  n o t rev ea l th e  co rrelations w hich  m ig h t be h igh ligh ted  only  b y  th e  
analysis o f connective tissue s tru c tu re s  an d  b y  deta iled  p a th o h is to lo g ica l 
s tud ies of cy s titis  shigellosa.

T he p re se n t experim en ts, b ased  on an  analysis of th e  in te ra c tio n  b e 
tw een  th e  p a th o g en ic  agent an d  th e  h o s t cell, p rov ided  severa l new  d a ta  to  
u n d e rs ta n d  th e  pathogenesis of c y s titis  shigellosa. T he s tu d y  show ed th a t  th e  
process s ta r te d  from  num erous foci s i tu a te d  in  d ifferen t areas of th e  m ucous 
m em b ran e . A t an  early  stage a f te r  th e  in fec tion  only a few in fec ted  e p ith e 
lial cells w ere found  in th e  a rea  o f these  foci w ith  1 — 2 shigellae in  th e ir  
cy to p lasm . A t a la te r  phase th e  n u m b e r of in fec ted  cells increased , an d  being  
s itu a te d  close to  each o ther th e ir  positio n  in d ica ted  th a t  th e  process h a d  
sp read  from  th e  orig inally  in fec ted  cell. T he n u m b er of shigellae in  th e  cells 
belonging  to  th ese  foci showed a re g u la rity . Cells s itu a te d  on th e  surface an d  
in th e  cen tre  of th e  focus co n ta in ed  considerab ly  m ore shigellae th a n  tho se  
a t  th e  p e rip h e ry , w hich refers also to  th e  m ode of sp read ing  described .
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Tw o w ays m ay  se rv e  for shigellae to  pass from  one ep ithe lia l cell in to  
th e  o th e r. In  k e ra to c o n ju n c tiv itis  lis te rio sa  [18] an d  shigellosa [11, 12] it  
w as observed  th a t  lis te r ia e  an d  shigellae m a y  pass to g e th e r  w ith  th e  cy to 
p lasm ic partic les of th e  o rig inally  in fec ted  cell from  one corneal ep ithe lia l 
cell in to  th e  o th er, av o id in g  th e  in tra c e llu la r  space. T h is m echanism  m ig h t 
ap p ly  also to  cystitis  sh igellosa. T his rem ain s, how ever, to  he confirm ed by 
e lec tron  m icroscopic ex am in a tio n s . T he o th e r  m ode is th e  d estru c tio n  of the 
in fec ted  cells. Shigellae s itu a te d  in th e  cy to p lasm  are v e ry  sligh tly  tox ic , 
an d  ep ithe lia l cells w h ich  con ta in  a g rea t n u m b er o f shigellae an d  show  a t 
th e  sam e tim e a well re ta in e d  m orphological s tru c tu re  are often  seen; th e  
ex trem e  m ultip lica tio n  o f shigellae, how ever, causes f in a lly  th e  d estru c tio n  
of th e  ep ithe lia l cell. D u rin g  th is  ev en t la rge  q u a n titie s  of shigellae becom e 
released  and m ay in fec t th e  neighbouring  cells. T his phenom enon  appears for 
th e  f irs t  tim e  6 hours a f te r  infection.

T he developm ent o f  u lcera tions c a n n o t he exp la ined  solely b y  th e  ex 
am in a tio n  of th e  in fec ted  ep ithe lia l cells, as po ly m o rp h o n u clear leucocytes 
a p p e a r  at a very  early  s ta g e , n ex t to  th e  in fec ted  cells. M icro-abscesses develop 
soon in  th e  ep ithe lium , as observed  in  th e  co n ju n c tiv a l ep ithe lium  in k e ra to 
co n ju n c tiv itis  shigellosa [9] and  k e ra to c o n ju n c tiv itis  listeriosa  [10] and  in 
th e  ep ithe lium  of th e  u r in a ry  b lad d er in  cy s titis  lis te rio sa  [19]. T he n u m b er 
o f p o ly m orphonuclear leucocy tes in  th e  m icro-abscesses increases in  th e  period  
w hen  th e  ep ithe lia l cells w hich  con ta in  g rea t n u m b ers  of shigellae, decom pose. 
T he p o ly m orphonuclear leucocytes are  p h ag o cy tin g  shigellae re leased  from  
th e  ep ithe lia l cells. D u rin g  th is  ev en t p a r t  o f th e m  is d estro y ed  and  th e  tox ic  
m a te ria l th u s  released  lesions th e  n e ig h b o u rin g  ep ith e lia l cells. T he d estroyed  
an d  perish ing  ep ith e lia l cells d esq u am ate  ra p id ly , th e  m icro-abscesses open 
up , an d  u lcerations develop . The bo rders o f th e  u lcera tions are form ed by 
in fec ted  ep ithelia l cells. T h e  desq u am ated  ep ith e lia l cells w hich co n ta in  b a c te ria  
m ig h t again  becom e a t ta c h e d  to  o th e r areas on th e  su rface of th e  b lad d e r and  
m ay  serve as s ta r tin g  p o in ts  for a new  infec tion . I f  th e  p ro p o rtio n  of the  
d e s tru c tio n  of b a c te r ia  an d  th e  dynam ics of phagocy tosis  is fav o u rab le , the 
sm all focus becom es s te rile .

T he h isto log ical s tu d ies  of cy stitis  sh igellosa h av e  confirm ed our o b se rv a 
tio n s on tw o biological ch a rac te ris tic s  o f v iru le n t shigellae w hich h av e  been 
observed  also in k e ra to c o n ju n c tiv itis  shigellosa [9]. Shigellae are localized 
th ro u g h o u t th e  in fec tiv e  process to  th e  ep ith e lia l b a rr ie r . A p ro m p t an d  p ro 
nounced  reaction , co n sisting  of p o ly m o rp h o n u c lea r leucocytosis follows th e ir  
ap p earan ce  24 — 48 h o u rs  a fte r th e  in fec tion , in  th e  period  of ex tensive  u lce ra 
tio n , in  the  loose and  fib rous subep ith e lia l tissue . T he po lym orphonuclear 
leucocytes destroy  th e  pa thogen ic  agen ts.

I t  m ight occur t h a t  shigellae e n te r  also o th e r areas of th e  organism , as 
show n by th e  bacterio log ical ex am in a tio n s. O ur observa tions have, how ever,
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confirm ed  th e  d a ta  of B in g e l  [1] in th a t  shigellae can n o t be reg u la rly  cu ltu red  
from  th e  organs, w hich in d ica ted  th a t  a f te r  invad ing  a tissu e  o th e r th a n  th e  
ep ith e liu m , th e y  becom e destroyed . M ost freq u en tly  th e y  can  be d e tec ted  
in  th e  k id n ey . H isto log ical ex am in a tio n s revealed  th a t  shigellae p e rs is t in 
th e  in te rm ed ia te  ep ithe lium  of th is  o rg an . O ur ex p lan a tio n  for th e  b a c te ria  
in v ad in g  th e  renal pelv is is th a t  th e y  are  in tro d u ced  in to  th e  b la d d e r and  
from  th e re  ascend in to  th e  renal pelvis, or else, th e  infection  sp reads from  th e  
b la d d e r th ro u g h  th e  u re te r  in to  th e  k id n e y  b u t no t by  haem ato g en ic  ro u te .

T he observation  th a t  a p ro n o u n ced  m acrophage reac tio n  ap p ea rs  24 
hours a fte r  infection and  th a t  th e  m acrophages very  seldom  co n ta in  shigellae 
refers to  an o th e r biological p ro p e rty  o f th e  pa thogen .

I t  is of in te res t to  com pare th e se  tw o  ch arac teris tics  w ith  th o se  of 
L isteria  monocytogenes, a fa c u lta tiv e  in tra c e llu la r  p a rasite . Tn cy stitis  listeriosa  
[19], th e  path o g en  arrives soon in to  th e  low er p a rts  of th e  b lad d e r an d  m u lti
plies f irs t in  th e  cy top lasm  of th e  m acro p h ag e-ty p e  cells.

T he detailed  p a thoh isto log ica l s tu d y  of cystitis  shigellosa has confirm ed  
th e  th e o ry  of B in g e l  [1] w ho considered  the  ep ithelium  of th e  b la d d e r w all 
to  be th e  p rim ary  site o f lesion. C o n sequen tly , th e  pathogenesis of th e  process 
can be u n d ersto o d  only b y  s ta r tin g  from  a s tu d y  of th e  in te ra c tio n  betw een  
shigellae and  the  ep ithe lia l b arrie r.

A d e ta iled  analysis of th e  p a th o lo g ica l even ts in c y s titis  shigellosa devel
oping  in  th e  k idneys, sp leen , m y o card iu m  and liver w ill be d iscussed  in 
a n o th e r w ork.
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INDIA-INK IMMUNO-REACTION FOR THE 
RAPID DETECTION OF ENTERIC PATHOGENS

B y

P . G e c k

H ungarian A rm y  M edical Corps, Budapest 

(R ece iv ed  A u g u st 9, 1971)

Sum m ary . A  new  sérodiagnostic  m e th o d  h as  been  e lab o ra ted  for th e  ra p id  id e n tif ic a 
tio n  of p a th o g en ic  b ac teria . Model e x p e rim e n ts  w ith  p a th ogen ic  Escherichia coli se rogroups, 
Shigella an d  Salm onella  ind icated  th a t  th e  In d ia - in k  im m u n o -reac tio n  (H R ) is p ra c tic a lly  
eq u iv a len t in  se n s itiv ity  w ith  c u ltiv a tio n  an d  in  spec ific ity  w ith  im m uno flu o rescen t trac in g .

T he new  m eth o d  is especially usefu l for rep lacin g  im m uno flu o rescen t ex am in atio n s . 
Sm ears are t r e a te d  w ith  In d ia-in k  an d  im m u n e  serum  fo r 5 m inu tes, th e n  re ad  u n d e r sim ple 
lig h t m icroscope. T he m ethod  un ites th e  a d v a n ta g e s  o f d irec t, in d irec t an d  m odified  in d ire c t 
sta in ings.

In  m o d ern  bacterio logy  th e re  is a tre n d  of in tro d u c in g  d iagnostic  m eth o d s 
w hich are m ore rap id , sim ple, sen sitive  an d  specific th a n  th e  ex isting  ones. 
In  recen t y ea rs  a g rea t n um ber o f  express te s ts , m icrom ethods an d  im m une 
reac tio n s h av e  b een  described fo r th e  d e te rm in a tio n  of th e  ch a rac te ris tic s  of 
various b a c te r ia .

R ap id  la b o ra to ry  diagnosis is especially  ad v an tag eo u s w hen th e re  is 
need for th e  d e tec tio n  of a p a th o g en ic  ag en t s im u ltaneously  w ith  th e  ad m is
sion of th e  p a t ie n t  or in  case of o u tb re a k s .

T echn ical difficulties in  im m u n o flu o rescen t trac in g  have  g rea tly  h in d ered  
th e  w ide-sp read  app lica tion  of th is  m e th o d . I t  seem ed desirab le to  e lab o ra te  
a sim ple an d  ra p id  m ethod  e q u iv a le n t in  sen s itiv ity  an d  specific ity  w ith  
im m u n o flu o rescen t exam ination . As a re su lt o f stud ies w ith  a w ide range  of 
b ac te ria , th e  In d ia -in k  reaction  p re se n te d  in  th is  p ap e r has been  found  ad e
q u a te  for th e  p u rp o se .

M ateria ls and  m ethods

Organisms and faecal specimens. E scherichia coli 0 2 6  : B6, 0 5 5  : B5, 0 8 6  : B 7, 0111 : B4, 
0112  : B l l ,  0 1 1 9  : B14, 0124 : B17, 0 1 2 5  : B15, 0 1 2 6  : B16, 0127  : B8, 01 2 8  : B12, Shigella  

fle x n eri  2a, Sh. sonnei, Sh. dysenleriae 2, Salm onella  p a ra typ h i-A , S. typ h i-m u r iu m  an d  S. typ h i 
w ere used .

F aeca l spec im ens w hich had been  show n b y  c u ltiv a tio n  to  be  free from  en te ric  p a th o 
gens an d  h a d  n o t  re a c te d  w ith  I I R  w ere u sed  in  th e  m odel experim ents. A  pea-sized  a m o u n t 
of th e  specim en  w as suspended in 3 m l sa line  an d  sed im en ted  in  a h an d  cen trifuge . T o l  m l of 
th e  su p e rn a ta n t 1 m l o f a tenfold  serial d ilu tio n  o f each  te s t  organ ism  c u ltu red  on  ag ar s lan ts  
was ad ded  so as to  give cell counts ra n g in g  from  103 to  109 pe r ml.

Cultural methods. C ulturing an d  id e n tif ic a tio n  of en te ric  pa th o g en s w ere p e rfo rm ed  as 
described  in  th e  S ta n d a rd  M ethods of H u n g a ria n  P u b lic  H e a lth  B acterio logy  L ab o ra to ries  [1]. 
T he suspensions w ere  p la ted  im m ed ia te ly  a f te r  p re p a ra tio n .
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In d ia -in k  reaction. P reparation o f  faeca l specim ens. F aeca l specim ens p re p a re d  as 
desc rib ed  above are su itab le  n o t  only for m odel ex p erim en ts  b u t  also for ro u tin e  ex am in a tio n s , 
w hen th e  presence of a g re a t  n u m b er of p a th o g en ic  organ ism s m ay  be expected  to  be p re sen t 
in  th e  specim en  (en tero co litis). In  p a tien ts  w ith  less d e fin ite  e n te ric  sym ptom s i t  is ad v isab le  
to  c en trifu g e  a t  3000 r .p .m . th e  su p e rn a ta n t o f th e  sed im en ted  specim en an d  to  p rep are  
sm ears o f th e  deposit.

Sm ears. A loopful o f  th e  su p e rn a ta n t o f th e  sed im en ted  specim en or o f th e  dep o sit 
o b ta in e d  by  c en trifu g a tio n  is sm eared  on a d e fa tte d  slide. W hen  low  cell counts a re  ex p ec ted , 
a pea-sized  circle is d ra w n  w ith  w ax pencil on th e  cen tre  o f th e  slide, th e n  a loopful o f th e  
spec im en  is sp o tted  a t  th e  correspond ing  site  o f th e  reverse  surface. T he sm ears or sp o ts  are 
left to  d ry  th en  fixed  o v er flam e.

W orking d ilu tion  o f  diagnostic sera. T he sera  should  be th ree  tim es m ore c o n ce n tra ted  
th a n  th e  w orking d ilu tio n  fo r slide ag g lu tin a tio n . T he sera are d ilu ted  w ith  saline co n ta in in g
0 .5 %  phenol. To Salm onella  p o ly v alen t О serum  an  eq u al a m o u n t of phenolized  saline is ad d ed . 
S e n sitiv ity  and  spec ific ity  o f th e  reac tion  h ig h ly  dep en d  on th e  q u a lity  o f sera. In  o rder to 
avo id  aspecific  reac tio n s, a n tib o d ies  reac tin g  w ith  he tero logous b ac te ria  should  be rem oved  
b y  ad so rp tio n .

In d ia -in k  im m uno-reaction. E achs m ear (correspond ing  in n u m b er to  th e  k inds o f an tise ra  
used) is covered w ith  1 d ro p  o f  liqu id  In d ia-in k  (“ L iq u id  Chinese H olló in k ” , P o litu r an d  V egyi
te rm é k  Co., B u d ap est), th e n  1 drop  of each o f th e  su itab ly  d ilu ted  sera is added  to  each  sm ear. 
T hen  In d ia -in k  and serum  a re  m ixed w ith  a loop tak in g  care to  avo id  th e  tran sfe r o f one serum  
to  an o th e r. The slides a re  p laced  h o rizon tally  in  a w et ch am b er (P e tr i dish  tu rn e d  upside  
dow n) fo r 5 m inu tes a t  ro o m  tem p era tu re .

T he sm ears are th e n  w ashed off w ith  a so lu tio n  p rep ared  from  1 p a r t  o f physio logical 
sa line  an d  2 p a rts  of ta p  w a te r . If  its  pH  is u n d e r  7, th e  so lu tion  is p reviously  a d ju s te d  to 
n e u tra l  w ith  sodium  c a rb o n a te . All k inds o f w a te r  a re  su itab le  for a w ashing-off f lu id  if  to 
1 l itre  o f th e  above m ix tu re  0.1 ml of 1%  FeCl., so lu tion  is ad d ed . W ashing off is m ade  w ith  
a 10 m l wide orifice p ip e tte  p rovided w ith  a ru b b e r  ball. T he slide is k e p t a t  ob lique angles 
an d  w ashed  off w ith  a m ed iu m -stren g th  s tre am  of th e  above m ix tu re . I t  is im p o r ta n t  th a t  
p re c ip ita te d  In d ia-in k  v is ib le  to  the  naked  eye shou ld  n o t rem a in  on th e  sm ear. T he sm ear 
is d ried  by  b lo ttin g  i t  w ith  f ilte r  paper an d  ex am ined  u n d e r th e  lig h t m icroscope w ith  an 
o il-im m ersion  ob jec tive  ( X 800).

Fig. 1. In d ia -in k  im m u n o -reac tio n  w ith  E. coli 111:K 58(B4)
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Reading. H om ologous b in d in g  of agg lu tin ins (p o sitiv e  reac tio n ) is in d ica ted  b y  th e  
presence of a d e fin ite  b lack  co n to u r corresponding in  sh ap e  an d  size to  th e  organism  exam ined ; 
th e  inside of th e  cell is ash-grey  in  colour. The b lack  co n to u r is analogous to  the  f lu o rescen t 
halo of th e  cell seen in im m uno flu o rescen t sta in ing . In  th e  absence of agg lu tin in  b in d in g  
(negative  re su lt)  b a c te r ia  are n o t  visible, on ly  rem ains a n d  aggregates o f In d ia -in k  p a rtic les  
are seen, b u t these  a re  easy  to d is tin g u ish  from  b a c te ria  show ing hom ologous b ind ing  (F ig . 1).

D iagnostic  sera  freq u e n tly  co n ta in  n a tu ra l an tib o d ies  ag a in st cocci, aerobic an d  a n 
aerobic sporebearing  bac teria . In  view  of differences in  m orphology  an d  size, aspecific b in d 
ings w ith  these o rgan ism s can  easily  be d istingu ished  from  specific  reac tio n s  o f G ram  n egative  
en te ric  bacteria .

Results

A to ta l  o f 1320 faecal specim ens was exam ined . A fte r artific ia l co n tam i
n a tio n  o f 103 to  109 cells of pa th o g en ic  b ac te ria , th e  specim ens w ere exam ined  
w ith  I IR  and w ith  cu ltu ra l m ethods.

Table I

M odel experiments fo r  comparing the effectiveness o f  cultural method and 
In d ia -in k  immuno-reaction

T est organism s: pa thogen ic  E . coli s tra in s , 103— 109 cells/ml

C u ltiv a tio n
In d ia - in k  im m uno-reaction

T o ta l
P o sitiv e N eg a tiv e

Positive 555 (80.4% ) 8 (1 .2% ) 563 (81.6% )

N egative 72 (10.5% ) 55 (7 .9% ) 127 (18.4% )

T o ta l 627 (90.8% ) 63 (9 .2% ) 690 (100.0% )

T able I show s th e  ex am in a tio n  of 690 specim ens c o n ta m in a te d  w ith  
E . coli serogroups associa ted  w ith  in fan tile  en te ritis . I t  is ev id en t th a t  th e  
m a jo rity  of specim ens (80 .4% ) was positive w ith  b o th  cu ltu rin g  and  I IR . 
As show n by  th e  n u m b er of specim ens y ield ing  n eg a tiv e  cu ltu res  b u t positive 
I I R ,  th e  la t te r  w as m ore effective th a n  th e  fo rm er (10 .5% ). N egative  resu lts  
w ere o b ta ined  w ith  b o th  m eth o d s m ain ly  for specim ens con ta in in g  low n u m 
bers of p a th o g en s (103—104/inl).

Table II

Model experiments fo r  comparing the effectiveness o f  cultural method and 
In d ia -in k  immuno-reaction

T est organism s: Shigella fle xn eri  and  Sh. sonnei, 103— 109 cells/ml

C u ltiv a tio n
In d ia - in k  im m uno-reaction

T o ta l
P o sitiv e N eg a tiv e

Positive 219 (78.2% ) 6 (2 .2% ) 225 (80.4% )

N egative 28 (10.0% ) 27 (9 .6% ) 55 (19.6% )

T ota l 247 (88.2% ) 33 (11 .8% ) 280 (100.0% )
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T ab le  I I  p resen ts  ex p erim en ts  w ith  shigellae. T he resu lts  w ere sim ilar 
to  th o se  fo r E . coli: b o th  m ethods gave positive re su lts  in  7 8 .2 % ; positive 
H R  b u t  neg a tiv e  c u ltu r in g  w as reco rded  for 10.0%  o f th e  specim ens.

Table III

M odel experiments fo r  comparing the effectiveness o f cultural method and  
In d ia -in k  im m uno-reaction

Test o rgan ism s: Salmonella  s tra in s , 103—109 cells/ml

C u ltiva tion
In d ia - in k  im m u n o -reac tio n

T o ta l
P ositive N egative

P ositive 223 (63.7% ) 18 (5.1% ) 241 (68.8% )

N egative 16 (4.6% ) 93 (26.6% ) 109 (31.2% )

T otal 239 (68.3% ) H I  (31.7% ) 350 (100.0% )

T ab le  I I I  shows th e  resu lts  for salm onellae. T he specim ens w ere con
ta m in a te d  w ith  s tra in s  be longing  to  3 d ifferen t serogroups. T he ex perim en ts 
w ere perfo rm ed  w ith  Salm onella  О p o ly v a len t and  w ith  th e  co rrespond ing  
g roup  sera . The n u m b er o f positive  re su lts  w ith  b o th  m eth o d s w as consider
ab ly  low er th a n  for E . coli an d  Shigella  (63 .7% ); positive I I R  w ith  a negative  
c u ltu ra l exam in a tio n  w as o b ta in ed  in  4 .6 % .

D iscussion

S evera l years ex perience  has show n th a t  I IR  is a sim ple, ra p id , inexpen
sive a n d  reliable m e th o d . O ur m odel experim en ts h av e  th ro w n  som e lig h t on 
th e  v a lu e  of cu ltiv a tio n  an d  I I R  in  d iagnostic  bacterio logy .

C om parative  s tu d ies  in d ica ted  th a t  successful cu ltu rin g  of pa thogens 
p re se n t in  low num bers (103—104) is h in d ered  by  several cond itions such as 
th e  tim e  elapsing b e tw een  ta k in g  th e  specim en and  in o cu la tio n , th e  p H  and 
b a c te r ia l co n stitu en ts  o f  faeces, th e  presence of specific phages, n u m b er of 
dead  b a c te ria , q u a lity  o f th e  m ed ium , th e  m ode of in o cu la tio n  an d  read ing . 
In  o u r stud ies, in sp ite  o f o p tim um  cond itions, th e  low er lim it of 100%  posi
t iv i ty  w as in  the  ran g e  o f 5 X Ю4— 105 cells per ml.

In  th e  m odel I I R  ex p erim en ts  p resen ted  in th is  p a p e r th e  chance for 
aspecific  reactions w as en tire ly  excluded , as each specim en h a d  prev iously  
been  exam ined  b y  c u ltu r in g  and  I I R  an d  only th e  n eg a tiv e  specim ens were 
used. I t  is ev iden t from  th e  resu lts  p resen ted  in  th e  T ables th a t  th e  sen sitiv ity  
of I I R  depends on th e  n u m b er of pa th o g en s. A n o th e r im p o r ta n t fac to r is 
th e  specific ity  of th e  se rum . H igh  t i t r e  hom ospecific sera  h igh ly  increased 
th e  se n s itiv ity  and  specific ity  o f I I R .  C erta in  E . coli an tise ra  gave aspecific
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bindings w ith  som e faecal s trep tococc i a n d  aerobic spo re-bearing  b a c te ria  in  
1 : 8 d ilu tio n ; b u t  no t in 1 : 64 d ilu tion .

B eyond th e  m odel ex perim en ts p re se n te d  in th is p a p e r c u ltu ra l m e th o d s, 
H R  and  im m unofluo rescen t s ta in in g  w ere com pared  in  a la rge  ro u tin e  m a te ria l 
of several th o u san d s  of faecal specim ens. T hese stud ies show ed th a t  I I R  and  
im m unofluo rescen t s ta in ing  w ere p ra c tic a lly  equ iva len t.

T he m echan ism  of H R  is n o t q u ite  c lear. In  basic m echan ism  th e re  is 
a g rea t difference betw een  th e  seem ingly  s im ila r H R  an d  im m u n o flu o rescen t 
sta in ing . H R  m ay  be regarded  as an  im m u n e  adsorp tion  m e th o d . One v alency  
of th e  g lobulin  m olecule of th e  im m une  serum  is bound  to  th e  cell fix ed  on 
th e  slide, w hile a coal p artic le  absorbs its  o th e r  va lency  so th a t  it  c an n o t be 
rem oved  b y  w ashing . I f  hom ologous an tig lo b u lin  is p rev io u sly  b o und  to  th e  
free va lency , H R  fails to  develop. T he specific  b ind ing  of coal partic les does 
no t occur w hen  conditions o th e r th a n  physio logical ones p rev a il; for exam ple , 
if  th e  p H  of th e  w ashing flu id  is u n d er 6 or over 8, or if  d istilled  w a te r a d ju s te d  
to  p H  7 w ith  sodium  h y d rox ide  is used.

As co m p ared  to  th e  sim ple w ashing  f lu id  used, o th e r  so lu tion  of m ore 
co m plica ted  c o n s titu tio n  h a d  no special ad v an tag e . T he m ix tu re  of 1 p a r t  
saline and  2 p a r ts  of ta p  or well w a te r  c o n ta in in g  traces  o f com plex-form ing  
m eta l ions a t  p H  7 m eets all req u irem en ts .

T he b ra n d  o f In d ia -in k  is o f special im p o rtan ce : in  th ese  stud ies only  
one p ro d u c t, as in d ica ted  u n d e r “ M ateria ls  an d  m eth o d s”  gave c o n s ta n tly  
rep ro d u c ib le  re su lts , a lthough  several o th e r  H u n g arian  a n d  foreign b ran d s  
have been te s te d .

The p u rp o se  of H R  is to  p resen t a ra p id  d iagnostic  m e th o d  su itab le  
for rep lac ing  im m unofluorescen t trac in g . I t  is ev iden t from  th is  p ap e r th a t  
H R  has severa l ad v an tag es over th e  la t te r :  i t  requires n e ith e r  a fluo rescen t 
m icroscope no r con jugates and  u n ite s  th e  ad v an tag es  of d irec t, in d irec t and  
m odified in d ire c t m ethods. In  com parison  to  cu ltiv a tio n  i t  is superio r in  th a t  
i t  sho rtens th e  24 — 72-hour in cu b a tio n  tim e  to  1 — 2 hours an d  allows th e  sa v 
ing of large am o u n ts  of cu ltu re  m edia.

As to  th e  aspects of I I R ,  it  shou ld  be  em phasized th a t  th e  reac tio n  is 
p rim arily  su itab le  for the ex am in a tio n  o f p a tie n ts  w ith  acu te  en teric  in fec
tions an d  fo r th e  rap id  de tec tio n  of th e  p a th o g e n  a t th e  b eg inn ing  of an  o u t
b re a k  w hen th e  organism s responsib le  a re  p re sen t in  g rea t n u m b ers  in  th e  
faeces. F aeca l sam ples positive w ith  H R  sh o u ld  only be su b je c te d  to  cu ltu ra l 
e x am in a tio n  in  o rder to  id en tify  th e  a g en t and  to  te s t  its  an tib io tic  sen
s itiv ity .

O ur experience ind ica tes th a t  H R  is su itab le  for th e  ra p id  diagnosis of 
ev e ry  m icroorganism  th e  an tigens of w hich  are capable of p ro d u c in g  im m une 
sera . B y  fix in g  know n b ac te ria  on slides, H R  m ay  be used fo r th e  d e te rm in a 
tio n  of a n tib o d y  titre s  in  convalescen t p a tie n ts . In  research  i t  can  be app lied
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for checking th e  effect of bacteria l v acc in a tio n , ra p id  d e tec tio n  of n a tu ra l 
an tibod ies, s tud ies on an tigen ic  re la tio n sh ip s , d e te rm in a tio n  of О, К  an d  11 
an tigens of b ac te ria  an d  for th e  s tu d y  o f in trace llu la r  p a ras itism .
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LA RECHERCHE DES SHIGELLA DANS LES EAUX 
PAR LE TEST DES ANTICORPS FLUORESCENTS 

ET PAR LA RÉACTION DE GECK
p a r

N. D . D u c

In stitu t N ational (VHygiène Publique (D irecteur: T . B akács), Budapest 

(M anuscrit reçu  le 19 m ai, 1971)

R ésum é. L ’a u te u r  ren d  com pte de l’a p p lica tio n  du  te s t  des an ticorps flu o rescen ts  e t 
de la réac tio n  du  Gec k  p o u r  la  d ém o n stra tio n  des Shigella d an s les d ifférentes sources d ’eau  
en H ongrie. C ette  recherche  a été  effectuée su r les f ro ttis  de séd im en t, de f i ltra t  e t de la  cu ltu re  
enrichie p ro v e n a n t de 60 échantillons d’eau  exam inés. Le te s t  des an ticorps f lu o rescen ts  
a révélé la p résence des Shigella (ensem ble des 4 séro types) d an s 38.3 p. 100 des éch an tillo n s 
d ’eau  exam inés, la ré ac tio n  de Geck  a fa it a p p a ra ître  dans 41,1 p. 100, tand is que les Shigella  
o n t é té  isolées d an s 3,3 p . 100 p a r la  m éthode  de cu ltu re  d irec te . T ou tes les tro is tech n iq u es 
susm entionnées on t to u jo u rs  donné les ré su lta ts  positifs p resq u e  identiques. S o u lig n an t la 
v a leu r réelle de la  réac tio n  de Geck  en c o m p a ra n t ses ré su lta ts  avec  ceux ob tenus p a r  le te s t  
des an tico rp s flu o rescen ts  e t  pa r la m éthode b actério log ique , la  réac tio n  d’im m uno-encre  de 
Chine s’est m o n trée  trè s  sensible, aussi c e rta in e m e n t spécifique e t  p lus rap ide que les a u tre s  
techniques ind irec tes  usuelles. E lle est aussi u n e  m éthode  très  sim ple, bon m arché, e t d ’un 
g ran d  in té rê t  ép idém iologique, q u ’on p eu t ap p liq u e r e t réaliser facilem en t dans to u s les la b o 
ra to ires  bactério log iques.

La m icroscopie à rim m unofluo rescenee  q u ’on a em ployé pour l’id e n tif i
ca tion  des b ac té ries  en très  p e tit  n om bre  dans les m ilieux  ex tra -en té riq u es , 
su r to u t dans les cas épidém iques dus au x  agen ts p a th o g èn es d 'Enterobacteria- 
ceae [2, 4 — 7, 13, 18 — 21, 27, 35, 36, 39, 44, 45] est une  m éthode plus sensib le 
et plus rap id e  que celle de cu ltu re  d irec te .

L ’ap p lica tio n  de ce tte  techn ique p o u r le d iagnostic  des Shigella  a été 
étud iée p a r  L a B rec  et coll. [29 — 31], H o r n u n g  [26], Geck  et coll. [20], 
T aylor  [38], T h o m aso n  et coll. [39 — 41], Ch e r r y  et coll. [4, 5], A k iy o s h i  [1], 
etc. [20, 26, 2 9 - 3 2 ,  37, 38, 40, 41].

E n  p a rticu lie r , l ’expérience de m odèle e t la  recherche  des V ibrio-cholé- 
riques, des Escherichia coli ainsi que des Shigella  dan s les eaux souillées, 
la  techn ique  des m em branes filtran te s  associée au te s t  des anticorps f lu o re s
cents, o ccupaien t une  place à p a rt p o u r  les a u te u rs  com m e D a n i e l s s o n , 
F o l s e n f e l d , H am m arströ m , etc. [8 — 12, 17, 24, 25].

R é c e m m e n t  il y  a u n  c e r ta in  n o m b r e  des b a c té r io lo g is te s  qu i  o n t  l in te n -  
t io n  de se p r o c u r e r  les a u t re s  t e c h n iq u e s  de  d ia g n o s t ic  d o n t  les c o n te n u s  
so n t  n o n  s u le m e n t  sens ib les ,  spéc if iques ,  m a is  enco re  p lu s  rap id e s ,  p lu s  s im p les  
e t  p lus  b o n  m a rc h é  q u e  les te c h n iq u e s  u sue l le .  C e t te  in te n t io n - là  v ise  le b u t  
de d o n n e r  u n e  g r a n d e  poss ib il i té  a u x  b a c té r io lo g is te s  a f in  de d ép is te r  le p lu s  
t ô t  poss ib le  l ’é t io log ie  de  l’ép idém ie ,  e t  G e c k  [22, 23] a réussi à t r o u v e r  u n e
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n o u v e l le  r é a c t io n  s é ro - d ia g n o s t iq u e  n o m m é e  r é a c t io n  d ’im m u n o -e n c r e  de C hine
[22, 23].

D a n s  c e t te  n o t e  p r é s e n te ,  n o u s  e x p o s o n s  les r é s u l t a t s  c o m p a r a t i f s  de 
d e u x  t e c h n iq u e s  des a n t i c o r p s  f lu o re s c e n ts  e t  de la  r é a c t io n  de  G e c k  avec  
n o t r e  c o n s t a t a t i o n  s u r  la  v a le u r  réelle de  l ’a p p l ic a t io n  de ces t e c h n iq u e s  d a n s  
le d ia g n o s t ic  des Shigella  e x i s t a n t  d a n s  les d if fé ren te s  sou rces  d ’eau  po l luée .

M atériel et m éthodes

Technique bactériologique .La m éthode  que nous avons appliquée p o u r la  cu ltu re  d irec te  
des Shigella  su rv iv a n t d an s l ’eau , consiste de tro is  tech n iq u es associées: em pêcher la bactério - 
p h ag ie  p a r le tam p o n  salé glycériné à 30 p. 100, — co ncen trer un  p e ti t  n o m b re  des Shigella  
d a n s  u n e  grande q u a n ti té  d ’eau  exam inée p a r la tech n iq u e  des m em b ran es f i ltra n te s , — 
en ric h ir  les Shigella à l ’aide du  m ilieu solide d ’enrich issem en t d ’IsTRATi. L ’iso lem ent des 
Shigella  a été  effectué su r les m ilieux sélectifs d ’iso lem en t tels que la gélose de desoxycholate- 
c itra té -la c to sé  e t la gélose d ’éosine-bleu de m éth y lèn e  [15, 28]. T outes les colonies suspec tes 
o n t  é té  rep iquées su r le m ilieu  de R ussel e t soum ises en su ite  aux recherches u tile s  pour leu r 
id en tif ic a tio n  (ag g lu tin a tio n  su r lam es avec les sérum s ag g lu tin an ts: an ti-sé ru m  Sh. sonnei I, 
I I ;  an ti-sé ru m s p o ly v a len ts  e t m onovalen ts de Sh. f le x n e r i;  recherche de la  m obilité , de 
l ’in d o le  e t de la réac tion  b ioch im ique com m e la fe rm e n ta tio n  du m an n ite , d u lc ite , rh am n o se , 
so rb ite , xylose etc.).

Technique des anticorps fluorescents. A près av o ir  concen tré  les germ es d an s l’éch an tillo n  
d ’eau  avec de d ifféren tes m éthodes (vo ir ci-dessous) nous avons réalisé la p ré p ara tio n  des 
f ro t t is  su r lam es en les f ix a n t  p a r flam b ag e  rap id e  su r une flam m e d’un  bec de B unsen. Des 
g lobu lines an ti-lap in  p ro d u ite s  dans la chèvre  é ta ie n t conjugées par l’iso th io cy an a te  de f lu o res
céine. N ous a jo u to n s 2 m g de fluochrom e au  100 rng de protéine, celle-ci e st purifiée  ensu ite  
p a r  Sephades-G  25. La recherche  des Shigella  e x is ta n t dans les eaux  souillées a été  effec tué  
p a r  la  m éthode  in d irec te  d u  te s t  des an tico rp s flu o rescen ts  avec mise en réa lisa tio n  des con
trô le s  convenables. N ous avons u tilisé le m icroscope à fluorescence L e itz— O rth o lu x  avec la 
lu m iè re  bleue en e m p lo y a n t la  len tille  à im m ersion .

Les an ti-sérum s p o ly v a len ts  e t m o n o v alen ts  de Shigella (Sh. dysenteriae  1,2, Sh. fle x n er i  
1 -6 ,X ,Y ., Sh. sonnei I , I I )  que  nous avons u tilisé  p o u r ce tte  é tude son t p rép aré s  p a r l ’I n s t i tu t  
N a tio n a l d ’H ygiène p u b liq u e  de H ongrie .

Réaction d 'im m uno-encre de Chine ( réac tio n  de Ge c k ). P our l’ex écu tio n  de la réac tio n  
de G ec k  nous avons fa it  la p ré p a ra tio n  des f ro ttis  su r lam es avec les m atiè re s  à ex am in er en 
sé c h a n t à l’air e t en f ix a n t  p a r flam bage. Les an tisé ru m s de Shigella avec de d iverses d ilu tio n s 
co n venab les que nous avons u tilisé  dans c e tte  ré ac tio n  son t iden tiques a u x  an ti-sé ru m s em 
p loyés dans la tech n iq u e  des an tico rps f lu o rescen ts . Chaque fro ttis  a é té  co u v ert p a r une  
g o u tte  d ’une encre de C hine com m erciale e t  a reçu  ensuite  une g o u tte  d ’an ti-sé ru m  dilué  
co n v en ab le  en se m êla n t so igneusem ent avec une  anse  de platine. P lacer la lam e sous le cou
verc le  d ’une boîte  de P e tr i  doublé pa r un  p a p ie r  f i ltre  im bibé d’eau pour é v ite r  la dessication . 
A p rès 5 m inutes de c o n ta c t à la tem p é ra tu re  de lab o ra to ire , le fro ttis  a é té  lavé  p a r une so lu 
tio n  salée (3 g de NaCl -f- 1,000 m l d ’eau du  ro b in e t, le pH  doit être  a ju s té  à 7 pa r a d jo n c tio n  
de ca rb o n a te  de sodium  de 5 p. 100) à l’aide d ’une  p ip e tte  de 10 ml. La p ré p a ra tio n  est f in a le 
m e n t séchée en tre  d eux  p ap ie rs  bu v ard s. L ’ex am en  e st m is en réa lisa tio n  avec l’ob jec tif  à 
im m ersion  d ’u n  m icroscope ord inaire.

L a réac tion  est po sitiv e  si le co n to u r coloré en couleur noire est conform e à la m o r
phologie  e t à la d im ension  de la bactérie . P a r  c o n tre , le ré su lta t est n é g a tif  dans les cas où 
les bactérie s  so n t in o b se rv ab les  sur p lusieu rs ch am p s m icroscopiques.

C ependant une  cause  d ’erreu r p e u t ex is te r: les sporulés aérobies ou  anaérob ies a y a n t  
la form e des bacilles so n t aussi colorés p a r l’effe t des an tico rp s n a tu re ls , m ais leu r m orphologie 
e t  leu r d im ension p e rm e tte n t  de les d ifférencier fac ilem en t à Y Enterobacteriaceae.

Procédé de centrifugation , de filtra tio n  et d"1 enrichissement (T echnique so i-d isan te  « T ré 
p ied » ). 1.000 ml d ’eau  de surface  e t  300 m l d ’eau  d ’égouts on t été  cen trifugés à 1,000 t/m n  
p e n d a n t  une l/ 2 heu re  e t  ensu ite :

1. Le séd im ent e s t lav é  au  m oins tro is fois avec la solution tam p o n n ée  p H  7,2 (T .S .).
2. Une m oitié  de su rn a g ea n t est p o rtée  à la f iltra tio n  avec les B lack  n o n -fluo rescen t 

m em b ran es f iltra n te s  (B .M .F .) M illipore H A B P  047. E n su ite  on lave les dépô ts b ac térien s 
e x is ta n t  sur la surface  de B .M .F. avec 50 m l de T .S .
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3. U ne a u tre  m o itié  de su rn a g ea n t e st filtrée  p a r les m em b ran es f i ltra n te s  ordinaires 
avec  pores de 0,45 /t. Celles-ci so n t aussi lavées p a r 50 m l de T .S . e t  placées ensuite  sur le 
m ilieu  solide d ’en rich issem en t d ’ISTRATi [28]. A près une in cu b a tio n  à 37 °C d u ra n t  10 heures, 
nous avons réco lté  la  p o p u la tio n  b ac térien n e  développée su r la  su rface  su p érieu re  de la  m em 
b ra n e  en lav a n t avec T .S .

Tous les tro is : séd im en t, m atière  f i l t r a n te ,  p o p u la tio n  b ac té rien n e  enrichie so n t m is 
en  p ré p ara tio n  des f ro t t is  p o u r la  tech n iq u e  des an tico rps f lu o rescen ts  e t  p o u r la réac tion  
de Ge c k .

Sources d'eau exam inée. Les éch an tillo n s d ’eau  de surface  so n t pré levés d’u n  certa in  
p o in t du  fleuve D an u b e  e t  du  lac  B a la to n . Les échantillons d ’eau  d ’égou ts p ro v en aien t des 
d ifféren tes régions de B u d a p es t, de M á tra , e t d ’E ger en H ongrie.

R ésu lta ts

L a d ém o n stra tio n  des Shigella  su r 60 échan tillons d ’eau  de surface et 
d ’égouts a été effectuée à la  fois p a r  la tech n iq u e  des an tico rp s  fluorescents 
(A .F .), p a r la  ré a c tio n  de G e c k  (R .G .) ,  e t p a r  la  m é th o d e  bactério log ique 
(M. bac). Avec la  te c h n iq u e  des A .F . e t R .G . nous avons tro u v é  dans les eaux

T ableau  I

Diverses Shigella dans 60 échantillons d'eau de surface et d'égouts provenant 
de différentes régions

Sources
d’eau

exam inée

M éthode
bac té rio 
logique

Shigella tro u v ées
p a r  la tech n iq u e  des A. F . ( - f )  e t  de la R . G . ( + + )

séd im en t f i l t r a t cu ltu re  enrichie

E au de surface — — — Sh. sonnei I I

E au d ’égouts Sh. fle xn eri 2a Sh. dysente- Sh. dysente- Sh. dysente-
riae 2 riae 2 riae 2

Sh. sonnei I I Sh. flexneri 2a Sh. fle x n er i  2a Sh. flexn eri 2a
Sh. fle x n eri  3a Sh. fle x n eri  3a Sh. flexn eri 3a
Sh. sonnei II Sh. sonnei I I Sh. sonnei II

N . B. : — =  in tro u v ab le
(A )  =  tech n iq u e  des an tico rp s fluorescents 

(-|—(-) =  réac tio n  de Geck

s u r to u t celles d ’égou ts les Shigella  su iv an tes : Sh. dysenteriae  2, Sh. flexn eri 
2a , Sh. flexn er i 3a e t S h . sonnei ph ase  2 ( tab leau  I , fig u re  1, 2). S u r 35 échan
tillons d ’eau d’égouts exam inés 20 cas é ta ie n t positifs (57,1 p . 100) p a r  l’A .F . 
e t 18 cas positifs p a r  la  R .G . (51,4 p . 100). T and is q u ’il y  a v a it 2 cas seulem ent 
où  nous avons réussi à isoler les Shigella  (1 Sh. f le x n e r i  2a e t 1 Sh. sonnei 
I I )  p a r  la  M. bac. N a tu re lle m e n t dans to u s les deux  cas où la  M. bac . a donné le 
ré s u lta t  positif, l ’A .F . e t la  R .G . le d o n n a ien t aussi. S u r u n  to ta l  de 60 
échan tillons d’eau de surface e t d ’égouts exam inés, les cas positifs des 
Shigella  a tte ig n a ien t u n e  p ro p o rtio n  de 38,3 p. 100 p a r  l’A .F . e t 41,6 p. 100 
p a r  la  R .G . (tab leau  I I ,  figure 3).
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P a rm i les Shigella  tro u v ées  dans les ea u x  de surface e t d ’égouts p ro v e n a n t 
de d ifféren tes régions, les souches de Sh . sonnei I I  a tte ig n a ie n t la p ro p o rtio n  
la  p lus élevée de 38,3 p . 100 [23] à 41,1 p . 100 [25], ensu ite  les Sh. fle x n e r i  
2a, 3a de 21,6 p. 100 [13] à 28,3 p. 100 [17] e t enfin  de 10,0 p. 100 [6] à 13,3 
p. 100 [8] avec les Sh . dysenteriae2  ( ta b le a u  I I I ) .  T o u t cela est conform e à la

Fig. 3. P o u rcen tag e  des éch an tillo n s d ’eau  p o sitiv e  su iv a n t la  m éthode  bactério log ique  
(M b. ac.), le te s t  des an tic o rp s  flu o rescen ts (A. F .) e t la  ré ac tio n  de G e c k  (R . G.)

s itu a tio n  des m alad ies dysen tériques e t to u t  com m e à la  ten d an ce  d ’au g 
m e n ta tio n  de la  p ro p o rtio n  des épidém ies dues au x  Sh. sonnei dans les années 
récen tes  [34].

T ableau II

Comparaison des résultats positifs sur les trois techniques: culture directe, 
test des anticorps fluorescents et la réaction de Geck

Sources
N o m b re

des

É ch an tillo n s
neri

d ’eau  p o sitive  (S h . dysenteriae  
2a, Sh. fle x n e r i  3a, S h . sonnei

2, Sh. f le x -
H )

d ’eau
exam inée

é c h an tillo n s
d ’e a u

ex am in és
c u ltu re
d irecte

te s t  des 
an tico rp s  

f lu o rescen ts

réac tio n
de

G ec k

E au de surface 25 0 (0 % ) 3 (12 % ) 7 (28 % )
E au d ’égouts 3 5 2 (5,7 % ) 20 (57,1 % ) 18 (51,4 % )

T otal 60 2 (3,3 % ) 23 (38,3 % ) 25 (41,6 % )
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T ab leau  II I

Diverses souches des Shigella trouvées sur 60 échantillons d 'eau examinée pa r le 
test des anticorps fluorescents et par la réaction de Geck

N o m b re
T e s t  des a n tic o rp s  f lu o rescen ts

Sources
d ’eau

exam inée

des
éch an tillo n s

d ’e a u
Sh. dysenteriae  2

S h . f le x n e r i  2a 
Sh. f le x n e r i  3a Sh. sonnei I I

nom bre % nom bre % nom bre %

E a u  d ’égouts 35 6 17,1 1 2 30,7 2 0 57,1
E a u  de surface 25 о 0 1 4,0 3 1 2 ,0

T otal 60 6 1 0 , 0 13 2 1 , 6 23 38,3

N o m b re
R éac tio n d e  G e c k

S o u rces  d ’eau  
exam inée

des
é c h a n ti llo n s

d ’e au
Sh. dysen teriae  2

S h . f le x n e r i  2 a , 
Sh. f le x n e r i  3a Sh. sonnei I I

nom bre % nom bre % n o m b re %

E a u  d ’égouts 35 8 2 2 , 8 16 45,7 18 51,4
E a u  de surface 25 0 0 1 4,0 7 28,0

T otal 60 8 13,3 17 28,3 25 41,1

Discussion

Différence entre les résultats de la méthode bactériologique et des techniques 
indirectes. L a d ém o n stra tio n  des Shigella  dans les e a u x  p a r  la  cu ltu re  d irecte  
en  se c o n te n ta n t des m ilieux  électifs d ’isolem ent e s t v ra im e n t in su ffisan te . 
N ous avons eu l ’occasion d ’ex p liq u er ces d ifficultés dan s les no tes an térieu res 
[15, 16]. De ce tte  fois nous avons réu ssi à isoler une seule souche de Sh. fle xn er i  
2a  e t une  seule souche de Sh. sonnei I I  su r 60 éch an tillo n s d ’eau exam inée 
(3,3 p. 100). Ces ré su lta ts  susd its so n t ob tenus ap rès l ’en rich issem en t à l’aide 
du  m ilieu d’en rich issem en t d'IsTRATi. L ’app lica tion  de la  tech n iq u e  des A .F . 
en  l’associan t au  p rocédé de cen trifu g a tio n , de f i l t ra t io n  e t d ’enrich issem ent 
(T répied) a perm is u n e  g rande possib ilité  de d ém o n tre r  les Shigella  e x is ta n t 
dans les eaux  (38,3 p . 100 des cas positifs). Ici nous ne vou lons pas p a rle r en
core de la  sensib ilité  e t de la  spécific ité  de cette  te c h n iq u e  qu i a été appliquée 
p o u r la  recherche des Enterobacteriaceae en général e t des Shigella  en p a r tic u 
lier, parce que su r ce su je t il y  a v a i t  beaucoup d ’a u te u rs  qu i o n t dé jà  d iscuté 
dans les diverses com m un ica tio n s: Ch e r r y  et coll. [4 — 6],  T homason  et coll. 
[4 0 — 43],  L a B rec et coll. [30, 3 1 ] ,  T ayl o r  et coll. [37, 38] , D a n ie l s s o n  et 
coll. [10, 11], A k iy o sh i  [1] etc.
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L a  techn ique des A .F . a é té  app liquée p a r  nous p o u r la  recherche des 
Shigella  dans les eau x , p e n d a n t que nous ne possédons pas encore des m ilieux 
liq u id es  d ’enrich issem ent convenab les d ’une v a leu r assez g ran d e  su r to u t dans 
les cas où l’on susp ec te  l’eau  d’ê tre  la  cause d ’une  ép idém ie de dysenterie  
b ac illa ire . T outefois c e tte  te ch n iq u e  ne rem place  pas les ép reuves p a r  l’isole
m e n t des souches de Shigella  p a r  la  m éthode  bactério log ique .

Sensibilité et spécific ité  de la réaction de G e c k  et leur valeur d 'u tilisa tion  
p o u r  la recherche des Shigella  existant dans les eaux. Ic i, nous lim itons ce tte  
ré a c tio n  dans la  d é m o n s tra tio n  des Shigella  dans les eaux , p a rce  que nous 
p en so n s  que ce tte  ré a c tio n  est to u t  à fa it neuve au  p o in t de v u e  de m écanism e 
e t  on  p e u t l’app liq u er efficacem en t p o u r le d iagnostic  des au tre s  bac té ries  [23]. 
L a  réac tio n  de G e c k  a révé lé  la  présence des Shigella  (ensem ble des SA. dysen- 
teriae  2, SA. flexn er i 2 a , 3a, SA. sonnei I I )  dans 41,1 p . 100 des cas sur 60 
éch an tillo n s  d ’eau ex am in ée . P a r  la  te ch n iq u e  des A .F . les Shigella  on t été 
m is  en  évidence dan s 38,3 p. 100 des cas. D ans to u s  les cas où le te s t les 
A .F . é ta it  positif, la  R .G . l ’é ta it  aussi.

Soid ignant la  v a le u r  réelle de la  réac tio n  de G e c k , en  c o m p a ra n t les 
ré s u l ta ts  qu ’elle fo u rn it e t ceux qu i so n t ob ten u s p a r  T A .F . e t  p a r  les au tres 
te c h n iq u e s  ind irectes usuelles:

—• elle se m on tre  aussi su ffisam m en t spécifique e t aussi ce rta in em en t sen
sible;

- elle est p ra tiq u e  e t  aussi rap id e . E n  tem p s d ’épidém ie d an s  to u t lieu 
y  com pris sur le te r ra in  où l ’épidém ie est en tra in  de se couler, à l’aide 
de ce tte  réac tio n  nous pouvons d ép iste r dans les m o ind res délais (pen
d a n t 10 — 20 m in u te s) l ’étiologie de l’épidém ie, les m a lad es, e t les p o r
teu rs  de germ es. E lle  a s u r to u t  u n  in té rê t ép idém iologique;

- u n  fa it assez im p o r ta n t  de ce tte  te ch n iq u e  est sa sim p lic ité  e t son bon 
m arché. E lle n ’exige pas les réac tifs  d o n t la  p ré p a ra tio n  d o it ê tre  rigou
reuse. P o u r elle, le m icroscope o rd inaire , l ’encre de C hine com m erciale 
e t les sérum s a g g lu tin a n ts  so n t su ffisan ts . C’est p o u rq u o i on p eu t l ’ap 
p liquer e t la  réa lise r  trè s  fac ilem en t dans tous les la b o ra to ire s  b ac té rio 
logiques.
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SEROLOGICAL GROUPING OF PSEUDOMONAS 
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Sum m ary. Serological g rouping  of th e  s ta n d a rd  P seudom onas aeruginosa  phage se t 
h as been  perform ed. B y th e  use o f 17 d iffe re n t an tiphage  sera th e  ph ag es were classified  in to  
1 0  g roups.

Serological re la tio n sh ip  was co n firm ed  by  artificial ly sog en iza tio n  of m odel s tra in s . 
C ultu res ob tained  in  th is  m an n er changed  th e ir  phage p a tte rn  a n d , w ith  excep tion  of m em bers 
o f p h ag e  group B, developed  im m u n ity  to  phages belonging to  th e  co rresponding  serogroup .

Since 1961, severa l m e th o d s of phage ty p in g  o f pseudom onads have  
been described [1 — 7]. As th e  overw helm ing  m ajo rity  o f iso lates are lysogenic, 
o b ta in in g  of phages p resen ts  no d ifficu lty  and  a su itab le  se t allows th e  ty p in g  
of s tra in s  in 90% . M ost o f th e  a u th o rs  w orked w ith  d iffe ren t phage sets. 
S u t t e r , H urst  and  F e n n e l  [5] su p p lem en ted  th e  set o f P ostic and  F i n l a n d  
w ith  phages used  by  P avlato u  an d  K aklam ani  an d  w ith  phages iso la ted  
a t Colindale. Sj ö b e r g  [7] used th e  phages of L i n d b e r g , w ho h ad  co llected  
th em  from  various co n tin en ts  an d  selected  a set co n ta in in g  v iru le n t, te m p e ra te , 
specific and b ro ad -sp ec tru m  phages w ith  d ifferen t lysis sp e c tra  [3]. All resu lts  
in d ica te  th a t  P s. aeruginosa  can  be d iv ided  in to  a n u m b e r of phage ty p es , 
th e  g rouping  o f w hich is as y e t unso lved  and  fa r less sim ple th a n  th a t  of 
Staphylococcus aureus. As in th e  l i te ra tu re  there  are no sy s tem a tic  stud ies 
on th e  serological ex am in a tio n  of pseudom onad  phages, it  seem ed desirab le 
to  e lab o ra te  a c lassification  w hich w ould  allow th e  c h a ra c te riz a tio n  of s tra in s  
accord ing  to  serogroups of ly tic  phages in stead  of reco rd in g  a long lis t of 
in d iv id u a l phages.

Materials and methods

S tra ins and phages. T w en ty  Ps. aeruginosa  stra ins and  p h ag es were ob ta in ed  from  
th e  C en tra l Public  H e a lth  L ab o ra to ry , C olindale, London: 7, 16, 21, 24, 31, 44, 6 8 , 73, F7 , 
F 8 , F10 , 109, 119x, 352, 1214, M4, M 6 , C i l ,  C18, C21. O f these  p h ag es 17 o rig in a ted  from  
L in d b e r g ’s collection, 1 fro m  Greece a n d  2 w ere iso lated  a t  C olindale. Phages 2 an d  C l 8 8  

an d  th e ir  p ro p ag atin g  s tra in s  were rece ived  from  D r. Sj ö b e r g . T he p h ag es were p ro p a g a te d  
w ith  th e  soft agar tech n iq u e  an d  th e  lysis sp ec tru m  was checked on  th e  te s t  s tra in s . T y p in g  
was carried  ou t a t  ro u tin e  te s t  d ilu tion .

M edium . W itte  p e p to n e , 1% ; b eef e x tra c t  (C entra l S lau g h ter-house , B u d ap es t), 0 .7 5 % ; 
agar, 1 .2 % ; the  p H  was a d ju s te d  to  7.2 w ith  sodium  carbonate .

Preparation o f  phage antisera. As described  by  A d a m s , ra b b its  w eighing a p p ro x im a te ly  
2.5 k g  w ere in jec ted  tw ice w eekly. As a f i r s t  dose 0.5 m l, as su b seq u en t doses 2.0 m l a liq u o ts
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o f p h a g e  con tain ing  109 — 10 10 p .f.u ./in l w ere g iven. T he an im als w ere b led  one week a fte r th e  
la s t  in je c tio n  if  a blood sam ple  show ed su ffic ien tly  h ig h  titre s . B efore use  th e  sera  were hea ted  
a t  56 °C fo r 30 m inutes.

N eutralization test w as also m ade accord ing  to  A d a m s . T o 0.9 m l 1 : 100-dilu ted  serum
0.1 m l p h ag e  was added , in c u b a te d  a t  37 °C fo r 20 m in u te s  an d  cooled ra p id ly . T hen 10-fold 
serial d ilu tio n s of the  n e u tra liz a tio n  te s t  m ix tu re  an d  o f con tro l phage w ere p rep ared . V elocity  
c o n s ta n ts  (K ) were ca lcu la ted  b y  th e  fo rm ula

^  2.3 X D ,
К  = ------- log p„

P

w h ere  P 0 =  phage p a rtic le  c o u n ts  a t  zero tim e, P  =  phage p a rtic le  co u n ts  a t  tim e t ,  D =  
f in a l d ilu tio n  of serum  in  th e  p h age  —serum  m ix tu re .

Lysogenization. T h ree -h o u r b ro th  cu ltu re s  o f th e  s tra in s  ex am in ed  w ere flooded over 
W itte  p ep to n e  agar p la te s , d ried  an d  sp o tte d  w ith  lysogenizing  phages. S econdary  colonies 
g row ing  w ith in  th e  p laq u es  w ere su b cu ltu red  an d  te s te d  for im m u n ity  to  th e  lysogenizing 
p h ag e . T he id en tity  o f th e  p h ag e  re leased  fro m  th e  lysogenized s tra in  a n d  of th e  lysogenizing 
p h a g e  w as checked. O nly  s tra in s  co rresponding  to  th e  above c rite ria  w ere regarded  as a r ti 
fic ia lly  lysogenized cu ltu res .

Results

A nti-phage se ru m  w as p rep a red  ag a in st 17 ou t of th e  22 phages of the  
ty p in g  set. The p hages w ere w eak an tigens an d  th e  К  v a lu es  for m an y  of

Tab le  I

Velocity constants ( K  values)

Phage 2
7 C21 16 44 109 352 1214 F8 21

S eru m

C21 

16 

352 

1214 

Г 8  

21 
24 

M4 

68 

C18 

F7 

119x 

Г10 
M6  

C188

23

27

17

17

46

14

7
12
24

57

46

54

54

46

48

46

46

34

44

44

46

42

50

46

46

46

48

57

58

44

48

48

58

23
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th e m  w ere v e ry  low. A fa in t im m u n e  response w as o b ta in ed  for p hages F10  
an d  119x even  a fte r  5 weeks im m u n iza tio n . W ith  5 phages th e re  w as no need 
to  p rep are  im m u n e  sera as these  could  be classified b y  th e  use of o th e r  a n t i 
phage sera. T a b le  I  shows th e  v e lo c ity  co n stan ts  (K  values) of sera  fo r d if
fe ren t phages o f  th e  set.

P hages show ing  a sim ilar degree of t i t re  low ering in  th e  n e u tra liz a tio n  
te s t  w ith  hom ologous and  hetero logous sera an d  giv ing cross-reactions an d  
К  values of th e  sam e order w ere classified  in to  one serological g roup . Less 
in ten siv e  re a c tio n s  were observed  w ith  31 phages. T hese w ere p ro b a b ly  due 
to  th e  absence o f certa in  p a r tia l  an tigens or d ifferences in  an tigen ic  com 
p o n en ts  of th e  phages. Serological grouping  of phages is sum m arized  in  
T ab le  I I .

S u b se q u e n tly  some of th e  b ro ad -sp ec tru m  P s. aeruginosa  s tra in s  w ere 
lysogenized in  o rd e r to  show th e  effect o f im m u n ity  ag a in s t th e  lysogen izing  
phage on th e  p h ag e  p a tte rn .

T ab le  I I I  show s th e  re su lts . S tra in s  used  for lysogen ization  are  c h a ra c 
te rized  b y  th e  serogroups of th e  ly tic  phages. L ysogen iza tion  was p e rfo rm ed  
w ith  several p h ag es  of each of th e  phage groups (A, B, D , E ). The lysogen ized

fo r  antiphage sera

24 M4 C 1I 68 C18 73 F7 119x F10 M6 C188 31

12

46 38 28

46 57 26

34 12

18 18

17 35

6

6

19

34 28
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s tra in s  u su a lly  acq u ired  im m u n ity  to  all p h ag es  of th e  sam e serogroup . Sero- 
g roup  В  w as an ex cep tio n , as a lth o u g h  a g a in s t 6 lysogenizing p h ag es of th is  
g roup  th e  stra ins h ad  alw ays becom e re s is ta n t, against o th e r  В g roup  phages 
th e y  re m a in e d  sensitive . I t  m ay  be assu m ed  th a t  w ith in  th is  phage group 
th e re  a re  fine serological differences.

Table II

Table III

Phage pattern  alteration o f  broad phage spectrum Ps. aeruginosa 
strains after lysogenization

Phage spectrum  
of strain  before 
lysogeniziation

Serogroup of 
lysogenizing 

phage

Im m un ity  developed 
against serogroup 

of phages

Phage spectrum  
of strain  

after
lysogenization

ABCDEG A A (В) (B) CDEG

В BD G ACE

C CEG ABD

D D ABCEG
E CEG A B I)

G CG A B D E

ABD EG  (F 8 ) В (B ) G A (B) D E

D DAG BE

G G E ABD

B C E FIK В (B ) CE B F IK

F F C E I B K

E E C F I B K
I IC E F BK

BD B В D

D D BCE
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I t  w as freq u en tly  o b served  th a t  th e  s tra in  exam ined  developed  im m u n 
ity  n o t o n ly  to  phages o f one, b u t  also to  an o th e r serogroup . Such re la tio n 
sh ips w ere observed  w ith  m em bers o f serogroups C, E , F , G an d  I . T h e  cross- 
im m u n ity  caused , o f course, a narro w in g  o f th e  phage sp ec tru m . T he opposite  
of th is  fin d in g  was observed  w ith  one s tra in , as it  developed  im m u n ity  to  th e  
lysogenizing  phage g roup , b u t  becam e sensitive to  a n o th e r phage group .

D iscussion

Serological c lassifica tion  p erfo rm ed  in  th e  p re sen t w ork  has re su lted  
in  e s tab lish in g  10 phage groups. T he serological re la tionsh ips observed  have  
been  p ro v ed  b y  a rtific ia l ly so gen iza tion  of m odel s tra in s .

T he w eak  an tib o d y  response  ag a in st m an y  of th e  phages p re sen ted  som e 
d ifficu lty  in  these  stud ies. I t  is know n [10 —12] th a t  a d m in is tra tio n  of lipopoly- 
sacch arid e-ty p e  endo to x in s  of G ram -n eg a tiv e  b a c te ria  to g e th e r  w ith , and  
especially  p rio r  to , th e  an tig en ic  s tim u lu s, decreases th e  degree of a n tib o d y  
p ro d u c tio n . As m ost p seu d o m o n ad s p ro d u ce  pyocine, i t  m ay  be assum ed  th a t  
th e  u n p u rif ie d  phage ly sa te  used  fo r im m u n iza tio n  co n ta in ed  to x ic  su b stan ces 
th e  im m unosuppressive  effect o f w hich  m a y  have been  responsib le  fo r th e  
low  a n tib o d y  t i tre  ag a in st c e rta in  phages. In  su b seq u en t stud ies an  a t te m p t 
will be m ad e  to  rem ove to x in s  an d  b a c te r ia l d is in teg ra tio n  p ro d u c ts  from  th e  
phage p re p a ra tio n . In  th is  m an n e r im m u n e  sera m ore su itab le  for fin e r classi
fica tio n  can  p ro b ab ly  be ex p ec ted .

Acknowledgement. T he a u th o r  is in d eb te d  to  Mrs. E . T óth  a n d  M iss A. B öröcz for 
skilled tech n ica l assistance .
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Sum m ary . A to ta l  o f 179 Shigella f le x n e r i  se ro ty p e  la ,  l b ,  2a, 3 and  6  s tra ins h as b een  
exam ined  b y  th e  use o f m odified  T5 phage ly sa te s . T he s tra in s  w ere div ided in to  tw o  d if
fe re n t “ host-sp ec ific ity  ty p e s” . No association  w as found  b e tw een  an tigen ic  s tru c tu re  an d  
host-spec ific ity  ty p es . T h e  tax o n o m ic  value  of th e  fin d in g  is discussed.

I t  h as  been show n earlier [1] th a t  Shigella fle x n e r i  isolates d iffered  in  
host-specific  m od ifica tion  and  restric tio n  p ro p erties  from  Escherichia coli K -12 
or B. In  ad d itio n , th e  exam ined  Sh. f le x n e r i  s tra in s  fa iled  to  form  a h o m o 
geneous group  in  th is  respect.

H ost-specific  m odifica tion  and re s tr ic tio n  ensure  th e  genetic s ta b ili ty  
of a given biological system  and  thus i t  m ay  he assum ed  th a t  these p ro p ertie s  
ch arac terize  th e  species m ore o b jec tive ly  th a n  ce rta in  a rb itra r ily  chosen b io 
chem ical reac tio n s or th e  antigenic s tru c tu re . In  an a t te m p t  a t find ing  a new  
taxonom ic  ch a ra c te ris tic  for Sh. fle x n e r i , ou r stud ies w ere ex tended  to  179 
s tra in s  rep re sen tin g  th e  m ost freq u en t sero types.

M aterials an d  m ethods

Strains. T he follow ing stra in s  were used: 11 Sh. fle x n eri  l a ,  51 Sh. flexn eri lb ,  36 Sh. 
flexn eri 3, 44 Sh. f le x n er i  6  a n d  37 Sh. fle xn eri 2a iso la tes k ind ly  su p p lied  by  the  Public  H e a lth  
S ta tio n s o f Pécs, D ebrecen , V eszprém  and S zo m b ath e ly  and  b y  th e  D ep artm en t of B a c te r i
ology, N a tio n a l In s t i tu te  o f P ub lic  H ealth , B u d ap es t. B efore use all s tra in s  were checked  for 
biochem ical reac tio n s  an d  an tig en ic  s tru c tu re .

H ost-specificity  w as ex am ined  w ith  phage T5 used  in  p rev io u s stud ies [1]. T he p hage  
was su b jec ted  to  a few  passages th en  i t  was p ro p a g a ted  on th e  s tra in  exam ined. F in a lly  its  
t i t r e  for th e  p ro p a g a tin g  s tra in  an d  for th e  o th e r  cu ltu res  te s te d  w as determ ined . T he d a ta  
were expressed  in  re la tiv e  effic iency  p lating  (e .o .p .) tak in g  p laq u e  co u n ts  for the p ro p ag a tin g  
s tra in  1. W h eth er o r n o t th e re  w as a difference in  host-sp ec ific ity  betw een  th e  p ro p ag a tin g  
s tra in  and  th e  te s te d  c u ltu res , phage T5 was fu r th e r  p ro p ag a ted  on certa in  stra in s  chosen 
as re p ré se n tan ts  an d  rec ip ro ca l e .o.p. d e te rm in a tio n s  were again  perfo rm ed .

T itra tio n  w as carried  o u t by  the  m ethod  of Adams [2]: a n  a g a r p la te  was o v erlay ered  
w ith  3 ml 0 .6 %  ag ar co n ta in in g  0.1 ml phage d ilu tio n  and a p p ro x im a te ly  10" cells o f th e  
s tra in  exam ined . P h ag e  ly sa te s  were p repared  as d escribed  by H e r s h e y  et al. [3 ].T he m odified  
phage ly sa tes  w ere d esig n ated  according to  th e  p rincip le  of A r b e r  an d  D u s so ix  [4J; for 
exam ple  “ T 5 .205”  m eans p hage  T5 m odified w ith  Sh. fle x n eri  s t r a in  205.
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R esults

1. Sh . flexn eri serotype 3. On th e  basis o f fine an tigen ic  differences th e  
36 s tra in s  were classified as follows: se ro ty p e  v a r ia n t 3a =  6; 7,8; I I I  (7 s tra in s), 
se ro ty p e  3c accord ing  to  E w ing  =  6; — ; I I I  (24 stra in s), v a r ia n ts  3 = 6 ;
— ; — (5 stra in s). C u ltu res  designated  w ith  3 u n d o u b te d ly  rep re sen ted  a 
d e g ra d e d  antigenic v a r ia n t ,  a lthough  th e y  w ere no t R m u ta n ts , since th e y  
re ta in e d  th e  specific ity  o f th e  p rim ary  p o lysaccharide  side ch a in  [5]. T hey  m ay  
h a v e  derived  from  se ro ty p e  lb  or 4b.

P h ag e  T5 h ad  been  m odified earlie r w ith  sero type 3c s tra in  U P3042 
a n d  th e  ly sa te  w as u sed  in  th e  p re se n t experim en ts for ex am in in g  all Sh . 
f le x n e r i  sero type 3 iso la tes . T he resu lts  a lm o st un iform ly  in d ic a te d  th e  absence 
o f host-specific  re s tr ic tio n : th e  n u m b er o f  p laques produced  b y  phage T5.3042 
was sim ilar for th e  te s te d  cu ltu res and for th e  original host. T he only  ex cep tion  
was s tra in  293, a 3 -  (degraded) cu ltu re  show ing a slight p laq u e  co u n t re d u c 
tio n . I n  subsequen t ex p erim en ts  p hage  T5 w as m odified  w ith  th is  cu ltu re  
a n d  w ith  s tra in  U P 249  (6; 7,8; I I I ) ,  w h ich  show ed no re s tr ic tio n . Sh. fle x n e r i  
4b  s tra in  U P4042 (show ing  re s tric tio n  in  prev ious ex p erim en ts) and  ph ag e  
T5 m odified  by  it  w ere also included in  th e se  exam inations.

T able I

H ost-specificity  o f  strains representing Sh. flexn eri serotype 3

S ero
type Strain

R elative e.o.p. obtained w ith phage lysates

T5.3042 T5.249 T5.293 T5.4042

3c TJP3042 l l 1 .6 X 1 0 “ 1 0 . 5 X 1 0 - 1

3a UP249 l l 1.2 X  10-1 0 .8x10 -!
3 UP293 1.2 X  10"4 8.9 X  1 0 - 3 1 1

4 b UP4042 1.2 X  10^4 9.8 XlO“ 3 1 1

T ab le  I  show s rec ip rocal e .o .p . v a lu es  determ ined  in  cross-tests . I t  is 
e v id e n t  th a t  s tra in s  U P3042 and U P 249  were iden tica l in  h o st-sp ec ific ity , 
b u t  th e  degraded  s tra in  U P293 was s im ila r to  Sh. fle xn er i  4b  s tra in  U P4042. 
T h is  fin d in g , as p o in te d  ou t la te r  in  th is  p ap er, did n o t allow  to  conclude 
t h a t  s tr a in  U P293 h a d  derived  from  se ro ty p e  4b.

2. Sh. fle x n e r i serotype lb . F ifty -o n e  fresh ly  iso la ted  s tra in s  w ere te s te d  
f ir s t  w ith  phage T5.3042 th e n  th e  p h ag e  w as m odified w ith  s tra in  U P1000 
o f id en tica l ho st-sp ec ific ity  and  used fo r checking th e  ex p e rim en ts . F o r ty  
s tra in s  were sim ilar in host-specific ity  to  Sh . flexn eri se ro ty p e  3. T he rem ain in g  
11 s tra in s  show ed w ell-defined re s tr ic tio n  w ith  phages T 5 .3042 and  T5.1000. 
O f th e  la t te r  cu ltu res  iso la te  U P129 was chosen and used fo r th e  m od ifica tion
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of p h ag e  T5. Cross-e.o.p. exam in a tio n s inc lud ing  Sh. flexn er i 4 s tra in  U P4042 
and  p h a g e  T5 m odified  by  it are show n in T ab le  II .

T able II

H ost-specificity o f  strains representing Sh. f le x n e r i serotype lb

Sero
type Strain

Relative e.o.p. obtained w ith phage lysates

T5.3042 T5.1000 T5.129 T5.4042

3c UP3042 l 1 2.5 X  lO4 l
lb UP1000 l 1 1.8x104 l
lb UP129 2.0 X  10-4 5.2 X IO-4 1 l
4b UP4042 1.5 x l 0 - 4 1.2x10-4 1 l

F o r sero type  l b  s tra in  U P129 p hages T5.3042 and  T5.1000 show ed a 
4 -ex p o n en t e.o.p. re d u c tio n , w hich co rresponded  to  th a t  o b ta in ed  for th e  
re p ré s e n ta n t  s tra in  o f sero type  4b . P h ag e  T5.4042 show ed p rac tica lly  no 
re s tr ic tio n  for an y  o f th e  hosts. P hage T5 m odified  w ith  Sh. fle xn er i  l b  s tra in  
U P129 b e h a v e d  u n ex p ec ted ly : w ith  s tra in  4b i t  show ed no re la tiv e  e.o .p . 
re d u c tio n , b u t  w ith  s tra in s  U P3042 an d  U P1000 i t  p roduced  e.o .p . va lu es  
increased  b y  4 ex p o n en ts . This o b se rv a tio n  can on ly  be in te rp re te d  in  th e  
sense t h a t  in  re s tr ic tio n  s tra in  U P129 w as sim ilar to  sero type  4b (U P4042) 
and  n o t to  s tra in  3c (U P3042) or to  s tra in  l b  (U P1000). Phage T5 p ro p a g a te d  
on s tra in  U P129 show ed no a lte ra tio n , as th e  s tra in  ex erted  no m odify ing  
c a p a c ity  an d  was, accord ing ly , a so-called  m r m u ta n t.

3. Sh . fle xn er i serotype la .  In  h o st-sp ec ifity  th e  exam ined  11 Sh. f le x n e r i  
l a  s tra in s  w ere n o t hom ogeneous: w ith  ly sa te s  T5.3042 and  T5.1000 7 s tra in s  
failed to  show  re s tr ic tio n ; 4 s tra in s  b eh av ed  sim ilarly  to  th e  re p ré se n ta n t s tra in  
of se ro ty p e  4b. T he re su lts  were co n firm ed  w ith  tw o T5 ly sa tes (T5.673 an d  
T5.551) rep re sen tin g  th e  tw o ho st-sp ec ific ity  ty p es .

4. Sh . fle xn er i serotype 6. W ith  ly sa te  T5.3042 none of th e  44 iso lates 
show ed re s tr ic tio n . T h e  resu lts  were checked  w ith  phage T5 p ro p ag a ted  on 
Sh. fle x n e r i  sero type  6 s tra in  U P205. R ecip rocal titra tio n s  confirm ed th e  
absence o f re s tr ic tio n  a n d  in d ica ted  th e  co rrec tness of th e  find ing  th a t  all 
sero type  6, 3a, and  3c s tra in s  were id e n tic a l in host-specific ity .

5. S h . fle xn er i serotype 2a. A to ta l  of 37 fresh ly  iso la ted  s tra in s  w as 
exam ined  w ith  m odified  T5 phages. W ith  phage T5.3042 res tr ic tio n  w as n o t 
observed  fo r 25 s tra in s , while for 12 iso la tes th e  phage ly sa te  show ed reduced  
e.o.p. C o n tro l ex p erim en ts  were m ade w ith  phage T5 m odified  w ith  s tra in  
U P80.

T ab le  I I I  shows th e  resu lts o b ta in e d  w ith  s tra in  U P80 and  w ith  som e 
o ther cu ltu re s . In  m o d ifica tio n -re s tric tio n  p ro p erties  Sh. flexn er i 2a s tra in  
U PA  w as iden tica l w ith  Sh. flexn er i 3 s tra in  U P3042, b u t  s tra in  U P80 (sero-
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Table I I I

H ost-specificity o f  strains representing Sh. fle x n eri serotype 2a

Sero-
S tra in

R e la tiv e  e .o .p . o b ta in e d  w ith  p hage  ly sa te s
ty p e

T5.3042 T 5 .A T5.80 T5.4042

3c UP3042 1 l 3.2 x lO - 3 1 .5 x 1 0 - !

2 a U PA 1 l 5 . 8 x l 0 ~ 3 1
2 a UP80 2.1 x lO “ 4 2.8 X 10~ 2 1 1
4b UP4042 l .o x  io ~ 4 5.6 X 1 0 - 3 1 1

ty p e  2a) show ed a h o st-spec ific ity  c h a ra c te r is tic  of th e  cu ltu re  rep resen tin g  
se ro ty p e  4b.

6. H ost-specificity  o f  Sh. fle x n e r i. I n  th is  resp ec t only sero types re p re 
se n te d  b y  a su ffic ien t n u m b er of fre sh ly  iso la ted  s tra in s  w ere considered. 
As sum m arized  in  T ab le  IV , th e  ex am in ed  179 s tra in s  fell in to  n o t m ore 
th a n  2 d ifferen t h o st-spec ific ity  ty p e s . I t  is ev id en t th a t  h ost-specific ity  is 
in d e p e n d e n t of an tig en ic  s tru c tu re : d iffe ren t sero types m ay  show  id en tica l 
h o st-sp ec ific ity , w hile s tra in s  be long ing  to  th e  sam e sero type  m ay  differ in  
m o d ifica tio n  re s tr ic tio n  ch arac teris tics .

T able  IV

Distribution o f  179 Sh. f le x n e r i stra ins according to host-specificity

Serotype
Total 

No. of 
strains

No. of strains falling into 
“ host-specificity type”

A В

3a and  3c 31 31 —

3 - * 5 4 1

lb 5 1 4 0 1 1

la 1 1 7 4

6 4 4 4 4 —

2 a 3 7 25 1 2

T ota l 1 7 9 151 28

* A ntig en ica lly  defec tive  s t r a in  (6 ; — ; — )

D iscussion

T he princip le  of host-specific  m od ifica tio n  and  re s tric tio n  is th a t  th e  
b a c te r ia l host “ lab e ls”  its  D N A  in a specific m an n er by  m e th y la tin g  ce rta in  
bases . T he cell “ recogn izes” foreign b a c te r ia l, v ira l or p lasm id  D N A  an d  w ith  
specific  endonuclease decom poses i t  or m odifies i t  to  its  own specific ity .
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This p rocedure  inh ib its  recom b in a tio n  b e tw een  Escherichia  [6], Sa lm o
nella [7] and  Sh. fle x n e r i  [1] an d  h inders tra n sd u c tio n  or p lasm id  tra n sfe r . 
O n th e  basis of its  reco m b in a tio n -in h ib itin g  effect th e  phenom enon  m ay  be 
reg a rd ed  as a m echan ism  ensuring  th e  genetic s ta b ili ty  of th e  h ost cell. This 
a ssum ption  suggested  th a t  in ana logy  to  species d e fin itio n  in  h ig h er organism s 
on th e  basis o f fe rtility -s tu d ie s  host-specific ity  m a y  reveal a u tilizab le , 
ob jec tive  m eans for th e  tax o n o m ic  d e te rm in a tio n  of b ac te ria l species.

As in m any  o th e r b ac te ria l g roups, in Sh. fle x n e r i  th e  ca teg o ry  of species 
is a h igh ly  d eb a ted  problem . K a u f m a n n  [10] reg a rd s  th e  F lex n er group as a 
subgenus and  claim s th a t  each in d iv id u a l sero type or serogroup  is an in d iv id u a l 
species. In  c o n tra s t, in  th e  concep tion  of E d w a r d s  an d  E w i n g  [11] Sh. f l e x 
neri corresponds to  one species w ith in  th e  Shigella  g roup  w hich m ay  be re 
g ard ed  as a subgenus of Escherichia. A high degree of b iochem ical hom ogene
i ty  and  a m u ltip le  an tigen ic  re la tio n sh ip  are u n d o u b te d ly  ch a rac te ris tic  of 
m em bers of th is g roup . As regards im m unospecific p o lysaccharides , S i m m o n s  [5 ] 

d istingu ished  3 basic  ty p es in  th e  co n stitu en ts  of th e  so-called p rim ary  (non- 
lysogenic in  origin) side chain : Y x (in serotypes l a ,  2a, v a r. Y ), Y 2 (in sero
ty p es  4a, 3a, 5, v a r . X ) and  a th ird  ty p e  includ ing  Sh . fle x n e r i  6. A lthough  
th e re  are differences in  th e  3 ty p es , all of them  are  ch a rac te rized  by  N -acety l- 
g lucosam ine-rham nose-rham nose  rep ea tin g  un its.

O ur stud ies on 5 sero types inc lud ing  all 3 “ ch em o ty p es”  show ed only  
tw o  d ifferen t h ost-specific ity  ty p e s . These were in d e p e n d e n t of e ith e r th e  
an tigen ic  s tru c tu re  or th e  “ ch em o ty p e” . I t  c a n n o t, of course, be s ta te d  
t h a t  stud ies on m ore sero types an d  on a g rea ter n u m b e r of s tra in s  w ould n o t 
rev ea l fu r th e r  “ host-spec ific ity  ty p e s ” . H ow ever, i t  shou ld  n o t be neglected  
th a t  in fo rm ations for h ost-spec ific ity  m ay  be ca rried  b y  ex trach ro m o so m al 
fac to rs  as p rophage or R T F-2 [12]. I t  w ould a p p e a r  th a t  th is  assum ption  
exp la ins th e  presence of d ifferen t host-specific ity  ty p e s  in  Sh. flexn er i. E x p e ri
m e n ta l confirm ation  is n o t an  easy  ta sk , to  a large e x te n t an d  v a riab ly  defec
tiv e  prophages or p lasm ids m ay  also re ta in  th is fu n c tio n .

As to  our orig inal assu m p tio n  insp iring  these  ex p erim en ts  we m ay  con
clude th a t  host-specific ity  is n o t associated  w ith  an tig en ic  s tru c tu re  or w ith  
co n s titu e n ts  of th e  po lysaccharide  side chain. A ccord ing ly , th e  resu lts  have  
failed  to  ind ica te  th a t  it  is ju s tif ie d  to  use th e  l a t te r  p ro p erties  as species- 
d e te rm in an ts . In  v iew  of th e  fa c t th a t  only tw o  d iffe ren t h ost-specific ity  
ty p e s  have been fo u n d  in  Sh. fle x n e r i, th e  resu lts do n o t allow a new or m ore 
ra tio n a l classification  of Sh. fle x n e r i  and  do n o t p ro v e  th a t  m em bers of th is  
g roup  belong to  one species.

O ur genetic s tud ies on Sh. fle xn er i chrom osom e [13] have  now  been 
su p p lem en ted  w ith  th e  experience th a t  our con ju g a tio n  system  should  n o t be 
re s tr ic te d  to  one sero type .
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SIGNIFICANCE OF “ INTRACELLULAR PARASITISM” 
IN EXPERIMENTAL SALMONELLA CYSTITIS*

B y

Clara  T e n n e r , P . R ácz and E . Mérő

N ational Institu te  o f P ublic  H ealth  (D irector: T. B a k á c s ) ,  B udapest 

(R ece iv ed  O ctober 28, 1971)

Sum m ary. D e ta iled  histo logical s tu d ie s  o f B i n g e l ’s  salm onella  cy s titis  were perform ed. 
B a c te r ia  en tered  th e  ep ith e lia l cells o f th e  b lad d e r and passed  th ro u g h  re g u la r  cycles th e re  
d u rin g  th e  f irs t phase  o f th e  process (“ e p ith e lia l phase” ). S u b seq u en tly  a n d  p a r tly  paralle l to  
th e  f ir s t  phase, Salm onellae m oved to  th e  sub ep ith e lia l region an d  p ro life ra ted  th e  cy top lasm  
o f m acrophage ty p e  cells. D egenerative  b a c te r ia l  form s w ere obse rv ed  in  th e  cy top lasm  of 
p o ly m o rphonuclear leucocytes in d ica tin g  t h a t  th e y  were th e  m ain  k illers o f Salmonellae. 
In flam m atio n  o ften  gave rise to  a p h leg m o n . S tudies of o th er o rg an s rev ea led  th e  generaliza
t io n  of th e  process.

L igh t [1] a n d  e lec tron-m icroscop ic  [2] stud ies on k e ra to co n ju n c tiv itis  
in d u ced  by  th e  fa c u lta tiv e  in tra c e llu la r  p arasitic  b a c te r iu m , L isteria  monocyto
genes [3], and th e  lig h t m icroscopic analysis of cystitis  lis te rio sa  [4], have  led 
to  th e  assum ption  th a t  the  “ ep ith e lia l phase”  m ight h av e  a role in th e  p a th o 
genesis of diseases caused by  o th e r  in trace llu la r p a ra s itic  b ac te ria . The te rm  
“ ep ithe lia l p h ase”  has been su g g ested  in  order to  d en o te  th a t  period  during  
w hich th e  pa thogen ic  agent e n te r in g  th e  organism  from  th e  en v ironm en t 
p e n e tra te s  th e  ep ith e lia l barrie r p ro te c tin g  th e  in te rn a l m ilieu  from  th e  ex te rn a l 
en v iro n m en t, an d  i t  s ta r ts  m u ltip ly in g  w ith in  th e  liv ing  ep ith e lia l cells [4].

Since our experim en ts on e x p e rim e n ta l salm onella co n ju n c tiv itis  in  th e  
gu inea  pig have p ro v ed  th is  a ssu m p tio n  for one Salm onella  g roup  [5], th e  p u r 
pose  of th e  p re se n t p ap e r was to  in v es tig a te  w h e th e r an  “ ep ithe lia l phase” 
o ccu rred  w ith  o th e r  ep ithelial b a rr ie rs .

B ingel  in  1943 repo rted  t h a t  th e  in tro d u c tio n  o f Salm onella  s tra in s 
in to  th e  b ladder of th e  guinea p ig  resu lted  in cy s titis  [6]. T h is observation  
w as la te r  confirm ed b y  Sten ze l  [7 ],  b u t  no detailed  h is to p a th o lo g ica l stud ies 
on  th is  m odel disease have been perfo rm ed .

In  th e  p re sen t s tu d y  th e  fo llow ing  problem s, im p o r ta n t  w ith  respect to  
th e  “ epithelial p h ase” , have been  in v es tig a ted  in  sa lm onella  cy s titis : (1) are 
liv ing  salm onellae capab le  of p e n e tra tin g  in to  the  ep ith e lia l cells of th e  b la d 
d e r; (2) w hat in te rac tio n s  m ay  develop  betw een th e  in fec tiv e  ag en t and  th e  
h o s t cell; and (3) w h e th e r th e  sa lm onellae  rem ain  in  th e  ep ith e liu m  or m ove 
in to  th e  deep subep ith e lia l tissues d u rin g  th e  course of th e  in fectious process.

* This w ork is p a r t  o f a scientific  co llab o ra tio n  p lan  b e tw een  th e  N a tio n a l In s t i tu te  o f 
P u b lic  H ealth , B u d a p es t, and the  R esearch  In s t i tu te  o f E x p e rim e n ta l M edicine, A cadem y of 
M edical Sciences, L en in g rad , U .S .S .R .

1 Acta Microbiologica Academiae Sçientiarum Hungaricae 18, 1971
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M aterials and  m ethods

B a c te r ia l  s t r a in s . S . t y p h i - m u r i u m  26772 was iso la ted  by  D r. R é d e y  (P ub lic  H ealth  
S ta t io n ,  Veszprém ) from  in fec te d  p a tie n ts . T he fresh ly  iso lated  s tra in  in d u ced  k era to co n ju n c
t iv i t i s  in  th e  guinea pig. A  c u ltu re  o f th e  sam e s tra in  was p ro p a g a ted  in  a g a r fo r 3 years. The 
fo llo w in g  stra ins were iso la te d  a t  th e  D e p a r tm e n t of B acterio logy  o f th is  in s t i tu te  from  infected 
p a tie n ts :  S. g ive  63618, S . d e r b y  63612, S . S ta n le y  63622, S. n e iv p o r t  63616, S. b lo ck ley  63874,
5 . bareilly  63613.

F o r  the  infection  o f gu in ea  pigs, b ro th  cu ltu res  in cu b a ted  a t  37 °C fo r 18 hours and 
c o n ta in in g  1 0 9 germs pe r m l w ere used.

Infection. The b la d d e r  w as em p tied  th ro u g h  a glass c a th e te r  an d  1 m l b ro th  cu ltu re  was 
in tro d u c e d  into the  b lad d e r.

E x p erim en t No. 1: 42 fem ale gu inea  pigs o f our own b reed , w eigh ing  200— 250 g, were 
in fec te d  w ith v iru len t S . typhi-murium  s tra in  26772 and  3 an im als each  w ere sacrificed 1, 3,
6 , 9, 12, 24, 36, 48, 72, 96 a n d  120 hours a f te r  th e  infection.

E x p erim en t No. 2: 18 gu inea pigs w eighing 200 — 250 g, w ere in fec ted  w ith  v iru len t 
S . typ h i-m u r iu m  s tra in  26772 an d  3 an im als  each  were sacrificed  1, 3, 6 , 9, 12 and 24 hours 
a f te r  th e  infection. In  o rd e r  to  p re v en t a m echan ical lesion of th e  ep ith e liu m , special head- 
t ip p e d  glass catheters w ith  a side o u tle t  w ere used  for infection .

E x p erim en t No. 3: 20 gu inea  p igs w eighing 700—800 g, w ere in fec ted  w ith  v iru len t 
S . typhi-murium  s tra in  26772. T he an im als w ere sacrificed  1, 2, 3, 5, 6  a n d  8  days a fte r the  
in fec tio n .

E x p erim en t No. 4: 42 gu inea  p igs, w eighing 200—250 g, w ere in fec ted  w ith  S. typh i-  
m u r iu m  lab o ra to ry  s tra in  26772. The an im als w ere sacrificed  1, 3, 6 , 9, 12, 24, 36, 48, 72, 96 
a n d  1 2 0  hours following in fec tio n .

E x p erim en t No. 5: a to ta l  o f 10 gu in ea  pigs, w eighing 200— 250 g, w ere infected  w ith  
S . derby, S. Stanley, S. newport, S . blockley, an d  S. bareilly. Two o f these  an im als  were stud ied  
fo r each  stra in , one a t  9 h o u rs  and  one a t  24 hours a fte r th e  in fec tion .

E xperim en t No. 6 : 21 gu inea pigs, w eighing 200 — 250 g, w ere used  as con tro l anim als. 
T h e  b lad d e r was em p tied  a n d  1 m l ste rile  b ro th  was in tro d u ced . T he an im a ls  were sacrificed 
1, 3, 6 , 9, 12, 24 and 48 h o u rs  a f te r  th e  t re a tm e n t.

Light microscopic studies. T he an im als w ere killed by  cerv ica l d islo ca tio n . The b lad d er 
o f tw o  anim als of each  e x p e rim e n ta l g roup  w as fix ed  in fo rm alin  w hile th e  th ird  an im al’s 
b la d d e r  in C a r n o y ’s  f lu id . Specim ens o f th e  k idneys, liver, sp leen , a n d  m esen teria l lym ph  
no d e  from  each an im al w ere  fix ed  in fo rm alin .

A fter em bedding in  p a ra ffin , 3— 4 fi th ic k  sections w ere p re p a re d  and  sta ined  w ith  
h aem ato x y lin -eo sin , th io n in  an d  by  th e  m eth o d  of M a s s o n .

R esults

T he infection o f  y o ung  an im als w ith  fresh ly  iso la ted  S . typ h i-m urium  
s t r a in  26772 re su lted  in  a swelling of th e  v u lv a r reg ion  in  12 hours, and  
u r in a ry  incontinence a n d  b ris tlin g  o f th e  fu r over th e  w hole b o d y  in  24 hours. 
S p o n tan eo u s dea th  w as freq u en t: of th e  42 an im als s tu d ied , 15 w ere sacrificed 
fo r  experim en ta l p u rp o ses  w hile o f th e  rem ain ing  an im als 7, 1 an d  2 anim als 
d ie d  spon taneously  on th e  f irs t, second and  fo u rth  d ay  o f th e  experim ent, 
re sp ec tiv e ly .

In  the  group o f  an im als w eighing  700 800 g, no spon tan eo u s d ea th
o ccu rred  during th e  f i r s t  days of th e  ex perim en t an d  i t  w as on ly  b y  th e  6 th  
d a y  th a t  two an im als d ied . Sw elling of th e  perineal reg ion  an d  u r in a ry  in con ti
n e n ce  developed in  th is  group on ly  b y  th e  3rd d ay  a f te r  th e  in fection . Severe 
g en era l sym ptom s w ere  observed  on ly  in th e  tw o an im als w hich  died on th e  
6 th  d ay , and only on th e  la s t tw o days.

A utopsy  rev ea led  an  oedem a o f th e  b lad d er w all as soon as 6 hours a fte r 
th e  infection. T he o ed em a th e n  sp read  over th e  connective  tissu e  of the  lesser
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pelvis, b u t  th e  co nnective  tissue lo ca ted  a ro u n d  th e  u re te rs  rem ained  unaffec ted . 
P in p o in t haem orrhages appeared  on th e  m ucous m em b ran e  of th e  hyper- 
aem ic b ladder, occasionally  also on th e  serosa, in  1 —6 d ay s. On th e  o th e r h an d  
u lce ra tio n  was observed  in  one an im al on ly  w hich w as sacrificed  5 days a fte r 
th e  infection .

E ssen tia lly  th e  sam e th ough  less in ten se  sy m p to m s w ere observed  in  
th e  o lder anim als; th e  spleen d isp lay ed  a m arked  en la rg em en t an d  a d a rk  
p u rp le  colour in b o th  g roups 24 h ours a fte r  th e  in fec tion .

T he severity  of th e  clinical p ic tu re  show ed sig n ifican t v a ria tio n s  w ith in  
th e  groups.

T he b lad d er of th e  guinea pig is covered  by  tra n s it io n a l ep ithe lium , th e  
histo logical p ictu re  of w hich  has been described  by  L e t t e r e r  and  S e y b o l d  [ 8 ]. 

T he p re sen t studies y ie ld ed  fully  c o n s is ten t find ings.
A few infected  ep ith e lia l cells cou ld  be found  in  th e  b lad d e r ep ith e liu m  

in each  experim en ta l g roup  one h o u r  a fte r  th e  in fec tio n  (P la te  1, F igs 1, 2 
an d  3). T hese cells w ere loca ted  e ith e r  one b y  one or in  sm alle r g roups in  d if
fe ren t regions of th e  ep ithe lium  (Figs 4 and  5). T he ep ith e lia l cells con ta in in g  
Salm onellae showed n o rm a l nuclear an d  cy top lasm ic s tru c tu re . In  th e  cy to 
p lasm  occasional vacuo les were o bserved  (P la te  1, F ig . 2). M ost in fec ted  ep i
th e lia l cells con ta ined  one or tw o Salm onellae, b u t cells w ith  5 —6 b a c te ria  w ere 
also observed. The n u m b e r  of Salm onellae w ith in  th e  in d iv id u a l cells show ed 
a s ligh t increase 3 h o u rs  a fte r  th e  in fec tio n . The c o n tin u ity  of th e  ep ithe lia l 
envelop of th e  b lad d er w as u n im p a ired  6, 9 and  12 h o u rs  a fte r  th e  in fec tion . 
C lusters of infected  ep ith e lia l cells could  be observed  in  d ifferen t regions. 
T he ep ithe lia l cells c o n ta in in g  Salm onellae exh ib ited  various m orphological 
changes. Some cells h a d  a norm al n u c le a r  and  cy top lasm ic  s tru c tu re . O thers 
co n ta in ed  foci w ith  n u m ero u s sm all b a c te r ia  in  th e  cy to p lasm . In  som e cells, 
p a r t  of th e  b ac te ria  w as enclosed in  w ell-defined  vacuoles w hile p a r t  o f th em  
was lo ca ted  free in th e  cy to p lasm  (P la te  1, Fig. 5). D iv id in g  b ac te ria l form s 
w ere also observed w ith in  th e  cells. In  th e  close v ic in ity  of th e  cells con ta in ing  
d iv id ing  b ac te ria l fo rm s, ep ithelia l cells fu ll o f la rge , w ell s ta in in g  Salm onellae 
o ccu rred  (P la te  1, F ig . 6). P a r t  of th e se  Salm onellae h a d  a lready  undergone 
div ision. In  o ther sa lm onella -con ta in ing  cells, th e  cy to p lasm  was s ligh tly  swol
len an d  th e  nucleus show ed ch rom ato lysis  (P la te  1, F ig . 4). E p ith e lia l cells 
co n ta in in g  bac te ria  fo rm ed  more d is tin c t foci enclosing e ith e r  large or sm all 
b ac te ria . A t th is s tage , som e of th e  ep ith e lia l cells th e  cy top lasm s of w hich 
w ere fu ll of b ac te ria , w ere already  d is in teg ra tin g . T hese cells w ere su rro u n d ed  
b y  po lym orphonuclear leucocytes engu lfing  b ac te ria  re leased  from  th e  cells 
(fresh in traep ith e lia l m icroabscesses). In  th is  reg ion , oedem a could be 
observed  am ong th e  ep ith e lia l cells (P la te  1, Fig. 7).

A large p rop o rtio n  o f th e  in fec ted  ep ithe lia l cells lo ca ted  in  th e  u p p e r
m ost lay e r desq u am ated  in to  the  lu m en  of th e  b ladder. G roups of severa l dis-
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Plate 1

F ig . 1. B ac teriu m  (arrow ) in  a superfic ia l cell of th e  b lad d e r ep ithelium . T he nuclear and  cy to 
p lasm ic  s tru c tu re  of th e  ep ith e lia l cells is well re ta in ed . E x p erim en t No. 1, one h o u r a fte r 

S. typ h i-m u r iu m  26772 in fection . T h ion in  s ta in ing , X 1200 
Fig. 2. B ac teriu m  (arrow ) in  a superfic ia l cell of th e  b lad d e r ep ithe lium . N ote  the  vacuole in  
th e  cy to p lasm  of th e  in fec ted  ep ith e lia l cell. E x p erim en t No. 2, one h o u r a fte r  infection  w ith  

S. typ h i-m u r iu m  26772. T h ion in  s ta in ing , X 1240
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in te g ra tin g  ep ithelia l cells, th a t  la y  in  th e  close v ic in ity  o f  th e  cy top lasm  alm o st 
co m p le te ly  filled w ith  Salm onellae, w ere often sep a ra te d  like a m ic ro in 
fa rc t  by  po lym orphonuclear leu co cy te s  from th e  ne ig h b o u rin g  ep ith e lia l 
cells (P la te  1, Fig. 8). Coinciding w ith  th e ir  d e sq u am atio n , m itoses w ere fre 
q u e n tly  observed, m a in ly  in the  b a s a l  epithelial cells.

F rom  th e  12 th  h o u r on, a g row ing  num ber of cells of th e  m acrophage 
ty p e  ap p eared  in  th e  m icroabscesses.

In tra e p ith e lia l clusters of m acro p h ag es and p o ly m o rp h o n u c lea r leuco
cy te s  free of salm onellae  were fo u n d  in  several in stan ces  as early  as 24 hours 
a f te r  th e  in fection . L a te r , only a c a v i ty  conta in ing  cell d e tr i tu s  an d  flu id  w as 
p re se n t in  th e  place o f th e  m icroabscesses (P la te  2, F ig . 5). Som e new  g roups 
o f a few  infected  ep ith e lia l cells w ere  observed  in  a n o th e r  a rea  of th e  b la d d e r 
su rface . T he s tru c tu re  o f these c lu s te rs  w as th e  sam e as in  th e  f irs t  hou r.

T he num ber of b ac te riu m -co n ta in in g  epithelial cells increased  u n til th e  
2 4 th  h o u r of th e  ex p erim en t, th e n  decreased  g radua lly . E p ith e lia l cells con
ta in in g  b ac te ria  w ere s till found on  th e  8 th  day of th e  ex p e rim en t. T he foci 
w ere u sua lly  com posed of 3 4 in fe c te d  epithelial cells; th e ir  d is in teg ra tio n
d id  n o t  re su lt in  ex ten s iv e  u lce ra tio n , ex cep t in  a single case (P la te  2, F ig . 6).

One hour a fte r  th e  infection , th e  n u m b e r of p o ly m o rp h o n u clear leucocytes 
p re se n t in  th e  lu m en  o f th e  sm all b lo o d  vessels ru n n in g  in  th e  su bep ithe lia l 
co n n ec tiv e  tissue im m ed ia te ly  u n d e r  th e  epithelium , show ed  a sligh t rise in  
b o th  th e  in fected  an d  th e  contro l an im a ls  trea ted  w ith  s te rile  b ro th  in jec ted  
in to  th e  b lad d er c a v ity . Some of th e s e  leucocytes w ere lo ca ted  ou tside  th e  
b lood  vessels in  th e  fo rm  of diffuse su b ep ith e lia l in f iltra tio n . A sligh t oedem a 
developed  in th e  reg ion  of th e  lam in a  p ro p ria  (P late  2, F ig . 1). In  th e  in fec ted

F ig . 3. B ac teriu m  (arrow ) in  a superficial cell o f th e  b ladder ep ith e liu m . T he nuclear and  c y to 
p lasm ic  s tru c tu re  of th e  ep ith e lia l cells is w ell re ta in ed . E x p e rim e n t No. 3, one h o u r a fte r  

in fec tion  w ith  S. typ h i-m u r iu m  26772. Thionin s ta in in g , Xl l OO 
F ig. 4. E p ith e lia l cell co n ta in in g  a high n u m b e r  o f salm onellae in  th e  tra n s it io n a l ep ith e liu m  
of th e  b lad d er. T he cy to p lasm  of the  in fe c te d  ep ithe lia l cell is sw ollen  and  s ta in s  lig h te r. 
Salm onellae  are located  m ain ly  near one o f  th e  poles of the  nucleus; th is  is also sw ollen an d  
show s in ten se  ch rom ato lysis. E x p erim en t N o . 1, 12 hours after in fec tio n  w ith  S . typ h i-m u r iu m

26772. T h io n in  sta in in g , X 1300
F ig. 5. C luster of infected  ep ith e lia l cells. T h e  n u c le a r and cy top lasm ic  s tru c tu re  o f th e  in fec ted  
cells is re la tiv e ly  well re ta in e d . N um erous sm a ll b a c te ria  are p re sen t in  th e  cy to p lasm  w ith in  
th e  c lu s te r. P a r t  of th e  b a c te r ia  is enclosed in  a  confined vacuole (a rro w ), o th ers  are p re sen t 
free in  th e  cy top lasm . In te rc e llu la r  oedem a b e tw een  the  ep ith e lia l cells. E x p e rim en t N o .2, 

9 hours a fte r in fec tio n  w ith  S. ty p h i-m u r iu m  26112. T h ion in  s ta in in g , X 1240 
F ig. 6. In fec ted  ep ithe lia l cell a lm ost co m p le te ly  filled  w ith  bac teria . T h ere  are few  salm onellae 
in th e  ne ighbouring  cells. E x p erim en t No. 2, 9 hours a fte r in fec tio n  w ith  S . typ h i-m u r iu m

26772. T h io n in  sta in in g , X 1300
F ig. 7. Tw o “ m icroabscesses”  in  the  vesical ep ith e liu m . There are re m n a n ts  o f a d is in teg ra ted  
e p ith e lia l cell, num erous salm onellae and  p o ly m o rphonuclear leu co cy tes  in  th e  abscesses. 
E x p e rim e n t No. 1, 9 hours a f te r  infection w ith  S . typh i-m urium  26772. T h io n in  s ta in in g , X 1240 
F ig. 8. A  c lu s te r (arrow ) of several in fec ted  ep ith e lia l cells. T heir cy to p la sm  is filled  w ith  a 
h igh  n u m b e r of salm onellae. T he group of e p ith e lia l  cells con ta in ing  sa lm onellae  is d em arca ted  
b y  po lym o rp h o n u c lea r leucocytes. E x p e rim e n t N o. 1, 12 hours a f te r  in fec tio n  w ith  S. typh i-  

m u riu m  26772. H aem a to x y lin -eo s in  sta in ing , X 480
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Plate 2

F ig . 1. In ta c t  vesical e p ith e liu m . L igh t oedem a in  th e  subm ucosa. In f la m m a to ry  in filtra tio n  
im m e d ia te ly  under th e  ep ith e liu m . E x p erim en t No. 2, one h o u r a f te r  in fec tion  w ith  S. typ h i-  

m u r iu m  26772. H aem a to x y lin -eo s in  sta in in g , X 169 
F ig . 2. Erosion of th e  b la d d e r  surface. T here is a th ro m b u s-lik e  blood c lo t in  a location co rre 
sp o n d in g  to the  erosion . O ed em a of th e  subm ucosa and  in f il tra tio n  w ith  po lym orphonuclear 
leuco cy tes . E x p erim en t N o . 1, 3 hours a fte r in fec tion  w ith  S. typ h i-m u r iu m  26772. H a em a to x y 

lin -eosin  sta in in g , X 30
F ig . 3. Cell of the  m ac ro p h ag e  ty p e  con ta in ing  sa lm onella  in th e  v ic in ity  o f a sm all blood vessel 
in  th e  subm ucosa. T he c y to p la sm  of the  cell is swollen. E x p erim en t N o. 1, 24 hours a fte r in fec 

tio n  w ith  S . typ h i-m u riu m  26772. T hion in  sta in in g , X 1240 
F ig . 4. Salm onella (a rro w ) in  th e  subm ucosa of th e  b ladder. E x p e rim e n t No. 1, 96 hours a f te r  

infection w ith  S . typ h i-m u r iu m  26772. H a e m a to x y lin -eo s in  s ta in in g , X 169 
F ig . 5. Cavities co n ta in in g  cell d e tr itu s  and  lig h tly  s ta in ing  am o rp h o u s m ate ria l in b lad d e r 
e p ith e liu m . E x p erim en t N o. 1, 24 hours a fte r  in fec tion  w ith  S. typ h i-m u r iu m  26772. H a e m a 

to x y lin -eo sin  sta in in g , X 480
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an im als, th e  subep ithelia l in filtra tio n  com posed of po ly m o rp h o n u clear leuco
cy tes assum ed a focal fo rm  an d  a positio n  corresponding  to  th e  ep ithe lia l areas 
co n ta in in g  bac te ria .

One of th e  an im als d isp lay ed  a deepithelizcd  a rea  in  a defined  region of 
th e  b lad d er. O n th e  su rface  o f th is  a rea , a blood clot w ith  th ro m b u s-lik e  s tru c 
tu re  w as p resen t (P la te  2, F ig . 2). In  th e  v ic in ity  of th e  area , m ark ed  oedem a 
an d  an  in liltra tio n  of p o ly m o rp h o n u c lea r leucocytes w ere found  in th e  sub- 
ep ithe lia l tissue . The in f il tra tio n  w as m ost m arked  above th e  lam ina  p ro p ria . 
Oil im m ersion stud ies of th is  a rea  revealed  a h igh n u m b e r of Salm onellae p a r tly  
in  ex trace llu la r location  am ong  th e  p o ly m o rp h o n u c lea r leucocytes, p a r tly  in  
th e  po lym orphonuclear leucocy tes as a re su lt of phagocy tosis . M ost of th e  
Salm onellae inside th e  p o ly m o rp h o n u c lea r leucocytes w ere swollen an d  s ta in ed  
poorly  viz. show ed deg en era tiv e  phenom ena.

O edem a of v a ry in g  sev e rity  w as p re se n t in th e  su bep ithe lia l tissu e  in  
each  of th e  an im als 6, 9 a n d  12 h ours a fte r  th e  in fec tion . In f iltra tio n  of th e  
connective tissue  b y  in f la m m a to ry  cells becam e m ore m ark ed  and  besides th e  
po lym orphonuclears, cells o f th e  m acrophage ty p e  ap p e a re d  in  grow ing n u m 
ber. O f th e  in flam m ato ry  cells, som e p o ly m orphonuclear leucocytes an d  m acro 
phages con ta ined  salin onellae. A n in f iltra tio n  consisting m ain ly  of po ly m o rp h o 
n u c lea r  leucocytes and  co rrespond ing  to  a phlegm on, w as found  above th e  
m u scu la r lay er in  1, 2 an d  2 of th e  an im als sacrificed a f te r  6, 9 an d  12 hours, 
respective ly .

A fte r th e  24 th  h o u r follow ing th e  infection , m o st o f th e  salm onellae 
p re sen t in  th e  su bep ithe lia l tissu e  w ere loca ted  in  cells o f th e  m acrophage ty p e . 
A lthough  th e  m a jo rity  of th e  m acrophages con ta in ing  salm onellae show ed no 
degen era tio n , som e of th e m  h a d  a sw ollen cy toplasm  (P la te  2, F ig . 3). T he 
deve lopm en t of m acrophage  g ranu lom as w as also o bserved  (P la te  2, F ig . 4). 
P a r t  of th e  m acrophages c o n ta in in g  salm onellae  d is in teg ra ted  la te r  w hen  p o ly 
m orp h o n u clear leucocytes a p p ea red  am ong th e  cells in  th e  granulom as.

A fte r th e  3rd day , a m a rk e d  in f iltra tio n  of th e  perivesica l fa t  tissue  by  
p o lym orphonuclear leucocy tes w as fo u n d  in  one or tw o o f th e  anim als (P la te  
2, F ig . 7). T he presence of salm onellae  in  these  regions could  also be observed.

A fte r th e  6 th  ho u r o f in fec tion , th e  presence of salm onellae  in  th e  sub- 
ep ithe lia l tissu e  could be d e m o n s tra te d  also in  those an im als w hich h a d  been 
in fec ted  th ro u g h  special c a th e te rs .

A fte r th e  9 th  ho u r o f in fec tion , pyelitis  w ith  m orphological fea tu res  
resem bling  tho se  ch a rac te ris tic  o f cy stitis , developed in  m o st anim als. In  one

F ig. 6. E x ten siv e  lesion of th e  vesica l surface. In flam m ato ry  in f il tra tio n  in th e  subm ucosa 
especially  corresponding to  th e  lesion . E x p e rim en t No. 1, 120 h o u rs  a f te r  in fec tion  w ith  

S. typ h i-m u r iu m  26772. H aem a to x y lin -eo s in  s ta in in g , X 30 
Fig. 7. E x ten siv e  in fla m m a to ry  in f il tra tio n  in  perivesical fa t tissu e . E x p erim en t No. 1, 72 

ho u rs  a fte r  in fec tion  w ith  S . typ h i-m u r iu m  26772. H a em a to x y lin -eo s in  sta in ing , X 30
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o f th e m , a severe in flam m atio n  occurred  in  th e  peripelv ic connective tissu e  
an d  also in  th e  ren a l co rtex  24 hours a f te r  th e  infection. A fte r  th e  3rd day , 
focal lesions could be  fo u n d  in  th e  o th e r o rgans, too , especially  in  the  spleen. 
F ir s t ,  sm all clusters of p o ly m orphonuclear leucocytes co n ta in in g  Salmonellae, 
la te r  focal necrosis w ere observed.

H isto logical p ic tu re s  essen tia lly  s im ila r to  those described  above w ere 
seen a fte r  infection  w ith  o th e r Salm onella  s tra in s . C lusters of in fec ted  ep ithelia l 
cells occurred  in  th e  b la d d e r ep ithe lium . Salm onellae p e n e tra te d  in to  th e  su b 
m ucosa and la te r  in to  th e  perivesical connective  tissue. S alm onella  granulom as 
consisting  m ain ly  o f m acrophages also developed  b y  th e  2 4 th  ho u r in each 
ex p erim en t. In fec tio n  w ith  th e  la b o ra to ry  s tra in  of S. typ h i-m u riu m  resu lted  
in  a sign ifican tly  low er n u m b er of in fec ted  ep ithe lia l cells an d  in  a less severe 
oedem a and  cellu lar in filtra tio n  in  th e  subm ucosa th a n  in  th e  case of w ild 
s tra in s .

D iscussion

E v e ry  Salm onella  s tra in  s tu d ied  in  th e se  experim en ts w as found  to  induce 
cy s titis  in the  gu inea p ig, b y  p e n e tra tin g  in to  th e  ep ithelial cells and  to  undergo  
d iv ision  there . In tro d u c in g  large doses o f S . typ h i-m u riu m  in to  th e  sm all in te s 
tin e  of guinea pigs, F l o r e y  [9] found  b a c te ria  su rro u n d ed  b y  ligh te r p ro to 
p lasm  (“ vacuole” ) in  p a r t  of th e  ep ithe lia l cells of th e  in te s tin e . In  co n tra s t to  
th e  b ac te ria  p re se n t in  th e  in te s tin a l lu m en , those  w ith in  th e  cells show ed 
coccoid form s an d  s ta in ed  ligh ter.

B ased on m orpho log ica l and  s ta in in g  charac teris tics , F l o r ey  considered 
th e  coccoid form s to  rep re sen t d eg en era tin g  salm onellae. T h is was p a r tly  con
firm e d  b y  our e lec tron  m icroscopic s tu d ies  revealing  a d is in teg ra tio n  of p a r t  of 
th e  b ac te riu m  w ith in  the  ep ithelial cells [10]. On th e  o th e r h a n d , the  ep ithe lia l 
cells of th e  b lad d e r w ere found  in  ou r ex perim en ts to  offer especially  good con
d itio n s  fo r th e  rep ro d u c tio n  of salm onellae. E ach  of th e  Salmonella  s tra in s  
s tu d ie d  u n d erw en t reg u la r deve lopm en ta l cycles inside th e  cells. F irs t, sm all 
p o o rly  sta in ed  coccoid  form s u sua lly  enclosed in to  vacuoles, la te r  large, well 
s ta in in g  form s n o rm a lly  occurring  free in  th e  cy toplasm  w ere observed in th e  
cells. D ividing fo rm s of b o th  Salm onella  s tra in s  w ere also fo u n d . The d u ra tio n  
o f th e  firs t d ev e lo p m en ta l cycle w as 6 hours in  th e  new ly  iso lated  S. typh i-  
m u riu m  s tra in . T h e  d is in teg ra tio n  of ep ithe lia l cells fu ll of large w ell-sta ined  
b a c te r ia  was f irs t  observed  a t  th is  p o in t o f tim e. T he d u ra tio n  of th e  follow 
in g  develo p m en ta l cycles could n o t be e s tim a ted  exac tly  ow ing to  th e  co n tin 
uous infection  of th e  ep ithe lia l cells. T he occasional p resence  of clusters o f 
la rg e  and  sm all b a c te r ia  w ith in  th e  sam e cell suggested th e  possible occurrence 
o f re in fec tion  of th e  in fec ted  cells.

Several a u th o rs  [5, 9, 1 1 —15] fo u n d  in  various m odel diseases t h a t  
salm onellae  could p e n e tra te  in to  th e  ep ith e lia l cells. N everthe less evidence fo r
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th e  above-described  developm en ta l cycle o f salm onellae w as f irs t  o b ta in ed  in 
h isto log ical s tu d ies  of ex p erim en ta l c y s titis . This develo p m en ta l cycle re sem 
b led  th e  m od ifica tion  process described  b y  V o i n o - Y a s e n e t s k y  [16] in e x p e ri
m e n ta l salm onella  pneum onia of th e  m ouse , w hen salm onellae  u n d e rw e n t 
m orphological changes during th e ir  d ev e lo p m en t in cells of th e  m acro p h ag e  
ty p e .

B ac te ria  re leased  from  th e  d is in te g ra tin g  cells w ere engulfed  b y  p o ly 
m orphonuclear leucocytes an d  b y  m acrophage-like  cells. H ow ever, w hile 
salm onellae w ith in  th e  m acrophage  c y to p la sm  usually  re ta in e d  th e ir  m o rp h o 
logical ch a rac te ris tic s , those in  p o ly m o rp h o n u c lea r leucocytes u sua lly  show ed 
d is in teg ra tio n  d u rin g  the early  s tag es  of in fec tion .

P a r t  of th e  salm onellae re leased  from  th e  ep ithelial cells reen te red  o th e r  
ep ithe lia l cells. O n th e  o ther h a n d , th e  ep ith e liu m  m ay h av e  been in fec ted  
from  th e  d irec tio n  of the lum en  o f th e  b la d d e r  since p a r t  o f th e  superfic ia l 
ep ithe lia l cells co n ta in in g  b a c te ria  h a d  d e sq u a m a te d . The m a jo rity  of th e  la t te r  
cells was e lim in a ted  w ith the  u rin e  w hile th e  re s t m igh t h av e  becom e a source 
of infection  w hen  a ttach ed  to  an  in ta c t  reg io n  of th e  b lad d er su rface .

In  c o n tra s t to  shigella cy s titis  [17], no  ex tensive ep ith e lia l defects w ere 
observed  a fte r  in fec tion  w ith sa lm onellae . T his phenom enon  m ay  have been  
due to  e ith er o f th e  following tw o  p rocesses. (1) The h isto log ical p ic tu re  sug 
gested  th a t  po lym orphonuclear leu co cy tes  k illed  salm onellae a t  a h igher ra te  
th a n  th e y  k illed  shigellae. (2) T ra n sfe r  o f th e  process from  one ep ithe lia l cell 
to  th e  o th e r m a y  h av e  occurred a t  a low er ra te  in  salm onella th a n  in  shigella  
in fec tion , su p p o rtin g  th e  d em arca tin g  ac tio n  of th e  po ly m o rp h o n u clear leu co 
cy tes on th e  process.

The role p la y e d  by th e  m icroabscesses rep resen ting  a special fo rm  of 
ep ithe lia l p ro te c tio n  was th e  sam e in  sa lm onella  cystitis  as in  salm onella  
co n ju n c tiv itis  [5].

The Salm onella  strains s tu d ie d  p ro p a g a te d  n o t only in  th e  ep ithe lia l cells, 
b u t  also in th e  cells o f the su b ep ith e lia l reg ions as the  cen tre  of th e  procesg  
m oved  in to  th e se  areas. In  th e  v ic in ity  o f th e  subep ithelia l a reas c o n ta in in s  
ex trace llu la r salm onellae, p o ly m o rp h o n u c lea r leucocytes w ith  d is in teg ra tin g  
b a c te ria  in th e ir  cy top lasm  were a lw ays observed . D ivision of b a c te r ia  occurred  
p rim arily  in th e  cy top lasm  of m acro p h ag e-lik e  cells in  th e  su b ep ith e lia l regions 
(“ m acrophage p h a se ” ). M acrophages fo rm ed  defin ite  c lu ste rs  viz. “ salm on- 
ellom as”  as ea rly  as th e  24th h o u r  of th e  ex p erim en t. T he cy to p lasm  of th e  
m acrophages co n ta in ed  bacteria  in  som e of th e  salm onellom as w hile no b a c te ria  
could  be observed  in  th e  m acrophages of o th e r  salm onellom as. In  th e  la t te r  case, 
th e  fo rm atio n  of m acrophages w as in d u ced  p ro b ab ly  as a response to  an en d o 
to x in  effect.

The p rocess o ften  led to ph legm on  deve lo p m en t. Since in  th e  m ain  ex p e ri
m en t ep ithelial d efec ts  were occasionally  fo u n d  (P la te  2, F ig . 2) an  ad d itio n a l
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experim en t w ith  th e  use o f special c a th e te rs  (ex p erim en t N o. 2) was p e rfo rm ed  
in  o rder to  exclude th e  possib ility  of an y  m echan ica l lesion caused b y  th e  
ca th e te r. H ow ever, b a c te r ia  soon m oved in to  th e  su b ep ith e lia l regions also 
in  th e  la t te r  ex p e rim en t a n d  th e  d evelopm en t of a ph legm on  involving in  m o st 
cases th e  pe riv esicu la r connective  tissue, to o , w as observed . A p red isp o sitio n  
for ph legm onous d iffusion  was described b y  B in g e l  [6] in  S. enteritid is  
infection .

H isto logical s tu d ies  o f various o rgans, m ain ly  of th e  spleen, show ed a 
genera lization  of th e  process b y  in d ica tin g  th a t  th e  b a c te r ia  did n o t rem a in  
in  th e  b lad d e r region. T h e  pred isposition  fo r a gen era liza tio n  of th e  p rocess 
was n o t a ch a ra c te ris tic  fe a tu re  of all Salm onella  s tra in s . B in g e l  show ed th a t  
th e  in trav es ica l in tro d u c tio n  of S. typh i an d  S. p a ra typ h i-B  failed to  lead  to  
th e  g enera liza tion  o f  th e  process in guinea pigs.

T he sev erity  of ex p erim en ta l salm onella  cy stitis  w as influenced  b y  sev era l 
fac to rs. In fec tio n  w ith  th e  sam e s tra in  re su lte d  in  m ore severe disease le a d in g  
to  earlier d e a th  in  th e  y o u n g  th a n  in th e  old an im als (experim ents N os 1 
and  3). T he fresh ly  iso la ted  S. typ h i-m u riu m  s tra in  s tu d ie d  had  lost p a r t  of 
its  v iru lence  u n d e r la b o ra to ry  cond itions (ex p erim en ts  N os 1 and  4). S tu d y 
ing ex p erim en ta l cy s titis  induced  by  f iv e  fre sh ly  iso la ted  and  five la b o ra to ry  
s tra in s , St e n z e l  [7] show ed th a t  p a th o g e n ic ity  was h igh  w ith  fresh ly  iso la ted  
S. enteritidis  and  S . ja v a ,  m odera te  w ith  S . typ h i-m u riu m  and  S. newington  
and  low  w ith  S. bareilly. T hus, th e  p a th o g e n ic ity  w as s ign ifican tly  low er in  
th e  old la b o ra to ry  s tra in s  th a n  in  th e  fre sh ly  iso la ted  ones. As th e  p r im a ry  
purpose  of th e  p re se n t s tu d y  was to  in v es tig a te  th e  “ ep ithe lia l p h ase” , th e  
n u m b er of th e  an im als in fec ted  w ith  th e  d iffe ren t s tra in s  — except S. typ h i-  
m urium  — w as n o t h ig h  enough to  allow  an y  com parison  as to  th e  s e v e rity  
of th e  in d u ced  disease (E x p e rim en t No. 5).

In  conclusion, salm onella-induced  cy s titis  in  th e  gu inea pig is a su ita b le  
ex p erim en ta l m odel fo r s tu d y in g  som e o f th e  ch a ra c te ris tic  biological p ro p e r
ties of salm onellae. T he “ ep ithelial p h ase”  in  th is  ex p erim en ta l m odel is especi
ally im p o r ta n t fo r th e  pathogenesis of th e  salm onella  in fec tion . The p ro lo n g a 
tio n  of th e  “ ep ith e lia l p h a se ”  and  th e  ch a ra c te ris tic  deve lopm en ta l s tag es  of 
th e  b a c te ria  w ith in  th e  cells are special fe a tu re s  w hen  com pared  to  th o se  fo u n d  
in salm onella  co n ju n c tiv itis  [5]. All th ese  in d ica te  th a t  s tud ies of th e  b io log ical 
p ro p erties  of fa c u lta tiv e  in trace llu la r p a ra s itic  b a c te ria  m u st no t be b ased  on 
a single ex p erim en ta l m odel. As to  th e  “ ep ithe lia l p h a se ” , th e  ep ithe lia l b a r 
riers, th o u g h  show ing several sim ilar ch a rac te ris tic s , n a tu ra lly  ex h ib it d if
ferences depend ing  on th e  m etabolism  an d  th e  m orphological fea tu res o f th e ir  
cells. E x p e rim e n ta l salm onella  cystitis  seem s to  he  especially su itab le  for 
s tu d y in g  th e  in te ra c tio n  betw een ep ith e lia l cells an d  b ac te ria . I t  is of g rea t 
im p o rtan ce  in  h u m a n  path o lo g y  to  u n d e rs ta n d  th e  deve lopm en ta l cycle of 
b a c te ria  observed  in  th e  ep ithelia l cells since, th o u g h  F r ä n k e l  [18] h a d  show n
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in  1900 a lready  th a t  the  presence o f large w ell-sta in ing  b a c te r ia  d e tec tab le  in  
corpses is th e  re s u lt  of a post m o rte m  p ro p ag a tio n  o f Salm onellae, th e ir  lo ca liza 
tio n  in  vivo an d  th e ir  m orphological form s are  n o t y e t know n.

F u r th e r  d e ta ils  of the m o d ifica tio n  of salm onellae in th e  vesical e p ith e 
lium  w ill be re v e a le d  by  e lectron-m icroscopic  stud ies.
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VIRUS CONTENT OF SEWAGE 
IN DIFFERENT SEASONS IN HUNGARY

B y

A g n e s  B. P á l f i

N ational In s titu te  o f  Public H ealth (Director : T . B a k á c s ) ,  B udapest 

(R eceived N o vem ber 12, 1971)

Sum m ary . F ro m  336 sewage sam ples co llected  in  1969, 317 v iru s s tra in s  w ere iso la te d  
O f th ese , 62 p roved  to  be poliovirus o f vacc ine  origin. O f th e  rem ain ing  255 s tra in s , 43%  
belonged to  reo v iru s ty p e  1, 21%  to  echovirus ty p e  7, a n d  18%  to  echovirus ty p e  11. T hese 
th ree  ty p es  o f v iru s show ed a  prevalence all over th e  y ea r. T he o th e r stra in s  were id en tified  as 
coxsack iev irus B l ,  B3 or B4 or echovirus ty p e  1, 6 , 12, 14, 19 or 20. M ost s tra in s  w ere iso la ted  
in  A u gust, follow ed by  O c tober, N ovem ber an d  S ep tem b er; th e  iso lation  ra te  w as low est in  
F e b ru a ry  an d  M arch, i.e ., in  th e  periods follow ing com pulso ry  v acc in a tio n  cam paigns. In  1968, 
reov irus 1, coxsack iev irus B1 and  B3 as well as echov irus 6  an d  7 stra in s  occurred  in  th e  sam e 
seasons as in  1969.

I t  is a lm o st genera lly  accepted  [1 —3, 11, 13 15, 17, 18, 21, 23, 24, 31]
th a t ,  on th e  zones o f tem p era te  c lim ate , en te ro v iru s  c ircu lation  has its  p eak  
in  la te  su m m er an d  early  au tu m n . T his op in ion  is based  on th e  f lu c tu a tio n  of 
th e  v iru s  iso lation  ra te  an d  of th e  n u m b e r of iso la ted  stra ins. T here  are  few  
excep tions, e.g., R i o r d a n  [24] found  th e  h ig h est iso lation  ra te  in  J a n u a ry , 
W a l l i s  an d  M e l n i c k  [32] in Ju n e  an d  A pril an d  F a u l k n e r  and  V a n  R o o y e n  

[9] in  O ctober. (The la s t au th o rs  iso la ted , num erica lly , m ost stra ins in  A ugust.)
I t  is m ore d ifficu lt to  develop a general view  on th e  occurrence of in d i

v idua l ty p e s  of en te ro v iru ses . The resu lts  are  g re a tly  in fluenced , in  ad d itio n  to  
c lim atic  fac to rs , by  th e  k in d  of sam ple ta k e n  fo r v iru s iso lation , th e  m e th o d  of 
sam pling , th e  v iro logical m ethods app lied , th e  sy stem  of v acc ina tion  ag a in st 
po liom yelitis , etc.

In  H u n g a ry , D á n i e l  and D ömök [7] w ere th e  f irs t to  p o in t ou t th a t  
viro logical e x a m in a tio n  of sewage m ig h t p re se n t in fo rm atio n  on th e  occurrence 
o f en te rov iruses in  th e  local popu la tion . T he o b jec t of th e  p resen t w ork  was 
to  collect d a ta , on th e  basis  o f large-scale e x am in a tio n  of sewages, on th e  e n te ro 
v iru s ty p es  c ircu la tin g  in  H u n g ary  an d  on th e  seasonal flu c tu a tio n  of th e ir  
occurrence. T he in v es tig a tio n s  were co n d u c ted  sy stem atica lly , over a ca len 
d a r  year.

Materials and methods

T hree  h u n d re d  a n d  th ir ty -s ix  sewage sam ples were co llected  in  1969. The m a jo rity  of 
th e  sam ples w ere o b ta in ed  from  the  B u d ap es t reg ion  (S o u th -P e s t sewage tre a tm e n t p la n t;  
lifting -over p la n t ,  F e ren cv á ro s, Ferihegy), an d  fro m  severa l sewage tre a tm e n t p lan ts  in  th e  
c o u n try , v iz., A ggtelek , B ü kkszék , H ajdúszoboszló , H évíz, K esz th e ly , Ózd, M átrafü red , Pécs, 
Szigetszen tm ik lós, Yecsés an d  V isonta.
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Sam ples were ta k e n  e ith e r  by  d ipp ing  in  s te rilized  1-litre  flasks w hich w ere th e n  ru b b e r- 
s to p p e red  or by  th e  g au ze -p ad  m ethod [21]. Sw abs exposed to  sewage for 3 o r 4 d ay s  were 
tra n s p o r te d  to  th e  la b o ra to ry  in  p lastic  bags.

T h e  p H  of th e  g ra b  sam ples (ap p ro x . 1 l itre  each) w as ad ju s ted  to 8  w ith  N  N aO H  
so lu tion  a n d  th e  sam ples w ere cen trifuged  for 30 m in u te s  a t  3000 r.p .m . To each  sw ab in p las tic  
bag  10 m l H a n k s ’ b a lan ced  so lu tio n  was ad d ed , th e  p H  of th e  flu id  was a d ju s ted  w ith  N  N aO H  
to 8 , th e  f lu id  (50— 100 m l) w as pressed  o u t o f th e  sw ab an d  centrifuged. The p H  of th e  su p e r
n a ta n t  w as ad ju s te d  to  6  w ith  N  HC1. S u b seq u e n tly , of a  suspension co n ta in in g  50 m g/m l 
C aH PO  J [27], 1 m l w as ad d ed  to  each dip sam ple  a n d  0.5 to  each  sam ple o b ta in e d  by  th e  gauze- 
p ad  m eth o d . T he m ix tu re s  w ere shaken fo r 30 m in u te s , th e n  cen trifuged  fo r 30 m in u te s  a t 
3000 r .p .m . T he sed im en t w as resuspended  in  0.5 m l 0.5 M  p h o sp h a te  buffer (pH  7.5), sh aken  
fo r 30 m in u te s , and c en trifu g ed  for 10 m in u te s  a t  2000 r .p .m . The su p e rn a ta n t, m ixed  w ith  
1 m l P a rk e r ’s No. 199 m ed iu m  and 0.3 m l ch lo ro fo rm , w as le ft to s tan d  a t  4 °C o v e rn ig h t. 
T h en  th e  su p e rn a ta n t w as rem oved  and s to re d  in  th e  frozen s ta te  u n til used.

In  o rder to  iso la te  v iru s, th ree  p r im a ry  a n d  th re e  con tinuous [25] m o n k ey  k id n ey  cell 
cu ltu res  in  tu b es were in o cu la te d  w ith  0.1 m l o f each  c o n cen tra ted  sam ple. As m ain ten an ce  
m ed iu m  P a rk e r ’s No. 199 w as used for th e  p r im a ry  cu ltu res , th e  sam e m edium  en riched  w ith  
h u m an  e ry th ro c y te  re c e p to r  [26] for th e  co n tin u o u s  ones. T he cu ltu res w ere in cu b a ted  a t  
37 °C fo r 14 d ays, w ith  a m ed iu m  exchange on th e  7 th  d ay . On th e  14th d ay , a passage or b lin d  
passage  w as m ade an d  th e  su b cu ltu res  were o b se rv ed  fo r a n o th e r 14 days for c y to p a th ic  effects.

T h e  m edium  fro m  po sitiv e  cu ltu res  w as te s te d  fo r haem ag g lu tin a tio n  (H A ), app ly ing  
T a k á t s y ’ s  M ic ro titra to r  sy s tem  [29]. T he h a em ag g lu tin a tin g  stra in s  were id en tif ie d  b y  th e  
H A -in h ib itio n  (H A I) te s t ,  th e  o thers by  th e  n e u tra liz a tio n  te s t.

Results

T ab le  I show s t h a t  317 v irus s tra in s  w ere iso la ted  from  th e  336 sew age 
sam p les  ta k e n  in th e  ca len d ar y ea r 1969. S ix ty -tw o  s tra in s p roved  to  be po lio
v iru s  vacc ine  s tra in s . A m ong th e  rem a in in g  255 iso lates, reovirus ty p e  1 (43% )

T able  I

D istribu tion  o f  isolates by v iru s type and month o f isolation
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w as th e  m o st f req u en t. This w as follow ed b y  echovirus 7 (2 1 % ), echovirus 11 
(1 8 % ), an d  echov irus 6 (7% ).

D ue to  th e  com pulsory  p o liom yelitis  v acc in a tio n  cam paigns w hich  are 
ca rried  o u t in  H u n g a ry  during  th e  w in te r  m o n th s, poliovirus w as v e ry  com m on 
in  th e  sew age sam ples collected in  th e  period  from  F e b ru a ry  to  A pril. In  a d d i
tio n , on ly  echovirus 7 and  reo v iru s  1 s tra in s  and  an echovirus 6 s tra in  w ere 
iso la te d  in  th a t  period . R eov irus 1 s tra in s  w ere iso la ted  in each  m o n th  o f th e  
y e a r , in  g re a te s t n u m b ers  in th e  a u tu m n . E chov irus ty p e  7 could  he  iso la ted  
in  each  m o n th  excep t J a n u a ry  an d  D ecem ber, echovirus ty p e  11 in  each m o n th  
e x c e p t th e  th re e  m o n th s of th e  h eav ie s t po liov irus excretion .

F ig . 1. F lu c tu a tio n  of th e  iso lation  ra te  (iso late/sew age sam ple) by  m o n th . ----------  iso lation
ra te  fo r raw  sewage b y  sw ab s a m p le s ,------- - iso la tion  ra te  fo r all sam ples

To e s tim a te  th e  e x te n t of v iru s  c ircu la tio n , we div ided  th e  n u m b er of 
iso la ted  nonpo lio  v iru s  s tra in s  p er m o n th  w ith  th e  n u m b er of sam ples exam ined  
in  th e  sam e m o n th  (F ig. 1). A ccord ingly , th e  iso lation  ra te  w as th e  h ighest for 
N o v em b er an d  O cto b er and  these  m o n th s  w ere followed b y  S ep tem b er and  
A u g u st. T he low est ra te s  were o b ta in ed  d u rin g  th e  m on ths of h eav ie s t polio
v iru s  ex cre tio n . T hese ra te s  do n o t, how ever, re flec t th e  real ex cre tio n  qu ite  
co rrec tly  because  th e  sam ples exam ined  in  d iffe ren t m on ths w ere heterogeneous 
in orig in , m e th o d  of sam pling  and  degree of p u rity . F o r a m ore precise  analysis,
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we selec ted  a re la tiv e ly  hom ogeneous group  of sw ab sam ples w hich h ad  been 
tak en  from  th e  raw  sew age of th e  S o u th -P es t sew age tre a tm e n t p lan t. This 
p la n t  receives b o th  dom estic  an d  in d u s tr ia l sewage. D ue to  its  ch arac ter, th is  
k ind  of sam ples is ex p ec ted  to  prov ide th e  h ighest iso la tio n  ra te  [4]. N inety - 
fo u r sam ples, i.e., ap p ro x . 30%  of th e  to ta l  n u m b er o f  sam ples, belonged in 
th is  g roup . F rom  th e  94 sam ples, 122 v iru s  s tra in s  w ere iso la ted  (an iso lation  
ra te  of 1.3 vs. th e  0.75 ca lcu la ted  fo r all th e  336 sam ples).

T ak in g  only th ese  sam ples in to  considera tion , th e  m ax im um  in la te  
su m m er and  au tu m n  w as m ore p ronounced  th a n  in th e  curve rep resen tin g  
th e  unse lec ted  m ate ria l (F ig . 1).

T h e  iso la tion  ra te  w as h ighest in  A u g u st [2, 11], follow ed b y  O ctober, 
N o v em b er an d  S ep tem ber. T he selected  sam ples also show ed th a t  v irus excre
tio n  w as low est in th e  w in te r  m on ths and  in early  sp ring .

S y stem a tic  sam pling  was carried  on in  1968 in  four m o n th s, viz. 
M ay, A u g u st, S ep tem b er a n d  D ecem ber. In  M ay, reo v iru s  ty p e  1 was iso la ted  
b o th  in  1968 and  1969, w hereas echovirus ty p e  7 an d  11 s tra in s only in  1969 
(T able I I ) .  In  A ugust, coxsackiev irus B3, echovirus 6 an d  7 and  reov irus 1

T ab le  I I

V irus types demonstrated in the same months o f  two successive years

M onth
Types of virus trains isolated in

1968 1969

May
R eovirus 1 E chovirus 7, 11 

R eovirus 1

A ugust
C oxsackievirus B2, B3, B4, B5 
E chovirus 6 , 7, 12 
R eovirus 1

C oxsackievirus B3 
E chovirus 6 , 7, 11, 14, 20 
R eovirus 1

Septem ber
C oxsackievirus B2, B3, B4, B5 
E chovirus 7 
R eovirus 1

C oxsackievirus B l 
E chovirus 7, 11, 12, 19 
R eovirus 1

D ecem ber
C oxsackievirus B l,  В 5 
E chovirus 7, 11, 12, 14 
R eovirus 1

C oxsackievirus B l 
E chov irus 1, 11 
R eovirus 1

s tra in s  w ere iso lated  in  b o th  years, w hereas coxsackiev irus B2, B4 and  B5 and  
echovirus 12 s tra in s w ere iso la ted  on ly  in  1968, an d  echovirus typ es 11, 14 and  
20 s tra in s  only in  1969. In  S ep tem ber echovirus 7 an d  reovirus ty p e  1 s tra in s  
w ere iso la ted  in b o th  y ea rs , coxsackiev irus B2, B 3, B4 and  B5 s tra in s  on ly  in  
1968 an d  coxsackievirus B l ,  and  echovirus 11, 12 an d  19 stra in s only in 1969. 
In  D ecem ber, coxsack iev irus B l ,  echovirus 11 an d  reovirus 1 s tra in s  w ere 
iso la ted  in  b o th  years, coxsackiev irus B5, and  echovirus 7, 12 and  14 s tra in s  
on ly  in  1968 and  echov irus 1 s tra in s  only  in  1969.
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Discussion

In  th e  p re sen t s tu d y , th e  m ax im u m  of virus ex c re tio n  occurred  in  A ugust 
an d  O ctober. T his is in  ag reem en t w ith  m ost of th e  l i te ra ry  d a ta  [1 3, 9, 11,
13 15, 17 19, 21, 23, 24, 31].

R ecen tly , en te rov irus c ircu la tio n  has been in ten s iv e ly  in fluenced  b y  the  
w idely  applied  im m u n iza tio n  a g a in s t poliom yelitis. S evera l au th o rs  [13, 24] 
h a v e  observed th a t  w ild en tero v iru ses  even stopped  c ircu la tin g  a t th e  tim e  of 
th e  h eavy  excre tion  of poliovirus v acc ine  stra ins. W e, to o , observed  a red u ced  
excre tion , b u t  even in  th e  periods im m ed ia te ly  follow ing v acc in a tio n  cam 
paigns, w ild s tra in s  (entero- an d  reov iruses toge ther) m ade up  36%  o f th e  iso
la te s . In  th is  period , s tra in s  belonging  to  reov irus ty p e  1 an d  th ree  echov irus ty p es 
( ty p es  6, 7 an d  11) w ere iso la ted . T h e  f irs t  coxsackiev iruses ap p ea red  soon 
a f te r  excretion  of th e  vaccine s tra in s  h a d  ceased. T his, how ever, does n o t  m ean  
th a t  coxsackieviruses w ere ab sen t in  th e  v acc ina tion  p erio d . T hey  m ig h t have  
suppressed  in  th e  cell cu ltu res b y  th e  vaccine  s tra in s , w h ich  d es tro y  cell cu l
tu re s  rap id ly .

O f echoviruses, ty p e  7 an d  11 s tra in s  were iso la ted  m ost f re q u e n tly ; 
th e y  even su p p lem en ted  each o th e r  in  d ifferen t seasons (F ig . 2). E ch o v iru s  
ty p e  7 was especially  p red o m in an t from  M arch to  Ju n e , echovirus 11 from  J u ly  
to  S ep tem ber. S tra in s  belonging to  th e se  tw o  types am o u n ted  to  m ore th a n  a 
h a lf  o f th e  iso la tes in  those  m o n th s . A  sim ilar dom inance  o f echovirus 7 and  
11 s tra in s  w as observed  by  L a p i n l e i m u  an d  P e n t t i n e n  [18] in H elsink i in 
1960 1961 an d  la te r  b y  K a z a n t s e v a  and  B a g d a s a r y a n  [14] in  M oscow,

F ig . 2. M onthly  occurrence of echovirus ty p e s  7 an d  11 in  1969 as expressed  in  p e r  cen t of
iso lates
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W a l l i s  and M e l n i c k  [32] in  H ouston , W e l k e  [33] in  P o tsd am  an d  H a r t m a n n  

[12] in  Berlin.
F ig . 3 shows t h a t  echoviruses, w hich cou ld  be  iso la ted  in  every  m o n th  

o f  th e  yea r, show ed th e  h ig h es t percen tage  o f th e  iso lates in  A pril, th e  low est 
in  J a n u a ry  and F e b ru a ry . E choviruses th e re fo re  seem  to  be  c ircu la ting  all 
o v e r th e  year.

Coxsackie В v iru se s  w ere th e  ra re s t ( 4 —20% ) am ong th e  iso lates. T hey  
w ere iso la ted  w ith  a  m ax im u m  in  Ju ly  and  A u g u st, in  th e  perio d  w hen polio
m y e litis  v acc ina tion  cam p a ig n s w ere n o t ca rr ied  on. These re su lts  are in  good 
acco rdance  w ith  d a ta  p u b lish ed  b y  o th e r in v e s tig a to rs  [2, 9, 12, 19, 31, 33].

Q  Reovirus 

Й  Echovirus

F ig . 3. Percen tage  d is tr ib u tio n  o f coxsackievirus B , ech o v iru s and  reo v iru s iso la tes in  d ifferen t
m o n th s of the  y e a r  1969

O ur iso lation  sy stem s w ere in ad eq u a te  fo r th e  iso la tion  of coxsackie 
A v iruses.

T he freq u en t occu rrence  of reoviruses in  sew age has called  th e  a tte n tio n  
o f num erous a u th o rs . L a m b  et al. [17] w ere th e  f irs t  to  iso la te  reovirus from  
sew age, nam ely , fro m  th e  sew age of Chicago, w here, as w ell-know n, th e re  are 
la rg e  slaugh te rhouses. T h ey  found  th a t  reov irus w as th e  d o m in a n t v irus in  th a t  
sew age in  1962. I t  cou ld  be iso lated  even from  th e  r iv e r  t h a t  received th e  
sew age. M any reo v iru s  s tra in s  were iso la ted  from  slau g h te rh o u se  sewage b y  
S ou th -A frican  [20] a n d  G erm an  [16] au th o rs . A ll au th o rs  agree in  th a t  reov irus 
can  be  iso lated  all o v e r th e  y ea r, even d u rin g  v acc in a tio n  periods, from  24 — 
9 3 %  of sewage sam ples [6, 8, 13, 28]. W e succeeded  in  iso la tin g  reovirus from  
3 3%  of th e  sam ples. R eo v iru ses  am oun ted  to  26 -57%  o f th e  s tra in s  iso la ted  
fro m  sewage by  d iffe re n t au th o rs  [5 ,8  1 3 ,2 0 ]. In  th e  p re se n t w ork , th e  co rre
sp o n d in g  percen tag e  w as 4 3 % . E n g l a n d  et al. [8] succeeded in  iso lating  reo-
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v iruses m ore freq u en tly  from  p u rified  th a n  from  raw  sew ages. O u r experience 
is in  accordance  w ith  these : we iso la ted  reo v iru s  from  25%  of raw  sew age and  
38%  of p u rified  one.

Serological investig a tio n s h av e  also p ro v ed  th e  w ide d issem in a tio n  o f reo- 
v iru ses. Serum  an tib o d y  to  reo v iru s  ty p e  1 w as found [30] in  73 %  of sam ples 
re p re se n ta tiv e  of th e  p o p u la tio n  of H u n g a ry . A w ide occurrence of reov iruses 
in  dom estic an im als has also been  show n [10]. The presence of la rge  am o u n ts  
o f  reoviruses in  sewage m ay  be  a t t r ib u te d  to  th e ir  u b iq u ito u s  p resence , on 
th e  one h a n d , and  to  th e ir  h igh  res is tan ce  to  various effects, on th e  o th e r.
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IMMUNOGENICITY OF LIVING ATTENUATED
SHIGELLAE

B y

B. S e r é n y , Clara T e n n e r  an d  P. RÁcz
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(R eceived  N ovem ber 26, 1971)

Sum m ary . Colonial v a r ia n ts  of v iru len t Shigella  s tra in s  g row n on dy e-su p p lem en ted  
m edia  were se lec ted  a t  ob lique illu m in a tio n  and  in o cu la ted  in to  th e  eyes o f  gu inea pigs. As show n 
in  k e ra to co n ju n c tiv itis  m odel experim en ts , th e  se lec ted  av iru len t cu ltu res  v a ried  in  im m u n o 
genic cap ac ity . P re - tre a tm e n t w ith  v a ria n ts  ex e rtin g  h igh  im m u n o g en ic ity  p ro tec te d  th e  eyes 
in  ab o u t 50%  ag a in st su p erin fec tio n  w ith  hom ologous or hetero logous Sh. f le x n e r i  ty pes.

In  recen t years, m a n y  k inds of vaccine  have  been p rep a red  from  liv ing 
Shigella  cu ltu res . S tud ies on th is  p roblem  w ere begun b y  I str ati  et al. [1 —10]. 
T h ey  used  a Shigella  c u ltu re  a tte n u a te d  b y  serial passages on agar. This cu ltu re  
an d  a la b o ra to ry  s tra in  fa iled  to  cause ex p erim en ta l co n ju n c tiv a l in fection  in 
guinea pigs. H u m an  v o lu n te e r  experim en ts in d ica ted  th a t  th e y  w ere av iru len t 
to  m an . T he cu ltu res  p ro d u ced  a defin ite  local an d  a m o d era te  general im m u n ity  
in  th e  gu inea  p ig  c o n ju n c tiv a l m odel. T h ey  w ere harm less to  m an  an d  rem ain ed  
stab le  in  seria l h u m an  passages. The live vaccine gave fav o u rab le  resu lts  in  
ch ild ren  w ith  chronic  sh igella  excretion .

B e l a y a  et al. [11 13] confirm ed th e  resu lts  of I stratT s team . Shigel-
lae a t te n u a te d  in  seria l passages caused no gross changes in  th e  eyes of th e  
gu inea p ig , a lth o u g h  th e y  in v ad ed  th e  ep ith e lia l cells o f th e  c o n ju n c tiv a  an d  
cornea an d  gave rise to  a w ell-dem onstrab le , rap id ly  recovering  in flam m ato ry  
reac tio n . T he b a c te r ia  w ere  unab le  to  m u ltip ly  in trace llu la rly . T he live d y sen 
te ry  vaccine p ro v ed  to  c a rry  a h aza rd  in  m on k ey  ex perim en ts an d  m u ltip le  
doses p ro tec ted  m ost an im als  against la rge  num bers of v iru le n t b ac te ria . 
S tud ies on a sm all group o f hu m an s [14] show ed th a t  th e  vaccine  s tra in  re ta in ed  
its  o rig inal p ro p ertie s  a fte r  h u m an  passages.

F ormal’s research  g roup  used tw o d iffe ren t Sh. fle x n e r i  2a s tra in s  for 
o ra l im m u n iza tio n  of m o n k ey s [15 —17]. O ne of th e  cu ltu res w as a spon tan eo u s 
av iru len t m u ta n t ,  w hich h a d  lost th e  a b ility  to  en te r th e  ep ith e liu m  e ith e r  in  
th e  F ormal m odel [18] or in  co n ju n c tiv a l infection . T he o th e r a tte n u a te d  
cu ltu re , a h y b rid  of E . coli K-12 and  Sh. f le x n e r i  2a induced  a rap id ly  recover
ing  en te ritis  in  th e  F ormal  te s t  and  caused k e ra to co n ju n c tiv itis  in  gu inea pigs. 
As live oral vaccines, b o th  s tra in s  p ro tec ted  m onkeys ag a in s t in fection  w ith  
th e  v iru len t hom ologous s tra in . L a te r F ormal  et al. [15] crossed E . coli
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K -12 w ith  Sh. flexn eri l b ,  2a and  3 an d  Sh. sonnei. O ral v acc in a tio n  w ith  
th e se  cu ltu res  also re su lted  in  a sign ifican t im m u n ity . A fte r freeze-dry ing  th e  
c u ltu re s  re ta in ed  th e ir  b io logical p ro p ertie s  including  im m unizing  capac ity .

R á ü s s , K é ty i  an d  A n g y a l  [19] show ed th a t  F ormal’s m u ta n t, w hich  
h a d  le s t  its  p en e tra tin g  pow er, w as n o t m ore p ro tec tiv e  th a n  vaccines c o n ta in 
ing  k illed  shigellae. T h e  m u ta n t  w hich re ta in ed  th e  p e n e tra tin g  cap ac ity  
im m u n ized  b e tte r  th a n  th e  a v iru le n t cu ltu re  or th e  killed vaccine , h u t was n o t 
su p e rio r  to  Boivin e x tra c ts .

M e l  et al. [20 23] u sed  s trep to m y c in -d ep en d en t a v iru le n t Sh. f le x n e r i
s tra in s  as oral vaccines. F ir s t  th e y  d em o n stra ted  th e  p ro te c tiv e  effect in  th e  
F r é t e r  m odel, la te r  th e y  ex p erim en ted  on groups of m ilita ry  personnel. T h ey  
show ed  th a t  shigella ex c re tio n  w as n o t in fluenced  by  v acc in a tio n  in th is  m anner.

S e r g e y e v  et al. [24 27] using  th e  m e th o d  of Me l ’s te am  d em o n stra ted
th e  p ro te c tiv e  effect o f s trep to m y c in -d e p e n d en t shigellae in th e  co n ju n c tiv a l 
te s t .  O n m onkey  ex p erim en ts  th e y  show ed th a t  no clinical sy m p to m s developed 
a f te r  consum ing th e  vacc in e .

O ur studies on live shigella  vaccines h av e  been p resen ted  in [28].

M ateria ls and  m ethods

Stra ins. V iru len t cu ltu res  o f Sh. flexn eri l b ,  2a and  3a were fresh ly  iso lated  from  h u m an , 
s tra in  Sh . fle x n eri  4b from  m o n k ey , faecal specim ens. The cu ltu res  w ere id en tified  w ith  th e  
u su a l m eth o d s and were te s te d  fo r v iru lence w ith  th e  co n ju n c tiv a l te s t  [29, 30].

Selection o f  avirulent m u tan ts. As p o ly v a le n t sh igella-phage w as n o t sa tis fac to ry  fo r th e  
p u rp o se , th e  following tec h n iq u e  based  on o u r d y e-sen sitiv ity  m eth o d  [40] was applied . A p in 
p o in t a m o u n t of v iru len t c u ltu re  g row n on ag ar was tran sfe rre d  to  solid  and  in to  liqu id  m ed ia  
su p p le m e n ted  w ith  various dyes as follows. On th e  surface of p rev io u sly  d ried  agar p la te s  
0.1 m l 0 .07%  aqueous sa fran in  or 0.1 m l 0 .25%  aqueous basic fu ch sin  so lu tion  was sp read . 
F o r  liq u id  m edia  0.002 an d  0 .004%  safran in , 0.01 and  0.02%  basic  fuch sin , 0.00025%  acrid ine  
o ran g e , 0 .025%  acridine red  or 0 .002%  c ry s ta l v io le t were dissolved in b ro th  and d is tr ib u te d  
in  te s t  tu b es  a t  5 m l portions.

D uring  4 days in c u b a tio n  a t  37 °C th e  cu ltu re  from  th e  dye-su p p lem en ted  m ed ia  w as 
in o c u la te d  daily  onto sim ple a g a r p la te . The ag ar su b cu ltu re  was exam in ed  a t  oblique l ig h t 
[31— 33]. E ach  colony d iffe ren t from  th e  orig inal cu ltu re  was p icked  u p , passaged  several tim es 
on  a g a r in order to o b ta in  a  hom ologous c u ltu re , th e n  te s te d  fo r v iru lence  in th e  eyes o f 3 
g u in ea  pigs. Cultures n o t cau sin g  gross changes were m ain ta in ed  in  th e  re frig e ra to r on D o rse t 
m ed iu m ; som e cultures w ere freeze-dried .

Im m unogenicity. G u inea  pigs w eighing 200— 300 g were in fec ted  in to  th e  c o n ju n c tiv a l 
sac  tw ice  weekly. E ach  of th e  5 doses given co n ta in ed  2 x  Ю9 cells o f th e  24-hour ag ar cu ltu re  
o f th e  v a r ia n ts . Ten days a f te r  th e  la s t  dose, 4 —5 M .I.D . (4 —5 x  10" liv ing  cells) of th e  v iru le n t 
Shigella  s tra in  was in o cu la ted  in to  th e  eyes of th e  anim als. T he co n ju n c tiv a l te s t  was reg ard ed  
n e g a tiv e  if  no gross change h a d  developed. T he sam e n u m b er o f u n tre a te d  anim als se rv ed  as 
c o n tro ls . In  p re lim inary  e x p e rim e n ts  10 eyes o f 5 an im als were checked  for resistance. In  th e  
m a in  experim en ts  40— 60 p re tre a te d  eyes of 20— 30 an im als were te s te d  for each v a r ia n t.

Histological exam ination . H igh ly  im m unogenic  S h .fle x n e r i  2a v a r ia n t  493/39 and  w eakly  
im m u n o g en ic  Sh. fle x n er i  v a r ia n t  493/48 were used . An apath o g en ic  E . coli 0 1 :K 1 1 :H 7  s tra in  
w asa lso  stud ied . Shigella v a r ia n ts  w ere reg ard ed  h igh ly  im m unogenic  if  p re -tre a tm e n t in  th e  
above-described  m anner p ro te c te d  a t  least 8  eyes o u t o f 1 0  ag a in s t th e  developm en t o f gross 
chan g es a fte r  challenging w ith  4 — 5 x  107 v iru le n t b ac teria . V a rian ts  ex h ib itin g  a less d e fin ite  
b u t  still appreciable p ro tec tiv e  effect were te rm ed  w eakly  im m unogenic .

T he guinea pigs w ere in fec ted  in to  each  co n ju n c tiv a l sac w ith  2 loopful of a  24-hour 
a g a r c u ltu re . Groups co n sistin g  of 3 an im als each  w ere sacrificed  a f te r  1 ,3 ,6 ,  9, 12, 18, 24, 48 
a n d  72 hours by  cervical d is lo ca tio n . The r ig h t eye was ex am ined  h isto log ically , th e  le ft one
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w as sam pled  fo r bacterio log ica l ex am in a tio n . The r ig h t eyeball to g e th e r  w ith  th e  b o n y  o rb it 
w as f ix ed  in  M axim ov’s so lu tion  fo r 5 h o u rs . T h en  th e  bone w as re m o v ed , th e  eye w as ha lv ed  
b y  a sa g itta l cu t. A fter a sub seq u en t f ix a t io n  fo r 1 hour, th e  eye w as em bed d ed  in cello id in - 
p a raffin . Sections 4 — 5 ft th ic k  were s ta in e d  w ith  h aem ato x y lin -eo sin  a n d  th io n in .

R esults

Selection o f  avirulent varian ts. C u lturing  on d y e -su p p lem en ted  m edia 
y ie ld ed  a g rea t n u m b er of colonies d iffe ren t in s tru c tu re  from  tho se  of th e  
p a re n t  s tra in . F resh ly  iso la ted  s tra in s  form ed low convex , c ircu la r colonies 
w ith  en tire  edge, 1 —2 m m  in d iam e te r . A t oblique lig h t th e y  show ed a flu o res
cence and , a p a r t  from  a fa in t g ra n u la r  fo rm ation , th e y  w ere hom ogeneous in 
s tru c tu re . W eak ly  flu o rescen t or non -fluo rescen t colonies ap p ea red  in  v a ry in g  
n u m b ers  a f te r  1 2 days in c u b a tio n  on n u tr ie n t a g a r seeded w ith  cu ltu res
grow n in  d y e-su p p lem en ted  m ed ia . Colonies w ith  a co n cen tric  rin g  or ne t- 
like s tru c tu re  cha rac terized  b y  a d e fin ite  fluorescence w ere  v iru le n t or w eakly  
v iru le n t. H om ogeneous, sligh tly  re fra c tiv e , non -fluo rescen t colonies as well as 
colonies w ith  a non-fluorescen t co n cen tric  ring  or n e t s tru c tu re  w ere usually  
less f req u en t. B ac te ria  form ing  such  colonies p roduced  no m acroscopic change 
in  th e  co n ju n c tiv a l te s t .

P a r t  of th e  s lig h tly  v iru len t o r a v iru le n t v a rian ts  re v e r te d  to  th e  v iru len t 
form  a f te r  a few  su b cu ltu res . A n in te re s tin g  ty p e  of d issoc ia tio n  was w hen a 
Sh. fle x n e r i  3 v a r ia n t cu ltu re  493/37 w as iso lated  from  an  a g a r  p la te  su b cu ltu re  
o f c ry s ta l v io le t b ro th . A colony w ith  concentric  an d  n e t  s tru c tu re  y ielded  on 
fu r th e r  sub cu ltu res  p a r tly  s tro n g ly  refrac tive, f lu o rescen t colonies, p a r tly  
colonies w ith  a concen tric  ring  an d  n e t- lik e  s tru c tu re . I n  th e  course of 60 su b 
cu ltu re s  th e  hom ogeneous colony ty p e  rem ained  s tab le ; th e  la t te r  ty p e  show ed 
a reg u la r  d issociation  in to  hom ogeneous fluorescent an d  in to  co n cen tric -s tru c 
tu re  colonies. B o th  v a r ia n ts  gave a po sitiv e  co n ju n c tiv a l te s t .  C ultures m ade 
from  th e  in fec ted  eyes show ed th a t  th e  hom ogeneous co lony  ty p e  failed  to  d is
socia te , b u t  th e  concen tric  colony ty p e  sp lit off hom ogeneous an d  concen tric  
colonies in  vivo.

Biochem ical and serological exam inations. V arian ts  n o t causing gross 
changes in  th e  co n ju n c tiv a l te s t  show ed  insign ifican t b iochem ica l differences 
from  th e  p a re n t s tra in s . T he p ro p e rtie s  te s ted  were: fe rm e n ta tio n  of glucose, 
m a n n ito l, lac tose , rham nose , so rb ito l, arab inose , xylose, ad o n ito l, du lcito l, in o 
sito l, salicin ; u rease  an d  indole p ro d u c tio n ; alkali p ro d u c tio n  in  am ino acid 
m ed ia  (glycine, L -a lpha-a lan ine , D L -a lpha-a lan ine , L -serine , D L -serine, D-se- 
rin e , L -th reo n in e , D -th reo n in e , D L -th reo n in e , D L -try p to p h a n , L -h istid ine , 
L -a sp a rtic  acid, L -g lu tam ic  acid, L -lysine) [32]. The g ro w th  curve  for 4 v a r i
a n ts  w as id en tica l w ith  th a t  fo r th e  co rrespond ing  p a re n t s tra in s . T he av iru len t 
v a r ia n ts  show ed no spon taneous ag g lu tin a tio n  in 0 .09%  an d  in  0 .3%  sodium  
ch lo ride so lu tion . A g g lu tina tion  te s t  in  0 .2%  try p a fiav in e  w as u su a lly  nega tive ,
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b u t  in  0 .3 %  try p a fla v in e  so lu tio n  m ost s tra in s  show ed ag g lu tin a tio n . In  tu b e  
a g g lu tin a tio n  w ith  ab so rb ed  sera  all an tigens o f th e  co rrespond ing  sero type 
w ere  detec ted , b u t a t  d iffe re n t t itre s .

Im m unogen ic ity . T a b le  I  shows th a t  th e  a v iru le n t v a r ia n ts  differed in 
im m u n o g en ic  cap ac ity . I n  p re lim in ary  experim en ts th e  h ig h e s t p ro tec tive  
e ffe c t was obtained w h en  v acc in a tio n  was perfo rm ed  a t  d a ily  in tervals. This 
sch ed u le  being u n su ita b le  fo r th e  v acc in a tio n  of h u m an s, w as n o t used in 
f u r th e r  experim ents. T h e  fin d in g  th a t  upon  raising  th e  challeng ing  dose th e  
n u m b e r  of re s is ta n t eyes decreased , in d ica ted  th a t  im m u n ity  w as re lative: 
a f te r  challenging w ith  5 M .I.D ., 72%  of th e  v a cc in a ted  eyes rem ained  in ta c t, 
w h ile  10 M .I.D . y ie lded  im m u n ity  only in  55% .

Table I

P re lim in a ry  experim ents w ith Sh. f le x n e r i varian ts

N um ber of variants
No. of variants No. of eyes

Sero-
type

Isolated
Tested on 
guinea pig 

eyes

Avirulent 
for guinea 
pig eyes

tested for 
im m uno
genicity

rem aining 
in tac t after 
challenging 

10 eyes

lb 3 — —

2a 15 9 5 —

3a 123 93 15 25

CO1О

4b 113 113 41 8 2 — 10

6 11 11 7 —

In  the  m ain  e x p e rim e n t th e  av iru len t v a r ia n t of Sh. fle x n e r i  4b was used  
fo r  im m unization . C hallenging  w ith  th e  hom ologous v iru le n t cu ltu re  show ed 
t h a t  60%  of the  eyes w ere re s is ta n t. A sim ilar degree of im m u n ity  was fo u n d  
if  in d iv id u a l an im als w ere considered. I f  th e  eyes im m u n ized  w ith  Sh. flexneri 
4b  av iru len t m u ta n t  w ere challenged  w ith  Sh. fle x n e r i  3 v iru le n t cu lture , a 
s im ila r  degree of im m u n ity  was found  (61% ).

In  order to  ch eck  th e  p e rsistence  of th e  im m unogen ic  cap ac ity , the  av iru 
le n t  Sh. flexneri 4 v a r ia n t  w as s to red  a t  4 °C on D o rse t m ed ium  for 1 year. 
Im m u n iza tio n  w ith  a su b cu ltu re  of th is  s tra in  and  challeng ing  w ith  Sh. f l e x 
neri 3 ind icated  no s ig n if ican t change (55% ).

Histological exam ina tion . S tra in  493/39, ex h ib itin g  a d e fin ite  im m unogenic 
pow er, caused in 1 h o u r  a fte r  co n ju n c tiv a l a d m in is tra tio n  th e  appearance of a 
few  po lym orphonuclear leucocy tes in  an d  u n d er th e  ep ith e liu m . T he leucocytic 
reac tio n  increased a t  th e  3rd  ho u r and  a fte r 6 hours th e  in f iltra tio n  was defin ite  
b o th  in  the  ep ithe lium  a n d  in  th e  subep ith e lia l co nnective  tissu e . A fter 9 hours 
a few  in traep ith e lia l m icroabscesses developed. C ellu lar in f iltra tio n  a t th a t

Acta Microbiologica Academiae Scientiarum Hungaricae 18 1971



I M M U N O G E N I C I T Y  O F  L I V I N G  A T T E N U A T E D  S H I G E L L A E 2 4 3

stag e  was of th e  focal ty p e , b u t a fte r 12 h o u rs  it  becam e diffuse an d  m ore 
in ten se . In  th e  c o n ju n c tiv a l sac th e re  was an  ex u d a te  co n ta in in g  leucocytes an d  
m ucous fibres. A s im ila r histo logical p ic tu re  w as observed  a f te r  18 hours. T h e  
in ten s ity  of in fla m m a tio n  decreased g rad u a lly  from  th e  2 4 th  h o u r o n w ard , h u t  
no rm al h isto log ical co n d itions h ad  n o t been  re s to re d  till th e  la te s t  ex am in a tio n  
(72 hours). A t th e  s ite  o f th e  con ju n c tiv a  a m ild , fo ca l-type  in flam m atio n  p e r 
sisted ; erosions or deep u lcers h ad  never developed . T h e  cornea  was free from  
in flam m atio n  in  every  an im al.

B ac te ria l s ta in in g  revealed  3 hours a f te r  in fec tion  num erous e x tra c e llu 
lar, fa in tly  s ta in ed  rods in  th e  con ju n c tiv a l sac (F ig. 1). In tra c e llu la r  b a c te r ia  
ap p ea red  as th ic k , in ten s iv e ly  s ta ined  rods (F ig . 2). T here  w as no increase in

Fig. 1. E x tra ce llu la r , fa in tly  s ta in e d  shigellae in th e  c o n ju n c tiv a l sac (a rrow ), 3 hours a f te r  
in fec tio n  ( th io n in -m eth y len e  b lue  s ta in in g , X 1200)

Fig. 2. T h ick , in ten siv e ly  s ta in e d  shigellae in  c o n ju n c tiv a l ep ith e lia l cells, 3 hours a fte r in fec 
tio n  (th io n in -m e th y len e  blue s ta in in g , X 1200)

Fig. 3. In ten s iv e ly  s ta in ed  in tra cy to p la sm ic  shigellae in  th e  co n ju n c tiv a l ep ithe lium , 6  h o u rs  
a f te r  in fec tio n  ( th io n in -m eth y len e  b lue  s ta in ing , X 1200)

Fig. 4. In ten s iv e ly  s ta in e d  shigellae in co n ju n c tiv a l ep ith e lia l cells (arrow ) su rro u n d ed  b y  p o ly 
m o rphonuclear leu cocy tes; 9 h o u rs  a fte r  in fection  ( th io n in -m e th y len e  blue s ta in ing , X 1200)

Acta Microbiologica Academiae Scientiarum Hurxgaricae 18, 1971



2 4 4 В . S E R É N Y  e t  a l.

th e  n u m b e r of in fec ted  cells a t  th e  6 th  h o u r  an d  th e  n u m b e r of in tra c e llu la r  
sh igellae  rem ained  low (1 —2 b ac te ria  p e r  cell), as seen in  F ig . 3. T he nucleus 
an d  cy to p lasm  of th e  in fec ted  cells re ta in e d  th e ir  norm al sta in in g . A fte r 9 h ou rs 
sev era l foci appeared ; th e se  con ta ined  shigellae in  increased  num bers an d  som e 
leucocy tes (Fig. 4). A fte r  12 hours th e  n u m b e r of in fec ted  cells decreased  an d  
in tra c e llu la r  shigellae show ed fa in t s ta in in g . F rom  th e  18 th  ho u r onw ard  
n e ith e r  ex trace llu la r n o t in trace llu la r  b a c te r ia  w ere seen.

A fte r  th e  a d m in is tra tio n  of w eak ly  im m unogenic  s tra in s  no in tra c e llu la r  
b a c te r ia  w ere d e m o n s tra te d . T he co n ju n c tiv a  show ed a s ligh t oedem a a n d  a 
leu co cy tic  reac tion  ceasing  a fte r  24 hours.

C u ltu ring  on m ed ia  su p p lem en ted  w ith  dyes re su lted  in  a d issociation  of 
sh igellae in to  various co lony  v a rian ts . I f  in  th e  co n ju n c tiv a l te s t  th e  absence 
o f gross changes is considered  th e  c rite rio n  of v iru lence, som e of these  cu ltu res  
w ere s tab le  av iru len t d e riv a tiv es . In  ad d itio n , a g rea t n u m b er of w eakly  v iru le n t 
a n d  u n s ta b le  cu ltu res w ere encoun tered , co rrespond ing  to  d a ta  of o th e r a u th o rs  
[34, 35].

In  co n ju n c tiv a l m odel ex perim en ts th e  selected  v a r ia n ts  ex h ib ited  a p ro 
te c tiv e  effect aga in st challenge w ith  n o t on ly  th e  hom ologous v iru len t, b u t  also 
w ith  v iru le n t, he tero logous sero types. H ow ever, th e  gu inea  p ig  eye m odel is 
n o t  su itab le  for d e m o n s tra tin g  im m u n ity  ag a in s t d y sen te ry  in  m an  [36]. T hus, 
fu r th e r  investig a tio n s a re  needed  to  show  th e  effectiveness o f th e  live Shigella  
vacc in e  fo r th e  im m u n iza tio n  of h u m an s. T h e  p resen t ex perim en ts h av e  show n 
th a t  p re - tre a tm e n t w ith  av iru len t sh igellae increased  th e  resistance  to  o th e r 
se ro ty p es. I strati et al. [7], who also u sed  th e  guinea p ig  m odel, cam e to  a 
s im ila r conclusion. In  c o n tra s t, Me l  et al. [21 23], in  m ass v acc in a tio n  of
h u m an s, w ere able to  d em o n stra te  on ly  a type-specific  im m u n ity . T h u s  it  
rem ain s open w h e th e r aspecific im m u n ity  is re s tr ic te d  to  th e  eyes of th e  
gu in ea  pig.

H isto logical s tu d ies  in d ica ted  t h a t  shigellae, te rm e d  av iru len t on th e  
basis  of th e  above c rite rio n , caused a ra p id ly  recovering  in flam m atio n  in  th e  
gu in ea  p ig ’s co n ju n c tiv a . In  c o n tra s t to  th e  b eh av io u r of v iru len t shigellae 
[37, 39], th e  h igh ly  im m unogenic  v a r ia n t  s tu d ied  d id  n o t en te r th e  corneal 
ep ith e liu m  and  failed  to  m u ltip ly  in ten s iv e ly  in  th e  c o n ju n c tiv a l ep ithe lium . 
T h u s i t  seems m ore ju s tif ie d  to  te rm  th is  v a r ia n t “ a t te n u a te d ”  ra th e r  th a n  
“ a v iru le n t” .

T he co rre la tion  b e tw een  im m u n o g en ic ity  and  in tra c e llu la r  p a ra s itism  in 
shigellosis, th a t  is, th e  association  b e tw een  im m u n ity  an d  fine  cellu lar changes 
a f te r  th e  invasion  o f sh igellae is a t p re se n t unknow n. A ccording to  S e r g e y e v  
et al. [25] local an tib o d ies  are  concerned . O ur stud ies in d ica te  th a t  in  ad d itio n  
to  th e se  fac to rs th e  a b ility  of b a c te ria  to  in v ad e  th e  ep ith e lia l cells m a y  p lay  
a ro le. A ntigens of th e  vaccine s tra in  m a y  block enzym e system s in  th e  ep i
th e lia l cells.
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Summary. F o u r o u t o f 18 s tra in s  iso la ted  from  m onkeys as M ycobacterium  sim ia e  w ere 
id en tified  la te r  as be longing  to  a  slow ly grow ing, pho to ch ro m o g en ic , fa cu lta tiv e ly  p a th o g e n ic  
new  species n am ed  M ycobacterium  asiaticum . T h e  o rgan ism  is v iru le n t to  th e  m ouse a n d  d iffers 
in  b iochem ical a n d  serological p rop erties  an d  in  th e  ty p e  o f se n sitin  from  M . sim iae.

U p -to -d a te  tax o n o m ic  analysis of m y co b ac te ria  has show n th a t  B e r g e y ’s 
classifica tion  [1] needs a revision. S y stem a tic  s tu d ies  o f a ty p ica l m y co b ac te ria  
iso la ted  from  m a n  a n d  anim als have  led  to  th e  d iffe ren tia tio n  of sev era l new , 
fa c u lta tiv e ly  p a th o g en ic  species.

T he p resence  o f a ty p ica l m y co b a te ria  in  m onkeys was rep o rted  f i r s t  b y  
W e i s z f e i l e r , K a r a s s e v a  and  H o l l a n d  [2]. K a r a s s e v a , W e is z f e il e r  an d  
K r a s z n a y  [3] ex am in ed  66 M acacus rhesus an d  3 Cercopithecus aethiops m o n 
keys, 44 of w hich  w ere positive fo r a ty p ic a l m y co b ac te ria . As in  8 cases tw o  or 
m ore organs co n ta in ed  m ycobac te ria , a to ta l  o f 50 s tra in s , includ ing  46 slow ly 
grow ing ones, w ere iso la ted . P a r t  of th e  s tra in s  w as pho toch rom ogen ic  species 
o th e r th a n  M . ka n sa sii or M . m arinum . T h e  organism  w as nam ed  M . sim iae  n .sp .

Som e o f th e  pho tochrom ogen ic  s tra in s  p ro v ed  to  be n iac in  p o sitiv e . 
S evera l s tra in s  fo rm ed  non-p ig m en t-p ro d u c in g , slow ly grow ing, n iac in  p o s itiv e  
cu ltu res. T hese organism s w ere v iru le n t to  m ice an d  w ere able to  sp read  from  
in fec ted  to  h e a lth y  an im als an d  to  cause sp o n tan eo u s  in fection  m an ife s tin g  
in  p a th o m o rp h o lo g ica l changes an d  M ycobacterium  p o sitiv e  cu ltu res fro m  th e  
organs [4].

A t a ro u n d  ta b le  conference held  b y  th e  M icrobiological R esearch  G roup  
of th e  H u n g a ria n  A cadem y of Sciences in  1969 [5 —11], i t  has been conc luded  
th a t  th e se  organ ism s should  n o t be reg a rd ed  as subspecies of M . sim iae, 
b u t  in  view  of ch a rac te ris tic  differences, som e h av e  to  be  regarded  as s tra in s  
belong ing  to  a new  species.

M aterials and  m ethods

T he cu ltu res  w ere m ain ta in ed  b y  freeze-d ry ing . T ran sfe rs  w ere m ade on L ö w en ste in — 
Je n se n  m edium . M orphology of th e  cells w as ex am in ed  a fte r  Z ieh l—N eelsen s ta in ing . C olony 
m o rpho logy  an d  tim e  of g ro w th  were stu d ied  a t  20, 28, 37 a n d  43 °C. P ig m en t p ro d u c tio n  
was reco rd ed  a f te r  in cu b a tio n  in  d a rk  and  a fte r  illu m in a tio n  fo r 1 to  24 hours a t  d iffuse  sun-
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lig h t. B iochem ical reac tio n s  pe rfo rm ed  were: n iac in  p ro d u c tio n , ca ta lase , p e ro x id ase , n i tra te  
re d u c ta se , lipase, acid  p h o sp h a ta se , a ry lsu lp h a tase , a lp h a  and b e ta  e ste ra se  an d  am idase  
series [12]. Im m u n e  sera  fo r an tig en ic  analysis w ere p re p a re d  in sheep an d  in  ra b b its  [13]. 
A g a r gel d iffusion w as p e rfo rm ed  as described b y  J ó k a y  an d  K a r c z a g  [14]. A b so rp tio n  of 
se ra  w as m ade b y  th e  g ra d u a l m e th o d  w ith  an tig en s o f hetero logous s tra in s . S ensitin s w ere 
p re p a re d  b y  th e  m eth o d  of M a g n u s s o n . Sensitin  R S  839 w as p rep ared  b y  D r. M. M a g n u s s o n  
fro m  s tra in  61 an d  k in d ly  su p p lied  to  us.

Results

S tra in s 61, 32, 27a an d  64a described  in  o u r prev ious p ap ers  as subgroups 
o f M . sim iae  h av e  been  inc luded  on th e  basis  of biochem ical a n d  an tig en ic  
p ro p e rtie s  in to  a new  species, M . asia ticum . S tra in  61, as ty p e  s tra in  fo r th e  
new  species, was d ep o sited  a t  th e  A m erican  T y p e  C ulture C ollection w here  i t  
re ce iv ed  accession n u m b e r 25276.

M . asiaticum  fo rm s ac id -fast coccoid cells. I t  is defin ite ly  pho to ch ro m o - 
genic , n iac in  an d  n i t r a te  red u c ta se  n eg a tiv e , b u t  lipase, a lpha  a n d  b e ta  e ste rase , 
ac id  p h o sp h a ta se  an d  a ry lsu lp h a ta se  p o sitiv e . O n Löw enstein—Je n se n  m ed ium , 
M . asia ticum  grows slow ly a t  room  te m p e ra tu re ; a t  37 °C i t  p roduces dysgonic 
g ro w th  in  15 —21 days. W hen  given in tra v e n o u s ly , i t  gives rise to  focal lesions 
in  th e  m ouse lung . S tra in  64 causes in fec tio n  fa ta l in 30 60 days. S ensitin
p re p a re d  from  M . asia ticum  p roduces specific  reaction  in  an im als in fec ted  
w ith  th e  organism , b u t  ex e rts  a d efin ite  allerg ic reac tio n  also in  an im als 
in je c te d  p rev iously  w ith  BCG or w ith  o th e r  m y co b ac te ria  [16].

M . sim iae  is rep re sen ted  by  ty p e  s tra in  29 ca ta logued  as s tra in  ATCC 
25275. E x a m in a tio n  of th is  cu ltu re  and  13 o th e r  M . sim iae  s tra in s  (20, 25, 14, 
53, 57, 58, 59, 63, 68, 3, 51, 55 an d  54) in d ic a te d  th a t  M . sim iae  grow s slow ly, 
p ro d u ces dysgonic colonies an d  form s coccoid cells or v e ry  sh o r t rods. P a r t  o f 
th e  s tra in s  is pho toch rom ogen ic , b u t  th is  p ro p e r ty  is u n s ta b le  an d  decreases 
g ra d u a lly  d u ring  seria l passages; several n on -pho toch rom ogen ic  cu ltu res  w ere 
en co u n te red . M ost of th e  s tra in s  are  n iac in  positive. A ll cu ltu re s  p ro d u ce  
u re a se ; one of th e  s tra in s  (No. 14) is n ico tin am id ase , p y raz in am id ase  an d  suc- 
c inam idase  p o sitive . N one of th e  s tra in s  p ro d u c e  lipase, n i t r a te  red u c ta se  an d  
ac id  p h o sp h a tase . A ry lsu lp h a tase  reac tio n  p ro v ed  variab le , a lp h a  an d  b e ta  
e s te rase  positive. A fte r  in trav en o u s  in je c tio n , th e  organism s cause severe 
changes and  fa ta l  in fec tio n  in mice. M . sim iae  is re s is ta n t to  s trep to m y c in , 
ison iaz ide  and  PA S (10 ug/m l), sensitive  to  cycloserine a n d  e th io n in am id e  
(20 pg/m l).

T ab le  I  show s th e  p rin c ip a l p ro p ertie s  o f th e  tw o new  species as com pared  
to  th o se  of M . ka n sa sii an d  M . avium .

In  an tigen ic  s tru c tu re  stud ies M . sim iae  an d  M . asia ticum  w ere co m p ared  
w ith  th e  re la ted  organ ism s M . avium , M . ka n sa sii, M . m a rinum  an d  M . tuber
culosis. A com parison  of th e  n u m b er of p re c ip ita tio n  lines ap p earin g  in  h o m o 
logous and he tero logous system s is in d ic a tiv e  of th e  degree o f an tigen ic  re la-

Acta Microbiologica Academiae Scicnliarum Hungaricae 18, 1971



A  N E W  M Y C O B A C T E R IU M  S P E C I E S 2 4 9

Table I

Properties o f  mycobacterial strains

M. asiaticum 
s tra in  61

M. simiae 
s tra in  29 M. kansasii iVf. avium

Photochrom ogenicity + ± +
N iacin — + — —
N itra te  reductase — - + —

Lipase + — + —
E sterase  a lpha + + — +

b e ta + + — +
Phosphatase + — + —
Am idases — 3(5, 6 , 9) 3, 5 5, 6

A rylsulphatase + ± ± +
Virulence m ouse + + + +

guinea pig ± ± ±

Sensitin* + +
A gglutination* * + +
R esistance cycloserine 20 /tg ml S s S s/r

e th ioninam ide 2 0  ^g /m l S s s r

* C utaneous re ac tio n  in  gu in ea  pigs in fec ted  w ith  hom ologous cu ltu re  to  species- 
specific  sensitin

** P rof. G. M e i s s n e r ’s  resu lts  
. =  n o t  te s ted  
s =  sensitive , r  =  re s is ta n t

Table I I

N um ber o f  precip ita tion  lines in  homologous and heterologous im m unod iffu sion  system s

A ntig en

im m une serum M .
asiaticum

6 i

M . sim iae

29
M . av ium

M .
k a n sa sii

M .
m arinum

M .
tuberculosis

H37Rv

6 i 15 7 4 7 4 3

61 absorbed by к - f  s 6 — — — — —

29 7 16 8 4 4 5

29 absorbed by  a  -|- к  +  s — 6 — — — —

avium 4 8 1 1 5 5 5

kansasii 7 4 5 1 2 6 6

m arinum 4 4 5 6 1 2 5

H 37R v 4 5 5 6 5 1 2

A b b rev ia tio n s: a =  a \ iu m , к  = kansasii, s =  sine g m atis.
The d ifference in  th e  n u m b e r o f p re c ip ita tio n  lines show n in  T ab le  I I  and  in th e  F ig u res 

is due to  th e  fa c t  th a t  in  T ab le  I I  th e  m ax im u m  n u m b er o f lines is show n.
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tio n sh ip  betw een  th e  o rgan ism s te s te d . C om m on antigens can  be  id en tified  
a f te r  ab so rp tio n  of th e  ty p e  sera w ith  he tero logous an tigens. I n  ex p erim en ts  
sh o w n  in  T ab le  I I  an tig en s kansasii (k), sm egm atis (s) an d  av iu m  (a) w ere 
u sed  fo r abso rp tion .

A n tise ru m  M . asia ticum  gives 15 lines w ith  th e  hom ologous, b u t  on ly  
3 —7 lines w ith  th e  hetero logous an tigens. T h is find ing  in d ica tes  t h a t  M . a sia ti
cum  d iffers considerab ly  from  o th e r m y co b ac te ria  in  an tigen ic  s tru c tu re . T he

Fig. 1. Gel d iffusion  te s t  w ith  M . 
asiaticum  (M 61) im m une serum  
(cen tra l well) a n d  reference a n ti
gens kansasii (k), m arin u m  (m ar), 
av ium  (a), tu b ercu lo s is  (h37), si- 

m iae (29) an d  asia ticu m  (61)

F ig . 2. Gel diffusion te s t  w ith  M . 
asia ticum  (61) im m u n e  serum  
(c en tra l well) and  M . asiaticum  

an tig en s 27, 52, 61, 32 an d  64

F ig . 3. Gel d iffusion te s t  w ith  M . sim iae  (29) im m une serum  (c en tra l w ell) and  an tig en s M . 
sim ia e  (29), tu b ercu losis (h37), kansasii (k), a v iu m  (a), m arinum  (ba l) a n d  M . asia ticum  (61)
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fa c t th a t  an tise ru m  M . asia ticum  61 fails to  react w ith  an tig en s  p rep ared  from  
o th e r  slow ly grow ing species a f te r  absorp tion  w ith  k an sas ii -)- sm egm atis 
a n tig en , ind ica tes th a t  com m on m y co b ac te ria l an tigens a re  p re sen t in  M . k a n 
sa s ii an d  in  M . sm egm atis. T he an tig en ic  s tru c tu re  of M . sim iae  29 differs de
f in ite ly  from  th a t  of o th e r  m y co b ac te ria , b u t it shares a g re a te r  n u m b er of 
com m on an tigen ic  co m p o n en ts  w ith  M . avium  th a n  w ith  o th e r  m y co b ac te ria . 
In  enzym e reactions, M . asia ticum  s tra in s  behaved s im ila rly  to  M . avium  and , 
accord ing ly , a lim ited  degree of re la tio n sh ip  m ay exist b e tw een  th e  tw o species. 
Gel p re c ip ita tio n  reac tio n s of th e  m y co b ac te ria  te s ted  are  show n in Figs 1 3.

D iscussion

In  view  of th e  h e te ro g en e ity  o f cu ltu res nam ed  M . sim iae , we d iv ided  
th e  species in to  subgroups [17]. T h e  p resen t experim en ts h av e  show n th a t  4 
cu ltu re s  d iffered  in b asic  p ro p ertie s  from  M . sim iae ty p e  s tra in  and  i t  seem ed 
ju s tif ie d  to  classify th e m  in to  a new  species, M . asiaticum .

M . sim iae  an d  M . asia ticum  deserve special in te re s t  as fa cu lta tiv e ly  
p a th o g en ic  b ac te ria  h ig h ly  a d a p te d  to  m u ltip lica tion  in  th e  b o d y . T heir occu r
rence in  n a tu re  an d  th e ir  p o te n tia l p a ras itism  in h igher an im als  is analogous 
to  th e  ab ility  of a ty p ica l m y co b ac te ria  to  invade m an u n d e r  su itab le  conditions. 
I t  is especially  in te re s tin g  th a t  acco rd ing  to  M a g n u s s o n  [ 6 ] ,  th e  sensitin  of 
a ty p ica l m y co b ac te ria l s tra in  127 iso la te d  from  a p a t ie n t  in  New G uinea is 
id en tica l w ith  th e  sen sitin  of M . asia ticum , w hich m ay  m ean  th a t  th e  fo rm er 
belongs to  th e  species M . asia ticum . O ur exam inations h a v e  confirm ed th is  
fin d in g  [16]. T he sensitin s of M . sim iae  and  M . asia ticum  are  h igh ly  specific 
su b stan ces, th e y  give an  in ten siv e  reac tio n  only in an im als  in fec ted  w ith  th e  
co rrespond ing  species. T h u s i t  m ay  be  assum ed th a t  m y co b ac te ria  occurring  
in m onkeys are  capab le  of m u ltip ly in g  and  causing p a th o lo g ica l lesions in 
m an . F ro m  our stud ies som e conclusions can be d raw n as to  th e  evo lu tion  of 
p a th o g en ic  m y co b ac te ria  from  sap ro p h y te s : slowly g row ing  facu lta tiv e ly  
p a th o g en ic  m y co b ac te ria  m ay  re p re se n t an in te rm ed ia ry  s te p  in  evo lu tion , as 
co n d itio n s fo r th e ir  su rv iv a l are m ore  favourable  w ith in  th e  body  th a n  in 
n a tu re .
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USE OF MUTATIONS IN MARKING INDUSTRIAL 
YEAST STRAINS
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Sum m ary. Tw o y e as t stra in s , a C andida tropicalis able to  grow  on h y d ro carb o n s an d  
Saccharomyces cerevisiae cu ltiv a ted  on g lucose, w ere te s te d  fo r th e ir  resistance  to  som e a n ti 
b io tics an d  ions re p u te d  to  be to x ic  for y e as t. A ctid ione an d  can av an in e  were te n ta tiv e ly  
checked  b u t  th e  b e s t re su lts  were o b ta in ed  w ith  cadm ium , c o b a lt, co p p er and  arsen a te . I t  was 
possible to  iso late  io n -re s is ta n t m u ta n ts  w hich  could  be used  as m ark ed  stra in s  to  follow  th e  
b eh av io u r o f a given o rgan ism  w ith in  th e  re la tiv e ly  m ixed p o p u la tio n  of an in d u stria l cu ltu re . 
P re lim in ary  re su lts  show ed th a t  th is m u ta tio n  d id  n o t genera lly  im p a ir  th e  v iab ility  o f th e  
o rgan ism s u n d e r in v estig a tio n .

Y east p o p u la tio n s  involved  in  in d u s tr ia l b ro th  a re  ra re ly  hom ogeneous. 
V ery  o ften , one species is d o m in an t, th e n  in  m ost cases taxo n o m ic  te s ts  m ake 
i t  easy  to  d e tec t th e  co n tam in an t species. O n th e  o th e r  h a n d  i t  is u su a lly  d iffi
cu lt to  recognize s tra in s  belonging to  th e  sam e species an d  differing  on ly  in  
physiological or techno log ical c rite ria . In  th e  sam e w ay , w hen  one p a r tic u la r  
s tra in  has been s tu d ied  and  used for in o cu la tin g  th e  cu ltu re , i t  is d ifficu lt to  
follow its  b eh av io u r w ith in  an in d u s tr ia l b ro th .

V arious a u th o rs  have  tr ie d  to  u tilize  m u ta tio n s  in  m ark in g  s tra in s  b u t  
th e y  h av e  ra re ly  succeeded. F o r exam ple , c a n a v a n in e -re s is ta n t m u ta n t  s tra in s  
req u ire  w ell-defined  physio logical co n d itions to  grow w ith  a good y ield  in  th e  
presence of th is  a n tib io tic  [1, 2]. W e h av e  a tte m p te d  to  perform  a s tu d y  w ith  
th e  aim  of m ark in g  in d u str ia l s tra in s  b y  th e  resistance  to  som e tox ic  chem icals 
an d  th e  resu lts  o b ta in e d  are given in th is  p ap er. I t  ap p ears  th a t  m u ta n ts  can 
be iso la ted  p ro v id ed  a su itab le  m ark e r is found  fo r ev e ry  p a r tic u la r  case. T he 
m ark ed  s tra in s  so selected  could be u sed  fo r th e  above in d u s tr ia l purpose.

M aterials an d  m ethods

Stra ins. A s tra in  o f  Candida tropicalis (CAST) B e rk h o u t, iso la ted  and  p u rified  b y  th e  
S F P  B P  lab o ra to ry , w as used . T his s tra in  is ab le  to  grow a t  a good ra te  using  glucose or gas 
oil as a ca rb o n  source. W e also used a h ap lo id  s tra in  o f Saccharomyces cerevisiae H an sen  No. 
6153 C9 P j, a  sign, m ark e d  th ro u g h  th e  adjj*_3, a d ti an d  u rp  genes.

Culture media. Tw o liq u id  cu ltu re  m ed ia  w ere used . Gas oil m ed ium : y e as t e x tra c t ,  
2 g; p ep to n e , 5 g; gas oil (em ulsified  in w a ter), 10 g; d istilled  w a te r , 1000 m l. Glucose m edium : 
y e a s t n itro g e n  base , 6.7 g; glucose, 5 g; d is tilled  w a te r , 1000 m l. A so lu tio n  co n ta in ing  ad en in e, 
h istid ine  an d  u rac il w as ad d ed  to  these  m ed ia  w hen  th e y  w ere u sed  fo r th e  above s tra in  o f 
S . cerevisiae. B o th  m ed ia  w ere sterilized  fo r 40 m in u te s  a t  110 °C. T he solid m edia  were p re 
p a red  b y  th e  a d d itio n  of 30 g /litre  of ag ar; th e ir  gas oil c o n te n t w as a d ju s te d  to  50 g /litre .

T he in h ib ito rs  u sed  w ere e ith e r a n tib io tic s  (actid ione , c an av an in e ) or ions re p u te d  to  
be to x ic  fo r y eas t (cad m iu m , cobalt, copper, a rsen a te )  [3]. T h ey  w ere in co rp o ra ted  in to  th e
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m ed ia  a t  various co n cen tra tio n s  as in d ica ted  la te r ;  a  sterile  c o n cen tra ted  so lu tio n  o f a g iven 
in h ib i to r  w as added  as th e  P e tr i  dishes w ere p rep ared .

(a ) T he liquid  m ed ia  w ith  glucose w ere used  in  shake-flasks filled  to  one te n th  o f th e ir  
v o lu m e (80 oscillations p e r m in u te , w ith  a 7.5 cm  am p litu d e , w orking a t  22 °C).

(b ) T he liqu id  m ed ia  co n ta in in g  gas oil w ere shaken  u n d e r th e  sam e co nd itions ex cep t 
t h a t  sp ec ia l vessels offering  a  large  c o n ta c t a rea  w ith  a ir  w ere used . G ro w th  w as ev a lu a te d  b y  
d irec t m icroscopic coun ts .

(c) R esistance  to  in h ib ito rs  o f th e  tw o  y e a s t species w as te s te d  on solid  m edia  according 
to  tw o  tech n iq u es. In  th e  f i r s t  case, tw o a liq u o t q u a n titie s  o f  a liq u id  cu ltu re  w ere sp read  in 
p a ra lle l  o n to  a base m ed iu m  an d  on th e  sam e m ed iu m  co n ta in in g  th e  in h ib ito r  to  be exam ined . 
I n  th e  second  case, in o cu la tio n  was pe rfo rm ed  b y  sp read in g  on to  th e  base  m ed ium , and  a f te r  
g ro w th , th e  colonies w ere tran s fe rre d  th ro u g h  rep lica  p la tin g  on to  th e  m ed iu m  co n ta in in g  th e  
in h ib ito rs . A fter in o cu la tio n , th e  solid m ed ia  w ere in cu b a ted  a t  27 °C an d  th e  dev elo p m en t o f 
colonies w as checked reg u la rly .

(d ) In  th e  case o f tw o  m edia  used in  p a ra lle l, a selective co n ce n tra tio n  m u st he fou n d , 
a llow ing  th e  e lim ination  of th e  wild ty p e  s tra in  an d  a q u a n tita tiv e  g ro w th  of th e  m u ta n t . 
T h is  m ea n s  th a t  less th a n  1%  of th e  wild cells sh o u ld  give a colony, w hereas th e  cells o f m u ta n ts  
m u s t fo rm  colonies in  100%  of th e  cases. N ev erth e less , i t  h appens t h a t  fo r in te rm ed ia ry  con
c e n tra tio n s , th e  p e rcen tag e  of colonies g iven  b y  th e  m u ta n t  v a ries fro m  one ex p erim en t to  
a n o th e r , according to  th e  physio log ical s ta te  o f  th e  cells.

(e) I f  rep lica  p la tin g  is used , th e  w ild s tra in  m u st n o t have  a re s id u a l g row th . T he resis
t a n t  m u ta n t  stra in s  a lw ays give 1 0 0 %  g ro w th  as several cells are invo lved  d u rin g  th e  tran s fe r  
o f  e ac h  colony.

Results

A. S tu d y  o f  Candida tropicalis (C A S T )  Berkhout

1. Isolation o f  m utants. T ab le  I  gives th e  resu lts  o b ta in ed  w ith  various
ions a n d  an tib io tics ex p ec ted  to  be to x ic  for y eas t. In  each case, th re e  concen
tr a t io n s  of th e  p ro d u c ts  w ere u sed  an d  th e  te s ts  w ere ca rried  o u t on heav ily  
in o c u la te d  P e tr i d ishes (10° 107 cells p e r te s t) . T he ap p earan ce  of a few colo
n ies corresponded  to  th e  g row th  of m u ta n ts  w hich w ere iso la ted  an d  s tu d ied  
to  ch eck  th e ir  res is tan ce .

T h e  s tra in  o f C. tropicalis read ily  resists re la tiv e ly  h igh  am o u n ts  of 
a c tid io n e  and  can av an in e , an tib io tic s  show n to  be effic ien t on S. cerevisiae. 
T h ese  com pounds are  n o t su itab le  fo r m eeting  th e  proposed  aim . On th e  o th e r 
h a n d , m u ta n ts  re s is ta n t to  cadm ium , co b a lt, copper an d  a rsen a te  have been 
fo u n d .

2. S tudy o f  the behaviour o f  the m utants during vegetative m ultip lication . 
O ne clone was p icked  u p  am ong th e  few colonies w hich developed  on a P e tr i 
d ish  con ta in ing  th e  in h ib ito r  and  w as s to red  on a m edium  free o f to x ic  m ateria l. 
A la rg e  num ber o f su b cu ltu res  sp read  a t  reg u la r in te rv a ls  allow ed to  check 
w h e th e r  th e  re sis tan ce  c h a ra c te r  w as s tab le  d u rin g  v eg e ta tiv e  m u ltip lica tio n .

3. S tudy o f  the resistance thresholds. T he b eh av io u r of th e  w ild and  m u ta n t  
s t r a in  cu ltiv a ted  in  th e  presence o f each  in h ib ito r  a t  d iffe ren t co n cen tra tio n s 
w as s tu d ied . T his w as done b y  sp read in g  a given n u m b er of cells in  para lle l on 
P e t r i  dishes w ith  an d  w ith o u t th e  in h ib ito r , an d  b y  th e  d e te rm in a tio n  of th e  
“ su rv iv a l p e rcen tag e” , w hich is th e  p ercen tag e  of cells m ak in g  up  a colony. 
A c tu a lly , only one m u ta n t  was s tu d ied  for each tox ic  su b stan ce  excep t coba lt. 
.R e su lts  are g iven in  T ab le  I I .
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Table I

Search fo r  m utants o f  C. tropicalis and S . cerevisiae 
resistant to various inhibitors

Chemicals used Concentrations
Culture of C. tropicalis  on Culture of

gas oil glucose
S . cerevisiae 
on glucose

A ntib io tics (ppm ):

l + + —

Actidione 1 0 + + —
1 0 0 + + —

1 0 0 + *

C anavanine 1  0 0 0 + + —

1 0  0 0 0 + + —

Inh ib ito rs ( x l O - 3  g ions/litre):

0.64 — + *

Cadm ium 2.47 — * *

3.2 — — *

0.41 + + +
Cobalt 2 . 1 — * *

4.2 — — —

0.5 + * +
Copper 2.5

5.1

*
—

*

3.2 + + +
A rsenate 32 * ♦ *

64 — — —

+  a b u n d a n t grow th  
* lig h t g ro w th  (a few  colonies) 

— no g row th

(a) T he g row th  o f b o th  w ild  a n d  m u ta n t s tra in s  is com plete ly  in h ib ited  
b y  cadm ium  w hen gas oil is u sed  as a carbon  source. O n glucose, a selective 
co n cen tra tio n  of 2.5 X lO -3 g io n s /litre  can  stop th e  g ro w th  of th e  w ild s tra in  
w hereas th is a m o u n t has p ra c tic a lly  no  effect on th e  m u ta n t .

(b) In  th e  presence  of co b a lt, tw o  ty p es of m u ta n ts  w ere o b ta in ed , th e  
colonies being w h ite  an d  b row n , re spec tive ly . In  th e  absence of coba lt, th e  
colonies were alw ays w h ite . On glucose, th e  selective co n cen tra tio n s  fo r these  
m u ta n ts  w ere in  th e  range  of 2.1 to  4.2 X 10~3 g io n s/litre , th e  w ild s tra in  was 
no  longer able to  grow  w hile th e  su rv iv a l percen tag e  reach ed  90%  fo r th e  
m u ta n ts . W ith  gas oil, th e  w ild an d  m u ta n t  organism s w ere sensitive  to  low er 
co n cen tra tio n s.
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Table II

S u rv iv a l percentage o f C. trop ica lis  and S. cerevisiae in  the presence o f  various inhibitors

C. tropicalis S. cerevisiae

In h ib i to r s  o r an tib io tic
C o n c e n tra tio n s  
X 10“ 3 g  ions/1

c u ltu re  o n  gas oil cu ltu re  o n  glucose cu ltu re  o n  glucose

wild m u ta n t wild m u ta n t w ild m u ta n t

N il 100 100 100 100 100 100

0.7 0 3 70 90 0 100
1.75 0 0 65 90 0 90

C adm ium 2.5 0 0 2 50 0 80

3.25 0 0 0 50 0 50

6.5 0 0 0 10 0 10

1.05 0 70 70 100 100 100
2.1 0 70 0 90 2 70

C o b a lt 3.15 0 0 0 90 0 0
4.2 0 0 0 90 0 0
8.4 0 0 0 40 0 0

0.25 80 90 40 100 100 100
0.5 60 90 25 100 80 90

C opper 1.25 — — — — 0 80

2.5 1 90 0 0 0 20
5.1 0 1 0 0 0 0

16 3 100 10 100 — —

A rsen a te 24 2 90 2 100 — -

32 2 75 1 90 — —

64 0 75 0 80 — —

168 0 2 0 1 — —

A ctid ione 0.5 — — — — 2 100
(ppm )

1
— — — 0 95

(c) W ith  co p p er as in h ib ito r , th e  opposite  b e h av io u r w as observed: 
b o th  w ild  and m u ta n t  s tra in s  w ere m ore sensitive  in  th e  p resence  of glucose 
th a n  w ith  gas oil as c a rb o n  source. In  th e  la t te r  case, th e  se lec tive  co n cen tra 
tio n  w as 2 . 5 x l 0 -3 g io n s /litre .

(d) The m u ta n t  re s is ta n t  to  sodium  a rsen a te  grow s fa ir ly  well in  th e  
p re sen ce  of 3 2 х Ю ~ 3 g io n s /litre  (su rv ival pe rcen tag e , 80% ) w hereas only 1%  
o f th e  wild s tra in  can  grow  u n d e r such circum stances. M edia m ade up  w ith  
g lucose  or gas oil can  b e  used .

4. Characteristics o f  the m utants. T he ac tio n  of a c o n c e n tra tio n  considered 
se lec tiv e  has been s tu d ie d  fo r each m u ta n t. T he te s ts  w ere ca rried  o u t on glucose 
m e d ia  except for co p p er. A ctu a lly , th e re  w as a g rea te r d ifference in  th e  resis-
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ta n c e  to  copper be tw een  th e  w ild a n d  m u ta n t  s tra in s  w hen gas oil w as used  
(T able I I ) .

(a) M u ta n t re s is ta n t to  cadm ium
(i) On glucose, w hen sp read  in  th e  p resence o f 2.5 X l O -3 g io n s/litre  of 

cadm ium  (as n itra te ) , th e  w ild s tra in  gave rise to  a few (2% ) colonies on ly  a fte r  
a 5 -day  in c u b a tio n  in stead  of 50%  in  th e  case of th e  m u ta n t. T he re su lts  w ere 
ra th e r  v a riab le  fo r th e  su rv ival p e rcen tag e  of th e  m u ta n t  stra in .

(ii) On th e  co n tra ry , th is  su rv iv a l p e rcen tag e  w as rep roduc ib le  in th e  
case of rep lica  p la tin g ; th e  resu lts  av a ilab le  a fte r  2 days of in cu b a tio n  gave 
0 an d  100%  fo r th e  w ild and  th e  m u ta n t  s tra in s , respective ly .

(b) M u ta n t re s is ta n t to  cobalt (w h ite  colonies)
(i) O n glucose, w hen sp read  in  th e  presence of 2.1 X 1 0 -3 g io n s/litre  of 

cobalt (as ch loride), th e  wild s tra in  d id  n o t grow  a f te r  4 days of in c u b a tio n  
while th e  m u ta n t  h a d  a su rv ival p e rcen tag e  of 100% .

(ii) W ith  rep lica  p la ting  and  a h ig h e r  c o n cen tra tio n  of in h ib ito r (4.2 X 1 0 ~ 3 
g ions/litre), th e  m u ta n t  reached  a su rv iv a l p e rcen tag e  of 100%  a fte r  2 days, 
w hereas th e  w ild  s tra in  gave 0% .

(c) M u ta n t re s is ta n t to  cobalt (b row n colonies)
O n glucose, in  th e  presence of 4.2 X 10~3 g io n s/litre  of cobalt (as ch lo ride), 

th is  m u ta n t  h ad  a su rv ival p e rcen tag e  of 100%  w ith in  4 days a fte r  sp read in g  
and  on ly  2 days w ith  replica p la tin g .

(d) M u ta n t re s is ta n t to  copper
(i) O n gas oil, w hen sp read  in  th e  p resence of 2.5 X l 0 ~ 3 g io n s /litre  of 

copper (as su lp h a te ) , th e  wild s tra in  gave rise to  a few (2% ) colonies a fte r  
3 days o f in c u b a tio n  w hereas 90%  o f th e  m u ta n t  cells w ere able to  grow.

(ii) W ith  rep lica  p la ting , w ith  th e  sam e c o n cen tra tio n  of copper su lp h a te , 
b o th  w ild an d  m u ta n t  stra in s grew a b u n d a n tly . T h u s, th is  tech n iq u e  is n o t 
su itab le  fo r d iffe ren tia tin g  wild cells from  m u ta n t  cells re s is tan t to  copper.

(e) M u ta n t re s is ta n t to  a rsen a te
(i) On glucose, w hen sp read  in  th e  p resence of 3 2 х Ю _3 g io n s/litre  of 

a rsen a te  (as sod ium  sa lt), th e  cells o f th e  w ild s tra in  show ed poor su rv iv a l 
(1% ) in s tead  of 50 %  for th e  m u ta n t  cells, b u t  u n fo rtu n a te ly  th is  v a lu e  is 
ra th e r  v a riab le  from  one te s t to  a n o th e r  (read ings a fte r  6 -day  in cu b a tio n ).

(ii) B e tte r  re su lts  were o b ta in ed  a fte r  2 day s using  replica p la tin g , i.e. 
0%  for th e  w ild s tra in  and  100%  fo r th e  m u ta n t.

B . S tudy o f  Saccharomyces cerevisiae

1. Isola tion  o f  m utants. A sim ilar s tu d y  was ca rried  o u t w ith  S. cerevisiae 
H ansen  6153 C9P t . R esu lts  are given in  T ab ic  I. O n ly  glucose m edia cou ld  be 
used in th is  case.

M u tan ts  w hich  w ere stab le  d u rin g  v e g e ta tiv e  m u ltip lica tio n  h av e  been  
o b ta ined . T h ey  a re  re s is ta n t to  can av an in e , ac tid io n e , cadm ium , co b a lt an d
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co p p er. I n  th e  presence o f a rsen a te  (32 X 1 0 “ 3 g ions/litre), th e  s tra in  6153 C9P X 
gave m a n y  very  sm all colonies. T here  w as no  d ifference in  b e h a v io u r w ith  
re sp e c t to  a rsen a te  b e tw een  th e  clones w h ich  w ere p icked  u p , an d  th e  w ild 
s tra in . I n  fac t, th e  m u ta n ts  re s is ta n t to  can av an in e  w ere ig n o red  in  th is  
w o rk  because  p rev ious s tu d ie s  have  d ea lt w ith  th is  phenom enon  [1, 2].

2. Characteristics o f  the m utants
(a) M u tan t r e s is ta n t to  cadm ium  [4]
(i) On sp read  p la te s , th e  w ild s tra in  w as u n ab le  to  grow in th e  presence 

o f 0.7 X 1 0 “ 3 g ion s/litre  o f cadm ium  w hereas th e  m u ta n t  s tra in  h a d  a su rv iv a l 
p e rc e n ta g e  of 90%  a t  co n cen tra tio n s  h ig h er th a n  1.75 х Ю -3 g io n s/litre .

(ii) R eplica p la tin g  cou ld  be app lied  a t  th is  la s t co n cen tra tio n ; th e  m u ta n t  
cells gave  100%  of th e  ex p ec ted  colonies w hile  th e  w ild s tra in  d id  n o t grow.

(b) M u tan t r e s is ta n t to  cobalt
(i) On sp read  p la te s , th e  w ild s tra in  re s is ted  to  0.41 X l 0 -3 g ion s/litre  

o f c o b a lt b u t  its  su rv iv a l p ercen tag e  was low  (2% ) in  th e  presence of 1.05 X 1 0 -3 
g io n s /litre . On th e  c o n tra ry , th e  m u ta n t s tra in  gave a good g ro w th  a t  th e  sam e 
co n c e n tra tio n .

(ii) R eplica p la tin g  w as perfo rm ed  w ith  th e  sam e a m o u n t of co b a lt; 
100%  o f th e  expec ted  colonies of th e  m u ta n t  s tra in  ap p eared  w hereas a w eak 
re s id u a l g row th  of d o u b tfu l significance w as observed  w ith  th e  w ild  s tra in .

(c) M u tan t r e s is ta n t  to  copper [5]
(i) W hen sp read , th e  w ild s tra in  grew  w ell in  th e  presence of 0.5 X l 0 " 3 g 

io n s /litre  of copper b u t  w as no longer ab le to  grow  u n d e r th e  effect o f 1.25 X 1 0 ~ 3 
g io n s /litre  (no colony). A t th is  c o n cen tra tio n , ab o u t 80%  of th e  sp read  m u ta n t  
cells fo rm ed  a colony.

(ii) These re su lts  w ere  confirm ed b y  rep lica  p la tin g  a t  th e  above concen
tra t io n s ;  a su rv iv a l p e rcen tag e  of 0 a n d  100%  w as o b ta in ed  w ith  th e  w ild 
a n d  m u ta n t  s tra in s , resp ec tiv e ly .

(d) M u tan t re s is ta n t  to  actid ione [6]
(i) W hen sp read , th e  w ild s tra in  w as sensitive  to  0.5 p p m  of ac tid io n e ; 

108 cells in o cu la ted  g av e  only a few colonies. One of th em  p ick ed  u p  w as 
ch eck ed  as a m u ta n t;  its  su rv iv a l p e rcen tag e  w as 95%  in th e  p resence  of 1 ppm  
o f in h ib ito r .

(ii) B y rep lica  p la tin g  and  w ith  th e  la t te r  co n cen tra tio n  th e  w ild s tra in  
g av e  no  colonies (0 % ) w hereas all th e  m u ta n t  s tra in s  did (100% ).

D iscussion

T h e  m eth o d  describ ed  above allow s th e  m ark ing  of a s tra in  of y e a s t an d  
m ak es  i t  possible to  recognize i t  w ith in  a m ixed  p o p u la tio n  inc lu d in g  th e  
m u ta n t  an d  th e  w ild  ty p e . T hereby , i t  shou ld  be possible to  follow  th e  b eh av io u r 
o f  a p a r tic u la r  s tra in  u sed  for in o cu la ting  in d u s tr ia l system .
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The tw o s tra in s  s tu d ied  in  th is  w ork  beh av e  d iffe ren tly  vis à v is  th e  
in h ib ito rs . T h is m ean s th a t  a p a r tic u la r  in v es tig a tio n  h as  to  be perfo rm ed  in 
ev e ry  case. H ow ever, we w ere ab le to  m a rk  th e  s tra in s  te s te d .

Two tech n iq u es  w ere used  co m p ara tiv e ly  an d  w ith  each  in h ib ito r  s tu d ied  
th e  best resu lts  w ere o b ta in ed  w itli one or th e  o th e r. S p read ing  in  p ara lle l 
o n to  a basa l m ed iu m  an d  on th e  sam e m edium  c o n ta in in g  th e  in h ib ito r  allow ed 
th e  te s ted  s tra in  to  be  co u n ted  w ith in  a m ix tu re  co n ta in in g  th e  w ild s tra in  in  
th e  following cases:

C. tropicalis: m u ta n ts  re s is ta n t to  cobalt, co p p er an d  a rsen a te ; S. cere- 
visiae  : m u ta n ts  r e s is ta n t to  cadm ium , copper an d  ac tid io n e .

On th e  o th e r  h a n d , rep lica  p la tin g  w as sa tis fa c to ry  in  th e  follow ing cases:
C. tropicalis: m u ta n ts  re s is ta n t to  cadm ium , co b a lt an d  a rsen a te ;

S . cerevisiae : m u ta n ts  re s is ta n t to  cadm ium , copper a n d  actid ione .
I t  is obvious t h a t  th is  k in d  of m ark in g  can  on ly  be app lied  to  in d u s tr ia l 

s tra in s  p rov ided  th e ir  v i ta li ty  is n o t im p a ired  b y  th e  m u ta tio n . T he g row th  
ra te s  have been  e v a lu a te d  in  liq u id  m ed ia  con ta in in g  gas oil for C. tropicalis, 
a n d  glucose fo r S . cerevisiae.

A lthough i t  w as n o t possible to  check co m p ara tiv e ly  th e  various m u ta n ts  
in  lab o ra to ry  c o n tin u o u s  fe rm en te rs , i t  appears from  p re lim in ary  resu lts  
o b ta in e d  on b a tc h  cu ltu res  th a t  th e  g row th  ra te s  o f th e  m u ta n ts  rem ain  
com parab le  to  th o se  of th e  w ild s tra in s , excep t fo r th e  copper an d  cobalt 
re s is ta n t m u ta n ts  o f C. tropicalis (b row n colonies) w h ere  som e decrease was 
observed .

In  conclusion, a genetic  m ark in g  o f th e  tw o y e a s ts  te s te d  has been 
possib le. S everal m a rk e rs  allow th e  recogn ition  of th e  s tra in  s tu d ied  w ith in  
a m ixed  p o p u la tio n  o f severa l s tra in s  of C. tropicalis. T hese  m u ta tio n s  do n o t 
a l te r  th e  v ita li ty  of th e  io n -re s is tan t s tra in .

Acknowledgement. T he a u th o rs  w ish to  th a n k  th e  B ritish  P e tro le u m  C om pany L im ited  
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PSEUDOMONAS AERUGINOSA INFECTIONS 
IN AN ARTIFICIAL RESPIRATORY WARD

ВУ
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In fec tious D iseases H ospita l  44László”  (D irector: A. K á t a y ) and
N ationa l In s titu te  o f  Public H ealth  (D irector: T . B a k á c s ) , Budapest

(R eceived D ecem ber 23, 1971)

Sum m ary. S tu d ies  on  156 p a tie n ts  over a tw o -y ear p eriod  show ed th a t  single a n d  m u l
tip le  ia trogen ic  in fec tio n s w ere com m on in a rtific ia lly  re sp ira ted  (255 in  101) and less f re q u e n t 
am ong n o n -resp ira ted  (26 in  55) p a tie n ts . F a ta l  cases occurred  am o n g  re sp ira ted  p a tie n ts  (37 
died  of th e  o rig inal d isease, 18 of iatrogen ic  in fections). P a t ie n ts  w ith  te ta n u s  were e sp ecia lly  
affected .

F rom  th e  m a jo r i ty  o f th e  infections in  p a tie n ts  su b je c ted  to  a rtific ia l v e n tila tio n  
Pseudomonas aeruginosa  w as iso la ted  (40 o u t o f 65 in fections w ith  one single organism  an d  fro m  
46 o u t o f 55 m ixed in fec tions). In  th e  re s t of th e  in fections K lebsiella , Escherichia coli, S ta p h ylo 
coccus aureus an d  Proteus  w ere involved. Serological ty p in g  o f Ps. aeruginosa  show ed th a t  
s tra in s  belonging to  th re e  d iffe ren t serogroups (0 4 a , 4d, 0 7 a , 7b a n d  0 3 a , 3d) were responsib le  
for th e  m ajo rity  o f th e  in fec tions. The sam e serogroups w ere iso la ted  from  th e  en v iro n m en t 
and  staff. The ro u te  o f th e  in fec tions and  p rev en tiv e  m easures h av e  been discussed.

A rtific ia l re sp ira tio n  w as in tro d u ced  in H u n g a ry  a b o u t tw e n ty  years  ago 
m ain ly  for th e  tr e a tm e n t  of poliom yelitis v ictim s. S ince th e  e rad ica tion  of th is  
disease th e  re sp ira to rs  h av e  successfully been used  in  o th e r  conditions such  as 
encephalitis , m en in g itis , p o ly rad icu litis , m y a s th e n ia  g rav is, toxicosis an d  
te ta n u s .

P a tie n ts  w hose lives are  saved  b y  artific ia l re sp ira tio n  are often p ro n e  
to  a serious h a z a rd  of b a c te r ia l in fection . Gotzmann  a n d  W h it b y  [1] show ed 
pa thogen ic  m icroo rgan ism s in  th e  tra c h e a  of 18 o u t o f 23 p a tie n ts  w ith in  3 
days a fte r tra c h e o s to m y ; P s. aeruginosa  w as p resen t in  5 p a tie n ts . P h ill ips  
and  S p e n c e r  [2] described  th a t  8 o u t of 13 such p a tie n ts  acqu ired  re sp ira to ry  
Ps. aeruginosa  in fec tio n . T u h e w a l l  [3] show ed th a t  S taph , aureus, co liform  
b a c te ria  and  P s. aeruginosa  colonized th e  re sp ira to ry  t r a c t  of re sp ira ted  polio  
p a tie n ts . A ccord ing  to  D u po n t  et al. [4] p a tie n ts  w ith  trach eo sto m y  h a r 
b o u red  P s . aeruginosa  in  80% . Cse r n o h o r s z k y  an d  Á d á m  [5, 6] d e m o n s tra te d  
th e  risk  of P s. aeruginosa  in fection  in  p a tie n ts  su b je c te d  to  in tra tra c h e a l 
an aesth esia .

T he m ost dan g ero u s com plications of artific ia l re sp ira tio n  are tra c h e itis , 
pneum on ia  an d  sep ticaem ia . A n u m b er of o th e r tr e a tm e n ts  (ca th e te riza tio n , 
infusion, tran sfu s io n , in jec tio n s, a rtific ia l n u tr itio n , d ra in ag e , etc. [7]) also 
invo lve an  am ple ch an ce  fo r h o sp ita l in fections.

T he pu rpose  of th e  p re sen t w ork w as to  s tu d y  th e  sp read  and  p rev en tio n  
of these  in fections.
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Materials and methods

P a tie n ts  a d m itted  to  th e  a rtif ic ia l re sp ira tio n  u n i t  fo r acu te  diseases h a v e  been  exam ined  
o ver a p e rio d  of 2  years. N asa l, th ro a t ,  tra c h e a l, u r in a ry  and  o th er specim ens w ere cu ltu red  
a n d  th e  iso la ted  b ac te ria  w ere id en tif ie d  as desc rib ed  in  th e  S ta n d ard  M eth o d s of H u n g a rian  
P u b lic  H e a lth  L ab o ra to ries [8 ]. I n  O ctober, N o v em b er an d  D ecem ber o f  th e  y ears  1964 and  
1965 sam p les were tak e n  a t  1 4 -day  in te rv a ls  f ro m  in s tru m e n ts  and e n v iro n m en t (en d o trach ea l 
tu b e  a n d  its  gauze p ad , in sp ira to ry  an d  e x p ira to ry  tu b in g , asp ira to rs , c a th e te rs , ste thoscopes, 
ta b le s , w ash in g  basins, ta p s , e tc .) . T he sw abs w ere in o cu la ted  in to  u su a l m ed ia  an d  in  a d d itio n  
in to  m e rth io la te  b ro th  designed  fo r th e  se lective  c u ltiv a tio n  of Ps. aeruginosa  [9]. A ir sam ples 
w ere ta k e n  b y  exposure o f b lo o d  agar p la te s  fo r  15 m in u tes . Ps. aeruginosa  iso la tes  w ere sero- 
ty p e d  as described  by  L á n y i [10].

Results

P atients. A to ta l  of 209 p a tie n ts  w ere a d m itte d , 53 of w hom  died  or were 
d isch a rg ed  w ith in  3 d ay s. T he rem a in in g  156 p a tien ts  w ere s tu d ie d  for th e  
occu rren ce  of h o sp ita l in fec tio n . O f th e se  p a tie n ts , 101 w ere su b je c te d  to  a r t i 
fic ia l resp ira tio n . T h e ir age d is tr ib u tio n  w as: in fan ts 15 .4% , ch ild ren  (under 
15) 2 6 .9 % , adu lts  57 .5% . F ifty -fiv e  o u t o f th e  156 p a tie n ts  d ied  (37 from  th e  
o rig inal disease, 18 from  ia tro g en ic  in fec tions). O f th e  reco v ered  p a tie n ts  67 
h a d  b een  in  serious co n d itio n . M o rta lity  w as th e  h ighest am ong p a tie n ts  above

T a b le  I

D istribu tion  o f  iatrogenic infections

O rig in a l disease
N o. 

o f  p a 
t ie n ts

A rtif ic ia l
resp ira tio n

N u m b e r o f  iatro g en ic  in fe c tio n s

iT hrom - 
T ra -  bo- 
cheal p h leb i

tis

U ri- i  Abs- 
n a ry  cess

Eye
infec
tio n

E n 
te r ic

in fec
tio n

D ecu 
b itu s O th e r T o ta l

T etan u s
41 31 yes 

1 0  no

29 29

4

18

3

7 5 2 6 2 98

7

P o ly rad icu litis
1 0 6  yes 

4 no

5 4

2

5 — 3 1 3 1 2 2

2

E n cep h alitis
26 2 0  yes 

6  no

17 7 6

2

5 6

1

2 3 2 48

3

M eningitis
2 1 17 yes 

4 no

14 8

2

7

1

2 4 2 3 2 42

3

M iscellaneous*
58 27 yes 

31 no

19 4

4

5

1

2

3

4

1

4

1

2 5

1

45

1 1

T o ta l
156 1 0 1  yes 

55 no

84 52

1 2

41

7

16

3

2 2

2

1 1

1

17 1 2 255

26

* Toxicosis, d ip h th e r ia , m u ltip le  sclerosis, degenerative  co n d itio n s o f th e  nervous 
a n d  locom oto r system , e tc .
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70 years  of age (7 ou t of 9). T he d is tr ib u tio n  of p a tie n ts  accord ing  to  orig inal 
d isease a n d  th e  incidence of ia tro g en ic  in fections are  show n in  T ab le  I.

Incidence o f  iatrogenic infections. As show n in  T ab le  I  m an y  o f th e  p a 
t ie n ts  w ere affected  a t  tw o or m ore s ite s  and  th u s  th e  to ta l  n u m b e r of h os
p ita l  in fec tions am o u n ted  to  281 (255 in 101 p a tien ts  w ith , a n d  26 in  55 p a tie n ts  
w ith o u t, a rtif ic ia l resp ira tio n ). T here  w as no im p o r ta n t associa tion  betw een  
th e  incidence  and  site  of h o sp ita l in fec tions and  th e  d iffe ren t ty p es  of orig inal 
diseases.

All severe and  le th a l in fections fell in to  the  group su b jec ted  to  artific ia l 
re sp ira tio n . P a tie n ts  of th e  n o n -re sp ira ted  group su ffered  u su a lly  from  in fec
tio n s  of sligh t or m edium  degree. A ccord ing  to  th e ir  course, th e  281 infections 
could  be classified as m ild , 120 (42 .7% ); m odera te ly  severe, 106 (37 .7% ); 
severe , 37 (13 .2% ); fa ta l, 18 (6 .4% ).

In  a d d itio n  to  th e  18 p a tie n ts  w ho died  of ia trogen ic  in fections, fu r th e r  
24 p a tie n ts  w ere lost in  w hom  h o sp ita l-acq u ired  in fec tion  m ay  h av e  m ore or 
less defin ite ly  c o n trib u ted  to  th e  fa ta l ou tcom e of th e  o rig inal cond ition . P a tie n ts  
w ith  te ta n u s  w ere th e  m o st fre q u e n tly  a ffec ted  b y  le th a l an d  severe in fections 
(20 severe an d  13 le th a l cases).

A m ong th e  o th e r p a tie n ts  su b jec ted  to  a rtific ia l re sp ira tio n  only  5 le th a l 
a n d  17 severe infections w ere recorded .

T he sev erity  of re sp ira to ry  in fections due to  a rtific ia l re sp ira tio n  was 
in d ic a te d  b y  th e  fa c t th a t  d e a th  w as due  to  trach ea l in fec tio n  in  15 o u t o f th e  
18 p a tie n ts  (in 11 ou t of th e  13 te ta n u s  cases). The cause o f d e a th  w as in  all 
p a t ie n ts  a sep ticaem ia developing  from  trach e itis , g en ito -u rin a ry  in fec tion , 
th ro m b o p h le b itis  and  o th e r in f la m m a to ry  com plications.

Causative agents. B ac te ria  iso la ted  from  various cond itions w ere reg a rd ed  
as ca u sa tiv e  agen ts only  w hen  th e y  w ere rep ea ted ly  show n in  p u re  c u ltu re  or 
in  la rge  n u m b ers  an d  w hen  th e y  d isap p eared  from  th e  s ite  of in fec tion  a fte r  
h ealing .

In  v iew  of these  re s tric tio n s  th e  re sp o nsib ility  of b a c te r ia  could  be  ascer
ta in e d  in  120 o u t of th e  255 infections affecting  re sp ira ted  p a tie n ts  an d  in  9 
o u t  o f th e  26 infections affecting  n o n -re sp ira ted  p a tien ts .

A m ong th e  re sp ira ted  p a tie n ts , in fections were ch a ra c te riz e d  b y  one 
sing le  cau sa tiv e  agen t in th e  follow ing d is tr ib u tio n : Ps. aeruginosa  40, E . coli 
8, Proteus 6, Staph, aureus 6, Klebsiella  5.

In  55 infections developing in  p a tie n ts  sub jec ted  to  a rtific ia l re sp ira tio n , 
tw o  or m ore  p a th o g en s w ere iso la ted  from  each  specim en. T he d is tr ib u tio n  of 
b a c te r ia  p re se n t in  such m ixed  in fections w as: Ps. aeruginosa  46, Klebsiella  41, 
E . coli 20, S taph , aureus 15, Proteus 11, n o t iden tified  organism  1. In  m ixed  
in fec tio n s, Ps. aeruginosa  w as p re sen t u su a lly  in  la rger n u m b ers  th a n  th e  
o th e r  organism (s) and  Ps. aeruginosa  could  be iso lated  from  th e  m a jo rity  of 
severe  and  le th a l infections.
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T a b le  I I

D istribu tion  o f  bacteria cultured

T o ta l 
N o. o f

T o ta l
N u m b e r

Specim ens
N o. o f  

po sitiv e
Ps. aeruginosa

specim ens specim ens
3ade 5ab 4ad

g E n d o trach ea l tube  an d  gauze pad n и l 2

1 R esp ira to rs and o th e r in stru m en ts 63 33 — l 4
о

F u rn itu re 67 35 — — 1

W T o ta l 141 79 l l 7

Nose 68 53 4 5 2

T h ro a t 67 41 3 1 1
xn
a E a r 2 2 — — —

■§ T rachea 57 39 3 2 12

^  Faeces 10 2 2 — —

T o ta l 204 137 12 8 15

Nose 36 26 — — —

T h ro a t 36 9 — — —

's  H ands 33 22 — — 2
4->

Dresses 37 21 — — —

T o ta l 142 78 — — 2

T o ta l No. 487 294 13 9 24

per cen t 100.0 60.4 3.4 2.4 6.3

No sign ifican t d ifference was show n in  th e  d is tr ib u tio n  of b ac te ria  as to  
th e  orig inal disease.

Source o f  the in fections. In  o rder to  in v es tig a te  th e  sp read  of th e  in fections, 
especially  tho se  caused  b y  Ps. aeruginosa , tw o su rveys, eacli lasting  for th re e  
m o n th s , w ere m ade. In  th ese  we included  in a d d itio n  to  th e  bacterio log ical 
e x am in a tio n  of p a tie n ts , s ta ff  an d  en v iro n m en t, th e  serological ty p in g  o f Ps. 
aeruginosa  s tra in s . D u rin g  th e  tw o 3 -m on th  periods a to ta l  o f 1046 specim ens 
w ere o b ta in ed . T he re su lts  are show n in  T ab les I I  an d  I I I .

In  com paring  th e  re su lts , a considerab le  difference can  be seen be tw een  
th e  tw o  periods as to  th e  presence of b a c te ria  in  fom ites as w ell as in th e  s ta ff. 
In  c o n tra s t, th e  n u m b e r  of positive cu ltu res from  p a tie n ts  rem ained  p rac tica lly  
a t  th e  sam e level.

A lte ra tio n s in  th e  species d is tr ib u tio n  of m icroorgan ism s were also n o tic e 
able. In  1965, th e  incidence of Staph, aureus in  th e  e n v iro n m en t and  p a tie n ts  
decreased  as co m p ared  to  1964. T here  w as also som e decrease in  th e  incidence  
of Str. pyogenes in  p a tie n ts . T he freq u en cy  of E . coli iso lations decreased
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in  October— December, 1964

o f  s t r a i n s

serogroups
S taph.
aureus

S tr.
pyogenes E . coli Proteus Klebsiella

7 ab o th er to ta l

—
2 5 4 — 2 l 3

2 9 16 13 — 17 l 8

— 2 3 9 — 1 1 l 2

2 13 24 26 — 30 3 13

2 14 27 38 l 4 — 6

2 17 24 17 6 5 — —

— — — 2 — 2 2 —

4 8

2

29

4

15 — 6 1 2

8 41 84 72 7 17 3 8

1 — 1 18 — 9 — 5

1 — 3 8 __

D

1 0 1 6

— 3 3 5 — l i — 6

2 3 7 32 — 35 1 2 0

1 2 57 115 130 7 82 7 41

3.1 14.9 30.1 34.0 1 . 8 21.5 1 . 8 1 0 . 8

m ark ed ly  in  th e  en v iro n m en t and  s ta ff. T he increase in  th e  incidence of Ps. 
aeruginosa  was ev id en t in  a lm ost all m a te ria ls .

T here  w as a considerab le  change in  th e  d is tr ib u tio n  of Ps. aeruginosa  
serogroups. In  1964, s tra in s  belonging  to  serogroups 4 a , 4 d  an d  7a, 7b w ere 
fre q u e n tly  iso la ted  from  p a tie n ts , s ta f f  a n d  en v iro n m en t (T able I I ) .

I n  th e  la s t th re e  m o n th s of 1965, s tra in s  3a, 3d ap p ea red  in  add itio n  
to  th e  above tw o fre q u e n tly  occu rring  serogroups. In  th is  period , 202 ou t 
o f 241 Ps. aeruginosa  iso la tes be longed  to  th e  th ree  nosocom ial serogroups 
(T able I I I ) .

D uring  th e  tw o 3 -m o n th  su rveys from  8 p a tien ts  n asa l, p h a ry n g ea l and  
tra c h e a l specim ens w ere ta k e n  a t d a ily  in te rv a ls . In  m o st o f th em  th e  f irs t 
bacterio log ical ex am in a tio n  carried  o u t a f te r  adm ission w as neg a tiv e  fo r Ps. 
aeruginosa. P ositive  find ings becam e fre q u e n t a fte r th e  th ird  or fo u rth  exam i
n a tio n  w hen th e  organism  w as u su a lly  p re se n t in  all th re e  k inds of specim en. 
In  one an d  th e  sam e p a tie n t  fre q u e n tly  tw o  d ifferent serogroups w ere encoun
te red  (4a, 4d  and  7a, 7b). O th e r p a tie n ts  ca rried  one single serogroup  th ro u g h o u t
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T ab ic  I I I

D istribution  o f  bacteria cultured

T o ta l  N o. 
o f  p o sitive

N u m b e r

Specim ens
T o ta l  N o. 

o f  specim ens
Ps. aeruginosa

specim ens
2 3acl 4ad

•Ha<v E ndo trachea l tu b e  a n d  gauze pad 5 4 — — —

£a R espirators and o th e r  in stru m en ts 77 15 — — 2
о

'>
F u rn itu re 29 3 — — 1

Ы T ota l 111 22 — — 3

Nose 128 97 5 14 16

T h ro at 122 71 7 15 12

T rachea 109 87 A 19 25
CO
C Sputum 1 1 — 1

‘■P
cd G astric lavage 7 5 — 1 —

Рч Faeces 27 16 — 1 4

U rine 13 11 — — 1

T otal 407 288 15 50 59

Nose 20 5 — — —

—
cd H ands 21 6 - — —

cn
T ota l 41 11 — — —

T o ta l No. 559 321 15 50 62

per cent 100.0 57.4 3.1 11.1 13.8

6 11 exam inations. O ne p a tie n t carried  only serogroup  4 a , 4d  th ro u g h o u t 11
sam plings; th en  th is  o rgan ism  d isap p eared  and  gave w ay  to  serogroup 7a, 7b 
w hich  grew a fte rw ard s  in  pu re  cu ltu re  th ro u g h o u t 7 su b seq u en t exam ina tions.

A to ta l of 28 a ir  sam ples failed  to  y ield  P s. aeruginosa. The average  
n u m b e r of colonies on  p la tes  exposed  fo r 15 m inu tes w as 50. Of b a c te ria  
associa ted  w ith  h o sp ita l  infections only  Staph, aureus w as cu ltu red  from  
tw o  p lates.

Discussion

The p resen t s tu d ie s  confirm ed d a ta  in  th e  l i te ra tu re  th a t  p a tien ts  w ith  
trach eo sto m y  an d  a rtif ic ia l re sp ira tio n  are especially  p rone  to  h o sp ita l-acqu ired  
in fections. In  o u r m a te r ia l  th e  overw helm ing  m a jo rity  of in fections occu rred  
in  these  p a tien ts . T h is  m ig h t have been  due to  th e  fa c t th a t  a rtific ia l re sp ira 
t io n  is applied u su a lly  in  severe cases w ho receive fo r long periods of tim e  a
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in  October—December, 1965

o f  s t r a i n s

serogroups
S taph . S tr.

E . coli Proteus Klebsiella
7ab other to tal

aureus pyogenes

2 _ 2 l _ — l

4 6 12
1

2

1 _
2
1

—

—

6 6 15 4 — 3 — l

38 5 78 45 l 7 4 8
13 — 47 28 8 14 3 7
24 7 78

1
3

24 — 15 — 5
1

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

82 17 223 100 9 43 13 26

2 1 3
5
2

1
1

— —

2 1 3 7 1 1 — —

90 24 241 111 10 47 13 27
20.1 5.4 53.5 24.7 ! 2.2 10.5 2.9 6.0

n u m b er of o th e r  k inds of m ed ical t re a tm e n t invo lv ing  th e  haza rd  of ia tro g en ic  
infection . O ur s tud ies show ed th a t  th e  incidence an d  severity  of ia tro g en ic  
infections are  genera lly  n o t assoc ia ted  w ith  th e  n a tu re  o f th e  original d isease 
b u t  are in flu en ced  b y  th e  in te n s ity  of m ed ica l t r e a tm e n t an d  especially b y  th e  
presence or absence of artific ia l resp ira tio n .

P a tie n ts  w ith  te ta n u s  suffered  d e fin ite ly  m ore severely  and  w ere m ore  
freq u en tly  su b je c t to  le th a l in fec tion  th a n  o th e r p a tie n ts .

T he cau sa tiv e  agen t en co u n te red  m o st f re q u e n tly  and  held responsib le  
for th e  m ost severe in fections w as Ps. aeruginosa. I n  th e  w ard , th ree  d iffe ren t 
Ps. aeruginosa  serogroups w ere p re d o m in a n t. As o th e r  serogroups w h ich  h ad  
freq u en tly  been  fo u n d  in  patho log ica l m a te ria ls  from  o th e r  hosp ita ls [10] w ere 
less freq u en tly  iso la ted  or were en tire ly  ab sen t, i t  w as concluded  th a t  P s. aeru
ginosa  serogroups 3a, 3d, 4a, 4 d  an d  7a, 7b c o n s titu te d  th e  cha rac teris tic  n o so 
com ial o rganism s of th e  u n it. These serogroups w ere freq u en tly  e n co u n te red  
n o t only in  p a tie n ts  b u t  also in  th e  s ta f f  an d  th e  en v iro n m en t.
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In  com paring  th e  tw o  ex am in a tio n  periods it  w as ev id en t t h a t  th e  
n u m b e r  of Staph, aureus, E . coli and  K lebsiella  isolations from  s ta f f  and  en v iro n 
m e n t decreased in  th e  second as co m p ared  to  th e  f irs t su rv ey . H ow ever, th e  
n u m b e r  of Ps. aeruginosa  p ositive  specim ens rem ained  p ra c tic a lly  a t  th e  sam e 
lev e l in  th e  e n v iro n m e n t an d  increased  in  p a tie n ts .

T he incidence of S taph , aureus, E . coli, Proteus and  K lebsiella  iso lations 
in  all o th e r  d e p a rtm e n ts  w as sim ilar to  t h a t  show n in Tables I I  an d  I I I .  In  con
t r a s t ,  th e  incidence o f P s. aeruginosa  w as m u ch  lower in  o th e r  u n its , n am ely , 
0 3 %  as co n tra s te d  to  th e  23 .6%  (T able I I )  an d  43.1%  (T ab le  I I I )  freq u en cy
in  th e  re sp ira to ry  u n it.

T he reason  fo r th e  difference be tw een  th e  tw o su rvey  periods is n o t clear. 
T h e  tech n iq u e  of bac te rio lo g ica l e x a m in a tio n , care and  t r e a tm e n t of p a tie n ts  
w ere  sim ilar in  b o th  perio d s. T he only ch an g e  was th a t  in  1965 th e  hyg ien ic  
m easu res  w ere m ore r ig o ro u sly  con tro lled  th a n  in  th e  p rev ious yea r. T he m ore 
e ffec tiv e  con tro l m ig h t h av e  c o n tr ib u te d  to  th e  decrease in  th e  incidence of 
less re s is ta n t b a c te r ia  in  th e  en v iro n m en t, b u t  a t th e  sam e tim e  p e rh ap s  i t  
p ro m o te d  th e  sp read  of P s. aeruginosa.

As to  th e  m ode of tran sm issio n  of P s. aeruginosa in fec tions, m a in ly  th e  
ro le  o f insu ffic ien tly  sterilized  or d isin fec ted  in s tru m en ts  an d  th e  h ands of th e  
s ta f f  m ay  be assum ed. T he h igh degree o f p o llu tion  in  th e  en v iro n m en t w as 
d u e  p ro b a b ly  to  th e  follow ing fac to rs. F ir s t  o f all th e  in su ffic ien t n u m b er of 
n u rs in g  staff, w hich accord ing  to  P e t r i  [7] is a m ain  fa c to r  in  th e  sp read  of 
h o sp ita l  infections. I t  is generally  accep ted  th a t  a 14-bed in ten siv e-care  u n it  
sh o u ld  be staffed  w ith  a b o u t 35 persons. O u r 10-bed u n it w as s ta ffed  w ith  less 
th a n  h a lf  of th is  n u m b er. T h e  second fa c to r  w as th a t  fresh ly  trach eo sto m ized  
p a tie n ts  could n o t a lw ays be sep a ra ted  fro m  in fec ted  p a tie n ts . F in a lly , i t  w as 
e v id e n tly  d isad v an tag eo u s th a t ,  owing to  th e  u ndersta ffing , docto rs and  nurses 
w o rk ed  often  in  th e  re sp ira to ry  u n it fo r ch ron ic  cases and  vice versa. T he  u n it 
fo r  ch ron ic  diseases w as also colonized b y  P s. aeruginosa an d  o th e r fa cu lta tiv e ly  
p a th o g en ic  m icroorganism s.

A careful, co n tin u o u s con tro l o f th e  steriliza tion  or d isin fec tion  of 
in s tru m e n ts  and  h an d s  has been in tro d u c e d . H ow ever, s te riliza tio n  of th e  
re sp ira to rs  p resen ted  m a n y  d ifficulties. P s. aeruginosa  and  o th e r  b a c te ria  w ere 
fre q u e n tly  cu ltu red  a fte r  th e  ro u tin e  c leansing  and d isin fec ting  of tu b in g s , 
h u m id ifie rs , pum ps, e tc . E th y le n e  oxide t r e a tm e n t has so fa r  been  p ro v ed  to  
be  th e  b est m eth o d  fo r effective s te riliz a tio n  of th e  re sp ira to rs .

O n th e  basis o f th e  p re se n t stud ies th e  following m easu res are th o u g h t 
a d v isa b le  for p rev en tin g  ia trogen ic  in fec tions in th e  course of a rtif ic ia l re sp ira 
tio n . (1) Iso la tion  of p a tie n ts  (freshly  a d m itte d  and  in fec ted ). (2) R eliab le  
d is in fec tio n  o f re sp ira to rs  (e thy lene  oxide). (3) Careful a d m in is tra tio n  of b ro ad  
sp e c tru m  an tib io tics . (4) R igorous co n tro l of hygienic cond itions an d  of 
s te r i l i ty  of in s tru m en ts .
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EFFECTS OF RAUSCHER LEUKAEMIA VIRUS 
ON THE IMMUNE SYSTEM IN SUSCEPTIBLE 

AND RESISTANT MOUSE STRAINS

By
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I n s t i tu te  o f  B io c h e m is t r y  ( D ire c to r  : B. T a n k ó ) ,  U n iv e r s i t y  M e d ic a l  S c h o o l, D eb recen

(Received January 6, 1972)

Summary. Infection of BALB/c, DBA/1 and C57BL/10 Sn mice with Rauscher leukaemia 
virus is followed by an increase in the levels of ot1, a 2 and ß 2 globulin. The increase is in direct 
relation to the susceptibility of the mouse strain. The gamma-globulin level declines in strains 
BALB/c and DBA/1 parallel with the progress of the leukaemia, whereas in C57BL/10 Sn mice 
it increases and remains at an elevated level persistently. These changes can be attributed 
partly to the effects o f the Rauscher virus on the immune system, partly to the production 
of new proteins by tumour cells. Multiplication of the virus in the lymph nodes, being in direct 
relation to the susceptibility of the mouse strain, results in a parallel decrease in the production 
of immuno-specific globulins.

In  previous ex perim en ts it  has been  show n th a t  in  C57BL mice in fec ted  
w ith  th e  R auscher leukaem ia  v irus (R LY ) th e  an tibod ies in d u ced  b y  th e  ty p e- 
specific  virus an tig e n , due to  th e ir  cy to to x ic  effect, in h ib it th e  progress of leu 
kaem ia  [1], and  t h a t  th e  resistance to  R LY  of a m ouse s tra in  is in  d irect re la 
tio n  to  its tum o u r-sp ec ific  a n tib o d y  p ro d u c tio n  [2]. In  th e  p re sen t w ork, we 
h a v e  a tte m p te d  to  s tu d y  th e  fac to rs  d e te rm in ing  th e  degree of th e  hum oral 
im m une  response.

M aterials and  m ethods

V ir u s .  Spleens from BALB/c mice infected with RLV when 8-week-old were ground 
16— 18 days after infection to make a 20% suspension in PBS. The suspension was centrifuged 
at 5000 g for 15 minutes at a temperature of + 4  °C and stored at —70 °C until used as virus 
preparation. Animals were inoculated with 0.2 ml of this suspension intraperitoneally. The inoC' 
ulum contained 104 focus-forming units.

M ic e . Inbred BALB/c, DBA/1 and C57BL/10 Sn mice were purchased from the experi
mental animal house of the National Blood Supply Service, Budapest. Eight-week-old males 
were used. Materials (serum, spleen and lym ph nodes) were obtained from 7 mice at each time 
indicated. Cervical, axillar, inguinal and retroperitoneal lymph nodes were examined.

P r o d u c tio n  o f  im m u n e  se r u m . Anti-RLV serum was prepared as recommended by F i n k  
and R a u s c h e r  [3]. The virus was kept in 0.1% formaldehyde solution at - |-4 0C for 21 days 
and shaken up each day. It was then emulsified with an equal volume of complete Freund 
adjuvant (Difco). BALB/c mice 8 weeks of age were injected intraperitoneally with 0.5 ml of 
the emulsion. Three weeks later, the animals were injected with 0.1 ml of the formalinized 
virus without any adjuvant. After further 10 days, the animals were exsanguinated.

I m m u n o f lu o r e s c e n c e  s tu d ie s . The tumour-specific antibodies were determined by indirect 
surface fluorescence. The method and the technique of absorption have been described in 
detail [2].
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M ultip lica tion  of R L V  in  th e  ly m p h  n o d es w as exam ined  b y  d irec t m em b ran e  flu o res
cence, u sing  th e  f lu o resce in -iso th io cy an ate -lab e lled  g lobulin  frac tio n  of th e  an ti-R L V  serum . 
T h is m eth o d  was used  becau se  th e re  is o n ly  group-specific  a n tig en  in  th e  c y to p la sm  of th e  
R L V -p ro d u cin g  cells w hile th e  im m une se ru m  p ro d u ced  in th e  sam e species co n ta in s on ly  ty p e- 
specific  an tibodies . F o r in d ire c t im m une fluo rescence , flu o resce in -iso th iocyanate -labelled  a n ti
m ouse sw ine globulin (Sevac, P rag u e) w as u sed .

Serum  electrophoresis. Celogel (C h em etro n , M ilan) stripes 2 .5 x 1 8  cm  in  size were used  
as d escribed  b y  A a r o n s o n  a n d  G r ö n w a l l  [4]. E lectrophoresis w as carried  o u t in T r is -b o r ic  
a c id -E D T A  buffer of p H  8 . 6  a t  an  in te n s ity  o f  0.5 m A/cm . E lec tro p h o re to g ram s w ere s ta ined  
w ith  a  1%  solu tion  of am idoschw arz  (S erv a) in  a  5 : 4 : 1 m ix tu re  o f m e th an o l, w a te r  and  
ace tic  acid . The spots co rresp o n d in g  to  p ro te in  frac tio n s  were dissolved in  ace to n e  an d  ex am ined  
in  th e  B eckm an  sp e c tro p h o to m ete r a t  620 m /и. T he levels o f each  serum  frac tio n  are expressed  
in  re la tiv e  va lue , i.e., co m p ared  to  th e  re sp ec tiv e  level for h e a lth y  m ice o f th e  sam e s tra in  
a n d  age.

R esu lts

F ig . 1 shows th e  splénom égalie response  of B A LB /c, D BA /1 an d  C57BL/10 
Sn m ice. The splénom égalie  response is a good in d ica to r  of th e  degree of su s 
c e p tib il i ty  of a m ouse s tra in .

F ig . 1. Splenom egalie response  of d iffe ren t m ouse stra in s  a fte r  R au sch er v iru s in fection

In  BA LB /c m ice, th e  leu k aem ia  progressed ra p id ly , w hereas in  th e  
C 57BL/10 Sn m ice sp lenom egaly  w as tra n s ie n t. In  th e  D B A /1 s tra in , th e  illness 
w as b iphasic ; m ost of th e  m ice su rv iv e d  th e  firs t phase  an d  a fte r  p a r tia l  rem is
sion  d ied  in  th e  second  phase.

A m ong th e  se rum  globulin  frac tio n s , th e  a lp h a15 a lp h a 2, b e ta 2 an d  gam m a 
globulins were a lte red . No q u a n ti ta t iv e  change could be d e m o n s tra te d  in  th e  
b e ta j  globulin level fo r an y  of th e  m ouse stra ins.
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Days
F ig. 2. A lte ra tio n  of d iffe re n t globulin  frac tio n s  in  sera o f  B A L B /c  m ice a f te r  R au sch er v irus

in fec tio n

In  th e  R L V -in fected  B A L B /c m ice, th e  a lp h a ^  a lp h a 2 an d  betao g lobu
lin  levels increased  w ith  th e  progress o f th e  leu k aem ia . O n th e  o th e r  h an d , th e  
gam m a-globulin  level declined (F ig. 2).

Fig. 3. A lte ra tio n  o f d iffe ren t g lobulin  frac tio n s  in  sera  o f D B A /1 m ice a f te r  R au sch er v irus
in fec tion
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T he tendencies w ere  th e  sam e fo r  th e  DBA/1 m ice, b u t  th e  values re tu rn e d  
to  n o rm a l levels d u rin g  rem ission an d  d ev ia ted  again  d u ring  th e  second phase 
(F ig . 3).

Fig. 4. A lte ra tio n  c f  d iffe re n t globulin  frac tio n s  in  sera o f C57B1/10 Sn m ice a f te r  R au sch er
v iru s in fec tion

In  C57BL/10 Sn m ice th e  a lp h a ^  a lp h a , and  b e ta ,  g lobulin  levels increased  
b u t  m u ch  less th a n  in  th e  o th e r tw o  s tra in s . In  c o n tra s t, gam m a-g lobu lin  
also increased  in a m o u n t and  p e rs is te d  a t  an e lev a ted  level (F ig. 4).

T h e  q u a n tity  o f g lobulin  b o u n d  to  th e  cell surface w as ex am in ed  in  cell 
suspensions p repared  fro m  lym p h -n o d e  an d  spleen specim ens (F igs 5, 6).

Fig. 5. Change in th e  ra tio  o f  an ti-g lo b u lin -b in d in g  ly m p h  node  cells in  d iffe re n t s tra in s  of 
m ice  a fte r  R a u sc h e r v irus in fection
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The ra tio  o f lym ph-node cells b ind ing  flu o rescen t an ti-m ouse  g lobulin  
increased irre sp ec tiv e  of th e  m ouse  s tra in , as co m p ared  to  th e  un in fec ted  
con tro l values. In  C57BL/10 Sn m ice, th e  increased  fluorescence  was a p p a re n t 
be tw een  th e  1 0 th  an d  30th  days a f te r  infection , w ith  a p eak  ab o u t th e  20 th  
d ay ; in  th e  case o f s tra in s B A L B /c an d  D BA /1, th e  increase  w as in te rru p te d  
b y  a tran s ien t decline, w hich w as of sh o rt d u ra tio n  in  th e  B A L B /c m ice,

1

Days

Fig. 6. D etection  o f g lobulin  bound to  th e  surface of spleen cells in  d iffe ren t s tra in s  of m ice
in fec ted  w ith  R auscher v iru s

w hereas in th e  case of th e  D B A /1 s tra in , th e  f irs t  p eak  corresponded  to  th e  
in itia l p rogressive phase  and  th e  second peak  to  th e  ex ace rb a tio n ; during  th e  
p a r tia l rem ission, th e  fluorescence values agreed well w ith  th e  contro l values.

No fixed  g lobu lin  could be d e tec ted  on th e  su rface  o f th e  spleen cells o f 
infected  B A L B /c m ice (Fig. 6). I n  th e  C57BL/10 Sn an d  D B A /1 mice, on th e  
o th e r hand , sp lenom egaly  was accom pan ied  b y  an  increase  in  th e  n u m b er of 
cells bearing g lobu lin . The increase  was m ore p ro n o u n ced  in  th e  DBA/1 m ice 
w hich d isp layed  an  e levated  level b e tw een  th e  f irs t  sp lénom égalie peak  and  th e  
beginning of th e  second phase.

In  in fec ted  C57BL/10 Sn m ice, th e  tum our-spec ific  serum  an tibody  in 
creased in a m o u n t a b ru p tly  an d  p e rs is ted  a t a h igh  level. In  DBA/1 mice, th e  
response was so m ew hat delayed , an d  th e  p eak  w as low er an d  was follow ed 
b y  a g radual decline. In  th e  serum  of BA LB /c m ice, tum our-spec ific  a n tib o d y  
cou ld  no t be d e te c te d  except d u rin g  a sho rt period  a b o u t th e  7t.h day  a fte r  
infection  (Fig. 7).

M ultip lica tion  of RLV in th e  ly m p h  nodes w as in  d irec t re la tion  to  th e  
su scep tib ility  o f th e  m ouse s tra in  (F ig . 8).
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F ig . 7. P ro d u c tio n  of tu m o u r  specific a n tib o d ie s  in d ifferen t m ouse s tra in s  in fec ted  w ith
R a u sc h e r  v iru s

Days

F ig . 8. D e tec tion  of R a u sc h e r  v iru s on th e  su rface  of ly m p h  node cells a f te r  R au sch er v irus
in fec tio n

N o virus could be  d e tec ted  in  th e  ly m p h  nodes of C57BL/10 Sn mice. In  
D B A /1 mice, a fte r a low  peak  th e  v iru s  d isappeared  ea rly  in  th e  period 
o f rem ission  and re a p p e a re d  som e d a y s  before th e  e x ace rb a tio n  period . D u r
ing th e  second w ave, w hile  th e  b u lk  o f th e  DBA /1 m ice d ied , a p eak  w as reached 
as h ig h  as th e  peak  show n b y  th e  B A L B /c  m ice from  th e  1 0 th  d a y  on. The high 
fluorescence  indexes c a n n o t be a t t r ib u te d  to  m étastasés, as R a u sc h e r leukaem ia  
does n o t  give rise to  ly m p h  node m é ta s ta sé s  [5].
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D iscussion

In  th e  p re se n t ex p erim en ts , th e  serum  gam m a-g lobu lin  leve l in  m ice 
in fec ted  b y  R LV  decreased  p a ra lle l w ith  th e  progress o f leu k aem ia .T h is  decrease 
w as p receded  b y  an  in ten s iv e  m u ltip lica tio n  of th e  v iru s  in  ly m p h  nodes. T he 
q u a n tita tiv e  changes in  th e  gam m a-globulin  ra n  p a ra lle l w ith  th e  tu m o u r- 
specific an tib o d y  level in  th e  se rum . I t  seems reaso n ab le  to  suppose th a t  th e  
tum our-specific  a n tib o d y  response , due to  a co m p e titio n  betw een  v iru s m u l
tip lic a tio n  an d  a n tib o d y  p ro d u c tio n , is dep en d en t on th e  suppression  of th e  
p ro d u c tio n  of Ig G -ty p e  an tib o d ies . This assu m p tio n  seem s to  be su p p o rted  
b y  th e  e lectron-m icroscopic  ev idence th a t  RLV  ap p e a rs  in  th e  b las tic  elem ents 
of th e  lym phoid  sy stem  earlier th a n  in  th e  e ry th ro id  ta rg e t  cells [6]. I t  should  
also be tak en  in to  consid era tio n  th a t  new born ra ts  in fec ted  w ith  M oloney 
v iru s  show a red u ced  serum  IgG- level as early  as in  th e  la te n c y  p h ase  and  
th e ir  IgG  a n tib o d y  response w as im paired  a t  th e  sam e tim e , w hereas th e  
syn thesis  of Ig M -ty p e  im m unoglobulins appeared  to  be no rm al in  in fec ted  
ra ts  [7].

I t  m ay  be supposed  th a t  th e  tum our-specific  a n tib o d y  app earin g  in  th e  
serum  of R A L B /c m ice a ro u n d  th e  7 th  day  a fte r R L V  in fection  is of th e  IgM  
ty p e . S im u ltaneously , th e  g lobulin  fixed  on th e  su rface  of th e  ly m p h -n o d e  cells 
o f these  m ice increased  in a m o u n t. Besides, a n tib o d y  could n o t be de tec ted  
a t  a la te r  tim e  even b y  p rocedures resu lting  in th e  sep a ra tio n  of an tibod ies 
from  an tigen—a n tib o d y  com plexes [8]. In  th e  D BA /1 s tra in , h ig h -titre  tu m o u r- 
specific an tibod ies w ere p re sen t in  th e  serum  d u rin g  th e  in itia l p rogressive 
p h ase  while th e  gam m a-g lobu lin  level was declin ing. T ak ing , how ever, in to  
considera tion  th a t  th e  serum  of such  m ice also co n ta in s  an tig en —an tib o d y  
com plex [8], an d  th is  is d em o n strab le  on th e  su rface  of th e  tu m o u r  cells as 
well, th e re  is no d o u b t th a t  th e  loss of gam m a g lobu lin  w as n o t real. T his view  
is su p p o rted  by  th e  fa c t th a t ,  su b seq u en tly , th e  gam m a-g lobu lin  level was 
s tead ily  rising u n til  th e  rem ission ensued. In  th e  te rm in a l phase of th e  le th a l 
ex ace rb atio n  (days 70 80), on th e  o th e r h an d , th e re  was n e ith e r  free nor
b o u n d  tum our-specific  a n tib o d y  in  th e  serum  [8], a n d  th e  surface of th e  tu m o u r 
cells b o u n d  no fluo rescein -labelled  an ti-g lobulin .

I t  m ay  be concluded  th a t  th e  p ro d u c tio n  of tum ou r-sp ec ific  an tibod ies 
of all classes are b locked  b y  th e  R LY  m u ltip ly in g  in  th e  ly m pho id  system . 
N evertheless, IgM  sy n th esis  is m ore re s is tan t th a n  Ig G  syn thesis . T he g lobu
lins produced  a f te r  th e  to ta l  b lock ing  of im m une-specific  g lobulin  syn thesis  
are  supposedly  p a ra p ro te in s . I t  is p a r tly  from  th e se  th a t  th e  excess b e ta 2 
g lobulin  in  th e  serum  of leukaem ic m ice m ay  derive. I t  is an  analogous ob serv a
tio n  th a t  th e  tu m o u r  cells of p a tie n ts  w ith  chronic ly m p h o id  leukaem ia  p ro 
du ced  IgM -type g lobu lin  [9] an d , a t  th e  sam e tim e , th e re  w as a severe im m u n o 
deficiency.

Acta Microbiologica Academiae Scientiarum Ilungaricae 18, 1971



2 7 8 D . T Ó T H  e t  a l.

T h e  excess a lp h a 1 a n d  a lp h a 2 globulins m ay  have o rig in a ted  from  tu m o u r 
cells a n d  p a r tly  p ro te in s  o f  th e  em b ry o n ic  ty p e , p a r t ly  soluble tum our-specific  
a n tig e n s  m ay come in to  co n sid e ra tio n . I t  is w ell-know n th a t  th e  spleen of 
B A L B /c m ice w ith  R a u sc h e r  leu k aem ia  co n ta in s  em bryon ic  ty p e  p ro te in  
[10] a n d , fu rth e r, t h a t  th e  em bryon ic  ty p e  g lobulin  p ro d u ced  b y  h epa tom a 
cells is o f a lphaj e le c tro p h o re tic  m o b ility  [11]. Soluble v ira l an tigens were 
d e m o n s tra te d  in th e  se ru m  of m ice w ith  F rien d  leukaem ia  b y  L i l l y  [12]. The 
excess b e ta 2 globulin  in  th e  R L V -in fected  C 57B L/10 Sn m ice w ith  an  in ta c t 
im m u n e  system  suggests t h a t  tu m o u r  cell p ro te in s  m ay  a p p ea r in  th e  b e ta 2 
fra c tio n  as well.
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STUDIES ON YOUNG GERM-FREE MICE
I. STR ESS R E A C T IO N  O F  G E R M -F R E E  M ICE*

B y

H e l e n  S z e r i , P i r o s k a  A n d e r l i k , S u s a n  B á n o s  a n d  B .  R a d n a i

In stitu te  o f  M icrobiology (Director : Z. A l p ö l d y ) ,  Sem m elw eis U niversity  M edical School and  
István  H ospital (D irector: I. K a t o n a ) ,  B udapest

(R eceived  J a n u a ry  26, 1972)

Sum m ary . T he response to  cold stress o f germ -free m ice differed  from  th a t  o f co n tro l 
an im als . G erm -free m ice ex h ib ited  in creased  su scep tib ility  to  cold and  n e ith e r ly m p h o p én ie  
re ac tio n  n o r loss o f  lym pho id  organ w e igh t o ccurred  in  th em . T he d istu rb an ces w ere s im ila r  to  
th o se  o bserved  in  p rev ious stud ies on  non-germ -free  m ice w ith  im p a ired  ly m p h o id  sy s tem .

I t  has been  show n th a t  m ice w ith  an  im p a irm en t of th e  th y m u s d ep en d en t 
ly m p h o id  sy stem  are developing general a d a p ta tio n a l d istu rbances [1 — 3]. T he 
degree an d  rev e rsib ility  of th e  fu n c tio n a l an d  m orphological changes asso c ia ted  
w ith  genera l a d a p ta tio n  w ere fo u n d  d irec tly  co rre la ted  w ith  th e  degree an d  
d u ra tio n  of im p a irm en t.

T he u n d erd ev e lo p m en t an d  im m unolog ical a re a c tiv ity  of th e  ly m p h o id  
system  o f germ -free anim als are due to  th e  d efic ien t an tigen ic  s tim u li of th e ir  
en v iro n m en t [4 11].

I t  seem ed  in te restin g  to  s tu d y  th e  prob lem  w h e th e r th e  a d a p ta t io n a l  
d iso rders o bserved  in mice w ith  im p a ired  lym pho id  system  m igh t be fo u n d  also 
in  germ -free m ice w ith  u nderdeveloped  lym pho id  system .

M aterials an d  m ethods

A n im a ls .  T w en ty  CDK-1 germ -free an d  20 m ouse-pathogen-free  CDE-1 COBS (C esa rean  
O rig in a ted  B a rr ie r  S u sta ined ) m ale m ice (C harles R iv er B reed ing  L ab o ra to ries In c ., W ilm in g 
to n , M ass., U .S .A .) 28 days of age w ere used . T he germ -free co n d itio n  w as m ain ta in ed  th ro u g h 
o u t th e  experim en ts .

Cold stress. T en  germ -free an d  10 COBS m ice w ere exposed  to  4 °C te m p e ra tu re  fo r 4 
hours. T en  g e rm -free  an d  10 COBS m ice serv ed  as n o n -stressed  contro ls.

L ym phopén ie  reaction. To s tu d y  th e  ly m p h o p én ie  reac tio n , th e  abso lu te  ly m p h o c y te  co u n t 
was d e te rm in ed  u n d e r  stan d ard ized  con d itio n s in  b lood sam ples o b ta in ed  from  th e  c au d a l 
v e in  im m ed ia te ly  before and  6  hours a f te r  stre ss  [1 2 ].

D eterm ina tion  o f  spleen and thym us index. T he ra tio  o f sp leen  and th y m u s  w e ig h t to  
b o d y  w e ig h t ( re la tiv e  o rgan  w eight) was d e te rm in e d  a t  th e  end  o f th e  exp erim en t in  each  group . 
T he ra tio  o f re la tiv e  o rgan  w eight in  th e  s tre ssed  group  to  t h a t  in  th e  non-stressed  g ro u p  re p re 
sen ted  th e  in d ex  fo r  th e  lym pho id  organs. T he loss o f  ly m p h o id  o rg an  w eight, w h ich  is c h a ra c 
te r is tic  o f th e  a la rm  reac tio n  following stress , w as e s tim a te d  on th e  basis o f spleen an d  th y m u s  
in d ex  va lues [13, 14].

H istology. T h e  ly m pho id  organs w ere fix ed  in fo rm alin  and  sections w ere s ta in e d  w ith  
h aem ato x y lin -e o sin .

* P re se n ted  a t  th e  28 th  C onference o f th e  Im m uno log ica l Section , H u n g a rian  Socie ty  
o f M icrobiology, Szolnok, 1971.
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R esults

S ig n ifican t m orpho log ica l and  fu n c tio n a l d ifferences w ere fo u n d  betw een  
g e rm -free  an d  COBS m ice.

M ean values fo r n o n -stressed  COBS m ice an d  germ -free m ice are com 
p a re d  in  F ig . 1.

T h e  d a ta  in d ica te  t h a t  m ean  bo d y  w e ig h t of germ -free m ice w as only 
50%  o f t h a t  of th e  co n tro ls . T he c ircu la ting  ly m p h o c y te  coun t w as rem ark ab ly  
low in  germ -free m ice. A lso, m ean re la tiv e  sp leen  and  th y m u s w eigh t was 
co n sid e rab ly  low er in  germ -free an im als th a n  in  th e  contro ls, in d ica tin g  an 
u n d e rd ev e lo p m en t of th e  lym phoid  organs of germ -free mice. This w as obvious 
even a t  gross ex am in a tio n  (Fig. 2).

Fig. 1. C om parison  of d a ta  fo r COBS an d  germ -free mice

F ig . 2. Gross p ic tu re  o f  spleen and th y m u s  fro m  germ -free (a) and  COBS (b) mice
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+ 4°C
F ig . 3. M ean ab so lu te  ly m p hocy te  co u n t in  COBS a n d  germ -free m ice before  an d  a f te r  cold

stress

D ifferences w ere found  in  th e  re sponse  to  cold stress o f COBS an d  germ - 
free  m ice. A lym phopén ie  reac tio n  deve loped  in  COBS m ice h u t  n o t in  germ - 
free  m ice (F ig. 3).

Spleen an d  th y m u s  indexes of germ -free  m ice were 1, a n d  th o se  of COBS 
m ice low er th a n  1, six hours a fte r  ex p o su re  to  cold. T he va lu es  in d ica te  th a t  
no  loss of ly m p h o id  organ  w eigh t h a d  o ccu rred  in  germ -free m ice. F o u r  m ice 
o f th e  germ -free g roup  died 4 hours a fte r  exposure  to  cold. N o d e a th  o ccu rred  
in  th e  stressed  COBS group, in  th e  n o n -stre ssed  germ -free an d  n o n -stre ssed  
COBS groups (T able I).

Table I

E ffect o f  exposure to cold on C O B S  and germ-free mice 
6 hours after stress

G roup o f  m ice Spleen  in d ex T h y m u s index D e a th

COBS 0.85 0.84 0

Germ -free 1 1 40 %

H isto logy  rev ea led  a n o rm al s tru c tu re  of th e  ly m p h o id  organs of COBS 
m ice; th e ir  sp leen con ta ined  n u m ero u s germ inative  cen tres. D ep le tio n  of 
ly m p h o id  e lem ents could be observed  in  th e  lym phoid  organs of germ -free 
m ice. G erm in a tiv e  cen tres were p ra c tic a lly  ab sen t in  13 spleens, a few  of th em  
w ere p re sen t in  7 spleens (4 of th e  n o n -stre ssed  and  3 of th e  s tressed  g roup), 
in d ica tin g  th a t  th e  germ -free en v iro n m en t w as n o t perfec tly  free  from  an tigens. 
N o g e rm in a tiv e  cen tre  was found  in  th e  sp leen  of anim als succum bing  to  cold
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stress, w hile tho se  possessing g erm in a tiv e  cen tres  su rv iv ed  it. An in c reased  
se n s itiv ity  to  cold ap p ea rs  to  be associa ted  w ith  th e  im m unological a re a c tiv ity  
of th e  lym pho id  sy stem .

D iscussion

A ccording to  th e  p resen t re su lts , germ -free m ice are  m ore sensitive to  
cold th a n  are th e  con tro ls , and  th e y  d iffer also in th e  course of th e  a la rm  
reac tio n . These fin d in g s refe r to  a d is tu rb a n c e  of genera l ad ap ta tio n .

T he general a d a p ta tio n a l d isorders in  germ -free an im als were sim ilar to  
th o se  observed  in non-germ -free an im als w ith  a ly m p h o id  system  im p a ired  
b y  n e o n a ta l th y m e c to m y , an tily m p h o cy te  serum  t re a tm e n t  or a g raft vs. h o s t 
re a c tio n  [1 3].

N o ac tive  in ju ry  w as applied  in  th e  germ -free m ice; th e ir  b reed ing  d if
fe red  from  th a t  of th e  con tro l an im als on ly  in th e  lack  o f antigenic s tim u li of 
th e ir  en v iro n m en t. U n d erd ev e lo p m en t o f th e  th y m u s  an d  periphera l lym p h o id  
organs as well as th e  im m unological a re a c tiv ity  w ere consequences of th is  lack .

T he fac t th a t  genera l a d a p ta tio n a l d is tu rb an ces  observed  in non -g erm - 
free m ice w ith  im p a ired  lym phoid  sy s tem  occurred  also in  germ -free m ice, 
in d ica te s  th a t  a h y p o fu n c tio n  or lack ing  fu n c tio n  of th e  lym pho id  system  an d  
n o t som e o th e r a ffec ted  functions are responsib le  fo r th e  d isorder. U n d e rd ev e l
o p m e n t and  h y p o fu n c tio n  of th e  th y m u s  d ep en d en t ly m p h o id  system  seem  
to  re su lt in th e  above-described  d isorders.

I t  has been p resu m ed  on th e  basis o f ea rlie r ex p erim en ts  th a t  n o t only  
im m unolog ica l a d a p ta t io n  b u t  also genera l a d a p ta tio n  depends on th e  so u n d  
an d  p ro p er fu n c tio n  o f th e  th y m u s d ep e n d e n t ly m p h o id  system . The p re sen ted  
find ings su p p o rt th is  th eo ry .
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STUDIES ON YOUNG GERM-FREE MICE

I I .  B O N E  C H A N G E S IN  G E R M -F R E E  M IC E*

B y

L. B e r e k  and  S u s a n  B á n o s

D epartm ent o f  Orthopaedics (D irector: A . G l a u b e r ) and In s titu te  o f  M  icrobiology 
(D irector: Z. A l f ö l d y ) ,  Sem m elw eis U niversity  M edical School, B udapest

(R eceived  J a n u a ry  26, 1972)

Sum m ary . C o m para tive  s tu d ies  were p e rfo rm ed  on th e  sk e le ta l system  of germ -free  
and  non-germ -free y o u n g  mice. R e ta rd a tio n  of sk e le ta l system  w as o bserved  in germ -free m ice 
w ith  u n d erd ev e lo p ed  ly m pho id  system . H y p o fu n c tio n  of th e  th y m u s  dependen t ly m p h o id  
system  was co n sid ered  responsible fo r th e  d is tu rb an c e  of osseal g ro w th .

S everal p ap ers  have been  p u b lish ed  on th e  ch a rac te ris tic s  of germ -free  
anim als dealing  m ain ly  w ith  th e  m orpho log ical an d  fu n c tio n a l changes o f th e  
im m une sy s tem . U nd erd ev e lo p m en t o f th e  ly m p h o id  system  includ ing  th e  
th y m u s, as w ell as th e  low c ircu la tin g  ly m p h o cy te  c o u n t in  germ -free an im als  
are  well k n o w n  [1 8].

R esu lts  of co m p ara tiv e  s tud ies on th e  skele ta l sy stem  of germ -free and 
non-germ -free m ice of id en tica l sex an d  age will be p resen ted  in th is  p ap er.

M aterials an d  m ethods

A n im a ls . T en  CDE-1 germ -free an d  10 C D K-1 m ouse p a th o g en -free  COBS (C esarean  
O rig inated  B a rr ie r  Susta ined ) m ale m ice (C harles R iv er B reed ing  L ab o ra to ries In c ., W ilm in g 
to n , Mass., U .S .A .) 28 days o f age w ere used . T he germ -free c o n d itio n  was m ain ta in ed  th ro u g h 
o u t th e  ex p erim en ts .

Absolute lym phocyte count w as e s tim a te d  u n d e r  s ta n d ard ize d  conditions in blood sam ples 
tak e n  from  th e  o rb ita l  sinus.

C alcium , phosphorus and alkaline phosphatase levels w ere de te rm in ed  in poo led  b lood  
sam ples o b ta in e d  b y  o rb ita l p u n c tu re  from  germ -free  and  COBS m ice [9].

R adiom icrom etric  measurements. R a d io g rap h s  were ta k e n  o f germ -free and COBS m ice 
in  pairs a t  id en tica l exposition  tim es. T he m e th o d  of m ea su re m e n t has been p u b lish ed  e a r 
lier [1 0 ].

Histology. T h y m u s, spleen a n d  fem u r w ere su b jec ted  to  h isto log ical study . As f ix a t iv e , 
1 0 %  n eu tra l fo rm alin  in  ph o sp h a te  b u ffer w as u sed . Bones w ere decalc ified  in E D T A  so lu tio n . 
H aem a to x y lin —eosin  an d  alc ian  b lue  PA S s ta in in g  w ere used  to  s tu d y  th e  m ucopo lysaccharide  
c o n ten t o f th é  in te rce llu la r  su b stan ce  in  th e  d is ta l  fem oral e p ip h y sea l p lates.

R esu lts

G erm -free m ice are co m p ara tiv e ly  sm all, th e ir  fu r  is m odera te ly  ru ffled  
and  th e ir  p o s tu re  is hunched . T h e ir av e rag e  body w eigh t and  c ircu la ting  ly m 
p h o cy te  c o u n t w as lower th a n  th a t  o f th e  con tro l m ice (F ig. 1).

* P re se n ted  a t  th e  2 7 th  C onference of th e  Im m uno log ica l Section , H u n g a rian  A ssocia
tio n  of M icrobiology, D ebrecen, 1971.
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Reduction-. 52.0%

F ig . 1. M ean body  w eigh t a n d  abso lu te  ly m p h o c y te  co u n t of germ -free a n d  contro l m ice

□  Control

Thymus

Germ -free

Fig. 2. M ean spleen  an d  th y m u s w eigh t o f  germ -free and co n tro l mice

Spleen and th y m u s  w eigh t was red u ced  and  the  ly m p h o id  system  w as 
u n d erd ev e lo p ed  (Fig. 2).

H isto lo g y  revealed  a norm al s tru c tu re  of the  th y m u s an d  spleen or 
co n tro l m ice. In  th e  th y m u s , th in n in g  of th e  co rtex  and  m ed u lla ry  cy to p en ia  
could  be  observed  in germ -free mice. A s im ila r cy topenia  w as fo u n d  in th e ir  
sp leen  a n d  th e  n u m b er o f follicles decreased  sign ifican tly .
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X -ray s rev ea led  sh o rte r  tu b u la r  bones, th in n e r  cortices and  usually  a 
low er calcium  c o n te n t in germ -free  m ice th a n  in  th e  con tro ls (F ig . 3).

A ccording to  rad io m etric  m easu rem en ts, th e  re ta rd a tio n  of lo n g itud ina l 
g ro w th  am o u n ted  to  14%  a n d  o f d iam etric  g ro w th  to  10% . T here  was a con
siderab le  (42.5% ) re ta rd a tio n  in  th e  fem oral co rtica l layer of germ -free m ice 
(F ig . 4).

F ig. 3. R a d io g ra m s of contro l (a) a n d  germ -free (b) m ice

The d is ta l end  of th e  fem u r, being th e  site  of m ost rap id  grow th , w as 
chosen for h isto log ical ex am in a tio n . C ontrol m ice d isp layed  no rm al enchondral 
ossification  (F ig . 5a), while in th e  germ -free m ice th e  ep iphyseal trabecu les w ere 
th in , slim an d  ra re , w ith  a w iden ing  of th e  in te r tra b e c u la r  spaces. The g ro w th  
p la tes  were th in n e r  and  th e  n u m b er of cells was low in  each  layer. H y alin e  
p illars were sp arse , d isp lay ing  little  o steob lastic  a c tiv ity . T his p ic tu re  corre-
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X IQ3 ии Cortical retardation 42.5°/o

F ig. 4. A verage leng th , d ia m e te r  an d  sum  of co rtica l th icknesses o f th e  fem ur in co n tro l and
germ -free m ice

spo iid ed  to  a re ta rd a tio n  of th e  enchondra l and  endochondra l ossification . T he 
d ia p h y se a l cortices w ere all th in  (F ig . 5b).

A lcian blue PA S s ta in in g  revealed  a norm al p rep o n d eran ce  of th e  acid 
m u copo lysaccharides in  th e  d is ta l fem oral ep iphyseal p la te s  of th e  con tro l 
m ice. In  germ -free m ice th is  s ta in in g  w as n o t so un ifo rm  in  th e  in te rce llu la r 
m a tr ix  of th e  co rrespond ing  bones; p in k  areas appeared  in  th e  d o m in a tin g  blue 
s ta in in g , ind ica ting  th e  p resence  of n e u tra l  m ucopo lysaccharides in  th e  in te r-  
ca rtilag in o u s  m atrix .

T h e  histological fin d in g s w ere in  ag reem en t w ith  th e  m o d era te  changes 
o f se ru m  calcium  and  ph o sp h o ru s levels as well as w ith  th e  decrease of a lkaline  
se ru m  p h o sp h a tase  a c tiv ity  (F ig . 6).
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Fig. 5. M icrophotograph  o f  d is ta l  fem ora l epiphysis o f co n tro l (a) a n d  germ -free  (b) mice
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Se -Ca
mg%

S e-P
mg%

lAlkaline Se-phosphaiase 
i I.E.

□  Control Г Germ-free

Fig. 6. Serum  calc iu m , phosp h o ru s an d  alkaline p h o sp h a ta se  v a lu es o f con tro l
an d  germ -free mice

D iscussion

T he results in d ic a te d  th a t  ske le ta l g row th  is re ta rd e d  in  germ -free mice 
As rep o rted  earlier, u n d e rd ev e lo p m en t, m arked  re ta rd a tio n  of enchondral ossi
f ic a tio n  and a p rep o n d e ran ce  of n e u tra l m ucopo lysaccharides in  th e  grow th 
p la te  could be o b se rv ed  in  y o ung  non-germ -free m ice w ith  th e ir  lym phoid  
sy s te m  im paired  b y  n e o n a ta l th y m e c to m y  or a g ra ft vs. host reac tio n . F u n c 
tio n a l changes of th e  im m u n e  sy stem , regression or a tro p h y  of lym pho id  organs 
a n d  a decrease of th e  ab so lu te  ly m p h o cy te  coun t w ere asso c ia ted  w ith  th e  bone 
chan g es in  these an im als  [11 —13].

S im ilar hone changes o ccu rred  in germ -free m ice w ith  underdeveloped  
ly m p h o id  system .

I t  is suggested on th e  basis o f these findings t h a t  th e  d is tu rb an ce  of 
sk e le ta l grow th is p r im a rily  due to  a hypofunction  or lack ing  fu n c tio n  of the  
th y m u s  dependen t ly m p h o id  system .
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EFFECT OF THE DILUENT ON THE POCK COUNT 
OF VACCINIA VIRUS DILUTIONS

B y

J .  SzATHM ARY an d  L .  H EG ED Ű S

In s titu te  fo r  Serobacteriological P roduction and Research “H u m a n ” 
(Director: I .  V eto ), Budapest

(R eceived F e b ru a ry  25, 1972)

Sum m ary. R a is in g  from  10% to  2 0 %  of th e  sk im m ed  m ilk  co n te n t o f th e  M c llv a in e  
b u ffe r  used  as d ilu en t o f vaccin ia v irus d id  n o t  in fluence th e  pock co u n t o b ta in a b le  on  th e  
ch o rio a llan to ic  m em b ran e  of the  chick e m b ry o . T w een 80 (0 .1— 0 .5 % ) in  th e  p la in  b u ffe r  
re su lte d  in  pock co u n ts  com parable to  th o se  o b ta in e d  in  th e  p resence of 10%  sk im m e d  m ilk . 
U sing  th e  p lain  b u ffe r  as d iluen t, the  p o ck  c o u n t w as 1.4—3.4-fold low er. T his d iffe ren ce  d e 
c reased  o r d isap p eared  i f  th e  virus h ad  b e e n  su b je c ted  to  sonic o r t ry p s in  t r e a tm e n t .  S u p 
p o sed ly , th e  d isp e rs ity  o f th e  vaccinia v ir io n s  is increased  by  th e  m ilk  o r th e  d e te rg e n t ,  an d  
th is  e ffec t is less p ro n o u n ced  if, due to e n z y m a tic  or sonic tre a tm e n t,  th e  d isp e rs ity  o f th e  
v iru s  is n early  o p tim a l.

In  a p rev ious re p o rt [1] we h a v e  show n th a t  an  en rich m en t of th e  d ilu e n t 
(M cllvaine buffer) o f vaccinia v iru s b y  ad d itio n  of 10%  sk im m ed  m ilk  re su lte d  
in  a 2 —5.8-fold (on th e  average, 3 .7-fo ld) increase in  th e  pock  co u n t o f th e  
v iru s , as te s te d  on th e  chorioallan to ic  m em b ran e  (CAM) of th e  ch ick  em b ry o . 
C onsidering th e  p ra c tic a l im portance  o f  th is  fin d in g  in  th e  in fe c tiv ity  t i t r a t io n  
of sm allp o x  v accine , we have co n tin u ed  ou r inv estig a tio n s. In  th e  p re se n t w ork , 
th e  co n cen tra tio n  o f skim m ed m ilk  in  th e  d ilu en t was increased  and , in  o th e r  
ex p erim en ts , T w een 80 [2] was ad d e d  to  th e  d iluen t in  various co n cen tra tio n s .

Materials and methods

Vaccinia v irus suspensions. The “ B u d a p e s t”  vaccine s tra in  w as p ro p a g a ted  in  ca lf sk in . 
T he p u lp  was tre a te d  w ith  phenol and tr if lu o ro tr ic h lo ro e th an e  (F rig en  113, F a rb w erk e  H o ech st) 
and  cen trifuged . T he p a r tia l ly  purified v iru s  (d e rm ovaccine) th u s  o b ta in e d  was re su sp en d ed  in  
5%  p e p to n e  so lu tion , d is tr ib u te d  a t 0.2 m l v o lu m es in  am poules an d  freeze-d ried  in  a  U sifro id  
a p p a ra tu s  [3]. The d ry  v iru s  was resu sp en d ed  in  M cllvaine  b u ffer before use.

D iluents. To 0.004 M  M cllvaine b u ffe r , s te rilized  in an  au toc lave , 50 /ig /m l s tre p to m y c in  
and  500 U /m l pen ic illin  w ere added. M cllv a in e  b u ffe r  enriched  w ith  sk im m ed m ilk  w as p re p a re d  
as recom m ended  b y  B o u l t e r  [4]. As T w een  80, a R e an a l (B u d ap es t) p re p a ra tio n  w as used .

Ultrasonic treatm ent. F o r each e x p e r im e n t, lyoph ilized  vaccine from  th re e  am p ou les 
w as resu sp en d ed  in 3 m l M cllvaine buffer ( 1 : 5  d ilu tion ). T his suspension  w as d ilu te d  1 : 100 
in  M cllv a in e  buffer before  subjecting  to  son ic  tr e a tm e n t  in a n M S E  100 W -26 K c/sec  U ltra so n ic  
D isin teg ra to r. F ive  m l d ilu tio n  cooled in m e ltin g  ice was tre a te d  fo r 8X  15 seconds, w ith  in te r 
v a ls  o f a b o u t 15 seconds. F u r th e r  d ilu tions fro m  th e  so n icated  an d  co n tro l so lu tions w ere p re 
p a re d  im m ed ia te ly  a f te r  sonic trea tm en t.

T ryp s in  treatm ent. A  0.25%  so lu tion  w as p rep ared  from  T ry p sin  1 : 250 (Difco L a b o ra 
to rie s , Chicago, 111.) in M cllvaine b u ffer. L yo p h ilized  vaccine from  severa l am pou les w as 
re su sp en d ed  in 1 m l M cllv a in e  b u ffer/am pou le . F ro m  th e  m ixed  suspension , 1 m l w as t r a n s 
fe rred  in to  each of tw o  te s t  tubes. S u b seq u en tly , 1 m l try p s in  so lu tion  was ad d ed  to  one of th e  
sam ples and  1 ml b u ffe r  to  th e  other, w h ich  se rv ed  as con tro l. T h u s, th e  vaccine w as d ilu te d
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1 : 10. T h e  tu b es  were in c u b a te d  in  a w a ter b a th  o f 37 °C fo r th e  period  in d ica ted  in T able  I I I  
and  cooled  in  cold w a te r  th e re a f te r .

P ock count was d e te rm in e d  as described b y  W e s t w o o d  et al. [5]. T he CAMs of 5— 8 
11— 12-day-o ld  chick em b ry o s w ere in o cu la ted  w ith  each  m ix tu re . The volum e o f th e  inocu lum  
was 0.1 m l. T he pocks w ere c o u n te d  a fte r an  in c u b a tio n  fo r 48 hours a t  37 °C.

Results

T h ree  to  20 p a ra lle l te s ts  were ca rried  o u t w ith  each d iluen t, an d  a co n tro l 
te s t  w ith  10%  sk im m ed  m ilk  in  M cllvaine  b u ffe r w as included  in  each experi
m e n t. T h e  pock coun ts w ere  expressed in  p e r  c en t of th e  con tro l va lue  (T able I).

Table I

R ela tive  pock counts fo rm ed  by vaccinia virus  
on C A M  using diluents o f  variable composition

D ilu e n t

Sk im m ed  m ilk  Tw een 80
R e la tiv e  pock  coun t*

p e r  cen t, 
M c llv a in e  buffer M ean M inim um M axim um

10 — 100 77 135

20 — 109 62 140

— 0.01 81 69 94

— 0.1 101 92 120
— 0.2 106 73 130

— 0.5 88 69 110
— 1.0 67 60 71

— 2.0 46 40 51

10 0.01 108 67 142

10 0.1 100 71 115

10 0.2 97 86 114

20 0.1 108 88 134

20 0.2 92 78 124

* T he av erag e  pock c o u n t o b ta in e d  w ith  M cllvaine  
b u ffer en riched  w ith  10%  sk im m ed  m ilk  equals 100.

A n increase of th e  skim m ed m ilk  co m p o n en t from  10%  to  20%  did  n o t 
in flu en ce  th e  pock c o u n t. T he effect of Tw een 80 w as co n cen tra tio n  d ep en d en t. 
I t  sh o u ld  be no ted  th a t  th e  pock coun t o b ta in e d  w ith  th e  p lain  buffer w as, on 
th e  average , 27%  o f th e  pock coun t o b ta in e d  w ith  th e  con tro l d iluen t. This 
im plies th a t  the  pock  c o u n t was ra ised  even  b y  such  a low Tw een 80 concen
tra t io n  as 0 .01% . To reach  th e  con tro l v a lu e , 0.1 -0 .5 %  Tw een 80 h a d  to  be 
ad d ed  to  th e  buffer. I n  th e  case of s till h ig h er co n cen tra tio n s, th e  pock  coun t 
was suppressed  by  th e  to x ic  effect of th e  d e te rg e n t.
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C om bination  of 10%  or 20%  sk im m ed  m ilk  w ith  th e  effective c o n c e n tra 
tio n s of Tw een 80 failed  to  increase fu r th e r  th e  pock count.

T he s ta b ility  of each v irus d ilu tio n  a t  37 °C was exam ined  in  2 or 3 p a ra lle l 
te s ts . T he s ta b ility  of th e  v irus p roved  to  be low er in th e  d iluen ts in  th e  p re s 
ence of w hich th e  pock  coun t w as re la tiv e ly  low (d iluents con ta in in g  0.01,
0.5, 1.0 or 2 .0%  Tw een 80 w ith o u t sk im m ed  m ilk) th a n  in th e  con tro l d ilu en t. 
In  th e  o th e r d ilu en ts , th e  v irus w as as s tab le  as in  th e  contro l.

In  a prev ious p ap er [1] we a t t r ib u te d  th e  pock-coun t-ra ising  effect of 
sk im m ed  m ilk  to  its  p ro te in  com ponen ts w hich  p rev en t v irions from  being  
agg rega ted . To check th is  assum ption , we d isagg regated  th e  clum ps b y  u l t r a 
sonic or try p s in  tre a tm e n t before d e te rm in in g  th e  pock cou n t in th e  p resence  
an d  in  th e  absence of skim m ed m ilk . W e p resu m ed  th a t  in th is  case th e  d if
ference  in pock co u n t w ould d isappear. R esu lts  are show n in T ab le  I I .

T ab le  I I

E ffect o f  m ilk  in  the d iluent on the pock count o f  sonicated and untreated vaccinia v irus

E x p e ri
m e n t

N o.

D ilu en t
(M cllva ine  buffer) D ilu tion*

P o ck  c o u n t o f R  v a lu e  for

u n tre a te d tre a te d u n tre a te d tre a te d

l w ith o u t m ilk 1 0 - 5 .5 34 51 1.5 l . i

w ith  1 0 %  m ilk 51 60

2 w ith o u t m ilk 1 0 - 6 . 0 25 l . i

w ith  1 0 %  m ilk 2 2 28

3 w ithou t m ilk 1 0 - 5 .5 7 13 2 . 1 1.7

w ith  1 0 %  m ilk 15 23

. =  n o t done.
R  =  q u o tie n t o f pock  co u n t ob ta in ed  in th e  p resence  and  in th e  absence of 

m ilk.
‘ V olum e of inocu lum , 0 . 1  ml.

I t  is c learly  seen th a t  in  th e  case of u n tre a te d  v irus th e  pock  co u n t w as 
increased  by  th e  presence of m ilk. T he so n ica ted  virus show ed no such d iffe r
ence in  ex perim en ts 1 and  2. In  ex p e rim en t 3, th e  R  value (see T ab le  I I )  
w as h igher th a n  expected .

T ry p sin  t re a tm e n t led to  sim ilar re su lts  (T able I I I ) .
T he R  q u o tien ts  show th a t ,  in  ag reem en t w ith  lite ra ry  d a ta  [6 8],

15 m in u tes  and  30 m inu tes p re tre a tm e n t increased , w hereas 60 m inu tes p re 
t re a tm e n t reduced , th e  pock coun t as d e te rm in ed  in p lain  buffer. P re su m a b ly , 
in cu b a tio n  a t 37 °C fo r 60 m inu tes, in  itse lf, c o n tr ib u te d  to  th e  pock  red u c tio n .

T he R l q u o tien ts  show th e  effect of t ry p s in  tre a tm e n t on th e  n u m b e r of 
pock-form ing  u n its  as de term ined  in th e  presence of 10%  sk im m ed  m ilk . 
In  th is  respect, 15 m inu tes p re tre a tm e n t caused  h a rd ly  any  change in , w hereas
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T ab le  I I I

E ffec t o f  m ilk  in  the d iluen t on the pock count 
o f  trypsin-treated and untreated vaccinia virus

D ilu en t

E x p eri- T ry p s in
R Ri r 2m e n t t re a tm e n t,

N o. m in u te s w ith o u t w ith  10%
m ilk m ilk

0 2 0 63 1.7 i . i 3.1
l

15 34 72 2 . 1

0 2 2 76 1.4 0.4 3.4
2

30 31 32 1 . 0

0 24 43 0 . 6 0.3 1 . 8

3 60 15 13 0 . 8

In o cu lu m : 0.1 m l of a 1 0 - 5  d ilu te d  vacc in ia  v iru s suspen
sion.

R  =  q u o tie n t  o f pock co u n t fo r try p sin iz e d  v iru s and  th a t  
fo r th e  u n tre a te d  v acc in ia  v iru s  in  th e  absence of m ilk.

R j =  q u o tie n t  of pock co u n t fo r try p s in iz e d  v iru s and  th a t  
fo r  u n tre a te d  v irus in  th e  p resence  o f m ilk.

R 2 =  q u o tie n ts  of pock co u n t o b ta in e d  in th e  presence and  
in  th e  absence of m ilk.

30 or 60 m inu tes p re tre a tm e n t s ig n ifican tly  reduced  tb e  n u m b er of p o c k 
fo rm in g  u n its .

T h e  R 2 va lu es  a re  expressing th e  q u o tie n ts  of th e  pock  coun ts o b ta in e d  
w ith  M cllva ine  b u ffe r  con ta in ing  10%  m ilk  and  th o se  o b ta ined  w ith  p la in  
bu ffe r. F o r th e  u n tr e a te d  v irus, th e  R.> q u o tie n t ranges betw een  1.8 an d  3.4. 
T ry p s in  tre a tm e n t, d epend ing  on its  d u ra tio n , ten d s to  reduce th e  R 2 va lu e .

D iscussion

In  th e  pock  c o u n t ob ta inab le  w ith  vacc in ia  v iru s, th e  d ispersity  of th e  
v iru s  p lay s an  im p o r ta n t  role. F o r th is  reaso n  aggregation  of th e  v irions shou ld  
be m in im ized  befo re  p ock  ti tra tio n . Som e d isagg rega tion  can be ach ieved  b y  
sim ple m echan ical m ean s [9] or by  a d d in g  10%  sk im m ed  m ilk to  th e  d ilu e n t 
[1]. T h e  p resen t s tu d ie s  have  show n t h a t  an  e leva tion  of th e  d ilu e n t’s m ilk  
c o n te n t to  20%  fa iled  to  increase th e  p o ck  co u n t an d  th e  m ilk  could be rep laced  
b y  0.1 —0.5%  T w een  80 w ith o u t an y  loss o f pocks.

In  our op in ion , th e  p resen t re su lts  su p p o rt ou r assum ption  th a t  th e  m ilk  
in  th e  d ilu en t ac ts  b y  increasing th e  d isp e rs ity  of th e  v irus. I f  th is  h a d  been  
in c reased  b y  sonic o r enzym e tr e a tm e n t  before  th e  v iru s w as t i t r a te d ,  th e  
a d d itio n  of m ilk  to  th e  M cllvaine b u ffe r caused  little , if  any , increase, in  pock  
co u n t.
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Since th e  h e a t s ta b ility  of M cllv a in e  b u ffe r c o n ta in in g  10%  sk im m ed  
m ilk  is also fav o u rab le  [1], we use th is  f lu id  as d ilu en t fo r ro u tin e  v acc in ia  
v irus pock t i tra tio n .
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LIPIDS IN STAPHYLOCOCCUS AUREUS 
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Sum m ary. E x tra c ta b le  lipids com prised  20%  of th e  d ry  w e igh t o f Staphylococcus aureus  
c u ltu red  in  th e  p resence  o f 10%  h u m an  serum . As co m pared  to  cu ltiv a tio n  in  serum -free  
m edium , there  w as a 40-fold increase in free  f a t ty  acid  c o n te n t a n d  a 7— 10-fold increase  in 
m ono, di and tr ig ly ce rid e  con ten t. P ho sp h o lip id s show ed a tw ofo ld  increase and a m o u n te d  
to  17.5%  of th e  to ta l  lip id  fraction . In  se ru m  m edium , u n sa tu ra te d  f a t ty  acids accu m u la ted  
in  all lipid frac tio n s , b u t  m o st of th em  w ere p re sen t in  th e  free f a t ty  acid  fraction .

The e x tra c ta b le  lip id  co n ten t of Escherichia coli grow n in  serum  m ed ium  was 5.9— 6.1%  
of th e  d ry  m ate ria l. T h e  increase  in  lipid c o n te n t  w as due to  th e  accu m u la tio n  of n e u tra l lip ids. 
In  th e  presence o f se ru m  th e  p h o sp h a tid y le th an o lam in e  co n te n t o f E . coli decreased a n d  lyso- 
p h o sp h a tid v le th an o lam in e  an d  o th er u n id en tif ie d  phospho lip ids ap p eared .

P hospho lip ids are  basic c o n s titu e n ts  of th e  m em b ran e  s tru c tu re . T h e  
d is trib u tio n  of p h o sp h o lip id  c o n stitu en ts  is in  a dynam ic  m etabo lic  association  
w ith  th e  s tru c tu re  o f m em branes an d  is responsib le  fo r v a rio u s processes such  
as th e  active t r a n s p o r t  of cations [1, 2] or m ito ch o n d ria l functions [3 —5].

C ultural co n d itio n s including p H , te m p e ra tu re , in g red ien ts  of th e  m ed ium  
or oxygenation , a re  o f g rea t in fluence  on phospho lip id  syn thesis in G ra m 
positive  and in  G ram -n eg a tiv e  b a c te r ia  [6 —8]. A n a lte ra tio n  of th e  m em b ran e  
phospholip id  c o n s titu e n ts  causes a change in  m em b ran e  s ta b ility  [9, 10].

L ittle  is k n o w n  ab o u t th e  a lte ra tio n s  in  phosph o lip id  syn thesis an d  
m em brane s tru c tu re  in  b ac te ria  m u ltip ly in g  in  vivo. O ur p rev ious stud ies h a v e  
show n th a t  th e  u n s a tu ra te d  fa t ty  ac id  c o n te n t increases if  Staphylococcus 
aureus is cu ltu re d  in  th e  presence of lip o p ro te in . W hen  th e  organism  is g row n 
in th e  perito n ea l c a v ity  of th e  gu inea  p ig, its  u n s a tu ra te d  f a t ty  acid c o n te n t 
increases to  3 6 —4 2 %  [11].

In  the  p re se n t p a p e r  an accoun t is given of th e  phospho lip ids and  n e u tra l  
lip ids of Staph, aureus  an d  Escherichia coli cu ltu red  in th e  presence of h u m a n  
serum .

Materials and methods
Strains. S taph , aureus  stra in s  100 a n d  80/81 w ere iso lated  in o u r in s titu te . E . coli s tra in  

30006 was o b ta in ed  fro m  th e  H u ngarian  N a tio n a l C ollection of M edical B acteria , B u d ap est.
Cultural methods w ere as described in  [8 ]. T he serum  used  w as a  pool ob ta in ed  from  

h e a lth y  adults.
D ry weight determ ination . B acteria  g row n  fo r 18 hours w ere cen trifu g ed , w ashed tw ice  

in  saline and freeze-d ried . T he am o u n t o f e x tra c te d  lip ids was expressed  as per cen t o f  th e  
w eigh t of freeze-dried  b ac te ria .
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Lipid extraction. T he m eth o d  of B lig h  an d  D y e r  as m odified b y  F rerm a n  and  W h it e  
[12] w as used . E x tra c tio n  w as pe rfo rm ed  tw ice , th e  frac tio n s were u n ite d  an d  dried  by  e v ap o ra 
tio n  in  in e r t  gas. The raw  to ta l  lip id  frac tio n  w as p u rified  in  Sephadex-G 25 fine co lum n as 
d esc rib ed  by  W ells  and  D it m e r  [13].

Fractionation of lipids. P u rif ied  to ta l  lip ids w ere sep ara ted  on silicic acid colum n as 
d esc rib ed  by  V orbeck  and  M a r in e t t i [14], an d  b y  th in -la y er c h ro m a to g rap h y .

T h in -lay er c h ro m a to g ra p h y  was carried  o u t  in  petro leum  e th e r  : e th e r : ace tic  acid 
(82 : 18 : 1 v /v) solvent. Staph, aureus p h o sp h o lip id s were frac tio n a ted  w ith  tw o-d im ensional 
th in - la y e r  ch ro m atography . F o r  th e  f irs t  d im en sio n  chloroform  : m e th a n o l : acetic  acid  : 
w a te r  (52 : 20 : 7 : 3 v /v ), fo r th e  second d im ension  chloroform  : m e th a n o l : w a te r (65 : 25 : 4 
v /v ) so lv en t was used.

T w o-dim ensional th in - la y e r  ch ro m a to g rap h y  o f E. coli phospholip ids was pe rfo rm ed  in  
ch lo ro fo rm : m ethano l : c o n c e n tra te d  am m onium  h y d ro x id e  (70 : 30 : 2 v /v ), th en  in  ch lo ro 
fo rm  : m e th an o l : acetic  acid : w a te r  (85 : 20 : 12 : 3 v /v ) solvent.

A fte r sep ara tio n  th e  phospho lip ids w ere e lu te d  from  th e  p la tes an d  w ere q u a n tita tiv e ly  
d e te rm in e d  by  considering th e ir  phosphorus c o n te n t according to th e  m eth o d  of B a r tle tt  [15].

E x tra c tio n  and d e te rm in a tio n  of f a t ty  acids w ere perform ed as described  p rev io u sly  
[16]. I  и exam in ing  32P  u p ta k e , th e  cu ltu re  m ed iu m  w as supp lem en ted  w ith  3000 fiC K H 232P 0 4 
p e r l itre . A fte r 18 hours c u ltiv a tio n  th e  p h o sp h o lip id s were e x tra c te d , se p a ra ted  on S ephadex  
G-25 fin e  and  on silicic acid  co lum ns, th en  ch ro m a to g rap h ed  on p a p e r im p reg n a ted  w ith  silicic 
acid  as described by  M a b in e t t i  et al. [17]. R a d io a c tiv ity  of th e  p h o spho lip id  com ponen ts w as 
m easu red  w ith  an  end-w indow  G eiger-M üller c o u n te r  o r b y  a u to rad io g rap h y .

R esults

Staph, aureus c u ltu re d  in th e  absence of serum  yielded  2.8 -3%  e x tra c t-  
ab le  lip ids. I f  th e  sam e organ ism  w as grow n in a m edium  su p p lem en ted  w ith  
10 %  serum , th e  to ta l  lip id  y ields am o u n ted  to  20%  of th e  d ry  w eigh t o f b ac te ria .

T ab le  I

D istribu tion  o f  extractable lip id s  in  Staph, aureus

S eru m -free  m edium * S erum -m edium * *

P e r  c e n t o f  
to ta l  lip id

P e r ce n t o f 
d ry  bac te ria

P e r  c e n t  of 
to ta l  lip id

P e r  c e n t o f 
d ry  b ac te r ia

Phospholip ids 73.3 ±  1.5 1.71 ±  0.04 17.5 ±  2.3 3.77 ±  0.43

F ree  f a t ty  acids 4.5 ±  0.6 0 . 1 2  ±  0 . 0 1 29.8 ±  0.8 5.83 0.2

Mono an d  diglycerides 7.7 ±  1.6 0.23 ±  0.04 1 1 . 1  ±  0 . 6 2.38 ±  0.1

Trig lycerides 4.6 ±  1.1 0.13 ±  0.03 7.6 ±  1.0 1 . 6  ±  0 . 2

P ig m en t and o ther substances soluble 
in  organic solvents 1 2 36

* A verage of 4 p a ralle l c u ltiv a tio n s . 
** A verage  of 3 p a ralle l c u ltiv a tio n s .

T able I  shows th e  p ercen tage  d is tr ib u tio n  of lip ids in  th e  to ta l  lip id  
f ra c tio n  of Staph, aureus. T he d a ta  in d ic a te  th a t  in th e  p resence of 10%  h u m an  
serum  th e  lipid m etab o lism  of Staph, aureus shows a considerab le  change. 
T h e  m ain  fea tu re  of th e  a lte ra tio n  is a decrease in th e  re la tiv e  a m o u n t of 
phospho lip ids and  an  increase  in  th e  re la tiv e  and  abso lu te  a m o u n t of n e u tra l
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lipids. In  serum -free  m ed ium  73 %  of e x tra c ta b le  lip ids co rresponded  to  p h o s
pholip ids, in  se ru m  m edium  th is  frac tio n  fig u red  in 17 .5% . A lthough th e  re la 
tiv e  am ount o f p h ospho lip id s decreased  in  th e  p resence o f serum , th e ir  ab so lu te  
am o u n t as reck o n ed  p e r to ta l  d ry  m a te ria l increased  m ore th a n  2-fold. T h e  
increase in n o n -este rified  free f a t ty  acids w as v e ry  h igh  (ap p ro x im ate ly  40-fold). 
T he abso lu te increase  in  m ono, di an d  trig ly cerid es  w as 7 —10-fold.

From  F ig . 1 i t  is ev id en t th a t  in  serum  m edium  as com pared  to  serum - 
free m edium  th e  ra tio  of phospholip ids show s a considerab le  change an d  new  
phospholip id  com ponen ts ap p ear. In  th e  presence of serum  th e  am o u n t of 
lysy l-phosphatidy lg lycero l, card io lip in  an d  p h o sp h a tid ic  acid increases and  
th e  am ount of p h o p h a tid y lg ly ce ro l decreases.

Serutn-free medium Serum -  medium

@  LPG 

O  PG 
(П) DPG

#  PA

©  oiher

F ig. 1. D is tr ib u tio n  o f phospho lip ids in  Staph, aureus, on  th e  basis o f p h osphorus d e te rm in a tio n  
a f te r  tw o-d im ensional th in - la y e r  c h ro m a to g rap h y . L P G  =  ly sy l-p h o sphatidy lg lycero l, P G  =  
ph o sp h a tid y lg ly ce ro l, D P G  =  card io lip in , PA  =  p h o sp h a tid ic  acid , o th e r =  u n id en tified

com ponen ts

Table I I  show s th e  p ercen tag e  d is tr ib u tio n  of m ain  f a t ty  acids in n e u tra l 
lip ids of S taph , aureus. In  staphy lococci g row n w ith  10%  h u m an  serum  th e  
free f a t ty  acid fra c tio n  consists in  m ore th a n  50 %  of oleic acid  and  th e  frac tio n  
con ta in s only s tra ig h t-c h a in  s a tu ra te d  an d  u n s a tu ra te d  f a t ty  acids. B ranched- 
chain  fa t ty  ac ids ch a rac te ris tic  o f staphy lococci w ere d e tec ted  only in traces . 
In  th e  mono- a n d  dig lyceride frac tio n s, h igh  am o u n ts  o f sho rt-ch a in  (less th a n  
C12) fa t ty  acids w ere d em o n s tra te d ; th e  m a in  com ponen ts w ere palm itic  acid  
an d  stearic  acid . T he ra tio  of u n sa tu ra te d  f a t ty  acids w as v e ry  low, a m o u n t
ing  to  4 %  of th e  to ta l  f a t ty  ac ids; in th is  fra c tio n  b ran ch ed -ch a in  fa t ty  acids 
w ere p resen t in  h igher am o u n ts  th a n  u n s a tu ra te d  f a t ty  acids. The resu lts  
in d ica te  th a t  in  f a t ty  acid sp ec tru m  th e  m ono- an d  dig lycerides are sim ilar 
to  phospho lip ids.
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T a b le  I I

Fatly acid content o f  neutral lipids in Staph, aureus*

F a t t y  acids
F ree  f a t ty  acids M G +  DG T G

Contro l 10%  serum C o n tro l 10%  serum C o n tro l 10%  se ru m

< C l2 + + 1 8 .3 34 .0 — _
C l 2 3.2 1 .4 1 .4 3 .7 20 .1 5 .2

iC i3 2.8 + 1 .2 2 .7 + +

Cl3 + + + + + +

C u n 2.7 + 1.2 3.1 2 1 .7 2 .5

iC 14 + + — — — —

c14 2.7 4 - 1 .0 3 .3 15 .5 3 .2

a iC 45 10 .3 + 3 4 .8 6.1 13 .5 1 .8

c15 + — — — —

c16 13.2 14 .3 4 .7 32 .3 2 2 .0 4 0 .3

C,7 — — - — — —

iC17 2.5 + 2 .8 + — —

<nCĵ 7 2.2 + 4 .2 + — —

Ci8:2 2.3 10 .9 + + — +

C i8:i 16.9 6 3 .4 0 .4 0 .9 — 2 8 .2

Cl8 2 .4 3 .4 11 .8 13.9 7 .2 1 4 .3

^ 1 9 6.2 — 1.1 — — —

aiC i9 2.6 — 2.6 — — —

iC 20 3.1 — — — — —

C2o 12.3 — 13 .5 — — —

* T he figures in d ica te  p e rcen tag es fo r to ta l  f a t ty  acid c o n ten t. C u ltu res: co n tro l 
C asitone  (D ifco) m edium ; 10%  serum  =  C asitone (D ifco) m edium  su p p lem en ted  w ith  10%  
h u m a n  serum .

In  th e  trig lyceride  fra c tio n  th e  m ain  com ponent w as p a lm itic  acid ; oleic 
ac id  com prised  28% , to ta l  u n s a tu ra te d  f a t ty  acids 35% , of th e  to ta l  f a t ty  
ac id  co n te n t. In  th is  frac tio n  b ran ch ed -ch a in  fa t ty  acids occurred  in  low 
a m o u n ts . The fa t ty  acid d is tr ib u tio n  in  th e  n eu tra l lip id  frac tio n  in d ica ted  
t h a t  th e  fa t ty  acid c o n te n t d iffered  considerab ly  in b a c te ria  grow n in  th e  
p re se n c e  an d  in th e  absence of serum . T he high increase in  th e  free f a t ty  acid 
f ra c tio n  (in w hich u n sa tu ra te d  f a t ty  acids w ere p resen t in  80% ) m ay  be assum ed 
to  o rig in a te  from  lipop ro te in s  in  th e  m ed ium  released p ro b ab ly  as an  effect 
o f  e x tra c e llu la r  s taphy lococcal lipase.

T ab le  I I I  shows th e  d is tr ib u tio n  of th e  m ain  fa t ty  acids of phospho lip ids. 
S tap h y lo co cc i c u ltu red  in  th e  p resence and  in th e  absence of serum  d iffered  
in  th e  q u a n tita tiv e  d is tr ib u tio n  of p h ospho lip id  f a t ty  acids. N ew  co m p o n en ts , 
h o w ev er, were n o t d em o n stra ted . In  serum  m edium  th e  a m o u n t of b ran ch ed -
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T a b le  I I I

F a tty  acid content o f  phospho lip ids in  S taph, aureus*

F a tty  acids
Serum-free medium Medium w ith 10% hum an serum

DPG PG LPG DPG PG LPG

C i2 2 .0 0.5 9 .3 0 .4 0 .1 0 .5

G 3 + + + 0 .6 1 .6 +

iC i4 0.7 0.5 4 .0 1 .4 2 .5 0 .8

C l . 1.3 0 .6 + 3 .4 3 .6 2 .9

a iC 15 37 .8 15.2 4 2 .3 2 5 .0 19.1 13 .1

G . 1 .5 1.0 5 .7 + + +

G e n 3 .3 0 .4 + 2 .6 1 .5 1 .5

ClG 7.7 1.2 9 .6 1 5 .4 9 .0 3 1 .9

a iC ,7 3.3 + + + - f 4 -

iC 17 9 .7 6.8 + + + +

Ci? + 31 .7 + 2 .6 2 .6 2 .6

G s: l + + + 13 .1 5 .3 2 1 .0

C18 17.3 10.4 2 3 .8 14.2 16 .5 19 .9

a iC 19 + 2.4 + 0 .4 1.1 +

iC 19 + + + 0 .2 0 .8 +

G o . I + + + 6 .2 7 .6 0 .2

G o 14.5 8.7 + 13.7 2 8 .0 4 .9

* T h e  f ig u r e s  in d ic a t e  p e r c e n ta g e s  fo r  t o t a l  f a t t y  a c id  c o n t e n t .

ch a in  fa t ty  acids decreased  and  th e  a m o u n t of s tra ig h t-c h a in  fa t ty  acids 
increased  considerab ly . A t the  sam e tim e , th e  ra tio  of u n s a tu ra te d  fa t ty  acids 
increased , especially  fo r  L PG  and card io lip in . I n  to ta l  f a t ty  acid  co n ten t L P G  
an d  P G  m ay be id e n tic a l, b u t in th e  d is tr ib u tio n  of in d iv id u a l f a t ty  acids th e y  
are  different. F o r ex am p le , th e  ra tio  o f  som e f a t ty  acids in  P G  and  in  L P G  
w as as follows: p a lm itic  acid 9%  an d  3 1 % , oleic acid  5 .3%  an d  21% , arach ic  
acid  28 and  4 .9 % , respective ly . T hese d a ta  in d ica te  th a t  fo r th e  syn thesis o f 
P G  an d  LPG  th e  o rgan ism  utilizes d iffe ren t d ig lycerides or, p erh ap s, i t  m ay  
co n tin u e  to  acy la te  f a t ty  acids in th e  a lre a d y  syn th esized  ph ospho lip id  m olecule.

T he difference in  f a t ty  acid co m p o n en ts  o f L P G  an d  P G  was observed  
in staphylococci c u ltu re d  w ithou t se ru m .

T he a lte ra tio n  in  phospholip id  sy n th es is  is d e m o n s tra te d  b y  th e  resu lts  
of 32P  u p tak e  ex p e rim en ts . Fig. 2 show s an  au to rad io g ram  of s taphy lococcal 
phospholip ids; a u to ra d io g ra p h y  confirm ed  th e  re su lts  o b ta in e d  w ith  an a ly tica l 
m ethods. A lte ra tio n s in  th e  ra d io a c tiv ity  of phospho lip id s in d ica te  th a t  in  
th e  presence of h u m a n  serum  there  is a change in  th e  syn th esis  of p h o sp h o 
lip ids: ly sy l-phosphatidy lg lycero l and  card io lip in  syn th esis  increases a n d p h o s -  
phatidy lg lycero l sy n th e s is  decreases.
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T h e lip id  m e tab o lism  in E . coli also changed  in  th e  p resence o f serum . 
T h e  a m o u n t of e x tra c ta b le  lip ids increased  to  tw ofold . T h e  ra tio  of frac tio n s 
in  to ta l  lip id  considerab ly  d iffered  in  b a c te r ia  cu ltu red  w ith  an d  w ith o u t serum . 
I t  w as ch a rac te ris tic  th a t  in th e  p resence  o f serum  m ore th a n  50%  of e x tra c t-  
ab le  lip ids corresponded  to  n e u tra l  lip ids.

♦  5

я в
F ig . 2. A u to ra d io g ra m  o f  32P -la b e lle d  p h o s p h o lip id s  in  Staph, aureus. A  =  C a s ito n e  (D ifc o )  
m e d iu m , В  =  C a sito n e  (D ifco ) m e d iu m  -(- 1 0 %  h u m a n  se ru m . P h o sp h o l ip id s  w ere  c h r o m a to 
g r a p h e d  o n  p a p e r  im p re g n a te d  w ith  s ilic ic  a c id  in  d i is o b u ty lk e to n e  : a c e tic  a c id  : w a te r  
(40  : 25 : 5 v /v )  [17]. I d e n t i f ie d  c o m p o n e n ts :  1 =  e a rd io lip in , 2 = p h o s p h a t id y lg ly c e ro l ,

3 =  ly s y l-p h o s p h a tid y lg ly c e ro l

T here  was also a change in  th e  p h o sp h o lip id  c o n te n t an d  in  th e  ra tio  o f 
phosph o lip id  co m p o n en ts  (Fig. 3). T w o-dim ensional c h ro m a to g ra p h y  in d ica ted  
t h a t  E . coli sy n thesizes new  phospho lip id s w hen grow n w ith  serum .

T he d is trib u tio n  o f  E . coli phospho lip id s  is show n in T ab le  IV . T he m ain  
co m p o n en t is p h o sp h a tid y le th a n o la m in e  in  b o th  se ru m -co n ta in in g  an d  serum - 
free  m ed ia  b u t in th e  fo rm er it  occu rred  in  low er am o u n ts . T he p h o sp h a tid y l-  
g lycero l and  eard io lip in  co n ten t was in d e p e n d e n t of th e  m ode of c u ltiv a tio n .

In  E . coli grow n w ith  se rum , in  ad d itio n  to  th e  above m ain  co m ponen ts, 
4 new  com ponents ap p e a re d . C o m p o n en t designated  w ith  “ 4”  in  F ig . 3b co r
resp o n d ed  to  ly so -p h o sp h a tid y le th an o lam in e , th e  rem ain in g  3 com p o n en ts  
w ere  n o t  iden tified .

C ulturing  in se ru m  also in fluenced  n e u tra l an d  phosph o lip id  f a t ty  acid  
com p o n en ts  in E . coli. F a t ty  acid d is t r ib u t io n  in  n e u tra l  lipids is show n in  
T ab le  V.
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a)

F ig. 3. T w o -d im e n s io n a l th in - la y e r  c h ro m a to g ra m  o f  p h o sp h o lip id s  in  E . coli 3 0 0 0 6 . D im en s io n  
1: ch lo ro fo rm  : m e th a n o l  : c o n c e n t r a te d  am m o n iu m  h y d ro x id e  (7 0  : 3 0  : 2 v /v ) .  D im e n s io n  
2: ch lo ro fo rm  : m e th a n o l  : a c e tic  a c id  : w a te r  (85 : 2 0  : 12 : 3 v /v ) .  a =  c u l tu r e d  in  se ru m - 
fre e  m e d iu m , b  =  c u l tu r e d  in  m e d iu m  su p p le m e n te d  w ith  1 0%  se ru m . 1 =  P E ,  2 =  D P G , 

3 =  P G , 4 =  ly s o - P E , 5 — 8 =  u n id e n t i f ie d  c o m p o n e n ts

Acta Microbiologica Academiae Scientiarum  Hungaricae 18, 1971



3 0 4 I .  R É D A I  e t  a l.

T able IV

D istribu tion  o f  phospho lip ids in  E . coli cultured  
in  the presence and  absence o f  serum*

Phospholipid
Casitone (Difco) medium

without serum with 10% serum

Phosphatidy le thano lam ine 1 . 6 1.06

Phosphatidylg lycerol 0.15 0.16

D iphosphatidylg lycerol 0.16 0.19

P hosphatid ic  acid 0 . 0 1 0 . 0 2

L yso-phosphatidy le thano lam ine  “ 4” — 0.4

U nidentified  “ 5” — 0.15

U nidentified  “ 6 ” — 0.09

U nidentified  “ 7” - 0.04

PG -X 0 . 0 2 —

* The figures in d ic a te  p e rcen tag es  fo r d ry  w eight o f b a c te ria .

T able V

F atty  acid content o f  neutral lip ids in  E . co li*

Serum-free medium Medium with 10% human serum
Tatty acids

DG +  MG FFA TG DG +  MG FFA TG

C*12:l 0.9 + 7.3 + 6.5 -)-

C12 1 . 2 5.3 11.5 2.4 7.6 0.9

f*14:1 1.3 3.5 + — + +

C 14 7.9 3.2 16.6 4.2 5.7 2.3

1 * 1 5 :1 7.0 1 . 0 3.4 0 . 8 + 0.3

1*16:1 9.5 12.9 6.5 3.5 5.4 3.4

^1 6 33.8 1 2 . 6 6.5 45.9 15.1 35.4

b e ta -O H  — C14 1.7 2 . 8 5.2 1 . 8 10.5 —

a c 17 8.4 8.3 7.7 — 4.5 1.4

C i 8 : 2 3.8 1 0 . 1 5.9 — 15.9 —

1 * 1 8 :1 13.6 2 2 . 2 1 0 . 1 23.2 12.4 41.2

Ci8 3.7 2.5 6 . 0 18.1 7.3 8.5

ZlCig 6.9 3.1 — + 6.4

‘ T h e  figu res ind ica te  p e rcen tag es fo r to ta l  f a t ty  acid con ten t.

T he sam e f a t ty  acids w ere p re se n t in  serum -co n ta in in g  an d  in  serum - 
free  m ed ium  cu ltu res, b u t  th e y  d iffered  in  q u a n tita tiv e  d is tr ib u tio n . I n  T able 
V I th e  fa t ty  acid com ponen ts of th e  m ain  phospholip ids are  p resen ted .
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Table VI

F atty  acid  content o f  phospholip ids in  E . coli*

Fatty acids

Serum-free medium Medium with 10% human serum

DPG PG PE DPG PG PE Component
“4”

Ci2 1 1 . 6 4.9 3.0 3.2 3.5 4.4 4.9

f y : l 1 0 . 8 6 . 8 5.3 5.4 7.1 6.3 5.1

Cx4 7.2 7.0 3.0 4.5 4.7 3.8 4.1

aiC j5 + + + + + + 1.9

с » 5.7 + — 1 . 1 + — 1.3

^16:1 6.3 5.6 6 . 2 1 . 8 3.2 3.1 5.9

Ci. 26.6 31.7 42.6 33.6 40.8 42.4 28.1

4.5 + — 0 . 8 _L — 10.4

zJC17 8 . 2 18.4 17.8 18.6 16.2 18.5 5.8

Cl7 6 . 2 — — 6.3 — — 1 . 0

^18;2 + H“ + + + + 3.8

Cl 8:1 5.1 8 . 1 7.7 3.4 5.2 7.3 13.3

C18 7.8 1 . 0 + 3.4 3.4 + 8.9

ZlC19 + 16.5 14.4 17.9 15.9 14.2 5.5

T he figures in d ica te  p e rcen tag e  fo r to ta l  f a t ty  acid  con ten t.

The fa t ty  acid d is tr ib u tio n  in  phospholip ids also in d ica ted  th a t  th e  m ode 
of cu ltiv a tio n  influenced  on ly  th e  p e rcen tag e  d is tr ib u tio n  of f a t ty  acids. A c
cu m u la tio n  of u n s a tu ra te d  f a t ty  acids ch arac teris tic  of Staph, aureus w as n o t 
observed  in  E . coli p h o spho lip id s, w here th e  ra tio  of th e se  substances in  th e  
to ta l  fa t ty  acid co n ten t show ed a decrease. In  E . coli phospho lip ids th e  ra tio  
of sho rt-cha in  fa t ty  acids decreased  an d  th e  ra tio  of s tra ig h t-ch a in  s a tu ra te d  
an d  cyclopropane f a t ty  ac ids increased . T he increase in  C P-ring-con ta in ing  
f a t ty  acids was observed  m a in ly  w ith in  cardiolip in .

Discussion

T he resu lts  p re sen ted  h av e  confirm ed our prev ious find ings an d  are in 
ag reem en t w ith  d a ta  in d ic a tin g  changes in  lip id  syn thesis  a fte r en v iro n m en ta l 
a lte ra tio n s  [6 —11]. F a t ty  acid  analysis of th e  s taphy lococcal lip id  frac tions 
show ed th a t  th e  accu m u la tio n  of u n s a tu ra te d  fa t ty  acids observed  earlie r fo r 
to ta l  lipids affects m ain ly  th e  n eu tra l lip id  fraction .

In  th e  presence of se ru m  th e re  is an  a lte ra tio n  also in  th e  u n sa tu ra te d  
f a t ty  acid co n ten t of p hospho lip id s b u t , as com pared  to  th e  con tro l cu ltu re , 
th e  increase is n o t h igher th a n  tw ofo ld . In  th e  presence o f h u m an  serum  sta-
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phylococci accu m u la te  lip ids corresponding  to  20%  of th e  w e ig h t o f d ry  b a c 
te r ia . T he overw helm ing  m a jo r ity  of th e  accu m u la ted  lip id  o rig in a te s  from  th e  
en v iro n m en t. T he e x am in a tio n s  in d ica te  th a t  e n v iro n m e n ta l po lar lipids 
(serum -phospho lip ids) c a n n o t be u tilized  d irec tly , n am ely , n o  trace s  of them  
w ere d em o n stra ted  in  s taphy lococci.

O ur findings con firm  th e  d a ta  of W h ite  an d  F b e k m a n  [18] th a t  lysyl- 
p h o sp h a tid y lg ly ce ro l an d  p h o sp h a tid y lg ly ce ro l fa t ty  ac ids occur in signifi
c a n tly  d ifferen t am o u n ts  in  Staph, aureus. T hese resu lts  fa iled  to  confirm  th e  
a ssu m p tio n  of H o u t s m u e l l e r  an d  v a n  D e e n e n  [7] t h a t  p h o sp h a tid y lg ly c e 
ro l is a p recurso r of ly sy l-ph o sp h a tid y lg ly cero l.

O ur resu lts in d ica tin g  a change in phospho lip id  sy n th esis  in  E . coli cu l
tu re d  w ith  serum  agree w ith  th e  observ a tio n  of B a r b u  an d  L u x  [19].

R ecen tly  ly sy l-pho sp h a tid y lg ly cero l an d  c a rd io lip in  h a v e  been regarded  
as s tru c tu ra l com ponen ts [20]. As these phospho lip ids show  a q u a lita tiv e  an d  
q u a n ti ta t iv e  a lte ra tio n  a f te r  cu ltu rin g  in  serum  m edium  as co m p ared  to  cu l
tu re s  grow n w ith o u t se rum , i t  m ay  he c oncluded  th a t  in  th e  p resence  of serum  
th e  m em b ran e  s tru c tu re  of b a c te r ia  undergoes changes. O n th e  basis of th e  
fin d in g  th a t  u n s a tu ra te d  an d  cyclopropane rin g -co n ta in in g  f a t ty  acids show  
an  increased  ra tio , i t  m ay  be assum ed  th a t  in  serum  m edium  th e  fu n c tio n a l s ta te  
o f  th e  m em brane also suffers a lte ra tio n s  a n d  becom es looser in  s tru c tu re .
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Sum m ary . P u rif ied  lipopolysaccharides p re p a re d  from  23 ty p e  s tra in s  o f L á n y i’s a n ti 
genic schem a b y  th e  p h en o l-w ater m eth o d  an d  u ltra ce n tr ifu g a tio n  w ere exam in ed  w ith  d irec t 
p re c ip ita tio n  an d  p assiv e  h aem ag g lu tin a tio n  te s t  in  О im m une sera. P re c ip ita tio n  in u n a b so rb ed  
se ra  y ie lded  specific reac tio n s  a t  m o d era te  d ilu tio n s  o f th e  L PS e x tra c ts . T he ag g lu tin a tio n  
p a t te rn  fo r L P S -eo a ted  e ry th ro c y te s  was sim ilar to  th e  ag g lu tin atio n  p a tte rn  fo r h e a ted  b a c te r ia  
in  u n a b so rb ed  and  in  h ig h ly  specific abso rbed  su b g ro u p  sera. The close c o rre la tio n  in sero logical 
b e h av io u r be tw een  p h en o l-w a te r e x tra c ts  and  b a c te r ia  ind ica ted  th a t  L P S  w as responsib le  fo r 
О a n tig e n  specificity .

T he ch em is try  of endotoxic  su b stan ces in  th e  cell w all o f Pseudom onas 
aeruginosa  has been  s tu d ied  b y  several a u th o rs  [1 —10]. I t  h as  been  show n th a t  
lipopo lysaccharides e x trac ted  from  Ps. aeruginosa  s tra in s  a re  serologically  
specific an d  can  be u sed  for th e  d e tec tio n  o f antibodies in  im m u n e  sera  [11]. 
M uch of th e  w ork  h a s  been done w ith  o n ly  a few strains of th e  species an d  no 
sy s te m a tic  in v estig a tio n s have been p erfo rm ed  in to  th e  chem ical s tru c tu re  
o f every  Ps. aeruginosa  an tigen . T he e lu c id a tio n  in recent y ea rs  of th e  a n tig e n ic  
s tru c tu re  of th e  organ ism  and c lassification  b y  О group and  subgroup  an tigens 
b y  th e  use of a su ffic ien t n u m b er of iso la tes h as  yielded a basis fo r such  s tu d ies .

In  u n d e rta k in g  th e  p resen t e x am in a tio n s  we have been  in sp ired  b y  
sy s te m a tic  im m unochem ical stud ies [12, 13] w hich y ielded  im p o r ta n t d a ta  fo r 
th e  s tru c tu ra l fe a tu re s  of О-specific chains in  Enterobacteriaceae. W e p re p a re d  
lipopo lysaccharides (L PS) from  ty p e  s tra in s  of L a n y i ’s P s . aeruginosa  a n t i 
genic schem a [14]. T he purpose of th e  ex p erim en ts  was to  p rove  th a t  L PS  
e x tra c ts  co n ta in  th e  substances responsib le  fo r serological specific ity . T hese 
in v estig a tio n s are  considered  a f irs t  s tep  o f  s tud ies of th e  chem ical s tru c tu re  of 
P s. aeruginosa  О an tigens.

Materials and methods

Bacterial cultures. T w en ty -th ree  s tra in s  re p re se n tin g  L á n y i ’s  О an tig en ic  g roups an d  
su b g ro u p s [14] w ere u sed . The cu ltu res w ere m a in ta in e d  b y  freeze-dry ing . T he s tra in s  an d  
e x tra c ts  p rep ared  fro m  th e m  were d esignated  acco rd in g  to  L á n y i ’ s new  n u m b ers  [ 1 5 ] .

Cultivation  w as pe rfo rm ed  in  a  lay e r of liq u id  m ed iu m  d is tr ib u ted  in to  R o u x  flask s o r  in  
sh ak en  E rlen m ey e r fla sk s  a t  37 °C fo r 22 hours. T h e  m edium  co n ta in ed  th e  follow ing ing re-
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d ien ts: beef e x tra c t (C e n tra l S laughterhouse , B u d a p es t) , 30 g; p e p to n e  (R ich ter, B u d a p e s t) , 
20 g; y e as t e x tra c t  C ellam in  (H u m an , B u d a p es t) , 10 g; glucose, 5 g; NaCl, 3 g; N a 2 H P 0 4 •
• 1 2 H 20 ,  4 g; ta p  w a te r , 1000 m l. The m ed ium  w as ad ju s te d  to  p H  7.4 and  sterilized a t  115 °C 

fo r 30 m inu tes. T he b a c te r ia  w ere killed w ith  0 .5 %  fo rm alin  an d  cen trifuged . The d e p o sit was 
w eighed e ith e r a f te r  d ry in g  in  acetone or in  th e  w e t s ta te .

E xtraction o f  L P S  w a s  p e r fo rm e d  w ith  W e s t p h a l  a n d  J a n n ’s p h e n o l-w a te r  m e th o d
[16] . A fter d ialysis a n d  c o n ce n tra tio n  by  ev ap o ra tio n , th e  e x tra c ts  w ere freeze-dried. I n  o rd e r 
to  p u rify  th e  p re p a ra tio n , i t  w as re h y d ra ted  to  give a  3%  aqueous so lu tio n  and sed im en ted  b y  
u ltra ce n tr ifu g a tio n  a t  105 000 g. A fter 3 su b seq u e n t u ltra ce n tr ifu g a tio n s  a t 105 000 g  each  
la s tin g  fo r 4 hours th e  p u rif ie d  e x tra c t was re -lyoph ilized  and  sto red .

P u r i ty  o f L P S  p re p a ra tio n s  was checked  b y  d e te rm in in g  th e ir  UV  abso rp tio n  sp e c tra
[17] . T he e x tra c ts  w ere d isso lved  ap p ro x im ate ly  a t  0.01%  co n ce n tra tio n  in 0.1 N  N aO H  [16] 
so as to  give abso rb an ce  in  th e  range  of 0— 1.0. T h e  m easu rem en ts  w ere perform ed in a n  O p to n  
or in  a P e rk in -E lm er re g is tra tin g  sp ec tro p h o to m eter.

Im m u n e  sera w ere p re p a re d  in ra b b its  w ith  b a c te r ia  h e a te d  a t  75 °C for 1 h o u r  [14]. 
H etero logous ag g lu tin in s w ere absorbed w ith  cu ltu res  h ea ted  a t  100 °C for 2 hours. A b so rb ed  
sera  fo r th e  d e te rm in a tio n  o f О subgroup an tig en s w ere p rep ared  as described by  L á n y i  [14].

Bacterial agglutination  was perform ed w ith  b a c te r ia  h e a ted  a t  100 °C for 2 [7 h o u rs  in  
saline, th e n  a t  130 °C in  g lycerol. The tu b es w ere in cu b a te d  in  w a te r  b a th  a t  50 °C o v e rn ig h t [14].

P recipitation test w as carried  ou t in  tu b es  4 m m  in  d iam ete r. Im m une serum  d ilu te d  
1 : 2 w as o verlayered  w ith  L P S  basic so lu tion  (0.5 m g L P S  per m l saline) and i ts  tw o fo ld  
serial d ilu tions. A d e fin ite  p re c ip ita tio n  ring  ap p ea rin g  a t  th e  p o in t o f  co n tac t betw een  th e  tw o 
liq u id s a fte r  in cu b a tio n  fo r 1 0  m inu tes a t room  te m p e ra tu re  was reco rd ed  as a positive re ac tio n .

Passive haem agglutinalion  test was based  on th e  m eth o d  of N e t e r  et al. [18]. T itra tio n s  
were perfo rm ed  b y  th e  use  o f T a k a t s y ’s m ic ro tit ra to r  [19]. Sheep e rth ro cy tes  p re se rv ed  in 
A lsever so lu tion  w ere w ash ed  in  saline and  th e  d e p o sit w as resu sp en d ed  in an  equal v o lu m e of 
0 .5%  L PS d issolved in  sa lin e  an d  hea ted  p rev io u s ly  a t  100 °C fo r 1 hour. T hen 8  v o lu m es of 
sa line  were ad ded  an d  th e  m ix tu re  was in cu b a ted  a t  37 °C for 2 hours. A fter t r e a tm e n t  th e  
e ry th ro c y te s  w ere w ash ed  3 tim es th en  resu sp en d ed  in  50 vo lum es o f saline. To 0.025 m l a li
q u o ts  of tw ofold  serum  d ilu tio n s  0.025 m l a liq u o ts  o f e ry th ro c y te  suspension were ad d ed . T he 
re su lts  were read  a f te r  60 m in u te s  in cu b a tio n  a t  37 °C tem p e ra tu re .

Results

P u rity  o f  L P S .  A cetone-dried  b a c te r ia  y ie lded  0 .4 —3.0%  purified  L P S . 
A fte r u ltra c e n tr ifu g a tio n  th e  m a jo rity  of e x tra c ts  show ed  no absorp tion  m a x i
m um  a t  260 m /t, in d ic a tin g  th a t  th e  p re p a ra tio n s  w ere free from  nucleic acid 
co n tam in a tio n . A b so rp tio n  curves show ed u su a lly  a course sim ilar to  th a t  p re 
sen ted  in Fig. 1. T he cu rv e  for th e  s u p e rn a ta n t  a f te r  th e  f irs t  cen trifuga tion  w as 
ch arac terized  by  a h ig h  p eak  (curve 1), w hile  th e  curve o b ta in ed  for th e  dep o sit 
a f te r  3 su b seq u en t u ltra c e n tr ifu g a tio n s  in d ic a te d  th e  absence of co n tam in a tin g  
nucleic acids (cu rve 2). Seven ou t of th e  23 ex trac ts  gave a defin ite  p e a k  a t 
260 m /j even a f te r  th e  th ird  u ltra c e n tr ifu g a tio n  (F ig. 2). A fte r a fo u rth  u l t r a 
cen trifu g a tio n  th e  c o n ta m in a n t d isa p p e a re d  (Fig. 3) from  all ex trac ts  ex cep t 
170 016 and  170 021, in  w hich the  p eak  p e rs is te d  a fte r  fu r th e r  u ltra c e n tr ifu g a 
tio n  (Fig. 4). T he la t t e r  tw o p re p a ra tio n s  w ere th e n  cen trifuged  a t 12 000 g 
for 30 m inu tes. T h e  UV spectrum  of th e  deposit o b ta in e d  in th is m an n e r w as 
cha rac teris tic  of p u re  L P S  and th e  su b s ta n c e  responsib le  fo r the  peak  a t  260 
m /i rem ained  in  th e  su p e rn a ta n t (Fig. 5).

Precipitation test w ith L P S .  D irec t p rec ip ita tio n  te s ts  w ith  u n ab so rb ed  
im m u n e  sera are show n in Table I. L P S  p rep a ra tio n s  rep resen ting  all О an ti-

Acta Microbiologica Academiae Scientiarum Hungaricac 18, 1971



S E R O L O G I C A L  S T U D I E S 3 0 9

Wavelength, mp

Fig. 1. UV a b so rp tio n  sp ec tru m  of p h e 
n o l-w ater e x tra c ts  o b ta in e d  w ith  th e  m a 
jo r ity  o f P s. aeruginosa  s tra in s ; 1 =  su
p e rn a ta n t  a f te r  4 h o u rs  u ltra c e n tr ifu g a 
tio n  a t  105 000 g , 2 =  d ep o sit a f te r  3 x 4  
hours u ltra c e n tr ifu g a tio n  a t  105 000 g

1

Wavelength . mp

F ig . 2. UV  a b so rp tio n  spec trum  of p h e 
n o l-w a te r  e x tra c ts  o f certa in  Ps. aerugi
nosa  s tra in s  a f te r  3 x 4  hours u l tra c e n 
tr ifu g a tio n  a t  105 000 g; 1 = 170 021, 
2 =  170 016, 3 =  170 017, 4 =  170 013, 
5 =  170 015, 6  =  170 005, 7 =  170 012

genic groups a n d  subgroups reac ted  w ith  hom ologous sera  in  th e  ran g e  of 
LPS d ilu tions o f 1 : 8 —1 : 128. T he e x tra c t  p rep a red  from  stra in  170 017 
(group 0 8 ) w as th e  on ly  excep tion : it  failed  to  re a c t in  rep e a te d  ex p erim en ts  
includ ing  u n d ilu te d  an d  d ilu ted  serum . As w ith  o th e r e x tra c ts  th e  m ost d e 
fin ite  reac tio n  ap p ea red  if  th e  sera w ere d ilu te d  1 : 2 an d  th e  LPS basic so lu tio n  
to  1 : 4 ,  cross p re c ip ita tio n  te s ts  w ere p e rfo rm ed  u n d e r these  co n d itions. 
T able I clearly  d e m o n s tra te s  th a t  p re c ip ita tio n  w ith  L P S  p rep ara tio n s w as 
h ighly  group an d  subgroup  specific: cross reac tio n s  w ere observed only  b e 
tw een  О an tig en s sh a rin g  com m on group specific  fac to rs. As no hetero logous 
p re c ip ita tio n  w as n o te d , th e re  was no need  to  absorb  th e  sera. Some e x p e ri
m en ts perfo rm ed  w ith  ab so rb ed  sera gave no  read ab le  resu lts .

Passive haem agglutination. C ross-agg lu tina tion  o f ery th ro cy tes  c o a te d  
w ith  P . aeruginosa  L P S  an tigens is show n in  T ab le  I I .  T he hom ologous re a c 
tio n  w as ch a rac te rized , as a ru le , b y  a h igh  t i t r e  haem ag g lu tin a tio n . I t  is 
ev id en t th a t  c e r ta in  sera  w ere highly  specific w ith o u t abso rp tion . W ith  th e
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F ig . 3. UY ab so rp tion  sp e c tru m  of p h e
n o l-w a te r  e x tra c ts  of th e  s tra in s  show n 
in F ig . 2 a f te r  4 x 4  hours u l tra c e n tr ifu 
g a tio n  a t  105 000 g ; 1 =  170 021, 2 =  
170 016, 3 =  170 015, 4 =  170017 , 5 =  

170 005, 6  =  170 012, 7 =  170 013

Fig. 4. UVt a b so rp tio n  sp e c tru m  o f p h e 
no l-w ater e x tra c ts  o f s tra in s  170 021 (1) 
an d  170 016 (2), a f te r  5 X 4 h o u rs  u l t r a 

cen trifu g a tio n  a t  105 000 g

F ig . 5. UV  ab so rp tion  sp e c tru m  of p h en o l-w ater e x tr a c t  of stra in s  show n in  F ig . 4 a f te r  5 x 4  
ho u rs  u ltra ce n trifu g a tio n  a t  105 000 g and  30 m in u te s  cen trifu g a tio n  a t  12 000 g ;  1 =  

170 016 su p e rn a ta n t, 2 =  170 016 deposit, 3 =  170 021 su p e rn a ta n t, 4 =  170 021 d ep o sit
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T a b le  I

Tube precip ita tion  test with P s. aeruginosa lipopolysaccharides

L ipopo lys tccharide
H om o lo g o u s

titre * 1
P re c ip ita tio n  w ith  o th e r  sera**

0  a n tig e n T ype s tra in

l 170 001 16 _
2 170 002 32 —

3a, b 170 003 32 Зс; 3a, d ; 3a, d , e; 3d, f

3c 170 004 16 3a, b ; 3a, d ; 3a, d, e; 3d, f

3a, d 170 005 64 3a, b; Зс; 3a, d , e; 3d, f

3a, d , e 170 006 32 3a, b ; Зс; 3a, d ; 3d, £

3d, f 170 007 16 3a, b ; Зс; 3a, d ; 3a, d, c

4a, b 170 008 64 4a, c; 4a, d

4a, c 170 009 32 4a, b ; 4a, d

4a. d 170 010 16 4a, b ;  4a, c

5a, b , c 170 011 32 5a, b , d ; 5a, d

5a, b , d 170 012 16 5a, b , c; 5a, d

5a, d 170 013 128 5a, b, c; 5a. b , d

6 170 014 32 —

7a, b 170 015 8 7a, c

7a, c 170 016 16 7a, h

8 170 017 — —

9 170 018 8 —

1 0 a 170 019 64 1 0 a, b

1 0 a, b 170 020 16 1 0 a

1 1 170 021 16 —

1 2 170 022 32 —

13 170 023 8 —

* H ig h est d ilu tio n  of L PS basic  so lu tio n  (0.12 mg L P S /m l) g iving p re c ip ita tio n  w ith  
th e  hom ologous serum  d ilu te d  1  : 2 .

** Im m u n e  se ra  reac tin g  a t  1 : 2 d ilu tio n  w ith  L PS an tig en s  show n in left h a n d  co lu m n  
(L P S  b asic  so lu tions were u sed  a t  1 : 4 d ilu tio n ).

m a jo rity  of sera , how ever, several reac tio n s n o t in te rp re ta b le  on th e  basis o f 
th e  О an tigen ic  sch em a were recorded  (non-ita lic ized  figu res in T able I I ) .  A n ti
bodies re sponsib le  fo r these  reac tions could be rem o v ed  b y  abso rp tio n  w ith  
one of th e  he tero logous an tigens. A fte r  abso rp tion  w ith  such  cultures th e  serum  
re ta in e d  its  c a p a c ity  to  ag g lu tin a te  e ry th ro cy te s  c o a te d  w ith  hom ologous an d  
w ith  re la ted  group-specific  an tigens (T able I I ,  figures p r in te d  in italics). A 1 —3 
e x p o n e n t decrease in  th e  t i t re  fo r hom ologous and  w ith  re la ted  g roup-specific  
an tig en s was fre q u e n tly  observed  a f te r  heterologous abso rp tion .
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T ab le  I I

A gglu tina tion  o f  LP S-coa ted  erythrocytes

Lipopolysaccharide Immune

0 antigen Type strain 1 2 3a, b 3c 1 3a, d 3a,d,e 3d, f 4a, b 4a, c 4a, d

l 170 001 5120 — — 40 _ 160 40 _ _ _
2 170 002 — 10 240 - — — — — — — —

3a, b 170 003 — - 1280 128 0 1280 640 160 — — —

3c 170 004 — — 160 10  240 320 640 160 — — —

3a, d 170 005 — — 160 320 2560 2560 1280 — — —

3a, d, e 170 006 — — 80 1280 640 2560 1 6 0 — — —

3d, f 170 007 — — 80 1280 320 640 20  4 8 0 — — —

4a, b 170 008 - — — 160 — 160 80 25 6 0 2560 640

4a, c 170 009 — — — — — — — 1280 2560 640

4a, d 170 010 — — — 40 — — 40 40 80 2560

5a, b, c 170 Oil - - — — — — — — — —
5a, b, d 170 012 — — — 160 — 80 160 80 — 80
5a, d 170 013 — - — — — — — — — —

6 170 014 — - — 160 — 40 160 80 — 160
7a, b 170 015 — — — 40 — 40 160 160 — 160
7a, c 170 016 40 — — 640 — 80 320 160 — 320
8 170 017 — — — — — — — — — —

9 170 018 - — — — — — _ — — —

10a 170 019 — — — 320 — 40 40 80 — 160
10a, b 170 020 — — — 160 — 40 40 80 — 80
11 170 021 — — — 160 — — — 160 — 80
12 170 022 — — — — — — — — — —

13 170 023 — 40 — — — — — — —

* R eciprocals o f se ru m  d ilu tions; fig u res  p r in te d  in  italics d esig n ate  titre s  dem on-

T he paralle lism  betw een  b a c te r ia l ag g lu tin a tio n  w ith  h e a te d  suspensions 
an d  passive  h aem ag g lu tin a tio n  w ith  L P S -co a ted  e ry th ro cy tes  was ev iden t 
from  th e  fac t th a t  th e  tw o m ethods gave v e ry  sim ilar c ro ss-agg lu tina tion  p a t 
te rn s . E x am in a tio n s  in sera abso rbed  fo r subgroup  d e te rm in a tio n  y ie lded  
especia lly  convincing  d a ta , since, in  o rd e r to  ensure high su bgroup-spec ific ity , 
th e se  sera  were ab so rb ed  w ith  g rea t am o u n ts  of bacteria . R eac tio n s o b ta in ed  
in  u n ab so rb ed  g roup  sera and  in  ab so rb ed  subgroup  sera are  p resen ted  in  
T ab le  I I I  for 0 3 , in  T ab le  IY  for 0 4 , in  T ab le  Y for 0 5 , in  T ab le  V I for 0 7  
an d  in  Table Y II  fo r OlO antigens. Low  t i t r e  w eak  reactions, due  to  a decrease 
in  a n tib o d y  co n te n t a f te r  abso rp tio n  w ith  g rea t am ounts of cu ltu re , could be 
im p ro v ed  by  using  3 tim es co n c e n tra ted  L P S  fo r sensitizing e ry th ro c y te s .
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in  P S . aeruginosa O sera

sera*

5a , b , c 5a, b , d 5a, d 6 7a, b 7a, c 8 9 10a 10b 11 12 13

640

80

80
640 80

—

40

—

160 160
80

40

160

640
80

640 
10 340 80 160

—

80

— 40 80 40 _ 80 40 5120 80 160 — 40

10 240 320 5120 — — 80 80 160 — — — — —

5120 1280 5120 40 — 160 80 160 2560 80 320 — —

5120 1280 5120 — — 80 80 80 320 — — _ —

80 80 — 1280 — 160 — 80 40 _ 160 — 80

640 160 — — 1280 640 — 160 640 — 160 — 80
640 160 — 40 160 2560 40 40 5120 160 320 — —

— — — — — — 1280 320
320

40

— — — — —

320 80 — 40 — 320 5120 320 320 — 40
1240 320 — 40 — 640 — 160 2560 640 320 — 80

640 40 — — — 160 — 320 — 40 640 — 40

— — — — — — — 80 — — — 5120 —

- — — 1280 — — — 2560

s tra b le  a f te r  th e  a b so rp tio n  of th e  se ru m  w ith  hetero logous an tigens.

D iscussion

A bsorp tio n  sp ec tra  of Ps. aeruginosa  e x tra c ts  show ed th a t  th e  u su a l 
p h en o l-w a te r m eth o d  and  u ltra c e n tr ifu g a tio n  y ielded  p re p a ra tio n s  free from  
nucle ic  acids. E x tra c ts  of ty p e  s tra in s  rep resen tin g  groups 0 7 a , 7c an d  O i l  
show ed th e  presence of c o n ta m in a tio n  (possib ly  a nucleic acid  of u n u su a lly  
h igh  m o lecu lar w eight), u n til th e y  h a d  b een  sub jec ted  to  a su b seq u en t c e n tr i
fu g a tio n  a t  low speed. As to  w h e th e r th is  b eh av io u r is c h a rac te ris tic  o f th e  
co rrespond ing  serogroups or only  o f c e r ta in  s tra in s , needs fu r th e r  ex am in a tio n .

T he m ain  purpose  of th e  p re se n t s tu d y  was to  in v estig a te  w h e th e r  p u r i
f ied  L P S  p rep a ra tio n s  rep resen ted  О an tig en s de te rm ined  b y  b ac te ria l a g g lu ti
n a tio n  in  L a n y i ’s an tigen ic  schem a [ 1 4 ,  1 5 ] .
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T ab le  I I I

A gglu tina tion  o f  heated bacteria and  o f

3a, b

3c

3a, d

3a, d , e 

3d, f

0  an tigen  and 
ty p e  stra in 3a, b 

170 003
u n a b so rb e d

3b
170 003 

absorbed  by  
170 005

Im m u n e

3c
170 004 

u n ab so rb ed

170 003 B acteria 1280 80 640

LPS 1280 40 1280

170 004 B acteria 160 — 5120

LPS 160 — 10 240

170 005 B acteria 160 — 80

LPS 160 — 320

170 006 Bacteria 160 - 640

LPS 80 — 1280

170 007 Bacteria 160 — 2 0

LPS 80 — 1280

P rec ip ita tio n  te s t  w ith  LPS p re p a ra tio n s  in u n ab so rb ed  sera y ie lded  
specific  reactions, b u t  o n ly  a t m odera te  d ilu tio n s  o f th e  ex trac ts . The p rec ip i
ta t io n  p a tte rn  show ed a s trik ing  s im ila rity  to  th e  agg lu tin a tio n  p a tte rn  of 
liv in g  cells in  u n a b so rb e d  0  sera: L á n y i  d esc rib ed  th a t  liv ing b ac te ria , e ith e r 
in  tu b e  or in slide ag g lu tin a tio n , seldom  gave hetero logous reactions an d  in  
u n a b so rb e d  sera th e  a g g lu tin a tio n  p a tte rn  re flec ted  th e  group specificity  m ore 
d e fin ite ly  if living b a c te r ia  were used in s te a d  of h ea ted  ones [14].

Table IV

A gg lu tin a tio n  o f heated bacteria and o f  L P S-coated  erythrocytes in  Ps. aeruginosa 0 4  sera

0  an tig e n  and  
ty p e  s tra in

Im m u n e  sera

4a, b 
170 008

u nabsorbed

4b
170 008

absorbed  b y  
170 009

4 a , c 
170 009 

u n a b so rb e d

4c
170 009 

ab so rb ed  b y  
170 008

4a , d 
170 010 

u nabsorbed

4d
170 010 

ab so rb ed  b y  
170 009

170 024

4a, b  170 008 B acteria 5120 80 2560 _ 640 —

LPS 2560 40 2560 640 —

4a, c 170 009 B acteria 1280 — 5120 80 640 —

LPS 1280 — 2560 40 640 —

4a, d 170 010 B acteria 160 — 320 — 5120 160

LPS 40 — 80 — 2560 80
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LP S-coaled  erythrocytes in  Ps. aeruginosa 0 3  sera

sera

3c
170 004

absorbed  b y
170 003

+
170 006

3a , d  
170 005

u n a b so rb e d

3d
170 005 

ab so rb ed  b y  
170 003

3a, d , e 
170 006 

u n ab so rb ed

3e
170 006 

ab so rb ed  b y  
170 004

170 005

3d, f 
170 007

u n ab so rb ed

3f
170 007 

absorbed  by  
170 005 '

— 1280 — 160 _ 160 _
— 1280 — 640 — 160 —

640 160 — 320 — 40 —

320 320 — 640 — 160 —

— 1280 80 640 — 640 —

— 2560 80 2560 — 1280 —

— 320 40 1280 160 1280 —

- 640 2 0 2560 80 160 —

— 640 — 320 — 2560 640

— 320 640 — 20480 320

In  c o n tra s t ,  th e  a g g lu tin a tio n  p a tte rn s  for L P S -co a ted  e ry th ro cy tes  
show ed a s im ila rity  to  th e  p a tte rn s  o b ta in e d  w ith  b a c te r ia  h ea ted  a t h igh  
te m p e ra tu re . I t  was show n th a t  in  ce rta in  u n ab so rb ed  sera  considerable titre s  
ap p eared  fo r s tra in s  hav in g  en tire ly  d iffe ren t О an tigens [14]. These h e te ro l
ogous reac tio n s  w ere freq u en tly  no t rep roducib le  as th e ir  ap p earan ce  v a ried  
w ith  th e  b a tc h  o f th e  serum . A fte r ab so rp tio n  w ith  s tra in s  show ing  th e  n o n 
group-specific  reac tio n , these  sera  y ie lded  ag g lu tin a tio n  p a tte rn s  id e n tic a l fo r 
h ea ted  an d  fo r liv ing  cells [14]. In  th e  p resen t ex p e rim en ts  L P S -co a ted  e ry th ro -

Т аЫ е V

A gglu tina tion  o f  heated bacteria and o f  LP S-coated  erythrocytes in  P s. aeruginosa 0 5  sera

Im m u n e  sera

0  a n tig en  a n d  
ty p e  s tra in 5a, b , c 

170 O il 
u n a b so rb e d

5c
170 O il 

absorbed  by  
170 012

5a, b , d 
170 012 

u n ab so rb ed

5b
170 012

ab so rb ed  b y
170 013

5a, d 
170 013 

unab so rb ed

5d
170 013 

absorbed  b y  
170 011

5a, b, c 170 011 B acteria 5120 160 640 160 320 _
L PS 10240 2 0 320 40 5120 —

5a, b, d 170 012 B acteria 1280 — 5120 160 2560 160

LPS 5120 — 1280 80 5120 80

5a, d 170 013 B acteria 2560 — 1280 — 2560 80

LPS 5120 — 1280 — 5120 80
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Table VI

A g g lu tina tion  o f heated bacteria and o f  LP S-coa ted  erythrocytes in  P s. aeruginosa 0 7  sera

Im m u n e  sera

О a n tig en  and 
ty p e  s tra in 7a , b  

170 015 
u n a b so rb e d

7b
170 015 

absorbed  b y  
170 016

7a , c 
170 016 

u n a b so rb e d

7c
170 016 

ab so rb ed  by  
170 015

7a, b 170 015 B a c te ria 5120 320 640 _
L PS 1280 80 640 2 0

7a, c 170 016 B a c te ria 1280 — 5120 160

L P S 160 — 2560 80

T ab le  VII

A g g lu tina tion  o f heated bacteria and o f  L P S-coated  erythrocytes in  P s. aeruginosa OlO sera

Im m u n e  sera

0  a n tig en  a n d  
ty p e  s tra in 10a

170 019 
unab so rb ed

10a, b
170 020 

u n ab so rb ed

10b
170 020 

ab so rb ed  b y
170 019

10a 170 019 B acteria 2560 2560 _
LPS 5120 320 —

10a, b 170 020 B acteria 1280 5120 320

LPS 2560 640 320

c y te s  gave very  s im ila r resu lts: non-group-specific  h aem ag g lu tin a tio n s  were 
e lim in a te d  by  ab so rp tio n  w ith  a sm all a m o u n t of hetero logous bac te ria .

T ab le  I and  T ab le  I I  d em o n stra te  th a t  p rec ip ita tio n  an d  h aem agg lu tina- 
tio n  te s ts  w ith LPS w ere  in close co rre la tio n  w ith  b ac te ria l О ag g lu tin a tio n . 
T ab les  I I I  —V II p rove  th a t  b ac te ria l an d  LPS an tigens give sim ilar ag g lu tin a 
tio n  p a tte rn s  in  h ig h ly  specific subgroup  sera. The v a lid ity  of subgroup  classi
f ic a tio n  could n o t be d e m o n s tra te d  b y  d irec t LPS p rec ip ita tio n , since subgroup  
se ra  h ad , in th e  course o f th e ir  a b so rp tio n , been d ilu ted  above th e  lev e l y ie ld 
ing  read ab le  p re c ip ita tio n .

Som e differences from  L á n y i ’s schem a can be su m m arized  as follows. 
O ne serum  (09) show ed a low group-specific  titre  for L P S -co a ted  e ry th ro cy tes  
a f te r  abso rp tion  w ith  hetero logous cu ltu re . One scrum  (0 8 )  fa iled  in rep ea ted  
ex p e rim en ts  to  p re c ip ita te  th e  hom ologous LPS. These f in d in g s m ay  ind ica te  
t h a t  th e  stra ins used fo r  th e  p re p a ra tio n  of th e  co rrespond ing  sera  w ere defec
tiv e  in  О antigens. T h e  correc tness o f th is  assum ption  seem s to  be confirm ed 
b y  th e  fa c t th a t  re c e n tly  i t  has been  fo u n d  th a t  ty p e  s tra in s  fo r g roups 0 8  and  
0 9  te n d  to  ag g lu tin a te  sp o n tan eo u sly  a fte r  au toclav ing  [20].
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From  the  resu lts  i t  m ay  be concluded  th a t  in P s. aeruginosa , as in o th e r  
G ram -nega tive  b a c te ria , th e  L PS e x tra c ta b le  w ith  ph en o l-w a te r is responsib le  
for О an tigen  specific ity . E x tra c ts  p rep ared  in  th e  m a n n e r  described are  s u i t 
ab le  for th e  d e tec tio n  of О specific an tibod ies by  th e  use of p re c ip ita tio n  or 
passive h aem ag g lu tin a tio n .
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INCIDENCE AND HYGIENIC IMPORTANCE 
OF PSEUDOMONAS AERUGINOSA IN WATER

B y

L . N É M E D I a n d  B . LÁ N Y I

Public H ealth S ta tion  (Director : F  GÁcs) and N ational In s titu te  o f  P ublic H ealth  
(D irector:. T .  B a k á c s ) ,  B udapest

(R eceived  M arch  20, 1972)

Sum m ary . R o u tin e  sa n ita ry  q u a lifica tio n  of w a te r  sam ples h a s  been  com ple ted  w ith  th e  
d e tec tio n  of Pseudom onas aeruginosa  in  a d d itio n  to  d e te rm in a tio n  of coliform  and  en terococcal 
counts. As com pared  to  th e  u su a l m em b ran e  f i lte r  techn ique, e n ric h m e n t in  se len ite -b r illian t 
green  b ro th  w as h igh ly  e ffic ien t for th e  iso la tio n  of Ps. aeruginosa, especially  w hen ex am in in g  
p o llu ted  w aters. M em brane  f i lt ra tio n  of 37,153 sam ples y ielded P s. aeruginosa  in  9 .5 % , w hile 
in  en rich m en t m edium  1372 specim ens w ere po sitiv e  in 38 .2% . A s show n w ith  th e  e n ric h m e n t 
m eth o d , th e  incidence of Ps. aeruginosa  w as 3.4— 22.3%  in  v a rio u s  k in d s o f d rin k in g  w a te r  
sam ples, 37.2%  in  in d u s tr ia l  w a te r  c ircu its , 23 .4— 84.4%  in sw im m ing  pools, 86.2%  in  su rface  
w a te rs , an d  95.7%  in  sew age. C oliform  b a c te r ia  w ere absen t fro m  117 o u t o f 227 d rin k in g  w a te r  
specim ens positive  fo r P s. aeruginosa: in  sam ples con tain ing  b o th  organ ism s, coliform s occu r
red  u su a lly  in  sm aller n u m b ers  th a n  Ps. aeruginosa. Serological ty p in g  according to  L á n y i ’ s  
schem a show ed a  p red o m in an ce  of Ps. aeruginosa  0 4  stra ins . Serogroups 0 1 , 0 3  an d  0 7  w ere 
also freq u en tly  en co u n tered .

The sa n ita ry  im p o rtan ce  of Pseudom onas aeruginosa  has been p o in te d  
ou t b y  several au th o rs  [1, 2, 5, 7, 9, 10, 1 2 —14, 19, 20, 22]. T he s tud ies of 
H o a d l e y  and  M c C o y  [ 6 ] ,  R i n g e n  an d  D r a k e  [16] a n d  L á n y i , G r e g á c s  an d  
A d á m  [9] in d ica te  th a t  th e  presence of Ps. aeruginosa  in  w a te r  is associa ted  
w ith  d irec t or in d ire c t faecal po llu tio n . As th e  o rg an ism  is a p o te n tia lly  p a th o 
genic agen t, i t  m ay  be considered  an  in d ica to r  of th e  s a n ita ry  q u a lity  of th e  
w ater.

In  th e  L a b o ra to ry  o f W a te r  B iology of th e  B u d a p e s t P ub lic  H e a lth  S ta 
tio n  since 1965 ro u tin e  bac te rio log ical exam inations h av e  been p erfo rm ed  fo r 
th e  d etec tion  of P s. aeruginosa. F ro m  d a ta  o b ta in ed  fo r  various w a te r  a n d  
sewage sam ples, conclusions h av e  been  d raw n as to  th e  degree of p o te n tia l  
danger due to  th e  ap p ea ran ce  of th e  organism . T he degree of association  b e 
tw een  th e  incidence of coliform  b a c te ria  an d  Ps. aeruginosa  has also been  s tu d ie d  
in  resp ec t to  th e  h yg ien ic  va lu e  of P s. aeruginosa  iso la tions.

M aterials and  m ethods

Water sam ples w ere co llected  in  th e  a rea  of B u d ap es t. B acterio log ica l ex am in a tio n s  
w ere perform ed as desc rib ed  in  th e  H u n g a ria n  S ta n d a rd  for th e  E x am in a tio n  of W a te r  [11].

Isolation o f  P s. aeruginosa. Two m eth o d s  w ere used. T he m em b ran e  f i lte r  tech n iq u e  w as 
th e  sam e as th a t  used  fo r th e  d e tec tio n  o f coliform s, h u t  m em b ran es p laced  on m odified  E n d o  
m ed ium  w ere exam in ed  also fo r p seu d o m o n ad  colonies. F o r th e  e n rich m en t m eth o d , b r ill ia n t 
g reen -se len ite  b ro th  [15] o rig ina lly  described  b y  S t o k e s  an d  O s b o r n e  [18] w as used . E ac h
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o f  5 tu b e s  w ith  5 m l b ro th  w as in o cu la ted  w ith  a 5 m l p o rtio n  of th e  sam ple. Specim ens expected  
to  c o n ta in  large n u m b ers  o f  b a c te r ia  were d ilu ted  p rev io u sly  1 : 10 or 1 : 100, so th a t  5 x  0.5 m l 
o r  5 x 0 .0 5  m l a liquo ts o f th e  o rig ina l sam ple w ere ex am ined . T he in o cu la ted  tu b es  were in cu 
b a te d  a t  37 °C for 48 h o u rs , th e n  th e  cu ltu res w ere s tre ak e d  on b r ill ia n t g reen  agar [15] and  
th e  p la te s  were in cu b a ted  a t  42 °C fo r 24 hours.

Identifica tion  o f  P s. aeruginosa. P ig m en t p ro d u c tio n , ge la tin  liq u efac tio n , oxidase 
re a c tio n  [15] and g ro w th  on  a g a r  slan ts  and  b r ill ia n t g reen  agar a t  42 °C [10] were exam ined .

Serological typ ing . D e te rm in a tio n  of th e  О group  of Ps. aeruginosa  s tra in s  was perform ed 
acco rd in g  to  th e  schem a o f L á n y i [10] b y  slide a g g lu tin a tio n  from  blood a g a r p la tes.

Ps. aeruginosa counts  w ere d e term ined  d irec tly  from  th e  m em b ran es o r by  th e  m ost 
p ro b a b le  r tim b e r  m eth o d  in  th e  case of en rich m en t cu ltu res .

R esults

1. Selective cu ltiva tio n  o f  Ps. aeruginosa. T he use of th e  en rich m en t m edium  
fo r th e  detec tion  of P s. aeruginosa  occurred  to  us w hen observ ing  th a t  se len ite - 
b r il l ia n t green agar, o rig ina lly  designed fo r Salm onellae, d id  n o t in h ib it th e  
g ro w th  of p seudom onads w h ich , in fac t, even ten d ed  to  overgrow  th e  form er 
o rgan ism s. I f  th e  m ed iu m  was d ilu ted  w ith  an  equal vo lum e o f th e  specim en 
ex am in ed , its se lec tiv ity  fo r p seudom onads increased .

In v es tig a tio n s  in to  th e  se lec tiv ity  o f th e  m edium  are  sum m arized  in  
F ig . 1. Ps. aeruginosa g rew  well a fte r 24 hou rs  in u n d ilu ted  or 1 : 2 -d ilu ted  sele
n ite -b r i l l ia n t  green b ro th , even if  th e  inoculum  had  been as sm all as 1 10
colony-form ing  u n its  p e r  5 ml m edium . T he cu ltu res w ere tran sfe rred  to  b ril
l ia n t  green agar a t  18, 24, 48, 72 and  96 h o u r in te rv a ls . T h e  p la te s  in cu b a ted  
a t  42 °C showed a b u n d a n t grow th of P s. aeruginosa  in  all tran sfe rs  b u t th e  
18 -hour one. In  c o n tra s t ,  E . coli grew  on ly  if  an  inoculum  corresponding  to  
107 109 colony-form ing  u n its  had  been ad d ed  to  5 ml m ed ium , b u t only in
th e  en rich m en t b ro th , as b rillian t green ag a r su bcu ltu res show ed no evidence 
o f g ro w th . In  m ixed  cu ltu re s  Ps. aeruginosa  rap id ly  suppressed  E . coli. In  a 
m ix ed  cu ltu re  of Salm onella  and  Ps. aeruginosa  th e  fo rm er ap p eared  in large 
n u m b e rs , b u t  la te r  i t  w as overgrow n b y  P s. aeruginosa. As P s. aeruginosa 
m u ltip lied  som ew hat b e t te r  in en rich m en t b ro th  d ilu ted  1 : 2, in subsequen t 
ex am in a tio n s  an eq u a l vo lum e of th e  specim en or its  a p p ro p ria te  d ilu tion  was 
a d d e d  to  the  m ed ium  a n d  in cu b a tio n  la s te d  fo r 48 hours.

T ab le  I shows th a t ,  as to  th e  d e tec tio n  of Ps. aeruginosa, th e  en richm en t 
m e th o d  was superio r to  m em brane f iltra tio n  in all k inds of specim ens. I t  is 
also ev iden t th a t  th e  m ore  po llu ted  th e  sam ple, th e  m ore e ffic ien t th e  en rich 
m e n t m ethod . This f in d in g  is explained  b y  th e  fac t th a t  P s. aeruginosa  colo
nies grow ing on th e  m em b ran e  filte r can  easily  be d istingu ished  if th e  coliform  
c o u n t is low, b u t g re a t n u m b ers  of coliform s m ask  th e  p seu d o m o n ad  colonies. 
D ilu tio n  of h igh ly  p o llu te d  sam ples is n o t  o f m uch aid, since in  these  th e  
re la tiv e  num ber of P s. aeruginosa  is m uch sm aller th a n  th a t  o f coliform  b acteria .

2. Incidence o f  P s. aeruginosa in water and sewage. T ab le  I d em onstra tes 
th a t ,  if  exam ined w ith  th e  com parab le  en rich m en t te ch n iq u e , th e  incidence
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Table I

C omparison o f  membrane f i l te r  and  enrichm ent technique fo r  the detection 
o f  Ps. aeruginosa in  water and sewage

Specim ens M ethod*
N o. o f 

specim ens

Specim er 
fo r  Ps.

N o.

s p o s itiv e  
leruginosa

%

A verage  P s. 
aeruginosa  
c o u n ts  p e r 

100 m l

M unicipal w a ter supply M FT 34 429 8 8 0 . 2 5.5

SBG 353 1 2 3.4 3.8
Springs M FT 79 5 6.3 5.8

SBG 48 4 8.3 16.0

M ineral an d  soda w ater M FT 2 1 0 41 19.0 24.0

SBG 228 51 22.3 2 0 . 0

W ells M FT 1 047 9 0 . 8 270.0

SBG 109 17 15.6 49.0
In d u s tr ia l  circuits and M FT 497 31 6 . 2 196.0

co n ta in ers SBG 118 44 37.2 452.0
In le ts  o f sw im m ing pools M FT 170 1 1 6.4 8 . 0

SBG 81 19 23.4 1 0 0 . 0

Sw im m ing pools MFT 235 8 3.4

SBG 161 136 84.4 701.0
Surface w aters MFT 406 2 0.5

SBG 204 176 8 6 . 2 690.0
Sewage MFT 80 — — —

SBG 70 67 95.7 2500.0

T o ta l M FT 37 153 195 0.5

SBG 1 372 526 38.3

* M F T  =  m em b ran e  f i lte r  tech n iq u e , SB G  se len ite—b rill ia n t green e n rich m en t techn ique. 
. =  P s. aeruginosa  co u n t n o t d e te rm in a b le .

of P s. aeruginosa  show s a w ide v a r ia tio n  accord ing  to  th e  k in d  of specim en  
ex am in ed . T he r ig h t h a n d  co lum n of T ab le  I  show s th e  average o f Ps. aeruginosa  
co u n ts  p e r  100 m l vo lum e of d iffe ren t sam ples. In  m em brane f i l te r  ex am in a tio n s 
th e se  va lu es  w ere d e te rm in ed  b y  d irec t co lony  counting , in  en rich m en t cu l
tu re s  th e  d a ta  w ere o b ta in e d  b y  th e  m ost p ro b ab le  n u m b er m e th o d .

T ab le  I I  show s th e  n u m b e r o f P s. aeruginosa  positive sam ples n o t co n 
ta in in g  coliform  b a c te r ia . A su rp ris in g ly  g rea t n um ber o f d rin k in g  w a te r  
specim ens fell in to  th is  ca teg o ry  (118 o u t o f 227). T h a t is, m ore  th a n  h a lf  of 
th e  P s. aeruginosa  p o s itiv e  sam ples w ould  h av e  been qualified  sa tis fa c to ry  on 
th e  basis  of a sole coliform  te s t . In  in d u s tr ia l w a te r  circuits th e  s itu a tio n  w as 
even  w orse: 7 0 —80%  o f th e  specim ens p o sitiv e  for Ps. aeruginosa  fa iled  to  
c o n ta in  coliform  b a c te r ia .
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Table II

Incidence o f  coliform bacteria in  specim ens positive  fo r  Ps. aeruginosa

Specim ens

Specim ens p o s itiv e  fo r  
P s. aeruginosa N o . o f  specim ens 

show ing h ig h er 
P s. aeruginosa  
co u n ts  th a n  

coliform  c o u n ts

M ethod*

T o ta l  N o.
C oliform
n e g a tiv e

M unicipal w a te r  supply M FT 8 8 60 80

SBG 1 2 5 5

Springs M FT 5 5 5

SBG 4 2 2

M ineral and  soda w ater M FT 41 1 1 38

SBG 51 2 0 47
W ells M FT 9 6 6

SBG 17 8 1 1

In d u s tr ia l  circuits and containers M FT 31 26 31

SBG 44 33 40

In le ts  o f sw im m ing pools M FT 1 1 7 7

SBG 19 1 0 17
Sw im m ing pools M FT 8 — —

SBG 136 5 45

Surface w a ters M FT 2 — —

SBG 176 — 1

Sewage M FT — — —
SBG 67 — —

T o ta l M FT 195 115 167

SBG 526 83 168

* M FT  =  m em brane  filte r  te c h n iq u e , SBG =  se len ite -b rillian t g reen  e n ric h m e n t 
tech n iq u e .

T h e r ig h t h an d  colum n of T ab le  I I  shows th e  n u m b er of P s. aeruginosa  
p o s itiv e  specim ens in w hich th is  organism  w as p resen t in  g re a te r  n u m b ers  
th a n  w ere th e  coliform s. In  d rin k in g  w a te r  sam ples Ps. aeruginosa  u su a lly  
exceeded  th e  coliform s, b u t in  sw im m ing pools, surface w a te r  a n d  sewage th e  
la t te r  p red o m in a ted .

T ab le  I I I  p resen ts th e  incidence of Ps. aeruginosa  serogroups in  various 
specim ens. T h e  com m onest serog roup  w as 0 4  (18.5% ). S erogroups 0 1 , 0 7  
an d  0 3  w ere n e x t in  order (14.1, 11.2 an d  11 .0% , resp ec tiv e ly ). T hese fo u r 
serogroups com prised , accord ing ly , 54 .8%  of all iso lates. T he ap p ea ran ce  o f 
serog roup  0 4  w as usually  asso c ia ted  w ith  m ore freq u en t iso la tions of coliform  
b a c te r ia . T h e  re la tiv e  frequency  of 0 1  cu ltu res w as assoc ia ted  w ith  a m ass 
P s. aeruginosa  po llu tion  in th e  M unicipal M ineral W a te r  P la n t.
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D iscussion

M em bers of th e  o rd e r Pseudomonadales are  w idely  d is tr ib u te d  in  n a tu re  
an d  m o st of th em  are  n o rm a l in h a b ita n ts  of su rface  w ate rs . Ps. aeruginosa 
is th e  on ly  w ide-sp read  pseu d o m o n ad  th a t  has becom e a p o te n tia l p a th o g en  
fo r h ig h e r an im als a n d  m a n , and  i t  ap p ea rs  p ro b a b ly  in  w a te r as a re su lt of 
faecal p o llu tion . In  o rd e r to  su rvey  th e  incidence  of th is  organism  in a v a rie ty  
of w a te r  specim ens, we h av e  in tro d u ced  th e  selen ite—b rillian t green b ro th -  
b r illia n t green agar te c h n iq u e , w hich allow s a sensitive  detec tio n  of Ps. aerugi
nosa especially  in h ig h ly  p o llu ted  specim ens.

O u r d a ta  in d ic a te d  th a t  n e ith e r th e  incidence of P s. aeruginosa positive 
d r in k in g  w a te r sam ples n o r th e  n u m b er o f th e  organism  in th em  was negligible. 
T h is is w ell illu s tra te d  b y  th e  fac t th a t  ch lo rin a ted  m un ic ipa l w ate r, m ineral 
w a te r  an d  well w a te r specim ens co n ta in ed  Ps. aeruginosa  in  3.4, 22.3 an d  16.5% , 
resp ec tiv e ly ; a t th e  sam e tim e  th e  inc idence  of th e  co rrespond ing  specim ens 
q u a lified  u n sa tis fa c to ry  in  view  of th e ir  coliform  c o n te n t was 9.0, 37.4 and 
3 9 .3 % , respective ly .

P s. aeruginosa w as iso la ted  re m a rk a b ly  fre q u e n tly  from  in d u str ia l w ate r 
c ircu its . Coliform b a c te r ia , in c o n tra s t, seldom  o ccu rred  in such specim ens. 
T his fin d in g  deserves special in te re s t, as p ipelines ca rry in g  in d u s tr ia l w ate r 
ru n  u su a lly  para lle l w ith  d rink ing  w a te r  p ipes an d  th u s  th e re  is a h a z a rd  of 
com m unica tion .

W e have o bserved  th a t  from  w a te r  su p p ly  eq u ip m en ts  p o llu ted  w ith  
Ps. aeruginosa  the  o rgan ism  is d ifficu lt to  e lim ina te  an d  disinfecting  p rocedures

Table I I I

D istribu tion  o f  Ps. aeruginosa

Specim ens
No. o f

P s. aeruginosa serogroups

stra in s 1 2 3 4 5

M unicipal w a te r supply 12 1 — — 6 l

Springs 4 1 2 — — l

M ineral and soda w ater 62 36* — 3 4 7

W ells 18 3 — l 5 2
In d u s tr ia l  circuits and con ta iners 47 8 — 3 24 —

In le ts  o f swim m ing pools 21 1 — 7 — 6
Sw im m ing pools 285 24 18 45 29 27

Surface w aters 337 46 14 33 81 23

Sewage 147 12 14 11 25 23

T o ta l 933 132 48 103 174 90

* A ll Ps. aeruginosa  0 1  s tra in s  were iso la ted  from  th e  M unic ipa l M ineral W a te r P la n t.
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effective a g a in s t coliform s fail to  kill p seudom onads. F o r exam ple, fro m  a 
p riv a te  p ip ed  w a te r  supp ly  of a ho liday -house , Ps. aeruginosa  s tra in s  o f th e  
sam e serog roup  w ere iso la ted  fo r years  desp ite  all efforts of cleaning. I n  a 
m inera l w a te r  p la n t th e  eq u ip m en t used  fo r cooling th e  w a te r was a c o n tin u o u s  
source o f P s. aeruginosa. Serological d e te rm in a tio n  of th e  iso lates w as especia lly  
usefu l in  such  exam inations. In  o u r experience, po llu ted  p iped  w a te r sy s tem s 
rem ain  p o sitiv e  fo r P s. aeruginosa  lo n g er th a n  fo r coliform s, th a t  is, re p e a te d  
ex am in a tio n s show  th e  presence o f P s. aeruginosa  r a th e r  th a n  of co liform  
b ac te ria . H u r s t  and  S u t t e r  [8] h av e  also fo u n d  th a t  in  w a te r p seu d o m o n ad s 
su rv ive  longer an d  are m ore re s is ta n t to  ch lo rin a tio n  th a n  coliform  b a c te r ia . 
A ccordingly , th e re  is good reason  to  assum e th a t  Ps. aeruginosa is o f specia l 
im p o rtan ce  as to  th e  san ita ry  co n d itio n  of d rin k in g  w a te r  and  th a t  i t  is d esi
rab le  to  consider P s. aeruginosa  co u n ts  in  a d d itio n  to  coliform  an d  en te rococ- 
cal coun ts as an  in d ica to r  of p o llu tio n .

O ur specim ens from  sw im m ing pools co n ta in ed  Ps. aeruginosa  in  8 4 .4 % , 
an d  th e  av erag e  co u n t for th is  o rgan ism  w as a lm o st as h igh  as in  surface w a te rs  
or sewage (701 b ac te ria  per 100 m l sam ple). T h a t  th e  presence of th is  o rgan ism  
should  n o t be neglec ted  in  qua lify in g  sw im m ing pool sam ples is ev id en t from  
th e  w ork  of F a v e r o  et al. [5] w ho described  th e  p redom inance  of Ps. aeruginosa  
in in su ffic ien tly  d isinfected  sw im m ing pools an d  p o in ted  o u t th a t  th e  o rgan ism  
is one of th e  p rin c ip a l cau sa tiv e  ag en ts  of o titis  ex te rn a  am ong sw im m ers.

T he fa c t th a t  th e  incidence of P s. aeruginosa  in  B u d ap est surface w a te rs  
(86 .2% ) is a lm o st as high as in  sew age (95 .7% ) is in d ica tiv e  of a g rea t degree 
o f sew age-load on our n a tu ra l w a te rs . Specim ens o rig ina ting  from  th e  r iv e r  
D anube a t  sam pling  po in ts s itu a te d  above th e  c ity  w ere less f re q u e n tly  pol-

serogroups in  various specimens

( L á n y i ’s  a n t i g e n i c  s c h e m a )

6 ? 8 9 10 11 12 13 P ND

2

4

2 1

1

4

—
3

—

— —

—

4

5 1 _ l 1 — — —

Zi

1 3 — — l — — — — 2

31 39 17 l 27 2 — — 7 18

36 44 8 4 8 3 l l 13 22

18 12 15 — 3 5 — 3 6

95 105 46 5 45 I
1

11 l l 23 54

P  =  p o ly ag g lu tin ab le  s tra in s , N D  serogroup  n o t de term ined .
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lu te d  w ith  P s. aeruginosa  th a n  specim ens ta k e n  u n d e r th e  c ity . S im ila r obser
v a tio n s  w ere describ ed  b y  H o a d l e y  a n d  M c C o y  [7]; th e y  show ed t h a t  Ps. 
aeruginosa  occurred  w ith  g rea te r f re q u e n c y  in  th e  neighbourhood  of sew age 
inflow s th a n  in  o th e r  p a r ts  of surface w a te rs .

Serological ty p in g  in d ica ted  th a t  th e re  w as no sign ifican t difference 
be tw een  specim ens in  th e  d is trib u tio n  o f  P s. aeruginosa  serogroups. T he p re 
d o m in a tin g  serogroups w ere  th e  sam e as th o se  iso la ted  b y  L á n y i  et al. [9] in  
1966 fro m  w a te r, sew age an d  faecal spec im ens collected  in  th e  c o u n try  area  
su rro u n d in g  B u d a p e s t c ity .
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EFFECT OF TIFORONE HYDROCHFORIDE 
ON THE EXPERIMENTAL RABIES OF MICE

By

F .  F o r n o s i , M a r g a r e t  T á l a s  and  G . W e i s z f e i l e r

N ational Institu te  o f  P ublic  H ealth (D irector : T. B a k á c s )  a n d  M icrobiological Research Group 
(Director: G. W e i s z f e i l e r )  o f  the H ungarian A ca d em y  o f  Sciences, B udapest

(R ece iv ed  M arch 24, 1972)

Sum m ary. A single in tra g a s tr ic  a d m in is tra tio n  of tilo ro n e  h y d ro ch lo rid e  com plete ly  
p ro tec te d  Swiss m ice ag a in s t an  in tra c e re b ra l challenge w ith  6  in tra c e re b ra l,  o r sub cu tan eo u s 
challenge w ith  6  su b cu tan eo u s, L D 5 0  o f th e  CVS s tra in  of rab ie s  v iru s. T he challenge w as applied  
19 hours a fte r t re a tm e n t. The sam e p re tre a tm e n t p ro longed  th e  in c u b a tio n  period  if  th e  
challenge dose was la rg e r (100 or 1000 L D S0). In te rfe ro n  ( IF )  w as d e m o n s trab le  48 hours a fte r  
challenge even in  u n tre a te d  m ice: in  th e  serum  a fte r su b c u tan e o u s  challenge an d  in  b o th  th e  
b ra in  tissue and  th e  serum  a f te r  in tra c e re b ra l challenge. T he I F  lev e l o f th e  m ice p re tre a te d  
w ith  tilorone increased  in  th e  b ra in  a f te r  in trace reb ra l challenge a n d  in  th e  b lood serum  a fte r  
sub cu tan eo u s challenge.

U tiliza tion  of in te rfe ro n  ( IF )  an d  IF  inducers in  th e  p ro p h y lax is  of rabies 
has been considered b y  several au th o rs . H ow ever, n e ith e r  po ly  I  : C nor NDV 
p ro te c te d  Swiss m ice ag a in st th e  CVS stra in  of rab ies  v iru s  [1, 2]. In  th e  
p re sen t w ork, th e  effect of a single in trag as tric  a d m in is tra tio n  of tilo rone  
hydroch lo ride  on ex p e rim en ta l rab ies induced  b y  th e  CVS s tra in  has been 
stu d ied .

Materials and methods
M ice. Swiss m ice b re d  a t  th e  N a tio n a l In s ti tu te  o f P u b lic  H e a lth , B u d a p es t, w eighing 

14 — 16 g, were used.
Virus. The CVS s tra in  of rab ie s  v iru s was k in d ly  su p p lied  b y  th e  R esearch  In s t i tu te  for 

Po liom yelitis and  V ira l E n ce p h a litid e s  o f th e  Soviet A cad em y  o f M edical Sciences, Moscow. 
In  o u r L ab o ra to ry , th e  s tra in  h a d  u n d erg o n e  two in tra c e re b ra l p assages in  th ree-w eek-old  
Swiss m ice. B rains from  th e  second passag e  were suspended  in  fo u r vo lum es of d istilled  w a te r 
co n ta in in g  2%  horse  serum . T he s to ck  suspension th u s  o b ta in e d  w as s to red  a t  — 60 °C u n til  
used . V irus d ilu tions w ere m ade  in  a  p h o sp h a te  buffered  sa line  (P B S ), p H  7.2, co n ta in ing  2%  
horse  serum . The v iru s d ilu tio n s w ere k e p t  in m elting ice u n til  in o cu la te d  in to  mice.

Tilorone hydrochloride  (W M. S. M errel Co., C incinnati, O hio , U .S .A .), 12.5 m g/m l was 
d issolved in PB S . O f th is  so lu tion  0.2 m l (160— 170 m g/kg) w as in tro d u c e d  in to  th e  sto m ach  of 
each  an im al th ro u g h  a g astric  tu b e  a d ju s te d  to  a tu b ercu lin  sy ringe .

Challenge. Mice w ere in fec ted  su b cu tan eo u sly  or in tra c e re b ra lly  19 h o u rs  a f te r  tilo rone 
tre a tm e n t.

I F  titration. Serum  d ilu tio n s p re p a re d  in PB S and  20%  b ra in  em ulsions d ialysed  for 48 
h o u rs  a t  p H  2.0, an d  su b seq u en tly  fo r 24 hours a t  p H  7.6, w ere in c u b a te d  w ith  w ashed  L-cell 
tu b e  cu ltu res for 4 h ours. S u b seq u e n tly , th e  m edium  w as p o u re d  o ff a n d  th e  cu ltu res  were 
in fec ted  w ith  50 C P D 5 0  o f Sem liki F o re s t  v iru s. P a rk e r’s 199 en rich ed  w ith  2%  ca lf serum  served 
as m ain ten an ce  m edium . R esu lts  w ere re a d  a fte r  an  in cu b a tio n  fo r 72 ho u rs . IF  t i t r e  is expressed  
in  th e  h ighest d ilu tio n  by  w hich  th e  c y to p a th ic  effect o f  th e  challenge  v iru s w as com plete ly  
p rev en ted .

Sam pling. T hree  m ice w ere k illed  in  each  group, 48 h o u rs  a n d  5 d ay s a f te r  in trace reb ra l, 
a n d  48 hours and  6  d ay s a f te r  su b c u tan e o u s , challenge w ith  ra b ie s  v iru s. T he serum  sam ples as 
w ell as th e  b ra ins from  th e  th ree  m ice w ere pooled. F rom  each  b ra in  pool a  20%  hom ogenate  
w as prepared .
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R esults

T ab le  I shows th e  effect of tilo ro n e  hydroch lo ride  on m ice in tra c e reb ra lly  
in fe c te d  w ith  rabies v iru s . F o r  th e  m ice p re tre a te d  w ith  th e  a n tiv ira l  agent, 
th e  L D 5o was a p p ro x im a te ly  6-fold th e  con tro l v a lue  (0.8 log u n its ) . I f  th e  in 
ocu lu m  w as larger th a n  10 L D 5o, th e  m o rta lity  ra te  w as n o t in flu en ced  h u t  th e  
av e rag e  incubation  p e rio d  w as p ro longed  b y  th e  drug.

Table I

E ffec t o f  tilorone hydrochloride adm inistered  intragastrically on intracerebral infection  
w ith  the C V S  stra in  o f  rabies virus

Treatment
Virus dilution

Neg log 
LD60/0.03 mlIO“ 3 1°  1 10-5 10-6 10~7

Tilorone** +  CVS 1* — 8 / 8 9/10 2 / 8 —

2 * — 6 . 6 6.9 8.5 — 5.6

3* — 2 . 1 1.9 1.0 —

CVS (contro l) 1* 9/9 9/10 1 0 / 1 0 8/9 1 / 1 0

2 * — 6 . 0 6.4 6 . 8 — 6.4

3* 1.7 2 . 0 2 . 1 2 . 2 —

** T ilo ro n e  HC1 2.5 m g/14- 16 g Swiss m ouse 19 
h o u rs  before v irus challenge 

1* N u m e ra to r  =  n u m b er o f d ied , d e n o m in a to r =  
n u m b e r  of t re a te d  an im als  

2* A rith m e tic a l m ean  of in cu b a tio n  p e rio d  in  days 
3* A rith m e tic a l m ean  o f  c lin ical illness in  days

T here  was no d ifference in  clin ical sym ptom s b e tw een  p re tre a te d  an d  
u n tr e a te d  mice. N everth e less , fo r th e  tilo ro n e -trea ted  m ice th e  average  d u ra 
tio n  o f clinical illness te n d e d  to  increase on increasing  th e  challenge dose, 
A s im ila r  tendency  w as n o t n o tab le  in th e  contro l group.

In  Table I I ,  th e  effect of tilo ro n e  p re tre a tm e n t on th e  subcu taneous 
in fe c tio n  of mice is show n. In  th is  case, too , th e  L D 5o fo r th e  p re tre a te d  mice 
w as ap p ro x im ate ly  6-fold th e  co rrespond ing  con tro l v a lue . I n  th e  case of in 
ocu la  larger th a n  10 L D 50, m o r ta lity  was n o t reduced  b u t  th e  in c u b a tio n  period 
w as pro longed b y  tilo ro n e  tre a tm e n t. T he average d u ra tio n  of illness seem ed 
to  b e  in  d irect re la tio n  to  th e  challenge dose.

T he serum  I F  t i t r e  w as 1 : 10, 1 : 20, I : 160 an d  1 : 40 a t  2, 6, 18 and 
48 h o u rs , respectively , a f te r  th e  in tra g a s tr ic  a d m in is tra tio n  o f 2.5 m g tilorone 
hydro ch lo rid e . T he challenge v iru s  was given a t  th e  e x p e c te d  p e a k  of th e  
se ru m  IF  curve, i.e ., 19 hours a f te r  tre a tm e n t. T ab le  I I I  show s th e  I F  levels
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Table II

E ffect o f  tilorone hydrochloride adm inistered intragastrically  
on subcutaneous infection w ith the C V S  stra in  o f  rabies v irus

T re a tm en t
V irus d ilu tio n

N eg log 
L D „ /0 .1  m lю-i IO“ 2 1 0 - 3 1 0 -*

Tilorone** -f- CVS 1 * 7/9 2 / 8 1/9 —

2 * 7.6 1 1 . 0 — — 1.59
3* 2.4 <  1.0 — —

CVS (control) 1 * 9/9 7/10 1/9 0 / 1 0

2 * 6 . 8 9.6 — — 2.35
3* 2 . 0 1.0 — —

F o r ex p la n a tio n  see Table I

in  th e  pooled serum  and  pooled b ra in  of th e  m ice killed 48 hou rs  a fte r  cha l
lenge. I t  is c learly  seen th a t  IF  w as induced  even  b y  th e  challenge v iru s  itself. 
In  m ice challenged  su b cu tan eo u sly , th e  serum  IF  t i t re  was low (1 : 10 l  : 20) 
a n d  no IF  could be d em o n stra ted  in  th e  b ra in . A fte r in tra c e re b ra l challenge, 
th e  t i t r e  reached  1 : 64 —1 : 128 in  b o th  th e  serum  an d  th e  b ra in  o f th e  con tro l 
m ice. In  su b cu tan eo u sly  challenged m ice th e  serum  IF  titre , in  in tra c e reb ra lly  
challenged  ones th e  b ra in  IF  t i t r e ,  increased  m ore  in ten se ly . I n  th e  b ra in s  of 
th e  m ice challenged  su b cu tan eo u sly , I F  could n o t be d e tec ted  even  if th e  m ice

Table II I

In terferon levels in serum  and brain o f  mice* 48 hours 
after infection w ith  C V S  stra in  o f  rabies virus

P re -
tre a tm e n t

w ith
tilo ro n e

V irus d ilu tion
W a y  o f  

in fec tio n

In te r fe ro n  titres* *  in  0.5 m l 

se ru m  b ra in

yes 1 0 - “ icer 160 512

yes i o -6 icer 80 256
no 1 0  “ 3 icer 80 128
no 1 0 -« icer 80 64
yes i o -1 scu t 640 <  2 0

yes i o -3 scu t 320 <  2 0

no i o - 1 scu t 2 0 <  2 0

no i o -3 scu t 2 0 <  2 0

* In  eac h  te s t  pooled sam ples from  3 m ice 
** R eciproca ls o f d ilu tions
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h a d  b een  p re tre a ted  w ith  tilo rone . An increase in  th e  challenge dose was in 
gen era l accom pan ied  b y  an  increased  IF  p ro d u c tio n .

F iv e  and  6 days a fte r  su b cu tan eo u s  ch a llen g e  of m ice, low I F  levels 
(1 : 20) w ere d e m o n s tra te d  in  th e  serum , b u t  no I F  could  be d e te c te d  in  th e  
b ra in  o f  th e  m ice p re tre a te d  w ith  tilo ro n e . In  th e  o th e r groups, I F  could  be 
d e te c te d  n e ith e r  in th e  serum  nor in th e  b ra in .

D iscussion

T ilo rone  hydro ch lo rid e , 2,7-bis (2 -d ie thy l-am inoe thoxy-fluo ren -9 -one  d i
h y d ro ch lo rid e ), is a b road -sca le  a n tiv ira l agen t an d  a good IF  in d u ce r [3, 4]. 
I ts  IF - in d u c in g  effect w as c learly  d e m o n s tra te d  in  th e  p resen t ex p erim en ts.

N e m e s  et al. [1] ex am in ed  th e  p ro tec tiv e  effect o f poly  I  : C on th e  
CVS-26-7 s tra in  of rab ies v iru s . T hey  ad m in is te red  th e  challenge in to  th e  p la n 
t a r  p a d  or in trace reb ra lly . A verage su rv iv a l tim e  of th e  p re tre a te d  m ice as 
co m p a re d  to  th a t  o f th e  con tro ls w as p ro longed , w hereas p ro te c tio n  was 
poo r: th e  su rv ival ra te  w as increased  by  30%  if 10 L D r>0 was ad m in is te red  as 
ch a llen g e .

F e n j e  and  P ostic  [5, 6] a d m in is te red  poly  I  : C to  ra b b its  in trav en o u sly  
or in tra m u sc u la r ly  w ith in  24 hours a f te r  a challenge w ith  rab ies s tre e t v irus. 
T h e y  d e m o n s tra te d  a s ig n ifican t p ro tec tio n .

A t a n a s i u  et al. [2] called  a t te n tio n  to  th e  fa c t th a t  th e  I F  sen s itiv ity  
of th e  rab ies v irus dep en d s on th e  host. In d u c tio n  of IF  by  NDV w as follow ed 
b y  no  p ro te c tio n , in  sp ite  of th e  h igh  serum  IF  level.

I n  our own in v e s tig a tio n s , a f te r  a single in tra g a s tr ic  ad m in is tra tio n  of 
tilo ro n e  h ydroch lo ride , I F  ap p eared  in  th e  serum , b u t n o t in th e  b ra in . F o rty - 
e ig h t h o u rs  a fte r  in tra c e re b ra l challenge w ith  rab ies v iru s, IF  w as dem on
s tra b le  in  th e  b ra in  tissu e  as well. T he IF  level o f th e  b ra in  w as h ig h er in  th e  
m ice p re tre a te d  w ith  tilo ro n e  th a n  in  th e  con tro l m ice. IF  p ro d u ced  in th e  
b ra in  tissu e  w as also d em o n strab le  in  th e  serum , w hereas no d e tec tab le  am o u n ts  
of th e  serum  IF  d iffused  in to  th e  b ra in . This phenom enon  po in ts  to  th e  p ro b 
ab le  ro le of th e  blood-C SF b arrie r. A n in te rp re ta tio n  of th e  p ra c tic a lly  id e n ti
cal p ro te c tio n  ag a in st su b cu tan eo u s an d  in tra c e reb ra l in fec tion , invo lv ing  
d ifferences in th e  p a th o m ech an ism , needs m ore d iffe ren tia ted  in v estig a tio n s.

Acknowledgem ent. T he a u th o rs  are in d eb te d  to  th e  W M. S. M errel Co., C in cinnati, O hio, 
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ТОМ XVIII 

РЕЗЮМЕ

MEASLES IMMUNITY IN INFANTS
Z. P A L L IN G E R , G . P A L L IN G E R -S Z E K E R E S

ИММУНИТЕТ К КОРИ У ГРУДНЫХ ДЕТЕЙ
3 .  П А Л Л И Н Г Е Р ,  Г .  П А Л Л И Н Г Е Р - С Е К Е Р Е Ш

Методом РИГА авторы исследовали 218 сывороток от детей младше 1 года на нали
чие антител к кори. На основе полученных результатов было установлено:

1. Уровень антител к кори до 5-месячного возраста быстро понижается, до 9-месяч
ного возраста остается на низком уровне, затем опять повышается. Кривая возрастного 
распределения заболеваемости корью и результаты исследований полностью совпадают: 
число случаев заболеваемости корью в 5—8-месячном возрасте скачкообразно повышается.

2. Заслуживает внимания помесячное изменение среднего геометрического титра в 
РПГА у сывороток, полученных от отдельных возрастных групп в различные месяцы года.

SOME PROPERTIES OF THE MEMBRANE-BOUND PENICILLINASE OF 
BACILLUS CEREUS 569

V. CSÁ N Y I, I .  M IL E , I .  F E R E N C Z , É . SZA BÓ

НЕКОТОРЫЕ СВОЙСТВА МЕМБРАН-СВЯЗАННОЙ ПЕНИЦИЛЛИН АЗЫ
В . Ч А Н Ь И ,  И . М И Л Е ,  И Л О Н А  Ф Е Р Е Н Ц ,  Е В А  С А Б О

С помощью различных методик авторам удалось выделить из клеток 569/Н штамма 
В . cereus три мембран-связанной пенициллиназы, отличающихся друг от друга по неко
торым свойствам. Свойства одного из вариантов соответствовали таковым — пенициллина
зы, выделенной Pollock. На основе экспериментальных данных излагаются выводы относи
тельно механизма образования трех видов связанной пенициллиназы.

EFFECT OF UREA ON THE TWO IODINE INACTIVATION REACTIONS 
OF BACILLUS CEREUS PENICILLINASE

J .  H A JD Ú , I .  F E R E N C Z , I .  M IL E , V. C S Á N Y I

ДЕЙСТВИЕ МОЧЕВИНЫ НА ДВЕ РЕАКЦИИ ЙОДНОЙ ИНАКТИВАЦИИ 
ПЕНИЦИЛЛИНАЗЫ В. CEREUS

Й .  Х А Й Д У ,  И Л О Н А  Ф Е Р Е Н Ц ,  И . М И Л Е ,  В .  Ч А Н Ь И

Мочевина стимулировала обе ступени реакции йодной инактивации пенициллиназы 
В. cereus, и степень стимуляции была пропорциональна концентрации мочевины. Предва
рительная инкубация пенициллиназы с 7,5 М мочевины в течение 30 минут изменяла усло
вия йодной инактивации, так как обе реакции протекали при более низком значении pH, 
чем обычно. Комбинируя мочевину с метициллином — каждое из этих соединений дей- 
стовало на одну из двух ступеней реакции — и обеспечивая их одновременное действие, 
можно было достичь практически полной инактивации при обеих изученных степенях pH.



INTERFERON AND ANTIBODY PRODUCTION IN INBRED MICE INFECTED 
WITH THE RAUSCHER VIRUS

F . D. T Ó T H , L . V Á C Z I, CL. B E R E N C S I

ПРОДУКЦИЯ ИНТЕРФЕРОНА И АНТИТЕЛ У INBRED-ШТАММА МЫШЕЙ, 
ЗАРАЖЕННЫХ ВИРУСОМ RAUSCHER-A

Ф . Д .  Т О Т ,  Л .  В А Ц И ,  К Л А Р А  Б Е Р Е Н Ч И

Авторы изучали спленомегалию и продукцию туморспецифических антител и ин
терферона у inbred-мышей Balb/c, DBA/I nC57BI/IOSn, зараженных вирусом Rauscher-a. 
Была выявлена прямолинейная зависимость между резистентностью и степенью продук
ции антител. В случае умеренно резистентных мышей DBA/I вирус Rauscher-a оказался 
хорошим индуктором интерферона; у двух других штаммов продукция интерферона была 
незначительной.

RELATIONSHIP OF LYSOGENY AND MEGACINOGENY IN BACILLUS
MEGATERIUM

V. GA ÁL, J .  M O L N Á R , G. IV Á N O V IC S

ВЗАИМОСВЯЗЬ МЕЖДУ ЛИЗОГЕНИЕЙ И МЕГАЦИБОГЕНИЕЙ У BACILLUS
MEGATERIUM

В Е Р А  Г А А Л , Й . М О Л Н А Р ,  Д Ь .  И В А Н О В И Ч

Клетки мегационогенного 216 штамма B a c i l lu s  m e g a te r iu m  были заражены host range 
фаговым мутантом, полученном из лизогенного штамма 899 I. На агарах, привитых этим 
материалом, возникшие клоны спор отличались друг от друга с точки зрения профага и 
мегацин-фактора. Под действием заражения фагом мегацин-фактор мог оказаться лабиль
ным, и в результате этого он мог быть потерян. Такие немегациогенные сегреганты в то же 
время могли стать лизогенными, но профаг часто не стабилизировался в клетках, и таким 
способом некоторые изоляты с потерей мегацин-фактора не становились лизогенными. 
Если после заражения мегацин-фактор оставался, из него образовались лабильные или 
стабильные лизогенные дериваты. В стабильных изолятах, несущих оба плагмида, пре
обладает одна из фракций. Культуры этих дериватов растворялись под воздействием мито- 
мицина, и кинетика лизиса, а также количественная связь между возникшими продукта
ми, фагом и мегацином, была различной, соответственно преобладанию факторов. В отдель
ных изолятах мегацин-фактор полностью репрессировал индукцию профага. Таким обра
зом, оба плазмида по-разному могут препятствовать репликации один-другого, а также 
индукции.

EFFECT OF PYRAZOCILLIN ON THE INDUCED PENICILLINASE 
SYNTHESIS OF BACILLUS CEREUS

I . M IL E , V. C S Á N Y I, I . K O C Z K A , É . B A D Á R , I . H O R V Á T H

ДЕЙСТВИЕ ПИРАЗОЦИЛЛИНА НА СИНТЕЗ ИНДУЦИРОВАННОЙ 
ПЕНИЦИЛЛИНАЗЫ В. CEREUS

И . М И Л Е ,  В . Ч А Н Ь И ,  И .  К О Ц К А ,  Е В А  Б А Д А Р ,  И . Х О Р В А Т

Пиразоциллин (1 —)2,6 — дихлорофенил (—4-метил-5-пиразолиновый пенициллин) 
в низкой степени индуцировал синтез пенициллиназы в клетках В .  c e re u s  569. Его связь 
с пенициллинсвязывающим фактором клеток была низкой в противоположность таковой 
пенициллина, однако — как и в случае пенициллина — связь оказалась необратимой.



LYSOGENIC CONVERSION IN THE SHIGELLA FLEXNERI GROUP

I .  K É T Y I , A. V E R T É N Y I ,  I .  F IN A N C S E K

ЛИЗОГЕННАЯ КОНВЕРСИЯ У ГРУППЫ SHIGELLA FLEXNERI

И . К Е Т Ь И ,  А Д Е Л  В Е Р Т Е Н Ь И ,  И . Ф И Н А Н Ч Е К

Из штамма 4в серотипа Shigella f le x n e r i  авторы выделили температурный фаг с 
антиген-конвертирующей способностью. Этот фаг, обозначенный Р90, — за исключением 
серотипных репрезентантов, несущих IV антигенный комплекс, — во всех исследуемых 
штаммах, принадлежавших к различным серотипам, обусловливал антигенную конверсию, 
сопровождающуюся появлением специфичности IVj. Антиген, фигурирующий в конвер- 
тантах, не идентичен с антигеном IV1( а находится с ним в антигенной связи а, в — а, с.

В пробах нейтрализации фаг Р90 оказался серологически идентичным с фагом 
0 IVj, располагающим подобной конвертирующей способностью. Несмотря на это, между 
этими двумя фагами нет перекрестной иммунной реакции, и может быть индуцирован 
двойной лизогенный дериват.

THE EFFECT OF THEOPHYLLINE UPON INDUCED /3-GALACTOSIDASE 
SYNTHESIS IN ESCHERICHIA COLI

.T. S C H L A M M A D IN G E R , G. SZABÓ

ДЕЙСТВИЕ ТЕОФИЛЛИНА НА ИНДУЦИРОВАННЫЙ СИНТЕЗ 
ГАЛЛАКТОЗИДАЗЫ В ESCHERICHIA COLI

Й . Ш Л А М М А Д И Н Г Е Р ,  Г .  С А Б О

Авторы установили, что теофиллин в концентрации ЗхЮ -3 М и выше подавляет 
синтез /3-галактозидазы в полностью индуцированных клетках Escherichia coli К 12 в 
зависимости от используемой концентрации. Предполагается «конкуренция» между тео- 
филлином и циклическим АМФ.

EFFECT OF VARIOUS DILUENTS ON STABILITY OF VACCINIA VIRUS
DILUTIONS

J .  SZ A T H M Á R Y , L . H E G E D Ű S , M. K O L L E R

ВЛИЯНИЕ РАЗЛИЧНЫХ РАСТВОРОВ НА СТАБИЛЬНОСТЬ 
РАЗВЕДЕНИЙ ВИРУСА ОСПЕННОЙ ВАКЦИНЫ

Й . С А Т М А Р И , Л .  Х Е Г Е Д Ю Ш ,  М . К О Л Л Е Р

В 10~5—10- 7 разведениях вируса вакцины, проведенных с различными растворами 
и содержащихся при 37°С, наблюдалось понижение разной степени в числе оспин обра
зующих единиц (ООЕ). Наиболее стабильными оказались разведения, содержавшие сыво
роточный белок и, особенно, обезжиренное молоко.

Не удалось обнаружить связь между содержанием в вирусных суспензиях бактерий, 
тканевых детритов и стабильностью различных разведений.

Многоступенчатое разведение вируса вакцины в буферном растворе, в составе кото
рого находилось обезжиренное молоко, давало более высокие ООЕ, чем таковые при разве
дениях только в одном буфере.



WATER LIMITED REACTION OF BACILLUS CEREUS PENICILLINASE 
IN NONAQUEOUSSOLVENT

V. C S Á N Y I, I .  M IL E , É . SZA BÓ , GY. H A R M A T H , I .  F E R E N C Z

РЕАКЦИЯ ПЕНИЦИЛЛИНАЗЫ В. CEREUS, ОГРАНИЧЕННАЯ ВОДОЙ. В
БЕЗВОДНОМ РАСТВОРЕ

В . Ч А Н Ь И ,  И .  М И Л Е ,  Е В А  С А Б О , Д Ь .  Х А Р М А Т ,  И Л О Н А  Ф Е Р Е Н Ц

Было установлено, что пенициллиназа В . cereus может храниться в глицероле без 
денатурации. Авторы изучали некоторые характерные свойства реакции, катализируе
мой пенициллиназой, в глицероле с низким содержанием воды. Реакция на уровне на
сыщения субстрата зависела от содержания воды и энзима.

CORRELATION BETWEEN THE MORPHOLOGICAL VARIABILITY 
AND RIBOFLAVIN PRODUCING CAPACITY OF EREMOTHECIUM ASHBYII

T. V Á G H Y

ВЗАИМОСВЯЗЬ МЕЖДУ МОРФОЛОГИЧЕСКОЙ ИЗМЕНЧИВОСТЬЮ 
EREMOTHECIUM ASHBYII И СПОСОБНОСТЬЮ ПРОДУЦИРОВАТЬ РИБОФЛАВИН

Т .  В А Г И

Eremothecium ashbyii является генетически лабильным, склонным к спонтанным 
мутациям грибом. Для установления взаимосвязи между внешним проявлением (с особым 
вниманием на интенсивность роста, форму, цвет и салтацию) и продуцирующей способ
ностью было "доведено изучение 3484 колоний, каждой по отдельности. На основе полу
ченных результатов удалось выбра,^ идеальный тип колонии (со средней интенсивностью 
роста, выраженной хромогенностью; не дает изменений в секторе, гладкий, с поверхностью, 
покрытой воздушным мицелием), который располагает наиболее высокой синтетизирующей 
способностью.

PHAGE INFECTION OF VITAMIN BI2 PRODUCING RHIZOBIUM CULTURES
J .  SZABÓ SZÜCS

ФАГОВАЯ ИНФЕКЦИЯ КУЛЬТУР RHIZOBIUM, ПРОДУЦИРУЮЩИХ
ВИТАМИН В12

Й . С А Б О  С Ю Ч

В процессе выращивания одного старого лабораторного штамма R hizobium  m elilotii 
с В12-витаминной активностью автор выделил два фаговых штамма из ферментов с по
ниженным содержанием действующего вещества. Они отличались между собой по разме
рам бляшек, бактериальному содержанию и антигенному действию и могли быть успешно 
использованы для отбора фагорезистентных мутантов R h izo b iu m  высокой В12-витаминной 
активности. У отобранных бактериальных мутантов была выявлена связь между В12- 
витаминной активностью и способностью продуцировать капсулу.

BACTERIOLOGIC DIAGNOSIS OF YERSINIA PSEUDOTUBERCULOSIS
J .  S ZITA , A. S V ID R Ó

БАКТЕРИАЛЬНАЯ ДИАГНОСТИКА YERSINIA PSEUDOTUBERCULOSIS
Й . С И Т А , А Н Н А  Ш В И Д Р О

1. Было исследовано 6 штаммов Y ersin ia  pseudotuberculosis : 5 выделены из лимфа
тических узлов страдающих болезнью Masshoff-a и один — из удаленного аппендикса.



2. Устойчивость штаммов к нагреванию и действию дезинфицирующих средств была 
подобна таковой кишечных бактерий.

3. 5 штаммов принадлежали к серотипу IA, 1 штамм — к серотипу IB. Все штаммы 
проявляли единые биохимические свойства и соответствовали описанным в литературе 
характеристикам.

4. С диагностической целью методом агглютинации были исследованы 1214 при
сланных сывороток и 400 сывороток от здоровых лиц (контроль). Титр 1 : 100 считается 
сомнительным, 1 : 200 и выше нужно рассматривать как положительный.

PHAGE TYPING OF D-GROUP STREPTOCOCCI.
I. TYPING OF ENTEROCOCCI WITH ROUMANIAN PHAGES

V. H O C H , G. H É R M Á N

ЗНАЧЕНИЕ В ГИГИЕНЕ ПИТАНИЯ ФАГ-ТИПИРОВАНИЯ 
СТРЕПТОКОККОВ ГРУППЫ Д

1. ТИПИРОВАНИЕ ЭНТЕРОКОККОВЫХ ШТАММОВ РУМЫНСКИМ 
НАБОРОМ ФАГОВ

В И О Л А  Х О Х ,  Г .  Х Е Р М А Н

Опираясь на результаты исследований заграничных авторов при изучении пищевых 
отравлений, вызванных энтерококками, с целью эпидемиологического определения усло
вий возникновения отравлений было введено фаг-типирование. Из материала при пищевых 
отравлениях и проб пищи всего было выделено 557 штаммов, относящихся в серогруппу 
Д; из них 53% удалось типировать румынскими фагами. С помощью собственного допол
нительного набора фагов авторы стремятся увеличить число типируемых штаммов.

PHAGE TYPING OF D-GROUP STREPTOCOCCI. II. ISOLATION OF 
SUPPLEMENTARY PHAGES FOR CLASSIFICATION OF ENTEROCOCCI 

UNTYPABLE WITH ROUMANIAN PHAGES
G. H É R M Á N , V. H O C H

ЗНАЧЕНИЕ В ГИГИЕНЕ ПИТАНИЯ ФАГ-ТИПИРОВАНИЯ СТРЕПТОКОККОВ
ГРУППЫ Д

II. ДОПОЛНИТЕЛЬНОЕ ТИПИРОВАНИЕ СОБСТВЕННЫМИ ФАГАМИ 
СТРЕПТОКОККОВЫХ ШТАММОВ ГРУППЫ Д, НЕ ТИПИРУЕМЫХ 

РУМЫНСКИМ НАБОРОМ ФАГОВ 
Г . Х Е Р М А Н ,  В И О Л А  Х О Х

Набором фагов собственного происходения в 42,9% случаев авторам удалось типи
ровать штаммы, не типируемые румынским набором фагов. Эффективность типирования 
нетипируемых штаммов была повышена — одновременно с фаг-типированием — темпера
турной обработкой. Собственный набор фагов был приготовлен путем высвобождения 
фагов с помощью УФ индукции из штаммов, выделенных авторами, и вирулентных штам
мов, выдегенных из сточных вод. Лабильность типирующих фагов была понижена добав
лением 0,01 М сульфатной магнезии, 10%т тловеческой сыворотки и 1 М ''ахарозы, а также 
изменением pH в кислом направлении. В модельном опыте была изучена возможность 
повышения температурной чувствительности и резистентности одного из типирующихся 
фагов.



ATTEMPTS TO DETECT THE PRESENCE OF TEICHOIC ACID 
IN BACILLUS ANTHRACIS

J .  M O L N Á R , В . P R Á G A I

ПОПЫТКА ОПРЕДЕЛЕНИЯ НАЛИЧИЯ TEICHOIC КИСЛОТЫ В BACILLUS
ANTHRACIS

Й . М О Л Н А Р ,  Б .  П Р А Г А И

Применяя различные методы, не удалось выявить наличия teichoic кислоты в кле
точных стенках двух штаммов B acillus anthracis и аденин-дефицитного мутанта одного из 
штаммов. Другими авторами ранее было установлено отсутствие teichoic кислоты в случае 
B a cillu s  cereus. О дальнейшем филогенетическом родстве между двумя похожими видами 
В . anthracis  и В . cereus, свидетельствует отсутствие полифосфатов в клеточных стенках.

EFFECT OF INTERFERON TREATMENT ON THE TUMOUR-SPECIFIC 
ANTIBODY RESPONSE OF BALB/c MICE INFECTED WITH RAUSCHER VIRUS

F . D . T Ó T H , L . V Á C ZI, CL. B E R E N C S I

ЭФФЕКТ ИНТЕРФЕРОННОЙ ОБРАБОТКИ НА ПОЯВЛЕНИЕ ТУМОР- 
СПЕЦИФИЧЕСКИХ АНТИТЕЛ У МЫШЕЙ BALB/c, ЗАРАЖЕННЫХ 

ВИРУСОМ RAUSCHER-A
Ф . Д .  Т О Т ,  Л .  В А Ц И , К Л А Р А  Б Е Р Е Н Ч И

Введением экзогенного интерферона можно было замедлить развитие спленомега- 
лии у мышей BALB/c, зараженных вирусом Rauscher-a. У животных, получивших интер
ферон, можно наблюдать значительное усиление тумор-специфического иммунного от
вета, который по времени опережает замедление прогрессии лейкемии. Защитное действие 
интерферона можно объяснить тем, что он подавляет заражение и злокачественную транс
формацию иммункомпетентных прекурзоров-клеток.

SEROLOGICAL DIAGNOSIS OF YERSINIA ENTEROCOLITICA
J .  S Z IT A , M. K Á L I, B. R É D E Y

СЕРОЛОГИЧЕСКАЯ ДИАГНОСТИКА YERSINIA ENTEROCOLITICA
Й .  С И Т А , М А Р Г И Т  К А Л И ,  Б .  Р Е Д Е Й

1. В целях определения распространения в Венгрии заболеваний, вызванных 
Y e rs in ia  enterocoliiica, по схеме Winblad-a были приготовлены фактор-сыворотки.

2. На основе серотипизации 41 присланного штамма и штаммов, выделенных авто
рами, делается предположение, что 03 тип Y ers in ia  enterocoliiica встречается чаще, чем 09 
тип. Первый тип был выделен из фекалий 15 зараженных лиц, другой — от 3 лиц.

3. Исходя из средних титров реакции агглютинации типа Widal-a, полученных 
с сыворотками, присланными с диагностической целью от 249 больных и от 1500 здоровых 
лиц (контроль), было установлено, что — в соответствии с литературными данными — в 
Венгрии титр 1 : 40 может рассматриваться как сомнительный, а титр 1 : 80 — положи
тельный.

4. Принимая во внимание серологическую связь между 09 типом Y . enterocolitica и 
B rucella  abortus, в случае положительной реакции агглютинации с 09 антигеном важно 
поставить реакцию агглютинации типа Widal-a и с антигеном Brucella abortus. При поло
жительном результате с обеими антигенами сыворотку надо истощить, и одновременно с 
серологическими процедурами необходимо пытаться выявить и сам патогенный агент.



TWENTY YEARS OBSERVATION ON THE STABILITY OF SALMONELLA
TYPHI PHAGE TYPES

G . H É R M Á N , H. M ILCH

РЕЗУЛЬТАТЫ 20-ЛЕТНЕГО НАБЛЮДЕНИЯ ОТНОСИТЕЛЬНО 
СТАБИЛЬНОСТИ ФАГОВЫХ ТИПОВ ШТАММОВ SALMONELLA TYPHI.

ВЫДЕЛЕННЫХ ОТ БАКТЕРИОНОСИТЕЛЕЙ И БАКТЕРИОВЫДЕЛИТЕЛЕЙ
В ВЕНГРИИ

Г . Х Е Р М А Н ,  Х Е Д Д А  М И Л Х

Авторы исследовали штаммы Salm onella  typh i, выделенные от 3776 бактерионоси
телей и бактериовыделителей при однократном и повторных выделениях. Была установле
на частота встречаемости фаговых типов в Венгрии. У большинства фаговых типов часто 
можно было наблюдать потерю поверхностного антигена Vi, однако в отношении более 
часто встречающихся фаговых типов — среди выделителей штаммов фагового типа А, Др 
Е1а чаще обнаруживалось появление Vi — отрицательного штамма, чем у выделителей 
штаммов фаговых типов Ct или Fj. У 15,9% больных встречался другой фаговый тип или 
наблюдалось появление изменений в антигенной структуре, влияющих на типирование. 
Появление штаммов нового фагового типа у одного и того же больного в большинстве 
случаев может быть объяснено заражением штаммами различных фаговых типов, а в 
меньшем — изменением фагового типа.

A N E W  SA L M O N E L L A  S E R O T Y P E : SA LM O N E L LA  ISA SZ E G  (48 : z10 : e, n, x)

M . M . Á D Á M , S. D E Á K

Н О В Ы Й  С Е Р О Т И П  С А Л М О Н Е Л Л : SA LM O N ELLA  IS A S Z E G  (48 : z10 : e, n, x) 

М А Р И Я  M . А Д А М , Ж У Ж А Н Н А  Д Е А К

Описывается новый субродовой 1 серотип Salm onellae: S. isaszeg (48 : z10 : e, n , x ) 
выделенный из поверхностной воды.

IRREVERSIBLE ADSORPTION OF EXOPENICILLINASE ON 
BACILLUS CEREUS 569 CELLS

V. C S Á N Y I, I .  M IL E , T . R O M H Á N Y I, P . H O R T O B Á G Y I, F . H A T F A L U D I

НЕОБРАТИМАЯ АДСОРБЦИЯ ЭКЗОПЕНИЦИЛЛИНАЗЫ НА КЛЕТКИ
В. CEREUS 569

В . Ч А Н Ь И .  И .  М И Л Е ,  Т .  Р О М Х А Н Ь И ,  П . Х О Р Т О Б А Д Ь И ,  Ф .  Х А Т Ф А Л  У Д И

При соответствующих экспериментальных условиях небольшая часть экзопеницил- 
линазы способна необратимо адсорбироваться на поверхность клеток В . cereus и других 
адсорбентов. Авторы изучали наиболее благоприятные экспериментальные условия, необ
ходимые для возникновения необратимой адсорбции. Было найдено, что под действием 
средств, сильно влияющих на конформацию, во фракции пенициллиназы, не проявляющей 
необратимой адсорбции, может появиться форма, способная к адсорбции.

Необратимо адсорбированная пенициллиназа при инкубации в сильной щелочи 
может перейти в раствор. Иммунологические исследования у-пенициллиназы, возникшей 
в течение индукции, а также необратимо адсорбированной экзопенициллиназы показали, 
что между обоими энзимами имеется сходство большой степени. На основе полученных 
данных авторы далее развили ранее выработанную ими рабочую гипотезу об образовании 
связанного энзима.



SOME EPIDEMIOLOGIC PROBLEMS OF HUMAN LISTERIOSIS IN HUNGARY
E . M É R Ő , B . R A L O V IC H

НЕКОТОРЫЕ ЭПИДЕМИОЛОГИЧЕСКИЕ ПРОБЛЕМЫ ЧЕЛОВЕЧЕСКОГО
ЛИСТЕРИОЗА

Э . М Е Р Ё ,  Б .  Р А Л О В И Ч

С целью определения частоты встречаемости Listeria  monocytogenes в Венгрии 
авторы провели исследования фекальных проб от здоровых работников бойни, здоровых 
лиц других профессий, здоровых беременных жинщин и родильниц и, наконец, от больных 
гастроэнтеритом.

Выращивание проводилось при +4°С в питательной среде Holman-a и на агаре 
селективного характера, содержащем трипафлавин, налидиксовую кислоту и бычью сы
воротку.

Из 3900 исследованных проб в 3,5% удалось выделить Listeria  monocytogenes, штам
мы принадлежали к серотипам 1,3 и 4, а часть из них оказывалась не типирующейся. 
Полученные результаты показывают, что в Венгрии может быть выявлено большое число 
носителей человеческой L iste ria  monocytogenes и с ними, как источниками заражения, без
условно нужно считаться.

PHAGE TYPING OF MYCOBACTERIUM TUBERCULOSIS STRAINS 
ISOLATED IN HUNGARY

E . V A N D R A , T . F O D O R

ФАГОТИПИРОВАНИЕ ШТАММОВ MYCOBACTERIUM TUBERCULOSIS, ВЫДЕ
ЛЕННЫХ В ВЕНГРИИ

Э . В А Н Д Р А ,  Т .  Ф О Д О Р

Авторы изучали распределение по фаговым типам 152 штаммов М . tuberculosis 
используя фаги DS6A, GS4E, BGI, D—34 и BKI. Встречаемость штаммов — соответ
ственно группированию по Bates и сотр. — была следующей: А, 8,5; В, 16,5; С, 0 и про 
межуточные — 75%.

BACTERIAL CARDIOLIPINS AND THEIR SEROLOGICAL ACTIVITY
L. V Á C Z I, M . S U R JÁ N , M . J .  K IS S , G. F Ü S T , I .  R É D A I

БАКТЕРИАЛЬНЫЕ КАРДИОЛИПИНЫ И ИХ СЕРОЛОГИЧЕСКАЯ
АКТИВНОСТЬ

Л .  В А Ц И , М А Р Г А Р И Т А  Ш У Р Ь Я Н ,  Й .  М . К И Ш Ш , Д Ь .  Ф Ю Ш Т , И .  Р Е Д А И

Было проведено определение содержания общих липидов и кардиолипинов у штам
мов Escherichia  coli, P roteus vulgaris, P seudom onas aeruginosa, C lostridium  novyi и Clos
tr id iu m  tetani. Содержание кардиолипинов, отнесенное к сухому материалу упомянутых 
бактерий, колебалось между 0,2 и 0,7%, общие липиды были представлены 3,1—9,5%. 
При изменении условий выращивания изменяется общелипидное и общефосфатидное 
содержание, но количество кардиолипинов остается неизмененным.

Кардиолипины различного вида бактерий не только количественно, но и качествен
но отличаются между собой: расхождения, наблюдаемые в пропорции глицерин-фосфор, 
указывают и на структуральную разницу.

Серологическая активность препаратов бактериальных кардиолипинов по чувстви
тельности и специфичности не уступает международным стандартным препаратам. 
Повторенные через год исследования показали, что препараты стабильны.



SIGNIFICANCE OF THE “EPITHELIAL PHASE” IN EXPERIMENTAL 
SALMONELLA CONJUNCTIVITIS

C. T E N N E R , P . R Á CZ, B . R É D E Y

ЗНАЧЕНИЕ «ЭПИТЕЛИАЛЬНОЙ ФАЗЫ» В ЭКСПЕРИМЕНТАЛЬНОМ 
САЛМОНЕЛЛЁЗНОМ КОНЪЮНКТИВИТЕ

К Л А Р А  Т Е Н Н Е Р ,  П .  Р А Ц ,  Б .  Р Е Д Е Й

При введении в количестве 109 различных штаммов S. typ h i m u r iu m  и S . enteridis 
в конъюнктивальный мешок морских свинок у последних возникал конъюнктивит с харак
терным течением. Формирование инфекционного процесса было прослежено гистологи
чески до 28 дня опыта. Авторы нашли, что проникновению штаммов салмонелл в макро- 
фагного типа клетки, находящиеся в более глубоких частях организма, предшествует 
«эпителиальная фаза». Во время этой фазы часть бактерий не только просто проходит между 
эпителиальными клетками конъюнктивы, но и внедряется в них и там размножается.

Сравнив морфогенез салмонеллёзного конъюнктивита и шигеллёзного кератоконъ- 
юнктивита, авторы установили, что при салмонеллёзном конъюнктивите за короткой 
«эпителиальной фазой» следует продолжительная «макрофагная фаза» — когда центр инфек
ционного процесса из эпителиальных областей переходит в клетки типа макрофагов,— 
тогда как по ходу шигеллёзного кератоконъюнктивита шигеллы в течение всего времени 
болезни находятся в эпителальных клетках конъюнктивы и роговицы; только в исключи
тельных случаях их можно найти в клетках типа макрофагов, но и тогда их пребывание там 
кратковременно. Эта разница связана с основными биологическими особенностями обоих 
патогенных агентов.

SIGNIFICANCE OF “INTRACELLULAR PARASITISM” IN EXPERIMENTAL
SHIGELLA CYSTITIS

C. T E N N E R , P . R Á C Z, B . S E R É N Y

ЗНАЧЕНИЕ «ВНУТРИКЛЕТОЧНОГО ПАРАЗИТИЗМА» В ЭКСПЕРИМЕНТАЛЬНОМ
ШИГЕЛЛЁЗНОМ ЦИСТИТЕ

К Л А Р А  Т Е Н Н Е Р ,  Р .  Р А Ц ,  Б .  Ш Е Р Е Н Ь

Введением в мочевой пузырь Shigella fle x n er i  За в количестве 2 х  108, а в другой 
серии опыта — такого же количества Shigella sonnei авторы вызывали цистит с обыч
ным течением.

Подробное гистологическое изучение шигеллёз-модели Bingel-a в отношении био
логических особенностей шигелл привело к тем же самым результатам, как и при гисто
логической обработке шигеллёзного кератоконъюнктивита: шигеллы могут проникнуть в 
эпителиальные клетки и размножаться в них, не оказывая сильного цитотоксического 
действия, в течение всей инфекции шигеллы остаются в пределах эпителиального барьера, 
полиморфноядерные лейкоциты уничтожают их — при этом высвобождаются токсические 
вещества, которые повреждают эпителиальные клетки, — только в редких случаях обнару
живаются в цитоплазме клеток типа макрофагов.

По ходу процесса морфогенез язв, образующихся на поверхности мочевого пузыря, 
напоминает явления в эпителии конъюнктивы при шигеллёзном кератоконъюнктивите: 
изъявление носит очаговый характер, возникая в нескольких эпителиальных клетках; 
очаги постепенно увеличиваются и могут слиться. На месте инфекционного процесса обра
зуются общирные эпителиальные дефекты.

Сходство явлений, полученных на модели в двух различных опытах указывает на то, 
что речь идет об основных биологических свойствах шигелл.



INDIA INK IMMUNO-REACTION FOR THE RAPID DETECTION 
OF ENTERIC PATHOGENS

P . G E C K

ИММУННАЯ ТУШЬ —РЕАКЦИЯ ДЛЯ БЫСТРОГО ОПРЕДЕЛЕНИЯ 
ЭНТЕРАЛЬНЫХ ПАТОГЕННЫХ АГЕНТОВ 

П . Г Е К

Автор разработал новую серодиагностическую методику для быстрой идентифи
кации патогенных микробов. Новый метод, иммунная тушь—реакция, в опытах на модели 
был сравнен с классическим методом выращивания для быстрой идентификации Е .  co li  
d y s p e p s ia e ,  S h ig e lla  и S a lm o n e l la . Сравнительные исследования, проведенные параллельно, 
показали, что чувствительность иммунной тушь—реакции практически совпадает с 
таковой выращивания, а её специфичность — со специфичностью иммунфлуоресцентной 
техники. Цель разработки новой методики — замена иммунфлуоресцентной техники в 
дактериологической диагностике.

Преимущество иммунной тушь-реакции заключается в том, что для окраски мазков 
можно применять жидкую китайскую тушь, а для оценки результатов — обычный световой 
микроскоп. Окрашивание продолжается 5 минут и объединяет в себе примущества прямой, 
непрямой и модифицированной процедуры окрашивания.

LA RECHERCHE DES SHIGELLA DANS LES EAUX PAR LE TEST 
DES ANTICORPS FLUORESCENTS ET PAR LA RÉACTION DE GECK

N . D. D U C

ВЫЯВЛЕНИЕ ШИГЕЛЛ В ВОДНЫХ ПРОБАХ МЕТОДОМ 
ФЛЮОРЕСЦЕНТНЫХ АНТИТЕЛ И РЕАКЦИЕЙ ГЕКК-А

Н Г У Й Е Н  Д А Н Г  д : о к

Автор провел в Венгрии сравнительное изучение относительно применения флюо
ресцентных антител и реакции Гекк-а для выявления шигелл из проб воды различного 
происхождения. Были исследованы осадки, фильтраты и обогащенные культуры 60 вод
ных проб. Методом флюоресцентных антител удалось выявить четыре серотипа шигелл 
у 38,3% исследованных проб воды, реакция Гекк-а оказалась положительной в 41,1%, а 
метод выращивания показал положительный результат в 3,3%. Положительные резуль
таты, полученные тремя методами, полностью совпадали. Реакция Гекк-а по сравнению 
с методом флюоресцентных антител и с выращиванием, является более чувствительным 
специфическим и быстрым процессом, дешёвым и — особенно с эпидемиологической точки 
зрения — важным методом, который очень быстро может быть введен в любой бактерио
логической лаборатории.

SEROLOGICAL GROUPING OF PSEUDOMONAS TYPING PHAGES
j .  L A N T O S

СЕРОЛОГИЧЕСКАЯ ГРУППИРОВКА ТИПИРУЮЩИХСЯ ФАГОВ PSEUDOMONAS
Ю Д И Т  Л А Н Т О Ш

Была проведена серологическая группировка набора стандартных фагов, исполь
зуемых для типирования штаммов Pseudomonas. К 17 фагам была приготовлена анти- 
фаговая сыворотка, и фаги были распределены в 10 групп.

Серологическое родство удалось подтвердить и искусственной лизогенией модель
ных штаммов. Фаговая картина штаммов, полученная таким образом, изменилась, и воз
ник иммунитет к фагам, относящимся в одну и ту же серогруппу (за исключением груп
пы Б).



HOST-SPECIFICITY TYPES IN SHIGELLA FLEXNERI
I .  K É T Y I ,  A . V E R T É N Y I

ХОЗЯИННАЯ СПЕЦИФИЧНОСТЬ SHIGELLA FLEXNERI
И . К Е Т Ь И ,  А . В Е Р Т Е Н Ь И

С помощью модифицированного фагового лизатаТб авторы исследовали 179 штаммов 
Shigella fle x n e r i,  относящихся к серотипам 1а, 1в, 2а, 3 и 6, с точки зрения специфич
ности клетки-хозяина. Были выявлены два «типа специфичности клетки-хозяина», которые 
оказались независимыми от антигенной структуры штаммов.

Обсуждается возможная ценность этого явления в таксономии.

SIGNIFICANCE OF “INTRACELLULAR PARASITISM” IN EXPERIMENTAL
SALMONELLA-CYSTITIS
C. T E N N E R , P . R Á C Z , E . M É R Ő

ЗНАЧЕНИЕ «ВНУТРИКЛЕТОЧНОГО ПАРАЗИТИЗМА» В 
ЭКСПЕРИМЕНТАЛЬНОМ САЛМОНЕЛЛЕЗНОМ ЦИСТИТЕ 

К Л А Р А  Т Е Н Н Е Р ,  П .  Р А Ц ,  Е .  М Е Р Ё

Авторы провели подробное гистологическое изучение салмонеллёзного чистита, 
описанного Bingel. Было установлено, что в начальный период процесса («эпителиальная 
фаза») микробы проникают в эпителиальные клетки мочевого пузыря и там проделывают 
весь цикл развития. Вслед за этим и отчасти параллельно этому салмонеллы проникают в 
подэпителиальный слой, где размножаются в цитоплазме клеток типа макрофагов. Деге
неративные бактериальные формы можно было наблюдать в основном в цитоплазме поли
морфноядерных лейкоцитов, из чего авторы делают вывод, что по ходу воспаления в основ
ном полиморфноядерные лейкоциты уничтожают салмонеллы. Часто в процессе воспа
ления образовывалась флегмона. Исследование других органов подтвердило генерализа
цию процесса.

VIRUS CONTENT OF SEWAGE IN DIFFERENT SEASONS IN HUNGARY
A. B. P Á L F I

ВСТРЕЧАЕМОСТЬ ЭНТЕРОВИРУСОВ В СТОЧНЫХ ВОДАХ ПО СЕЗОНАМ
А Г Н Е Ш  Б .  П А Л Ф И

С целью получения данных относительно циркуляции в популяции вирусных типов 
по сезонам в 1969 году было проведено вирусологическое исследование 336 проб сточных 
вод. Из 317 выделенных вирусных штаммов 62 оказались полиовирусом вакционного 
происхождения. Остальные 255 штаммов были представлены реовирусом 1 типа в 43%, 
эховирусом 7 типа в 21%, эховирусом 11 типа в 18%; 18% составляли вирусы коксаки-Б 
1,3,4 типов, а также эховирусы, принадлежавшие к 1,6,12,14,19 и 20 типам. Наибольшей 
постоянностью в циркуляции обладал реовирус 1 типа, а также эховирусы 7 и 11 типов. 
Большую часть штаммов выделили в августе, за этим следовали октябрь, ноябрь и сен
тябрь. Самая низкая разновидность штаммов наблюдалась в феврале-марте, что совпадает с 
периодом массивного рассеивания, следующего за полиовакцинацией. Сравнив выделенные 
типы с таковыми соответствующего периода 1968 года, можно установить, что реовирус 
1 типа, вирусы коксаки-Б 1,3 типов, а также эховирусы типов 6 и 7 в течение обоих лет 
встречались в один и тот же сезон.



IMMUNOGENICITY OF LIVING ATTENUATED SHIGELLAE
B . S E R É N Y , C. T E N N E R , P . RÁ CZ

ИММУНОГЕННОСТЬ ЖИВЫХ АТТЕНУИРОВАННЫХ ШИГЕЛЛ 
Б .  Ш Е Р Е Н Ь ,  К Л А Р А  Т Е Н Н Е Р ,  П . Р А Ц

Штаммы вирулентных шигелл выращивались на питательных средах, содержавших 
краску; морфология колоний субкультур была изучена при косом освещении под различ
ным углом. Экспериментальное введение в конъюнктиву морских свинок полученных 
таким образом вариантов делало возможным отбор большого количества авирулентных 
варианте! Эти варианты, как показывают опыты на модели шигеллёзного кератоконъ- 
юнктивита, обладают различиjh иммуногенностью. Предварит«1 чьное введение вариантов 
с наибольшей иммуногенной способностью защищало 50% животных при последующем 
заражении их культурой Sh . fle x n er i  гомологичного или гетерологичного типа.

A NEW MYCOBACTERIUM SPECIES: MYCOBACTERIUM ASIATICUM n. sp.
G. W E IS Z F E IL E R , V. K A R A S S E V A , E . K A R C Z A G

НОВЫЙ ВИД МИКОБАКТЕРИИ: M. ASIATICUM
Д Ь .  В Е Й С Ф Е Й Л Е Р ,  В А Л Е Н Т И Н А  К А Р А С Ё В А ,  Э Р И К А  К А Р Ц А Г

Из 18 штаммов, выделенных от обезьян как M ycobacterium  sim iae, 4  медленно
растущих штамма оказались новым фотохромогенным видом, названным M ycobacterium  
asiaticum , который факультативно патогенен, является вирулентным для мышей и как по 
своим биохимическим так и по антигенной структуре и типу сензитина отличается от М. 
simiae.

USE OF MUTATIONS IN MARKING INDUSTRIAL YEAST STRAINS
M. P E L L E C U E R , P . G A L Z Y , J .  P A S E R O

ПРИМЕНЕНИЕ МУТАНТОВ ПРОМЫШЛЕННЫХ ДРОЖЖЕВЫХ 
ШТАММОВ-МАРКЕРОВ

М О Н И К А  П Е Л Л Е К Ю Э Р ,  П .  Г А Л З И ,  Й . П А С Е Р О

Авторы исследовали два штамма дрожжей, C andida tropicalis, способных расти 
на гидрокарбонах, и Saccharomyces cerevisiae, культивированный на глюкозе, на их ре
зистентность к некоторым антибиотикам и ионам, считающимся токсичными для дрожжей. 
Была сделана попытка проверить актидион и канаванин, но самые лучшие результаты 
были получены с кадмиумом, кобальтом, медью и арсенатом. Представилось возможным 
выделить ион-резистентные мутанты, которые затем могли быть использованы как штаммы- 
маркеры, чтобы проследить за поведением данного организма в относительно смешанной 
популяции промышленной культуры. Предварительные результаты показали, что в услови
ях эксперимента эта мутация не нарушала выживаемости организмов.

PSEUDOMONAS AERUGINOSA INFECTIONS IN AN ARTIFICIAL 
RESPIRATORY WARD

G. LO SO N C ZY , L . T Ó T H , G. P E T R Á S , S. B O G N Á R , B . L Á N Y I, J .  C S E R E S

ИНФЕКЦИЯ PSEUDOMONAS AERUGINOSA В ПАЛАТЕ ИСКУССТВЕННОГО
ДЫХАНИЯ

Д Ь .  Л О Ш О Н Ц И ,  Л .  Т О Т ,  Д Ь .  П Е Т Р А Ш , Ш . Б О Г Н А Р ,  Б .  Л А Н Ь И ,  Ю Д И Т  Ч Е К Е Ш

Авторы в течение двухлетнего периода провели изучение в отношении 156 больных, 
показавшее, что в палате искусственного дыхания единичные и множественные ятрогенные 
инфекции были обычным явлением (255 случаев у 101 больного) и менее часто встречались



среди больных, у которых искусственное дыхание не применялось (26 случаев у 55 боль
ных). Смертельные случаи наблюдались только среди больных с искусственным дыханием 
(37 умерло от первоначальной болезни, 18 — от ятрогенной инфекции). Особенно часто 
поражались больные со столбняком.

Из большинства случаев инфекций среди больных, у которых применялось искус
ственное дыхание, удалось выделить Pseudom onas aeruginosa в 40 случаях из 65 моноинфек
ций и в 46 случаях из 55 смешанных инфекций). В остальную часть инфеккций были во
влечены Klebsiella, Eschericl. i  coli, Staphylococcus aureus, Proteus. Серотипизация P s. aeru
ginosa  показала, что большинство инфекций было вызвано штаммами, принадлежащими 
к трем различным серогруппам (04а, Ad, 01а, 7в и 03а, 3d). Те же самые серогруппы были 
выделены из окружения и от сотрудников. В статье обсуждаются пути заражения и про
филактические мероприятия.

EFFECTS OF RAUSCHER LEUKAEMIA VIRUS ON THE IMMUNE 
SYSTEM IN SUSCEPTIBLE AND RESISTANT MOUSE STRAINS

F. D. T Ó T H , T . K A R S A I, L. VÁCZI

ДЕЙСТВИЕ ВИРУСА ЛЕЙКЕМИИ RAUSCHER-A НА ИММУНСИСТЕМУ 
ЧУВСТВИТЕЛЬНЫХ И РЕЗИСТЕНТНЫХ ШТАММОВ МЫШЕЙ

Ф . Д .  Т О Т ,  Т .  К А Р Ш А М , Л .  В А Ц И

Заражение мышиных штаммов BALB/c, DBA/I и C57BI/IO Sn вирусом Rauscher-a 
вызывало увеличение количества a.lt <х2, и /?2 глобулинов пропорционально степени чувстви
тельности данного мышиного штамма. Уровень гаммаглобулина у мышей BALB/c и DBA/I 
падает параллельно с развитием лейкемии, в то время как у мышиного штамма C57BI/I0 
Sn он повышается и остается на уровне, превышающем нормальные величины. Эти из
менения могут быть объяснены отчасти действием вируса Rauscher-a на иммунсистему, 
отчасти появлением новых белков, продуцируемых опухолевыми клетками. Степень раз
множения вируса Rauscher-a в лимфатических узлах параллельна чувствительности 
штаммов мышей и вызывает пропорциональное понижение в продукции иммунспецифи- 
ческого глобулина.

STUDIES ON YOUNG GERM-FREE MICE.
I. STRESS REACTION OF GERM-FREE MICE

H . S Z E R I, P . A N D E R L IK , S. BÁ NO S, B. R A D N A I

ОПЫТЫ НА МОЛОДЫХ GERM-FREE МЫШАХ 
I. ШТРЕСС-РЕАКЦИЯ GERM-FRE МЫШЕЙ

Х Е Л Е Н  С Е Р И ,  П И Р О Ш К А  А Н Д Е Р Л И К ,  Ж У Ж А Н Н А  Б А Н О Ш ,  Б .  Р А Д Н А И

Ответ germ-free мышей на холодный штресс отличался от такового обычных мышей в 
контроле. У germ-free мышей наблюдалась повышенная чувствительность к холоду, и 
вслед за штрессом отсутствовали лимфопеническая реакция и уменьшение веса лимфати
ческих органов. Эти нарушения подобны тем, которые были ранее описаны в отношении 
обычных мышей после воздействий, повреждающих их лимфоидную систему.

STUDIES ON YOUNG GERM-FREE MICE.
II. BONE CHANGES IN GERM-FREE MICE

L. B E R E K , S. BÁ NO S

ОПЫТЫ НА МОЛОДЫХ GERM-FREE МЫШАХ 
II. ИЗМЕНЕНИЯ В КОСТЯХ У GERM-FREE МЫШЕЙ

Л .  Б Е Р Е К ,  Ж У Ж А Н Н А  Б А Н О Ш

Авторы провели сравнительное изучение костной системы у germ-free и обычных 
мышей. Было установлено, что у germ-free мышей с гиполастической лимфоидной системой 
наблюдается ретардация костной системы.



Предположительно, что причиной нарушения в развитии костной ткани является 
пониженная функция (или её отсутствие) лимфоидной системы, зависящей от щитовидной 
железы

EFFECT OF THE DILUENT ON THE POCK COUNT OF VACCINIA VIRUS
DILUTIONS

J .  SZA TH M Á R Y , L . H E G E D Ű S

ВЛИЯНИЕ РАСТВОРИТЕЛЯ НА ИНФЕКЦИОЗНОСТЬ РАЗВЕДЕНИЙ 
ВИРУСА ОСПЕННОЙ ВАКЦИНЫ

Й .  С А Т М А Р И , Л .  Х Е Г Е Д Ю Ш

Повышение содержания обезжиренного молока до 20% вместо 10% в буферном 
растворе Mcllvaine, используемом для разведений вируса вакцины, не увеличивало числа 
оспин на хорионаллантоисной мембране. При добавлении к буферному раствору Tween-a 
80 в концентрации 0,1—0,5% число оспин совпадало с таковым при использовании разба
вителя с 10% содержанием молока. Более низкое или более высокое содержание Tween-a 
80 сопровождалось меньшим числом оспин. После обработки ультразвуком и трипсином 
разницы в числе оспин, полученных в разбавителе без молока и в разбавителе с 10% со
держание молока, не наблюдалось. В противоположность этому в необработанном контроле 
число оспин было в 1,4—3,4 раза меньше, когда для разведений использовали буферный 
раствор без молока, чем в случае разбавителя, содержащего 10% молока. Причина разниц, 
по всей вероятности, заключается в том, что наличие молока препятствует образованию из 
вирионов аггрегатов или диспергирует уже имеющиеся аггрегаты.

LIPIDS IN STAPHYLOCOCCUS AUREUS AND ESCHERICHIA COLI CULTURED 
IN THE PRESENCE OF HUMAN SERUM
I .  R É D A I ,  A. R É T H Y , P . S E B E S S Y -G Ö N C Z Y , L. V Á C ZI

ИЗУЧЕНИЕ ЛИПИДОВ STAPHYLOCOCCUS AUREUS И ESCHERICHIA COLI, 
ВЫРАЩЕННЫХ В ПРИСУТСТВИИ ЧЕЛОВЕЧЕСКОЙ СЫВОРОТКИ

И . Р Е Д А Н ,  А . Р Е Т И ,  Р .  Ш Е Б Е Ш Ш И - Г Ё Н Ц И ,  Л .  В А Ц И

Экстрагируемые липиды Staphylococcus aureus —  при выращивании в питатель
ной среде с 10% человеческой сыворотки — составляют 20% сухого материала. 
В процессе выращивания в среде, содержащей липопротеин, содержание свободных жир
ных кислот повышается в 40 раз, а моно-, ди- и триглицеридов — в 7—10 раз. На фосфоли
пиды приходится 17,5% в обще-липидном составе, при расчете на сухой материал их коли
чество увеличивается в 2 раза. Накопление ненасыщенных жирных кислот можно наблю
дать в каждой липидной фракции, однако в первую очередь это обнаруживается во фрак
ции свободной жирной кислоты.

Экстрагируемые липиды Escherichia coli — выращивание в присутствии челове
ческой сыворотки — составляют 5,9—6,1% сухого материала. Повышение содержания- 
липидов является следствием накопления нейтральных липидов. Под действием сыворотки 
содержание фосфатидил-этаноламина Escherichia coli понижается, появляются лизофос- 
фатидил-этаноламин и другие, подробно не идентифицированные фосфолипиды.

SEROLOGICAL STUDIES ON PSEUDOMONAS AERUGINOSA О GROUP 
LIPOPOLYSACCHARIDES

M . M. ÁD ÁM , T . K O N T R O H R , E . H O R V Á TH

СЕРОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ О ГРУППЫ ЛИПОПОЛИСАХАРИДОВ 
PSEUDOMONAS AERUGINOSA 

М А Р И Й  М . А Д А М , T . К О Н Т Р О Р ,  Э Д И Т  Х О Р В А Т

Очищенные липополисахариды, полученные из 23 типовых штаммов (определенных 
по антигенной схеме Лани) путем фенольно-водного метода и ультрацентрифугирования, 
были исследованы методом прямой преципитации и пассивной гемагглютинации в 0 им



мунной сыворотке. Преципитация в неадсорбированной сыворотке давала специфические 
реакции при умеренных разведениях липополисахаридных экстрактов. Гемагглютинация, 
проведенная с эритроцитами, покрытыми липополисахаридом, была подобна таковой 
прогретых бактерий в неадсорбированной и высоко специфичной подгрупповой сыворотке. 
Тесная взаимосвязь в серологическом поведении между фенольно-водными экспрактами и 
бактериями указывает на то, что липополисахариды обусловливают специфичность О 
антигена.

INCIDENCE AND HYGIENIC IMPORTANCE OF PSEUDOMONAS AERUGINOSA
IN WATER

L. N É M E D I. B . L Á N Y I

ВСТРЕЧАЕМОСТЬ И ГИГИЕНИЧЕСКОЕ ЗАЧЕНИЕ PSEUDOMONAS 
AERUGINOSA В ВОДЕ

Л .  Н Е М Е Д И ,  Б .  Л А Н Ь И

В обычное санитарное исследование качества водных проб, помимо определения 
числа колиформных и антерококковых бактерий, авторы ввели также выявление P se u d o 
m o n as aerug inosa . По сравнению с мембранным фильтрованием более эффективным для 
выделения Ps. aeruginosa  оказалось обогащение питательной среды селенит-бриллиан- 
товым зеленым бульоном особенно при исследовании загрязненных водных проб. При 
мембранном фильтровании 37 153 проб только в 05% случаев удалось выделить Ps. aeru
ginosa, тогда как в обогащенной среде 1372 пробы оказались положительными в 38,2%. 
Методом обогащения встречаемость Ps. aeruginosa  в пробах питьевой воды различного 
вида была показана в 3,4—22,3%, 37,2% достигала в промышленных водах, 23,4—84,4% — 
бассейнах, 86,2% — в поверхностных водах, 95,7% — в канализационных водах. Из 227 
проб питьевой воды, положительных на Ps. aeruginosa  в 117 колиформные бактерии 
отсутствовали; в пробах, содержащих оба организма, колиформные встречались обычно в 
меньшем числе, чем P s. aeruginosa. Большая часть выделенных штаммов Ps. aeruginosa  
принадлежала к серогруппе 04 (по схеме Лани). Довольно часто встречались и серогруппы 
01, 03, 07.

EFFECT OF TILORONE HYDROCHLORIDE ON THE EXPERIMENTAL
RABIES OF MICE

F. F O R N O S I, M. T Á L A S, G . W E IS Z F E IL E R

ДЕЙСТВИЕ ГИДРОХЛОРИСТОГО ТИЛОРОНА ПРИ ЭКСПЕРИМЕНТАЛЬНОМ 
БЕЩЕНСТВЕ У БЕЛЫХ МЫШЕЙ

Ф . Ф О Р Н О Ш И , М А Р Г А Р И Т А  Т А Л А Ш , Д Ь .  В Е Й С Ф Е Й Л Е Р

Одноразовое внутрижелудочное введение гидрохлористого тилорона почти пол
ностью защищало швейцарских мышей от последующего (спустя 19 часов) внутримозгово
го или подкожного заражения 10 ЛД50 вируса бешенства, штамм CVS. После предваритель
ной дачи тилорона увеличился и инкубационный период при заражении мышей большими 
вирусными дозами (100, 1000 ЛД50). Интерферон можно было обнаружить через 48 часов 
после заражения и у мышей, не получивших тилорон: при подкожном заражении только 
в сыворотке крови, в случае внутримозгового введения — как в тканях мозга, так и в сы
воротке крови. Уровень интерферона у мышей, получивших тилорон, повысился: после 
внутримозгового заражения — в тканях мозга, после подкожного введения — в сыворотке 
крови.
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