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MALONIC ACID AS THE SINGLE CARBON AND ENERGY  
SOURCE OF PATHOGENIC FUNGI*

B y

E.  K.  N o v a k

State Institu te  o f  H yg ien e , Budapest 

(R ece ived  J u n e  2, 1958)

I n  a prev ious com m unication  (1955) i t  has been  rep o rted  th a t  c e r ta in  
fung i w ere found  ab le  to  use m alon ic  ac id  as th e  single carbon  and  energy  
source.** S im ilar ex p erim en ts  ca rried  o u t on B otryotin ia  fuckeliana , to g e th e r  
w ith  a descrip tion  o f  some in itia l s tep s  of m alonic acid  m etabo lism , h av e  
been  pub lished  la s t  y e a r  [1, 2].

L ite ra ry  d a ta  re ferred  to  ea rlie r [2] an d  some m ore recen t p u b lica tio n s 
[3 — 9] have  d ea lt w ith  the  m e tab o lism  enhancing  effect o f m alonic ac id  in  
b a c te ria , p la n t a n d  an im al tissue slices, w hile concern ing  fungi no s im ila r 
s tu d ies  have  been  rep o rted .

W hen  p erfo rm in g  experim en ts w ith  m alonic ac id  as th e  su b s tra te  fo r 
p a th o g en ic  fungi, a  double  goal h as  b een  aim ed a t : (i) th e  s tu d y  o f th e  b io 
ch em is try  of m alon ic  acid  m etabo lism  ; (ii) possible tax o n o m ic  c h a rac te riza tio n  
o f ce rta in  fungi acco rd in g  to  th e ir  a b ili ty  to  use m alonic  acid as th e  single 
ca rb o n  source.

Materials and methods

S tra ins  m a in ta in e d  on Sabouraud g lucose  a g a r  m edium  in  th e  T ype C ollection o f th e  
M ycological L a b o ra to ry  o f  th is  In s ti tu te  w ere  u sed  th ro u g h o u t.

M edium . T he b a sa l m edium  was co m p o sed  o f 0.5 p e r c en t m alon ic  acid ; 0.4 p e r  c en t 
(or 0.2 p e r  cen t) so d iu m  h y d rox ide  ; 0.5 p e r  c e n t (N H 4)2 S 0 4 ; 0.1 p e r  cen t po tassium  d ih y d ro 
p h o sp h a te  ; 0.05 p e r c e n t  Mg S 0 4-7 H 20 .  T h e  p H  o f th e  m edium  w as 6 o r 5, depending  on  th e  
am o u n t (0.4 o r 0.2 p e r  c e n t, respec tive ly ) o f  th e  sodium  h y d ro x id e  ad d ed . The m ed iu m  was 
used  in  f lu id  form  o r i t  w as solidified by  th e  a d d itio n  o f 3.5 p e r c e n t agar-agar. Silica gel p la te s  
soaked  w ith  th e  above  m alon ic  acid m ed iu m  w ere  used in som e cases. S teriliza tion  w as p e r 
fo rm ed  in  v ap o u r s tre a m  a t  100° C for 30 m in u te s . T his t r e a tm e n t,  even  when app lied  re p e a t
ed ly , d id  no t d am age m alon ic  acid. T h e  c o n tro l m edia  were o f  s im ilar com position  e x cep t 
fo r th e  ad d itio n  of m a lo n ic  acid and  so d iu m  h y d ro x id e .

T he liqu id  m e d iu m  was dispensed in  te s t  tu b es  5 m l each , a n d  before in o cu la tio n  tw o 
d ro p s o f  y eas t e x tr a c t  w ere added. A gar a n d  silica  gel p lates w ere in ocu la ted  in  a p p ro p ria te  
sec tors .

* P a r t  o f  th is  w o rk  was p resen ted  a t  th e  1957 Congress o f  the H ungarian  M icrobiological 
Associa tion .

** P resen ted  b e fo re  th e  Section fo r  G en era l Biology o f th e  H ungarian A ssocia tion  
o f  B iologists, M ay 17, 1955.

1 A cta Microbiologica V I/1 .



2 E. K. NOVÁK

Experim ental

The m alonic acid  m edia w ere o b served  for tw o w eeks a fte r  in o cu la tio n . 
O u tg ro w th  of th e  single species h a d  to  be  verified  b y  re iso la tio n  on S ab o u rau d  
a g a r  an d  id e n tif ic a tio n  [10, 11, 12], as o n ly  v e ry  few o f th e  organism s te s te d  
h a d  fructified  on th e  sim ple m alonic ac id  m edium . T he resu lts  are p re sen ted  
in  Table I.

T able  I

Growth on malonic acid medium

S p e c i e s
Malonic acid 

silica gel medium
Fluid malo

nic acid 
medium Remarks

pH 6 pH 5 pH 6

M onosporium  apiosperm um

( Allescheria boydii) ................................... + + +

fructified  o n  s ilica  

gel m edium

H ormodendrum c o m p a c tu m ......................... + + +
Phialophora verrucosa ................................... + + +

Scopulariopsis sp ............................................... + +
Trichophyton g y p se u m ................................... — — +
Blastom yces brasiliensis .............................. — — +
Cephalosporium sp ............................................ + + +
A spergillus niger ............................................ — + +
A sperg illus fum igatus  .................................* + + + fructified  o n  silica

N ocardia  asteroides ........................................ + — + gel m edium  a t

Geotrichum candidum  ................................... + + + p H  5

C andida tropicalis .......................................... + + +
C andida albicans ............................................ + + +
Cryptococcus neoformans ............................ + + +
C andida guilliermondii ................................. + + +
C andida parapsilosis ................................... + + • +
C andida rugósa ................................................. + + +
C andida stellatoidea ..................................... + + +
C andida krusei ............................................... + + +
Rhodotorula mucilaginosa  ............................ + + +
H elm intosporium  sp ......................................... — — —

H istop lasm a capsulatum  ............................ — — ■ —

M icrosporum  g y p se u m ................................... — — —

Cryptococcus luteolus ..................................... + / / P re lim in ary  d a ta
from  m oderate  
num ber o f  ex p e
rim en ts
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W hen in o cu la ted  on m alonic acid silica gel m ed ium , Phialophora verrucosa  
and  A spergillus fu m ig a tu s  fruc tified  and  developed  colonies m acroscopically  
iden tica l w ith  th o se  observed  on S ab o u rau d  glucose m ed ium .

O f th e  y e a s ts  exam in ed , Candida albicans an d  C andida krusei ex h ib ited  
th e  m ost v igorous g ro w th , while o th e r species o f fung i g rew  only slow ly as 
com pared  to  th e  y e a s ts . I t  is w orth  m en tion ing  th a t  in  tw o  in stan ces rem ark ab le  
differences w ere d e te c te d  in  th e  g row th  o f  re la te d  species. T hus, A spergillus  
niger ex h ib ited  o n ly  m o d era te  grow th on m alon ic  acid  m ed iu m  as co m p ared

Fig. 1. C o n tam in atio n  te s t  on m a lo n a te  acid  a g a r m ed iu m  
M =  M alonic acid  ag ar m ed iu m  o f p H  6 
S =  S ab o u rau d  glucose a g a r  m ed iu m  of p H  5.6

to  A spergillus fu m ig a tu s , m oreover a t p H  6 th e  fo rm er fungus did n o t grow  
a t all. A sperg illus fu m ig a tu s , on th e  o th e r h a n d , grew  fa ir ly  v igorously u n d e r  
b o th  p H  co n d itions, p roducing  even conid ia  a t  p H  5. As to  th e  C ryptococci, 
C. luteolus developed  colonies in  tw o or th re e  d ay s, in  c o n tra s t  to  C. neoformans 
w hich ex h ib ited  th e  slow est grow th ra te  in  th e  group  o f y eas ts  and  developed  
h a rd ly  realisab le  colonies w ith in  th e  sam e period . D a ta  concern ing  the  g ro w th  
of C. luteolus w ere d eriv ed  of a m o d era te  n u m b e r o f experim en ts.

As th e  m alon ic  acid m edium  was fo u n d  p rac ticab le  in  cu ltiv a tin g  an d  
iso lating  fungi, its  se n s itiv ity  to  b ac te ria l c o n ta m in a tio n  h a d  to  be de te rm in ed . 
F o u r p la te s  each  o f  m alonic acid m edium  o f p H  5 and  p H  6 were exposed  
to  open a ir  for e ig h t hours. As a con tro l, fo u r p la te s  o f S abouraud  glucose 
m edium  (p H  5.6) w ere sim ilarly  exposed . Tw o p la te s  o f  each group w ere 
in cu b a ted  a t  26° C an d  tw o a t 37° C. T he incidence o f b a c te r ia l co n tam in a tio n  
was genera lly  2 to  3 colonies in each p la te  of m alonic acid  m edium . As th e  
num ber of th e  p la te s  used in  th e  ex p erim en t d id  n o t suffice for ev a lu a tin g  
th e  resu lts  s ta tis tic a lly , wc only p resen t a p h o to g ra p h  o f th e  m ost h eav ily  
in fected  m alon ic  acid  m ed ium  to g e th e r w ith  one of th e  S ab o u rau d  m edia from

1 *



4 E. К . NOVÄK

th e  above ex p erim en t. E ach  p la te  h a d  been  in cu b a ted  fo r 3 day s a t  26° C 
b e fo re  th e  p h o to g ra p h  w as tak en .

On th e  basis o f th e  above re su lts  w e are using th e  m alon ic  acid m ed iu m  
i n  ro u tin e  d iagnostica l w ork  an d  h a v e  ob ta in ed  sa tis fa c to ry  resu lts .

D iscussion

Successful c u ltiv a tio n  o f 20 p a th o g en ic  fungi on a m ed iu m  co n ta in in g  
m alo n ic  acid as th e  single carbon  source  has proved  th e se  organism s to  be 
a b le  to  m etabolize  th is  com pound  as th e  single carbon  c o n ta in in g  su b s tra te . 
S im ila r  resu lts  h a d  been  o b ta in ed  ea rlie r w ith  B otryo tin ia  fu cke lia n a  as th e  
t e s t  organism .

As to  th e  d iffe ren t p a th w ay s  o f  m alon ic  acid m etab o lism , no d a ta  h av e  
b e e n  p resen ted  in  th e  p re sen t re p o rt a n d  we only m en tion  th e  resu lts  o f som e 
W a rb u rg  stud ies show ing th a t  in  few  o f th e  20 organism s m en tio n ed  above 
o x id a tio n  seem ed to  be th e  in itia l s tep  o f  m alonic acid d e g ra d a tio n , in  c o n tra s t 
to  som e earlier re su lts  o b ta in ed  w ith  Botryotin ia  fu cke lia n a . E x a m in a tio n  
o f  th e  dehydrogenase a c tiv ity  also sugg ested  differences be tw een  B otryo tin ia  
fu c k e lia n a  and  th e  fung i in  th e  p re sen t s tu d ies . This w ould  m ean  th a t  in  fung i 
th e re  occur d iffe ren t form s o f m alonic  acid  m etabolism .

Summary

O f a  to ta l  o f  24 d iffe re n t fungus species te s te d , 20 were found  ab le  to  use m alon ic  acid  
as th e  single ca rb o n  a n d  en erg y  source.

In  re la ted  species d ifferences w ere d e m o n s tra te d  in  th e  m eta b o liza tio n  o f  m alon ic  
a c id . T his m ay  serve fo r d iffe re n tia tin g  c e r ta in  re la te d  organism s.

T he use o f  m alon ic  acid  m ed iu m  is reco m m en d ed  for ro u tin e  d iagnosis in  m ed ical 
m yco logy .
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A QUANTITATIVE SEMI-MICRO TISSUE CULTURE 
METHOD AND ITS USE IN MICROBIOLOGY

I I .  U S E  O F  T H E  M E T H O D  IN  T IT R A T IN G  T H E  V IR U S O F A U JE S Z K Y ’S D IS E A S E

B y

S. H o r v á t h

Institu te  o f  Microbiology, U n iversity  M edical School, Szeged*

(R eceived J u n e  11, 1958)

T h e a p p a ra tu s  u sed  for tissue c u ltu r in g  in  our novel q u a n ti ta t iv e  m e th o d  
described  in  an  earlier p a p e r  [8] seem ed  to  suggest itse lf for a t r ia l  in  th e  t i t r a 
tio n  o f  v iruses th a t  give rise to  d eg e n e ra tiv e  changes in  cells. T he v iru s o f 
A u je szk y ’s disease (A y v iru s for sh o rt)  ap p eared  to  be th e  m o st su itab le  fo r  
use in  th ese  t i tra t io n  experim en ts. T h is  v iru s  has been su b jec ted  to  num ero u s 
ex p erim en ts  in  th is  In s t i tu te  [1 — 7 ], a n d  Cs e r e y  et al. [1] w ere early  in  
d e m o n s tra tin g  th a t ,  be ing  capable o f  causing  m arked  deg en era tiv e  lesions 
in  ch ick en -h eart f ib ro b la s ts , th is  v iru s  is t i t r a ta b le  in  tissu e  cu ltu re .

T he p resen t re p o r t  deals w ith  in v es tig a tio n s  in to  th e  a p p licab ility  of 
th e  sem i-m icro m eth o d  for t i tra tin g  a n d  neu tra liz ing  th e  A y v iru s.

Materials and methods

1. The A y  virus stra in . Our v ira l s t r a in  m ark e d  X X V , o rig in a lly  iso la ted  from  p ig  
b ra in ,  has b een  m a in ta in ed  in  M aitland-type  c u ltu re s  p re p are d  from  ch ick -em bryon ic  tis su e  [1]. 
T h e  s tr a in  a d a p te d  to  th is  tis su e  was p a ssa g ed , a g a in  in  M a itlan d -ty p e  c u ltu re , in  a  n u tr ie n t  
f lu id  to  be  described l a te r  in  th is  p aper. P a ssag e s  w ere perform ed e v e ry  o th e r  d ay . T issue 
e x tr a c t  t r i tu r a te d  in  th e  liq u id  n u trie n t a n d  c lean sed  b y  cen trifu g a tio n  w as used  as th e  in 
o cu lu m  in  a d ilu tion  o f 1 to  100. Of th is  d i lu t io n  a  q u a n ti ty  of 0.1 m l w as m easu red  to  5 m l 
o f  c u ltu re  f lu id  co n ta in in g  tissu e  frag m e n ts  f ro m  a  12-day-old e m b ry o n a te d  egg. M ateria l 
e x tra c te d  from  tissue , ta k e n  up  in th e  s u p e rn a ta n t ,  an d  freed  from  th e  sed im en t b y  c e n tr i
fu g a tio n , was in v ariab ly  u se d  as th e  v ira l su sp en s io n . The v iruses w ere s to re d  in  th e  frozen  
o r ly o p h ilized  s ta te  a t  — 20° C.

2. The im m une serum  was ob ta ined  fro m  a gu in ea  pig re p ea te d ly  in o cu la te d  w ith  v iru s 
in a c tiv a te d  b y  m eans o f u ltra v io le t i r ra d ia t io n  a n d  su b sequen tly  challenged  w ith  in fec tiv e  
v iru s  [6]. F o r th e  gu inea  p ig  im m unized in  th is  m a n n e r  we are in d eb te d  to  D r . BÉLÁD r. In to  
th is  g u in ea  pig 1 m l o f v ira l  suspension o b ta in e d  fro m  tissue  cu ltu red  fo r tw o  days was in je c te d  
su b c u tan e o u sly  on  each  o f  tw o  ad d itio n al occasions. Two weeks a f te r  th e  la s t  in jec tio n  th e  
se ru m  o f  th e  blood d raw n  fro m  th e  guinea p ig  w as s to red  aw ay in  1 m l am p ou les, a t  — 20° C. 
On u sin g  th em , th e  im m u n e  sera were in a c t iv a te d  a t  56° C for 30 m in u te s .

3. The tissue culture and  its inoculation w ith  virus. T he m ethods u sed  in  p re p arin g  a n d  
m a in ta in in g  tissue c u ltu re s , th e  equ ipm en t a p p lie d , and  th e  p rocedures follow ed in  c lean ing  
a n d  ste riliz ing  glass vesse ls, have been d e sc rib e d  in  p revious p ap ers  [8, 9]. C h ick en -h eart 
f ra g m e n ts  o b ta in ed  from  12 to  13-day-old e m b ry o n a te d  eggs were used  fo r  t i t r a t in g  th e  v iru s. 
I n  ro u tin e  t it ra tio n s  th re e  tis su e  fragm en ts w e re  p laced  on to p  o f th e  th in  p lasm a  coagu lum  
sm eared  o v er th e  w all o f e ach  of a num ber o f  2 m l p h ia ls ; th e re a f te r  c u ltu re  f lu id  was m easu red  
in to  th e m  and  th ey  w ere ro ta te d  in d ru m s in  an  in cu b a to r.

* P re se n t address : 1st Department o f  M edicine , University M edical School, Szeged.
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As a cu ltu re  f lu id ,  o u r  ow n b u ffered  so lu tio n  [8] was em p lo y ed  to  w hich 0.5 p e r  c en t 
egg w h ite  was ad d ed  fro m  a  s to ck  so lu tion . T h e  s to ck  so lu tio n  w as p re p a re d  from  fresh  eggs, 
d isso lv ing  20 p e r  cen t egg w h ite  in  th e  b u ffe re d  sa lt  so lu tion  ; a f te r  m ix ing , th is  was k e p t  fo r 
one d a y  in  th e  re fr ig e ra to r  a t  + 4 °  C, th e n  cen trifu g e d , d is tr ib u te d  in to  am poules, an d  s to re d  
in  th e  frozen  s ta te  a t  — 20° C. T he s ta te d  q u a n ti ty  o f  egg w h ite  is conducive to  th e  p ro life r
a tio n  o f  f ib ro b la sts , as c an  b e  seen in  Fig. 1. A n o th e r  reaso n  w hy  we used  ju s t  th a t  q u a n ti ty  
o f egg w h ite  in  th e  c u ltu re  f lu id  was th a t  i t  h a d  b een  fo u n d  to  s tab ilize  th e  A y v irus to  a re a d ily  
d em o n strab le  degree. T h e  m e th o d  o f m easu rin g  tis su e  p ro life ra tio n  h as been described  a n d  
d iag ram m atiea lly  re p re se n te d  in  o u r p rev ious co m m u n ica tio n  [8].

Fig. 1. G row th  o f c h ic k en -h e a rt f ib ro b la sts  in  b u ffe red  sa lt so lu tio n  con ta in ing  egg w h ite
in  d iffe ren t q u a n tit ie s

P re c u ltiv a tio n  fo r tw o  days p receded  th e  in o cu la tio n  o f th e  tissues w ith  v iru s. T he 
d ru m s w ere p laced  v e r tic a l ly  o n  a d rum  s ta n d , w ith  th e  tissue  c u ltu re s  in  th em  w ell-p ro tec ted  
ag a in s t in fec tive  fu n g a l sp o re s from  th e  a ir. U sing  T a k At s v ’s sp ira l loop  [10], th e  v iru s was 
d ilu te d  in  a g g lu tin a tio n  tu b e s  con ta in ing  th e  so lu tio n  em ployed  in  th e  p rep ara tio n  o f sem i
m icro  tissu e  c u ltu res . O f th e  v ira l  suspensions 0.1 m l am o u n ts  w ere  m easu red  w ith  th e  a id  o f  
1 m l p ip e tte s  in to  e ach  g lass vessel. In fec tiv e  t i t r e s  w ere c a lcu la ted  according to  K ä rb e r ’s 
m e th o d  [13].

E xperim en ta l

1. Selection o f  the liquid m edium  fo r  use in  preparing  M aitland-type  
cultures. Three d iffe ren t k inds of cu ltu re  flu id  were te s te d , viz. H an k s’ so lu tion  
[11], S im m s’ x 7 so lu tio n  [12], and  a bu ffe red  so lu tio n  c u rren tly  used  b y  
us in  t i t ra t in g  in f lu e n z a  v irus [9]. To each  o f th e m  0.5 per cen t egg 
w h ite  w as added . T h e  M aitlan d -ty p e  cxdtures were in o cu la ted  w ith  A y v iru s  
fro m  th e  178th  p assag e . The q u an titie s  o f v irus p re se n t in  th e  su p e rn a ta n ts  
w ere checked b y  t i t r a t io n  during  cu ltiv a tio n . In  H a n k s ’ so lu tion  v ira l p ro 
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life ra tio n  w as fo u n d  to  cease r a th e r  soon, w ith  an  early  sh ift of th e  p H  in  th e  
ac id  d irec tion . I n  th e  o ther tw o so lu tions th e  p H  changed  slowly. S im m s’ x 7 
y ie ld ed  v ira l in fe c tiv ity  ab o u t one ex p o n en t h igher th a n  th e  o th e r so lu tio n s. 
A ccord ingly , S im m s’ x 7 so lu tion  c o n ta in in g  0.5 p er cen t egg w hite  w as m ad e  
th e  so lu tion  o f  choice for cu ltiv a tio n .

2. Inactiva tion  o f the A y  virus under various d iffering conditions. In  
te s tin g  th e  v iru s  for in ac tiv a tio n , one p o rtio n  of th e  tissue  e x tra c t co n ta in in g  
v iru s  from  th e  185th  passage w as sealed  in  am poules, th e  re s t was ly o p h ilized  
in  sm all tu b e s . B o th  v ira l m a te ria ls  w ere s to red  a t  —20° C. U sing th e m  a t

7 \
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F ig . 2. In ac tiv a tio n  o f th e  A y  v iru s u n d e r d iffe ren t conditions

1. N on-lyophilized  m ate ria l stored  a t  — 20° C. —  2. L yophilized  m ate ria l sto red  a t  — 20°. 
—  3. In a c tiv a tio n  a t  + 3 7 °  in  S im m s’ so lu tion  —  4. In a c tiv a tio n  a t  -)-370 in  S im m s’

so lu tion  co n ta in in g  egg w hite

d iffe ren t d a te s , th e y  were t i t r a te d  in  five  para lle l tu b es per d ilu tion . I n  one 
e x p e rim en t in a c tiv a tio n  a t  -j-37° C too  w as s tu d ied  in  S im m s’ so lu tio n s 
co n ta in in g  no  egg w hite and  0.5 p e r cen t egg w hite , respectively . T he re su lts  
a re  illu s tra te d  in  Fig. 2.

E ven  in  th e  frozen s ta te  th e  v iru s  rem ain ed  v iab le  for several m o n th s . 
I n  th e  lyoph ilized  s ta te  th e re  w as h a rd ly  a n y  p e rcep tib le  reduction  in  in fe c tiv 
i ty ,  n o t even  a f te r  6 to  8 m o n th s. F o r th is  reason preference was g iven  to  
lyoph ilized  p re p a ra tio n s , th e  in fec tiv e  t i t re s  of w hich were kn o w n  w ith  
dependab le  accu racy .

F ig . 2  show s th a t  in a c tiv a tio n  a t  37° C requ ired  several days to  co m 
p le te . The cu rv es are ind ica tiv e  o f defin ite , th o u g h  n o t very  considerab le , 
v ira l s tab iliz a tio n .

3. The interrelation o f  infective titre and  the number o f  tissue fragm en ts  
per tube. F o r  each  d ilu tion  15 tu b e s  w ere used  in para lle l, and  1, 2, 4 , a n d  8 
tissu e  fra g m e n ts , respectively , w ere e x p la n te d  p er glass vessel in  each  g roup . 
T h e rea fte r , w ith o u t p recu ltiv a tio n , th e  tu b e s  w ere in ocu la ted  w ith  v iru s
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from  th e  185th passage. T h e  results were re a d  fiv e  days la te r . T hey  are show n 
in F ig . 3.

O n s ta tis tic a lly  an a ly s in g  th is ex p e rim e n t, th e  coefficient o f regression 
w as fo u n d  to  be q u ite  n e a r  th e  lim it o f s ign ificance  (P  =  0.05). O n th e  o th e r 
h a n d , a sign ifican t d ifference (P  =  0.01) w as seen to  p revail betw een  th e  tw o 
ex trem e  t i t r e  values.

I t  appears safe to  s ta te  th a t  — p ro b a b ly  w ith in  ce rta in  lim its  — th e  
in fec tive  t i tre s  are  fu n c tio n s  of the  n u m b e r o f  tissue  fragm en ts, respec tive ly  
th e  q u a n ti ty  of tissue . I n  cu ltu re  flu ids w ith  1 or 2 tissue frag m en ts  in  th em

Fig. 3. Changes in  th e  in fec tiv e  t i t r e  in  depen d en ce  on  th e  n u m b er o f tissu e  frag m en ts

re la tiv e ly  low  titre s , in  th o se  contain ing  m ore  tissu e  h igher t i tre s  were o b ta in ed . 
In  F ig. 3 a d ifference o f  ab o u t one e x p o n e n t can  be seen in  dependence on  
w h e th e r 1 or 8 tissu e  frag m en ts  have b een  ex p lan ted  p er am poule. This is 
no negligible d ifference, p a rticu la rly  n o t w ith  v iruses of o therw ise ra th e r  
low  in fec tiv e  titre s .

d a y s  cu ltiva tio n  b e fo r e  in o cu la tio n

F ig . 4. Changes in  th e  in fec tiv e  t it re  in depen d en ce  on  th e  d u ra tio n  o f p re cu ltiv a tio n

4. The interrelation o f  infective titre and  precultivation. In  one o f o u r 
ex p erim en ts  th e  tissu e  cu ltu res  were p re c u ltiv a te d  for v a ry in g  periods o f  
tim e  before  inocu la tio n  w ith  th e  v irus. In  one group infection  w ith  th e  v iru s  
was p receded  b y  no p recu ltiv a tio n , in  a n o th e r  b y  p recu ltiv a tio n  for 1 d ay , 
in a th ird  for 2 days, in  a fo u rth  for 4 d ay s , an d  in a f if th  for 8 days. T he 
resu lts  o f th is  e x p e rim en t carried  ou t in  15 para lle l tub es p e r d ilu tio n  are  
p resen ted  in  Fig. 4.

I t  can  be seen t h a t  d ifferen t periods o f  p recu ltiv a tio n  y ielded  d iffe ren t 
in fec tive  titre s . The h ig h e s t t itre  was o b ta in e d  a fte r  p recu ltiv a tio n  for 2 day s



A QUANTITATIVE SEMI-MICRO TISSUE CULTURE METHOD II 9

only . W ith  the tissu es  inocu la ted  o n  th e  8 th  day  th e  in fec tiv e  t i t re  was found  
to  b e  low er. The fa c t  t h a t  after 8 d a y s ’ p recu ltiv a tio n  th e re  s till w as v ira l 
p ro life ra tio n , is p ro o f o f  th e  f ib ro b la s ts ’ v iab ility  for a t  le a s t a n o th e r 2 or 3 days.

S ta tis tica l a n a ly s is  revealed s ig n if ic a n t differences in  th e  in fec tive  t i t re s  
of th e  tissues p re c u ltiv a te d  for 0 a n d  2 days (P  =  0.01), as w ell as be tw een  
th o se  p recu ltiv a ted  fo r  2 and 8 d a y s  (P  =  0.05).

Since grow th w as observed in  p ra c tic a lly  all th e  tissu e  cu ltu res , i t  seem ed 
a ju s tif ie d  question w h y  p re c u ltiv a tio n  for some len g th  o f tim e  should  a t  all 
p recede  infection w ith  th e  virus ; w as  i t  n o t p robable  th a t  su b seq u en t absence 
o f g ro w th  or m in im al g ro w th  w ould  b e  due to  th e  deg en era tiv e  ac tio n  ex e rted  
b y  th e  v iru s?  On th e  o th e r h an d , th e re  is th e  fac t th a t  th e  in fec tive  t i t r e  
o b ta in e d  after tw o d a y s ’ p re c u ltiv a tio n  was b y  ab o u t one ex p o n en t h igher 
th a n  th a t  ob tained  w h en  the tis su e  cu ltu re  was in o cu la ted  w ith  th e  v iru s 
w ith o u t any  prev ious p re c u ltiv a tio n . T h is is a d ifference th a t  c an n o t possib ly  
be ignored .

In  addition , i t  w as of in te re s t to  estab lish  how  th e  h igh in fec tive  t i t re  
develops a t  d iffe ren t cell counts. T h e  heigh t of t i t re s  is n o t de te rm in ed  
exclusively  by  the  n u m b e r  of cells. W ere  th e  t i tre  d ep en d en t on th e  cell co u n t 
a lone, we would n o t ,  in  our case, h a v e  o b ta ined  th e  h ig h est t i t re  from  th e  
tissu es  p recu ltiv a ted  fo r  tw o days, b u t  from  those w hich , fo r exam ple, h ad  
been  p recu ltiv a ted  fo r  4 or 8 days. F o r  its  p ro lifera tion  th e  v iru s a p p a re n tly  
dep en d s more on th e  m o m en ta ry  v ia b il i ty  th a n  upon  th e  n u m b e r o f th e  cells. 
The o p tim a l d u ra tio n  o f  p re cu ltiv a tio n  being tw o days, th e  tim e  fo r inocu la tion  
coincides w ith th e  b eg in n in g  of th e  lo g arith m ic  stage  o f fib ro b la s tic  m u ltip li
ca tio n .

5. The effect o f  rotation upon the infective titre. U sing 15 tu b es per d ilu tion , 
one o f  our ex perim en ts was designed to  find  ou t if  th e re  w ere changes in  th e  
in fec tiv e  titre s  in  d ep en d en ce  on w h e th e r  or no t th e  tu b e s  w ere ro ta te d  a fte r  
in o cu la tio n . The re su lts  are p re sen ted  in  T able 1.

T ab le  I

Changes in  the infective titre in  dependence on different
conditions

Precultivated for After infection IDeo/0.1 ml

2 days ro ta te d 105.81

2 days n o t  ro ta ted 105.50

0 day ro ta te d J 05.18

V irus from th e  196th  p assage  was used in  th is  ex p erim en t. Table I  
show s th a t  tissues n o t  ro ta ted  a f te r  inocu la tion  y ielded  a s lig th ly  low er t i t re
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th a n  tho se  ro ta ted , a n d  th a t ,  as is co n g ru en t w ith  w h a t has b een  said above, 
a s till  low er t itre  w as o b ta in e d  from  tissue  n o t p re c u ltiv a te d .

A lthough th e  s ta t is t ic a l  ev a lu a tio n  revealed  no s ig n ifican t difference 
in  th e  infective t i t r e  b e tw een  th e  ro ta te d  an d  n o n -ro ta te d  tu b e s , in  several 
in d iv id u a l experim en ts in fe c tiv ity  w as nevertheless found  to  be h igher in  th e  
v iru se s  t i tra te d  in  th e  ro ta te d  tu b es . The ro ta te d  tissue  cu ltu re s  u n d o u b ted ly  
o u tliv in g  the  n o n -ro ta te d  ones b y  2 or 3 days, th e ir  use .in th e  t i tra tio n  of th e  
v iru s  is obviously ad v isab le .

6. Determination o f  the lim it o f  error in  titration, and p lo tting  the degener
ation  curve. In  th e  e x p e rim e n t designed to  de te rm ine  th e  in fec tive  t itre , 30 
p a ra lle l tubes w ere u sed  p e r d ilu tio n  in  a series o f v ira l d ilu tio n s p repared  a t 
d ifferences of 0.33 log. I n  a d d itio n , a d ilu tio n  co n ta in in g  a h igher infective 
dose (1 (V 4) was in c lu d ed  in to  th e  ex p erim en t, in  o rder to  s tu d y  fib rob lastic  
m u ltip lica tio n  u n d e r su ch  cond itions as well. V irus from  th e  196th passage 
w as u sed . W ith  th e  v ira l  d ilu tions th e  tissues were in fec ted  a f te r  69 hours of 
p re c u ltiv a tio n . S u b seq u en tly , along w ith  tissue  g row th , th e  n u m b e r of positive 
tu b e s  was recorded, i.e. o f th o se  in  w hich fib ro b las tic  d is in teg ra tio n  was 
co m p le te . The changes in  th e ir  n u m b er are  show n in  Table 2.

Table 2

Changes during  cultivation in  the disintegration o f  tissues infected  
w ith  different dilutions o f  A y  virus

Viral dilution Ho u r  of  r ead i ngs
— log 96th 115th 144th 185 th 234th

4.00 4 30 30 30 30
5.00 0 17 29 30 30
5.33 1 5 18 22 22
5.66 0 3 12 18 18
6.00 0 2 7 11 11
6.33 1 1 2 3 3
6.66 0 0 2 2 2

7.00 0 0 0 1 1

N u m b er o f tu b es —  o u t o f  a  to ta l  o f  30 tu b es —  
disp lay ing  d isin teg ra tio n  due to  v ira l ac tion

O ne of the  cu rves in  F ig. 5 in d ica tes  th e  p e rcen tag e  o f d isin teg ra tio n  
in  v ira l dilutions up  to  10~ 5— 10~7. The n u m b e r o f p ositive  tu b es in  th e  
2 3 4 th  h o u r was ta k e n  to  be  100 p e r cen t, for i t  was b y  th e n  th a t  v ira l d isin te
g ra tio n  appeared  to  h a v e  com e to  its  te rm in a tio n .

O ur ob jective in  s tu d y in g  th e  tim e  req u ired  for d is in teg ra tio n , was to  
d e te rm in e  th e  m in im um  len g th  of tim e  w hich, w hen  t i t r a t in g  th e  A y virus
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u n d e r  these  cond itions, m ust be  allow ed to  elapse before  th e  ex p erim en ta l 
re su lts  can  be  read . To th is  end , o n ly  th e  area  w as in c lu d ed  in  th e  ev a lu a tio n  
w here in  one of th e  d ilu tio n  series ev e ry  tu b e  w as a lre a d y  positive u p  to  th e  
d ilu tio n  w hen ev ery  tu b e  becam e n eg a tiv e , respec tive ly  w hen  in  th e  ex p erim en t 
on ly  a single one becam e positive. T h is zone m ay  be called  th e  tra n s itio n  zone. 
I n  th is  a rea  p o s itiv ity  will develop a t  th e  la te s t p o in t o f tim e  only , because 
i t  is here  th a t  th e  q u a n tity  o f th e  inocu la ted  v iru s  is th e  least, an d  so in

F ig . 5. G row th  o f f ib ro b la s ts  in fec ted  w ith  A y v irus and  d e v e lo p m en t o f th e  d is in teg ra tio n
curve

1. F ib ro b las tic  g ro w th  in  a ll th e  n e g a tiv e  ex p ian ts w ith in  th e  tra n s it io n  zone.
2. F ib ro b las tic  g ro w th  in  all th e  p o sitiv e  exp ian ts w ith in  th e  tra n s it io n  zone.
3. F ib ro b las tic  m u ltip lica tio n  in  e x p ia n ts  in fec ted  w ith  v ira l  suspension  o f 10-1 d ilu tio n .
4. D isin teg ra tio n  curve.

calcu la tin g  th e  v iru s  t i t re  th is  a rea  is o f th e  g rea test im p o rtan ce . T he d is in te 
g ra tio n  curve show s th a t  if  it  is d esired  to  o b ta in  100 p e r  cen t p o s itiv ity  in  th e  
ex p e rim en t, th e n  th e  read ings a re  to  be tak en  a t  le a s t 4, b u t  p re fe rab ly  5, 
d ay s  a fte r th e  in fection .

Follow ing th e  princip les o u tlin ed  in  our p rev io u s com m unication  [8], 
f ib ro b la s tic  m u ltip lica tio n  w as ca lcu la ted  for each  a n d  every  p ositive  or 
n eg a tiv e  tissue  fo u n d  in  th e  tra n s i t io n  zone ; th e  re la tiv e  p ro life ra tion  curves 
can  be seen in  F ig . 5. The curve  fo r  th e  tissues g row n in  th e  neg a tiv e  tu b es 
ru n s  th e  course u su a l for n o n -in fec ted  tissues, while th e  curve for th e  tissues 
grow n in  th e  p ositive  tu b es show s th a t  logarithm ic fib ro b la s tic  m u ltip lica tio n  
con tinues for n ea rly  30 hours follow ing infection , w h erea fte r i t  sudden ly
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b re a k s  off, never to  be  re su m ed  again . L argely  th e  sam e course  is ru n  b y  
th e  cu rv e  for f ib ro b la s ts  in o cu la ted  w ith  v iru s  suspension o f  10“ 4 d ilu tion .

L ogarithm ic g ro w th  follow ing v ira l in o cu la tio n  does n o t m ean  th a t  th e  
cells in fec ted  w ith th e  v iru s  have  grow n. In  these  d ilu tions o n ly  a few ID 50 
h a v e  found  th e ir w ay  in to  th e  tu b es  ; assum edly  n o t m ore th a n  a few cells 
h a v e  been  infected. H o w ev er, th e  few d estro y ed  cells a re  n o t  no ticed , and  
d is in teg ra tio n  is on ly  fo u n d  to  be m arked , w hen all th e  f ib ro b la ts  show th e  
u su a l p ic tu re . I t  follows t h a t  only  th e  cells non  infec ted  w ith  v iru s  have  p a r t i 
c ip a te d  in  the active g ro w th  observed  for 25 to  30 hours. I t  m e rits  m ention ing  
t h a t  a lth o u g h  on som e occasions a v e ry  m assive inocu lum  (104-39 I D 50/0.1 ml) 
h a d  b een  in troduced  in to  th e  tu b es , ac tive  fib ro b las tic  m u ltip lica tio n  was still 
o b se rv ed  on the  f ir s t  d a y . I t  m ay  be assum ed th a t  follow ing in fection  th e  
cells a re  still capable o f  g ro w th , or perhaps even to  undergo  one m ore  add itional 
d iv is io n .

T he Ш 50 ca lcu la ted  from  th e  d a ta  o f th e  ab ove-m en tioned  experim ent 
co rresp o n d ed  to  105 80/0 .1  m l, w hile th e  ca lcu la ted  s ta n d a rd  dev ia tio n  w as 
fo u n d  to  be iO .0 5 6 . O n using  serial d ilu tions an d  para lle ls d iffe ren t from  
th o se  applied  in  th e  ab o v e  ex p erim en t, a considerab ly  h ig h e r d ispersion 
m u s t n a tu ra lly  be ta k e n  in to  account.

A vailing ourselves o f  one of F in n e y ’s m ethods [14] a n d  o f th e  k ind  
ass is tan ce  of L. Csiz m á s  (from  th e  H um an  Vaccine Production and  Research 
In s titu te ) ,  we ca lcu la ted  fro m  th e  d a ta  o b ta in ed  in  th e  above ex p erim en t th e  
v a lu e s  corresponding to  P o isso n ’s expectab le  d is tr ib u tio n  (E /г). These are 
re p re se n te d  in  th e  d ia g ra m  in  Fig. 6, to g e th e r w ith  th e  va lu es  (r) ob ta in ed  
in  th e  experim ent.

O n the  evidence o f  F ig. 6 th e re  was h a rd ly  an y  d ifference betw een 
th e  v a lu es  calcu lated  a n d  o b ta in ed  ; th is  p roves th a t  th e  dose-response curve,
i.e. th e  re la tion  o f v ira l co n cen tra tio n  to  th e  n u m b er o f p o s itiv e  tubes, can  
be closely  a p p ro x im a ted  b y  th e  curve for P o isson’s d is tr ib u tio n .

I n  our experim en ts n o th in g  b u t  th e  n u m b e r of para lle ls seem s to  h av e  
in flu e n c e d  the  exac tness o f  th e  titra tio n s . T he ca lcu la ted  corresponded  to  
45 p e r  cen t, w hich show s th a t  th e  values o b ta in ed  do n o t d iffe r essen tially  
fro m  th o se  arrived a t  b y  m eans of th e  P oisson’s d is trib u tio n .

7. Comparing titra tion  by means o f  the semi-micro method w ith  an earlier 
procedure in  use in  th is  In s titu te  [6]. F o rm erly , th e  v ira l d ilu tio n s were f irs t  
p re c u ltiv a te d  for th re e  d ay s  in  H u an g -ty p e  cu ltu res w h erea fte r, following 
tis su e  ex p lan ta tio n  in  h an g in g -d ro p  cu ltu re , th e  in ocu la ted  tu b e s  were ex 
am in ed  for v iral p ro life ra tio n .

I n  our ex p erim en t, 10 H u an g -ty p e  ch ick en -h eart tissu e  cu ltu res were 
u sed . T hree days a f te r  in fec tio n  w ith  th e  v ira l d ilu tions, 0.1 m l o f th e  flu id  
in  th e  tub es was ad d e d  to  th e  p recu ltiv a ted  tissues in  each  o f  th e  ro ta tin g  
tu b e s , in  order to  f in d  o u t th e  liqu id  of w hich cu ltu re  co n ta in ed  the  v irus.
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A t th e  sam e tim e , th re e  of th e  h e a r t  frag m en ts  in  th e  tu b e s  were m ad e  to  
c o n tin u e  grow ing in  each of a n u m b e r  o f hanging-drop  cu ltu re s . The in fec tiv e  
doses found  w ere, 10600 ID 50/0.1 m l, w ith  t i tra tio n  in  ro ta t in g  drum s o f p re 
c u ltiv a te d  t is s u e s ;  105-28 ID so/0.1 m l in  H u ang-type  tissu e  cu ltu re s ; an d  
10516 ID 50/0.1 m l, in  hang ing-drop  c u ltu re s . This m eans t h a t  follow ing p re 
c u ltiv a tio n  accord ing  to  H u a n g , th e  in fec tiv e  t itre  was b y  a b o u t one e x p o n en t

- l o g  v ir u s  d ilu tio n

F ig . 6. I l lu s tra tio n  o f th e  Poisson d is tr ib u tio n  o n  th e  evidence o f  th e  e x p erim en ta l d a ta

low er. T his agreed  w ith  th e  d ifference t h a t  had  been fo u n d  w hen t i t r a t in g  
tissues in fec ted  w ith  th e  v irus w ith o u t p recu ltiv a tio n  a n d  a f te r  p re c u ltiv a tio n  
fo r tw o  days.

8. The neutralization test. S ev e ra l com m unications from  th is  In s t i tu te  
h a v e  d ea lt w ith  questions co ncern ing  im m unization  a g a in s t th e  A y v iru s  
[2, 4, 7]. I n  th e  p re se n t p ap er we w ish  to  discuss only t h a t  n e u tra liz a tio n  te s t  
w hich  can be carried  ou t w ith  th e  sem i-m icro  tissue c u ltu re  m ethod .

To serial d ilu tio n s p rep ared  fro m  in a c tiv a te d  gu inea p ig  im m une serum  
eq u a l am oun ts o f various d ilu tions o f  th e  A y virus were ad d ed . A llowing th em  
to  s ta n d  for one h o u r a t  room  te m p e ra tu re , these m ix tu re s  of serum  an d  
v iru s  w ere m easu red  in to  six p a ra lle l tu b e s  per d ilu tio n  con ta in ing  cu ltu re  
p re c u ltiv a te d  for tw o  days. F ro m  th e  d a ta  ob tained  five  d ays a fte r im m u n iza 
tio n , an d  ca lcu la ted  according to  R e e d  an d  M u e n c h  [15], th e  curve show n 
in  Fig. 7 was p lo tted .
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T he e x te n t o f  n e u tra liz a tio n  w as ca lcu la ted  in  accordance w ith  th e  
p rincip les la id  dow n in  o u r earlier w ork  concerning th e  in fluenza  v iru s [9]. 
W ith  th e  A y v iru s , i t  is no longer ex p ed ien t to  ca lcu la te  n eu tra liza tio n  fo r  
100 ID 50, as can  be d o n e  w ith  th e  in flu en za  v iru s [9] ; to  narrow  dow n th e  
d e v ia tio n , n e u tra liz a tio n  is b e tte r  c a lcu la ted  n o t for 100 ID 50 b u t fo r  1000 
ID 50. Since in  th e  e x p e rim e n t to  w hich F ig . 7 refers, th e  in fec tive  t itre  o f  th e  
v iru s  was lO6'00 ID 50/0 .1  m l, th e  serum  d ilu tio n  n eu tra liz in g  1000 ID 50 c o rre 
sponded  to  10“ 2'4.

Fig. 7. N e u tra liz a tio n  o f  th e  Ay virus w ith  th e  im m une serum  o f a guinea pig

In  n e u tra liz a tio n  experim en ts th ree  d a ta  m ust be determ ined  s im u l
ta n eo u s ly  before one can  proceed to  ca lcu la te  th e  n e u tra liz a tio n  titre . O ne 
is th e  n um ber d en o tin g  th e  infective c a p a c ity  of th e  v iru s  used ; th e  o th e r  
tw o  derive from  n e u tra liz a tio n  experim en ts carried  o u t w ith  tw o d iffe ren t 
q u a n titie s  of th e  v iru s . T h e  co n cen tra tio n  o f th e  suspensions contain ing th e  
tw o  d ifferen t v iru s q u a n tit ie s  should be so chosen th a t  th e  one be lower a n d  
th e  o th e r h igher th a n  th e  q u a n tity  — e.g. 100 ID 50 — fo r w hich it  is desired  
to  ca leu la te  th e  n e u tra liz in g  serum  d ilu tion .

F rom  th e  th re e  v a lu e s  ob tained  in  th e  ex p erim en t i t  w ill th en  be possib le  
to  a rriv e  b y  m eans o f  in te rp o la tio n  a t th e  n e u tra liz a tio n  t i t r e  calcu lated  fo r  
th e  desired  ID 50.

T he n e u tra liz a tio n  values o b ta in ed  fro m  th e  d a ta -p a irs , of which one 
w ill be above and  th e  o th e r  below th e  ID 50 line, will d isp lay  a d ev ia tio n  
h a rd ly  m ore considerab le  th a n  th a t  found  w hen in fec tiv ity  is m easured w ith  
th e  m e th o d  used in  t i t r a t io n .
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D iscussion

P ro v in g  fa irly  s tab le , th e  A y v iru s  p re sen ted  no p ecu lia r d ifficu lties 
in  th e  ex p erim en ts . In a c tiv a tio n  a t  + 3 7 °  C w as in  som e m easu re  red u ced  
b y  th e  0.5 p e r cen t egg w h ite  ad d ed  to  th e  cu ltu re  flu id . In c id e n ta lly , egg 
w h ite  m ore read ily  stab ilizes th e  in flu en za  th a n  th e  A y v iru s  [9]. A d d itio n  
o f 0.5 p er cen t egg w hite failed to  b ring  a b o u t a change in  th e  re su lt o f t i t r a t io n  : 
on  t i t r a t in g  15 paralle ls o f each  of a n u m b e r o f several v iru s  sam ples, th e  
in fec tiv ity  of th e  cu ltu re  flu id  w as found  to  be th e  sam e w ith  as w ith o u t egg 
w h ite . I t  is rem ark ab le  th a t  even  in  a c u ltu re  flu id  c o n ta in in g  2 p er c e n t 
em bryo  e x tra c t  — w hich d e fin ite ly  in ten sifies  fib ro b lastic  m u ltip lica tio n  — 
no increase  in  in fec tiv ity  could be d em o n stra ted .

To ce rta in  fac to rs p a r tic u la r  a t te n tio n  m ust be p a id  in  d e te rm in in g  
th e  cond itions o p tim al for t i t r a t io n  : in  a d d itio n  to  th e  ro ta tio n  o f th e  c u ltu re s , 
m a jo r im p o rtan ce  a tta ch es  to  th e  n u m b er o f tissue  frag m en ts  in  th e  cu ltu re  
f lu id  an d  to  th e  len g th  o f tim e  fo r p re c u ltiv a tio n . T he m ax im u m  change 
called fo rth  in  th e  infective t i t r e  b y  a n y  one o f these fac to rs  is expressib le  
b y  a d ifference of one over o f m ag n itu d e . O f course, th ese  changes can  o n ly  
be d em o n stra ted  if, in s tead  o f th e  cu s to m ary  1 o r 2 tu b es, an  ad e q u a te  n u m b e r 
o f para lle ls  is involved  in  th e  ex p erim en t fo r each d ilu tion .

A fter th e  lapse of a ce rta in  o p tim a l perio d  of tim e , e ith e r  each o f  th e  
tissu e  frag m en ts  in  th e  in d iv id u a l ph ia ls  d isp lay ed  degenera tion , or no degen
e ra tiv e  lesions a t  all were en co u n tered  in  th e  fib ro b lasts  grow ing a ro u n d  
th e  tissu e  ex p ian ts . This m ade th e  n eg a tiv e  tu b es re a d ily  d is tin g u ish ab le  
from  th e  po sitiv e  ones, since in  th e  non -in fec ted  tissues th e  deg en era tiv e  
process begins b u t  slowly, an d  n o t before th e  9 th  or 10th d ay  [8]. On com paring  
th e  curves for degenera tion  as i t  develops in  tissues in fec ted  an d  n o t in fec ted  
w ith  th e  v iru s , we find  th a t  cellu lar d e s tru c tio n  due to  v ira l ac tio n  is re p re 
sen ted  b y  a sudden ly  ascend ing  sigm oid  curve  (F ig . 5 ) ,  w hile th e  o th e r  
ty p e  of d egenera tion  is ch a rac te rised  b y  a cu rve  ascending slow ly from  th e  
9 th  or 10 th  d ay  onw ard [8].

The conclusion is th a t  b y  using  tissu e  cu ltu res , cond itions can  be c rea ted  
w hich p e rm it titra tio n s  fa r  m ore ex ac t th a n  those o b ta in ab le  in  th e  m ost 
carefu lly  con d u c ted  an im al ex p erim en ts , as th e  dose-response cu rve , i. e. 
th e  re la tio n  o f v ira l co n cen tra tio n  to  th e  n u m b er of po sitiv e  tu b es , can  be 
closely ap p ro x im a ted  by  th e  P oisson d is tr ib u tio n  curve.

Sum m ary

A sem i-m icro  tissue  cu ltu re  m eth o d  has b een  s tu d ied  for i ts  ap p lic ab ility  in  t i t r a t in g  
th e  A y v iru s an d  in  th e  n e u tra liz a tio n  te s t .  I t  has been  found th a t  tis su e  cu ltu res  p ro v id e  
m ore fav o u rab le  conditions for t i t r a t io n  th a n  do an im als . As regards n e u tra liz a tio n , i t  is b e t te r  
to  calcu la te  th e  t i t r e  for 1000 ID 50 in s tea d  of 100, fo r th is  narrow s dow n  dev ia tio n .
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A QUANTITATIVE SEMI-MICRO TISSUE CULTURE 
METHOD AND ITS USE IN MICROBIOLOGY
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W hen using chem ical su b stan ces in  th e  p re p a ra tio n  o f drugs, in a d d itio n  
to  th e ir  th e ra p e u tic a l effect, th e ir  to x ic  ac tion  on th e  o rgan ism  and the  tissu es , 
respective ly , needs to  be th o ro u g h ly  know n. T he ra tio  o f th e  con cen tra tio n s 
expressing  th e  th e ra p e u tic a l and  to x ic  ac tions perm its  to  ju d g e  the a p p lic a 
b ility  o f th e  d rug . T h e  tox ic  effect sub stan ces ex ert on tissue cu ltu res is 
com m only  m easu red  in  h ang ing -d rop  or ro lle r- ty p e  c u ltu re s  [1 — 6]. E x a c t  
d e te rm in a tio n  of tissu e  to x ic ity  is to -d a y  an  ind ispensab le  necessity  in s tu d y 
ing or te s tin g  v iru s-ch em o th e rap eu tica l agen ts.

T he p resen t w o rk  is an  a t te m p t  to  e lab o ra te  w ith  th e  use of our sem i
m icro tissue cu ltu re  m eth o d  a tissu e  to x ic ity  te s t  m ore precise  and  less in tr ic a te  
th a n  th e  te s ts  c u rre n tly  used.

Materials and methods

T he eq u ip m en t u sed  in  m easu ring  tis su e  to x ic ity  and  th e  m e th o d  applied  in p re p a rin g  
tissu e  cu ltu res  w ere th o se  described  in  a n  earlie r p a p e r  [7].

C rysta l v io le t, b r i l l ia n t  g reen , an d  su b lim a te , w ere th e  ch em ica l substances we te s te d  
for th e ir  c ap ac ity  to  s t im u la te  tissue  g ro w th .

T he to x in s o f B acillu s oedematiens (O e. Sz. 4 B u d a p e s t) , B . perfringens  (S, 107, N .C .T .G . 
-T 6125), and  V ibrion septique  (VS. 54. N .C .T .G .) —  a ll p ro d u c ts  o f  th e  Institu te o f  H u m a n  
Vaccine Production and  Research, B udapest —  were ex am in ed  fo r th e ir  a c tio n  on tissue c u ltu re s .

Experimental

1. Design o f  the tissue toxicity  test and  evaluation o f  the results obtained  
w ith it. The e ssen tia l fea tu res  o f our m e th o d  for p rep a rin g  tissue cu ltu re s  
w ere th e  follow ing. F o u r ch ick en -h eart frag m en ts , each  m easuring a b o u t 
1 m m  in  d iam ete r, derived  from  a 12 to  13-day-old  em b ry o n a ted  egg, w ere 
p laced  side b y  side on  a th in  p la sm a  coagulum  sm eared  on th e  wall of 2 m l 
ph ia ls. The d ilu tio n s o f th e  su b stan ces to  be  te s te d  w ere p rep a red  in a bu ffe red  
sa lt so lu tion  o f o u r ow n com position , of w hich  a q u a n ti ty  o f 0.5 ml was m eas-

* P resen t ad d ress  : 1st D epartm ent o f M edicine, U niversity  M edical School, Szeged.

2 Acta Microbiologica VI/1.
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u re d  to  each tissue c u ltu re . G row th o f  th e  ch ick-heart frag m en ts  from  th e  
ro ta te d  cu ltures was re a d  on th e  3rd , th e  6 th , and  th e  9 th  day . T h is w as 
d o n e  as follows. U sing a n  ocular m ic ro m ete r, the  f ib ro b la s tic  g row th  in c re 
m e n ts  from  the  edge o f  th e  ex p ian ts  w ere  m easured ra d ia lly , and  th e  a r ith 
m e tic a l m ean  of th e  v a lu e s  so o b ta in ed  w as regarded  as th e  rad iu s  of a circle, 
th e  a rea  of which w as cap ab le  of ch a rac te ris in g  to ta l  f ib ro b la s tic  g row th . 
T h e  de ta ils  of these c o m p u ta tio n s  an d  o f  th e  p lo ttin g  o f  th e  m u ltip lica tio n

Fig. 1. Toxic a c t io n  o f  c ry sta l v io le t o n  ch icken-heart f ib ro b la s ts

c u rv e  h av e  been described  in  a p rev ious com m unication  [7]. P ro jec tin g  on to  
th e  o rd in a te  the  peaks o f  th e  curves p lo tte d  from  the  d a ta  o b ta in ed  a t  d iffe ren t 
in te rv a ls , we arrived  a t  th e  m ax im al m u ltip lica tio n  v a lu es . These w ere th e  
d a ta  needed  for p lo ttin g  th e  to x ic ity  cu rv e .

F ig. 1 shows th e  to x ic i ty  curve fo r c ry s ta l v iolet. O n th e  abscissa th e  
v a r io u s  dilu tions of th e  su b stan ce , on th e  o rd in a te  th e  v a lu es  for m ax im u m  
g ro w th  a re  shown. In  a d d itio n  to  th e  d a ta  so rep resen ted , th e  g rap h  in d ica te s  
th e  m ax im u m  m u ltip lica tio n  o f th e  co n tro l tissues, th e  c u ltu re  flu id  o f w hich  
w as devo id  of the  su b s ta n c e  to  be te s te d .

I t  can  be seen t h a t  in  ce rta in  d ilu tio n s  th e  g ro w th  in c rem en ts  w ere 
g re a te r  in  re la tion  to  th e  co n tro l tissues. I t  appears th a t  in  c e r ta in  c o n c e n tra 
tio n s  th e  action  in h ib itin g  tissu e  g row th  is followed b y  a  g ro w th -s tim u la tin g  
a c tio n . M ore or less o f  su ch  increase in  g ro w th  could be  observed  in  ev e ry  
one o f  th e  substances s tu d ie d .
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I t  seem s e x p e d ie n t to  express th e  tissu e  to x ic ity  o f th e  substances as 
follows. In  our ex p e rim en ts  we ca lcu la ted  th o se  d ilu tions o f th e  su b stan ces, 
w here th e  tissues show ed a 50 p er cen t decrease in  g row th  in  re la tion  to  th e  
con tro l tissues [c y to to x ic  ac tio n  (CT50)]. T his v a lu e  w as m ost easily  dete rm in ed  
graph ica lly , as is show n in  F ig. 1.

In  ro u tin e  te s ts  i t  w as suffic ien t to  inc lu d e  10 tu b es  (con ta in ing  40 tissu e  
exp ian ts) fo r each  d ilu tio n  o f th e  substance  u n d e r  te s tin g . F ig. 1 shows th a t  
th e  to x ic ity  cu rve  is a s teep ly  ascending one a n d  th a t ,  th e re fo re , th e  dev ia tio n  
of th e  v alue  exp ressing  50 p e r cen t g row th  in h ib itio n  in  th is  phase , is v e ry  
sligh t. C alcu lated  fro m  20 d e te rm in a tio n s, th e  s ta n d a rd  d ev ia tio n  of th e  
CT50 log values fo r c ry s ta l v io le t was a b o u t ^ 0 .1  log. In  experim en ts m ad e  
u n d e r sim ilar co n d itio n s th e  s ta n d a rd  d ev ia tio n  va lu es  do n o t exceed ^ 0 .2  log.

In  o rder to  avo id  th e  detox ica ting  a c tio n  of egg w h ite , w hich m ig h t 
in te rfe re  w ith  th e  re su lts , th e  d ilu tions of th e  su b stan ce  to  be te s ted  should  
be p re fe rab ly  p re p a re d  in  a buffered  physio logical so lu tion  con ta in ing  no egg 
w hite . A lthough  in  som e o f our experim en ts 0.5 to  1.0 p e r cen t egg w h ite  
ad d ed  to  th e  c u ltu re  flu id  d id  n o t a lte r  th e  ex p erim en ta l values o b ta in ed  
in  solutions w ith  no egg w h ite  in  th em , s till i f  in  su b seq u en t experim en ts 
we w ished to  use a c u ltu re  flu id  of d ifferen t com position , we w ould  do b e tte r  
b y  d e te rm in ing  th e  m easu re  of to x ic ity  u n d e r  th e se  co n d itions as well.

2. D eterm ination o f  the tissue toxicity  o f  some chemical substances. 
D eterm ined  on th e  p rincip les described ab o v e , th e  to x ic ity  o f  cry sta l v io le t, 
b rillian t green, an d  su b lim a te , was found  to  be 10“ a2, 10~72 and  10“ 60, 
respective ly . T h a t o f som e ad d itio n a l su b stan ces will be d ea lt w ith  in  a fo r th 
com ing paper.

3. A ction o f  to x in  and  antitoxin  on fibroblasts. S everal au th o rs  h av e  
given a tte n tio n  to  th e  ac tio n  b ac te ria l to x in s  a n d  a n tito x in s  ex e rt on tissu es  
[8— 9]. U pon th e  re q u e s t o f D rs. R . B a c k h a u sz  an d  I . V e t o  (of th e  In stitu te  
o f  H um an  Vaccine P roduction and Research, B udapest)  a few  experim en ts 
w ere carried  o u t b y  us w ith  gas gangrene bac illu s  to x in s  p rep a red  by  th e m . 
The pu rified  to x in s  o f Bacillus perfringens, B . oedematiens, and  Vibrion  
septique were su b je c te d  to  exam inations fo r th e ir  ac tio n  on ch ick en -h eart 
fib ro b lasts . G rap h ica l rep re sen ta tio n  y ie lded  ro u g h ly  sim ilar curves fo r all 
th ree  o f them . F ig . 2 , fo r exam ple, illu s tra te s  th e  effect o f th e  B . oedematiens 
to x in . I t  is rem ark ab le  th a t  in  ce rta in  d ilu tions th is  to x in  ex e rted  a very  m ark ed  
g ro w th -stim u la tin g  ac tio n  on th e  tissues.

T he CT50 va lu es  fo u n d  for th e  in d iv id u a l to x in s  w ere, B . oedematiens, 
10“ 4-7 ; B . perfringens, 10“ 5-7 ; Vibrion septique, IO-3 -4.

W ith  a v iew  to  estab lish ing  how  fa r  th e  g ro w th -in h ib itin g  action  w as 
due to  th e  specific a c tio n  o f th e  to x in , in  a  n u m b e r of ex perim en ts p u rified  
an tito x in  was a d d ed  to  B . oedematiens to x in . O nly  in  a d ilu tio n  of 10“ 3 did  
th e  a n tito x in  n o t in h ib it  tissue  g row th  ; in  one o f 10“ 2 i t  p roduced  s lig h t

2*
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g ro w th  inh ib ition . T h e  to x in  w as used  in  th e  experim en t in  a 10 3 d ilu tio n , 
w hich  com pletely  sup p ressed  f ib ro b la s tic  m u ltip lica tio n . O f th is  to x in  
d ilu tio n  equal vo lum es w ere ad d ed  to  th e  an tito x in  d ilu tio n s. T h is ac tio n

Fig. 2. Toxic a c tio n  o f B . oedematiens to x in  on ch ick en -h ea rt f ib ro b la s ts

F ig . 3. Jo in t ac tion  o f  B . oedematiens to x in -a n tito x in  on c h ick en -h ea rt f ib ro b la s ts

o f  th e  to x in  was n eu tra lized  by  th e  a n tito x in  p a rtia lly  in  a d ilu tio n  o f  10~4, 
a n d  com pletely  in  one o f  10-3 (F ig . 3 ) .

T hese ex p erim en ta l d a ta  ap p e a r to  suggest th e  e lab o ra tio n  o f a  to x in — 
a n tito x in  t i tra tio n  p ro ced u re  ; an  e ffo rt w hich of course w ould  req u ire  fu r th e r  
ex p erim en ta tio n .
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I t  seems safe to  conclude th a t  th e  m ethod  described  enab les us to  ascer
ta in  w ith  g rea ter ex ac tn ess  th e  to x ic  effect o f ce rta in  chem ical substances 
on tissu es , and th a t  th is  supplies a  m ore  dependab le  basis on  w hich to  assay  
th e  ap p licab ility  o f  th o se  sub stan ces fo r th e ra p e u tic a l p u rposes.

Sum m ary

T he q u a n tita tiv e  sem i-m icro tis su e  c u ltu re  m eth o d  e la b o ra te d  b y  us has p roved  su it
ab le  fo r q u a n tita tiv e  d e te rm in a tio n  of th e  tis su e  to x ic ity  caused  b y  som e chem ical substances 
(c ry s ta l  v io le t, b r illian t g re en , m ercuric ch lo rid e ) an d  by  th e  to x in s o f  B . oedematiens, B . per- 
fr in g e n s  an d  Vibrion septique, j
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In  th e  la s t te n  years  our know ledge on th e  v iru ses o f tick b o rn e  encephali
t i s  has been w idened  b y  a n u m b e r o f in te restin g  discoveries. H u m an  cases 
ea rlie r  described on ly  fo r th e  S o v ie t U nion [1] h av e  been  revea led  in  Czecho
slo v ak ia  [2], H u n g a ry  [3], P o lan d  [4], A ustria  [5] an d  Y ougoslavia [6]. T he 
v iru s  stra in s iso la ted  in  th e  ab o v e  countries d u rin g  th e  la s t  te n  years are 
c losely  re la ted  to  each  o th e r as w ell as to  the  v iruses o f R ussian  spring-sum m er 
encepha litis  an d  lo u p in g  ill. T he la t te r  has also p ro v ed  path o g en ic  for m an  [7]. 
I n  sp ite  of th e  g re a t s im ila rity , th e  v a riab ility  in  th e  clinical p ic tu re  an d  
ou tcom e of tic k b o rn e  encep h a litis  in  d ifferen t areas m akes p robab le  th e  
ex istence of b io logical d ifferences betw een in d iv id u a l s tra in s  of th e  v irus.

The p resen t re p o rt deals w ith  th e  a d a p ta tio n  o f th e  H u n g arian  s tra in  
K E m x to  e m b ry o n a te d  egg an d  tissu e  cultures (TC), an d  som e p roperties of 
th e  egg- and  tissue-lines. A fte r 40 passages in  TC one o f  th e  lines p roved  to  
be  nonpathogen ic  fo r th e  m ouse b ra in  (MB).

M aterials and methods

Virus. The K E iii j  s tra in  o f tic k b o rn e  encephalitis w as used  th ro u g h o u t. T his was 
reco v e red  from  tic k s  co llected  in  a n  endem ic  area  of H u n g a ry  in  1952 [8]. The s tra in  was 
iso la te d  and has b een  m a in ta in ed  in  th is  lab o ra to ry  by  se ria l in tra c e re b ra l ino cu la tio n  in to  
m ice. T he v iru s as u sed  in  th e  a d a p ta t io n  experim en ts h a d  been  passed  70 tim es in  m ice. The 
m o u se-ad ap ted  v iru s is p a th o g en ic  also fo r th e  Syrian h a m s te r  an d  th e  sheep , as well as for 
su ck lin g  m ice, b u t does n o t cause illness in  th e  ra b b it an d  th e  w h ite  r a t .

Inoculation o f  mice. Mice show ing sym ptom s c h a ra c te ris tic  o f e x p erim en ta l tick b o rn e  
en cep h a litis  were k illed  be tw een  th e  5 th  a n d  8 th  days a f te r  in o cu la tio n . T he b ra in  was g ro u n d  
in  a m o rta r , d ilu ted  ten fo ld  in  saline a n d  cen trifuged  w ith  1500 rp m  fo r 5 m in . The su p e rn a 
ta n ts  w ere a p p ro p ria te ly  d ilu ted  w ith  sa line  and  allowed to  s ta n d  in  m eltin g  ice u n til in o cu la ted  
in tra ce re b ra lly , 0.03 m l p e r  m ouse. I n  q u a n tita tiv e  experim en ts  te n  m ice w ere g iven  th e  sam e 
d ilu tio n  of v irus.

Em bryonated eggs. T he age of th e  em bryos used for th e  a llan to ic  in o cu la tio n  was 10 or 
11 d ay s, w hereas fo r am n io tic  an d  y o lk  sac inocu lations 6— 8 day -o ld  em b ry o n a ted  eggs 
w ere  used . The in d iv id u a l dose w as g en era lly  0.1 ml.

A llantoic a n d  y o lk  sac in o cu la tio n s were m ade as d escribed  by  B e v e r id g e  and  B u r 
n e t  [9]. As am nio tic  te c h n iq u e , Takatsy’s [10] m odification  w as used . M oving of th e  em bryo  
w as con tro lled  ju s t  before  th e  in o cu la tio n  and  th e re a fte r , a t  le a s t  once a d a y , u n til th e  te n th  
d a y  o f in cubation . E m b ry o s  ap p ea rin g  d e ad  and  the  su rv ivo rs a t  20 days o f age were ex am ined  
d irec tly . Passage m a te ria ls  w ere h a rv e s te d  and  p rep ared  im m e d ia te ly  w hen d e a th  o f  th e  
e m b ry o  had been o b se rv ed . T he yo lk  m em b ran e  was g ro u n d  in  a m o r ta r , d ilu te d  ten fo ld  w ith  
sa lin e  and  cen trifuged  before used  as inocu lum . The am n io tic  an d  a llan to ic  flu ids w ere no t
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d ilu te d .  No antibiotics w ere  u se d . In  q u a n ti ta t iv e  experim en ts  10 eggs w ere g iven  th e  sam e 
d ilu t io n  o f v irus or se ru m -v iru s  m ix tu re .

Tissue  cultures
(a ) M aitland-type cultures  [11] o f  the chick embryo. Torsos o f 6— 8 d ay -o ld  em bryos or 

leg  m u sc les  o f 9 o r 10 -day-o ld  ones w ere ch o p p ed  in to  frag m en ts  a p p ro x im a te ly  1 cm m . 
A b o u t 20 m g of fragm en ts w e re  p laced  in  a n  E rlen m ey e r flask , in o cu la ted  w ith  0.5 m l v ira l 
su sp en s io n  and allowed to  s ta n d  a t  room  te m p e ra tu re  fo r 20 m in . T h en  4.5 m l o f a m edium  
co m p o sed  of equal volum es o f  S im m s X e so lu tion  an d  bovine am nio tic  f lu id  w ere ad d ed  and th e  
c u ltu re s  w ere in cubated  a t  37° C fo r 24 or 48 h r  before th e  u n d ilu te d  c u ltu re  f lu id s  were used 
to  m a k e  subpassages.

(b ) H um an embryonic sk in-m uscle  cultures w ere p rep ared  as desc rib ed  b y  E n d ers  et 
al. [12]. F o u r- to f iv e -d ay -o ld  cu ltu res  w ith  a b u n d a n t  m arg in a l g ro w th  w ere  in fec ted  w ith  
v iru s . T h e  grow th m edium  in  e ac h  tu b e  was rep laced  b y  0.1 m l v ira l susp en sio n  an d  th e  tubes 
w ere  k e p t  horizontally  a t  ro o m  te m p e ra tu re  fo r 20 m in . T hen  0.9 m l o f a m ix tu re  consisting 
o f  e q u a l volum es of Sim m s X 6 so lu tio n  an d  b o v ine  am nio tic  f lu id  was ad d ed  an d  th e  tubes 
w ere  in cu b a ted  a t 37° C as lo n g  as needed .

A ntisera
R abbit sera. The М В -lin e  o f  K E n q  s tra in  h a d  been  passed  70— 75 tim e s  in  M B, th e  TC- 

lin e  70 tim es  in MB and su b se q u e n tly  60 tim es in  ch ick  em bryonic  TC before used  for hy p erim 
m u n iz a tio n . R abbits w eigh ing  2.5 kg each , w ere g iven  fo u r in tra p e rito n e a l in jec tio n s o f v irus. 
T h e  in te rv a l  betw een tw o in je c tio n s  was gen era lly  4 days. F ive  ra b b its  w ere im m unized  w ith  
th e  М В -line , and 5 w ith  th e  T C -line. T enfold  d ilu tio n  o f MB an d  g ro u n d  tis su e  d ilu te d  tenfold  
in  i t s  o w n  n u trien t f lu id , re sp e c tiv e ly , w ere u sed  as inocu la  in  doses o f  2.0 m l. T he ra b b its  were 
k ille d  b y  bleeding on th e  1 0 th  d a y  a f te r  th e  la s t  in jec tio n . C ontrol se ra  w ere p re p a re d  by  ap p ro 
p r ia te ly  trea tin g  ra b b its  w i th  n o rm al tissue  suspension .

H u m a n  sera. Serum  N o . 637 was th e  convalescen t serum  o b ta in e d  fro m  a p a tien t 
n a tu r a l ly  infected  by  tic k b o rn e  en cep h alitis  v iru s in  H u n gary . Sera  696 an d  721 w ere convales
c e n t  specim ens from  p a tie n ts  a cc id en ta lly  in fec ted  in  th is  la b o ra to ry  b y  th e  Czechoslovak 
s t r a in  R i [13] and th e  K E m t s tra in  [14] resp ec tive ly .

A ll th e  sera were in a c t iv a te d  a t  56° C fo r 30 m in . before used .
Neutralization tests. E q u a l  volum es o f u n d ilu te d  serum  an d  v a ry in g  d ilu tio n s o f virus 

w ere  m ix e d  and incu b a ted  a t  37° C fo r 1 h r  before inocu la tion .
Interference experim ents. T he TC-line o f  v iru s h ad  been  passed  in  ch ick  em bryo TC 

40— 50 tim es before use in  th e  in te rferen ce  ex p erim en ts . The cu ltu re  f lu id  w as h a rv ested  and 
in o c u la te d  in to  the  r ig h t h em isp h e re  o f 4-w eek-old m ice, 0.03 m l p e r  m ouse. T w en ty fo u r o r 
48 h rs  la te r  the  mice w ere  ch a llen g ed  b y  in jec tin g  v a ry in g  d ilu tions o f th e  М В -line v irus in to  
th e  le f t  hem isphere.

LD^, was calcu la ted  b y  th e  m eth o d  o f R e e d  and  Mu en c h  [15].

R esults

Adaptation o f  the v iru s  to the chick embryo. Chick em bryos w ere inocu lated  
in to  th e  allantoic, a m n io tic  an d  yo lk  sac, a lte rn a tiv e ly  (see M ateria ls and 
m e th o d s). A fter 3 — 6 d a y s ’ re -in cu b a tio n  th e  em bryo  w as m oving  slower 
a n d  soon died. The m o s t conspicuous fea tu res  in  th e  em bryo  w ere petechiae 
in  th e  epiderm is, m o st f re q u e n tly  on th e  abdom inal an d  do rsa l regions and 
o n  th e  head , as well as in  th e  fea th e r follicles of th e  o lder em bryos. I f  la tency  
h a d  b een  long, g e la tin o u s-o ed em ato u s degenera tion  o f th e  subcu taneous 
co n n ec tiv e  tissue w as re g u la r ly  observed . T he oedem a w as o ften  so enorm ous 
t h a t  th e  em bryo a p p e a re d  as spherical ( F ig. l ) . I n  such em bryos th e  epiderm is 
w as separa ted  from  th e  m u scu la tu re  b y  a colourless, a lm o st qu ite  clear, 
h ig h ly  viscous flu id  w ith  h igh  p ro te in  co n ten t. A m ark ed  p a t te rn  of veins 
w as seen, especially o n  th e  head  an d  pericard ium  as well as on  th e  dorsal



SOME BIOLOGICAL PROPERTIES OF A HUNGARIAN STRAIN 25

an d  abdom inal reg ions. A few of th e  m o st oedem atous em bryos had  su rv iv e d  
th e  21st d ay  of in c u b a tio n  and h a tc h e d  o u t. T he v iru s  in  th e  o ed em ato u s 
su b stan ce  was easily  dem onstrab le  b y  inocu la tin g  m ice in trace reb ra lly .

Fig. 1. S even teen -d ay -o ld  chick e m b ry o , dead  on  th e  9 th  d a y  follow ing in o cu la tio n  
in to  th e  yolk sac  w ith  th e  K E n ij  s tra in

The pa th o lo g ica l changes o bserved  in  th e  ch ick  em bryo  were n eu tra liz e d  
b y  hom ologous h y p erim m u n e  an d  co nvalescen t se ra , as seen in Table I .  
T he f irs t  3 sera in  th e  Table had  o rig in a ted  from  conva lescen t p a tie n ts , th e  
la s t 3 were h y p erim m u n e  sera p rep a red  in  ra b b its . T h e  sera  were te s ted  a g a in s t 
a v iru s  suspension p rep a red  from  M B.

Table 1
N eu tra liza tio n  o f  the K E m 1 stra in  М В -line w ith  hum an  and 

rabbit antisera

Experiment
S e r u m Neutralization index as tested in

№ Origin MB yolk sac allantoic sac

l 637 H u m an 1000 500 n . t .

2 696 H u m an > 5 0 0 600 n . t.

3 721 H u m an 1000 1000 n  .t.

4 777 R a b b it 160 100 80

5 697 R a b b it 200 100 100

6 799 R a b b it 130 100 100
n. t .  =  no t te s te d .
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The mouse virulence o f  the K E m 1 stra in  during its adaptation  to the chick 
embryo. T he K E n ij s tr a in  as used in  th e  a d a p ta tio n  ex p e rim en ts  h ad  been  
p assed  70 tim es in tra c e re b ra lly  in  m ice. T h ree  h u n d re d th  m l o f th e  in itia l 
M B con ta ined  107 m ouse  L D 50.

(a) A ttem pt to ada p t the M B  stra in  to the allantoic sac. T he  v iru lence 
o f  th e  v iru s  for th e  a lla n to ic  sac rem ained  low  th ro u g h  th e  21 a llan to ic  passages 
o f  th is  experim en t ; its  m ouse v iru lence show ed  any  change. A fte r  9, 10 an d  16

F ig . 2. In fec tiv ity  o f K E riij s tra in  for eggs a n d  m ice a f te r  va ry in g  n u m b e r  o f  passages
in  th e  a lla n to ic  c av ity

E xplanations:
1 : a llan to ic  f lu id  t i t r a te d  in  th e  a llan to ic  c a v ity
2 : a llan to ic  f lu id  t i t r a te d  in  mice
3 : a llan to ic  f lu id  t i t r a te d  in  th e  yolk sac

a llan to ic  passages, how ever, th e  v irus p ro v e d  m arkedly  m ore v iru le n t for th e  
y o lk  sac th a n  th e  MB v iru s  in  th e  in it ia l  inoculum  (F ig . 2 ) .

(b) A dap ta tion  o f  the virus to the y o lk  sac. In  th e  f i r s t  few  passages 
th e  m u ltip lica tion  o f th e  MB virus was w eak , as te s ted  in  th e  MB an d  in  the  
y o lk  sac. L a te r, how ever, its  v iru lence fo r th e  yolk sac g ra d u a lly  increased  
w hereas its  m ouse v iru len ce  and  v iru lence  fo r th e  a llan to ic  c a v ity  rem ained  
p ra c tic a lly  a t  th e  in itia l level (F ig . 3 ) . T h u s , serial passages in  th e  yo lk  sac 
re su lte d  in  a line u n d is tin g u ish ab le  from  t h a t  ob ta ined  b y  a llan to ic  passages.

The growth curve in  TC  o f  the mouse-adapted virus. T h e  g ro w th  curve 
o f v iru s  in  chick em b ry o  TC has been d e te rm in ed  in  8 ex p erim en ts . In  th e  
f i r s t  5 experim ents th e  m ed ium  and th e  g ro u n d  tissue w ere t i t r a te d  sep ara te ly  
w hile in  th e  la s t 3 ex p erim en ts  the  tissu e  w as m ixed w ith  its  ow n m edium  
an d  th e  to ta l  v irus c o n te n t o f the  c u ltu re  was de te rm ined . T he ti tra tio n s  
w ere m ade by  in o cu la tin g  m ice in tra c e reb ra lly . A m ix tu re  o f 3 in d iv id u a l 
c u ltu re s  was t i t r a te d  in  each  case. T he re su lts  are p resen ted  in  F ig. 4 and  5.
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T he course o f each  o f th e  curves is essen tia lly  th e  sam e. T h e  t i tre  of th e  v iru s  
w as reduced  b y  1—4 log u n its  in  2 to  3 h o u rs ’ in c u b a tio n . The decline w as 
m ore m arked  in  th e  m ed ium  th a n  in  th e  tissu e . T he cu rves began  to  rise a f te r  
5 or 6 hours an d  reach ed  th e  h ighest levels d u rin g  th e  2 n d  d ay  of in cu b a tio n . 
In  g lass-stoppered  flasks th e  high levels rem ain ed  u n ch an g ed  th ro u g h  th e  
3rd  an d  4 th  days. I n  w ool-stoppered  fla sk s , how ever, th e  p H  tu rn e d  in to

Fig. 3. In fec tiv ity  o f  K E n ij  s tra in  fo r eggs and  m ice a f te r  a v a ry in g  n u m b er o f passages
in  th e  yo lk  sac

E xplanations:
1 : yolk m em b ran e  t i t r a te d  in  th e  yolk sac
2 : yolk m em b ran e  t i t r a te d  in  mice
3 : yolk m em b ran e  t i t r a te d  in  th e  a llan to ic  c av ity

alkaline g radua lly  from  th e  48 th  h r  o f in cu b a tio n . T h is w as followed b y  loss 
in  in fec tiv ity .

Two a tte m p ts  w ere m ade to  d e te rm in e  th e  g ro w th  curve in  h u m a n  
em bryonic TC o f th e  MB v iru s . A drop o f a b o u t 1 log a t  th e  2nd  h r  of in c u b a 
tio n  and  a sligh t rise th e re a f te r  was observed , b u t  no ev idence  of v iral m u ltip li
cation  has been  estab lished .

Dissociation o f  the mouse virulence fro m  the egg virulence o f  the M B  v iru s  
while passed in  chick em bryonic TC. F ig. 6 p resen ts th e  resu lts  of tw o  o u t 
o f th e  num erous ex p erim en ts  in  w hich th e  m ouse an d  egg virulences o f  th e  
MB line were in v e s tig a te d  a t  d ifferen t phases of its  a d a p ta t io n  to  chick em bryo  
TC. The v iru s w as tra n sfe rre d  on every  w o rk d ay . T h e  u n d ilu ted  flu id  w as 
used as inoculum .

In  one o f these  ex p erim en ts  the  in itia l MB was as in fective for th e  MB 
as for th e  e m b ry o n a te d  egg. The v irus h a rv e s te d  fro m  th e  10th passage ,
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h o w ev er, w as m ark ed ly  m ore v iru le n t fo r th e  egg th a n  fo r th e  m ouse. T h e re 
a f te r  th e  m ouse v iru lence  g rad u a lly  dec lin ed  while th e  egg v iru len ce  rem ain ed  
a t  th e  in itia l level. T h e  difference b e tw e e n  th e  egg an d  m ouse  titre s  w as 1.9 
log  a t  th e  10th , 4.0  log a t  th e  2 9 th  a n d  6.2 log a t th e  4 5 th  TC passage. T he

F ig . 4. G row th  curves o f  th e  М В-line o f  K E rn  l  v iru s  in  chick em b ry o n ic  tissue  c u ltu res .
X----------X g ro u n d  tis su e  o — .........о m edium

re su lts  of E x p e rim en t I I  were e ssen tia lly  sim ilar b u t  th e  in itia l inocu lum  
in  th is  experim en t w as m ore in fec tive  fo r eggs th a n  fo r m ice. A ccordingly , 
th e  differences a t  la te r  passages w ere also g rea ter. A fter 40 passages no p a th o 
g e n ic ity  fo r m ice could be d e tec ted  in  sp ite  of the  10-9  t i t r e  o f th e  v iru s 
in  th e  em b ry o n a ted  egg.
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N eutraliza tion  tests. Table I I  show s th a t  th e  an ti-T C -line rab b it sera  
m ark ed ly  n eu tra lized  th e  М В-line as te s te d  in  m ice an d  b y  inocu la tion  in to  
th e  y o lk  sac. I t  is to  be  n o ted  th a t  th e  ra b b its  were im m unized  w ith  v ira l 
p rep a ra tio n s  n o n -p a th o g en ic  for m ice.

F ig. 5. G row th cu rves o f  th e  М В-line o f  K E iiij v iru s  in  chick  em b ry o n ic  tissue c u ltu re s  

Explanations;
1 : E x p erim en t 6 2 : E x p e rim e n t 7
3 : E x p erim en t 8 4 : E x p e rim e n t 9
5 : E x p erim en t 10

- t ---------- ---------- - I ----------------------- 1----------------------- 1----------------------------------------- 1— ,------------------------ ,------------ ------------------------------------ -
5 Ю 15 20 29 4 0  4 5

p a s s a g e

F ig . 6. Mouse and  egg in fe c tiv ity  o f K E m , s tra in , a f te r  a  v a ry in g  n u m b e r o f passages in  ch ick
em bryon ic  tissu e  c u ltu re s

E xplanations;
1 : E x p e rim en t 1 t i t r a te d  in  eggs 2 : t i t r a te d  in  mice
3 : E x p e rim en t 2 t i t r a te d  in  eggs 4 : t i t r a te d  in  mice

Interference o f  the TC-line w ith  the М В -line. The in te rfe rence  ex perim en ts 
w ere perform ed as described  above. The TC -line w ith  no m easurab le  p a th o 
gen ic ity  for m ice w as used as in te rfe rin g  v iru s. As show n in Table I I I ,  th e
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Table II

N eutralization o f  the М В -line o f  the K E m l virus w ith  
anti-T C -line  rabbit sera

Experiment Serum Virus Animal Titre of 
virus

Neutral
ization
index

TC 326 4.2+ 130
l

N orm al ra b b it
M B-line Chick embryo*

6.3 1

TC 775 4.1 130
TC 776 4.2 100

2 TC 778 M B -line Mouse** 4.0 160
N orm al ra b b it 6.3 1

* =  yo lk  sac in o cu la tio n  
!* =  i. c e r . inocu la tio n  
+ =  n eg ative  log

Table III

Interference in  m ice between the T C  and M B  lines o f  the 
K E m x stra in

Interfering virus Interval
hour

Challenge virus Probability of 
the differences*Experiment Designation № of 

passages Designation Dosage Mortality

l TC line 39 0/19** 0 .0 0 1

2 TC line 51
24 MB lin e 320

ID »
9/12

11/23 > 2 0 ***

— — 9/12

3
TC line 52

48 MB line
1 : 200 
dil. 

m ouse 
brain

0/24

5/6

0.004

4
TC line 52

48 MB line 1 : 2000 
dil. 

m ouse 
b ra in

1/16

3/5

2.75

* =  The calcula tion  o f th e  P  values was m ad e  by  th e  d irec t m eth o d  o f F is h e r  [34]. 
** =  T he n u m era to r rep resen ts th e  n u m b er o f  d ead  anim als, th e  d en o m in a to r th e  n u m b e r 

o f those  ino cu la ted .
*** x2=  J 40,
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in terference  in  E x p e rim e n ts  1 and 3 w as s ta tis tic a lly  h ig h ly  sign ifican t a n d  
th e  difference be tw een  th e  in terference  an d  co n tro l g roups in  E x p e rim en t 
4 m igh t be reg a rd ed  sig n ifican t too , in  sp ite  o f th e  low  n u m b e r of an im als . 
The d ea th  ra te  in  th e  co n tro l group o f E x p e rim e n t 2 w as also higher th a n  in  
th e  in te rfe ren ce  group b u t  th e  d ifference w as n o t s ig n ifican t.

Discussion

In  th e  ex p e rim en ts  p resen ted  in  th is  re p o r t , th e  К Е т х s tra in  ap p eared  
p a r tly  sim ilar to , p a r tly  d iffe ren t fro m , th e  s tra in s  o f  tick b o m e en ce
p h a litis  v iru s exam ined  b y  o th e r au tho rs.

As to  th e  chick em bryo  in fec ted  b y  th e  K E n q  s tra in , the  m ost 
s trik ing  patho log ica l fe a tu re  was th e  enorm ous subcu taneous oedem a. I t  is  
no t qu ite  c lear w h e th e r o th e r s tra in s  o f v iru s  cause a sim ilar p h en o m e
non. E d w a e d  [16] observed  gelatinous-oedem atous d egenera tion  in  ch ick  
em bryos in fec ted  w ith  th e  louping ill v iru s  h u t  u n fo r tu n a te ly , no p h o to 
graphs are p resen ted  in  h is studies on th e  sub jec t. A n ja p a r id z e  [17] 
m entions only th a t  th e  em bryos w hich h a d  been in fec ted  w ith  th e  v iru s  
of R ussian  sp ring -sum m er encephalitis , o fte n  were fo u n d  swollen and yellow . 
Sl o n im  [18] an d  B e d n a r  and  Sl o n im  [19] fo u n d  th e  histo logical chan g es 
induced b y  th e  C zechoslovak v irus to  resem ble  those caused  b y  th e  v iru ses  
of louping ill an d  R u ssian  sp ring -sum m er encep h a litis . A ccording to  th e se  
au thors, th e  jau n d ice  m ig h t be exp la ined  b y  p a ren ch y m a to u s  lesions in  
th e  liver, h u t  th e  genesis o f th e  o th e r changes is u n c e r ta in  because o f th e  
asphyx ia  ante mortem  an d  su b sequen t au to ly s is . P in t é r  a n d  B é l á d i [20] 
found  th e  C zechoslovak v iru s  able to  kill th e  ch ick  em bryo , b u t  did no t re g is te r  
oedem a [21].

Y e s e n j a k -Z m ija n a c  [22] in o cu la ted  ch ick  em bryos w ith  S lovenian  
and  A u str ian  s tra in s  of th e  v irus. She o ften  found  th e  em bryos swollen a n d  
yellow  b u t n ev e r oedem atous [23]. N eith e r d id  I l e n k o  [24] observe oedem a 
while ad a p tin g  th e  v iru s  of b i-phasic  m en ingoencephalitis  to  th e  chick em bryo .

As to  th e  v ira l orig in  o f th e  su b cu tan eo u s  oedem a, B e v e r id g e  and  
B u r n e t  [9], as well as we ourselves occasionally  fo u n d  sim ilar lesions in  
em bryos in o cu la ted  w ith  saline in  th e  sum m er. M it s c h e r l ic h  and  B r a t k e  [25] 
b ro u g h t a b o u t sim ilar phenom ena b y  ad m in is te rin g  h is tam in e  or b y  in d u c in g  
h is tam in e  p ro d u c tio n . T he d ila ta tio n  o f th e  b lood  vessels a n d  th e  e x u d a tio n  
in  th e  K E u q  in fec ted  em bryos m igh t h av e  been  in d u ced  b y  th e  lib e ra tio n  
of h is tam in e , or h is tam in e-lik e  substances. M oreover, h is tam in e , being ab le  
to  co n stric t th e  p o rta l vessels, m ight h av e  been  responsib le  fo r the  enorm ous 
ascites an d  th e  p a t te rn  of veins resem bling  caput medusae, a fea tu re  o ften
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o b serv ed  by  us on th e  ab d o m in a l w all. T h e  v iral o rig in  o f  th e  o ed em ato u s 
changes, in  our v iru s-in fec ted  em bryos h a s  been  proved  b y  th e  fac t t h a t  th e y  
w ere  n eu tra lized  b y  hom ologous an tise ra .

In  our ex p e rim en ts  th e  K E m j s tra in  m ultip lied  in  ch ick  em b ry o  TC 
w ith o u t being cy to p a th o g en ic . O f th e  o th e r  tickborne  v iru ses , th e  lo u p in g  
ill v iru s  was p ro p a g a te d  b y  R iv e r s  a n d  W a r d  [26], th e  v iru s  o f R u ss ian  
sp rin g -su m m er en cep h a litis  b y  Ch u m a k o v  [27], in  ch ick  em bryon ic  TC. 
T h e  fo rm er v irus w as fo u n d  to  be cy to p a th o g en ic  for H e L a  cell cu ltu re s  b y  
O k e r -R lom  [28], th e  la t te r  v iru s  fo r  h u m an  em b ry o n ic  f ib ro b la s ts  b y  
Z a s u k h in a  and  L e v k o v it c h  [29]. In  ch ick  em bryonic f ib ro b la s ts  th e  C zecho
s lo v ak  ß i  s tra in  w as n o t  cy to p a th o g en ic  as repo rted  in  th e  ex p erim en ts  of 
P in t é r  and  R é l á d i [20] w hereas D a n e s  [30] found th e  H an za l s tra in  c y to 
pa th o g en ic .

I t  is w ell-know n th a t  som e v iru ses , w hen grow ing in  a new  h o s t, m ay  
lose th e ir  p a th o g en ic ity  fo r th e  old h o s t w ith o u t chang ing  th e  a n tig e n ic ity . 
S u ch  “ a tte n u a te d ”  s tra in s  are w idely  u sed  for p rep a rin g  vaccines a g a in s t 
sm allpox , rabies an d  yellow  fever over th e  world. L arge-scale  ex p e rim en ta l 
v acc in a tio n s  w ith  a t te n u a te d  s tra in s  o f th e  in fluenza  an d  poliom yelitis  v iru ses 
h a v e  been perfo rm ed  in  severa l coun tries.

A ccording to  S m o r o d in t s e v  and  K r iv is k y  [31], th e  encephalitis  v iru ses  
show  very  little  v a r ia b ility . This view  h as b een  supp o rted  b y  th e  ex p e rim en ta l 
s tu d ie s  d em o n stra tin g  th a t  th e  v iruses o f  R ussian  sp ring -sum m er en cep h a litis  
[17], C zechoslovak tic k  encephalitis  [20], an d  bi-phasic m en in goencephalitis  
[24] can all be m a in ta in e d  th ro u g h  se ria l passage in  eggs w ith o u t a n y  loss 
in  th e ir  p a th o g en ic ity  fo r th e  m ouse. I n  o u r own ex p erim en ts  th e  egg-lines 
o f  th e  K E n q  s tra in  re ta in e d  th e ir  in i t ia l  p a th o g en ic ity  fo r mice a n d  th e  
a b ili ty  to  m u ltip ly  in  th e  allan to ic  sac, w hile acquiring  a h igh  v iru lence  for 
th e  y o lk  sac.

A C zechoslovak s tra in  of th e  t ic k b o rn e  encephalitis  v iru s  w hen p ro p a 
g a te d  in  M aitlan d -ty p e  cu ltu re s  of th e  ch ick  em bryo show ed no d issocia tion  
o f  m ouse and egg v iru len ce  even a fte r  69 passages [20].

O ur find ing  th a t  th e  K E n q  s tra in  h a d  lo st its  m ouse p a th o g e n ic ity  a fte r  
40 passages in T C ,is  a u n iq u e  exam ple o f  th e  v a riab ility  o f a tick b o rn e  e n cep h a 
litis  v irus. This m ig h t be  exp la ined  b y  supposing  th a t  th is  s tra in  w as m ore 
v a ria b le  th a n  th e  s tra in s  exam ined  b y  o th e r  au tho rs. H ow ever, we used  a 
d iffe re n t tech n iq u e  b y  m ak in g  daily  passages w ith  h ea v y  inocula  ju s t  like 
S a b in  [32] h ad  done w hen  he succeeded  in  rendering  a ll th e  th ree  ty p e s  of 
po liom yelitis  v iru s non -p a th o g en ic  fo r Cynom olgus m onkeys.

I t  has to  be n o te d  th a t  th e  TC -line o f th e  K E n q  s tra in  d id  n o t rega in  
i ts  m ouse p a th o g en ic ity  on 10 b lind  p assages in  th e  m ouse.

A m ong th e  v iru ses  causing en cep h a litis  in m an , t h a t  o f th e  S t. Louis 
en cep h a litis  has been  in v es tig a ted  for i ts  g ro w th  curve in  TC b y  S h e n  et a l . [33].
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A com m on fea tu re  o f  th is  curve an d  th e  g row th  cu rve  o f th e  K E m x s tra in  
is th e  eclipse phase a t  th e  firs t few  h o u rs  o f g row th .

S u m m ary

(1) T h e  m o u se -ad ap ted  line of th e  H u n g a r ia n  K E m t s tra in  o f  tick b o rn e  en cep h a litis  
v iru s w as fo u n d  to  p ro d u ce  ch arac te ris tic  les io n s in  th e  chick  em b ry o . These could he  n e u tr a l 
ized  b y  hom ologous a n tise ra .

(2) T h e  v irus was eas ily  ad ap tab le  to  th e  em b ry o n a te d  egg. T he eg g -ad ap ted  lines 
re ta in e d  th e ir  fu ll p a th o g e n ic ity  for mice th ro u g h  20 yo lk  sac passages.

(3) T he v irus was se ria lly  passed in  M a itla n d -ty p e  cu ltu res  o f th e  chick em bryo .
(4) T he v irus, w hen  passed  in  tissue c u ltu re ,  g ra d u a lly  lo st its  a b ility  to  k ill th e  m ouse.
(5) I n  te s ts  c a rried  o u t  in  the  m ouse as w ell as in  th e  e m b ry o n a te d  egg, th e  h y p e rim 

m une se ra  p re p a re d  in  ra b b its  against th e  t is su e  c u ltu re  line o f  v iru s was able to  n e u tra liz e  
th e  m o u se -ad ap ted  s tra in .

(6) T he tissue c u ltu re  line  which was n o n -p a th o g e n ic  for th e  m ouse, still in te rfe re d  w ith  
th e  m ouse-k illing  effect o f  th e  m ouse-adap ted  line .
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ÜBER DIE MIT PILOCARPIN UND KALTWASSER 
HERBEIGEFÜHRTE »ANAPHYLAXIEÄHNLICHE«

REAKTION

Von

E . B e r e g i

I I .  Pathologisch- Anatom isches Institu t der M edizin ischen  U niversität, Budapest 

(E ingegangen  am  21. A u g u st 1958)

A nläßlich  u n se re r V ersuche zur experim en te llen  H erbeifüh rung  der G lo
m eru lonephritis  [4] w a ren  an  einem Teil d e r  V ersuchstiere  klinische S ym ptom e 
u n d  pa tho log isch -ana tom ische  V eränderungen  a u fg e tre ten , die in  hohem  M aße 
dem  an ap h y lak tisch en  Schock glichen. V orliegende A rb e it b e faß t sich  m it 
diesen B eobach tungen .

Eigene Untersuchungen

1. Versuche an K aninchen . Bei d er e rs te n  V ersuchsserie v erw en d e ten  
w ir 35 K an in ch en  im  G ew icht von 2500—3500 g, die an  zwei au fe in an d e r
folgenden T agen i. V. m it je  2 m l norm alem  P fe rd ese ru m  sensibilisiert w u rd en . 
N ach  3 W ochen e rh ie lten  die Tiere täg lich  su b k u ta n  0.01 g P ilocarp in  u n d  
w urden  anschließend  in  k a ltem  W asser g eb ad e t. D as B ad en  der K an in ch en  
geschah in  der W eise, d a ß  e rs t ihre B eh aaru n g  an  d er K reuzgegend  ab g esch n it
te n  u n d  d an n  die T iere  im  K an inchenkäfig  in  ein m it k a ltem  W asser (von  
e tw a  10° C) gefülltes B ecken  gestellt w u rd en . A n d en  e rs ten  beiden T agen  
b ad e ten  w ir die T iere 3 M inuten , am  d r i t te n  u n d  v ie r te n  Tage 5 M inuten u n d  
an  den  folgenden T agen  8 M inuten. Bei 15 d e r 35 K an in ch en  t r a t  ak u te  u n d  
su b ak u te  G lom eru lonephritis  auf. A n 8 T ie ren  b eo b a c h te ten  wir im  L aufe  
d er B ehand lung  keine w esentlichen  V eränderungen , w äh ren d  bei 12 K an in ch en  
anaphy lax ieähn liche  S ym ptom e in E rsch e in u n g  t ra te n . M it den T ieren  d er 
e rs ten  beiden G ru p p en , bei denen g lo m eru lo n ep h ritisa rtig e  bzw. keine V er
änderungen  zu b eo b ach ten  w aren, w ollen w ir uns in  d ieser M itteilung n ic h t 
beschäftigen .

V on den 35 K an in ch en  w aren d em n ach  12 b in n en  1 — 4 Tagen zu g ru n d e  
gegangen. Bei 6 d ieser T iere t r a t  u n m itte lb a r  n ach  d e r 1 — 3. B ehand lung  
(an  einem  nach  der 1., an  v ier nach der 2. u n d  an  einem  nach  der 3. B e h a n d 
lung) hochgradige A te m n o t auf, d ann  sp ran g en  sie im  K äfig  aufgeregt im  
K reise h eru m  u n d  w iesen anaphy lax ieähn liche  K ram p fsy m p to m e auf. S ch ließ 
lich  gingen sie, Schreie ausstoßend , in n e rh a lb  von  10 — 30 M inuten zu g runde . 
Bei den  anderen  6 K an in ch en  t r a t  u n m itte lb a r  n ach  d er 1—4. B ehand lung

3*
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(b e i einem  nach  d e r 1., bei zwei n a c h  d e r 2., bei einem  n a c h  d er 3. u n d  bei 
zw ei n ach  der 4. B ehand lung) s ta rk e  D yspnoe  auf, und  die T iere  v e re n d e te n  
u n te r  diesen S y m p to m en  b in n en  3 — 4 S tu n d en . Es sei b e m e rk t, d aß  jen e  
T ie re , an  denen  diese S ym ptom e n a c h  dem  2 —4. V ersuch  zu  b eo b ach ten  
w a re n , nach  den  vo ran g eg an g en en  B eh an d lu n g en  keinerlei S ym ptom e gezeig t 
h a t te n .

Sektionsbefunde. Bei der S ek tion  säm tlich e r 12 K an in ch en  fiel au f, d a ß  
d ie  rech te  H e rz k a m m e r s ta rk  e rw e ite r t, fe rner die H e rz m u sk u la tu r  seh r 
sc h la ff  w ar u n d  aus den  G efäßen ü b e ra ll flüssiges B lu t s trö m te . B eide L ungen  
w a re n  s ta rk  g e b lä h t, fü h lten  sich wie ein D aunenkissen  an  u n d  fü llten  in  allen  
F ä lle n  die B ru sth ö h le  aus ( Abb. 1 ) .  B ei 2 T ieren  w aren an  d e r L u n g en o b er
f lä c h e  auch p u n k ta r tig e  B lu tu n g en  zu  sehen , w ährend  an 2 an d e ren  K an in ch en  
a u f  e iner lin seng roßen  R egion d er Je ju n u m sc h le im h a u t eine d u n k e lro te  V er
fä rb u n g  nachgew iesen  w erden k o n n te . A n den  anderen  O rganen  w aren  m a k ro 
skop ische  V erän d eru n g en  n ich t w ah rn e h m b a r.

Histopathologische Veränderungen. I n  Ü bere instim m ung  m it dem  S ek
tio n sb e fu n d  w u rd e  in  den L ungen  au ch  histologisch E m p h y sem  festg este llt, 
d a s  h ie r u n d  da  v o n  h e rd a rtig em  O dem  b eg le ite t w ar (A b b . 2 ) .  S tellenw eise 
e n th ie l t  die L unge B lu tu n g en . In  2 F ä lle n  sahen  wir B lu tu n g en  u n d  N ekrose 
a m  E p ith e l d e r D ü n n d a rm sch le im h au t. I n  d er Leber w aren a n  einigen S tellen  
S ta u u n g  u n d  p u n k ta r tig e  B lu tu n g en  anw esend . Die M ilzkapsel w ar d ü n n , 
d ie  Follikel w aren  k a u m  e rk en n b ar. D ie S inus w aren w eit, ih re  E n d o th e la u s 
k le id u n g  gequollen , in  ih rem  L u m en  H äm osiderin  nachw eisbar. In  den  G lo
m eru li von  6 K an in ch en  w ar die B asa lm em b ran  verd ick t.

2. Versuche an M eerschweinchen. B ei der zw eiten V ersuchsreihe v e r 
w e n d e ten  w ir 10 M eerschw einchen im  G ew icht von 600—650 g. Die T iere  
w u rd e n  an 2 au fe inanderfo lgenden  T ag en  m it je  0.2 m l su b k u ta n  v e rab re ich tem  
P fe rd ese ru m  sen sib ilis ie rt, und  3 W ochen  sp ä te r  in jiz ierten  w ir ihnen  s u b k u ta n
2 m g  P ilocarp in , w onach  w ir die T ie re  in  ein  m it ka ltem  W asser angefü lltes 
B eck en  w arfen , in  dem  sie 3 M inuten  b lieben . N ach der 1. B eh an d lu n g  t r a te n  
n o c h  keinerle i S y m p to m e in  E rsch e in u n g , ab er etw a 15 M inu ten  n ach  d er
2. B eh an d lu n g  w ar das Fell säm tlich e r 10 T iere , als w ir sie aus dem  W asser 
h e ra u sn a h m e n , g e s trä u b t, und  sie z i t te r te n  s ta rk  am  ganzen  K örper. S ieben 
T ie re  gingen in n e rh a lb  von 4 —5 S tu n d e n  u n te r  diesen S y m p to m en  zu g ru n d e , 
w ä h re n d  das Z it te rn  bei 3 T ieren  b in n e n  6 —8 S tunden  verschw and . D iese
3 M eerschw einchen b eh an d e lten  w ir am  3. Tage au f üb liche W eise, w o rau f 
e tw a  15 M inuten  n a c h  d er B ehand lung  w ieder T rem or a u f tra t , ih r  Fell g e s trä u b t 
w a r  u n d  sie n ach  3 — 4 S tunden  v e re n d e te n .

Sektionsbefunde. Bei 3 der 10 M eerschw einchen w ar die rech te  H e rz 
k a m m e r  e rw e ite rt, be i 5 L ungen erw eiteru n g , bei 1 L ungenerw eiterung  u n d  
Ö dem , bei 1 B lu tu n g  in  der Lunge, be i 1 B lu tu n g en  an  der M agensch le im hau t 
u n d  bei 1 an d eren  B lu tu n g en  an  d er D ü n n d arm sch le im h au t zu  b eo b ach ten .
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Abb. 1. L in k s , L unge e ines K o n tro llk an in ch en s. R e c h ts , s ta rk  g e b lä h te  L unge, an  d e ren  R a n d  
em physem atose  B la sen  zu  e rk en n en  sin d

Abb. 2. N eb en  den e m p h y sem ato sen  L u n g en g e b ie ten  Ö dem  u n d  B lu tu n g en  in  d en  A lveolerr
(H äm ato x y lin -E o sin fä rb u n g )
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Tabelle I

B efunde nach Sensibilisierung  +  Pilocarpingabe +  Baden  
im  Meerschweinchenversuch

Nr. der Tiere Behand
lungsdauer Sektionsbefund Histologischer Befund

I 2 D ila ta tio n  de r rech ten  H e rzk a m 

m er. Lungenem physem
Lungenem physem

I I 3 L ungenem physem  und  Ö dem P eriarte rie lle s  Ö dem , m o n o n u 

kleäre In f i lt ra t io n  in  de r L unge. 
E m physem

u i 2 L ungenem physem P eriarte rie lle s  Ödem  in de r L unge. 
E m physem

IV 2 D ila ta tio n  der rech ten  H e rz k a m 

m er. L ungenem physem . P u n k t 

a r tig e  B lu tungen  an  d e r D ü n n 

d arm sch leim hau t

L ungenem physem . B lu tu n g en  a n  
der D ün n d arm sch le im h au t

У 3 P u n k ta r tig e  B lu tungen  u n d  O dem  

in  d e r  Lunge. P u n k ta rtig e  B lu 

tu n g e n  im  Magen

B lu tung  u n d  Ö dem  in  d e r L unge. 

V akuolöse D egenera tion  d e r L e 

ber. B lu tu n g e n  an  d e r M agen

sch leim haut

V I 2 0 Stauung , vakuo löse  D eg en era tio n  

in  de r L eb er

V II 2 0 A usgedehnte vakuolöse D eg en era 
tio n  in  de r L eber

V I I I 2 D ila ta tio n  der rechten  H e rz k a m 

m er. L ungenem physem

P eriarterie lles Ödem , m o n o n u 

kleäre In f i lt ra t io n  in de r L unge. 

E m physem . V akuolöse D egene

ra tio n  in  d e r L eber

I X 3 0 Vakuolöse D egenera tion  in  d e r 
L eber

X 2 0 0



ÜBER DIE ANAPHYLAXIEÄHNLICHE REAKTION 39

Die Sektions- u n d  h isto log ischen  V erän d eru n g en  sind in  Tabelle I  zu sam m en
gefaß t.

Histopathologische Veränderungen. D en  m akroskop ischen  V eränderungen  
en tsp rech en d  sind  in  d e r Lunge E m p h y sem  (A bb . 3 ) ,  Ö dem  und  B lu tu n g en  
nachw eisbar. S tellenw eise is t das L um en  d er B ronch ien  stern fö rm ig  eingeeng t, 
in  ih re r  U m gebung  s ieh t m an m o n o n u k leä re  In f il tra tio n  (A b b . 4 ) , andersw o

Abb. 3. R u p tu r  de r A lveo len  in einer M eerschw einchenlunge (H äm ato x y lin -E o sin färb u n g )

is t  das p e rib ro n ch ia le  B indegew ebe öd em atö s au fgelockert. H ier und  d a  is t  
d ie W an d  einiger k le in e re r Zweige d er A rté ria  pu lm onalis ödem atös gew orden , 
u n d  die p e ria rte rie llen  A lveolen sind  m it e iner hom ogen gefärb ten  S u b stan z  
angefü llt (A bb . 5 ) .

In  einigen F ä llen  is t die vakuolöse D egenera tion  d e r L eber sowie B lu tu n g  
an  d er M agen- bzw . D ü n n d a rm sch le im h au t zu b eo b ach ten . In  der Milz is t  
die S tru k tu r  der F o llike l kaum  e rk e n n b a r, die Sinus s ind  w eit, ih re W an d  
gedunsen , im  L u m en  und  in  d er W an d  b e fin d en  sich häm osiderinhaltige  
P h ag o zy ten .

3. Versuche an  Ratten. I n  d er d r i t te n  V ersuchsserie  sensib ilisierten  
w ir 14 A lb in o ra tten  im  Gewicht von  2 0 0 —250 g m it 0,1 m l P ferdeserum , die 
w ir an  zwei au fe inanderfo lgenden  T ag en  su b k u ta n  in jiz ie rten . N ach A b lau f 
von  3 W ochen e rh ie lten  die T iere täg lich  su b k u ta n  0,5 m g P ilocarp in  u n d  
w urden  d a n n  in  e in  m it ka ltem  W asser gefülltes B ecken  geworfen, wo sie
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A bb. 4. Stellenw eise s te rn fö rm ig  e ingeeng tes L u m e n  d e r B ronchien , im  U m kreis de r L u m in a  
m o n o n u k leä re  In f i l t r a t io n  (H äm ato x y lin -E o sin fä rh u n g )

A bb . 5. Die W and  d e r k le in e ren  Zweige d e r  A r té r ia  pu lm onalis ist ste llenw eise  ödém a tö s  a u f
g e lo ck ert, die b e n ac h b a rte n  A lveo len  e n th a lte n  eine hom ogen g e fä rb te  S u b s tan z  

(H ä m ato x y lin -E o sin fä rh u n g )
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n u r 3 M inu ten  b lieben , da  sie 5 M inuten  lan g es B ad en  seh r schlecht to le r ie r te n  
u n d  die v ie r  E x tre m itä te n  nach  dem  B ad e  ganz s te if  w u rd en . Die B eh a n d lu n g  
w urde von  den  R a tte n  g u t vertragen , d em  an a p h y la k tisc h e n  Schock g le ichende 
klinische S ym ptom e h a b e n  wir an ih n en  n ic h t b e o b a c h te t. N ach 16 B e h a n d 
lungen  w u rd en  die T iere  g e tö te t ; die S e k tio n  u n d  histo log ische U n te rsu c h u n g  
ergaben  keinerle i pa tho log ische  V erän d eru n g en .

4. Versuche zur Abw ehr des anaphyluxieähnlichen Schocks

(a) 10 K an in ch en  v o n  2500—3500 g G ew icht w u rd en  3 W ochen n a c h  
der S ensib ilisierung m it i. v. gegebenem  E v ip a n  n a rk o tis ie rt. Als die T ie re  
bereits schliefen , in jiz ie rte n  wir ihnen s u b k u ta n  0.01 g P ilocarp in  u n d  b a d e te n  
sie au f üb liche W eise. W äh ren d  des B ad en s  v e r tie f te n  w ir die N arkose m it  
Ä ther. A n 1 K an in ch en  tra te n  nach  d e r  1. B eh an d lu n g , an  3 T ieren n a c h  
der 3. B eh an d lu n g  n a c h  dem  E rw achen  au s d er N arkose  a n ap h y lax ieäh n lich e  
S ym ptom e auf, u n d  sie gingen in n e rh a lb  von  1 % —2 S tunden  zu g ru n d e . 
Bei diesen 4 T ieren  fan d e n  w ir an läß lich  d e r S ek tion  u n d  histo logischen U n te r 
suchung den  im  1. P u n k t  beschriebenen  ähn liche  V eränderungen . A n d en  
restlichen  6 T ieren  w aren  w eder a n a p h y la k tisc h e  S ym ptom e noch p a th o lo 
g isch-anatom ische  V eränderungen  fe s tzu s te llen . M it N arkose lassen  sich  
also die an a p h y la k tisc h e n  K räm pfe n ic h t abw ehren .

(b) Im  folgenden  versu ch ten  w ir d ie  Schockabw ehr, indem  w ir A tro -  
p inum  su lfu ricum  verab fo lg ten .

Zw anzig 2500—3500 g schwere K a n in c h e n  w u rd en  m it 2 x 2  m l P fe rd e 
serum  sensib ilisiert. N ach  3 W ochen in jiz ie r te n  w ir s u b k u ta n  2 m g A tro p in  
u n d  fü h rte n  die üb liche B ehandlung  — V erab re ich u n g  v o n  0.01 g P ilo c a rp in  
und  B ad en  — am  fo lgenden  Tage d u rc h , gaben  jed o ch  den T ieren jew eils  
1 S tunde  v o rh e r su b k u ta n  nochm als 2 m g  A tro p in . A n ap h y lax ieäh n lich e  
E rscheinungen  w u rd en  a n  keinem  T ier b e o b a c h te t, ebensow enig sahen  w ir 
nach  der im  A nschluß  a n  15 — 20 B eh an d lu n g en  e rfo lg ten  T ö tung  d er T ie re  
die im  1. P u n k t besch riebenen  p a th o lo g isch -an a to m isch en  und  h is to p a th o lo - 
gischen V erän d eru n g en .

5. K ontrolluntersuchungen

(a) Z ehn  2500—3500 g schwere K a n in ch en  w u rd en  nach  der S en si
b ilisierung m it s u b k u ta n  in jiz iertem  P ilo c a rp in  b e h a n d e lt. An diesen T ie ren  
w aren  w eder an ap hy lax ieähn liche  k lin ische S ym p to m e noch  h istopatho log ische  
V eränderungen  festzu ste llen .

(b) Z ehn  K an in ch en  im  Gewicht v o n  2500 — 3500 g w urden  sensib ilisiert 
und  3 W ochen sp ä te r  a u f  übliche W eise in  k a lte m  W asser gebadet. P ilo ca rp in  
w urde diesen T ieren  n ic h t verab re ich t. A u ch  an  diesen K an inchen  sahen  w ir
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w ed er an ap h y lax ieäh n lich e  klin ische S y m p to m e  noch bei d er Sek tion  u n d  
h isto log ischen  U n te rsu c h u n g  w esentliche V eränderungen .

(c) Zehn K a n in ch en  im  G ew icht v o n  2500—3500 g b eh a n d e lte n  w ir 
o h n e  S ensib ilisierung m it P ilo carp in  u n d  K a ltw asse rb ad . A n ap h y lax ieäh n lich e r 
S chock  w ar an  den  T ie ren  n ich t zu b e o b a c h te n , auch  fanden  w ir bei der S ek tio n  
u n d  h isto log ischen  U n te rsu ch u n g  keine en tsp rech en d en  V eränderungen .

(d) Von zw ölf 600—650 g schw eren  M eerschw einchen gaben  w ir n a c h  
d e r  S ensib ilisierung 4 n u r  P ilocarp in , 4 w u rd en  n u r in  k a ltem  W asser g eb ad e t, 
w ä h re n d  wir 4 T ie ren  ohne S ensib ilisierung  P ilocarp in  v e ra b re ich te n  u n d  sie 
in  k a lte m  W asser b a d e te n . A n ap h y lax ieäh n lich e  klinische S ym p to m e t r a te n  
a n  keinem  T ier au f, au ch  w aren  keine p a th o lo g isch -an a to m isch en  u n d  h is to - 
p a tho log ischen  V erän d eru n g en  anw esend.

Besprechung

W ie die U n te rsu ch u n g en  ergaben , s in d  bei K an inchen  n ach  S ensib ili
s ie ru n g  m it n o rm alem  P ferdeserum , w en n  ihnen  ansch ließend  P ilo ca rp in  
e in g esp ritz t w ird  u n d  sie in  k a ltem  W asse r g eb ad e t w erden, n a c h  1—4 B e h a n d 
lu n g e n  dem  a n a p h y la k tisc h e n  Schock ähn lich e  klinische S ym p to m e sow ie 
d ie  en tsp rechenden  p a th o lo g isch -an a to m isch en  und  h istopath o lo g isch en  V e r
än d e ru n g en  zu b eo b ach ten . E rh ie lten  die sensib ilisierten  T iere  n u r  P ilo ca rp in  
o d e r w urden  sie n u r  g eb ad e t, so kam  es n iem als  zu einem  an ap h y lax ieäh n lich en  
Schock . E bensow enig  t r a te n  a n a p h y la k tisc h e  V eränderungen  in  E rsch e in u n g , 
w en n  die B eh an d lu n g  d e r K an inchen  ohne vorherige Sensib ilisierung e rfo lg te . 
D e r a u f  die besch riebene  W eise h e rb e ig e fü h rte  Schock ließ sich  d u rch  N a rk o ti-  
s ie ru n g  der T iere n ic h t abw ehren , w äh ren d  e r n ach  V orbehand lung  m it A tro p in  
n iem als  a u f tra t , d. h . das v e rab re ich te  A tro p in  w ehrte  die S ch ocken tw ick lung  
a b . N ach  W iederho lung  d er V ersuche an  M eerschw einchen u n d  R a tte n  s te llte n  
w ir fest, daß  an  M eerschw einchen die v o n  D o e r r  [7] n a c h  p ro lo n g ie rtem  
Schock  besch riebenen  S ym ptom e a u f tr a te n  u n d  bei der Sek tion  sowie h is to lo 
g ischen  U n te rsu ch u n g  die von  H a r a n g h y  [10] b eo b ach te ten  a n a p h y la k tisc h e n  
V erän d eru n g en  anw esend  w aren. Bei R a t te n  w urden  die dem  a n a p h y la k tisc h e n  
Schock  gleichenden S y m p to m e u n d  p a th o lo g isch -an a to m isch en  V erän d eru n g en  
n ic h t  w ahrgenom m en, w as sich w ah rsch e in lich  au f die aus der L i te ra tu r  
b e k a n n te  T a tsa c h e  zu rü ck fü h ren  lä ß t, d a ß  A naphy lax ie  an  T ieren  v e rsch ie 
d e n e r  A rt n ich t in  g leicher W eise h e rv o rg e ru fen  w erden k a n n . M äuse, R a t te n  
u n d  Ziesel v e rh a lte n  sich  v e rh ä ltn ism äß ig  re f ra k tä r . D a ra u f d ü rfte  es b e ru h e n , 
d a ß  es m it un serem  V erfah ren  n ic h t ge lang , an  R a tte n  Schock z u s ta n d e  
zu  bringen .

Die F rag e , n ach  w elchem  M echan ism us der v o rs teh en d  b esch riebene 
a n ap h y lak tisch e  Schock e n ts te h t, l ä ß t  sich  schw er b ean tw o rten . N ach  S i l b e r
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[16] d e u te t  die M öglichkeit der Ü b e rtra g u n g  des an ap h y lak tisch en  Z u stan d es 
von  einem  T ier a u f  d a s  andere d a ra u f  h in , d aß  die an ap h y lak tisch e  R e a k tio n  
eng m it den  A n tik ö rp e rn  zu sam m en h än g t, die n ach  d e r Sensibilisierung des 
T ieres en ts teh en . B ei unseren  V ersuchen  h ab en  w ir den  K an inchen  u n d  M eer
schw einchen  n ach  d e r  Sensibilisierung P ilo carp in  v e ra b re ich t. L au t B é l á k , 
S á g h y , Cs e r e s z n y é s  [4] sowie I l l é n y i  u n d  B o r s á k  [11] erhöh t sich  a u f  
W irk u n g  v o n  P ilo ca rp in  die A n tik ö rp e rp ro d u k tio n . B é l á k  u n d  M ita rb e ite r [3] 
s te llten  w eiterh in  fe s t, d aß  es sich bei den  an läß lich  d e r Im m unisierung  im  
O rgan ism us e n ts te h e n d e n  A n tik ö rp e rn  u m  p arasy m p a th ik o e rg e  S u b stan zen  
h a n d e lt. G o r e c z k y  u n d  L u d á n y  [9] w iesen  nach , d aß  die a u f  das v e g e ta tiv e  
N erv en sy stem  w irk en d en  S ubstanzen  d en  O psonin-, A gg lu tin in - und  P rä z i
p i t in t i te r  v e rän d ern . N ach  A r is t o w s k ij  u n d  M ita rb e ite rn  [1] b e ru h t die 
E n tw ick lu n g  der an ap h y lak tisch en  E rsch e in u n g en  a u f  d e r F reisetzung  v o n  
A zety lcho lin  u n d  h is ta m in a rtig e n  S u b s ta n z e n , die sich  als R esu lta t d e r in  
d en  Zellen vor sich gehenden  A n tig e n -A n tik ö rp e rrea k tio n  im  O rganism us 
v e rm eh ren . Aus den  A rb e iten  von  M a s s in o  [13], P e n k o w s k a j a , T o l p j e g in a , 
U n d r ik o w  u n d  H o m ja k o w  [14] w issen  w ir, daß  die A llergene die in  d e n  
G ew eben anw esenden  cholinergen S y n a p se n  reizen u n d  die P ro d u k tio n  d e r  
en tsp rech en d en  n e u ra le n  M ediatoren  bew irken . N ach  K a n a r e w s k a ja  [14] 
k a n n  m an  den O rgan ism us auch ü b e r  d as  N erv en sy stem  gegen A ntigene se n 
sib ilisieren . Die A u to rin  sensib ilisierte  H u n d e  du rch  L äsion  des H y p o th a la m u s
z e n tru m s gegen P fe rd ese ru m . F i l i p p  u n d  S z e n t iv Án y i  [8] heben fe rn er die 
In n e rv a tio n ss tö ru n g  d e r Gefäße bei d e r  E n ts te h u n g  d er hypererg ischen  R e a k 
tio n en  hervor. S ü m e g i , G o r ec zk y  u n d  R ó th  [17] v e rm o c h te n  nach e x p e ri
m en te lle r B le iverg iftung  zugleich m it im m unbio log ischen  du rch  histo logische 
U n te rsu ch u n g  auch  neu ra le  V erän d eru n g en  nachzuw eisen .

W e n t  u n d  L is s Ák  [18] b e o b a c h te ten , d aß  d er H erzm uske l eine c h o lin 
ähn liche  S ubstanz  sezern ie rt, w enn m a n  das H erz des sensib ilisierten  T ieres 
m it dem  en tsp rech en d en  A ntigen d u rc h s trö m e n  lä ß t. A lle diese A ngaben sp re 
chen  d a fü r, daß  d em  v e rab re ich ten  P ilo ca rp in  u n d  d e r Sensib ilisierung im  
Z u stan d ek o m m en  d e r  a n ap h y lak tisch en  E rsch e in u n g en  u n b ed in g t eine R olle  
zufiel. D aneben  k o m m t ab er auch d em  K a ltw asse rb ad  b e i d er A uslösung d e r 
R e a k tio n  B edeu tung  zu , da  diese an  d en  sensib ilisierten  T ie ren  n u r au f W irk u n g  
v o n  P ilocarp in  n ich t a u f tra t .

Im  Z u sam m en h an g  m it den U n te rsu ch u n g en  ü b e r  die H em m ung des 
a n a p h y la k tisc h e n  Schocks m uß e rw ä h n t w erden , daß  ü b e r  die N arkose gegen 
sä tz liche  A ngaben  vo rliegen . So wies B e z r e d k a  [5] n ach , d a ß  M eerschw einchen 
in  d er N arkose  die V erab re ichung  d e r an ap h y lax ieau s lö sen d en  Dosis sy m p to m 
fre i ü b e rs teh en . D ie A n tig e n -A n tik ö rp e rreak tio n  f in d e t au ch  in  diesem  F a lle  
s t a t t ,  lö s t aber ke in en  Schock aus. R o s e n a u  u n d  A n d e r s o n  [15] v erm o ch ten  
B e z r e d k a s  E rgebn is n ic h t zu b e s tä tig e n , w ährend  es A u e r  und L e w is  [2] 
b e s tä rk te n . N ach K e s z t y ű s  und M ita rb e ite rn  [12] sei im  Falle bereits v o r-
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h a n d e n e r  Sensib ilisierung  die N arkose  o h n e  w esentlichen  E in flu ß  a u f  die 
lo k a le n  u n d  genera lis ie rten  a n a p h y la k tisc h e n  M an ifesta tionen . D urch  die 
D au e rn a rk o se  m it P h e n y lä th y lb a rb itu rsä u re  w ird die V erm eh ru n g  der A n ti
k ö rp e r  im  B lu t v e rla n g sa m t, d. h . g eh em m t. L au t D o e r r  [7] w ird  der a n a p h y 
la k tis c h e  Schock in  d e r N arkose n ic h t a b so lu t, sondern n u r  re la tiv  ab g ew eh rt, 
w eil d e r le ta le  Schock auch  in  d er N a rk o se  e in tre ten  k ö n n e . A uch u n se re  
V ersu ch e  ergaben , d a ß  d er a n a p h y la k tisc h e  Schock m it d en  an g ew an d ten  
N a rk o tik a  n ich t v e rh in d e r t w erden  k o n n te .

E in ige A u to ren  em pfehlen  A tro p in  zu r A bw ehr des a n a p h y la k tisc h e n  
S chocks. D eshalb h a t te n  auch  w ir dieses M itte l ang ew an d t. N ach  D a n ie l o - 
p o l u  [6] ü b t A tro p in  seine W irk u n g  a u f  zwei versch iedenen  W egen aus : 
e in e rse its  lä h m t es d en  a z e ty lch o lin sp a lten d en  E ffek t d e r  C hohnesterase  
(aze ty lch o lin o ly tisch e  W irkung), a n d e rse its  h em m t es d en  p a ra sy m p a th o m i- 
m e tisc h e n  A zety lcho lineffek t, in d em  es die Zellen A zety lcho lin  gegenübei 
u n em p fin d lich  m a c h t. B ei e rh ö h te r A tro p in d o sis  kom m en be id e  F u n k tio n e n  
s tä rk e r  zu r G eltung . W ird  aber eine zu  geringe A trop inm enge ve rab fo lg t, so  
s te h t  die A zety lcho linw irkung  im  V o rd eg ru n d , und  es k o m m t zum  Schock . 
Im  Z u sam m en h an g  m it unseren  V ersu ch en  m uß  ferner b e rü c k s ic h tig t w erd en , 
d a ß  A tro p in  den  P ilo carp in effek t h e m m t, so d aß  die A bw ehr des a n a p h y la k 
t is c h e n  Schocks au ch  a u f  diesem  W ege erfo lgen konn te .

Zusam m enfassung

N ach  1—4 m alig e r B eh an d lu n g  von  m it  n o rm alem  P ferdeserum  sen sib ilisie rten  K a n in 
c h e n , m it  P ilocarp in  u n d  ansch ließendem  B a d en  d e r  T iere in  k a lte m  W asser en tw ick elte  sich  
k lin isc h  sowie p a th o lo g isch -an a to m isch  e in  an ap h y lax ie äh n lich e r Schock. W u rd en  die sen si
b i lis ie r te n  T iere n u r  m it P ilo ca rp in  b e h a n d e lt  o d e r  n u r  gebadet o d e r d e r  V ersuch  ohne  S en 
s ib ilis ie ru n g  d u rc h g e fü h rt, so w aren  äh n liche  S ym ptom e u n d  p a th o lo g isch -an a to m isch e  
V e rän d e ru n g e n  n iem als zu  b eo b ach ten . D er a n ap h y lax ieäh n lich e  Schock lie ß  sich d u rc h  V o r
b e h a n d lu n g  m it A tro p in  ab w eh ren , m it E v ip a n -Ä th ern a rk o se  jed o c h  n ic h t. M it derse lb en  
M e th o d e  k o n n te  bei M eerschw einchen k lin isch  p ro lo n g ie rte r  Schock h erv o rg eru fen  w e rd en , 
u n d  p a th o lo g isch -an a to m isch  e n ts ta n d e n  in  d iesem  F a ll dem  a n a p h y la k tisc h e n  Schock e n t 
sp re c h e n d e  V erän d eru n g en . B ei R a tte n  ließ  sich  e in  a n ap h y lax ieäh n lich e r Schock n ach  d iesem  
V e rfa h re n  n ich t auslösen .
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In  prev ious com m unications [1, 2] we have d iscussed  the  s e n s itiv ity  
o f Streptomyces rim osus  fe rm en ta tio n s  to  iron  an d  re p o rte d  th a t  iro n  w as 
s tro n g ly  tox ic  w hen  th e  cu ltu re  m ed iu m  co n ta ined  h ig h ly  u n sa tu ra te d  oils. 
T he ca ta ly tic  a c tio n  o f  iron  resu lts  in  th e  p ro d u c tio n  o f increased a m o u n ts  
o f peroxide com p u n d s in  such oils a n d  th ese  com punds are d irectly  re sp o n 
sible fo r th e  to x ic  effect. I t  is w ell-know n th a t  m e th y len e  blue w ith  i ts  a n t i 
o x id a tiv e  p ro p ertie s  is capable  of in h ib itin g  tox ic  perox ide  ac tiv ities. F o r  
th is  reason  we in v e s tig a te d  th e  effect o f m ethy lene  b lu e  on th e  p ro d u c tio n  
o f O xytetracycline in  th e  presence o f  iron .

Materials and methods

T he Streptomyces rim osus  s tra in  BS-21 w as used . I ts  m a in ten a n ce  and e x p e rim e n ta l 
cond itions hav e  b een  d esc rib ed  in  d e ta il [2].

T he ex p erim en ts  w ere carried  o u t in  500 m l E rlen m ey e r f la sk s , using  100 m l o f  m ed iu m  
a t  28° C an d  a ro ta ry  sh ak in g  m achine (300 r .p .m . 0  2 cm).

The cu ltu re  m ed iu m  was as follows. Soybean  m eal, d e fa tte d , 3 p e r cen t ; p o ta to  s ta rc h , 
0.5 p e r  cen t ; co rn  s te ep  liq u o r (50 p e r cen t so lids), 0,1 pe r c en t ; N aC l, 0.3 pe r cen t ; C aC 0 3, 
0.5 p e r  cent ; su n flo w er o r  p a lm  oil, 1 p e r cen t. p H  before s te riliz a tio n  : 7.0.

The g iven  q u a n tit ie s  o f  m ethy lene  b lue  a n d  iro n  (in th e  fo rm  o f  ferrous su lp h a te )  w ere 
ad d ed  to  th e  m ed iu m  befo re  ste riliza tio n , o r in  som e cases a f te r  i t ,  u n d e r sterile  co n d itio n s. 
In o cu la tio n  was m ad e  w ith  1 m l o f th e  susp en sio n  p rep ared  on  th e  shak ing  m achine.

The su b seq u en t O xyte tracycline  c o n te n t o f  th e  fe rm e n ta tio n  w as estim a ted  b y  m ean s 
o f th e  B. subtilis s t r a in  ATCC 6633 [3].

Results

The resu lts  o f th e  experim en ts on th e  cu ltu re  m ed iu m  con tain ing  su n 
flow er oil are show n in  Fig. 1. Q u an titie s  o f iron  h ig h er th a n  40 /tg/m l ra p id ly  
reduced  O xytetracycline  p roduction  to  200 jug/ml. 10 R g/m l of m ethylene b lu e  
h ad  h a rd ly  an y  p ro te c tiv e  effect, w hereas in  th e  p resence  of 30 yUg/ml Pro " 
du c tio n  was u n affec ted  even b y  an  iro n  co n cen tra tio n  o f  300 pgjial. C urve 
No. 4 illu s tra te s  th e  rem arkab le  p h enom enon  th a t  w hile th e  ad d itio n  o f 
90 fig /m  1 m eth y len e  b lue resu lted  in  a 70 p e r cen t in h ib itio n  of te tra c y c lin e
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p ro d u c tio n , th is  in h ib itio n  w as co m p en sa ted  in  th e  p resence  of ce rta in  
a m o u n ts  of iron.

I f  m ethy lene  b lue  w as ad d ed  48 h o u rs  a f te r  inoculating  th e  fe rm en ta tio n , 
i t  h a d  p rac tica lly  no effect. I n  o th e r  ex p e rim en ts  m ethy lene  b lu e  was ad d ed  
w h e n  fe rm e n ta tio n  w as s ta r te d  an d  th e  iro n  w as added la te r . I n  these  series 
m e th y le n e  blue afforded  no p ro te c tio n  i f  th e  iron  was a d m in is te red  m ore 
th a n  48 hours a fte r  fe rm e n ta tio n  h ad  s ta r te d .

I n  view  o f th e  fac t th a t  30 /tg /m l o f  m ethylene b lu e  p ro te c te d  th e  
p ro d u c tio n  against even 300 ^ig/rnl o f iro n , we in vestiga ted  th e  effect of m e th y l
ene  b lu e  in  th e  p resence of pa lm  oil. As show n  in  Fig. 2, th e  p a r t ia l  inh ib itio n  
o f  p ro d u c tio n  w hich in  ou r prev ious re p o rt h a d  been term ed  “ d ire c t”  inh ib itio n , 
d id  n o t  occur in  th e  presence o f m e th y len e  b lue.

In fo rm a tiv e  s tu d ies  on several re d o x  dyes showed th a t  none of th em  
h a d  a n  in h ib ito ry  ac tio n  com parab le  to  t h a t  o f m ethy lene  b lue , a lth o u g h  
so m e p ro tec tio n  w as affo rded  b y  n e u tra l  re d , d ich lorophenolindophenol an d  
sa fra n in e . Basic fuchsin  and  m e th y l v io le t (T ab le  I )  were ineffec tive. C ertain  
d y e s  in h ib ited  p rod u c tio n .

T able  I

Protective action o f  d ifferent dyes

D y e
- 120 //g Fe/ml

Oxytetracycline t̂/g/ml

1700 250

N e u tra l red  30 /x g /m l ................................. 1820 740

D ichlorophenolindophenol 30 /xg/ml 1480 510

Safranine 30 /xg/ml ................................... 650 350
B asic fuchsin  30 f i g /m l ............................... 1600 250
M ethyl v io le t 30 /x g /m l............................... 1400 250

D iscussion

T he general use of m etallic  fe rm en to rs  an d  th e  usual a d d itio n  of in ex p en 
s iv e  in d u s tr ia l b y -p ro d u c ts  to  th e  c u ltu re  m ed ia  m ake i t  d esirab le  to  w ork  
o u t  m eth o d s afford ing  p ro tec tio n  a g a in s t h eav y  m etals, especially  ag a in st 
c o n ta m in a tio n  of th e  fe rm en ta tio n  w ith  iro n . In  a prev ious com m unication  
i t  w as rep o rted  th a t  th e  tox ic  ac tion  o f  iro n  on Streptomyces rim osus fe rm en 
t a t io n  w as due la rg e ly  to  th e  c a ta ly tic  fo rm atio n  of p e ro x id e  com pounds 
f ro m  th e  oils in  th e  cu ltu re  m edium . T h e  use o f oils w ith  a low  iodine n u m b er, 
fo r  exam ple  of pa lm  oil, was found  to  a ffo rd  p ro tec tion  a g a in s t th a t  effect. 
M oreover, th e  use of p a lm  oil re su lted  in  a p a r tia l in h ib itio n , w hich we sug-
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Fig. 1. P ro tec tiv e  action  o f  m ethy lene b lu e  in  c u ltu re  m edium  c o n ta in in g  sunflow er oil 
S ig n s :
1. Control
2. 10 ,ug of m e th y le n e  b lu e  p e r ml
3. 30 fig o f m e th y le n e  b lue  pe r ml
4. 90 fig o f m e th y le n e  b lue  pe r ml

2000-1

\
^  /500o>
a.
01c
\ > 0 0 0

?
О 500

\

Fe. j j-g /m l
О 50  /00 /50 200

F ig. 2. P ro tec tiv e  a c tio n  o f  m ethy lene b lu e  in  c u ltu re  m edium  c o n ta in in g  palm  oil 
S igns :
1. Control
2. 30 fig o f m e th y le n e  b lue  pe r ml

4 Acta Microbiologica VI/1.
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g ested  to  be due to  a “ d ire c t”  action  of iro n  on th e  m e tab o lism  of th e  m ic ro 
organism . In  th e  e x p e rim e n ts  described in  th e  p resen t re p o r t , m ethylene b lu e  
h a s  been observed  to  p ro te c t against b o th  k in d s o f to x ic  iron  action . T h is  
rep resen ts  a new , a n d  in  ce rta in  respects m ore  ex tensive  m eth o d  for c o u n te r
a c tin g  the  effect o f  iro n . S im ilar co n cen tra tio n s of m e th y len e  blue h a d  b een  
ap p lied  in  penicillin  p ro d u c tio n  [4], w ith  a su b seq u en t rise  in  th e  y ield . T h e  
m echan ism  of th is  fo rm e rly  unexp la ined  p h enom enon  seem s to  have  b een  
e lu c id a ted  by  th e  p re se n t experim ents.

The d a ta  re p o r te d  above do no t sh ed  lig h t on th e  m ode of ac tio n  o f  
m e th y len e  b lue. A cco rd in g  to  experim ents w ith  d iffe ren t re d o x  dyes, th e  re d o x  
p o te n tia l values b y  th em se lv es  offer no ex p la n a tio n  an d  th e  m ethy lene  b lu e  
e ffec t appears to  be  specific . M ethylene b lu e  m ay  be su rm ised  to  block th e  
to x ic  action  of oil p ero x id es  by  accelera ting  th e ir  b reak d o w n . Should th is  
b e  tru e , the  sam e m ech an ism  m ight exp la in  in h ib itio n  o f th e  “ d irec t”  to x ic  
a c tio n . E x p erim en ts  w ith  v a rious dosages, how ever, c o n tra d ic t th is  h y p o th esis . 
W e still adhere to  o u r  ea rlie r opinion since, in  ad d itio n  to  th e  p resen t e x p e ri
m e n ts , some o th e rs  in v o lv in g  th e  use of a w ide v a r ie ty  o f  cu ltu re  m edia h a v e  
in d ic a te d  th a t  th e  u p p e r  lim it of the  yield is d e te rm in ed  d u rin g  the  f irs t 30 to  
40 hours of g row th .

Sum m ary

The toxic  a c tio n  o f  iro n  in  th e  presence o f  u n s a tu ra te d  oils o n  Streptomyces rim osus  
fe rm e n ta tio n  has been  o b se rv ed  to  be blocked by  th e  ad d itio n  o f 30 jUg/ml o f m ethy lene  b lu e  
to  th e  cu ltu re  m ed ium .
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T h e s ta rtin g  p o in t o f ou r p re se n t investiga tions w as G l e n n y ’s o b se rv 
a tio n  [1] th a t  a second an tigen ic  s tim u lu s  em ployed a t  a  p ro p e r tim e g re a tly  
increases th e  an tito x in  t i t r e  ag a in st d ip h th e r ia  toxoid . A cco rd in g  to  Sc h m id t  
[2], th e  b e s t tim e  to  m ake th e  second inocu la tion  is w h e n  th e  s tim u la tiv e  
a c tiv ity  o f th e  f irs t  an tigen ic  in jec tio n  h as  ju s t  ceased. E r d ő s  [3] found  th a t  
o f th e  d ip h th e ria -te tan u s-p e rtu ss is  v acc in a tio n s  carried  o u t  a t  in te rv a ls  o f 
4 to  27 weeks those  perfo rm ed  a t  th e  ex trem e  27-week in te rv a ls  y ie lded  th e  
b e s t re su lts  w ith  re sp ec t to  te ta n u s  a n d  d ip h th eria  a n ti to x in  p ro d u c tio n .

A s regards enteric vaccines, Schütze [4] reported th a t in his m odel 
experim ents with S. typhi murium  vaccine the prolongation o f the in terval 
betw een inoculations enhanced the im m unity  of vaccin ated  mice, though  
significant differences were not noted. Glukovskaya [5] found that in m an  
vaccination  w ith typhoid-paratyphoid A —В vaccines w as more effective  
when the inoculation interval was prolonged.

W e have in v es tig a ted  th e  in flu en ce  of th e  in te rv a l b e tw een  inocu la tions 
on th e  im m une effect o f th e  single com ponen ts c o n ta in e d  in  a p o ly v a len t 
d y se n te ry  vaccine an d  in  com bined ty p h o id -d y se n te ry - te ta n u s  vaccines (in  
th e  follow ing, T y-D ys-T e vaccine). As th e  f irs t  step , m o d e l experim en ts w ere 
m ade in  mice.

Materials and methods

Preparation and titration o f  enteric antigens. T he antigens w ere p re p a re d  from  th e  s tra in s
S. ty p h i  2 ; Sh. fle x n eri  l b  “ 19” ; Sh. f le x n e r i  2a “ Z am árd i”  ; Sh. f le x n e r i  3 “ 31342” ; an d  Sh . 
sonnei “ K iss” . The an tig en s p re p a re d  acco rd ing  to  B oivin  and  M e s r o b e a n u  [6] from  deep 
cu ltu re s  w ere p u rified  b y  dialysis.

T he an tig en ic ity  o f th e  e x tra c ts  was d e te rm in e d  in  active  m o u se  p ro tec tio n  te s ts  re la te d  
to  a s ta n d a rd  an tig en , su p p lem en ted  b y  in fo rm a tiv e  m ouse to x ic ity  te s ts  [7]. In  th e  lig h t o f  
re c e n t o bservations [8], th e  s ta n d a rd  co m p o sitio n  o f th e  com bined v acc in es was en su red  on 
th e  basis o f h aem ag g lu tin a tio n  in h ib itio n  an d  th e  p o ten cy  of th e  e x tr a c ts  h a d  been expressed  
in  h a em ag g lu tin a tio n  in h ib itio n  u n its  (H IU ).

Preparation and assay o f  tetanus antigen. T e tan u s a n a to x in  w as p re p are d  by  fo rm a l
d eh y d e  an d  h ea t t r e a tm e n t o f th e  s te rile  f i l t r a te  o f flu id  Cl. tetani c u ltu re s . The c o n cen tra ted

4*
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and  purified te tanus an tigen  was prepared from  the  crude anatoxin by  trea tm en t w ith trich lo r
acetic  acid, according to  Su r já n , R ichter  and R éth y  [17].

The value o f  th e  a n tig e n  w as d e te rm in e d  b y  th e  b ind ing  te s t  (1 B .U . =  1 L f).
Adsorbent. In  th e  m odel experim ents on mice and in the po lyvalen t dysentery vaccine 

stud ies, the antigens were adsorbed to  a p rec ip ita te  prepared in  th e  nascen t state from 2 per 
cen t alum. As previous investigations had shown the effectiveness o f A l(O H )3 [10], w ith  th e  
com bined vaccine, the C gam m a gel of W ilstä tter , as modified by  R éth y  [9], was used.

Polyvalent dysentery vaccine. T h is c o n ta in ed  Sh . fle x n eri  l b ,  2a a n d  Sh. sonnei an tig en s  
ad so rb ed  to  a p re c ip ita te  p re p a re d  fro m  2 p e r  c en t a lu m . T he dose w a s  2 tim es  0.5 m l.

The T ypho id -D ysen tery -T e ta n u s combined vaccine  con ta ined  tr ic h lo ra c e tic  acid e x tra c ts  
o f  S . typ h i , Sh. f le x n e r i  2a, 3 an d  Sh. son n e i, adsorbed  to  th e  p re fo rm ed  Al(OH )3 gel 
m en tio n ed  above, as w e ll as 10 B U  of te ta n u s  to x o id  p e r  m l. T h e  dose was 2 tim es 
0 .5  m l.

Groups inoculated, M ales aged  18 to  24 y e a rs  w ere in o c u la te d  w ith  th e  p o ly v a le n t 
d y se n te ry  vaccine a n d  a d o le scen t boys an d  g irls (equal n u m bers in  each  group) aged  12 
to  13 a n d  15 to  18, re sp ec tiv e ly , w ere used  in  th e  com bined v a c c in e  studies. T he te s t  
su b je c ts  were se lec ted  a t  ra n d o m . T here  w ere groups o f 50 to  100 su b je c ts  each.

Active mouse protection. In  th e  m odel ex p erim en ts  mice w ere  im m unized  su b c u tan e 
o u s ly  w ith  th e  c o n s ta n t m in im u m  im m unizing  dose  of th e  B oiv in  a n tig e n . Two weeks a f te r  
th e  la s t  im m uniza tion , th e  an im a ls  w ere ch a llen g e d  w ith  a  24-hour p e p to n e  w a te r  cu ltu re  
o f  th e  hom ologous s tr a in  d ilu te d  in  5 p e r cen t m ucin . The size o f  th e  infective doses w as 
d e te rm in e d  in  s im u ltan eo u s  v iru len ce  te s t  in  non-im m unized  a n im a ls . O bservation  la s te d  
3 d ay s a fte r  in fec tion .

Im m une response to enteric antigens. T h e  se ra  ob tained  before  a n d  2 weeks a f te r  th e  
in o cu la tio n s were deep-freezed . B efore s tu d y , e q u a l volum es of th e  se ra  from  th e  sam e 
g ro u p  were pooled. T he passive  m ouse p ro tec tio n  te s t  was carried  o u t  a t  3 levels, in  groups 
o f  4 to  6 m ice, w h ich  w ere  im m unized  in tra p e r i to n e a lly  w ith  0.05— 0.005— 0.0005 m l o f 
b o th  th e  pre- and p o stin o cu la tio n  sera  an d  w ere in fec ted  in tra p e r i to n e a lly  w ith  a single  
d ilu tio n  of 24-hour p e p to n e  w a te r  cu ltu re  o f th e  hom ologous s tra in s  d ilu te d  in  5 p e r c en t 
m u cin . P revious v iru len ce  te s ts  in d ica ted  th is  d ilu tio n  to  be 100 to  1000 1.1 To d e te r 
m in e  th e  infecting dose p rec ise ly , co n tro l m ice w ere in ocu la ted  w ith  th e  infecting  dose 
ch o sen  in  sim ultaneous te s ts .

Im m une response to tetanus anatoxin  w as s tu d ied  in  in d iv id u a l te s ts . Subjects show 
in g  a serum  a n tito x in  t i t r e  of 0.001 IU /m l or h ig h er a f te r  th e  f i r s t  in o cu la tion  as w ell as 
p e rso n s  who m ay  h av e  b e en  in o cu la ted  a g a in s t te ta n u s , were e x c lu d ed  from  e v a lu a tio n .

The im m une re sp o n ses to  th e  te ta n u s  a n a to x in  were d e te rm in e d  in  the  u sua l w ay , 
a t  th e  L-|-/2000 level.

Statistical ana lys is . T he LD  and  E D 50 v a lu e s  w ere d e te rm in e d  from  th e  ra tio  o f 
su rv iv in g  mice to  th o se  succum bed , according to  K ä rber  [11]. I n  th e  case of en te ric  a n 
tig e n s , significance w as d e te rm in ed  b y  th e  y f  te s t ,

The resu lts  fo r t e ta n u s  w ere e v a lu a ted  b y  com paring th e  m e a n  group va lues b y  
Stu d en t’s t te s t [12].

R esults

O ur p rim ary  a im  w as to  de te rm ine  th e  in fluence on  th e  a n tib ac te ria l 
im m u n ity  of th e  in te rv a l b e tw een  in o cu la tio n s w ith  en te ric  an tig en s in  general 
a n d  w ith  the  Shigella an tig en s in  p a r tic u la r . I t  was o b v io u s th a t  p ro tec tio n  
ex p erim en ts  are ex c lusive ly  su itab le  fo r th is  purpose. F o r  th is  reason m ice 
w ere  im m unized a c tiv e ly  as a p re lude  to  th e  m ain  tr ia ls .

The p ro tra c te d  s tim u la tio n  caused  b y  adsorbed  a n tig e n s  m ay conceal 
e v e n tu a l differences an d  fo r th is  reason  non-adso rbed  B o iv in  an tig en  rep re sen t
in g  a th resho ld  s tim u lu s  w as used in  th e  m odel ex p erim en ts .

Table I ,  show ing th e  resu lts  of th e  experim en ts w ith  Sh. flexneri 2a 
ty p e  an tigen , m akes i t  c lear th a t  th e  difference betw een  th e  1 and  2 w eek
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Table I

The effect o f  the inoculation in terval on im m unity  in  mice 
(B oivin ex tra c t o f  S h . f le x n e r i  2a type)

Interval between 
inoculations 

(weeks)
Number of 
inoculations

Total amount of 
antigen inoculated 

ml

Value of immunity, 
expressed in LD50 
of infective doses

l 2 0.0001 5 000

2 2 0.000] 50 000

4 2 0.0001 100 000

0 1 0.0001 700

0 1 0.0003 1 000

a n d  th e  1 an d  4 w eek in te rv a ls  w as s ig n ifican t, w hereas t h a t  betw een  th e  
2 a n d  4 w eek in te rv a ls  w as n o t ; th e re  w as m erely  a te n d e n c y  in  fav o u r o f 
th e  lo n g er in te rv a l. S im ilar resu lts  w ere  o b ta in ed  for th e  a d so rb ed  e x tra c t.

T hese p re lim inary  m odel e x p e rim e n ts  h a d  encouraged u s  to  s ta r t  h u m an  
tr ia ls , on th e  one h an d , and  h ad  m a d e  i t  possible to  e s tab lish , even th o u g h  
o n ly  te n ta tiv e ly , th e  low er lim it o f  th e  in te rv a l to  be 2 w eeks.

T he experim en ts on h u m an  su b je c ts  w ere in tro d u ced  b y  inocu la tions 
w ith  th e  po lyv a len t d y sen te ry  vaccine .

M ales aged 18 to  24 years w ere  in o cu la ted  a t in te rv a ls  o f  2, 4 an d  8 
w eeks. Pools of 40 to  50 sera from  th e  single groups w ere su b jec ted  to  th e  
p assiv e  m ouse p ro tec tio n  te s t. T he p ro te c tiv e  titre s  w ere follow ed up  fo r 
6 m o n th s  in  th e  4-w eeks’ in te rv a l series. T he p ro tec tive  v a lu e  o f  th e  convales
c e n t sera  te s te d  was o f a id  in a p p ra is in g  th e  abso lu te v a lue  o f  th e  p ro tec tiv e  
t i tre s .

Table II
The effect o f  the inoculation interval on im m unity  in  m an  

A dsorbed p o ly v a len t d y sen te ry  vaccine 
(T est stra in  : Sh. f le x n e r i  2a ; 250 LD 60)

Interval between 
inoculations (weeks) Blood sampling at Mean immune 

value of sera, ml
Index

(relative potency)

2 4 weeks 0.1 l

4 4 weeks 0.007 14.3

8 4 weeks 0.004 25

4 3 m o n th s 0.0075 13.3

4 6 m o n th s 0.037 2.9

Convalescent 0 m o n th s 0.008 12.5

sera 3 m on ths 0.0625 1.6
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Table I I  show s th e  p ro tec tio n  afforded  a g a in s t one com ponen t, S h . 
fle x n e r i  2a. T he im m u n e  response w as sig n ifican tly  increased  in  in te n s i ty  
w hen  th e  in te rv a l h a d  b een  p ro longed  from  2 w eeks to  4 an d  8, resp ec tiv e ly . 
T h e  difference in  in c rease  betw een  th e  4 and  8 w eek series was n o t s ig n ifican t. 
In o cu la tio n s  m ade a t  2 w eek in te rv a ls  y ielded  ti t re s  w h ich  were s ig n ifican tly  
low er th a n  th e  co n v a lescen t serum , w hile th e  4 an d  8 w eek  in te rva ls  affo rd ed  
e q u ip o te n t p ro tec tio n .

A fte r in o cu la tio n  a t  4 resp. 8 w eek in te rv a ls  th e  p ro tec tiv e  t i t re s  w ere 
com parab le  to  th a t  o f  th e  convalescen t serum . The p o te n c y  of sera o f persons 
w ho h ad  been in o c u la te d  a t  4 week in te rv a ls  was 3 m o n th s  la te r  still e q u iv a len t 
to  th a t  of co n va lescen t serum  an d  a f te r  6 m onths s till as high as th a t  fo u n d  
3 m o n ths a fte r  n a tu ra l  infection .

S im ilar re su lts  h a v e  been o b ta in ed  fo r th e  o th e r com ponen ts ( Sh. fle x n e r i  
l b ,  Sh. sonnei).

S u b sequen tly , w e com bined th e  d y sen te ry  a n tig en s  w ith  ty p h o id  a n d  
te ta n u s  an tigens a n d  exchanged  th e  ad so rben t. I n  th is  w ay a vaccine o f  
su ffic ien t a c tiv ity  in  m a n  was o b ta in ed  [13]. This vacc in e , too, h ad  to  be  
te s te d  for th e  effect o f  th e  in te rv a l be tw een  in o cu la tio n s  on th e  im m uno- 
gen ic ity  of th e  single com ponen ts. I t  w as p a rtic u la rly  in te re s tin g  to  d e te rm in e  
how  th e  p ro lo n g a tio n  o f  th e  in o cu la tio n  in te rv a l w ould  affect th e  response  
to  th e  te ta n u s  co m p o n en t u n d er th e  p reponderance  o f  en teric  an tigens.

T he ex p erim en ts  w ere carried  o u t in  th e  to w ns o f  E ger, in  ado lescen t 
su b jec ts  aged 12 to  13 years, and  P écs, in  sub jec ts  15 to  18 years o f age. 
F o r  techn ica l reasons th e  in te rv a ls  could  n o t be p ro lo n g ed  beyond 6 w eeks. 
T h e  f irs t  group w as th e re fo re  in o cu la ted  a t  in te rv a ls  o f  4 and  6 weeks ; th e  
second, of 3 an d  6 w eeks.

T he im m une response  to  th e  te ta n u s  co m p o n en t was stud ied  in  th e  
f i r s t  group. P ra c tic a lly  id en tica l re su lts  w ere ach ieved  in  a group of su b jec ts  
be tw een  20 and  24 y e a rs  of age.

The en teric  im m u n e  effect, as e v a lu a ted  by  th e  passiv e  mouse p ro te c tio n  
te s t ,  is illu s tra te d  in  Table I I I .

Table I I I  show s th e  d a ta  fo r tw o  re p re se n ta tiv e  Shigella s tra in s  : Sh . 
fle x n e r i  2a and  Sh. sonnei. In  the  Pécs group of su b jec ts  (aged 15 to  18 years) 
th e re  are no d a ta  fo r th e  ty p h o id  com ponen t, because  th is  rep resen ted  here  
a b o o ste r inocu la tion .

As com pared  to  th e  basic (pre inocu la tive) ones, th e  increase in  th e  
im m une  titre s  w as s ig n ifican t in  ev e ry  group, irre sp ec tiv e  of th e  len g th  o f  
th e  in te rv a l. A p ro lo n g a tio n  of th e  in te rv a l caused th e  significance to  be m ore 
m ark ed .

T here w ere, h o w ev er, differences according to  th e  le n g th  of th e  in te rv a ls . 
I n  th e  group in o cu la ted  in  in te rv a ls  o f  4 an d  6 w eeks, th e  t i tre  to  Sh. sonnei 
increased  s ig n ifican tly  in  favour o f th e  longer in te rv a l, w hile th e  t i tre  to  Sh .
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Table III

The effect o f  prolongation o f  the inoculation interval on the im m une response to the 
typho id-dysentery-tetanus vaccine

Locality Interval Strains
Basic ED 50, ml Immune ED50 difference 

between basic
difference 

between 4
(weeks)

ml and immune and 6 weeks
X 1 X*

4 Sh . fle x n er i  2a 0.028 0.0009 8.16
1.54 (0.2)

6 0.05 0.0005 13.50

4 Sh. sonnei 0.05 0.0016 10.44
E G E R

6 0.05 0.0005 20.74
3.12 (0.05)

4 S . typhi 0.032 0.001 9.11
0.11 (0.7)

6 0.069 0.001 14.1

3 Sh. fle xn eri 2a 0.05 0.0009 10.74
5.55 (0.02)

PÉC S
6 0.05 0.0005

0.0016
31.34

3 Sh. sonnei 0.05 11.37
3.22 (0.05)

6 0.05 0.0005 20.74

Table IV

The effect o f  the interval as studied w ith enteric antigens combined w ith tetanus anatoxin

I. A dolescents
[Im m u n izatio n  : 2 X 0.5 m l (2 X 5 B. U.)]

Vaccine
Inocula
tion in
terval, 
weeks

Number 
of tests 

(n)

Distribution of immunity I. U./ml

m СГ 8
<0.01 0.011—

0.05
0.051—

0.1
0.11—

0.5
0.51—

1.0 > 1

P  14

T y-D Y S -T E 4 35 — 4 3 4 4 20 2.98 5.42

P  14

T Y -D Y S-T E 6 25 — — — 1 4 20 4.1 3.1

P  40

T Y -D Y S -T E 4 30 — 1 i 1 6 21 3.65 4.68

P  40

T Y -D Y S-T E 6 25 — — — 1 2 22 4.66 2.14

P  14 =  “ P ”  4 —  6 w eek 0.01 
P  40 =  “ P ”  4 —  6 w eeks a :  0.01
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fle x n e r i  2a show ed m ere ly  a ten d en cy  to  increase. In  th e  case o f S . typ h i 
th e  d ifference o f th e  tw o  in te rva ls  w as s ta tis tic a lly  in sign ifican t.

In  th e  Pécs g ro u p  of subjects (aged  from  15 to  18 years) s ig n ifican t 
d ifferences w ere o b ta in e d  for Sh. sonnei a n d  Sh . fle x n e r i  alike. In  th is  g roup  th e  
in te rv a l be tw een  in o cu la tio n s  was e ith e r  3 w eeks or 6 w eeks and  th is  g re a te r  
difference in  th e  le n g th  o f th e  in te rv a ls  m a y  exp la in  th e  m arked  d ifference 
in  response.

T he response to  th e  te tan u s  co m p o n en t w as illu s tra te d  by  th e  g ro u p s 
im m unized  w ith  tw o  T y-D ys-T e vaccines desig n a ted  P 14 , resp. P40. T he 
tw o  vaccines d iffered  o n ly  in  the  q u a n t i ty  o f ad so rb en t th e y  con ta ined .

Two im p o r ta n t conclusions m ay  be d raw n  from  th e  d a ta  in  Table I V .  
F irs t, b o th  vaccines p ro d u ced  sig n ifican tly  h igher m ean  an tito x in  t i t re s  w hen  
in o cu la ted  a t  6 w eek in te rv a ls  th a n  w ith  th e  4 w eek in te rv a l. T he o th e r , 
a p p a re n tly  n o t neglig ib le  difference w as th e  e lim ina tion  of the  g roup  o f 
low  im m u n ity .

D iscussion

T he sign ifican t rise  caused in  th e  a n tito x ic  t i t r e  b y  th e  use of a second 
an tigen ic  s tim u lus a t  an  ap p ro p ria te  tim e  (G l e n n y ’s secondary  s tim u lu s) 
has d iscred ited  th e  single in o cu la tio n -d ep o t p rincip le  in  th e  case of vacc ines 
inducing  an tito x ic  im m u n ity . W hen s ta r t in g  ou r in v estig a tio n s, i t  was th o u g h t 
th a t  th is  im m unolog ical ru le m ight a p p ly  also to  a n tib a c te ria l v acc ines. 
H ow ever, th e  p ro ced u res  used to -d ay  fo r s tu d y in g  a n tib ac te ria l im m u n ity  
h av e  considerabe sources of error w hich  in te rfe re  w ith  eva lu a tio n , a n d  fo r 
th is  reason  i t  w as d ifficu lt to  o b ta in  conv incing  evidence.

In  p re lim in ary  m ouse experim en ts ad so rb en t-free  Shigella an tig en  o f  
th resh o ld  a c tiv ity  w as used  for stu d y in g  th e  role o f th e  inoculation  in te rv a l. 
I t  w as found  th a t  th e  re su lts  achieved b y  in o cu la tions a t  one week in te rv a ls  
w ere m uch  in fe rio r to  th o se  ob ta ined  on v acc in a tio n  in  in te rv a ls  of sev era l 
w eeks. T he resu lts  sugg ested  th a t  th e  le n g th  of th e  in te rv a l m ay p lay  a ro le 
also in  th e  im m u n iza tio n  of m an w ith  en te ric  an tigens. M oreover, th e  m ouse 
tech n iq u e  em ployed  a p p ea red  to  be su ita b le  fo r th e  m easu rem en t of d ifferences 
in  im m u n ity , th o u g h  i t  obviously d id  n o t d em o n stra te  m inu te  differences. 
A n o th e r evidence o b ta in e d  in  the  m ouse ex p erim en ts  w as th a t  th e  s ta tis t ic a l  
d ifference betw een  th e  2 an d  the  4 w eek in te rv a l w as n o t m arked . T h is fa c t 
in d ica tes  th a t  th e re  u n d o u b te d ly  ex ists a low er lim it, i. e. an  in te rv a l, b y  th e  
p ro lo n g a tio n  of w hich im m u n ity  can be increased  up to  a ce rta in  level. B eyond  
th is , how ever, th e  response  is no t any  m ore  enhanced  b y  a fu rth e r  len g th en in g  
o f th e  in te rv a l.

E ssen tia lly  th e  sam e results were o b ta in e d  w ith  th e  po ly v a len t d y se n te ry  
vaccine an d  w ith  th e  Shigella  com ponents o f th e  com bined  T y-D ys-T e v accine . 
T he difference in  response  was less conv incing  b e tw een  th e  4 and  6 w eek
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in te rv a ls , th a n  in  th e  case of longer ones, (i. e. b e tw een  2 — 8, resp . 3 —6 w eeks). 
I t  shou ld , h ow ever, be borne in  m in d  th a t  ow ing to  th e  w ide ran g e  o f  e rro r  
in h e re n t in  th e  a ssay  of the  im m u n e  response  to  en teric  com ponen ts, o n ly  
g rea t d ifferences m ay  be relied u p o n .

T he fac t t h a t  th e  increase o f  th e  in te rv a l h ad  no influence on th e  response  
to  th e  ty p h o id  com ponent, h a d  a p p a re n tly  tw o  reasons. (1) In  H u n g a ry  
num erous in d iv id u a ls  are in o cu la ted  a g a in s t ty p h o id  fev e r ev ery  y ea r. A l
th o u g h  from  th e  p resen t s tu d y  w e exc luded  a ll sub jec ts suspected  o f h a v in g  
been  im m unized  against ty p h o id  fe v e r , th e re  w ere no m eans to  a sc e rta in  
th is  in  every  case , so th a t in  som e in s ta n c e s  th e  ty p h o id  an tig en  m ay  h a v e  
ac ted  as a b o o s te r  stim ulus. This m ak es  i t  clear w hy som etim es th e  in te rv a l, o r 
even  th e  re p e tit io n  of inocu la tio n s, h a d  so l i t t le , if  an y  effect. (2) A sing le  
in o cu la tio n  w ith  adsorbed ty p h o id  vacc ine  is w ell-know n to  induce  su ff i
c ien t im m u n ity  b y  itself, so t h a t  a second in o cu la tion  o r a change in  th e  
in te rv a l has v e ry  little  influence on  th e  im m une  response [14].

The s e n s itiv ity  of the m e th o d s  fo r a ssay ing  im m u n ity  to  te ta n u s  u n d o u b t
ed ly  c o n tr ib u te d  to  the  fact t h a t  q u ite  sm all differences in  th e  len g th  o f  th e  
in te rv a l re su lte d  in  appreciable chan g es in  th e  im m une response an d  th e re  
occurred  a s ig n if ican t difference b e tw een  th e  4-w eek an d  6-w eek in te rv a ls . 
In  a n o th e r s tu d y  we exam ined th e  im m u n e  effect of te ta n u s  tox o id  in  co m b in a 
tio n  w ith  ty p h o id , p ara ty p h o id , Shigella  an d  cholera  an tigens, an d  co m p ared  
th e  4 , 8 and  12 w eek  in tervals. I t  w as fo u n d  th a t  th e  8 an d  12 w eek in te rv a ls  
d id  n o t differ sign ifican tly , ju s t  as h a d  been  th e  case w ith  th e  en te ric  co m 
p o n en ts  (T ab le  V ) .  Convincing ev idence  has th e n  been o b ta in ed  th a t  th e  
w ell-know n dependence  on th e  in te rv a l o f th e  im m unogen ic ity  o f te ta n u s  
to x o id  is u n a ffec ted  in vaccines com posed  p rep o n d e ran tly  o f en te ric  an tig en s . 
A lso, as a lre a d y  m entioned, th e  e ffec t o f th e  p ro longa tion  o f th e  in te rv a l 
be tw een  in o cu la tio n s  m anifests i ts e lf  n o t on ly  w ith  a rise of th e  m ean  t i t r e ,  
b u t  also w ith  a n  elim ination o f  g ro u p s  w ith  low  im m u n ity .

F in a lly , a  prolongation  o f  th e  in te rv a l betw een  inocu la tions a ffec ts  
also th e  p e rs is te n c y  of im m u n ity . A lth o u g h  we possess ex ac t d a ta  o n ly  fo r 
inocu la tio n s w ith  po lyvalen t d y se n te ry  vaccine m ade a t  4 w eek in te rv a ls , 
i t  seem s th a t  th e  increase in  th e  im m u n ity  t i t r e  re su lting  from  th e  p ro lo n g a tio n  
o f th e  in te rv a l m ean s a t the  sam e tim e  a reduced  ra te  of decrease in  im m u n ity . 
I t  m ay  th e re fo re  be assum ed t h a t  a  p ro lo n g a tio n  of th e  in te rv a l n o t on ly  
increases th e  p ro te c tio n  affo rded  b y  th e  T y-D ys-T e vaccine, b u t, as a re su lt 
o f th is , also m ak es im m unity  m ore  p e rs is te n t. C om para tive  s tu d ies  w ith  
convalescen t se ra  indicate th a t  th e  im m u n ity  achieved b y  p o ly v a len t d y se n te ry  
inocu la tions a t  in te rva ls  o f 4 w eeks is com parab le  b o th  in  in te n s ity  a n d  in  
d u ra tio n  to  th e  hum oral im m u n ity  re su ltin g  from  n a tu ra l d y se n te ry  in fec tio n . 
O u r earlier investig a tio n s [15] show ed  th e  la t te r  to lá s t  ab o u t l/^year an d  s im ila r 
pe rs is ten cy  m a y  be a tta in ed  b y  im m u n iza tio n , too . H ow ever, fu r th e r  in v es ti-
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Table V

Interval stud ies with tetanus ana toxin  combined rvilh enteric antigens
I I .  A d u lts

[Im m unization  : 2 X 0.5 m l (2 X 5 B. U.)]

Inocula
tion  in
terval 
weeks

Distribution of immunity I. U./ml

Vaccine
Number 
of tests 

(-) <  0,01 0.011— 0,051— 0.11— 0.51 > 1.0 m a*

P  7

T Y -PA TY -D Y S-

C H O -T E 4 62 5 6 16 7 и 17 1.53 6.75

P  7

T Y -PA TY -D Y S-

C H O -TE 8 77 3 9 4 9 52 3.5 4.72

P  7

T Y -PA T Y -D Y S -

C H O -T E 12 87 3 10 13 61 3.7 4.35

“ P ”  4 weeks/ 8 w eeks <  0.001 
“ P ”  4 weeks/12 w eeks <  0.001 
“ P ”  4 weeks/12 w eeks s í  0.2

g â tio n s  involving ep idem iological s tud ies a re  req u ired  to  e lucidate  th is  p rob lem .
In  our experience [16], a single in o cu la tio n  suffices to  induce im m u n ity  

to  ty p h o id  fev e r fo r a t  least tw o years.
T he influence o f  th e  inocu la tion  in te rv a l  on th e  persistency  o f te ta n u s  

im m u n ity  is w ell-know n and  has been  e x ten s iv e ly  in v es tig a ted . T here  is no 
rea so n  to  doub t t h a t  th e  sign ifican t in c rease  in  th e  im m uniza tion  response  
to  T y-D ys-T e vaccine  in ocu la ted  a t  in te rv a ls  o f 6 weeks a t  th e  sam e tim e  
in d ic a te s  an increase in  persistency.

B o th  the  ev idence  ob tained  an d  th e  considera tions discussed in d ica te  
t h a t  th e  inoculations w ith  th e  T y-D ys-T e vaccine  should  be m ade in  in te rv a ls  
o f 6 w eeks, because th is  w ill considerab ly  en h an ce  th e  response to  th e  Shigella 
an d  te ta n u s  co m p o n en ts  and , as suggested  b y  th e  exam ple o f th e  d y se n te ry  
v acc in e , i t  m ay in c rease  also th e  p e rs is ten cy  o f  im m u n ity .

D a ta  for th e  b o o s te r  inocu la tion  a n d  th e  size o f th e  second im m unizing  
dose  will have to  be d e te rm in ed  b y  fu tu re  inv estig a tio n s.

S um m ary

(i) In  active im m u n iz a tio n  of mice w ith  n o n -ad so rb ed  Shigella B oivin  e x tra c ts , if  th e  
seco n d  stim u lu s had  b een  ad m in is te re d  a f te r  a n  in te rv a l  o f  2 w eeks, th e  response was signif- 
c a n t ly  m ore m arked  th a n  w ith  an  in te rv a l o f  1 w eek , an d  p ra c tica lly  co rresponded  to  th e  
m m u n ity  a tta in e d  b y  m ak in g  th e  inocu la tions in  in te rv a ls  o f  4 weeks.



THE SIGNIFICANCE OF THE INOCULATION INTERVAL 59

(ii) I n  m an , im m u n iza tio n  w ith  a p o ly v a le n t d y se n te ry  vacc in e  adsorbed  to  a lu m  p re 
c ip ita te , ad m in iste red  a t  in te rv a ls  o f 4 w eeks, caused  th e  m ouse p ro te c tio n  t i t r e  to  rise  s ig n if
ican tly  m ore th a n  a f te r  inocu la tio n s m ad e  a t  in te rv a ls  o f  tw o w eeks. T he p ro tec tiv e  v a lu e  o f 
th e  serum  d id  n o t increase  sig n ifican tly  w hen  th e  len g th  of th e  in te rv a l  was in creased  fro m  
4 to  8 w eeks.

(iii) P ro lo n g a tio n  o f th e  in o cu la tio n  in te rv a l  fro m  3 to  6 w eeks s ign ifican tly  in creased  
th e  im m unogenic  cap ac ity  o f Shigella an tig en s co n ta in ed  in com b in ed  vaccines adso rb ed  to  
A 1(0H )3 gel, b u t  p ro lo n g atio n  o f th e  in te rv a l  fro m  4 to  6 w eeks h a d  no such  m ark ed  effec t. 
T he changes o f  th e  in o cu la tio n  in te rv a l d id  n o t in flu en ce  th e  im m unogen ic  effect o f th e  ty p h o id  
com p o n en t.

(iv) T he te ta n u s  co m ponen t o f  th e  com bined  ty p h o id -d y sen te ry - te ta n u s  vaccine p ro 
duced a sig n ifican tly  h ig h er m ean  t i t r e  w hen  th e  ino cu la tio n  in te rv a l  h a d  been  increased  from  
4 to  6 o r 8 w eeks. A t th e  sam e tim e , th e  g ro u p  show ing low  im m u n ity  becam e e lim in a ted .

(v) T he p e rsis ten cy  o f  im m u n ity  has b een  ana ly sed  in  th e  l ig h t o f th e  evidence o b ta in e d .
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A lthough  te s tin g  o f  d isinfectan ts in c ludes th e  d e te rm in a tio n  o f th e ir  
sporocidal a c tiv ity , th e  m ore  exact la b o ra to ry  co n tro l o f  these  substances 
m akes necessary  th e  rev is io n  of the  p re s e n t  m eth o d s a n d  th e  app lica tion  o f 
te s ts  m ore su itab le  fo r p ra c tic a l purposes.

The p re sen t w ork  h a s  been u n d e rta k e n  to  review  b y  u p  to  da te  m ethods 
th e  sporocidal a c tiv ity  o f  som e com m only used  d is in fec tan ts  and  to  consider 
th e  em ploym ent of th e  m o s t efficient p re p a ra tio n s  fo r p ra c tic a l use.

Materials and methods

The te s ts  ap p lied  w ere  b a se d  on St u a r t ’s c o n s ta n t boiling  hyd ro ch lo ric  acid m eth o d  
[1], d iffering  som ew hat fro m  th e  original p ro c ed u re  m ain ly  in  th e  c u ltu re  m edia and in  th e  
tech n iq u e  em ployed .

Test organism s and prepara tion  o f test spores. A ccording to  S t u a r t , any  spore-bearing  
organ ism  can  be used . In  th e  p re se n t experim en ts  one aerob ic  o rg an ism , B. anthracis, a n d  
e ig h t d iffe ren t anaerobes, n a m e ly  Cl. bifermentans, CL h isto lyticum , Cl. sordellii, Cl. perfringens, 
Cl. oedematiens, Cl. sporogenes, Cl. septicum  and  Cl. tetan i w ere used . A ll s tra in s  w ere o f th e  s to ck  
c u ltu re  collection  o f th is  I n s t i tu te ,  w ith  the  ex ce p tio n  o f  Cl. tetani, w h ich  was k ind ly  p ro v id ed  
b y  D r . I. V it é z , Institu te  o f  H yg iene , University o f  Budapest.

C lostridium  s tra in s  w e re  inocu la ted  in to  se v e ra l tu b es  co n ta in in g  H olm an’s cooked 
m e a t m ed ium , w hile B . anthracis  was cu ltiv a ted  in  tu b e s  co n ta in in g  soil e x tra c t b ro th . T he 
tu b es w ere in cu b a ted  for 3 d a y s  a t  37° C, th en  sp o re  fo rm atio n  an d  p u r i ty  o f th e  cu ltu res w ere 
co n tro lled  b y  sta in in g  acco rd in g  to  Gram. T he tu b e s  co n ta in in g  th e  a n th ra x  cu ltu res w ere  
th e n  m ixed . S im ilarly , m ix tu re s  w ere  m ade fro m  th e  c u ltu re s  fo r each  anaerob ic  organism  b y  
tak in g  5 m l sam ples from  th e  su p e rn a ta n ts  o f th e  H o lm an  m edia . S ilk  loops were th en  p laced  
in to  th e  cu ltu res  an d  w ere  a llo w ed  to  stand  for one  h o u r. F o r th e  p u rp o se  o f keeping s ta n d a rd  
co n d itions, a ll c o n ta m in a te d  lo o p s to  be used in  th e  w hole series o f e x p erim en ts  were p re p are d  
from  one cu ltu re  suspension  o f  th e  stra in  u n d e r in v e s tig a tio n , using  5 loops fo r each 5 m l o f 
th e  c u ltu re . The silk  loops w ere  th e n  tran sferred  fro m  th e  spore suspension  w ith  flam ed  w ire  
hooks in to  sterile  P e tr i  dishes t h a t  had  been m a tte d  w ith  shee ts o f  f i l te r  p a p e r , and  were allow ed 
to  d ry  for 3 days a t  ro o m  te m p e ra tu re . The silk  loop  carrie rs  p re p a re d  th is  w ay w ere u sed  
fo r de te rm in in g  th e  resis tan ce  o f  spores to h y d ro ch lo ric  acid , to  boiling in  w a te r  and to  v a rio u s 
d is in fec tan ts .

Preparation o f  silk  loops. F ro m  surgical s ilk  N o. 3, loops w ere  p re p are d  b y  w rap p in g  
th e  silk  a ro u n d  a pencil th re e  t im e s , slipping th e  coil so fo rm ed o ff  th e  end  o f th e  pencil a n d  
ho ld ing  i t  w ith  th e  fin g ers w h ile  passing the  ends o f  th e  th re a d  th ro u g h  th e  coil and k n o ttin g  
th em . The ends o f th e  th re a d  w ere  sheared off w ith in  1 m m  to  th e  coil. T h is p rocedure  p ro v id ed  
a n  o verall len g th  o f a p p ro x im a te ly  8 cm of silk th r e a d ,  t h a t  could  be conv en ien tly  tran s fe rre d  
u n d e r  a sep tic  conditions b y  a  w ire  hook. The loops w ere  th e n  d e fa t te d  in  e th e r  and s te rilized  
in  th e  au toc lave . T he c o n ta m in a tio n  of th e  loops w ith  spores w as p e rfo rm ed  as d escribed  
above.
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Culture media. In  te s tin g  th e  re sis tan ce  o f  Clostridia , th io g ly co lla te  m ed ium  w as u sed  : 
K 2H P 0 4 2.5 g, N aCl 5 g , a g a r 0.5 g , so d iu m  th io g ly co lla te  0.5 g , y e a s t e x tr a c t  10 m l. W itte  
p e p to n e  20 g, glucose 0.5 g, d is t. w a te r  1000 m l, m eth y len e  blue (0.2 p e r  cen t) 1 m l, p H  7.2 ; 
th e  m ed iu m  w as d is tr ib u te d  in  tu b es a t  15 m l a m o u n ts  and  sterilized  b y  steam in g . F o r  e x p e r i
m e n ts  w ith  th e  c o n s ta n t bo iling  HC1 m e th o d , 20 m l o f N  N aO H  w as ad d ed  to  1000 m l o f  
th io g ly c o lla te  m edium .

F o r o b ta in in g  spore  suspension fro m  th e  anaerobes, H o lm an ’s w ell-know n cooked  
m ed iu m  w as used .

Soil e x tra c t  b ro th  se rv ed  fo r o b ta in in g  sp o re  suspension from  B . anthracis an d  in  m o s t 
cases fo r te s tin g  th e  resis tan ce  o f a n th ra x  spores. I n  exam ining th ese  spo res ag a in st m e rc u r ia l  
co m p o u n d s , how ever, th io g ly co lla te  m ed iu m  w as app lied . The com p o sitio n  o f  soil e x tr a c t  
b r o th  w as as follow s. 450 g o f g a rd en  soil w as e x tr a c te d  ov ern ig h t in  1000 m l o f d is tilled  w a te r ,  
th e n  f i lte re d  severa l tim es  th ro u g h  f i l te r  p a p e r .  T h e  p H  of th e  e x tr a c t  was ab o u t 5.2. T h e  
e x tr a c t  w as th e n  b ro u g h t to  volum e an d  a f te r  a d d in g  5 g Liebig e x tra c t ,  10 g R ich te r  p e p to n e  
a n d  5 g N aC I, i t  was a d ju s te d  to  p H  6.9. T he m ed iu m  was dispensed in  tu b e s  a t  10 m l a m o u n ts  
a n d  s te rilized . B efore use , 10 p e r  cen t o f ox  se ru m  was added  to  th e  tu b e s  an d  th e  n e ce ssa ry  
s te r i l i ty  te s t  was p e rfo rm ed .

Constant boiling H C l test. The te s t  se rv es fo r de term in ing  w h e th e r  th e  spores a p p lie d  
give re liab le  p ra c tic a l re su lts  in  te s tin g  d is in fe c ta n ts . The spores to  be  used  should  re s is t th e  
H C l fo r a t  lea s t 5 m in u te s . P re p a ra tio n  o f c o n s ta n t  boiling HCl was p e rfo rm e d  as d e sc rib ed  b y  
S t u a r t  [1]. T he co n ce n tra tio n  of th e  d is tilled  fra c tio n  of HCl was 20.2 p e r  cen t ; th is  w as 
tu b e d  a t  10 m l am o u n ts . As a co n tro l, u n tr e a te d  silk  loops c o n ta m in a te d  w ith  th e  c o rre sp o n d 
in g  spores w ere p laced  in  th io g ly co lla te  m ed iu m  o r in  soil e x tra c t b ro th . T h e  tu b es c o n ta in in g  
th e  HCl w ere p laced  in  a w a te r  b a th  a t  20° C, th e n  five  co n tam in a ted  loops w ere tra n s fe r re d  
in to  each  tu b e . T he tu b es  w ere v igorously  sh a k e n  a n d  a f te r  5, 10, 15 a n d  20 m in u tes  in d iv id u a l  
loops w ere w ith d raw n  fro m  th e  HCl and  t ra n s fe r re d  in to  th e  correspond ing  m ed iu m . T he m e d ia  
w ere  in c u b a te d  fo r 1 w eek a t  37° C, th e n  fro m  th e  tu b es  w ith  no v isib le  g ro w th  th e  loops w ere  
re m o v e d  u n d e r  s te rile  cond itions and  t ra n s fe r re d  in to  fresh  tubes o f m ed ia . These su b c u ltu re s  
w ere  re a d  a f te r  a  re in c u b a tio n  for 1 w eek a t  37° C. Two loops w ere u sed  fo r each  ex p o su re  t im e  
a n d  th e  w hole e x p e rim e n t w as m ade in  t r ip l ic a te .

Resistance to water at 100° C. T he fa c to rs  responsib le  for th e  re s is tan ce  of a sp o re  m a y  
be o f  in tra c e llu la r  an d  e x tra ce llu la r  o rig in  [2]. T he h e red ita ry  p ro p e rtie s  o f th e  species, th e  
sp ec ific  g ra v ity  an d  g ro w th  te m p e ra tu re  o f  th e  spo re  co n stitu te  th e  in tra c e llu la r  fac to rs . As 
to  th e  ex trace llu la r  fac to rs , our know ledge is lim ite d  m ain ly  to  th e  th e rm a l co n d itio n s. E x 
a m in in g  resis tan ce  to  boiling  seem ed th e re fo re  n ecessary . T hree of each  series o f loops c o n ta m i
n a te d  w ith  va rio u s Clostridia  an d  w ith  B . anthracis  w ere tra n s fe rre d  in to  tu b es  c o n ta in in g  
10 m l o f  sa line . T he tu b es  w ere p laced  in  a  w a te r  b a th , w hich w as th e n  h e a te d  b y  B u n se n  
flam es . A fte r  th e  sa line  inside  th e  tu b es  h a d  com e to  th e  boil, th e  tu b e s  w ere rem o v ed  fro m  
th e  w a te r  b a th  a t  in te rv a ls  o f  2.5, 5, 7.5, 10, 20, 30, an d  40 m inu tes. A fte r  s tan d in g  fo r 10 m in 
u te s  a t  room  te m p e ra tu re ,  th e  loops w ere t ra n s fe r re d  in to  th e  co rresp o n d in g  m ed iu m  ( th io 
g ly co lla te  m ed iu m  fo r th e  anaerobes a n d  soil e x tr a c t  b ro th  for th e  a n th ra x  b ac illu s). E a c h  
ex p o sitio n  tim e  was te s te d  w ith  3 in d iv id u a l silk  loop  carriers . T he m ed ia  w ere in c u b a te d  fo r 
1 w eek  a t  37° C.

Table I  show s th e  su rv iv in g  o f v a rio u s  spores in  co n stan t H C l a n d  in  bo iling  w a te r .  
R e su lts  a re  g iven  as ex tre m e  va lues re p re se n tin g  th e  m inim um  p e rio d  o f  exposure  tim e  n eces
sa ry  fo r k illing  a ll spores, an d , on  th e  o th e r  h a n d , th e  m axim um  p e rio d  o f exposure  u n s a t is 
fa c to ry  fo r th e  d e s tru c tio n  o f spores. I t  is c lea r  f ro m  Table I  t h a t  Cl. perfringens  an d  B . an th ra 
cis w ere  k illed  in  H C l w ith in  5 m in u tes , th e re fo re  n e ith e r  o f th em  could  h e  used  as an  a d e q u a te  
te s t  o rgan ism . I t  was re m a rk ab le  th a t  in  c o m p ariso n  to  o thers , th e  spores o f  these  tw o o rg an ism s 
w ere  th e  le a s t re s is ta n t to  boiling. F o r show ing  th e  difference b e tw een  re sis tan ce  to  d is in fe c t
a n ts  o f  spores o f  Cl. perfringens  an d  B . anthracis  a n d  of o th e r spores, th ese  tw o o rg an ism s 
w ere  in c lu d ed  in  th e  ex am inations.

Concentration o f  d isinfectants and method o f  testing resistance. T he sporocidal a c t iv i ty  o f  
s ix  d is in fec tan ts  was exam in ed . E ach  d is in fe c ta n t was te s te d  in  th e  h ig h est c o n c e n tra tio n  
s ti ll  ap p licab le  in  g en era l p rac tice , as follow s. F iv e  p e r  cen t fo rm alin , m ad e  from  co m m erc ia l 
fo rm a lin  co n ta in in g  36.7 p e r  cen t fo rm ald eh y d e  ; 5 p e r  cen t phenol so lu tio n  co n ta in in g  12 p e r  
c e n t N a C l;  1 p e r  c en t S terogenol (h e x ad ec ilp y rid in iu m  b ro m id e ); 0.1 p e r  cen t F a m o se p t 
(M erfen , R y fen , p h en y l m ercu ric  b o ra te )  ; 2 p e r  cen t HgCI2 ; 2 p e r  c en t N eom agnol (so d iu m  
p -to lu en e  su lfonch lo ram ide). To 100 m l o f N eom agno l solution 4 m l o f 8 p e r cen t H C l w as 
a d d e d . T he d is in fec tan ts  w ere p ip e tte d  a t  10 m l am o u n ts  in to  tu b es  co v ered  w ith  m e ta l caps . 
In to  each  tu b e  5 c o n ta m in a te d  silk  loops w ere  p laced . F o r each ex p o su re  tim e  3 p a ra lle l t e s t 
in g s w ere pe rfo rm ed  a n d  ev ery  e x p erim en t w as m ade  in  tr ip lica te . F o r  a ll d is in fec tan ts  th e  
sam e  ex p o su re  tim es w ere  k e p t, nam ely  10, 30 a n d  60 m inu tes an d  2, 4, 6, 8 an d  24 h o u rs .
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Table I

Resistance o f  various spores to constant H C l 
and to boiling

Spores

Constant HCl (20.2%) Water at 100° C

maximum
ineffective

minimum
effective

maximum
ineffective

minimum
effective

e x p o s u r e  t i me  in m i n u t e s

Cl. biferm entans 15 20 30 40

Cl. h istolyticum 10 15 30 40

Cl. sordellii 5 10 20 30

Cl. perfringens — < 5 214 ТУ*
Cl. oedematiens 10 15 30 40

Cl. sporogenes 5 10 7 H 10

Cl. septicum 5 10 10 20

Cl. tetani 5 10 7% 10

B . anthracis — < 5 — < 5

T he tu b es  w ere  p laced  in  a w a te r  b a th  a t  20° C. A fte r  th e  ex p o su re  tim es in d ica ted , th e  loops 
w ere t ra n s fe r re d  in to  th io g lyco lla te  m edium  or in to  soil e x tra c t b ro th . T he tu b es were in cu b a te d  
a t  37° C fo r 1 w eek , th e n  fro m  those  show ing no g ro w th  th e  loops w ere tran sfe rre d  in to  fresh  
m ed iu m  a n d  re in c u b a te d  fo r 1 w eek. The a m o u n t o f  d is in fec tan t rem a in in g  in  th e  silk  loops 
a f te r  th e  second  su b cu ltu re  w as e s tim a te d  to  be low er th a n  th e  b a c te r io s ta tic  co n cen tra tio n . 
T h u s th e  r e su lt  g iven  b y  th e  second su b c u ltu re  in d ica te s  t h a t  th e  co n cen tra tio n  o f d is in 
fe c ta n t sa tis fac to ry  fo r k illing  spores in  th e  te s t  m ay  be re g a rd e d  as adecpiate fo r p ra c t ic a l  
ap p lic a tio n , p ro v id ed  th a t  th e  correspond ing  ex p o su re  tim e  c an  be  assu red  in  th e  la t te r .

Results

T he sporocidal a c tiv ity  of th e  six d is in fec tan ts  is sum m arized  in  Table I I . 
R esu lts  a re  g iven as ex trem e  values rep resen tin g  th e  m in im um  period  o f 
exposure  n ecessary  for k illing th e  spores ( — ), an d  th e  m ax im um  period  o f 
exposure u n sa tis fa c to ry  fo r th e  d e s tru c tio n  of spores ( + ) .

F iv e  p e r cen t fo rm alin  k illed  various spores a t  20° C w ith in  6 to  24 h o u rs . 
T he spores o f  Cl. perfringens  and  B . anthracis w ere d e s tro y ed  in  4 and  2 h o u rs , 
resp ec tiv e ly . Considering th e  p resc rip tio n  o f th e  te s tin g  m ethod , how ever, 
no p ra c tic a l conclusion can  be d raw n  from  th e  la t te r  re su lts .

Tw o p e r cen t N eom agnol k illed th e  dried  spores o f  a ll Clostridia w ith in  
8 ho u rs . Spores o f Cl. perfringens  an d  o f B . anthracis w ere destroyed  w ith in  
th e  sh o rte s t exposure  tim e  (2 hours). Cl. tetani w as k illed  also w ith in  2 h o u rs  
b y  N eom agnol, a lth o u g h  its  spores re s is ted  to  th e  c o n s ta n t boiling h y d ro 
chloric ac id  fo r 5 m inu tes.

S terogeno l in  1 ^>er cen t co n cen tra tio n  an d  also 2 p e r  cen t H gC ^ a n d  0.1 
p er c e n t F am o sep t h ad  no effect ag a in st an y  of th e  spores.
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Table II

Resistance o f  various spores to disinfectants

Spores
5%

formalin
5%phenol - f -  

12%NaCl
i%

Sterogenol
0.1%

Famosept
2 % 

HgCl2
2%

Neomagnol

+ - + — + — + - + — + —

Cl. biferm entans 8 24 24 — 24 — 24 — 24 — 6 8

Cl. histolyticum 6 8 24 — 24 — 24 — 24 — 6 8

Cl. sordellii 6 8 24 — 24 — 24 — 24 — 2 4

Cl. perfringens 2 4 24 — 24 — 24 — 24 — I 2
Cl. oedematiens 4 6 24 — 24 — 24 — 24 — 6 8

Cl. sporogenes 6 8 4 6 24 — 24 — 24 — 6 8

Cl. septicum 6 8 24 — 24 — 24 — 24 — 4 6

Cl. te ta n i 4 6 24 — 24 — 24 — 24 — 1 2
B . anthracis 1 2 8 24 24 — 24 — 24 — 0.17 0.5

K ey : +  =  m axim um  ineffective  exposure tim e  in  hours 
—  =  m in im um  effective  exposure tim e  in  hours

No sporocidal a c t iv i ty  of 5 per c en t ph en o l was observed  an d  its  a c tiv ity  
w as n o t considerab ly  in c reased  b y  th e  a d d itio n  of 12 p e r c en t NaCl. The 
a n th r a x  spores were k illed  b y  phenol p lus 12 p e r cen t NaCl w ith in  8 to  24 hours 
a t  20° C. A selective spo rocidal effect w as observed  on th e  dried  spores of 
Cl. sporogenes, w hich w ere d estroyed  b y  th is  so lu tion  w ith in  6 hours.

Discussion

A ccording to  P a t t e r s o n , a d is in fe c ta n t is a  su b stan ce  th a t ,  generally  
on  in a n im a te  ob jects, d estro y s v eg e ta tiv e  fo rm s of b ac te ria  [3]. T his defin ition  
does n o t require th e  d e s tru c tio n  o f b a c te r ia l spores, o f M ycobacterium  tuber
cu losis  and  of v iruses. T estin g  of th e  sporocidal a c tiv ity  o f d is in fec tan ts , 
h o w ev er, is in d ica ted  b y  th e  follow ing p o in ts . 1. The p ra c tic a l d isinfecting  
v a lu e  can reliab ly  be in te rp re te d  on ly  b y  ta k in g  in to  co n sid e ra tio n  severa l 
d iffe re n t p roperties of a g iven  d is in fec tan t. T h e  lab o ra to ry  co n tro l o f d is in fec t
a n ts  should  include th e  in v es tig a tio n  o f  sporocidal a c tiv ity , as a co rrec t 
e s tim a tio n  of th e ir  g enera l d isin fecting  p ro p e rtie s  can  be o b ta in e d  th is  w ay .
2. T h e  d isin fec tan ts ex am in ed  in  th is  s tu d y  a re  w idely used  in  surgical, ep id e
m io log ical and  b ac te rio log ica l p rac tice . T h e  im portance  o f th e ir  sporocidal 
a c t iv i ty ,  how ever, is d iffe ren t accord ing  to  th e  range of ap p lica tio n . In  ep i
dem iological p rac tice  a d is in fec tan t is seldom  requ ired  to  be sporocidal (e. g. 
fo r  d isinfecting  ob jec ts  c o n ta m in a te d  w ith  a n th ra x  spores). I n  th e  lab o ra to ry  
i t  is som etim es also n ecessa ry  to  d es tro y  pa thogen ic  spores w ith  d is in fec tan ts . 
I n  su rg e ry  the  im p o rtan ce  o f sporocidal a c tiv ity  is obvious.
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F rom  th e  resu lts  o f th e  p resen t ex p erim en ts  i t  is c lear th a t  am ong th e  
d isin fec tan ts  te s te d  o n ly  5 p e r  cen t fo rm alin  an d  2 p e r  cen t N eom agnol a re  
effective sporocidal ag en ts . T he aqueous so lu tion  of fo rm ald eh y d e  is b a c te ric id 
al, sporocidal an d  v iric id a l, an d  i t  can be reg a rd ed  as a su b stan ce  app roach ing  
th e  ideal d is in fec tan t [4]. B ecause of its  u n p le a sa n t p u n g e n t smell an d  its  
slow  reac tio n  ra te  i t  is th ro w n  in to  th e  b ack g ro u n d  b y  th e  o th e r d is in fec tan ts  ; 
its  com bination  w ith  o th e r  d is in fec tan ts , how ever, is w idely  used, for d is in fec t
ing  surgical in s tru m e n ts .

T he sporocidal a c tiv ity  of organic ch lorine com pounds is w ell-know n 
from  th e  li te ra tu re  [5]. T h e  reac tion  ra te  o f N eom agnol is higher th a n  th a t  
o f  form alin. I ts  ap p lica tio n  is lim ited  b y  its  corrosive p ro p e rty , its  sen s itiv ity  
to  changes in  c o n c e n tra tio n  an d  p H , and  also b y  th e  fa c t th a t  its  effect is 
g rea tly  in fluenced  b y  th e  presence of organic m a tte r .

In  th e  li te ra tu re  som e controversies can  be fo u n d  as to  the  sporocidal 
a c tiv ity  of q u a te rn a ry  am m onium  com pounds. A ccord ing  to  Sp a u l d i n g , 
benzalkon iom  chloride killed spores on a c o n ta m in a te d  b lad e  w ith in  18 h o u rs  
[6]. This fin d in g  has n o t been  confirm ed ; K l a r m a n n  an d  W r ig h t  ad d ed  a 
neu tra liz ing  ag en t to  th e  cu ltu re  m edium  and  o bserved  th e  grow th of te ta n u s  
spores even a fte r  48 h o u rs ’ exposure [7]. N u n g e s t e r  also found th a t  th e  
effect of d e te rg en ts  is ch ie fly  s ta tic  and  n o t spo rocidal [8].

The resu lts  o b ta in ed  in  th is s tu d y  did  n o t co n firm  ou r earlier fin d in g  
th a t  0.1 per cen t S terogenol kills th e  spores o f B . subtilis  [9]. This w as due  
to  the  fac t th a t  in  th e  earlie r experim en ts y e a s t e x tra c t  b ro th  w ithou t se ru m  
has been used as a cu ltu re  m ed ium  and  th e  cu ltu res  w ere in cu b a ted  on ly  fo r 
6 days. In  th e  p re se n t ex am in a tio n s, th e  10 p er c en t se rum  con ten t of th e  
m edium  sufficed to  n eu tra lize  S terogenol, an d  fu r th e r , th e  second su b cu ltu re  
assu red  a d ilu tio n  o f th e  d is in fec tan t n o t a n y  m ore s ta tic .

The in a c tiv ity  of IIgC l2 on spores is w ell-know n from  th e  lite ra tu re  [10]. 
T he controversies as to  th e  sporocidal a c tiv ity  of o rgan ic  m ercurials can  be 
in te rp re te d  as follows. F a lse  resu lts  have been o b ta in e d  b y  neglecting th e  use 
o f neu tra liz ing  m edia , e. g. in  our earlier e x am in a tio n s , F am osep t (M erfen) 
h ad  been found  spo rocidal [11]. No false re su lts  w ill be o b ta in ed  w ith  th io - 
g lycolla te  m ed ium , w hich  in a c tiv a te s  m ercuria ls a n d  th u s  elim inates th e ir  
s tro n g  s ta tic  a c tiv ity  on spores. The o th e r reason  o f th e  false resu lts  w as 
th a t  num erous a u th o rs  w ere using Cl. tetani as th e  te s t  organism . I t  m u st be 
realized  th a t  m a n y  s tra in s  o f th is  species do n o t fo rm  spores ; n e ither o f th e  
17 Cl. tetani s tra in s  o f th e  s to ck  cu ltu re  collection o f th is  In s ti tu te  is sp o re 
form ing (a spore-fo rm ing  Cl. tetani s tra in  has b een  o b ta ined  from  th e  
Institu te  o f H ygiene o f  the U niversity). T hus F am o sep t in  th e  co n cen tra tio n  
applied  is h igh ly  s ta tic , b u t  n o t sporocidal for aerobic  an d  anaerobic spores.

I t  is know n th a t  p h en o l, due to  its  so lu b ility  in  lipo ids, p en e tra te s  in to  
th e  cells and  dam ages th e  p ro to p lasm  of b a c te ria  [12]. T he d isinfecting ac tio n

5 Acta Microbiologica VI/1.
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o f a phenol so lu tion  can  be in c reased  b y  th e  add ition  o f N aC l, as th e  la t te r  
causes sa lting  ou t o f pheno l, i. e. decreases i ts  so lubility  in  w a te r  an d  so increases 
i ts  d is tr ib u tio n  q u o tie n t in  fav o u r o f  th e  lipo ids. N evertheless, th e  sporocidal 
a c t iv i ty  o f 5 p er cen t pheno l p lus 12 p e r  cen t NaCl p ro v ed  to  be w eak.

A ccording to  th e  p re se n t f in d in g s , am ong th e  d is in fe c ta n ts  av a ilab le  
in  H u n g a ry  for epidem iological a n d  bacterio log ical p ra c tic e , on ly  tw o  can  
b e  regarded  as effective sporocidal ag en ts .

S u m m ary

The sporocidal a c t iv ity  o f som e d is in fec tan ts  availab le  in  H u n g a ry  h as  b een  d e te rm in ed .
1. S terogenol, F am o sep t an d  m ercu ric  ch lo rid e  w ere observed  to  e x e r t  no sporocidal 

a c t iv ity  w ith in  24 h o u rs  a t  20° C.
2. A so lu tion  co n ta in in g  5 p e r c en t p h en o l a n d  12 pe r cen t N aC l h a d  a se lec tive  sporo

c id a l a c tiv ity  ag a in st Cl. sporogenes an d  B . anthracis, b u t  was in ac tiv e  a t  20° C a g a in s t spores 
o f  o th e r  organism s.

3. N eom agnol in  2 p e r  cen t an d  fo rm a lin  in  5 p e r cen t c o n ce n tra tio n  w ere d e fin ite ly  
spo roc idal. T he effec t o f N eom agnol needs f u r th e r  ex am ination  as i t  seem s to  be d e p en d e n t 
on  th e  p H  o f th e  so lu tion .
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T he a u th o rs ’ earlier s tud ies on d is in fec tan ts  com m only  used in H u n g a ry  
h av e  been focussed on th e  re la tio n sh ip  betw een  the  te m p e ra tu re  and  th e  tim e  
needed  fo r effective d isin fection  [1], a n d  on th e  re la tio n sh ip  betw een  th e  
co n cen tra tio n  of a d is in fec tan t an d  th e  tim e  of exposure necessary  fo r effec tive  
d isin fec tion  [2]. T he te s t  o rganism  used  was S. typ h i. T he  resu lts  o f th e se  
ex p erim en ts  co rresponded  to  earlie r find ings know n from  th e  l i te ra tu re . 
Tw o ch a rac te ris tic  indices h av e  been dete rm in ed  by  th e  au th o rs , n am ely  th e  
te m p e ra tu re  and  co n cen tra tio n  coefficien ts of d is in fec tan ts . As to  ea rlie r 
d is in fec tan ts , these  values corresponded  to  d a ta  of th e  lite ra tu re , w hile th e  
v a lid ity  of coefficients d e te rm in ed  fo r new  H un g arian  d is in fec tan ts  h as  been  
confirm ed  b y  p rac tica l ap p lica tio n  [3].

I n  an  earlier series o f ex p erim en ts , of th e  d is in fec tan ts  te s te d  on ly  
N eom agnol (sodium  p -to luene  su lfonchloram ide) an d  fo rm alin  were fo u n d  
sporocidal w ith in  24 hours [4]. As th e  p H  of the  N eom agnol so lu tion  ex e rted  
a considerab le in fluence on th e  b ac te ric id a l and  spo rocidal a c tiv ity , th is  
req u ired  fu r th e r  in v estiga tions. In  th e  p re sen t s tu d y  th e re fo re  only fo rm alin  
has been  used for d e te rm in ing  th e  co n cen tra tio n  and  te m p e ra tu re  coeffic ien ts 
p rev iously  estab lished  concern ing  S. typ h i also for d ried  spores.

Materials and methods

The influence o f  temperature on the activ ity  o f  fo rm alin . A ccord ing  to  Ch ic k ’s e x a m in a 
tio n s , th e  follow ing re la tio n sh ip  ex ists be tw een  te m p e ra tu re  an d  d isin fec tion

=  q (T’- T )  
к

w here к ' and  к  are th e  ve lo c ity  c o n stan ts  o f th e  reac tio n  a t te m p e ra tu re s  T '  and  T , re sp ec 
tiv e ly  [5]. T ak ing  th e  reciprocals o f  th e  exposure  tim e  in stead  o f k '  a n d  к , th e  fo rm u la  w ill be 
expressed  as

_L = q ( T ' ~  T)
t'
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B y  ta k in g  th e  lo g arith m s o f  th e  e q u a tio n  an d  re d u c in g , a  lin ea r reg ress io n  reg ard in g  th e  lo g a 
r i th m s  o f  th e  exposure  t im e  w ill be o b ta in e d  :

lg t =  a  —  T  lg 0

w h ere  a — lg t'-f- T '  lg 0  is  c o n s ta n t, T  is th e  te m p e ra tu re  and  —  lg 0  s ta n d s  fo r th e  slope 
o f th e  lin e a r regression . T h e  te m p e ra tu re  co effic ien t c h a rac te ris tic  o f a  g iven  d is in fec tan t, 0 ,  
is g en era lly  d e te rm in e d  fo r  10° C. T he closer th e  v a lu e  o f 0 t o  1, th e  b e t t e r  app licab le  th e  d is 
in fe c ta n t .

M ethod fo r  determ ining the temperature coefficient. Silk loops w ere  c o n tam in a ted  w ith  
spo res o f Cl. sordellii as d e sc rib ed  elsew here [4]. F iv e  c o n ta m in a te d  loops w ere p laced in  each  
o f  a  series o f tu b es co n ta in in g  10 m l o f 5 p e r  cen t fo rm alin . E x p e rim en ts  w ere carried  o u t a t  
te m p e ra tu re s  o f 20°, 25° a n d  30° C. T he loops w ere  rem o v ed  from  th e  d is in fec tan t a t  in te rv a ls  
o f  10 m in u tes  from  th e  150 th  to  th e  250th  m in u te  o f exp o su re  a t 20° C ; a t  in te rv a ls  o f 10 m in u 
te s  fro m  th e  60 th  to  th e  17 0 th  m in u te  o f exposure  a t  25° C ; a t  in te rv a ls  o f  5 m inu tes from  th e  
2 5 th  to  th e  60 th  m in u te  o f  ex p o su re  a t  30° C. F o r  each  te m p e ra tu re  a n d  exposure  tim e  10 
p a ra lle l  ex p erim en ts w ere do n e . A fte r  th e  in d ic a te d  exposure  tim es th e  loops w ere tran s fe rre d  
in to  tu b es  con ta in ing  th io g ly co lla te  m edium . T he tu b es  w ere v igo rously  sh ak en  and in cu b a ted  
fo r 24 hours a t 37° C. T he loops w ere th e n  t ra n s fe r re d  in to  fresh  th io g ly co lla te  m edia and re in 
c u b a te d  for 1 week. T he loops fro m  th e  tu b es  show ing no g ro w th  a f te r  1 w eek  were tran s fe rre d  
in to  fresh  m edia  w h ich  w ere  f in a lly  re ad  a f te r  a n o th e r  w eek of in cu b a tio n . As a v iab ility  
c o n tro l, before th e  e x p e rim e n ts  som e of th e  c o n ta m in a te d  loops to  be  u sed  were p laced  in  
c u ltu re  m edia. E v e ry  e x p e rim e n t was carried  o u t  in  tr ip lic a te . T he re su lts  were ev a lu a te d  
s ta tis tic a lly .

In fluence o f  concentration on the activity o f  fo rm a lin .  A ccording to  th e  w ork  of Ch ic k  
a n d  W a t s o n  [6], th e  re la tio n sh ip  be tw een  th e  c o n ce n tra tio n  and  th e  ex p o su re  tim e for veg e
ta t iv e  b a c te ria  o f a d is in fe c ta n t can  be expressed  b y  th e  fo rm ula

t Cn =  a

w here  t is th e  tim e  o f ex p o su re  necessary  for d isin fec tio n , C is th e  co n ce n tra tio n , n and  a a re  
co n s tan ts . This m eans t h a t  th e  effec tive  ex p o su re  tim e  is no t d e te rm in e d  sim ply  by  th e  con
c e n tra tio n , b u t is in v erse ly  p ro p o rtio n a l to  th e  n p ow er o f th e  la t te r .  T he value of n  v a ries 
w ith  each  d is in fec tan t. B y  ta k in g  th e  lo g arith m s o f th e  e q u a tio n  a n d  solving i t  for lg t, a 
l in e a r  regression  will be  o b ta in e d  as follows.

lg * =  lg a —  n  lg C

M ethod fo r  determ ining the concentration coefficient. Silk loops c o n ta m in a te d  w ith  th e  
d r ie d  spores o f Cl. sordellii w ere  used . F o rm alin  was te s te d  in  th ree  v a rio u s  co ncen tra tions , th e  
co n ce n tra tio n  being se ria lly  in creased  a t  a  1.4 fo ld  ra te .  T he loops w ere rem o v ed  a t  10 m in u te s  
o f  in te rv a ls  from  th e  v a rio u s  co n cen tra tio n s o f fo rm alin  as follows. 7 p e r  c en t : from  th e  140th  
to  th e  200th  m in u te  o f  e x p o su re  ; 9.8 p e r  cen t : fro m  th e  9 0 th  to  th e  180 th  m in u te  o f exposure  ; 
13.7 p e r  cen t : from  th e  3 0 th  to  th e  120th  m in u te  o f  ex posure . T he loops w ere tre a te d  su b se 
q u e n tly  a s  a t  th e  d e te rm in a tio n  o f th e  te m p e ra tu re  coefficient. T he re su lts  were e v a lu a ted  
s ta tis t ic a lly .

Results

Table I  show s th e  re su lts  of ea rlie r ex perim en ts reg a rd in g  th e  exposure 
tim e s  d estro y in g  S . typ h i fo r 1 : 40 d ilu ted  fo rm alin  a t  te m p e ra tu re s  of 20°, 
25° an d  35° C (± 0 .1 °  С) [1].

The d a ta  o b ta in e d  a t  th e  sam e te m p e ra tu re s  w ere v e ry  near to  one 
a n o th e r . T he effective exposure tim es, how ever, m ark ed ly  decreased w ith  
in c reasin g  th e  te m p e ra tu re . T he d a ta  th u s  corresponded  to  th e  re la tionsh ip  
in d ica ted  above.
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Table I

The activity  o f  form alin  dilu ted  1 : 140 against S. t y p h i  
at different tem peratures 

E ffective  exposure tim es  in  m inutes

20° 25° 30° 35°

60 50 25 15

60 50 25 15

60 50 25 15

60 50 25 15

60 40 25 15

60 40 20 15

60 40 20 15

60 40 20 15

60 35 20 15

50 35 20 15

g e o m e t r i c  m e a n s

59.2 41.7 22.4 15.0

'gt

F ig . 1. R e la tio n sh ip  be tw een  th e  effective e x p o su re  tim e  o f d isin fection  a n d  th e  te m p e ra tu re .
S. typhi; F o rm a lin  1 : 140

F ig . 1 shows th e  m ean values o b ta in e d  a t  various te m p e ra tu re s  an d  
th e  s tra ig h t line of th e  regression e q u a tio n , th e  slope of w hich  is —  lg 0 .  
T he  regression  was ca lcu la ted  b y  ta k in g  in to  co nsidera tion  all d a ta , an d  
l in e a r i ty  was te s te d  w ith  th e  F  te s t ,  using  th e  analysis o f  variance . T he 
v a lu e  o f  tem p e ra tu re  coefficient 0  w as 2.6 for 10° C. O f th e  d is in fec tan ts  
ex am in ed  b y  th e  au th o rs , th e  te m p e ra tu re  coefficien t o f  fo rm alin  s ta n d s  
closes to  1.

Table I I  show s th e  resu lts  of tw o  ex p erim en ts  w ith  th e  dried  spores 
o f Cl. sordellii, using  5 per cen t fo rm a lin  a t  20°, 25° an d  30° C. F o r d e 
s tro y in g  th e  spores, fo rm alin  h ad  to  be used in a h igher co n cen tra tio n
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Table II

The activ ity  o f  fo rm a lin  diluted 1 :2 0  against 
Cl. s o r d e l l i i  at d ifferent temperatures

E x p e rim e n t 1 
E ffective exposure  tim es in 

m in u te s

E x p e rim en t 2
E ffective  exposure  tim es in 

m in u te s

20° 25° 30°

240 100 55

230 100 50

220 90 50

200 90 50

200 90 40

180 90 40

180 90 40

180 90 35

180 90 35
160 90 30

geom etric  m eans

194.1 91.2 41.7

20° 25° 30°

250 120 55
240 110 50

210 110 45

210 100 40

210 100 40

210 100 40

210 90 35

200 90 35

200 90 35

160 80 35

geom etric  m eans

208.0 98.0 40.3

(1 : 20) th a n  fo r k illing  S . typ h i , an d  even  w ith  th is  increased  co n cen tra tio n , 
co n sid e rab ly  longer p e riods o f exposure were req u ired . B y increasing  th e  
te m p e ra tu re , th e  effec tive  exposure tim e s  were g rad u a lly  decreasing. A l
th o u g h  th e  decrease w as co m para tive ly  h ig h er th a n  th a t  w ith  S. typh i, th e  
n a tu re  o f  th e  re la tio n sh ip  betw een  te m p e ra tu re  an d  exposure tim e  w as th e  
sam e as th a t  observed  w ith  th e  la t te r  v eg e ta tiv e  o rgan ism .

I n  F ig. 2 th e  re su lts  o f th e  tw o ex p erim en ts  are p resen ted  as m ean  va lu es  
for th e  vario u s te m p e ra tu re s  and  th e  co rrespond ing  s tra ig h t lines of regression  
e q u a tio n s . T he lin e a r ity  o f th e  regression  could be s ta tis tic a lly  confirm ed  in  
b o th  cases. The resu lts  o f  th e  tw o ex p erim en ts  show ed som e d ev ia tion  ; th e  
tw o  va lu es  for lg &, how ever, were w ith in  th e  fiduc ia l lim its . The value o f  th e  
te m p e ra tu re  coefficient o f  form alin  for spores was a b o u t tw ice of th a t  fo r
S . typ h i ; reca lcu la ted  fo r 10° C i t  w as 4.6 in  th e  f irs t  exp erim en t and  5.2 in  
th e  second. T hus, for 10° C rise in te m p e ra tu re  th e  effective exposure perio d  
d ecreased  ab o u t 5 tim es , or, in  o th e r w ords, th e  effect o f form alin  increased  
5 tim es . As i t  was show n, th e  a c tiv ity  o f fo rm alin  ag a in s t S. typhi increased  
a t  a considerab ly  slow er ra te  w ith  th e  rise  in  te m p e ra tu re .

In  th e  earlier ex p erim en ts  th e  lg t —  lg  a — n  lg C fo rm ula could  be 
co n firm ed  for th e  v e g e ta tiv e  te s t  o rgan ism . T he d a ta  for form alin  o f  th e se  
earlie r ex p erim en ts  are  d e ta iled  in Table I I I .
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Ig t E x p e r i m e n t  1 I g t  E x p e r i m e n t  2

T e m p e r a t u r e  C°

F ig . 2. R e la tio n sh ip  be tw een  th e  e ffec tive  ex p o su re  tim e  of d isin fection  an d  th e  te m p e ra tu re .
Cl. sordellii; F o rm a lin  1 : 20

Table III

The activity o f  various concentrations o f form alin  
against S . t y p h i  at  20° C

E ffec tiv e  exposure  tim es  in  m inutes

1 : 216 1 :144 1 :96

75 35 22.5

60 30 20.0

55 30 20.0

55 30 20.0

45 30 20.0

45 25 17.5

45 25 17.5

45 25 17.5

45 25 17.5

40 20 15.0

geom etric  m eans

50.0 27.3 18.6

T he effec tive  exposure tim e  d ecreased  considerab ly  w ith  in c reasin g  
th e  c o n cen tra tio n  of th e  d is in fec tan t.

F ig. 3 show s th e  resu lts  o f th ese  ex p erim en ts . U sing lo g arith m s, s ta t i s t i 
c a lly  p ro v ed  lin e a r  regressions w ere o b ta in e d , w hich ap p ro x im ated  th e  e x p e ri
m e n ta l m ean  values. O f th e  d is in fe c ta n ts  exam ined  in  th a t  p rev ious s tu d y , 
fo rm a lin  ex h ib ited  th e  low est c o n c e n tra tio n  coefficient, in  o th e r  w ords, b y
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changes in the  c o n c e n tra tio n  it  was in  th e  case of fo rm alin  th a t  th e  course 
o f d isinfection  was th e  le a s t affected. T h is, n a tu ra lly , is an o th e r ad v an tag eo u s 
p ro p e rty  of fo rm alin , in  add ition  to  its  te m p e ra tu re  coefficient app roach ing  1.

4)
I

?Э10О
8-Ф4̂О
b)о

<9 t

Log.o f c o n c e n tr a tio n , /д  C

Fig. 3. R ela tionsh ip  b e tw ee n  th e  effective ex p o su re  tim e  o f d isin fection  and  the  co n ce n tra tio n  
o f  fo rm alin . S. typhi; T e m p e ra tu re  20° C

The effective e x p o su re  tim es ag a in s t Cl. sordellii o b ta in ed  in  tw o e x p e ri
m en ts  w ith  g eo m etrica lly  increasing co n cen tra tio n s  of fo rm alin  are  show n 
in Table IV .

T he m ean  v a lu es  p resen ted  in  Table I V  c learly  show  th a t  th e  re la tio n  
o b ta in ed  is no t co n fo rm ab le  to  the  fo rm u la  of C h i c k  and  W a t s o n . I f  th is  
fo rm ula  were valid  fo r d ried  spores, th e  effective exposure tim es w ould show  
a p ro p o rtio n a l decrease.

The linear reg ressio n  betw een th e  co n cen tra tio n s  an d  th e  lo g a rith m s  
o f exposure tim es cou ld  n o t be proved  s ta tis tic a lly . F ig. 4 shows th e  m ean  
o f th e  logarithm s o f th e  exposure tim es p lo tte d  ag a in s t th e  logarithm s o f 
co n cen tra tio n . I t  is c lea r th a t  th e  effective exposu re  tim es were m ore decreased  
a t  a h igher co n cen tra tio n  th a n  a t a low er one. No linear regression was o b ta in ed  
b y  analysing  th e  u n ite d  resu lts  of th e  tw o  experim en ts. A linear regression  
w as, how ever, o b ta in e d  b y  calculating  fro m  th e  exposure tim es and  from  th e  
lo g arith m s of th e  co n cen tra tio n s. T his ca lcu la tio n  is p resen ted  in  d e ta il. 
A t f ir s t , th e  averages a n d  s tan d ard  d ev ia tio n s  are  show n in  Table V  an d  
Fig. 5.

F rom  Fig. 5 i t  c a n  be concluded t h a t  no  co rre la tion  exists be tw een  th e  
m ean  o f exposure tim e s  an d  th e ir  s ta n d a rd  d ev ia tio n  an d , also, th a t  th e  s ta n 
d a rd  dev ia tions do n o t d iffer sign ifican tly  fro m  one a n o th e r. T hus th e  an a ly s is  
o f va rian ce  m ay  be perfo rm ed .
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Table IV

The activ ity  o f  various concentrations o f  fo rm a lin  
against C l. s o r d e l l i i  at  20° C

E x p erim en t 1
E ffective  exposure  tim es in  

m in u te s

E x p erim en t 2 
E ffective  exposure  tim es 

m in u te s
in

7.0% 9.8% 13.7%

220 190 110

220 180 110

210 170 110

210 160 110

210 160 110

200 150 100

200 150 100

190 150 90

190 150 80

190 120 80

geom etric  m eans

203.2 I 157.4 I 98.9

7.0% 9.8% 13.7%

220 160 n o

220 160 90

210 150 80

200 140 70

190 140 70

190 140 70

180 130 70

180 130 70

180 120 70

170 110 60

geom etric  m eans

193.6 137.1 75.3

19 t  
2.3-

2.2-

2. 1-

2.0-

1.9-

E x p e r i m e n t  1 i gt
2,3-

22

2.1

о
9-
2 2 0
V-о
ö>
5 1.9

E x p e r i m e n t  2

1,8 1.8

9.8 1 3 . 7 2 % 9 . 8 1 3 . 7 2 %

Log. o f  c o n c e n tra tio n , lg  C

Fig. 4. R e la tio n sh ip  b e tw ee n  th e  effective ex p o su re  tim e  of d isin fec tion  an d  th e  c o n ce n tra tio n  
o f  fo rm alin . Cl. sordellii; T em p era tu re  20° C

A ccording to  th e  analysis o f v a rian ce , as show n in  Table V I ,  th e  a ssu m p 
tio n  o f  a lin ear reg ression  w ould be ju s tif ie d . C oncerning th e  lo g a rith m s o f
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Table V

The activity  o f  various concentrations o f  form alin  
against C l .  s o r d e l l i i  at  20° C

A verage exposure  tim es and  th e ir  s ta n d a rd  dev ia tio n  fo r th e  various 
con cen tra tio n s

Concentration Experiment 1 Experiment 2

% !g

average 
exposure 
time in 
minutes

standard 
deviation 

in minutes

average 
exposure 
time in 
minutes

standard 
deviation 

in minutes

7.0 0.84 204 11.7 194 17.8
9.8 0.99 158 19.3 138 16.2

13.7 1.14 100 12.5 76 14.3

Sxx =  0.450 Sxy = 156.0 SXy = 177.0

Table VI

A n a ly sis  o f  variance fo r  the data o f  Table I V

E x p e rim e n t 1

Nature of variation d. f.
Sum of 
square

Mean
square

R e g re s s io n ..................................................... 1 54 080

D ev ia tio n s  from  regression  ................... 1 240 240

B e tw een  lo g -c o n c e n tra tio n s ................... 2 54 320

W ith in  log-concentra tions ..................... 27 6 000 222.2

T o ta l  .............................................................. 29 60 320

E x p e r im e n t 2

Nature of variation d. f.
Sum of 
square

Mean
square

R e g r e s s io n ..................................................... 1 69 620

D ev ia tio n s  from  regression  ................... 1 60 60

B etw een  lo g -c o n c e n tra tio n s ................... 2 69 680

W ith in  log-concentra tions ..................... 27 7 040 260.7

T o ta l  .............................................................. 29 76 720

1.73

15.2
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th e  exposure tim es, s ign ifican t F  values were o b ta in ed  in  b o th  experim en ts, 
show ing th a t  th e  regression w as n o t a linear one.

s
20\
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О
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О = E xperim ent 1 
X =  Experim ent 2

О

I
Ю 0 150 200_

A verage  o f  exposure  time, у

F ig. 5. S ta n d a rd  d ev ia tio n s  fo r th e  average o f ex p o su re  tim es

7 9.8 13.72% 7 9.8 13.72%
Log. o f  co n cen tra tio n , tg C

F ig . 6. R e la tio n sh ip  b e tw een  th e  e ffec tiv e  exposure  tim e o f d is in fec tio n  a n d  th e  co n cen tra tio n  
o f  fo rm alin . Cl. sordellii; T em p era tu re  20° C

C alculating  from  th e  exposu re  tim es and from  th e  log -concen trations, 
log-linear regressions w ere o b ta in e d  as seen in Fig. 6, w hich show s th e  eq u a tio n  
o f lin ea r regression an d  th e  fid u c ia l lim its of th e  regression  coefficients.
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Discussion

T he results o f  th e  p re se n t ex perim en ts confirm ed  Ch ic k  and  W atso n ’s 
re la tio n  for the  in flu en ce  o f  te m p e ra tu re  on th e  sporocidal a c t iv i ty  o f form alin. 
T h e  tem p era tu re  co e ffic ien t o f fo rm alin  was show n to  be so m ew hat higher for 
sp o res  of Cl. sordellii t h a n  fo r S . typhi.

A surprising re su lt  w as o b ta in ed  as to  th e  ac tion  o f vario u s concen tra tions 
o f  fo rm alin  against Cl. sordellii, n am ely  th a t  th e  w ell-know n an d  verified  
re la tio n  concerning th e  d isin fec tion  o f v eg e ta tiv e  form s o f organism s was 
n o t  v a lid  for dried  sp o res . As fo r th e  la t te r ,  in s tead  o f Ch ic k  and  W atso n ’s 
re la tio n , a simple lo g -lin ea r re la tio n  w as found  to  be va lid . T h is corresponds 
to  th e  W e b e r — F e c h n e r  law , a p rincip le  w ell-know n in  b io logy , according 
to  w hich  to  increase th e  e ffec t in  a rith m e tica l p rogression , th e  stim ulus has 
to  be increased in g eo m etrica l p rogression. I t  should be s tressed  th a t  i t  would 
be  e a rly  to  draw  a n y  f in a l conclusions from  th e  p re sen t in v estig a tio n s. F o r 
co m p le te ly  e lucidating  th e  qu estio n , th e  exposure tim es  shou ld  be exam ined 
fo r a w ider v a ria tio n  o f  co n cen tra tio n s.

Summary

T he re la tionsh ip  b e tw een  th e  te m p e ra tu re  o f fo rm alin  on  th e  one h a n d , a n d  its  concen tra
t io n , b ac teric id a l, and sp o ro c id a l a c t iv ity  on  th e  o th e r , has been  in v es tig a te d  a n d  com pared.

1. The sporocidal a c t iv i ty  o f  fo rm alin  has been  found  to change w ith  v a ria tio n s  in the  
te m p e ra tu re  according to  a re la tio n  g en era lly  va lid  fo r all v e g e ta tiv e  o rgan ism s. T he value o f 
th e  te m p e ra tu re  coeffic ien t o f  fo rm alin  fo r spores o f Cl. sordellii w as tw ice  t h a t  found  for S . 
typ h i.  A ccordingly, th e  sp o ro c id a l a c t iv ity  o f  fo rm alin  is a ffec ted  b y  th e  te m p e ra tu re  m ore 
t h a n  i ts  b acteric id a l a c t iv ity .

2. In  exam ining th e  e ffe c t o f v a rio u s co n cen tra tio n s o f  fo rm alin , th e  Chick—W atson 
r e la tio n  has no t been fo u n d  v a lid  fo r d ried  spores. In s te a d  o f th is , a  sim ple  lo g -linear reg res
sio n  has been observed. T h is  m ean s th a t  on  increasing  th e  c o n ce n tra tio n  in  g eom etrical p ro 
g ressio n , th e  exposure t im e  w ill be decreasing  a rith m etica lly .
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In  1944 and  1945, some E . coli s tra in s  show ing antigenic re la tio n sh ip  
to  Sh. dysenteriae 3 w ere iso lated  in  a U. S. A rm y  lab o ra to ry  in  I ta ly  b y  
E w in g  fro m  cases o f  en te ritis  and  fro m  food han d le rs  [1]. Three of th e  s tra in s  
w ere s tu d ie d  b y  W h e e l e r  and St u a r t  w ho fo u n d  th a t  tw o o f th e m  h a d  
О an tig en s id en tica l w ith  th e  0  a n tig e n  o f s tra in  Large-Sachs Q 771 (now  
d es ig n a ted  as Sh. dysenteriae 3). B iochem ically , th ese  cu ltures w ere slow- 
lac to se -fe rm en tin g  ty p ic a l E . coli s tra in s  an d  b o th  con tained  a ,,V i-like”  
an tig en  [2 ].

I n  1949, H o b b s , T homas an d  T a y l o r  described  a sch o o l-ou tb reak  of 
food po ison ing  caused  b y  an  organism  called  “ p araco lon  411”  [3]. T he m id d ay  
m eal o f th e  ch ild ren  included  cold sa lm on . A b ou t 14—24 hours a fte r  e a tin g  
the m id d a y  m eal, th e  children  com plained  o f headache  and  m alaise follow ed 
b y  d ia rrh o ea  and  v o m itin g  ; in  som e cases p y rex ia  to  40° C was p re se n t, an d  
pers is ted  fo r a d a y  o r tw o. R ecovery  follow ed genera lly  a fte r 48 h o u rs  of 
illness. F ro m  th e  faeces of th e  p a tie n ts  slow -lactose-ferm enting  ty p ic a l 
E . coli s tra in s  were iso la ted  on d eso x y ch o la te -c itra te  agar. The iso la ted  s tra in s  
were sero logically  id en tica l. The o rgan ism  w as ag g lu tin a ted  a t titre s  o f 1:40— 
1:80 b y  six  of th e  se ra  from  seven p a tie n ts  ; th e  sam e titre s  w ere g iven, 
how ever, b y  9 ou t o f 12 contro l sera. T h e  p a th o g en ic ity  of “ p araco lon  411” 
was p ro v ed  b y  h u m a n  v o lu n teer ex p erim en ts  and  b y  an  accidental la b o ra to ry  
in fection . O ne of th e  au th o rs  (J. T a y l o r ) iso la ted  sim ilar s tra in s  from  an  
o u tb re a k  o f food po ison ing  in a p risoner-o f-w ar cam p in L eicestersh ire an d  
from  tw o  sporad ic  cases.

A ccord ing  to  E w in g , th e  s tra in s  iso la ted  by  h im se lf in I ta ly , som e o th e r 
cu ltu res collected  fro m  E ng land , B rasil and  th e  U n ited  S ta tes an d  also th e  
s tra in s  o f H o bbs  et al. belonged to  E . coli 0  group 124 [1].

I n  1957, K é t y i , K n e f f e l  and  D ó m ján  in  H u n g a ry  rep o rted  a w a te r 
borne ep idem ic  of e n te ritis  caused b y  an  o rganism  belonging to  E . coli 0  
group 124 [4]. T he p a tie n ts  developed  a m ild  en te ritis  w ith  p y rex ia  u p  to  
38.2° C. Serological exam in a tio n s show ed th a t  th e  О an tigen  of th e  s ta n d a rd  
E . coli О : 124 s tra in , o f  Sh. dysenteriae 3 an d  o f a s tra in  from  th e  o u tb re a k
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w ere iden tica l. In  ex am in in g  sera from  th e  p a tie n ts , th e  cau sa tiv e  organism  
w as ag g lu tin a ted  a t  a t i t r e  o f 1:10 b y  th re e  se ra , a t  titre s  o f 1:20—1:40 b y  
tw o  se ra  and  only one o f  th e  sera show ed a t i t r e  o f 1:160.

In  1958, R é d e y  a n d  Csizm azia  iso la ted  a n u m b er of E . coli 0  g roup  
124 s tra in s  from  a m ass o u tb reak  o f w a te r-b o rn e  en te ritis  in  V eszprém , 
H u n g a ry  [5].

E w in g  (1956) re p o rte d  th a t  all E . coli 0 :1 2 4  stra in s so fa r  exam ined  
c o n ta in e d  К  an tig en  72 in  add itio n  to  th e  О an tigen . A ntigen  K :72 belongs 
to  th e  В an tigens a n d , accord ing  to  an  ea rlie r designation , i t  co rresponds 
to  B :17. S trains b e long ing  to  group 0 :1 2 4 , K :72 can  be subd iv ided  b y  H  a n t i 
gens in to  th ree  se ro ty p es : H :19, H :30, H :32 a n d  in to  non-flagellar v a r ia n ts  [6].

Materials and m ethods

T he E . coli О : 124 s tra in s  exam ined in  th e  p re se n t s tu d y  were iso lated  on  d esoxycho la te- 
c i t r a te  ag ar in  th e  P ublic H ealth  Laboratory o f  Eger. O th e r  bacterio logical ex am in a tio n s w ere  
p e rfo rm e d  in  th e  D epartm ent o f  Bacteriology, State In s titu te  o f  Hygiene.

B iochem ical re ac tio n s  w ere carried  o u t as desc rib ed  in  th e  In te rn a tio n a l B u lle tin  o f  
B acterio log ica l N o m en c la tu re  and  T axonom y [7], th e  serological ex am in atio n s w ere m ade  
acco rd in g  to  K a o f f m a n n  [8 ]. In  th e  an tigen ic  an a ly sis , E w in g ’s s tra in  227 w as used , w h ich  
h a d  b een  k ind ly  su p p lied  b y  D r . I. K ÉT Y I,  Institu te  o f  M icrobiology, M edical U niversity  o f  Pécs. 
T h e  agg lu tin in  t i t r e  o f  th e  se ra  from  p a tie n ts  w as d e te rm in e d  by  h aem ag g lu tin a tio n  te s t .  
Sheep  e ry th ro cy te s  w ere t r e a te d  w ith  th e  su p e rn a ta n t  o f th e  boiled suspension  of E . coli 
О : 124 stra in s  227 an d  916, using N e t e r ’s m eth o d  [9]. E ry th ro c y te s  t r e a te d  w ith  th e  tw o  
d iffe re n t stra ins show ed th e  sam e t i t r e  to  all th e  se ra  te s te d . In  E . coli О : 124 serum  an d  in  
О : 124, К  : 72 serum  th e y  w ere a g g lu tin a ted  a t  t i t r e s  o f 1 : 1024 and  1 : 4096, re sp ec tiv e ly . 
As no  p u re  К  : 72 se ru m  co u ld  be p ro d u ced , i t  seem ed q u estionab le  w h e th er th e  e ry th ro c y te s  
w ere sensitive  to  К  ag g lu tin in s . E xperience , h o w ev er, has show n th a t ,  in  th e  p ro ced u re  u sed , 
К  an tig en s are gen era lly  a d so rb ed  by  red  b lood  cells. T h e  se ra  from  p a tie n ts  w ere in a c tiv a te d  
a t  56° C fo r 30 m inu tes. D ilu tio n  of sera  and  d e te rm in a tio n  of h a em ag g lu tin a tio n  t it re s  w ere  
p e rfo rm ed  b y  T a k á t s y ’s sp ira l-loop  m eth o d  [10]. S era  co n ta in ing  agg lu tin ins fo r th e  e ry th ro 
c y te s  them selves w ere ab so rb ed  by no rm al sheep  e ry th ro c y te s . A n tib io tic  sen sitiv ity  te s tin g  
w as c a rried  ou t using  “ B io te s t” p a p e r discs, m a n u fa c tu re d  by  th e  Institu te  fo r  Serobacterial 
P roduction and Research “ H u m á n ”.

Record o f the outbreak

M ost of th e  in fec tio n s occurred in  a ho liday -cam p  for ch ild ren , in  P a rá d -  
sa sv á r, coun ty  H eves. F rom  J u ly  3 to  J u ly  14, 1958, 108 ou t o f  200 ch ild ren  
w ere affected  (54.0 p e r  cen t). B etw een J u ly  5 a n d  Ju ly  17, 36 o u t o f  62 m em bers 
o f  th e  cam p-sta ff w ere rep o rted  ill. T he f ir s t  group of ch ildren  le ft th e  cam p  
on J u ly  14, and  tw o  d ay s  la te r  a new  g roup  of 200 ch ildren  a rriv ed . O f th e  
second  group, 53 (26.5 p er cent) ch ild ren  w ere affected. D uring  th is  period  
50 cases occurred in  th e  village P a rá d sa sv á r  (443 in h ab itan ts )  an d  8 cases 
w ere  rep o rted  from  th e  neighbouring  v illages. T h u s th e  to ta l  n u m b er of re p o rte d  
cases w as 255.

The infections occurring  in  th e  tw o  g roups of ch ildren  allow ed a good 
e s tim a tio n  of th e  in c u b a tio n  period of th e  disease. As show n b y  F ig . 1,
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3 to  4 days elapsed  from  th e  a rr iv a l of th e  second g roup  o f ch ild ren  u n til  
th e  on se t o f sy m p to m s. T he sy m p to m s persisted  for 3 to  4 day s in  b o th  groups. 
T he p a tie n ts  com plained  of n au sea , lack  o f a p p e tite  an d  d ia rrh o ea . T he 
te m p e ra tu re  was s lig h tly  above n o rm a l in  m ost cases ; som e o f th e  p a tie n ts , 
how ever, h ad  a te m p e ra tu re  o f  3 9 —40° C. M ost p a tie n ts  h a d  d y sp ep tic , 
p u tre sc e n t w a te ry  stoo ls. D ysen te ric , m ucous stools an d  re c ta l ten esm  also 
o ccu rred  in  some p a tie n ts , to g e th e r  w ith  num erous ab o rtiv e  cases. F ro m  th e

f irs t g roup  only a few , from  th e  second group nearly  h a lf  o f th e  affec ted  children  
w ere t r e a te d  in  th e  sick-room . T h u s, as a whole, th e  o u tb re a k  can  be regarded  
as a re la tiv e ly  m ild  one.

T he source o f  in fec tion  w as traced  b y  D r . L. K u b i n y i ,  D epartm ent 
o f  Water H ygiene, S ta te Institu te  o f  H ygiene. The sew age co n d u it from  th e  cam p 
was defective a t  a p o in t 5 m e te rs  from  th e  well o f a m in era l spring . T h u s 
sewage p e n e tra te d  th ro u g h  th e  soil in to  th e  m inera l w a te r. T h e  cau sa tiv e  
agen t was iso la ted  from  th e  c o n ten ts  o f a b reak p ressu re-rese rv o ir s itu a te d  
n ea r th e  p o in t o f th e  defect. T he su lphurous-carbon ic  w a te r  o f th e  m inera l 
spring  w as usually  consum ed  b y  th e  s ta ff  of th e  cam p  an d  b y  in h a b ita n ts  
of th e  village. No fu r th e r  cases occurred  am ong th e  ch ild ren  a fte r  th e y  h ad  
been  fo rb idden  to  d r in k  th e  p o llu ted  m ineral w a te r. S im ilarly , a f te r  closing 
th e  well and  ceasing to  b o ttle  th e  w a te r, no fu r th e r  cases w ere rep o rted  from  
th e  village. The c a rr ie r  causing  th e  f irs t po llu tion  o f th e  w ell w ith  E . coli 
0 :124  could no t be d e tec ted .

F ig . 1. Incidence  o f e n te ritis  am ong ch ild ren
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T he m ild in fec tio n  w as tre a te d  b y  p rescrib ing  saline p u rg a tiv e s , a c tiv a ted  
ch a rco a l and su lfonam ides. This tr e a tm e n t was effective a lth o u g h  n e ith e r 
o f  th e  stra ins were in  vitro  sensitive to  su lfonam ides.

Bacteriology

F rom  255 cases, 107 sam ples o f faeces w ere ex am ined . E . coli 0 :124  
s tra in s  were iso la ted  fro m  19 p a tie n ts  ; as from  som e cases th e  organism  was 
iso la te d  on rep ea ted  occasions, a lto g e th e r 24 s tra in s  w ere av a ilab le  for s tu d y . 
O n d eso x y ch o la te -c itra te  agar th e  o rganism  p ro d u ced  fa ir ly  well growing, 
n o n -lac to se-ferm en ting , sh igellaform  colonies. O n R ussel ag a r i t  grew  w ith  
Ted b u t t  and slight gas p ro d u c tio n . T he b iochem ical reac tio n s  g iven  by  these  
s tra in s  were like th o se  g iven  b y  slow -lac tose-fcrm enting  ty p ic a l E . coli s tra in s.

Table I  p resen ts  a com parison  o f th e  b iochem ical b e h av io u r of E . coli 
О g ro u p  124 s tra in s  described  by  d iffe ren t w orkers. I t  is seen th a t  in  th is 
re sp e c t there  is no im p o r ta n t  d ifference betw een  th e  s tra in s  from  various 
sources.

T he living c u ltu re s  o f th e  24 iso la ted  s tra in s  w ere a g g lu tin a te d  by  serum  
0 :1 2 4 , K:72 p rep a red  w ith  th e  liv ing cu ltu re  o f E w in g ’s s tra in  227. The 
liv in g  cu ltu res of th e  s tra in s  un d er in v es tig a tio n  w ere in ag g lu tin ab le  or sligh tly  
ag g lu tin ab le  in d ilu tio n s  1:10 or 1:20 of th e  pu re  О serum  p rep ared  w ith  
s tr a in  227 heated  fo r 2 %  hours a t  100° C. H ea tin g  th e  suspensions o f th e  stra ins 
fo r  1 ho u r a t 100° C re n d e re d  th em  agg lu tinab le  to  th e  end  t i t r e  in  p u re  0  serum .

Table II

A n a ly s is  o f  О and  К  antigens o f  strain  916

Antigens

OK serum, strain 227 OK serum, strain 916
0  serum 

strain 227, 
unabsorbedUnabsorbed

Absorbed by 
strain 916 

(living)
Unabsorbed

Absorbed by 
strain 227 

(living)

227 l iv in g ...................... 1 280 0 640 0 0*

916 l i v i n g ...................... 640 0 640 0 0*

227 1 h r. 100° C ............ 10 240 0 10 240 0 10 240

916 1 h r. 100° C ............ 10 240 0 10 240 0 10 240

* Slight ag g lu tin a tio n  a t  d ilu tions 1 : 20 and  1 : 40.

Cross abso rp tio n  te s ts  were carried  o u t w ith  s tra in  916, w hich h ad  been 
iso la te d  from  a p a t ie n t  in  th e  course o f th e  p resen t o u tb reak . Table I I  shows 
th e  cross absorp tion  t e s t  for s tra in s  227 and  916. T he com plete  antigenic 
s tru c tu re  of s tra in  227 w as 0 :124 , K :72, H:32. F o r cross a b so rp tio n , tw o types
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o f an tig en  suspensions were p rep ared  fro m  b o th  stra ins : liv ing  and  h ea ted  
fo r  1 ho u r a t 100° C. O K  sera were p re p a re d  w ith  living suspensions of s tra in s  
227 a n d  916. A p u re  O sérum  was p re p a re d  w ith  s tra in  227 h e a te d  fo r 2 %  hours 
a t  100° € . A ccord ing  to  Table I I ,  b o th  a n tig e n s  were ag g lu tin a ted  p ra c tic a lly  
to  th e  sam e t i t re  in  b o th  sera for th e  liv in g  s tra in s . Cross a b so rp tio n  of th ese  
se ra  w ith  th e  liv ing  s tra in s  caused a to ta l  ex h au stio n  o f ag g lu tin in s. D ue to  
th e  in h ib ito ry  ac tio n  o f  К  an tigens, th e  liv in g  cu ltu res were p rac tica lly  inagg lu - 
t in a b le  in  pure О se ru m . The suspensions becam e O agg lu tinab le  a fte r  h ea tin g  
a t  100° C for 1 h o u r .

H  an tigen  suspensions of th e  24 s tra in s  from  th e  o u tb re a k  u n ifo rm ly  
show ed  a g g lu tin a tio n  to  th e  end t i t r e  in  a n  abso rbed  II  serum  fo r s tra in  227. 
F o r  p reparing  H  a n tig e n  suspensions, i t  w as necessary  to  m ak e  sub cu ltu res  
in  sem isolid  agar. C onsequen tly , th e  an tig en ic  form ula of th e  s tra in s  from  
th e  o u tb reak  can  be  characterized  acco rd in g  to  th e  E . coli an tigen ic  schem a 
as 124:72:32, w here  th e  num ber before  th e  f i r s t  colon m eans th e  О an tig en , 
n u m b e r  72 shows th e  К  an tigen  (d es ig n a ted  earlier as B:17) and , f in a lly , 
n u m b e r  32 refers to  th e  H  antigen .

The s tra in s  f ro m  th e  o u tb reak  w ere u n ifo rm ly  sensitive  to  C h lo rte tra
cycline , O xyte tracycline, ch lo ram phen ico l, s trep to m y c in , n eom ycin  and  p o ly 
m y x in  B, m o d e ra te ly  re s is tan t to  e ry th ro m y c in  and  re s is ta n t to  pen ic illin  
a n d  to  sulfonam ides.

T able  I I I

Titres o f  sera fro m  various sources against E . coli antigens О : 124 
and  К  : 72 adsorbed on red blood cells

Total Number of sera giving end titres of
Group of sera number 

of sera 4 8 16 32 64 Mean titre*

P a tien ts  from  th e  
o u tb reak 25 2 8 7 4 4 15.8

O ther p a tie n ts  
(W idal sera) 35 3 7 11 7 7 18.7

H ealthy  in d iv id u a ls  
(W asserm ann se ra) 67 15 21 16 10 5 11.6

* m ean t i t r e  =  d f 1i d . f  - . . .  dnnn 
d1,d 2... dn =  recip roca ls o f serum  d ilu tio n s  
i»j ,  n2 ... n„ =  n u m b e r  o f sera g iving th e  corresponding titre  

N  =  to ta l  num ber o f sera

Table I I I  p re se n ts  the  ag g lu tin in  t i t r e s  of sera from  p a tie n ts  a g a in s t 
E . coli 0 :124 a n d  K :72 antigens ad so rb ed  on red  blood cells. As a c o n tro l,
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s e ra  from  o th e r p a tie n ts  (W idal sera) an d  sera from  n o rm a l persons (W asser
m a n n  sera) w ere te s te d . Sera ag g lu tin a tin g  no rm al sheep  e ry th ro cy te s  w ere 
o ften  m et w ith  : 5 o u t o f 25 sera from  th e  o u tb reak , 19 o u t o f 54 W idal sera 
a n d  41 o u t o f 108 W asserm an n  se ra  b ehaved  in  th is  m an n e r. Such sera  from  
th e  o u tb reak  ab so rb ed  by  no rm al e ry th ro cy tes  gave specific ag g lu tin a tio n . 
C on tro l sera  w ith  ag g lu tin in s for n o rm a l red  blood cells h av e  n o t been included  
in  th e  T able. Table I I I  shows in  each  exam in a tio n  g roup  th e  n u m b er of sera 
g iv ing  various end  titre s . C onsidering th e  m ean  o f th e  t i tre s , i t  is clear 
t h a t  th e re  was no sign ifican t d ifference betw een  th e  sera  of th e  th ree  
g roups.

D iscussion

The epidem ic described  in  th e  p resen t pap er w as w ith in  a sh o rt period 
th e  th ird  w ate r-b o rn e  o u tb reak  in  H u n g a ry , whose seriously  suspected  cau sa 
tiv e  agen t has been  id en tified  as an  organism  belonging to  E . coli О group 124. 
T h e  pathogen ic  role o f E . coli 0 :1 2 4  b ac te ria  seem s now  to  be confirm ed b y  
d iffe ren t observers, as in  th e  o u tb re a k s  th e  faeces from  th e  p a tie n ts  co n ta in  
th e  organism  in  la rg e  n u m b ers  b u t  no o th e r know n p a th o g en ic  b ac te ria . The 
possib le  p a th o g en ic ity  o f E . coli 0 :1 2 4  has been show n also b y  our recen t 
iso la tio n s  of th is  o rgan ism  from  cases of sporadic en te ritis .

In  th e  p re se n t in v es tig a tio n s , on ly  24 o u t of 107 faeces w ere positive 
fo r  E . coli 0 :124  ; th is  m ay  have  been  due to  th e  fa c t th a t  in  th e  f irs t  days 
o f  th e  o u tb re a k  th e  Public Health Laboratory o f  Eger h a d  no specific a n ti
se ru m  and  h ad  observed  th e  cau sa tiv e  agen t only by  i ts  c u ltu ra l an d  b iochem i
cal p roperties.

The ag g lu tin in  response in  p a tie n ts  suffering from  E . coli 0 :124  en te ritis  
is poor, s im ilarly  to  th a t  in  in fa n ts  in fec ted  w ith  p a th o g en ic  E . coli s tra in s. 
C onsidering th e  sh o rt course and  th e  localization  of th e  in fec tion , th e  poor 
ag g lu tin in  response is n o t surp rising .

T he o b serv a tio n s of H o bbs et al., of K é t y i et al. an d  o f o u r own have 
sh ed  som e lig h t on th e  clinical course of th e  disease due to  E . coli 0 :124 . 
T h e  difference found  betw een  th e  in cu b a tio n  periods m ay  be ex p la ined  b y  a 
v a r ia tio n  in  th e  in fec tive  doses.

I t  has to  be p o in ted  o u t th a t  E . coli 0 :124 , u n like  E . coli sero types 
asso c ia ted  w ith  epidem ic in fan tile  en te ritis , was u n ifo rm ly  pathogen ic  to  
in fa n ts , ch ildren  an d  ad u lts . T h e  clinical course o f th is  ty p e  o f en teritis  
a n d  an d  th e  a b ility  o f th e  cau sa tiv e  agen t to  p ro d u ce  m ass infections 
m akes i t  necessary  to  su b jec t th e  reconvalescen t carrie rs  to  th e  sam e 
p rev en tiv e  m easures as are u su a l fo r th e  contro l of d y se n te ry  and  salm o
nellosis.

6*
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Sum m ary

A w ater-borne o u tb re a k  affec ting  255 persons has been  desc rib ed . A ccording to  th e  
an tig en ic  analysis, th e  c a u s a tiv e  ag en t iso la ted  from  th e  faeces o f th e  p a tie n ts  corresponded  
to  E w in g ’s s tra in  227. W ith in  a sh o rt p e rio d  th e  p re sen t ep idem ic was th e  th ird  w ater-bo rne  
o u tb re a k  o f en te ritis  in  H u n g a ry  asso c ia ted  w ith  E . coli 0  : 124. T he n a tu re  o f  th e  in fection  
c au sed  b y  th is organism  m ak e s  i t  n ecessary  to  su b jec t th e  convalescen t ca rrie rs  to  th e  sam e 
p re v e n tiv e  m easures as a re  u su a l for th e  co n tro l o f  d y se n te ry  an d  salm onellosis.

Acknowledgement. T h e  a u th o rs  w ish  to  th a n k  D r . G. Se r e s s , m ed ica l o ffice r o f h e a lth , 
fo r co llecting  th e  ep idem io log ica l d a ta  a n d  p ro v id in g  th e  d iag ram .
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CYTOMORPHOLOGICAL CHANGES IN HUMAN 
EMBRYONIC KIDNEY TISSUE CULTURES INFECTED 

WITH ADENOVIRUS TYPE 5 STRAINS
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Since th e  in itia l w ork  of R ow e  et al. [1] pu b lish ed  in  1953, severa l 
au th o rs  h a v e  in v es tig a ted  th e  d eg en era tiv e  changes in d u ced  b y  d iffe ren t 
ty p e s  o f  adenov irus in  v a rious tissu e  cu ltu res. T he c y to p a th ic  changes in  
in d iv id u a l cells were also stu d ied .

R o w e  et al. [1] s tu d ied  th e  cy to p a th o g en ic  effect o f adenov iruses in  
h u m a n  em bryon ic  tra c h e a l cells, w hereas su b seq u en t in v es tig a to rs  used  m ain ly  
H eL a  [2, 3, 4] an d  m onkey  k id n ey  cell cu ltu res  [4, 5]. T he effect o f ad e n o 
v iruses on  D e tro it 6 [6], h u m an  em b ry o n ic  lung  [2] an d  ra b b it  k id n ey  cu l
tu re s  [7] has been  also s tu d ied . T y p e  an d  h is to ry  of th e  s tra in s  in  th ese  
s tu d ies  w ere also d ifferen t. A ccord ingly , m ore or less d iffe ren t changes as 
caused  b y  adenoviruses h av e  been described . N evertheless, irre sp ec tiv e  of 
s tra in  a n d  h o st, th e  p rim ary  effects a n d  th e  m ost p ro m in en t changes w ere 
alw ays localized  in  th e  cell’s nucleus.

T h is re p o rt describes th e  a lte ra tio n s  in  h u m an  em bryon ic  k id n ey  cells 
in fec ted  w ith  adenov irus ty p e  5.

M aterials an d  m ethods

V iru s strains. F o u r s tra in s  o f ty p e  5 ad en o v iru s w ere used  in  th e  e x p erim en ts . One 
o f  th em  w as k in d ly  su p p lied  b y  D r. U. K .R E C H  (S w itzerland), a n o th e r  b y  D r. I .  B É L Á D I 
(Szeged). T w o stra in s  w ere reco v ered  b y  us fro m  tonsils [8]. T he seed v iru s was p ro d u ced  
in  h u m an  am n io tic  cu ltu res  and  t i t r a te d  in  h u m a n  em bryonic  k id n ey  cell cu ltu res . A single 
in ocu lum  in  th e  m ain  experim en ts  c o n ta in ed  104 T C ID 50 o f  v irus.

T issu e  cultures. T he h u m an  am n io tic  cell c u ltu re s  w ere p re p a re d  as described  e a rlie r  [9, 
10], b u t  in  sev era l cases a  H u n g a rian  p re p a ra tio n  o f  e lastase  was u sed  in s te a d  o f try p s in ,  as 
reco m m en d ed  by  F ű z i et al. [11]. In  p re p a rin g  n u tr ie n t  flu id s , a  5 p e r  cen t s to ck  so lu tio n  of 
la c ta lb u m in e  h y d ro ly sa te  (L A H ) dissolved in  H a n k s ’ so lu tion  was u sed . T he g ro w th  m ed iu m  
fo r h u m an  am n io tic  cells consisted  o f 20 p e r  c e n t h u m an  serum , 10 p e r  cen t L A H  s to ck  so lu 
tio n  an d  70 p e r  cen t H a n k s ’ so lu tion .

T he k id n ey  cell cu ltu res  w ere p re p a re d  b y  try p sin iza tio n  fro m  th e  k id n ey s o f  3— 5 
m o n th  o ld  h u m an  em bryos. T he g ro w th  m ed iu m  co n ta in ed  20 p e r  cen t h u m an  se ru m , 8 p e r  
c en t L A H  s to ck  so lu tion  an d  72 p e r  cen t H a n k s ’ so lu tion . T he cell suspension  was d is tr ib u te d  
in  tu b es , 1 m l in  each. A 1 8 x 5  m m  coverslip  w as p laced  in  each  tu b e  to  o b ta in  m o n o lay e r 
cu ltu re s  su ita b le  for s ta in in g  an d  m icroscopica l exam in atio n . T he m a in ten an ce  so lu tio n  fo r 
b o th  ty p e s  o f  cu ltu re  consisted  o f  5 p e r c en t r a b b i t  se rum , 5 p e r c en t L A H  stock  so lu tio n  an d  
90 p e r c e n t H a n k s ’ so lu tion . T he cu ltu re s  w ere in cu b a ted  a t  37° C.
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M ethod o f follow ing the cellular changes. O nce in  e v e ry  8— 12 ho u rs  u n til  th e  120th  h o u r  
a f te r  in fec tion  th e  coverslip  p re p a ra tio n s  were re m o v e d  fro m  a  few  c u ltu re  tu b es  w ere a lw ay s 
ex am in ed  in  paralle l. T h e  co v erslip  cu ltu res w ere r in se d  sev era l tim es  w ith  saline an d , a f te r  
5 to  8 m in u te s’ f ix a tio n  in  m e th a n o l, s ta ined  w ith  G iem sa’s so lu tion . T he w orking d ilu tio n  
o f th e  s ta in  was p re p a re d  b y  m ak in g  up  2 d ro p s o f  th e  s to ck  so lu tio n  to  1 m l w ith  d is tilled  
w a te r . The la t te r  was b o iled  a n d  cooled before use . T h e  e x ac t le n g th  o f  th e  s ta in ing  p e r io d , 
v a ry in g  usu a lly  b e tw een  40 a n d  80 m inu tes, w as estab lish ed  in  each  case b y  con tro lling  th e  
p re p a ra tio n s  u n d e r th e  m ic ro sco p e  while sta in in g . P re p a ra tio n s  rem o v ed  80 hours o r m o re  
a f te r  in fec tion  were s ta in e d  w ith  d ilu te  G iem sa’s so lu tio n .

R esults

The in tra n u c le a r  changes in  h u m an  em b ry o n ic  k id n ey  cells following in fe c 
tio n  w ith  104 T C ID 60 o f adenov irus ty p e  5 w ere v ariab le . T he presence or a b 
sence of some kinds o f chan g es seem ed to  be d ep en d en t u p o n  th e  len g th  of th e  in 
te rv a l  betw een in fec tio n  a n d  exam ination , su ggesting  a sequence o f these  changes 
progressing  w ith  tim e . I n  th e  case of o th e r  in tra n u c le a r  a lte ra tio n s , we could  
n o t  observe any  p rog ress w ith  tim e. F o r convenience of d escrip tio n , th e  sequence 
o f changes, as th o u g h t to  be progressing w ith  tim e , has been d iv ided  in to  
5 stages. I t  is to  be em phasized  th a t  th e  o n se t of th e  sam e ty p e  of a lte ra tio n  
in  th e  ind iv idual cells w as n o t synchronous. A  v a r ie ty  o f  a lte red  cell ty p e s  
w ere p resen t in  m o st o f  th e  infected  cu ltu re s  s tu d ied , a n d  several in ta c t  
cells w ere still p re sen t on  th e  5 th  day  a f te r  in fec tion . In  th e  following, we c h a r 
ac te rize  th e  five  s tag es  of degenera tion  b y  th e  changes m ost f re q u e n tly  
o bserved  in  th e  g iven  periods.

Stage I . F ro m  16 to  30 hours a fte r  in fec tio n  an  in tra n u c le a r  eosinophilic  
g ran u la tio n , th e  m o st p re d o m in a n t ea rly  change, becam e a p p a re n t an d  m a d e  
th e  a lte red  cells easily  d istingu ishab le  from  th e  con tro l cells (F ig . 1 ). T h ree  
d iffe ren t p a tte rn s  o f  eosinophilic g ran u la tio n  w ere observed .

(a) Diffuse in tra n u c le a r  g ran u la tio n  w as th e  m ost freq u en t fe a tu re  
(F ig . 2 ) .  R arefied  o r c lea r zones b e n e a th  th e  n u c lea r m em brane  and  ro u n d  
th e  nucleoli were o ften  observed. The nucleo li could easily  be d istingu ished  
fro m  th e  re st of th e  n u c le a r  substance.

Plate 1 and2. T he p h o to g rap h s  rep resen t h u m a n  em b ry o n ic  k id n ey  tissu e  cu ltu res , p a r tic u 
la r ly  th e  cells’ nuclei, s ta in e d  w ith  G iem sa’s so lu tion . In fec tio n  w ith  ad en o v iru s ty p e  5. M agni
f ic a tio n , abou t 1600 X .

Fig. 1. N orm al n u c le u s . N ucleoli a re  c learly  v isib le .
Fig. 2. N ucleus 38 h o u rs  a f te r  in fection . E o sinoph ilic  d iffuse  g ra n u la tio n . N ote  r a re 

f ie d  zones ro und  th e  n u c leo li.
Fig. 3. In tra n u c le a r  ro u n d  aggregates o f  eosinophilic  g ran u les, 38 hours a f te r  in fec tio n . 

N ucleo li (N ) a re  d is tin g u ish a b le .
Fig. 4. R ound  eo sinoph ilic  aggregates w ith  c irc u la r  s tru c tu re , 60 hours a fte r  in fec tio n . 

N ucleo li (N) are d is tin g u ish a b le .
Fig. 5. B undle-like  eosinophilic  g ra n u la tio n , 44 h o u rs  a f te r  in fec tion . N ucleoli c an  b e  

d istin g u ish ed .
Fig. 6. E osinoph ilic  (E )  an d  basophilic  (B ) ag g reg a tes a t  th e  c en tre  o f th e  nu c leu s. 
Fig. 7. E osinophilic  c e n tra l  c luster w ith  g ra n u la r  s tru c tu re , 60 hours a f te r  in fec tio n . 

D istin g u ish ab le  nucleoli (N ).
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Plate 2
Fig. 8. E osinophilic  c e n tra l  c lu s te r in  w hich  g ra n u la r  s tru c tu re  is n o t visible. N ucleolus 

is h a rd ly  d istingu ishab le. 60 hours a f te r  in fection .
Fig. 9. Cell 60 h o u rs  a f te r  in fection . C y top lasm , nucleus an d  in tra n u c le a r  eosinophilic  

c e n tra l  m ass are c lea rly  v is ib le . N ucleolus is n o t visible.
Fig. 10. B asoph ilic  c e n tra l  m ass. The re s t  o f th e  nucleus a p p ea rs  glassy . R arefied  zone 

b e n e a th  the  nuclear m em b ran e . N ucleolus is n o t v isib le . 60 hours a f te r  in fection .
Fig. 11. D a rk -s ta in in g , hom ogeneous eosinophilic  bodies la rg e r th a n  th e  g ranu les in  

th e  above Figs. P e rsis tin g  nucleo li (N ). 38 hours a f te r  in fection .
Fig. 12. In tra n u c le a r  eosinophilic  bodies (E ) la rg e r th a n  those  in  F ig . 11, su rro u n d ed  

b y  a basophilic  ring . N u c leo lu s (N ) can  be recognized. 60 hours a f te r  in fec tion .
Fig. 13. R o d -sh ap ed  c ry sta l-lik e  in tra n u c le a r  bodies, 60 hours a f te r  infection.
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(b) In  som e o f the  cells th e  eosinophilic  g ranu les form ed round  or o v a l 
agg regates. T h e  re s t  o f th e  nucleus w as e ith e r  ra re fied  or d iffusely  g ra n u la te d  
(F ig . 3 ) .

(c) Sm all g roups of eosinophilic  g ranu les w ere often  su rro u n d ed  b y  a 
c lear zone a n d  a g ran u la r o u te r rin g  (F ig . 4 ) .

Stage I I .  F ro m  30 to  45 h o u rs  a fte r  in fec tio n  th e  ap p earan ce  of c lu ste rs  
p ro b a b ly  d e riv in g  from  the  diffuse g ra n u la tio n  o f S tage I  w as th e  m ost p r e 
d o m in a n t fe a tu re . T he granules in  th e  c lu ste rs  w ere still well visible (F ig . 5 ) .  
M ost o f th e  c lu s te rs  were eosinophilic, on ly  few  were observed  to  tu rn  b a so 
philic  (F ig . 6 ) .  T he  nucleoli w ere w ell-d ifferen tiab le .

Stage I I I .  F ro m  40 to  50 h o u rs  a f te r  in fec tion  th e  g ranules were g a th e rin g  
in  th e  cen tre  o f th e  nucleus to  fo rm  th e re  oblong c lusters or bundles. In  som e 
of th e  nuclei th e  c lu sters  were s till g ra n u la te d  an d  th e  nucleus could be d is t in 
gu ished  (  F ig . 7 ) ,  in  others n e ith e r  g ra n u la r  s tru c tu re  n o r d is tin c t nucleo li 
w ere o bservab le  (F ig . 8 ) . E osinoph ilic  s ta in in g  was still p red o m in an t.

Stage I V .  F ro m  45 to  60 h o u rs  a f te r  in fec tion  th e  m a jo rity  of th e  cells 
w as a lread y  a ffec ted . The nucleoli could  n o t be d istingu ished . The n u c lea r  
su b stan ce  fo rm ed  a single round  c e n tra l m ass, w hich was m ore often  in ten se ly  
eosinophilic th a n  basophilic . T he in tra n u c le a r  b ackground  w as alm ost c lear 
or som e fa in t s tru c tu re  of c o m p a rtm e n ts  ra d ia tin g  o u t from  cen tra l m ass  
w as observab le . L a te r  the  b ack g ro u n d  becam e p ink  an d  glassy an d  th e  
ce n tra l m ass basoph ilic  (F ig . 1 0 ).

Stage V. F ro m  60 to  75 h o u rs  a f te r  in fec tion  no g ran u la tio n  could a n y  
m ore be o bserved  an d  a decrease in  th e  size o f th e  cy top lasm  becam e obv ious. 
(In  th e  cy to p la sm  only  vacuola a n d  som e h e te ro g en e ity  h ad  prev iously  b een  
visib le). T he w hole cell began to  sh rin k  an d  basophilic  sta in in g  becam e m ark ed . 
F in a lly , th e  in te n se ly  basophilic  cells ro u n d ed  up  an d  lost th e ir  s tru c tu re . 
F ro m  th a t  tim e  on, m ore and  m ore  cells d e tach ed  from  th e  coverslip a n d , 
on th e  5 th  d ay  a f te r  infection , o n ly  few  cells, m ost of th em  rounded , basoph ilic  
an d  s tru c tu re le ss , w ere seen.

T he f ir s t  4 stages of the  h y p o th e tic a l sequence of changes are rep resen ted  
d iag ram m atica lly  in  Text-F ig. 1.

In  som e p rep a ra tio n s  we o b serv ed  ce rta in  o th e r changes w hich cou ld  
n o t be in se rte d  in to  the  h y p o th e tica l sequence of changes as ou tlined  above . 
I n  a few  of th e  p rep ara tio n s  rem o v ed  a fte r  th e  30 th  h o u r, besides th e  p re 
d o m in a n t o ccu rrence  of th e  g ra n u la r  ty p e  o f degenera tion , nuclei co n ta in in g  
20 to  30, a p p a re n tly  s tru c tu re le ss , s tro n g ly  eosinophilic bodies, were also  
observed  (F ig . 1 1 ). O ther nuclei, a f te r  th e  5 0 th  hou r, con ta ined  2 or 3 la rg e r 
eosinophilic bod ies, each su rro u n d ed  b y  a basophilic  ring  (F ig . 12). F in a lly , 
ab o u t th e  6 0 th  h o u r  a fte r in fec tion , we observed  nuclei con ta in ing  2 or 3 ro d 
sh ap ed  bodies w h ich  often  seem ed c ry s ta llin e  in  ou tline. In  ad d itio n , th e  sam e 
nucle i show ed one o f th e  m ore fre q u e n t ty p e s  of degenera tion  (F ig . 1 3 ) .
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N early  all th e  a ffec ted  cells a p p e a re d  to  be en larged  an d  m an y  o f th e m  
also  deform ed. C o m p ara tiv e  d a ta  on  th e  size of n o rm al an d  v iru s-in fec ted  
nuc le i are p resen ted  in  Table I . Since th e  fig u res  rep resen t on ly  one d im ension , 
viz. th e  longest d ia m e te rs  of th e  nuclei, th e  difference, as show n in  Table I ,  
re f le c ts  th e  increase in  n uclear size o n ly  app rox im ate ly .

Text-fig . 1. D ia g ram m a tic  re p re se n ta tio n  o f  hu m an  em bryon ic  k id n ey  cell nucle i 
in fec te d  w ith  ad en o v iru s ty p e  5. 1 =  n u c lea r m em b ran e , 2 =  nucleo lus, 3 =  eosinophilic  
d iffu se  g ran u la tio n , 4 =  ag g reg a te  o f eosinophilic  g ranu les, 5 =  eosinophilic  ag g reg a te  w ith  
c irc u la r  s tru c tu re , 6 =  eosinophilic  g ra n u la r  c lu s te r , 7 =  cen tra l c lu s te r  w ith  eosinophilic  
g ra n u la tio n , 8 =  eosinoph ilic  s truc tu re less c e n tra l  c lu s te r, 9 =  eosinophilic  c en tra l m ass, 
10 =  basophilic  c en tra l m ass, 11 =  glassy b ack g ro u n d .
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T ab le  I

Frequency distribution in  per cent o f  the longer diameters o f  control nuclei 
and those infected w ith  adenovirus type 5

Nuclei
D i a m e t e r  i n  p

7—S 9—10 11—12 13—14 15— 16 17—18 19—20 21—22 23—24 25—26 27—28 29—30

C ontro l 5* 15 i 6 17 18 16 8 4 l — — —

In fec ted — 1 2 10 17 18 22 11 8 7 2 2

* =  P er cent o f  d iam ete rs  m easured .

I t  is seen th a t  a b o u t 80 p e r c e n t o f th e  nuclear d iam ete rs  fell betw een  
9 a n d  18 [j, in  th e  g roup  o f  th e  n o rm al cells. The sam e p ro p o rtio n  o f th e  v irus- 
in fec ted  cells show ing degenera tive  chan g es m easured  b e tw een  13 a n d  22 fi 
in  d iam eter.

D isc u ss io n

I t  is d ifficu lt to  e s tab lish  w hich  o f th e  above-described  deg en era tiv e  
changes were connected  w ith  th e  v ira l syn thesis  and  w hich  w ere m erely  m a n i
fe s ta tio n s  of non-specific  cell d am ag e  an d  abnorm al m e ta b o lite  a c tiv itie s  
o f th e  v irus-in fec ted  cell. T he v iew  t h a t  th e  nuclear g ran u les  are  in  re la tio n  
w ith  th e  v ira l syn thesis , is su p p o rted  b y  th e  observation  th a t  th e  eosinophilic  
g ra n u la tio n  becam e la te r  basophilic . A ccording to  B oyer  et al. [3], th is  
sequence suggests th e  in itia l lay ing  dow n of a basic p ro te in , w ith  th e  la te  
a d d itio n  of acid com ponen ts, of w hich D N A  appears to  c o n s titu te  an  im p o r ta n t 
p a r t .  T he accum ulation  o f D N A , on  th e  o th e r hand , m a y  be  a m an ife s ta tio n  
o f  th e  in tran u c lea r  v ira l syn thesis.

F indings b y  e lec tro n  m icroscopy  also support th is  v iew  [12, 13, 14]. 
I n  cells in fected  w ith  adenov irus a g re a t num ber of in tra n u c le a r  v iru s-like  
bodies show ing c ry sta l-like  a rra n g e m en t w ere found.

S u m m a ry

T he changes o ccurring  in  h u m an  em b ry o n ic  k idney  tissue c u ltu re s  a f te r  in fec tio n  w ith  
ty p e  5 adenovirus have  b een  in v es tig a ted . T he e a rly  changes w ere loca lized  in  th e  nucleus. 
T h e  f i r s t  in tra n u c le a r change w as a n  eosinophilic  g ran u la tio n , e ith e r  d iffuse  o r fo rm ing  ag g re 
g a te s . T he la t te r  w ere o f te n  su rro u n d e d  b y  a  c lea r zone and a  g ra n u la te d  o u te r  rin g . T he 
n u c le i o f  th e  affec ted  cells w ere  en larged . T h ro u g h  several in te rm e d ia te  stages th e  in t r a 
n u c le a r  eosinophilic g ra n u la tio n  p rogressed  to  a  basophilic c en tra l m ass. F in a lly , th e  c y to 
p lasm  decreased in  size a n d  th e  sh ru n k en , ro u n d e d  cells d e tach ed  fro m  th e  glass. Less fre 
q u e n tly  th e  p a tte rn  o f  n u c le a r degen era tio n  w as d ifferen t. Some n u c le i co n ta in ed  20 to  30 
m in u te , while o th ers  2 o r  3 la rg e r, eosinophilic  bodies each su rro u n d e d  b y  a basoph ilic  r in g , 
o r  2 o r 3 ro d -sh ap ed , c ry sta l-lik e  inclusion  bod ies .
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T h e  A cta  M icrobiologica p u b lish  p a p ers  on m icrob io log ica l su b je c ts  in  E n g lish , G erm an , 
F ren ch  a n d  R ussian .

T he A cta  M icrobiologica  a p p e a r  in  p a r ts  o f v a ry in g  size, m ak in g  u p  vo lum es. 
M an u sc rip ts  should  be ad d ressed  to

A cta  M icrobiologica, B udapest, K ele ti P ostahivatal, P o sta fió k  64.

C orrespondence  w ith  th e  e d ito rs  sho u ld  be  se n t to  th e  sam e ad d ress .
T h e  r a te  o f su b sc rip tio n  to  th e  A cta  M icrobiologica  is 110 fo r in ts  a  volum e. O rders 

m ay  be p laced  w ith  „ K u l tú r a ”  F o re ig n  T rad e  C o m p an y  fo r B ooks a n d  N ew sp ap ers  (B u d a 
p est, V I., N ép k ö z tá rsa ság  ú t ja  21. A cco u n t N o. 43-790-057-181) or w ith  re p re se n ta tiv e s  a b ro ad .

L es A cta  M icrobiologica  p a ra is s e n t en fran ça is , a llem an d , an g la is  e t russe  e t p u b lie n t 
des t r a v a u x  d u  dom aine de la  m icrob io log ie.

Les A cta  M icrobiologica  so n t pu b liés  sous fo rm e de fascicu les q u i se ro n t réun is en  
vo lum es.

O n e s t p rié  d ’en v o y er les m an u sc rits , destin és à  la  ré d a c tio n , à  l ’adresse  su iv a n te  : 

A cta  M icrobiologica, B udapest, K ele ti Postahivatal, P o sta fió k  64.

T o u te  co rrespondance  av ec  la  ré d a c tio n  d o it ê tre  envoyée à c e tte  m êm e adresse.
Le p r ix  de l ’ab o n n em en t e st de 110 fo rin ts  p a r  vo lum e.
O n p e u t s’ab o n n er à  l ’E n tre p ris e  p o u r le Com m erce E x té r ie u r  de L iv res  e t Jo u rn a u x  
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STUDIES ON THE IMMUNE EFFECT OF SHIGELLA 
AND TETANUS ANTIGENS COMBINED WITH  

“BOOSTER” ANTIGENS

B y

L . R É T H Y , K .  R á ü s s , I .  K É T Y I and  J .  M a ROCZI

A n a to x in  D epartm ent, Research Institu te  „ H u m a n "  fo r  Vaccine P roduction, B udapest and  
Institu te  o f  M icrobiology, M edical University, Pécs

(R eceived  O c to b er 2 , 1958)

T h e  im m une effect o f s im u ltan eo u sly  ad m in is te red  an tig en s has been  
d iscussed  in  th e  lite ra tu re . Som e au th o rs  w rite  abo u t an  a d ju v a n t, o th ers  
a b o u t a n  an tag o n is tic  ac tio n . B a r r  and  L l e w e l l y n - J o n e s  [1, 2 , 3] found  
th a t  an  in te rfe rence  in  th e  im m une effects o f associated  an tig en s re su lted  
m a in ly  w hen  one of th e  an tigens ac ted  as a booster s tim u lu s. T he im m une  
effect o f  th e  boo ste r an tig en  in te rfe res  w ith  th a t  of the  an tig en  ac tin g  as th e  
basic  im m u n isan t an d  th e  la t te r  is considerab ly  less effective th a n  if  ad m in is
te re d  alone.

C h e n  et al. [4] fu lly  c o n f irm e d  th e  r e s u lts  o f  B a r r  and  L l e w e l l y n - 
J o n e s  in  t h a t  th e y  fo u n d  t h a t  th e  im m u n e  effec t o f  a n t ig e n s  a d m in is te re d  
to g e th e r  w ith  th e  b o o s te r  d ip h th e r ia  a n t ig e n  w as m u c h  w e a k e r  in  in fa n ts  
p o sse ss in g  a b as ic  im m u n ity  a g a in s t d ip h th e r ia  th a n  in  th o s e  w ith o u t  su c h  
b a s ic  im m u n ity .

T hese  observa tions a re  of p a ra m o u n t im p o rtan ce , especially  in  areas 
w here v acc in a tio n s are  ca rried  o u t along b ro ad  lines. U n d e r such  cond itions 
one or a n o th e r  of th e  vaccines used  a lm o st in ev itab ly  co n ta in s  a co m p o n en t 
or co m p o n en ts  ac tin g  as a b o o ste r s tim u lu s . The p h enom enon  o b served  b y  
B a r r  et al. m ay  th u s  seriously  in te rfe re  w ith  th e  efficiency o f a v acc in a tio n  
cam p a ig n  ; some ind iv id u a ls  m ay  rem ain  u n p ro tec ted  o r w ill develop in su f
fic ien t im m u n ity .

V accinations are  w idely  p erfo rm ed  in  H u n g ary  so th a t  th e re  are  h a rd ly  
an y  su b je c ts  who w ould n o t h av e  been  in o cu la ted  against d ip h th e ria , te ta n u s , 
ty p h o id  fever or p e rtu ssis . T he problem  ra ised  by  th e  re p o r t  o f  B a r r  and  
L l e w e l l y n - J o n e s  is th e re fo re  of g rea t significance in  th is  c o u n try . This 
h as  m ad e  us to  s tu d y  th e  phenom enon  in  sub jec ts  im m u n ized  earlie r w ith  
d ip h th e r ia , te ta n u s , p e rtu ss is  an d /o r ty p h o id  vaccines, in v e s tig a tin g  th e  re 
sponse to  such com bined  vaccines in  w hich  one or m ore com ponen ts ac ted  
as b o o s te r  antigens.

1 Acta Mierobiologica VI/2.
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M a te r ia ls  a n d  m e th o d s

(i) Antigens.

1. T etanus an d  d ip h th e r ia  a n a to x in s  w ere p u rif ie d  b y  th e  tr ic h lo rac e tic  acid m eth o d  
o f S u r já n , R ic h ter  a n d  R é t h y  [5] to  a  g rade  of 300 B . U ./m g  P N  a n d  900 to  1.100 L f/m g 
P N , respec tive ly . T he v a lu e  o f a n a to x in s  is given in  L f  fo r d ip h th e r ia  a n d  in  B. U . (b in d in g  
u n i t  ; 1 B . U. is p ra c tic a lly  e q u iv a len t to  1 L f) fo r te ta n u s .

2. The pertu ssis  a n tig e n  w as a  bac illa ry  p e rtu ss is  vacc in e  ; i ts  m icrob ial co u n t w as 
d e te rm in e d  on th e  basis o f  th e  N . I .  H . s ta n d a rd  [6].

3. E n te ric  an tig e n s , (a ) E n te r ic  an tig en s w ere p ro d u c te d  b y  m ass cu ltiv a tio n  in  fer- 
m e n to rs , from  th e  follow ing s tra in s  : Salmonella typ h i  Т у . 2. ; Shigella f le x n e r i  2 a “ Z an m rd i”  ; 
Shigella  f le x n er i  3 “ 31342” ; Shigella sonnei “ K iss” .

(6) A t th e  end o f c u ltu r in g , e x tra c t  a n tig en  w as p re p a re d  from  th e  cen trifuged  b a c te r ia l 
m ass b y  th e  m ethod  o f B o iv in  a n d  Mesro bea n u  [7]. A fte r d ia lysis, physio logical co rrec tio n  
a n d  f i l t r a tio n  for s te r ility , th e  an tig en s w ere assayed  b y  th e  h a e m ag g lu tin a tio n  in h ib ito n  (H I) 
t e s t  developed  by  R auss  a n d  K é t y i [8], ag ain st a  s ta n d a rd  a n tig en . T h e  an tigen ic  v a lu e  
o f  th e  vaccine is g iven  in  H IU  (h aem ag g lu tin a tio n  in h ib itio n  u n its )  in  Table I.

(ii) Vaccines and  technique o f  vaccination.

T he com position  o f  th e  vacc ines used in  th e  p re sen t an d  th e  p rev io u s im m u n iza tio n s 
is  sh o w n  in  Table I .  P re p a ra t io n  o f th e  TY — DYS— Т Е  vacc ines h a s  been  described [9]. 
I f  tw o  doses were a d m in is te re d , th e  in te rv a l b e tw een  th e  v acc in a tio n s  w as 4 weeks.

T he vaccines u se d  a re  d en o ted  b y  th e  follow ing ab b rev ia tio n s . P re c ip ita ted  ty p h o id  
v a cc in e , T Y  ; p o ly v a len t d y se n te ry  vacc ine , D Y S ; p re c ip ita te d  d ip h th e r ia  a n a to x in , D I ; 
co m b in ed  d ip h th e r ia - te ta n u s-p e r tu ss is  vaccine , D I— Т Е — P E  ; com bined  d ip h th e ria -te ta n u s- 
p e rtu ss is-d y sen te ry  v a cc in e , D I-T E -P E -D Y S  ; com bined  ty p h o id - te ta n u s  vaccine, T Y -T E  ; 
co m b in ed  ty p h o id -d y se n te ry - te ta n u s  vacc ine , T Y -D Y S-T E .

Table I

Composition and  dose o f  the vaccines used in  the investigations

Quantity of antigen /ml
Vaccine Dose Lf B. U. 10®germs HIU Adsorbent, ml

Di Те Pe FI. 2a FI. 3 So. Ту

т у 1 X 1 m l — .— — — — — 8 2 p e r cent a lum

DYS 2 X 0.5 m l — — — 10 5 10 — 4.5 mg Al(OH )3

DI 2 X 1 m l 30 — — — — — — 1 mg A l++ (PO [)

DI— ТЕ—PE 2 X 0.5 m l 30 10 45 — — — — 4.5 mg Al(O H )3

TY— ТЕ 2 X 1 m l — 5 — — — — 4 2 p e r cent a lum

D I - T E - P E -
DYS 2 X 0.5 m l 30 10 45 10 5 10 — 4.5 mg Al(O H )3

TY— DYS—ТЕ 1. 2 X 0,5 m l — 10 — 10 5 10 8 4.5 mg Al(OH )3

TY— DYS—ТЕ 2. 2 X 0.5 m l — 10 — 10 5 10 8 1.5 mg Al(O H )3

(iii) Im m uniza tions.

1. O rgan iza tion . A f te r  su itab le  ra n d o m isa tio n , th e  su b jec ts  to  be  in o cu la ted  (w ho 
w ere  o f th e  sam e age) w ere  so g ro u p ed  th a t  th e ir  sex d is tr ib u tio n , h e a lth  conditions and  social 
co n d itio n s be closely s im ila r .

2. Blood sam ples ta k e n  1 w eek before an d  2 w eeks a f te r  im m u n iza tio n  were te s te d  
a s  described below.
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(iv ) Control o f the im m u n e  response a n d  evaluation o f  the results.

1. T h e  im m une response  to  en teric  a n tig e n s  w as d e te rm in ed  b y  th e  in tra p e rito n ia l  
passive  m o u se  p ro tec tio n  te s t ,  a t  3 levels (0 .05 , 0.005 a n d  0.0005 m l). T he an im als w ere 
in fec ted  in tra p e rito n ea lly  w ith  2 4 -hour c u ltu re s  o f th e  te s t  s tra in s , u s in g  suspensions p re p a re d  
w ith  5 p e r  c en t m ucin an d  co n ta in in g  100 to  1000 L D 50. O b serv a tio n  la s te d  3 days.

Im m u n ity  to  en teric  com p o n en ts  w as d e te rm in e d  on th e  basis  o f  th e  re su lts  o f th e  
passive  m o u se  p ro tec tio n  te s ts  a n d  on th a t  o f th e  E D 50 ra tio  o f  th e  b a s ic  a n d  im m u n e  sera , 
as c o m p u te d  according to  K ä r b e r . T his in d ic a te d  also th e  rise  in  t i t r e .  T he sign ificance 
o f d ifferences or hom ogeneity  w as d e te rm in e d  b y  th e  ’/ f  te s t.

2. C ontro l of im m u n ity  to  d ip h th e r ia . T h e  d ip h th e r ia  a n ti to x in  t i t r e s  o f th e  sera 
o b ta in e d  b e fo re  and  afte r in o cu la tio n s  w ere d e te rm in e d  b y  th e  ra b b it- in tra c u ta n e o u s  tech n iq u e  
o f J e n s e n  [10], a t  th e  L r/3000 level.

3. C o n tro l of im m u n ity  to  te ta n u s . T h e  serum  sam ples w ere assay ed  in d iv id u a lly , 
a t  th e  L /2000 level, in  a lb ino  m ice w eigh ing  16 to  18 g.

4. T h e  im m une responses to  d ip h th e r ia  a n d  te ta n u s  an tig e n s  w ere expressed  b y  
a r ith m e tic  m eans. The d ifferences were a n a ly se d  b y  S tu d e n t’s m e th o d  [11].

R esults

Im m u n e  effect o f  Shigella antigens. I n  th e  f irs t  s tep , th e  im m une r e 
sponse to  th e  T Y -D Y S-T E  vaccine -was d e te rm in ed  in  su b jec ts  aged 12 to  
13 y ea rs .

Tw o vaccines, id e n tic a l in  com p o sitio n  b u t  p rep a red  from  d iffe ren t 
an tig en  b a tch es  a t d iffe ren t po in ts  o f  tim e , w ere used. C orrespondingly , tw o  
g roups con ta in in g  ro u g h ly  th e  sam e n u m b e r o f su b jec ts  w ere form ed an d  
each  o f th e se  were d iv id ed  in to  tw o  su b g ro u p s. Im m u n iz a tio n  was carried  
o u t a f te r  su itab le  ran d o m isa tio n .

I n  th e  f irs t subg roups th e  p a tie n ts  h a d  b een  in o cu la ted  2 tim es w ith  
1.0 m l o f  T Y -T E  vaccine one y e a r ea rlie r  and  show ed a te ta n u s  im m u n ity  
o f a t  le a s t 0.05 I. U ./m l.

T he m em bers of th e  second su b g ro u p  h ad  never been  im m unized  ag a in st 
e ith e r  ty p h o id  fever or te ta n u s ,  as fa r  as i t  could be ju g d e d  from  th e ir  h is to ry  
an d  th e  records. T ests m ad e  p rio r to  th e  p re se n t im m u n iza tio n  show ed none 
o f th ese  su b jec ts  to  h av e  t i t re s  a g a in s t te ta n u s  reach ing  0.001 I .  U ./m l.

I t  is clear from  Table I I  th a t  in  th e  f irs t  g roups th e  rep ea ted  tw o 
in o cu la tio n s  w ith  te ta n u s  an a to x in  re su lte d  in  a m ean  t i t r e  o f  12.4 I . U ./m l, 
as co m p ared  to  13.8 I . U ./m l fo r th e  o th e r  group . W hen  te ta n u s  an a to x in  
w as used  fo r inducing b asic  im m u n ity , th e  t i t r e s  averaged  2.8 an d  3.2 I . U ./m l, 
re sp ec tiv e ly . The difference in  im m u n e  effect be tw een  th e  b o o ste r and th e  
basic  im m u n iza tio n  was s ign ifican t.

I t  is no tew o rth y  th a t  in  th e  f irs t  su b g ro u p s , in  w hich th e  ty p h o id  vaccine 
ac ted  as a booster an tig en , th e  a n ti- ty p h o id  m ouse p ro te c tio n  t i t r e  show ed 
no rise, as com pared to  t h a t  of th e  g ro u p  im m unized  b asica lly .

As fa r  as the Shigella an tigens a re  concerned , s ta tis tic a l analysis show ed 
no differences even w hen th e  Shigella a n tig en s  h ad  been used  in  com bination  
w ith  b o o s te r  antigens. S im ila r resu lts  h a v e  been  o b ta in ed  b y  th e  y2 te s t  in  
h o m o g en e ity  studies.

1*
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Table II

Im m une response to Shigella antigens combined with booster antigens

Vaccine Booster
antigen

Sera

T i t  г e o f  8 e r a

S h .  f l e x n e r i  2a S h .  f l e x n e r i  3 S h .  s o n n e i S .  t y p h i Tetanus

ED 50 
ml X

ED 50 
ml X

ED 50
ml X

ED 50
ml X I. U./ml

P 40 typhoid, basic 0.005 0.05 0.028 0.1
5 10 10 5 12.4

TY— tetanus immune 0.0009 0.005 0.005 0.016

DYS— basic 0.005 0.016 0.028 0.1
10 10 17 5 2.8

ТЕ immune 0.0005 0.0016 0.0016 0.016

1— 3 typhoid, basic 0.005 0.05 0.05 0.1
10 5 31 5 13.8

TY— tetanus immune 0.0005 0.009 0.0016 0.016

DYS— basic 0.016 0.09 0.1 0.09
10 6 11 6 4.2

ТЕ immune 0.0016 0.0016 0.009 0.016

X rise of passive mouse protection titres.

Table I I I  show s th e  resu lts  of im m u n iza tio n  w ith  D I-T E -P E -D Y S  
v acc in e . These ch ild ren  h a d  been im m unized  ag a in s t d ip h th e ria  4 — 5 y ea rs , 
w ith  D I-T E -P E  3 —4 y e a rs , p rev iously . T he ch ild ren  in  th e  f ir s t  g roup  
show ed  an im m u n ity  o f  0.03 A. U ./m l or h igher a g a in s t d ip h th e ria , th o se  
in  th e  second g roup  h a d  in  ad d itio n  te ta n u s  a n tito x in  levels of 0.05 I. U ./m l 
o r  h igher. To each  g ro u p  a ran d o m  collective im m u n ized  w ith  D YS vaccine  
se rv ed  as control.

The d a ta  in  Table I I I  show  th a t  th e  sub jec ts  w ith  basic  im m u n ity  to  
d ip h th e r ia  resp o n d ed  to  th e  tw o in o cu la tions w ith  th e  D I-T E -P E -D Y S  v a c 
cine  w ith  an  average  d ip h th e r ia  im m u n ity  of 8.4 A. U ./m l. T his is eq u iv a len t 
to  w h a t m ay be e x p e c te d  w hen th e  d ip h th e r ia  vaccine ac ts  as a b o o ste r a n t i 
gen . The te ta n u s  im m u n e  response averaged  1.7 I .  U ./m l and  none o f th e  
ch ild ren  te s ted  show ed t i t r e s  low er th a n  th e  th re sh o ld  level of 0.05 I. U ./m l.

In  regard  to  th e  im m u n e  effect o f th e  Shigella com ponen t, Sh. sonnei 
w as used as th e  re p re se n ta tiv e  agen t. I t  was found  th a t ,  s ta tis tic a lly , th e  
im m une  effect o f th e  S h . sonnei com ponen t of th e  D Y S vaccine in  th e  c o n tro l 
g ro u p  was eq u iv a len t to  th a t  p roduced  b y  th e  sam e co m p o n en t of th e  D I-T E - 
P E -D Y S  vaccine g iven  to  th e  m em bers of th e  “ d ip h th e r ia  b o o ste r”  g roup .

The im m une resp o n se  to  th e  Sh . sonnei co m p o n en t, as used  in  co m 
b in a tio n  w ith  th e  b o o s te r  an tigens D I-T E -P E , ap p ears  to  be in ferior to  t h a t
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Table III

Im m u n e  response to Sh . sonnei antigen (I )  
(Children aged 3 to 6 years)

Vaccine, dose
Booster
antigens

Basic
immu

nization,
before
years

Sera S h .  so n n e i  
ED 50 ml

Serum

X

titres

Di
AU/ml

Те
IU/ml

DI— ТЕ— PE—DYS diphtheria 5— 6 basic 0.1
20 8.4 1.7

2 X  0.5 ml immune 0.005

DYS basic 0.05
18 — —

2 X  0.5 ml — — immune 0.0028

DI—ТЕ— PE—DYS diphtheria basic 0.09
tetanus 2— 4 5 6.9 8.7

2 X  0.5 ml pertussis immune 0.016

DYS basic 0.05
10 — —

2 X  0.5 ml immune 0.005

X =  rise of passive mouse protection titre.

o b ta in e d  b y  th e  use  o f  th e  con tro l D Y S vaccine. H ow ever, th e  d ifference 
is n o t s ign ifican t s ta tis tic a lly  and  is w ith in  th e  lim its o f e rro r  of th e  a ssay .

In  th is  group th e  average im m u n ity  p ro d u ced  b y  th e  b o o ste r  in o cu la tio n  
w ith  d ip h th e ria  a n d  te ta n u s  an tig en s  w as com parable  to  t h a t  p roduced  b y  
th e  u su a l booster inocu la tion .

T h e  d a ta  in  Table I V  show th e  re su lts  o f im m u n iza tio n s of in fa n ts  a n d  
young ch ildren , b y  m eans of d iffe re n t vaccines and  d iffe ren t tech n iq u es . 
T he ran d o m  groups em braced  19 to  26 su b jec ts .W ith in  th re e  g roups th e  
b o o ste r an tigens w ere D I, Т Е  a n d  P E . As contro ls, ch ild ren  possessing no 
basic  im m u n ity  w ere in o cu la ted  w ith  th e  D I-T E -P E -D Y S  vaccine  ; a n o th e r  
co n tro l g roup  was im m unized  w ith  D Y S vaccine.

Im m u n iza tio n  w as carried  o u t  in  th e  following w ays.
(i) C hildren w ith  basic D I, Т Е , P E  im m u n ity  w ere im m u n ized  w ith  

a single dose of 0.5 m l of D I-T E -P E -D Y S  vaccine. T he co n tro l g roup  w as 
im m unized  w ith  D Y S vaccine in  th e  sam e w ay.

(ii) C hildren w ith  basic D I, Т Е , P E  im m u n ity  w ere in o cu la ted  w ith  
tw o doses o f 0.5 m l each  of th e  D I-T E -P E -D Y S  vaccine. T he con tro ls w ere 
su b jec ts  w ith  basic im m u n ity  in d u c e d  b y  tw o 0.5 m l doses o f D I-T E -P E -  
DYS vaccine , as w ell as subjects in o c u la te d  tw ice w ith  0.5 m l o f D YS v accine .
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Table IV

Im m u n e  response to Sh . sonnei antigen ( I I )  
(Children aged 6 to 30 months)

Basic Serum titres
immu-

Vaccine, dose antigens nization,
before

months

Sera b h .  s o n n e i Di Те

ED 50 ml X AU/ml IU/ml

DI— ТЕ—PE—DYS diphtheria,
tetanus, 12

basic 0.09
5 6.3 7.2

1 X  0.5 ml pertussis immune 0.016

DYS — — basic 0.1
10

1 X  0.5 ml immune 0.009

DI— ТЕ—PE—DYS diphtheria,
tetanus, 12

basic 0.05
3 12.1 11.3

2 X  0.5 ml pertussis immune 0.016

DI— ТЕ—PE—DYS
1 X  0.5 ml diphtheria, basic 0.09
DYS tetanus, 12 5 6.3 7.2
1 X  0.5 ml pertussis immune 0.016

DI— ТЕ—PE—DYS — — basic 0.05
5 1.4 2.1

2 X  0.5 ml immune 0.009

DYS — — basic 0.1

2 X  0.5 ml immune 0.016

X rise of passive mouse protection titre.

(ii)l. C onsidering  th e  phenom enon  described  b y  B a r r  a n d  L l e w e l l y n - 

J o n e s ,  a fu r th e r  g ro u p  w as also se t up  from  th e  b eg in n in g . S ub jects w ith  
b asic  D I, Т Е , P E  im m u n ity  were g iven  a b o o ste r D I, Т Е , P E  in o cu la tio n  
b y  adm in iste ring  0.5 m l of D I-T E -P E -D Y S  vaccine a n d , to  com plete  an  
ev en tu a lly  poor d y se n te ry  im m u n ity  re su ltin g  from  th e  B a r r  effect, one
0.5 m l dose o f D Y S vacc ine  was ad m in is te re d  one m o n th  la te r . The co n tro ls  
to  th is  group w ere th o se  m en tioned  u n d e r  th e  fo rm er p a rag rap h s .

The resu lts  w ere  as follows.
(i) The in fa n ts  w ith  basic D I, Т Е , P E  im m u n ity  responded  to  one 

inocu la tion  w ith  D I-T E -P E -D Y S  vacc ine  b y  an  av erag e  d ip h th e ria  an d  
te ta n u s  im m u n ity  co rrespond ing  to  th e  b o o ste r  in o cu la tio n . The Sh. sonnei 
an tig en  was less p o te n t  th a n  th e  a n tig e n  o f th e  D Y S vaccine used  as th e  
con tro l. The d ifference  in  t i tre , how ever, w as n o t s ig n ifican t s ta tis tic a lly .
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(ii) A fte r inocu la tio n  with, tw o 0.5 m l does o f th e  D I-T E -P E -D Y S  
v accine , th e  g roup  possessing basic  im m u n ity  to  D I, Т Е , P E  show ed a con
sid e rab ly  h ig h er d ip h th e ria  an d  te ta n u s  a n tito x in  im m u n ity  th a n  e ith e r  th e  
fo rm er g roup  or th e  co n tro ls  in o cu la ted  w ith  th e  D I-T E -P E -D Y S  vaccine. 
In  th e  la t te r  group d ip h th e r ia  an d  te ta n u s  im m u n ity  w as in  each  m em ber 
h ig h er th a n  th e  th resh o ld  v a lue .

T he single groups d id  n o t considerab ly  differ in  th e ir  im m u n e  response 
to  Sh . sonnei an tig en . S ta tis t ic a l  analysis revealed  a h o m o g en e ity  o f  th e  
im m u n ity  o f th e  d iffe ren t g roups. A lso, th e  im m une response  to  su b seq u en t 
in o cu la tio n s w ith  D I-T E -P E -D Y S  an d  D Y S vaccines w as th e  sam e as th a t  
fo u n d  in  th e  o ther groups.

Im m u n e  response to tetanus antigen
•

T he im m une effect o f te ta n u s  an a to x in  was s tu d ied  in  tw o  m ain  groups, 
using  T Y -D Y S -T E  vaccines w ith  eq u iv a len t an tigen  co n te n t. T he only  d if
ference b e tw een  th e  tw o  k inds o f vaccines w as exclusively  in  th e  co n cen tra tio n  
of gel. W ith in  th e  tw o m ain  g roups, one subgroup  each h a d  b een  im m unized  
w ith  T Y  vaccine, one an d  tw o  y ea rs  before th e  p resen t im m u n iza tio n . T he 
single dose o f ty p h o id  an tig en  w as eq u iv a len t to  8 H IU .

W h en  ev a lu a tin g  th e  im m une  response  to  te ta n u s , we le ft o u t th e  
su b jec ts  w ho h ad  b een  in o cu la ted  a g a in s t te ta n u s  an d  th o se  w hose basic  
se ru m  co n ta in ed  0.001 I . U ./m l o r m ore an tito x in .

In  th e  in v estig a tio n s, ran d o m  g roups o f sub jec ts  fro m  12 to  13 y ea rs  
o f age w ere im m unized  w ith  tw o doses o f 0.5 m l each o f th e  T Y -D Y S -T E  
vaccine . T he im m une effect o f th e  te ta n u s  com ponen t w as d e te rm in ed  by  
th e  in d iv id u a l assay  o f b lood  sam ples ta k e n  from  im m u n ized  sub jec ts .

Table V

Im m u n e  response to Tetanus anatoxin

Y accine Booster
antigen

Distribution of tetanus immunity I. U./ml Arithmetic 
mean (m) of 

tetanus 
titres

Ог
0-01 0-011—

0-05
0-051—

0-1
0-11—

0-5
0-51—

1-0 1-0

TY — D Y S— Т Е typhoid 5 10 23 42 2.52 4.85
+

4.5 mg Al(OH)3 — — 4 3 4 4 20 2.98 5.42

TY — DY S— Т Е typhoid 2 3 5 65 4.4 2.45
~b

1.5 mg Al(OH)3 — — 1 1 1 6 21 3.65 4.65

T he d a ta  in  Table V  show  th a t  th e  im m une effect o f th e  vaccine co n 
ta in in g  gel in  a h ig h er c o n cen tra tio n  w as w eaker th a n  th a t  o f th e  vaccine
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co n ta in in g  less a d so rb e n t. H ow ever, th e re  w as no m ark ed  difference betw een  
average  im m u n ity  a n d  in d iv id u a l d is tr ib u tio n  o f  im m u n ity  in  th e  g roups 
p rev io u sly  in ocu la ted  w ith  T Y . S ta tis tic a l analysis b y  th e  S tu d en t m ethod  
show ed th e  difference b e tw een  th e  m eans to  be s ta tis t ic a lly  n o t sign ifican t.

D iscussion

S tudies have  sh o w n  th a t  th e  im m une  effect o f Shigella an tigens 
is n o t  low er w hen  th e y  a re  ad m in is te red  to g e th e r  w ith  one or m ore such  
an tig en s  to  w hich th e  organ ism  has a lread y  “ le a rn t”  to  produce im m une 
bod ies. The d ifferences fo u n d  w ere s ta tis tic a lly  n o t sig n ifican t. H ow ever, 
th e  im m une response  w as m ore m a rk e d  in  a few  cases, in  w hich th e  
Shigella an tigens w ere ad m in is te red  w ith o u t b o o ste r an tig en s . This occurred  
in  th e  investig a tio n s show n  in  Table I I I ; th e  im m u n e  response  to  Sh. sonnei 
o f  su b jec ts  im m unized  w ith  th e  D I-T E -P E  vaccine 2 to  4 years  ea rlie r was 
on ly  ab o u t h a lf  th e  S h . sonnei im m u n ity  of th e  co n tro l group. The sam e 
w as th e  case w hen th e  in fa n ts  im m unized  1 y e a r  befo re  w ith  D I-T E -P E  
vacc in e  w ere g iven ju s t  one dose o f th e  D I-T E -P E -D Y S  vaccine (Table I V ) .  
In  th is  la t te r  group th e  im m u n e  effect w as ab o u t h a lf  o f th a t  found in  the  
co n tro l group in o cu la ted  w ith  th e  D Y S vaccine.

I t  is again to  be em phasized  th a t  th ese  d ifferences w ere s ta tis tic a lly  
n o t  sign ifican t and  th e y  w ere p ro b ab ly  due  to  th e  lim its  o f e rro r of th e  assay . 
T he low er im m une e ffec t o f th e  Shigella co m ponen t in  th e  D I-T E -P E -D Y S  
vacc ine  can n o t be a sc rib ed  to  a co m p etitiv e  ac tion  o f th e  o th e r an tigens in  
th e  vaccine, e ith er. In  su b je c ts  p rev iously  n o t in o cu la ted  th e re  w as nam ely  
no difference betw een  th e  im m une response to  th e  Shigella  com ponents of 
th e  D I-T E -P E -D Y S  v acc in e  an d  tho se  of th e  single D Y S vaccine (Table I V ) .

T he fac t th a t ,  as d e te rm in ed  b y  th e  passive  m ouse p ro tec tio n  te s t , 
tw o  inocu la tions w ith  th e  D Y S vaccine p roduced  a low er im m u n ity  th a n  
th e  single inocu la tio n  is a n o th e r  evidence suggesting  th e  lim its  o f e rro r of 
th e  assay  to  be resp o n sib le  fo r th e  d ifference.

T he basic im m u n ity  in d u ced  b y  te ta n u s  a n a to x in  w as stud ied  b y  th e  
use o f th e  T Y -D Y S -T E  vacc ine  ; no difference e ith e r  in  th e  m ean  t i t re  or 
in  th e  d is tr ib u tio n  o f  im m u n ity  w as fo u n d  be tw een  th e  contro ls an d  th e  
g ro u p  in  w hich th e  ty p h o id  com ponen ts o f th e  vaccine u sed  ac ted  as a second 
b o o ste r  inoculation .

T hus, ou r h u m a n  s tu d ies  have  been  unab le  to  con firm  th e  existence 
o f th e  phenom enon d esc rib ed  b y  B a r r  and  L l e w e l l y n - J o n e s . O ur resu lts  
w ere a t  v arian ce  also w ith  th o se  re p o rte d  b y  C h e n  et al. O n th e  o th e r h an d , 
we could confirm  th e  re su lts  o b ta in ed  b y  H e g y e s i  et al. [5a], who s tu d ied  
th e  im m une  effect o f te ta n u s  an a to x in  u n d e r co n d itions sim ilar to  tho se  
em p lo y ed  b y  us. W e b e liev e  th is  to  be due to  th e  fa c t t h a t  th e  vaccine used
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b y  B a r r  and  L l e w e l l y n -J o n e s , as w ell as b y  Ch e n  et al. were d iffe ren t 
from  th o se  used  in  our tria ls .

I n  o u r opin ion , th e  “ B a rr  effect”  m ay  re liab ly  be  avo ided  b y  care fu lly  
d e te rm in in g  th e  q u a n tita tiv e  an d  q u a lita tiv e  co m position  of th e  an tig en s 
in jec ted  a n d  ensuring  th e  m ax im u m  im m une effect o f th e  an tigens. In  ea rlie r 
in v e s tig a tio n s  [12] we h av e  show n th a t  th e  m ax im u m  im m une  effect o f th e  
an tig en  can  be ensured  b y  using  th e  co rrec t p ro p o rtio n  o f an tig en  and  ad so r
b en t. T h is w ill a p p a re n tly  g u a ra n te e  a su itab le  im m u n e  effect n o t on ly  w ith  
th e  basic  im m u n iza tio n , b u t  also w hen com bined  an tig en s  are  ad m in is te red  
to  induce im m u n ity  in  an  o rgan ism , in  w hich one, o r even th ree , an tig en s  
a lread y  a c t as boosters.

Sum m ary

(i) The Barr effect has been studied in children immunized with typhoid-dysentery- 
tetanus and diphtheria-tetanus-pertussis-dysentery vaccines after previous inoculation with 
typhoid-tetanus and diphtheria-tetanus-pertussis vaccines.

(ii) The immune effect of the booster Shigella antigens was not weaker in the children 
possessing basic immunity to typhoid, tetanus, or to diphtheria, tetanus and pertussis than 
in children not immunized previously.

(iii) The immune response to the typhoid antigen combined with tetanus toxoid in 
the presence of basic immunity to typhoid was not statistically different from that given 
by subjects previously not immunized against typhoid.

(iv) In our opinion, the vaccine used by us, containing a correct proportion of antigen 
and adsorbent, ensures maximum immune response to the antigen. This might have been 
the cause that the Barr phenomenon did not appear under the experimental conditions 
employed.
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WIRKUNG DER ANTIBIOTIKA AUF SALMONELLA 
TYPHI IN DER MENSCHLICHEN GALLE

Von

E . T . G láz

M ikrobiologisches In s ti tu t  der M edizinischen U niversitä t, B udapest, und Station  f ü r  G esund
heitswesen und Epidem iologie, B udapest*

(Eingegangen am 14. Oktober 1958)

Im  H in b lick  a u f  die große hyg ien ische  B ed eu tu n g  des T yphusbazillen - 
D au e rau ssch e id e rtu m s h ab en  sich v iele A u to ren  m it diesem  P rob lem  b esch ä f
t ig t ,  ohne d aß  es b ish e r gelungen w äre , die F rag e  vo llständ ig  zu lösen . D ie 
frü h e ren  im m uno log ischen  u n d  th e ra p e u tisc h e n  V ersuche zur B ehebung  des 
T y p h u sb az illen -D au erau ssch e id e rtu m s sin d  ergebnislos verlaufen . Die B az illen 
fre iheit d e r D au erau ssch eid er zu einem  gew issen P ro zen tsa tz  is t n u r  n ach  
zwei M ethoden  zu  erzielen.

1. D u rch  die C holezystek tom ie (n a tü rlic h  n u r  bei jen en  P a tie n te n , 
die d ie  E rre g e r m it  der Galle ausscheiden ). In  den  zusam m enfassenden  
A rb e iten  ü b e r dieses T hem a sowie in  den  ü b e r eine größere Z ahl von  F ä llen  
re fe rie ren d en  n eu e ren  P u b lik a tio n en  v a r iie r t  d er P ro zen tsa tz  d er gehe ilten  
F älle  zw ischen  5 8 — 100%  u n d  m a c h t m e istens ungefäh r 80%  aus. D ie in  
U n g arn  e rz ie lten  R e su lta te  [6] e rre ich en  die u n te re  Grenze d ieser Z ah len .

2. M it a n tib io tisc h e r B eh an d lu n g . N achfo lgend  fassen w ir die b ish erig en  
einsch läg igen  L ite ra tu ra n g a b e n  ta b e lla risc h  zusam m en  ( S . Tab. I ) .  I n  Tabelle I  
w u rd en  n u r  solche K ran k en  b e rü c k s ic h tig t, d ie m it der Galle die B azillen  
au sscheiden , u n d  au ch  von diesen n u r  je n e , be i denen m ind esten s einige 
M onate  h in d u rc h  N a ch u n te rsu ch u n g en  v o rgenom m en  w urden. I n  Tabelle I  
sind  au ch  die n ic h t n ä h e r  g ek ennze ichne ten , n u r  als D auerausscheider e rw ä h n 
te n  F ä lle  zu f in d e n . D ie T yphus- u n d  P ara ty p h u sb az illen d au e rau ssch e id e r 
sind  in  Tabelle I  gem einsam  an g e fü h rt.

Tabelle I

Verwendetes Mittel Anzahl der unter
suchten Fälle

Geheilte Fälle**

Anzahl о//о

Chloramphenicol........................................... 50 l  (?) 2,0 (?)
Streptomycin ............................................... 9 0 0
Tetracycline ................................................. 27 7 (?) 25,9 (?)
P en ic illin ........................................................ 114 28 24,6
Tetrajodphenolphthalein............................ 79 9 11,4

* Gegenwärtige Anschrift : Pharmakologisches In s titu t der M edizinischen U niversität, 
Budapest.

** Die einschlägige Literatur stellt Verf. gern zur Verfügung.
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W ie aus Tabelle I  ersich tlich , v e rm ag  m a n  m it C hloram phenicol u n d  S tre p 
to m y c in  k au m  H eilu n g  zu  erzielen, u n d  die N ach u n tersu ch u n g  v o n  6 d e r 7 
m it T e tracycline  b e h a n d e lte n  F älle  k a n n  n ic h t als -zuverlässig angesehen  
w erd en . D ie b esten  R e su lta te  ergab P en ic illin . E s k an n  n u r eine d er U rsach en  
fü r  d ie  W irk sam k e it v o n  Penicillin  sein , d a ß  die A u to ren  — im  G egensatz  
zu  d e n  anderen  A n tib io tik a  — d av o n  e rh eb lich  größere M engen a n w a n d te n  
als d ie  th e ra p e u tisc h  ü b lichen  ; a u f  eine an d e re  U rsache w erden  w ir in  v o r
lieg en d er A rbeit h inw eisen . V on den  m it Penic illin  a rb e iten d en  A u to ren  
w a n d te n  G e b m e r  [4] u n d  V a i c h u l i s  [8] au ch  T e tra jo d p h en o lp h th a le in  an  ; 
v ie lle ich t sind ih re  g ü n stig en  E rgebn isse  d iesem  M itte l zuzuschreiben . — In  
Tabelle I  sind zu V ergleichszw ecken die n u r  m it T e tra jo d p h en o lp h th a le in  
e rfo lg re ich  b eh an d e lten  F älle  gesondert angegeben .

A us obiger Z u sam m enste llung  g e h t h e rv o r, daß  es — w enn au ch  die 
A n g ab en  h ier u n d  d a  W idersp rüche zeigen  — m öglich is t, m it c h e m o th e ra 
p e u tisc h e r B ehand lung  eine gewisse S an ie ru n g  zu erzielen. W ahrsche in lich  
d esh a lb  n u r eine b esc h rä n k te , weil b e i d e r überw iegenden  M ehrzahl der 
D au erau ssch e id er G allenste ine , eine m eh r oder m inder schw ere G allen 
b la sen en tzü n d u n g  u n d  gegebenenfalls au ch  an d ere  V eränderungen  anw esend  
sin d , d ie  den B azillen  d en  vom  B lu ts tro m  bzw . v o n  der Galle h e r w irk en d en  
a n tib a k te r ie lle n  M itte ln  gegenüber S ch u tz  b ie te n  können. Die B eh an d lu n g  
d e ra r tig e r  Fälle  m u ß  n a tu rg e m ä ß  ergebnislos b leiben . D em gegenüber k o m m t 
ch ro n isch e  G allenausscheidung  auch  bei P e rso n en  vor, bei denen die G allen 
b la se n w a n d  in ta k t  oder k e in  S tein  anw esend  is t , u n d  deren  G allenblase sich 
cho lezy sto g rap h isch  fü llt . V ergleichen w ir das V erhältn is  so lcher in  der 
L i te r a tu r  e rw äh n ten  F ä lle  (10—20% ) m it dem  P ro zen tsa tz  der F ä lle , wo die 
C h em o th erap ie  H e ilung  h e rb e ifü h rte , so f in d e n  w ir eine ausgesprochene 
Ä h n lich k e it. D arau s k a n n  geschlossen w erd en , d aß  die chem o th erap eu tisch e  
B eh a n d lu n g  in  jen en  w enigen F ällen  erfo lgreich  is t, in  denen chron ische  
path o lo g isch e  V erän d eru n g en  n ich t oder n u r  in  geringem  M aße v o rh a n d e n  
sind u n d  es daher n u r  e in er S terilisierung  d e r G allenflüssigkeit b ed arf. D iese 
A u ffassu n g  b e to n t a u f  G ru n d  seiner e igenen  U n te rsu ch u n g en  auch  V a i c h u l i s  

[8], d a ß  näm lich  bei fu n k tio n ie ren d er G allenb lase  eine chem otherapeu tische  
B eh an d lu n g  an g ew an d t w erden  k önne , be i A nw esenheit von  S te in en  u n d  
sich n ic h t fü llender B lase ab er der H e rd  e n tfe rn t w erden  m üsse.

I n  B e tra c h t k o m m t die an tib io tisch e  B ehand lung  auch u n m itte lb a r  
n ach  d e r  C holezystek tom ie  zu ih re r U n te rs tü tz u n g , bzw. in  F ä llen , wo die 
frü h e r  d u rch g efü h rte  O p era tio n  un w irk sam  geb lieben  ist. In  beiden  F ä llen  
w u rd en  R esu lta te  m it Pen ic illin , T e rram y c in , ja  auch  m it C hloram phenico l 
e rz ie lt, doch  e rsche in t n ic h t ausgeschlossen, d aß  die H eilung zum  T eil als 
S pä tfo lge  der O p e ra tio n  b e tra c h te t  w erden  k an n . In  den oberen  G allen 
w egen k ö n n en  n a tü r lic h  schon  von  v o rn h e re in  H erd e  anw esend sein, in  d iesen  
F ä llen  b le ib t die ch em o th erap eu tisch e  B eh an d lu n g  w ahrscheinlich  w irkungslos.
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A us den  obigen A u sfü h ru n g en  e rg ib t sich die F rag e , w arum  die B az illen 
dau erau ssch e id er m it noch fu n k tio n ie ren d er G allenb lase n u r  m it P en icillin , 
m it den  an d eren  A n tib io tik a  ab e r n ich t geheilt w erd en  können . A nderse its  
kom m en  p o sto p e ra tiv  säm tliche  A n tib io tik a  in  F rag e  (sow eit m an  aus den  
w enigen u n te rsu c h te n  F ä llen  sch ließen  d arf). W ir n ah m en  an , daß  die v e r
schiedenen  A n tib io tik a  in  d er G alle u n tersch ied lich  w irken , und  en tsch lossen  
uns d ah er, diese F rag e  e ingehender zu u n te rsu ch en . Ü ber die W irk u n g  d er 
A n tib io tik a  gegen T y p h u sb az illen  in  der m ensch lichen  u n d  tie risch en  Galle 
s teh en  keinerle i L ite ra t u ran g ab en  zu r V erfügung.

M ateria l und  M ethoden

Die Wirkung der Antibiotika wurde parallel in der Galle bzw. in Bouillon in zwei
fachen Verdünnungsserien untersucht. Mit Rücksicht darauf, daß die bakterizide Wirkung 
ermittelt werden sollte, stellten wir die hemmende Konzentration durch Abimpfung von jeder 
Epruvette mit einer Öse nach 24- bzw. 48stündiger Inkubation fest. Dies entspricht ungefähr 
den Verhältnissen in  vivo, da die Konzentration in der Gallenblase nach einmaliger A nti
biotikumgabe 12— 24 Stunden unverändert bleibt [10, 11, 12] und bei täglich mehrmaliger 
Verabreichung ein konstanter Spiegel in der Lebergalle aufrechterhalten werden kann. Die 
als Subkulturen verwendeten bouillonhaltigen Röhrchen beobachteten wir 24 Stunden, oft 
aber drei Tage lang. Die Subkultur von dem bakteriziden Effekt nicht mehr zeigenden Röhr
chen wurde in allen Fällen auf Agar ausgebreitet, und die gewachsenen Kolonien wurden 
agglutiniert ; es wurden nur jene Versuche verwertet, bei denen nach der Agglutination 
Typhusbazillen gewachsen waren und sieb die entsprechenden Proben (aus der Galle und 
Bouillon) als steril erwiesen. Die bakteriziden Konzentrationen waren erfahrungsgemäß bei 
48stündiger Inkubation besser reproduzierbar als bei 24stündiger, weshalb wir in Tabelle I I  
die ersteren angegeben haben.

Die mit den verschiedenen Antibiotika gewonnenen bakteriziden Konzentrationen 
sind in unseren Versuchen höher als die in  der Literatur im allgemeinen angegebenen Werte, 
was darauf zurückgeführt werden kann, daß letztere gewöhnlich nur die bakteriostatische 
Konzentration darstellen.

Die Röhrchen der Verdünnungsreihen enthielten bei unseren Versuchen 2 oder 1 ml, 
weil bei Anwendung einer größeren Menge die einzelnen Gallenproben nicht ausgereicht 
hätten. Das benutzte »kleine Inokulum« bestand aus jeweils 1 Tropfen der Verdünnung 
1 : 500 000 einer 24stündigen Bouillonkultur, das »große Inokulum« aus je 1 Tropfen der 
Verdünnung 1 : 100. In einigen Fällen verwendeten wir auch ein größeres Inokulum. Wir 
benutzten S. typ h i-Stämme mit der internationalen Bezeichnung »Vi 965« und »Ty 2« sowie 
in einigen Versuchen einen von einem Bazillenausscheider isolierten Laboratoriumsstamm 
(»624 A«, besonders in Versuchen mit Chloramphenicol). Zum Teil wurden die Untersuchungen 
mit mehreren Stämmen durchgeführt.

Bei den anaeroben Versuchen wurde steriles Paraffinöl auf die in den Röhrchen der 
Verdünnungsreihe befindliche Flüssigkeit gegossen, nachdem letztere erst aufgekocht und 
dann geimpft wurde.

Von den bei unseren Versuchen verwendeten, mit Hilfe der Duodenalsonde gewon
nenen Gallen erhielten wir die A-Galle direkt, die B-Galle nach Einführung von Magnesium- 
sulphat. Die von Lebenden stammende Lebergalle gewannen wir durch das Kehrsche Rohr, 
die Blasengalle durch Punktion der resezierten Gallenblasen und die »Prosekturgalle« durch 
Aufschneiden der von Leichen stammenden Gallenblasen. D ie Gewinnung der entsprechenden 
Galle stieß oft auf Schwierigkeiten, was die Ursache dafür ist, daß unsere Untersuchungen 
hier und da nicht vollzählig sind. Die tierischen Gallen wurden mittels Blasenpunktion 
gewonnen.

Das pH wurde mit der elektrischen Apparatur Typ Cambridge, die Viskosität mit 
dem Ostwaldschen Viskosimeter, die Trockensubstanz durch Trocknung bei 105° C, der 
Bilirubingehalt auf Grund der van der Bergschen Reaktion bestimmt.
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E rgebnisse

W ir haben  die b a k te r iz id e  W irkung  d e r A n tib io tik a  a u f  S . typ h i  in  den 
a u f  versch iedene W eise e rh a lten en  m ensch lichen  G allen u n te rsu c h t und  v e r
g lichen  diese zum  T eil m it  den  in  d er R inderga lle  gew onnenen  A ngaben. 
D ie M ehrzahl der U n te rsu ch u n g se rg eb n isse  is t  in  Tabelle I I  zu sam m en
g e fa ß t. D ie Gallen v e rw e n d e te n  w ir te ils  n a tiv , te ils  n ach  v o rh e rig e r  S terili
s ie ru n g  m it H itze. D ie in  Tabelle I I  angegebenen  Z ahlen  e n tsp rech en  jen er 
n ie d rig s te n  A n tib io tik u m k o n zen tra tio n  in  den  V erd ü n n u n g sre ih en , aus der 
— n a c h  48stündigen  In k u b a t io n  — k eine  S . typ h i m eh r w uchsen . In  K lam 
m ern  sin d  die E rg eb n isse  d er p ara lle l vo rgenom m enen  B ouillonversuche 
a n g e fü h r t . Das p H  d e r  B o u illon  s te llten  w ir in  einem  T eil d e r F ä lle  — in 
A nalog ie  zu  den a lka lisch  reag ie ren d en  G allen  — a u f  8,5 ein  ; s p ä te r  b e n u tz te n  
w ir n u r  Bouillon m it p H  7 ,2 , weil der T e rram y c in effek t bei e in igen  der d ies
b ezü g lich en  K o n tro llv e rsu ch en , der d er d re i an d eren  A n tib io tik a  aber bei 
d en  zw ei versch iedenen  p H  im m er id en tisch  w ar. W urd en  d re i o d e r w eniger 
P a ra lle lu n te rsu ch u n g en  d u rch g e fü h rt, so h ab e n  w ir die R e su lta te  in  den 
T ab e llen  einzeln a n g e fü h rt, be i m ehr als d re i V ersuchen  jed o ch  die D u rch 
sc h n ittsw e rte  e rrech n e t u n d  die A nzahl d e r vo rgenom m enen  U n tersu ch u n g en  
in  K u rs iv sch rift an gegeben . Jed e  einzelne U n te rsu ch u n g  w u rd e  m it einer 
jew eils  anderen  G allenprobe vorgenom m en, n u r  im  Falle der m it d er D uodenal
sonde  gew onnenen B -G alle  bzw . der aus d e r P ro se k tu r s ta m m e n d e n  aufge
k o c h te n  Galle b e n u tz te n  w ir  in  e tw a d er H ä lf te  d er F älle  ein  v o n  m ehreren  
P e rso n e n  stam m endes v e rm isch te s  M ateria l.

A us den A ngaben  d e r  Tabelle I I  k ö n n en  w ir versch iedene Schlüsse 
z iehen . E rsten s h a t T e rra m y c in  in  säm tlich en  u n te rsu c h te n  G a llen a rten  eine 
g eringere  H em m ungsw irkung  ausgeüb t als in  B ouillon. E in  anderes Bild 
zeig te  d ie C hloram phenicol- u n d  S trep to m y c in w irk u n g . Die b a k te riz id e  K on
z e n tra tio n  beider A n tib io tik a  w ar in  d er R in d erg a lle  u n d  »dün n en «  m enschli
chen  (d . h . Leber- sowie D uodenal-A - u n d  B-) Galle p ra k tisc h  d ieselbe wie 
in  B ou illon . D em gegenüber w irk ten  C hlo ram phen ico l u n d  S trep to m y c in  in 
d er k o n zen tr ie rten  L e ichenga lle  10—20m al schw ächer, u n d  d e r E ffe k t von 
C hloram phenico l Avar in  d e r  ch iru rg ischen  B lasengalle  im  V erg leich  zu der 
W irk u n g  in  Bouillon e tw as  h erab g ese tz t. W ied er anders v e rh ie lt es sich m it 
P en ic illin , das in  allen G allen  ebenso oder e tw a  d o p p e lt so s ta rk  w irk te  wie 
in  B ou illon . Seine b a k te r iz id e  K o n z e n tra tio n  b e tru g  auch  in  den  konzen
tr ie r te n  Gallen einige E /m l, w ährend  die d er anderen  A n tib io tik a  einige 
100 /Ug/ml ausm achte.

Im  Z usam m enhang m it  obigen V ersuchen  e rg ib t sich die F rag e , ob die 
schw ächere  W irkung d e r A n tib io tik a  in  e in igen  G allen  n ic h t a u f  d e ren  H itze 
s te rilis ie ru n g  zu rü ck g efü h rt w erden  m uß. B ei d e r U n te rsu ch u n g  d e r vorher 
als s te r il  festgestellten  G allen p ro b en  sowie d er d u rch  den  S e itz -F ilte r filtrie r-
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te n  bzw . m it Q u arz lich t s te rilis ie rten  D uodenalgalle  fan d en  w ir in dessen , 
daß  die W irk u n g  v o n  P en ic illin  u n d  C hloram phenico l m it den in  der au fg e 
k o ch ten  Galle fe s tg e s te llten  R e su lta te n  p rak tisch  ü b e re in s tim m te .

Tabelle II

Bakterizide W irkung der A n tib io tika  a u f  S . typh i in  Galle und  Bouillon  (letzterer Wert in K lam m ern)  
in  figjm l, unter Verwendung des »kleinen In o k u lu m s«

Ursprung und Sterilisierung der menschlichen Gallen

Antibiotikum Rindergalle aus 
der Blase, nativ

Kehrsches Rohr, 
Lebergalle, 

gekocht

Duodenal-B-
Galle,

aufgekocht

Von Chole
zystektomie 
stammende 

native Galle

Prosekturgalle,
aufgekocht

Penicillin— G E/ml 3,1 (6,2) 3,1 (3,1) 2,8 (6,7) 
6 Fälle

3,1 (6,2) 5,3 (6,8) 
6 Fälle

Streptomycin — 12,5 (25,0) 10,1 (10,1) 
4 Fälle

250,0 (12,7) 
5 Fälle

Razämisches
Chloramphenicol

10,9 (8,1) 
5 Fälle

3,1 (6,2) 3.1 (12,5)
6.2 (12,5)
6.2 (6,2)

20,1 (13,2) 
9 Fälle

120,0 (10,6) 
15 Fälle

Terramycin 12,5 (6,2) 25,0 (6,2) 
12,5 (6,2)

50.0 (3,1)
50.0 (6,2)

100,0 (3,1) 
50,0 (3,1)

165,0 (11,1) 
5 Fälle

Bem erkung : Ein Teil der als »aufgekocht« bezeichneten Materialien wurde nicht durch 
Kochen, sondern fraktioniert sterilisiert. Weitere Erklärungen vgl. im  Text.

D a C hloram phen ico l als spezifische H e ilm itte l d e r T y p h u s-K ra n k h e it 
b e tra c h te t  w ird , sch ien  es in te re ssa n t, n äh er zu  u n te rsu c h e n , w arum  dieses 
A n tib io tik u m  in  d er k o n z e n tr ie r te n  Galle schw ächer w irk te , da diese T a tsa c h e  
eine E rk lä ru n g  fü r  die W irkungslosigkeit v o n  C hlo ram phen ico l bei D auer- 
aussch e id e rtu m  b ie te n  k ö n n te . D ie n ich t en tsp rech en d e  V erm ischung d er 
»dicken« Galle bei d er H ers te llu n g  der V e rd ü n n u n g sre ih e  ko n n te  n ich t die 
U rsache der v e rm in d e rte n  W irk u n g  sein, weil sich die b ak te riz id e  K o n zen 
tra tio n  n ich t v e rä n d e rte , als w ir die nötige C h lo ram phen ico l sep a ra t in  jed es  
einzelne R öhrchen  gaben . D as P h än o m en  m uß  also m it d er K o n zen trie rung  
d er Galle Z usam m enhängen . U m  diese F rage  k la rz u s te lle n , haben  w ir ein ige 
physikalische E ig en sch a ften  d er versch iedenen  G allen  gem essen u n d  die 
gew onnenen W erte  m it je n e r  b ak te riz id en  K o n z e n tra tio n  verglichen, die 
C hloram phenico l in  den  gleichen G allenproben  ze ig te . D ie W irkung von  
C hloram phenico l d rü c k te n  w ir m it dem  sog. C -Q u o tien ten  aus, w o ru n te r  
w ir das R e su lta t eines R ruches v ers teh en , be i d e r d ie  b ak te riz ide  Chlor- 
am p h en ico lk o n zen tra tio n  in  d er Galle du rch  die b ak te riz id e  Chloram phenicol- 
k o n zen tra tio n  in  B ou illon  d iv id ie rt w ird. Die E rg eb n isse  d ieser U n te rsu ch u n 
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g en  s in d  in  Tabelle I I I  zu sam m en g efaß t, d e r en tnom m en  w erd en  k a n n , daß  
d e r  C -Q uotien t m it dem  T ro c k e n su b s ta n z g eh a lt der G allen p a ra lle l, zu  ihrem  
p H  jed o ch  im  u m g ek eh rten  V erh ä ltn is  a n s te ig t, d. h. die C hloram phenicol- 
w irk u n g  ab n im m t. In  d en  tie risch en  G allen  fanden  w ir dense lben  E ffek t.

Tabelle III

Angaben über verschiedene Gallen

Ursprung der Galle
Anzahl der 
untersuch
ten Fälle

pH
Relative

Viskosität
Trocken
substanz- 
gebalt %

Bilirubin
mg%

»Chlor-
amphenicol-
Quotient«

R in d e rb la se n g a lle .............. 4 8,47 1,82 8,27 12,5 l
H u n d e b la se n g a lle .............. 1 8,5
K atzenb lasengalle  ............ 3 6,36 3,51 8*

M enschliche
L e b e r g a l le ....................... 1 8,40 2,9 0,5
D u o d .-A -G a lle ................ 4 8,07 1,27* 3,4 16,0* 0,62
D u o d .-B -G a lle ................ 15 7,31 1,55 5,64 171 1,12
Cholezystektom iegalle 13 7,64 3,85* 11,08 600 1,57
P ro s e k tu rg a lle ................ 19 6,55 hoch , n ich t 14,09 550 6,33

m eßbar

B em erkungen : D ie Z ah len  ste llen  M itte lw e rte  d a r. Die m it * b eze ichneten  B estim m un
g en  w u rd en  aus w eniger P ro b en  vo rgenom m en, a ls d ie »Anzahl de r u n te rsu c h te n  Fälle«  aus
m a c h t .  D ie B estim m ungen w u rd en  in  n a tiv e r G alle , d ie des C -Q uotienten in  n a tiv e r  bzw. gekoch
t e r  G alle vorgenom m en.

B isher h a tte n  w ir das »kleine In o k u lu m «  b e n u tz t, d a s  je  m l Galle n u r 
e in e r  A usgangsbazillenzah l von  ein igen  1000 en tsp rich t, w äh ren d  bei der 
S te rilis ie ru n g  der G allenw ege auch  die V e rn ich tu n g  einer v iel g rößeren  B azillen
m enge n ö tig  sein k an n . D eshalb  fü h r te n  w ir auch V ersuche m it einem  5000m al 
g rö ß e ren  In o k u lu m  d u rch . D ie R e su lta te  s tim m ten  m it d en  bei B enu tzung  
des »k leinen  In o k u lu m s«  e rm itte lte n  E rg ebn issen  im  w esen tlich en  überein , 
d o ch  w irk te  n u r eine u m  ein b is zw ei V erdünnungen  g rößere  A n tib io tik u m 
k o n z e n tra tio n  hem m end . D ie b a k te riz id e  P en ic illin k o n zen tra tio n  w ar u n te r 
d iesen  U m ständen  in  d er D uodenal-B -G alle  3 — 6, in  der P ro se k tu rg a lle  10—20 
E /m l. B en u tz ten  w ir dagegen  ein d u rc h  Z en trifug ieren  e inged ick tes In o k u lu m , 
so d a ß  die A u sg angsbak te rienzah l d er E p ru w e tte n  m it d e r e in er 24stündigen  
B o u illo n k u ltu r  ü b e re in s tim m te , so w u rd e n  die B azillen n u r  von  100 — 200 
E /m l Penicillin  g e tö te t. D asselbe E rg eb n is  b e o b ach te ten  w ir, w enn wir 
e ine  Galle v e rw endeten , die v o rh e r m it  S . typhi b e im p ft u n d  24 S tunden  
b e i 37° C in k u b ie rt w orden  w ar. D as U n te rsu ch u n g sm a te ria l d er le tz ten  
b e id e n  V ersuchsserien  w ar D uodenal-B -G alle . Die b a k te r iz id  w irkende P en i
c illin k o n zen tra tio n  is t be i A nw endung  d e ra r t  großer In o k u li desh a lb  b each ten s
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w ert, weil sich nach  u n se ren  B ak te rien zäh lu n g en  S . ty p h i  in  v itro  in  den  
v ersch ied en en  m ensch lichen  G allen  in  24 S tu n d en  u n g efäh r im  gleichen A u s
m aß  v e rm eh ren  wie in  B ouillon .

Im  H inb lick  d a ra u f , d aß  in  den  G allenw egen a n a e ro b e  V erhältn isse  
h e rrsch en , u n te rsu c h te n  w ir, ob obige R e su lta te  n ic h t ausschließlich  bei 
ae ro b en  B ed ingungen  ge lten . I n  e in igen  F ä llen  erwies s ich  die b ak te riz ide  
C h lo ram p h en ico lk o n zen tra tio n  b e i den  anaerob  e in g este llten  V erdünnungs
re ih en  in  d er P ro sek tu rg a lle  m it der in  d er K o n tro lise rien  festgeste llten  
iden tisch .

E n d lich  gaben w ir in  e in igen  V ersuchen  Penicillin  zu  d e r von B azillen 
trä g e rn  gew onnenen D uodenalgalle . In  ein igen F ällen  w u rd e n  die T y p h u s
bazillen  von  100 oder w eniger E /m l P en ic illin  v e rn ich te t, w äh ren d  100 E /m l 
in  a n d e ren  Fällen  u n w irk sam  blieben .

B esprechung

W enn  w ir fes ts te llen  w ollen, w elches d er u n te rsu c h te n  A n tib io tik a  zu r 
S te rilis ie ru n g  der Galle v o n  D au erau ssch eid ern  in  B e tra c h t k o m m t, so m üssen 
w ir die in  v itro  b a k te r iz id e n  K o n zen tra tio n en  m it d en  beim  M enschen 
e rre ich b aren  G a llen k o n zen tra tio n en  verg leichen . Ü ber die G allenausscheidung  
d er A n tib io tik a  s teh en  v iele A ngaben  zu r V erfügung ; im  fo lgenden  beziehen 
w ir u ns n u r  au f d iejen igen , w elche den  n ach  einm aliger V erab re ichung  einer 
der th e ra p e u tisc h en  n ah ek o m m en d en  Dosis en ts teh en d en  G allenspiegel b e tre f
fen , u n d  zw ar geben w ir im m er die erzielte  m axim ale K o n z e n tra tio n  an . 
D a w eder m it der E in k o n z e n tra tio n  d er A n tib io tik a  in  d e r  B lase noch m it 
ih re r  S ek re tio n  d u rch  die B lasen w an d  aus dem  B lu ts tro m  g erech n e t w erden  
k a n n  (Z a s l o w ), u n te rsch e id en  sich die B lasen- und L eb erg a llen k o n zen tra tio n en  
n ic h t w esen tlich  v o n e in an d er. N ach  p e ro ra le r V erabfo lgung v o n  4 g C hlor
am phen ico l (einer seh r g ro ß en  D osis!) ve rm o ch te  W o o d w a r d  [9] 27 /ig /m l 
in  d er B lasengalle nachzuw eisen  ; G l a zk o  [5] fan d  n ach  1 g 1 ,0—2,8 /ig /m l 
in  d er L ebergalle. D iese W erte  sind  n ied riger als die u n se rse its  in  der L eichen
galle w irksam  gefundenen  60 bzw . in  v e rd ü n n te r  Galle b a k te r iz id  w irkenden  
3 —6 ^g /m l. (Die A n g ab en  in  Tabelle I I  en tsp rech en  dem  Zw eifachen dieser 
W erte , w eil sie sich a u f  razäm isch es C hloram phenicol b ez iehen .) — Ä hnlich  
v e rh ä lt  es sich bei S tre p to m y c in  ; n ach  i. m . E in sp ritz u n g  v o n  100 000 E 
b e tru g  d e r e rre ich te  B lasengallensp iegel 0 ,8 —3,9 E /m l [10], w ährend  die 
L ebergalle  nach  i. m . V erab re ich u n g  von  500 000 E  10 E /m l en th ie lt [1], 
die b a k te riz id e n  K o n z e n tra tio n e n  indessen  250 bzw. 10 — 25 E /m l be tru g en . 
— N ach  pero ra le r D a rre ich u n g  v o n  250 m g T erram ycin  w a re n  in  der B lase 
0,9 — 6,1 [12], in  d e r L ebergalle  4.5 /ig /m l anw esend [3], w ährend  nach  
u n se ren  U n te rsu ch u n g en  5 0 — 165 bzw . 12 — 50 /ig/m l e rfo rd e rlich  w ären. —

2 Acta Microbiologica Y1/2.
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D em gegenüber e rg ab en  250 000 Е  P en ic illin  nach  i. m . E in sp ritzu n g  eine 
B la sen k o n zen tra tio n  v o n  8 — 25 E /m l bzw . eine L e b e rg a llen k o n zen tra tio n  
v o n  5 —7 E /m l, w äh ren d  w ir 2*0—5,3 E /m l als b a k te r iz id e  K o n zen tra tio n en  
fe s ts te llten .

N ach obigen A u sfü h ru n g en  sind  also die in  der G allenb lase  anw esenden 
C hloram phenicol-, S trep to m y c in - u n d  T e rram y c in k o n zen tra tio n en  keinesfalls 
im s ta n d e , b ak te riz id e  W irk u n g  au szu ü b en . Es w ird  d a h e r  v ers tän d lich , daß  
es den  m eisten  A u to re n  n ic h t gelungen  is t, die D au erau ssch e id er von ih ren  
B azillen  zu befre ien . D ie in  d er L ebergalle  fe s tgeste llten  C hloram phenicol- u n d  
S trep to m y c in k o n z e n tra tio n en  kom m en den bei unseren  V ersuchen  als n ö tig  
erscheinenden  n ah e , so daß  diese zu r p o stch o lezystek tom ischen  B ehand lung  
in  F rag e  kom m en, v o r allem  w enn m a n  sie längere Z e it v e rab re ich t u n d  so 
e in  höherer G allenspiegel als der obige erzielt w ird. M it Penicillin  ab er v e r
m ag  m an sow ohl in  d e r B lasen- wie L ebergalle  m it d e r th e ra p e u tisc h en  Dosis 
e in en  höheren Spiegel h e rb e izu fü h ren , als m an  davon  in  v itro  zur H em m ung  
in  d er Galle b e n ö tig t. D am it lassen sich die v e rh ä ltn ism äß ig  günstigen R e su l
t a t e  bei der B eh an d lu n g  d er B az illendaueraussche ider m it Penicillin  e rk lä ren . 
W ir gelangen d a h e r zu  dem  Schluß, d a ß  zur d irek ten  B eh an d lu n g  der D a u e r
ausscheider n u r P en ic illin  in  F rage  kom m en  kann . A u ß erd em  Penicillin  das 
a m  w enigsten to x isch e  A n tib io tik u m  is t  u n d  daher se ine  D osis au f das V iel
fach e  erhöh t w erden  k an n .

Die obigen Ü berlegungen  g rü n d e ten  sich au f die b ak te riz id en  K onzen 
tra tio n e n , die m it dem  »kleinen In o k u lu m «  gew onnen  w urden. In dessen  
w aren  n u r sehr große Pen ic illinm engen  im stan d e , die in  der Galle b e re its  
v e rm e h rte n  T y p h u sb az illen  zu v e rn ic h te n . Dies b e d e u te t, daß  der G ebrauch  
v o n  Penicillin  au ch  n u r  d an n  v e rsp rech en d  is t, w enn w ir den  B azillengehalt 
d e r Galle cho lere tisch  h erab zu se tzen  verm ögen.

N atu rg em äß  k a n n  die A nw endung  von  Penic illin  n u r  bei jenen  D a u e r
ausscheidern  in  B e tra c h t kom m en, in  deren G allenb lase  keine oder n u r 
geringe chronische pa tho log ische  V erän d eru n g en  anw esend  sind. L au t Z a s l o w  
sin d  zw ar die A n tib io tik a  auch im  In h a l t  n ich t fu n k tio n ie re n d e r G allenblasen 
nachw eisbar, doch  e rsch e in t die S terilisierung  d er G allenflüssigkeit n ich t 
ausre ichend , w enn  pa tho log ische  V eränderungen  vo rlieg en . Dies geh t aus 
d e r  T a tsache  h e rv o r, d aß  die D uodenalgalle  im  L aufe d e r Penicillin-, j a  auch  
d e r  C h lo ram phen ico lbehand lung  n ach  m ehreren  A u to re n  n ega tiv  gew orden 
w ar, die K ran k en  a b e r n ach  A bschluß  d e r K u r w eite rh in  B azillen  ausschieden. 
I n  diesen F ä llen  k a n n  dem nach  ausschließ lich  die H e rd re se k tio n  — in  der 
M ehrzahl der F ä lle  die C ho lezystek tom ie, se lten e r d ie  E n tfe rn u n g  des 
C holedochussteines, die E rö ffnung  des A bszesses — zu m  E rfo lg  führen . N ach  
d e r  C holezystek tom ie e rsche in t die an tib io tisch e  B eh an d lu n g  zur V ern ich 
tu n g  der in  den  oberen  G allenw egen, im  D a rm tra k t oder andersw o im  
O rganism us v o rü b erg eh en d  anw esenden  T yphusbaz illen  sowie zu r V erhin-
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d erung  der E n ts te h u n g  neuer H erde th eo re tisch  als zw eckm äßig. W enn 
d e ra rtig e  H erde  von  v o rn h ere in  anw esend  w aren , so w ird  diese B ehand lung  
n a tu rg e m ä ß  n ich t erfo lgreich  sein.

Z usam m enfassung

Die b ak te riz id e  W irk u n g  von A n tib io tik a  a u f  Salmonella typ h i  w urde in  der a u f  v e r 
schiedene W eise e rh a lte n e n  m ensch lichen  Galle u n te rsu c h t. E in  V erg leich  de r in  vitro  b a k 
te riz id en  W erte  m it den  von  m ehreren  A u to ren  m itg e te ilten  G a llen k o n zen tra tio n en  d ieser 
M itte l e rg ib t, daß  zu r S te rilisieru n g  der G allenflüssigkeit in  vivo n u r  Pen icillin  in  F rage k o m m t, 
ab er auch dieses w ah rsch ein lich  n u r  in  K o m b in a tio n  m it G a llen tre ib u n g . Zu g ü n stig en  
R e su lta ten  k an n  d ie P e n ic illin th e rap ie  n u r  bei B azillen d au erau ssch eid e rn  fü h ren , bei d enen  
keine oder n u r  geringe chron ische G allenb lasenveränderungen  anw esen d  sind.

Dankbezeigungen. D en  L eite rn  u n d  M ita rb e ite rn  des M ikrobiologischen In s t i tu te s  
de r M edizinischen U n iv e rs itä t  B u d ap es t sowie d e r S ta tio n  fü r  G esundheitsw esen  u n d  E p i
dem iologie, B u d ap es t, w elche die D urch führung  d ieser A rb e it e rm ö g lich ten  und  fö rd e r te n , 
sowie dem  W issenschaftlichen  A usschuß fü r das G esundheitsw esen  U n garns sei fü r  ih re  
U n te rs tü tz u n g  der D an k  des V erfassers auch an  d ieser Stelle ausgesprochen .
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C anine h e p a titis  as an  infectious d isease w as f irs t described  by  R u b a r t h  
[1] in  1947. Since th e n  th e  disease has b een  p roved  to  be sp read  am ong dogs 
all over th e  w orld [2 — 7]. I t s  occurrence in  H u n g a ry  w as re p o r te d  by  К а рр  [8] 
and  O l á h  [9].

A ccording to  o u r p re se n t know ledge, beside th e  dog , th e  fox is th e  
only  an im al suscep tib le  to  contag ious can ine  h e p a titis  (HCC) v iru s. As d em o n 
s tra te d  by  Sie d e n t o p f  and  Ca r lso n  [3], th e  fox resp o n d s to  th e  in fec tio n  
w ith  encepha litis  in s te a d  o f h ep a titis .

D e l a g e  and  M a r t in  [10] rep o rted  in  1955 th a t  a g re a t p ro p o rtio n  o f 
th e  m onkey  sera  ex am in ed  b y  th em  co n ta in ed  com plem en t fix in g  (CF) a n t i 
bodies to  HCC v irus. T h e  sam e au th o rs  o b ta in e d  sim ilar re su lts  when te s tin g  
1000 specim ens of h u m a n  sera : 22 p er c en t of th e  se ra  p roved  to  co n ta in  
an tibod ies.

L a f r a n c h i and  D e  J aco  [11] found  h ig h  CF t i t r e s  to  HCC v iru s  in  
th e  convalescen t sera  o f  tw o  p a tie n ts  p re sen tin g  a h ig h  tem p era tu re  a n d  
neurogenic  sym ptom s. A dog was in o cu la ted  w ith  th e  b lood  of one of th e  
p a tie n ts  and  killed 30 d a y s  la te r. The dog’s liver and  sp leen  were m ark ed ly  
sw ollen b u t no v iru s cou ld  be iso lated .

B ased  upon  epidem iological and  clin ical s tud ies, M a r t in  and  G o r e t  [12] 
suppose som e re la tio n  to  ex is t betw een  HCC v irus and  th e  v iruses of h u m a n  
h e p a titis  and  p o liom yelitis , and  believe t h a t  HCC virus m ig h t be pathogen ic  
for m an .

To o b ta in  m ore d a ta  on h u m an  re la tio n s  of th e  v iru s , in  the  p re se n t 
w ork  CF te s ts  w ere ca rr ied  o u t in  h u m an  sera  using HCC v ira l suspension 
as an tigen .

M aterials and  m ethods

R u b a r t h ’s m eth o d  fo r th e  CF te s t  was s lig h tly  m odified . A n tig en  w as prepared  from  
th e  liv e r o f 2— 3 m o n th s old dogs in fec ted  a r tif ic ia lly  w ith  HCC v iru s  a n d  b led  o u t d u rin g  
th e  te rm in a l agony. T he l iv e r  w as g round  and  d ilu te d  w ith  saline to  m ak e  a 20 pe r c en t 
suspension. A fte r  c en tr ifu g a tio n  w ith  5000 rp m  fo r  15 m in . th e  s u p e rn a ta n t  was f i lte re d  
th ro u g h  Seitz E K  p a d  to  e lim in a te  th e  ev en tu a l a n tic o m p lem e n ta ry  a c t iv ity  before used  as
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a n tig e n . C ontrol an tig en s w ere p re p are d  in  th e  sam e m anner fro m  th e  liv e r o f n o rm al dogs 
o r  o f dogs in fec ted  w ith  can ine d is tem p er v iru s . F re sh  or, in  a few cases, lyoph ilized  com p lem en t 
w as u sed . S ensitized  e ry th ro c y te s  w ere p re p a re d  b y  m ix ing  a 2.5 p e r  c e n t suspension o f sheep 
e ry th ro c y te s  w ith  an  equal vo lum e of h aem o ly sin  in  a suffic ien t co n ce n tra tio n  to  cause 
c o m p le te  haem olysis in  th e  p resence of a n  a p p ro p ria te  am o u n t o f com plem ent.

H u m a n  and  an im a l sera  w ere in a c tiv a te d  a t  56° C for 30 m in u te s  before te s te d  in  3 
tu b e s .  T ubes 1, 2 and  3 co n ta in ed  0.2 , 0.1 a n d  0.05 m l serum , re sp ec tiv e ly , m ade  u p  to  0.5 
m l w ith  saline ; 0.5 m l a n tig en  an d  0.5 m l co m p lem en t. The tu b e s  w ere  in cu b a ted  a t  37° C 
fo r  30 m in u te s  an d  sensitized  e ry th ro c y te s  w ere th e n  added , 1 m l in  eac h  tu b e . A fte r a second 
in c u b a tio n  period  of 30 m in u te s  a t  37° C th e  te s t  was read  an d  allow ed to  s ta n d  a t  room  
te m p e ra tu re  fo r 2 or 3 h o u rs  w hen  re ad in g  w as re p ea te d . T he te s t  w as regarded  as p o sitiv e  
i f  f ix a t io n  w as com plete  in  a t  le a s t th e  f i r s t  tu b e .  In  th e  T ables, in co m p le te  lysis is signed  
as d o u b tfu l and  com plete  lysis as n eg a tiv e .

E x p erim en ta l

Serum  specim ens from  308 h e a lth y  persons of v a rio u s  age were te s te d  
fo r  -CF an tibod ies to  HCC v irus. T h e  resu lts  are su m m arized  in  Table I . 
S e v e n ty tw o  sera (23 p e r cent) gave a po sitiv e  reaction .

Table I

Complement fix a tio n  tests to contagious canine hepatitis virus in  308 normal hum an  sera

No. of sera tested Positive Doubtful Negative Positive per cent

308 72 7 229 23

T he specific ity  of th e  te s t  w as co n tro lled  by  te s tin g  6 o u t o f th e  po sitiv e  
se ra  w ith  an  an tigen  p re p a re d  from  n o rm a l dog livers an d  a n o th e r from  livers 
o f  dogs in fec ted  w ith  can ine d is te m p e r v iru s. None of th e  sera reac ted  w ith  
th e  con tro l an tigens.

T he p ro p o rtio n  of in d iv id u a ls  g iv ing  a positive re a c tio n  w as, to  som e 
e x te n t ,  h igher in  th e  group  o f a d u lt  persons th a n  am ong  8 to  10 y ea r-o ld  
c h ild re n , b u t th e  d ifference w as n o t sign ifican t. A m ore  d efin ite  d ifference 
w as estab lish ed  b e tw een  th e  com m u n ities  tested . T h e  frequency  ra te  of 
p o s itiv e  persons was p a r tic u la r ly  h ig h , 41 p er cen t, in  a closed co m m u n ity  
c o u n tin g  82 m em bers. U n fo rtu n a te ly , we w ere no t ab le  to  o b ta in  a n y  in fo r
m a tio n  on epidem ics experienced  b y  th e  com m unity  befo re  th e  serum  sam ples 
w ere  w ithd raw n .

One of th e  possib le e x p la n a tio n s  o f th e  occurrence in  h u m an  se ra  of 
C F  an tib o d ies  to  HCC v iru s  m ig h t be i f  th e  virus w ere capab le  o f in fec tin g  
m a n , causing  e ith e r clinical sy m p to m s o r la te n t  infection . T h is seem s, how ever, 
to  b e  co n trad ic ted  b y  th e  CF te s ts  p erfo rm ed  w ith  th e  se ra  o f  th e  6 em ployees 
o f  th is  lab o ra to ry . T hough  all th e  6 persons used to  ta k e  care o f th e  sick 
a n im a ls  and  carried  o u t necropsies w ith o u t any  special p recau tio n , n o n e  of 
th e m  h ad  CP an tibod ies in  th e ir  sera.



STUDIES ON THE OCCURRENCE IN HUMAN SERA OF COMPLEMENT FIXIN G  ANTIBODIES 115

I t  seem ed th e re fo re  m ore p ro b ab le  th a t  th e  p resence  o f CF a n tib o d y  
to  HCC v irus in  h u m a n  se ra  w as due to  an  an tigenic  re la tio n  of HCC v irus 
to  a n o th e r  v irus cap ab le  o f  in fec ting  m an . T he v iruses (A  an d  B) of h u m an  
h e p a tit is  hav ing  b een  especia lly  susp ec ted , serum  sam p les  o f 145 p a tie n ts  
w ith  h e p a titis  w ere te s te d  fo r CF a n tib o d y  to  HCC v iru s . W e a tte m p te d  
to  d iffe ren tia te  cases o f  serum  h e p a titis  from  those  o f  in fec tious h e p a titis  
by  th e  anam nestic  d a ta . T h e  h e p a titis  sera  w ere w ith d raw n  1 to  8 weeks a fte r  
th e  o n se t of illness. T he re su lts  are p re sen ted  in  Table I I .

Table II

Contagious canine hepatitis v irus complement fix a tio n  tests w ith h u m an  hepatitis sera

Disease No. of sera tested Positive Doubtful Negative Positive per cent

In fec tio u s h ep atitis 106 29 5 72 27

Serum  h ep a titis 39 5 0 34 12

O u t of th e  106 p a tie n ts  w ith  th e  diagnosis o f in fec tious h ep a titis , 29 
(27 p e r cent) gave a po sitiv e  te s t ,  a s ligh tly  h igher p ro p o rtio n  th a n  th a t  
fo u n d  for no rm al sera  (T ab le  I ) .  I t  is to  be no ted  th a t  n e ith e r  a rise n o r a 
d ro p  in  th e  CF ti t re s  w as observed  w hen th e  sam e p a tie n ts  were exam ined  
re p e a te d ly  d u ring  th e  illness an d  convalescence.

T h e  p ro p o rtio n  o f po sitiv e  persons in  th e  group o f p a tie n ts  w ith  serum  
h e p a tit is  was even low er th a n  in  th e  g roup  of h e a lth y  persons (Table I )  
b u t  th e  difference w as n o t  sign ifican t.

I t  can  th u s  be  conc luded  th a t  th e  positive CF te s ts  to  HCC v iru s  in  
h u m a n  sera can n o t be a t t r ib u te d  to  p rev ious in fec tion  w ith  h e p a titis  v iru s 
A or B.

L a f k a n c h i ’ s  tw o  cases [11] m en tio n ed  above ca lled  our a tte n tio n  to  
a possib le  re la tio n  o f th e  occurrence o f HCC an tib o d ies  to  som e neuro- 
v iru s  in fection . W e te s te d , th ere fo re , 23 serum  sam ples o f poliom yelitis 
co n va lescen ts. As show n in  Table I I I ,  th e  occurrence o f th e  CF an tibod ies 
w as a b o u t th e  sam e as in  th e  group  of h ea lth y  perso n s.

Table III

Contagious canine hepatitis v irus complement f ix a tio n  tests with hum an  poliom yelitis convalescent
sera

No. of sera tested Positive Doubtful Negative Positive per cent

23 6 2 15 26

C F te s ts  w ere ca rr ied  o u t also in  an ti-in fluenza  A  a n d  В h y p erim m u n e  
fe r re t  sera. A ntibod ies w ere n o t d em o n stra ted .
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D iscussion
Ы Г

W e h a v e  c o n f irm e d  th e  d a t a  o f  D e l a g e  and  M a r t in  [10] on th e  o c c u r 
r e n c e  o f  CF a n tib o d ie s  to  HCC v iru s  in  a g re a t  p r o p o r t io n  o f  n o rm a l h u m a n  
s e ra .  CF a n t ib o d y  w a s  d e m o n s tr a te d  in  72 (23 p e r  c e n t)  o u t  o f  th e  308 n o rm a l 
s e ra  te s te d .  T h e  f re q u e n c y  o c c u rre n c e  o f  CF a n t ib o d ie s  in  a d u l t  se ra  w as  
s o m e w h a t h ig h e r  t h a n  t h a t  in  c h ild re n ’s se ra , b u t  th e  n u m b e r  o f c h i ld re n ’s 
s e ra  w as to o  low  to  d ra w  a n y  co n c lu sio n .

T he difference am o n g  th e  com m unities s tu d ied  b y  us seem s to  be m ore 
p re g n a n t. In  one of th e  com m unities a n tib o d y  w as d e m o n s tra te d  in  41 p er 
c e n t o f th e  sera in  c o n tra s t  to  th e  23 p e r cen t average fo r th e  o ther groups. 
T h e  difference m ig h t be  a t t r ib u te d  to  a p rev ious ep idem ic  experienced b y  
th e  g roup  show ing th e  h ig h e r ra te  o f po sitiv e  sera. U n fo rtu n a te ly , we h av e  
no  in fo rm atio n  on th is  su b jec t.

M a r t in  and  G o r e t  [12] h av e  supposed  m an  to  be  suscep tib le  to  HCC 
v iru s . The fac t th a t ,  in  sp ite  of th e  con tinuous ex p osition  to  infection , none 
o f  th e  six em ployees o f o u r la b o ra to ry  h ad  CF an tib o d ies , does no t su p p o rt 
th is  conception.

I t  seems m ore lik e ly  t h a t  th e  CF ti t re s  in  h u m an  se ra  a re  due to  in fec
tio n s  w ith  a v iru s a n tig en ica lly  re la te d  to  HCC v iru s . O u r resu lts  suggest 
th e  h y p o th e tic a l v iru s  to  be  n o t id en tica l w ith  th e  v iru ses  causing h e p a titis  
in  m a n . I ts  re la tio n  to  th e  po liom yelitis  an d  in fluenza  v iru ses  is also un like ly .

Sum m ary

1. C om plem ent f ix in g  a n tib o d ies  specific fo r contagious can in e  h e p a titis  v iru s w ere 
d e m o n s tra te d  in  23 p e r c en t o f  308 n o rm al h u m an  sera  tes ted .

2. T he p ro p o rtio n  o f p e rso n s w ith  co m plem en t f ix in g  a n tib o d ie s  in  one of th e  com 
m u n itie s  exam ined w as d e fin ite ly  h ig h er th a n  in  th e  o thers.

3. Since com plem ent fix in g  an tib o d y  could n o t be d e m o n s tra ted  in  th e  sera o f six 
p e rso n s  being in  con tin u o u s c o n ta c t w ith  th e  v iru s , we suppose t h a t  m a n  is no t suscep tib le  
to  co n tag io u s canine h e p a ti t is  v iru s .

4. The q u a n tita tiv e  occu rren ce  of com plem en t f ix in g  a n tib o d ie s  in  h u m an  h e p a titis  
s e ra  w as ap p ro x im ate ly  th e  sam e as in  th e  g roup  of no rm al h u m a n  sera .
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T he ro le o f m alonic  ac id  as a n u tr ie n t fo r v a rio u s  g roups of o rgan ism  
has been  described  in  p rev io u s p ap ers  [1 — 3].

T he ex am in a tio n s  h av e  show n th a t  m alon ic  ac id  m ay  serve as an  
ad eq u a te  source of ca rb o n  an d  energy  and  h av e  called  a t te n tio n  to  th e  process 
of its  b reak d o w n  and  to  i ts  role in  th e  in te rm e d ia te  m etabo lism .

M alonic acid m a y  be  p ro d u ced  from  severa l su b stan ces  in  th e  m etab o lic  
process [4—8]. T he b reak d o w n  of m alonic acid  is possib le  in  tw o d iffe ren t 
w ays, n am ely  to  acetic  acid  b y  d irec t d eca rb o x y la tio n  th ro u g h  th e  ac tio n  
o f b a c te r ia  an d  b a c te r ia l enzym es [9—15], an d  b y  an  o x id a tiv e  process 
p reced ing  th e  fo rm a tio n  o f  ace tic  acid [16— 18].

T he fo rm a tio n  o f succinic an d  ace toace tic  acid  h as  been  observed  in  
liv ing  an im als an d  th e  sam e ty p e  of reac tio n  h as  b een  show n to  occur on  
th e  ac tio n  of enzym e p re p a ra tio n s  [19, 20].

A n u m b er o f o b se rv a tio n s h av e  been m ade as to  th e  s tim u la tin g  a c tiv ity  
o f m alonic acid  on th e  in te rm e d ia te  m etab o lism  o f a lgae [21], of p la n t  
[22 — 24] an d  an im al tissu es  [25 — 28]. F u n g i w ere also show n to  be capab le  
o f assim ila tin g  th is  su b stan ce  [1]. In  th e  b reak d o w n  o f m alonic  acid b y  
B otryo tin ia  fu cke lia n a , th e  p ro b ab le  in te rm e d ia te s  w ere acetic  acid an d  
succinic acid , w hile oxalic  acid  p ro v ed  to  be th e  end  p ro d u c t [2]. The assim il
a tio n  o f m alonic acid  b y  p a th o g en ic  fungi h as  also b een  re p o rte d  [3]. In  th e  
p resen t re p o rt th e  assim ila tio n  of m alo n a te  is discussed.

Materials and methods

In  th e  in v es tig a tio n s  C andida albicans s tra in  85/957— O K I, iso la ted  from  pa th o lo g ica l 
m a te ria l was used . In  sy s te m atic  ch a ra c te rs  i t  corresponded  to  a  s tra in  o b ta in ed  from  th e  
C. B . S . Yeast D iv is io n , D elft, H olland.

T he g ro w th  from  som e S a b o u rau d  g lucose-agar s la n ts  w as su sp en d ed , w ashed th re e  
tim es an d  used fo r in o cu la tin g  4 1 o f th e  flu id  m edium  described  elsew here  [3]. T he cu ltu res 
w ere in cu b a ted  a t  room  te m p e ra tu re .

A fter 1 or 2 w eeks of in c u b a tio n  th e  cu ltu re  w as cen trifu g ed , w ashed  th ree  tim es an d  
a f te r  d e term in ing  th e  w et w e ig h t, i t  was suspended  in  th e  correspond ing  f lu id  m edium  an d  
m an o m etric  m easu rem en ts  w ere pe rfo rm ed  b y  th e  c o n v en tio n a l te c h n iq u e . P ro d u c tio n  of 
C 0 2 w as calcu la ted  from  th e  re su lts  o f p a ra lle l ex p erim en ts  w ith  a n d  w ith o u t K O H  [29].

* P a r t ly  p re sen ted  a t  th e  4 th In ternational Congress o f  B iochem istry, V ienna, S e p tem 
ber, 1958.
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E a c h  ex p erim en t was carried  o u t in  2.5 m l vo lu m e a t  26° C, co n tin u o u sly  sh ak ing  th e  su sp en 
sio n  a t  a ra te  o f 120 pe r m in u te . T he cells w ere suspended  in  m a lo n a te  n u tr ie n t  m ed ium , 
in  a M/15 p h o sp h a te  b u ffer o f  p H  6.0 an d  in  n u t r ie n t  m edium  c o n ta in in g  no m alo n a te  and 
a lk a li.  T h e  a d d itio n  of m alon ic  acid  an d  th e  in h ib ito rs*  was pe rfo rm ed  b y  d issolv ing th em  
in  M /15 p h o sp h a te  b u ffer o f p H  6.0. M alonic acid  a n d  th e  in h ib ito rs  w ere d issolved in  such 
c o n c e n tra tio n s  th a t  add ing  a  0.5 m l sam ple  o f  th e  so lu tio n  to  th e  c u ltu re  p ro v id ed  th e  con
c e n tr a t io n  in d ica ted  in  th e  F igu res.

F o r  su b cu ltu rin g  th e  o rg an ism , m alon ic  acid -free  m ed ium  w as em ployed . T h e  n u tr ie n t  
ro le  o f th e  inocu lum  w ill be  d iscussed  la te r .

Experim ental

T he general p rocess o f m alonic ac id  u tiliza tio n  w as in v e s tig a te d  b y  
W a r b u r g ’s m ethod .

Fig. 1 shows th a t  an  a p p ro x im a te ly  lin ea r  oxygen  u p ta k e  im m ed ia te ly  
fo llo v ed  th e  add itio n  o f m alonic ac id . As th e  endogenous re sp ira tio n  was 
4 ц \  in  150 m inu tes, th is  w as o m itte d  fro m  th e  F igure .

20  40 60 60 100 120 /40 160 m in

F ig . 1. R esp ira tio n  of C andida albicans in  m a lo n a te  m edium  (0 .5%  m alo n ic  ac id , 0 .4%  N aO H , 
0 .5 %  (N H 4)2S 0 4, 0 .1%  K H 2P 0 4, 0.07%  M gS 04- 7 H 20 ,  p H  6.0). V alues co rrespond  to  10 mg

d ry  w e igh t

F ig . 2. T he re sp ira to ry  q u o tie n t o f C andida albicans p lo tte d  a g a in s t tim e . M alonate  m edium  : 
E x p . X IX  : p H  6 .0 , E x p . X V III/b  : p H  5.0

T h e curve fo r th e  aerobic d eca rb o x y la tio n  d iffered  from  th a t  for th e  
oxy g en  u p ta k e  on ly  in  a lag  p e rio d  a t  th e  beg inning  an d  in  its  descending 
f in a l  section.

To d em o n stra te  th e  lag  period  o f  C 0 2 p ro d u c tio n  c learly , th e  re sp ira to ry  
q u o tie n t  p lo tted  a g a in s t tim e  is show n  in  Fig. 2. E v e ry  p o in t o f th e  curve 
re p re se n ts  th e  R . Q. values su m m arized  for th e  tim e  in d ic a te d . I t  will be

* E x p la n a tio n  to  th e  ab b rev ia tio n  o f in h ib ito rs  : M JA  =  m o n o io d o aceta te , D N P  =  
=  2,4 d in itro p h en o l, SA  =  su lp h an y lam id e , K C N  =  p o tass iu m  cy an id e , N a F  =  sodium  

u o r id e , K i l l  =  K om plexon  III(d iso d iu m  e th y len d iam in e  te tra a c e ta te ) ,  As =  sodium  arsenate  
N a 2H A s0 4).
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observed  th a t  th e  re sp ira to ry  q u o tie n t was well u n d e r  1 du ring  th e  f irs t 
10 or 20 m in u tes  of th e  e x p e rim en t ; it  reached 1 a p p ro x im a te ly  a t  th e  30 th  
m in u te  ; i t  s ta y e d  a t th is  va lue  u n til  th e  60 th  to  7 0 th  m in u te  ; f in a lly  it  
again  decreased u n d er 1.

T he ac tion  of enzym e in h ib ito rs  on the  o x id a tio n  o f m a lo n a te  is show n 
in  Figs. 3 and  4.

F ig. 3. O xygen u p ta k e  in  m alo n a te  m ed iu m  b y  Candida albicans in  th e  p resence of in h ib ito rs . 
T o W arb u rg  vessels co n ta in in g  2 m l m ed iu m , 0.2 m l 0.1 M  K C N , 0.2 m l 0.1 M  N a F  or 0.2 
m l 0.01 M  M JA  w ere ad d ed  a t  th e  t im e  in d ic a te d  by  th e  v e r tic a l lin e . V alues correspond

to  60 m g d ry  w eight

Fig. 4. O xygen u p ta k e  in  m alo n a te -p h o sp h a te  b u ffer b y  Candida albicans in  th e  presence 
of in h ib ito rs . To W arb u rg  vessels c o n ta in in g  2 m l М /15, p H  6.0 p h o sp h a te  b u ffer co n ta in ing  
0 .5 %  m alonic  acid , 0.5 m l 0.1 M  K C N , 0.5 m l 0.1 M  N aF  or 0.5 m l 0.1 M  M JA  w ere ad d ed . 

V alues co rrespond  to  15 mg d ry  w eight

T he cells w hich h ad  been  tr e a te d  as described ab o v e  w ere suspended  
in  m a lo n a te -n u trien t-m ed iu m  (  F ig. 3 ) and in  p h o sp h a te  bu ffer so lu tion  
(F ig . 4 ) .  The in h ib ito rs  w ere ad d ed  as ind ica ted  b y  th e  v e rtic a l line, a f te r
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an  in cu b a tio n  of 40 or 50 m in u te s . In  th e  ex p erim en ts  show n in  Fig. 3 th e  
f in a l  co n cen tra tio n  o f th e  in h ib ito rs  w as 0.99 X 10-3 M  fo r M JA , 9.9 X 10 3 
M  fo r  K CN  and  9.9 X 10—3 M  for N aF . T he co rresp o n d in g  concen tra tions 
in  th e  experim en ts show n in  F ig. 4 w ere 20 X 10~3 M ,  20 X 10“ 3 M  and  
20 X 10 3 M . A ccord ing  to  F ig . 1 th e  g rap h  rep resen tin g  oxygen  u p tak e  is 
lin e a r  w ith in  150 m in u te s  o f in cu b a tio n . T hus th e  d ire c tio n  of th e  contro l 
g ra p h s  in  Figs. 3 an d  4  w ere  d e te rm in ed  b y  p re in c u b a tio n  in  m alonic acid 
m ed iu m  conta in ing  no in h ib ito rs  for 40 an d  50 m in u te s , respectively . The 
chan g es produced  b y  th e  in h ib ito rs  in  th e  re sp ira tio n  w ere th ere fo re  evaluated  
b y  com paring  th e  cu rv e  o b ta in e d  w ith  th e  p ro lo n g a tio n  o f th e  s tra ig h t line 
o f  th e  contro l.

The F igures show  t h a t  2 /лМ  M JA  an d  20 /лМ  K C N  w ere ineffective, 
w hile  20 [лМ  N aF  s lig h tly  in h ib ite d  th e  o x id a tio n  o f m alon ic  acid in  n u tr ie n t 
m ed iu m . I n  p h o sp h a te  b u ffe r  con ta in ing  m alonic acid  no fu r th e r  oxygen 
u p ta k e  w as observed  a f te r  th e  ad d itio n  o f 50 /лМ  M JA  o r 50 /лМ  N aF  ; 
50 /лМ  KCN  ac ted  a t  th e  b eg inn ing  as a s tim u la n t, w hile a fte r  30 m inu tes 
i t  e x e rte d  an  in h ib ito ry  ac tio n . T he curves fo r aerob ic  C 0 2 p roduction  in  
th e  presence of th ese  in h ib ito rs  were sim ilar to  those  fo r th e  0 2 u p tak e .

T he ac tion  of o th e r  in h ib ito rs  on th e  re sp ira tio n  o f Candida albicans 
in  p h o sp h a te  bu ffe r c o n ta in in g  m alo n a te  is show n in  Table I .

I t  is clear th a t  th e  in h ib ito rs  lis ted  d id  n o t b lock o x ygen  u p tak e  im m ed
ia te ly , n o r did th e y  co m p le te ly  in h ib it th e  re sp ira tio n  th ro u g h o u t th e  experi
m e n t. P ro d u c tio n  o f  C 0 2 w as, how ever, com plete ly  in h ib ite d  b y  these  su b 
s tan ces .

Table I

Oxygen uptake in  malonate-phosphate buffer by Candida albicans in  the presence o f inhibitors

Inhibitors cone. 10 — 3 M
0 2 consumption /Л

10' 20' 30' 40' 50'

N one 2.5 5.5 8.5 11.5 14.0

D N P  0.2 2.5 5.0 6.5 8 .0 8 .0

N aN 3 20.0 2.5 4.5 5.5 7.0 7.5

K m  10 .0 1.0 2 .0 2.5 3.5 3.5

As 8.0 2.5 4.5 6 .0 7.5 7.5

SA 1.0 2 .0 4.5 6.5 8 .0 9.0

C oncentration  of in h ib ito rs  m eans th e  end-concen tra tion  in  2.5 m l m alonate-phosphate  
b u ffe r  of p H  6.0. A d d itio n  o f in h ib ito rs  occurred a t  0 m in u te . V alues correspond to  20 m g 
d ry  w e ig h t.

As to  anaerobic  C 0 2 p ro d u c tio n , in  p h o sp h a te  b u ffe r con ta in ing  m alonic 
ac id  p rac tica lly  no C 0 2 w as form ed even a fte r  60 m in u te s ’ in cu b a tio n  in
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n itro g en  a tm o sp h ere . No p ro d u c tio n  o f C 0 2 w as in d u ced  b y  add ing  to  th is  
sy s tem  0.01 M  m ethy lene  b lue as a h y d ro g en  accep to r.

T he o x id a tio n  of m alo n a te  w as in c reased  b y  y e a s t e x tra c t to  125 p e r  cen t.

D iscussion

T he p re se n t in v estiga tions show  th e  p rim a ry  role o f o x id a tio n  over 
d eca rb o x y la tio n  in  th e  b reakdow n o f m alon ic  acid b y  Candida albicans. T h is 
fin d in g  co rresponds to  th a t  o f L in e w e a v e r  [16], K a rlso n  [17] an d  W o lfe  
and  R it t e n b e r g  [18], who in  th e  b rea k d o w n  o f m alonic acid re p o rte d  an  
o x id a tio n  p rocess to  precede th e  fo rm a tio n  o f ace tic  acid . The o x id a tio n  of 
m a lo n a te  b y  n ep h rec to m ized  ra ts  w as show n b y  W ic k , W olfe  and  N a k a d a  
[30]. I t  shou ld  be  n o ted  th a t  th e  view s s ta tin g  th e  p rim a ry  role o f d e c a r
b o x y la tio n  are  n o t un ifo rm  as to  th e  e n d -p ro d u c t o f th is  process. A ccord ing  
to  sev era l a u th o rs  th e  en d -p ro d u c t co rresp o n d s to  acetic  acid [9 —15], w hile 
o th e rs  h av e  show n i t  to  be a su b stan ce  re la te d  to  prop ion ic  acid  [14, 31]. 
The co n d en sa tio n  o f acetic  acid in to  ace to -ace tic  acid follow ing th e  fo rm a tio n  
of th e  fo rm er [19] an d  th e  p ro d u c tio n  o f  succinic acid [20] have also been  
described .

F ro m  th e  d a ta  o b ta in ed  in  th is  s tu d y  th e  p rim a ry  role of o x id a tio n  
m ay  be p resu m ed , as (i) com pared  to  th e  0 2 u p ta k e  th e  beg inning  o f  C 0 2 
p ro d u c tio n  is d e layed  ; (ii) a t s ta r t  th e  R . Q. curve is well u n d er 1 ; (iii) 
d e ca rb o x y la tio n  fails to  ta k e  p lace u n d e r  anaerob ic  conditions ; (iv) th e  
a d d itio n  o f o x id a tio n  in h ib ito rs  s top  th e  p ro d u c tio n  o f C 0 2 as well, w hile 
0 2 u p ta k e  is  n o t  in h ib ited  b y  su b stan ces  p ara ly sin g  d ecarboxy la tion .

In  a p rev ious ex perim en t w ith  B otryo tin ia  fu cke lia n a  th e  a u th o r d em o n 
s tra te d  th e  p rim a ry  role of d e c a rb o x y la tio n , as th is  reac tio n  was an ae ro b ic  
and  i t  rem ain ed  so a f te r  hom ogen ization  in  sp ite  of th e  lo s t ox idative  a c tiv ity .

A lth o u g h  d raw ing  f in a l conclusions on th e  basis  o f th e  p resen t in v e s
tig a tio n s  w ould  n o t be ju s tif ie d , som e o b se rv a tio n s reg ard in g  th e  b reak d o w n  
of m alon ic  acid  w ill be discussed. F ro m  th e  chem ical s tru c tu re  o f m alon ic  
acid i t  follow s th a t  o x id a tio n  affects th e  h y d ro g en  a to m s of th e  m e th y len e  
group , w hose re a c tiv ity  is well know n [32]. The R . Q. v a lue  rem ain ing  a p 
p ro x im a te ly  a t  1 fo r a long period  show s th e  p robab le  in te rm ed ia te  ro le  of 
g lyoxylic acid. T he fo rm atio n  o f an  o rgan ic  acid as an  end -p ro d u c t in s te a d  
of C 0 2 an d  0 2 is obvious, since in  c o n tra s t  to  th e  v alues found , in  case of 
p e rfec t o x id a tio n  th e  R . Q. w ould be  1.5. I n  accordance w ith  th is , fro m  10 
d ay  cu ltu re s  an  o rgan ic  acid w ith  low  R  va lu e  could  be  iso lated  b y  p a p e r  
ch ro m ato g rap h y .*

U npublished data.
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T h e  resu lts  o b ta in e d  b y  th e  in h ib ito rs  suggest th e  role o f various e n 
zym es. T his, how ever, could  only  be co n firm ed  b y  experim en ts w ith  cell-free 
e x tra c ts  o f th e  o rgan ism s.

T h e  presence o f  sm all q u an titie s  o f m alo n ic  acid in  th e  inocu lum  causes 
th e  a lte ra tio n  o f th e  re su lts , e. g. in  u sing  m alonic  acid as an  in h ib ito r  to  
th e  dehydrogenase  enzym es o f Candida albicans cu ltu red  on m a lt o r m olasses 
ag a r.*  Some veg e tab les  as beets and  g e rm in a tin g  b a rley  co n ta in  considerab le  
q u a n tit ie s  of m alon ic  acid . M alt and  m olasses agar p ro b ab ly  also co n ta in  
som e m alonic acid , th u s  organism s c u ltiv a te d  on these m ed ia  m ay , to  a 
deg ree , be tra in e d  to  th is  substance.

F ro m  th e  p re se n t investig a tio n s a fu r th e r  conclusion can be d raw n . 
I n  th e  supposition  t h a t  th e  role of m alonic  acid  in  th e  organ ism  is re s tr ic te d  
to  a n  in h ib ito ry  a c tio n  on  enzym es, i t  h as  b een  em ployed for in h ib itin g  th e  
re a c tio n s  of liv ing  cells o r enzym e p re p a ra tio n s . O ur re su lts  m ake i t  c lear 
th a t ,  considering th e  n u tr ie n t role of m alon ic  acid, th is  conception  has to  
be rev iew ed. M alonic acid  should  be used o n ly  in  defin ite  cases w ith  ad e q u a te  
co n tro ls , and  th e  re su lts  should be e v a lu a te d  w ith  cau tion .

Summary

In  th e  u til iz a tio n  of m a lo n a te  by  Candida a lb icans , ox id a tio n  h as  been  show n to  p lay  
a  p r im a ry  role over d eca rb o x y la tio n . In  th e  f ir s t  p e rio d  o f re sp ira tio n  in  m alon ic  acid m ed iu m  
a d e la y  w as found  to  o ccu r in  th e  p ro d u c tio n  o f C 0 2, as com pared to  th e  0 2 u p tak e . Som e 
su b s ta n c es  in h ib ited  s im u ltan eo u s ly  b o th  0 2 u p ta k e  a n d  C 0 2 p ro d u c tio n , w hile  o th ers , co n 
f irm in g  th e  in d ependence  o f o x id a tio n , in h ib ited  th e  p ro d u c tio n  of C 0 2 earlie r. T he seco n d ary  
ro le  o f  C 0 2 p ro d u c tio n  w as p roved  b y  its  d ep en d en ce  on  th e  in h ib itio n  o f 0 2 u p ta k e . T h e  
lac k  o f C 0 2 p ro d u c tio n  u n d e r  anaerob ic  con d itio n s also confirm ed  th e  p rim a ry  m etab o lic  
ro le  o f ox idation .

F ro m  th e  v a lu es o f th e  re sp ira to ry  q u o tie n t, i t  h a s  been concluded to  th e  in te rm e d ia te  
ro le  o f  g lyoxylic acid  a n d  th e  existence of a fu r th e r  o x id a te d  en d -p ro d u c t.
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(R eceived D ecem b er 4, 1958)

T he s ign ificance  of a n tis tre p to ly s in  d e te rm in a tio n  in  th e  la b o ra to ry  
d iagnosis o f rh e u m a tic  fever and o th e r s trep to co cca l diseases was f irs t  e m p h a 
sized b y  T o d d  [1] in  th e  th irtie s . L a te r , w hen  rep ea tin g  T o d d ’s ex p e rim en ts , 
H o d g e  a n d  S w if t  [2] found  th a t  rep ro d u c ib le  resu lts  could be o b ta in e d  
on ly  u n d e r  ca re fu lly  estab lished  co n d itio n s, as b o th  th e  ac tive  (reduced ) 
an d  th e  in a c tiv e  (oxidized) form s o f O -s trep to ly s in  (OSL) were ab le to  b in d  
O -a n tis tre p to ly s in  (ASO), while th e  h aem o ly tic  a c tiv ity  was on ly  asso c ia ted  
w ith  th e  re d u ced  fo rm . T hus, w hen  like in  T o d d ’s f irs t  ex p erim en ts  ASO 
t i t r e  w as s im p ly  de te rm ined  as th e  h ig h est d ilu tio n  of serum  in h ib itin g  
h aem o ly tic  a c t iv i ty  of a given a m o u n t of O SL, rem ark ab le  irreg u la ritie s  w ere 
caused  b y  th e  fa c t th a t  d ifferen t O SL p re p a ra tio n s  co n ta ined  ox id ized  a n d  
reduced  O SL in  d iffe ren t p roportions.

Since 1945, th e  State Serum in stitu t, Copenhagen, has been  p ro d u c in g  
an in te rn a tio n a l s ta n d a rd  ASO p re p a ra tio n  accord ing  to  th e  p rincip les o f 
I p s é n  [3 ]. B y  th e  use of th is  p re p a ra tio n , a d irec t com parison  o f th e  t i t r e s  
o f th e  s ta n d a rd  ASO and  th e  te s t  sera  w as m ade possible, avo id ing  incon- 
sequencies p o ssib ly  resu lting  from  th e  a c tu a l com position  c h a ra c te ris tic s  
of th e  O SL p re p a ra tio n  em ployed.

T h o u g h  th e  use of ASO s ta n d a rd  h a d  b een  stro n g ly  reco m m en d ed  
by  I p s é n  [3] a n d  fu r th e r  em phasized also b y  K ö h l e r  [6, 7] and  H e d b e r g  [8 ], 
e x am in a tio n s  n o t using  th e  above s ta n d a rd  have  s till been  p u b lished  [4, 5]. 
S evera l a u th o rs  fro m  d ifferen t la b o ra to rie s  using  th e  sam e m e th o d  h a v e  
found  ASO s ta n d a rd iz a tio n  to  be o f  p ro m in e n t im p o rtan ce . T he p re se n t 
w ork  w as ca rried  o u t to  estab lish  w h e th e r or n o t th e  use of s ta n d a rd  ASO 
allows a c o m p a ra tiv e  ev a lua tion  of th e  re su lts  o b ta in ed  b y  d ifferen t m e th o d s .

Materials and methods

Sera. 100 ra n d o m , fresh , in a c tiv a te d  se ru m  spec im ens from  th e  ro u tin e  m a te r ia l  o f  th e  
Research Laboratory o f  the N ational In stitu te  o f  R h eu m a tism  and M edical H ydrology  w ere 
exam ined .

Strepto lysin . U n co n cen tra ted  OSL p re p a ra tio n s  (b a tc h  Nos. 6 , 7 an d  8 ), p re p a re d  
according to  K a l b a k . [9] a t  th e  Research In s titu te  fo r  Vaccine Production, w ere u sed .

T o ch ara c te riz e  OSL p rep ara tio n s , th e ir  m in im u m  h aem o ly tic  dose (M H D ) a n d  th e  
com bining u n it  (C U ) w ere de term ined . M H D  re p re se n ted  an  a m o u n t o f OSL th a t  h aem o ly zed

3 A cta Microbiologica V I/2 .
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T able  I

Values obtained by
Differences 

in title  grades Incidencetube j micro 
m e t h o d

50 84 + 3 l
42 — 2 3

60 60 0 3
70 +  1 1
42 — 3 2

70 84 + 1 2
70 — 1 1

84 84 0 4
100 + 1 1
120 + 2 1
143 + 3 1
84 — 1 6

100 100 0 2
170 + 3 1
50 — 5 1
84 — 2 2

120 120 0 4
70 —4 1
84 — 3 1

120 — 1 3
143 143 0 2

170 + 1 2
100 — 3 2
120 — 2 2
143 — 1 2

170 170 0 2
200 +  1 9
100 — 4 1
140 — 2 2
170 — 1 7

200 200 0 3
240 +  1 1
336 + 3 1
170 — 2 1
200 — 1 2

240 240 0 2
286 +  1 1
336 + 2 1
170 — 3 2
200 — 2 3

286 240 — 1 3
336 336 0 1
400 336 — 1 2

400 —3 1
672 560 — 1 1

1120 560 — 4 1
1344 1344 0 1
1600 960 — 3 1

Total 100
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0.5 m l 2 pe r cen t sheep e ry th ro c y te  suspension in  1.5 m l fin a l vo lum e. CU corresponded  to  
a n  a m o u n t o f OSL th a t  n e u tra liz ed  com plete ly  a  single in te rn a tio n a l u n i t  o f ASO. F o r  ou r 
p re p a ra tio n s  used  in  th e  p re sen t ex p erim en t, th e  follow ing va lues h a v e  been  found  : OSL 
b a tc h  n u m b er 6 , one CU co rresponded  to  15 M H D  ; b a tc h  No. 7, one CU con ta in ed  6  M H D  ; 
b a tc h  N o. 8 , one CU co n ta in ed  4 M H D .

A S O  Standard. S ta n d a rd  ASO p rep ared  b y  th e  Research Institu te  fo r  Vaccine Production  
(b a tc h  No. 4) eq u iv a len t to  th e  in te rn a tio n a l D a n ish  ASO s ta n d a rd  w as used  th ro u g h o u t.

M ethods o f  titra tion . A t th e  D e p a rtm en t fo r  Serology of th e  Research Institu te  fo r  
Vaccine Production  th e  tu b e  m eth o d  as m odified  b y  Böszörményi [10] w as used. T he f in a l 
vo lum e w as 2 m l co n ta in in g  1 m l serum  d ilu tio n , 0.5 m l OSL so lu tion  a n d  0.5 m l 2 p e r cen t 
w ashed  sheep e ry th ro c y te  suspension , th e  la t te r  b e in g  ad d ed  a fte r  15 m in u te s  o f in cu b a tio n . 
A t th e  Research Laboratory o f  the N ationa l In s titu te  o f  R heum atism  a n d  M edical Hydrology  
th e  m icrom ethod  of Bozsóky [11] w as used. T itra tio n s  were p e rfo rm ed  w ith  th e  m ic ro 
t i t r a t io n  device described  b y  Takátsy[12]. T he f in a l  volum e was 0.1 m l consisting  of 0.05 m l 
se ru m  d ilu tio n , 0.025 m l o f OSL so lu tion  an d  0.025 m l o f 2 per cen t w ash ed  sheep  e ry th ro c y te  
suspension , th e  la t te r  being  ad d ed  a f te r  15 m in u te s  o f incu b a tio n .

I n  b o th  th e  Böszörményi [10] and  th e  Bozsóky [11] m eth o d  p a ra lle l w ith  th e  te s t  
se ru m  t it ra tio n s  a  d ilu tio n  series o f ASO s ta n d a rd  w as also p re p are d  a n d  OSL an d  sheep 
e ry th ro c y te s  added .

T he a c tu a l t i t r e  w as c a lcu la ted  b y  co m p arin g  th e  t it re  observed  in  th e  p a tie n t  serum  
w ith  th e  t i t r e  of th e  ASO s ta n d a rd , th e  la t te r  b e in g  used  as a fa c to r.

R esu lts

T he resu lts  o b ta in e d  b y  t i t r a t in g  th e  100 serum  sam ples according to  
th e  tw o  d iffe ren t t i t r a t io n  m eth o d s are  p re sen ted  in  Table I .  C om parison 
o f th e  tw o  m ethods w as m ade on th e  b as is  o f d ifferences observed  in  th e

t i t r e .  T he u n it o f d ifference w as th e  q u o tie n t of th e  d ilu tio n  series (]/~2). 
A t i t r e  d ifference a m o u n tin g  to  4 u n its  equ a lled  q u o tien t 2, th u s  h a lf  resp . 
doub le  values. T here  w ere on ly  four cases w hen  th e  d ifference  exceeded 3

u n its , while 83 o u t o f th e  100 differences w ere w ith in  th e  ran g e  -y=- to  ]/2.

T he ab so lu te  t i t r e  va lues w ere m o stly  low, in d ic a tin g  a m odera te  
incidence o f acu te  s trep to co cca l in fec tio n  am ong  th e  p a tie n ts  exam ined .

In  Table I I  we p re se n t th e  d is tr ib u tio n  o f differences o b ta in e d  b y  com 
p a rin g  th e  re su lts  o f m ic ro -titra tio n s  to  th o se  of tu b e  t i t r a t io n s .  I t  is to  be 
seen th a t  th e  m ost fre q u e n t (27) d ifference w as one u n it  to  th e  ad v an tag e  
o f  th e  tu b e  m eth o d . W h en  co m p u tin g  th e  m ean  of th e  d ifferences, th e  d if
ferences of th e  sam e v a lu e  w ere g rouped  a n d  w eighted  b y  th e ir  respective  
frequencies . As th e  w eig h ted  sum  of d ifferences was fo u n d  to  be 97 dow n 
w ard s (low er va lu es  b y  th e  m icrom ethod) a n d  35 u p w ard s , these  fig u res

3 5 __ 9 7
y ie ld  an  average  d ifference o f ----------  =  —0.62 u n it.

100
W hen a rb itra r ily  ta k in g  th e  average  re su lt y ielded b y  th e  tu b e  m eth o d  

as 100, th a t  o f  th e  m ic ro m eth o d  is ~, t ,0 62 =  89.8 (w here ——rep resen ts  one
( f2) '  \2

u n it  d ifference dow nw ards), i. e. t i t ra t io n s  ca rried  ou t b y  th e  m icrom ethod  
g en era lly  y ield  10.2 p e r cen t low er v a lu es .

3*
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Table II

Differences in titre Incidences observed Normal distribution (m’ — m)*
grades m

X m m

—  5 .......................... l 0.81

4 .......................... 3 13 2.90 12.18 0.055

—  3 .......................... 9 8.47

2  .......................... 13 17.08 0.975

1 .......................... 27 23.69 0.462

0  .......................... 22 2 2 .6 6 0.019

1 .......................... 19 14.95 1.097

2 .......................... 2
6

6.78 ;
9.44 1.254

3 .......................... 4 2 .6 6

T o ta l ....................... 100 10 0  00 Z h l  =  3.862

N o rm a l d ifference in  t i t r e  g rades x  =  — 0.62 
S ta n d a rd  dev ia tio n  =  1.613 P  =  29 per cen t

T he d is tr ib u tio n  of d ifferences o f th e  re su lts  o b ta in ed  b y  th e  tw o 
m e th o d s  w as in  fa ir  ag reem en t w ith  th e  no rm al d is tr ib u tio n  curve. I n  th e  
th ird  colum n o f Table I I  we p re se n t th e  ca lcu la ted  incidences o f n o rm a l 
d is tr ib u tio n  a t  th e  g iven  m ean  an d  sp read .

T he co m p ariso n  o f th e  n o rm a l an d  th e  ac tu a l d is tr ib u tio n  w as m ad e  
b y  th e  %2 te s t  [13]. R esu lts  are  g iven  in  th e  fo u rth  co lum n of Table I I .  D if
ferences in  th e  re su lts  o b ta in ed  b y  th e  m icrom ethod  an d  th e  tu b e -m e th o d  
could  th u s  been  reg a rd ed  as be ing  in  good ag reem en t w ith in  th e  lim its  of 
sam p lin g  erro r.

As to  th e  d ifferences in  th e  re su lts  o b ta in ed  b y  th e  m icrom ethod  an d  
th e  tu b e -m e th o d , th e  ex am in a tio n  o f  significance w as also m ade [13]. W e 
reca ll here  th a t  th e  average  d ifference w as 10.2 as exp ressed  in  p er c e n t and  
— 0.62 in  t i t r e  g rades. S ignificance w as ca lcu la ted  b y  th e  form ula,

x  __ 0.62 ___
»[99] =  J  VN= Y 6 Ï 3  V 100 =  3.84

p  <  0.1%

A ccording to  th is  re su lt, th e  v e ry  m odera te  d ifference (10.2 p e r cen t) 
be tw een  th e  v a lu es  o b ta in ed  b y  th e  tw o  d ifferen t te ch n iq u es  m ay be reg a rd ed  
as s ta tis tic a lly  sig n ifican t. C onsequen tly , th e  accu racy  of titre s  observed
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b y  e ith e r  m eth o d  w as v e ry  sa tis fac to ry  w ith in  th e  lim its  o f  sam pling e rro r . 
I n  th is  p a r tic u la r  case th e  sign ificance of th e  10 p e r c e n t difference, be ing  
p ra c tic a lly  u n im p o r ta n t, p ro v es  th e  good ag reem en t a n d  exactness o f b o th  
m ethods.

Discussion

The resu lts  o f  ASO d e te rm in a tio n s  p erfo rm ed  in  d iffe ren t lab o ra to rie s  
b y  tw o d ifferen t m e th o d s  ex h ib ited  a s ta tis tic a lly  s ig n if ican t dev ia tion  o f
10.2 p e r cen t. T h is re p re se n te d  a fa ir para lle lism , as in  serological te s ts  using  
tw ofo ld  d ilu tion  series clin ical lab o ra to rie s  u su a lly  consider a  one-step  d ev ia tio n  
as a v a lue  w ith in  accep tab le  lim its  o f erro r. K a l b a k  [9 ], w hen  w orking w ith  
s ta n d a rd  ASO u n d e r  s ta n d a rd iz e d  conditions, fo u n d  a i  20 p e r  cen t d e v ia tio n  
in  p ara lle l ex p erim en ts  an d  gave th is  value as th e  se n s itiv ity  lim it of ASO 
d e te rm in a tio n . As a conclusion , th e  good ag reem en t of o u r  re su lts  o b ta in ed  
in  d ifferen t la b o ra to rie s  a n d  b y  d ifferen t m e th o d s m ay  be  ascribed  to  th e  
use of a com m on ASO s ta n d a rd  as a fac to r  [3, 10]. T h e  m ost im p o r ta n t  
a d v a n ta g e  of th is  m e th o d  seem s to  be its  independence  o f th e  ac tua l com po
sitio n  ch a rac te ris tic s  of th e  O SL p rep ara tio n  used .

In co m p a tib ilitie s  in  th e  resu lts  o b ta in ed  in  d iffe ren t labo ra to ries n o t 
using  s ta n d a rd  ASO p re p a ra tio n s  [5] and  d e te rm in in g  th e  a p p ro p ria te  am o u n t 
o f O SL only b y  t i t r a t in g  i ts  h aem oly tic  a c tiv ity , m ay  re a d ily  be exp la ined  
b y  th e  reasons p re se n te d  above.

Summary

Sera of 100 ra n d o m  p a tie n ts  h av e  been t i t r a te d  fo r th e ir  O -an tis tre p to ly s in  co n te n t. 
T itra tio n s  were c a rried  o u t  in  tw o  d iffe ren t lab o ra to rie s  b y  tw o  d iffe re n t m ethods, b o th  
m ak in g  use o f th e  sam e s ta n d a rd  ASO p rep ara tio n  as a  fa c to r. T h o u g h  th e  S tre p to ly s in -0  
p re p a ra tio n s  co rrespond ing  to  one m in im al h aem oly tic  dose re p re se n ted  d ifferen t n u m b ers  
o f com bining u n its , a  d e v ia tio n  o f  o n ly  10 .2  pe r cen t w as fo u n d  in  th e  p a ra lle l resu lts  i f  th e  
a p p ro p ria te  a m o u n t o f  S tre p to ly s in -0  was d e term ined  b y  its  s ta n d a rd  O -an tis trep to ly s in - 
b in d in g  cap acity .
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NOCARDIA UNIFORMIS, A NEW SPECIES FROM 
SOLONETZ SOIL
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(R ece iv ed  D ecem ber 19, 1958)

In  exam ining  th e  m icro flo ra  of th e  deg raded  so lonchak-so lonetz  soil 
occurring  in  ex tensive  a rea s  o f th e  H o rto b ág y  s tep p e , E a s te rn  H u n g a ry , 
som e s tra in s  of a new  species belonging to  th e  genus N ocardia  [7] were iso la ted . 
T hese organism s occu rred  exclusively  in  th e  deep reg ion  o f  th e  co lum nar B j 
h o rizon  o f th e  soil. In  th e  a n n u a l d y n am ic  v a ria tio n  th e  m ax im um  accu m u 
la t io n  o f soluble sa lts  h a s  b een  observed  in  th is  sam e reg io n . In  connection  
w ith  th is , th e  s tra in s  o f  th e  new  species p roved  to  be  h ig h ly  sa lt- to le ra n t 
o rganism s.

M aterials and methods

C u ltu ra l p ro p erties  w ere ex am in ed  b y  using  th e  follow ing m ed ia . 1. G lucose-asparagine 
ag ar. 2. S y n th e tic  agar. 3. F lu id  sy n th e tic  m edium . 4. F lu id  g lu co se -K N 0 3 m edium . 5. P ep to n e- 
glucose agar. 6 . S ta rch  ag ar. 7. P e p to n e -m e a t-e x tra c t agar. M edia 1 to  7 w ere p re p are d  as 
described  b y  L in d e n b e in  [4]. 8 . G lu cose-tryp tone  a g a r o f B u r c k h o l d e r  et al. [2]. 9. P ep to n e- 
glycerol ag ar. 10. P o ta to  a g a r . 11. C a rro t agar. M edia 9 to  11 w ere  p re p a re d  acco rd ing  to  
B a l d a c c i ei al. [1]. U tiliz a tio n  o f  c a rb o n  sources w as ex am ined  b y  u s in g  th e  sy n th e tic  b asa l 
m ed ia  described  b y  P r id h a m  a n d  G o t t l ie b  [6 ] a n d  b y  M cCl u n g  [5]. A cid-fastness w as 
d e m o n s tra ted  according to  G o r d o n  and  Sm id t  [3].

Nocardia uniformis nov. spec.

M orphology. A t th e  beg in n in g  of cu ltiv a tio n , th e  f ila m e n ts  of th e  su b 
s tr a te  m ycelium  ra p id ly  b re a k  up in to  rods and  less f re q u e n tly  in to  coccoid 
bodies. T h e  size of th e se  fo rm s is 0 .7—1.1 p  b y  1 .1—4.0  p . In  old cu ltu res  
sw ollen, club or b o ttle  sh ap ed  form s ap p ea r. T he h y p h a e  o f th e  slig h tly  
deve loped  aeria l m yce lium  a re  s tra ig h t or w aved , n o n se p ta te  and  co n ta in  
oval o idiospores. T he m y ce liu m  is G ram  positive  an d  is n o t acid-fast.

C ultural properties. O n a n y  of th e  ag a r m edia te s te d , an  un ifo rm  ty p e  
o f colonies is form ed. T h e  s tra in s  give n o n -b u ty ro u s  colonies grow ing in to  
th e  ag a r, w ith  m o d era te ly  s tr ia te d  du ll su rface  covered w ith  slig h tly  developed  
w h ite  pow der-like ae ria l m ycelium . T he co lour of th e  colonies is a c o n s ta n t 
yellow ish  orange, i t  n e v e r tu rn s  in to  red  or yellow  ; no soluble p ig m en t is 
p ro d u ced . In  flu id  sy n th e tic  m ed ia  a su rface pellicle resem b lin g  agar colonies
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F ig . 1. V eg eta tiv e  m ycelium  b reak in g  u p  in to  ro d s an d  coccoid bodies. F ro m  a  w e t-ch am b er 
c u ltu re , 4 d ays, g lucose-asparag ine  agar. P h o to :  O b jec tiv e , P h  H I  90 ; o cu la r, P ro jec t 6 , 3 : 1

F ig . 2 . Club shaped  fo rm s fro m  a 9 d ay  old w e t-ch am b er cu ltu re. P h o to  : as in d ica ted  above

F ig . 3. S ch em atical re p re se n ta tio n  show ing b reak in g  u p  of th e  s u b s tra te  m ycelium  (a), th e  
fila m en ts  o f th e  ae ria l m ycelium  (b) an d  fo rm a tio n  of c y lin d rica l oid iospores (c)
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Table I
U tilization o f  carbon sources by N . u n ifo rm is

S t r a i n s ..................................

P b id h a m  and  Go t t l ie b ’s 
s y n th e t ic  ag a r  m ed iu m , N  source : (N H 4)2 SO*

M cClu n g ’s s y n th e tic  
m edium

N  source : N aN O s

f lu id  m edium ag ar s la n t  
m ed iu m

B — X /a  1 B— X /b B— x / c B — X /a B— X /a

1 -arab inose  ..................... — — — — —

d-xylose ............................ — ( - ) — — —

d-galactose ..................... — — — —

d-glucose .......................... + + + + +

d-fructose  ....................... + + + +

d -m a n n o s e ....................... — ( - ) — ( - )

1-so rb o se ............................ — — — — —

cellohiose ....................... + + +

lactose .............................. ( - ) ( - ) — —

m altose ............................ (— ) — — (— ) —

sucrose .............................. — — — — —

ra ff in o s e ............................ — — — — —

1- rh a m n o se ....................... — — — '■ — —

m e lic ito se .......................... — — — — —

d u lc i to l .............................. — — — — —

glycerol ............................ + + + + +

d -m a n n ito l ....................... -J_ + + -J-

d -sorb ito l .......................... (— ) ( + ) ( - ) ( - ) ( - )

adonito l ............................ — — — — —

s a l ic in ................................ — — — — -

m esoinositol ................... + + + + +

d e x t r i n .............................. — — — — —

in ulin  ................................. — — — — ( - )

s ta rch  ................................. — — — — —

g ly co g e n ............................ — — — — —

sodium  a c e ta t e .............. ( - ) ( - ) — — —

sodium  c itra te  .............. — — — — —

sodium  fo rm ia te ............ — — — — —

sodium  o x a la te .............. — — — — —

sodium  t a r t r a t e ............ — — — — —

p araffin  ............................ . —

contro l w ith o u t C . . . — — —

K ey : 4-  =  good growth, defin ite  u tilization  —  =  no u tiliza tio n
( + )  =  poor grow th, doubtfu l u tilization  . =  not exam ined
(— ) =  very poor growth
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is fo rm ed . In  flu id  g lu co se -K N 0 3 m ed iu m  th e  cu ltures g ive a yellow ish 
o ra n g e  deposit.

Physiological properties. N o liq u e fa c tio n  of ge latin , p e p to n iz a tio n  and  
c o a g u la tio n  of m ilk , h y d ro ly sis  o f s ta rc h , in v e rtin g  o f su cro se  o r  decom 
p o s itio n  o f cellulose. U tiliz a tio n  o f p a ra f f in  s ligh t or none ; no  decom position  
o f  f a ts .  N itra te s  ra p id ly  red u ced  to  n i tr i te s . N o haem olysin , H 2S, an tib io tics  
o r  b a c te rio ly tic  su b stan ces p ro d u ced . O p tim u m  te m p e ra tu re  o f  in cu b a tio n , 
14 — 37° C ;  op tim um  p H , 6 .0 — 10.0. G ro w th  no t in h ib ited  b y  30 p e r cen t 
N a 2S 0 4 • 10 H 20 ,  30 p e r  c en t M gS 04 - 7 H 20 ,  10—11 p e r c e n t  N aCl an d  12 
p e r c e n t N a N 0 3. T he u tiliz a tio n  o f v a rio u s  substances as sou rce  o f  ca rbon  
is sh o w n  in  Table I ,  w hich  show s th a t  b o th  im p o rta n t b a sa l m ed ia  give an 
u n ifo rm  spectrum  o f u tiliz a tio n .

D iscussion

T h e  m ost c h a ra c te ris tic  p ro p e r ty  o f  N . uniform is  is i t s  u n ifo rm  a p 
p e a ra n c e  on a v a r ie ty  o f  m ed ia . I t  m a rk e d ly  differs from  o th e r  N ocardia  species 
in  i t s  u n u sua lly  poor physio log ica l a c t iv i ty . In  co n tra s t to  th e  o th e rs , N . 
u n ifo rm is  does n o t u tilizes u ch  im p o r ta n t  sources of carbon  as m annose , d e x tr in  
a n d  in u lin  [5]. In  th e  genus N ocardia  th e  m ost lim ited  sp e c tru m  o f carb o n  
so u rce  u tiliza tio n  is show n b y  th is  species. This sp ec tru m  h a s  been s tab le  
on  cu ltiv a tio n . As, acco rd ing  to  re c e n t in v estig a tio n s [8], th e  u tiliz a tio n  of 
v a r io u s  carbon sources is th e  ch ief d iffe ren tia l c h a ra c te ris tic  o f A ctino- 
mycetaceae, th e  m ost im p o r ta n t  p ro p e rtie s  o f  th e  new species can  be su m 
m a riz e d  as follows, (i) C h a rac te ris tic  a n d  v e ry  lim ited  sp e c tru m  o f carbon  
so u rce  u tiliza tio n , (ii) E x tr a  s ite  o f  o ccu rrence , (iii) S trik in g ly  c o n s ta n t c u ltu ra l 
b eh av io u r.

Note. The strains o f N . u n iform is  are m aintained  in the culture collection  o f this 
laboratory.

S u m m ary

A new species o f N ocardia  occurring in  th e  deep region of the B 4 horizon o f solonchak- 
so lonetz  soil has been described.
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A lthough  v ira l h e p a titis  (in th e  follow ing, h ep a titis )  h a s  been n o tifiab le  
in  H u n g a ry  since 1950, re liab le  epidem iological d a ta  a re  availab le  only since 
1952. In  th e  p resen t re p o r t  87 000 cases of h e p a titis  n o tif ied  du ring  th e  
s ix -y e a r period , 1952 to  1957, are  ana lysed .

Table I  shows th a t ,  like  in  m ost coun tries [1], in  H u n g a ry  th e  n u m b e r 
o f  n o tif ie d  cases w as in creasin g  from  y e a r  to  year d u rin g  th a t  period. H ow 
ever, th e  earlie r th e  d a ta  th e  less re liab le  th e y  are . T h e  increase in  th e  
incidence  can n o t th e re fo re  be reg a rd ed  as caused ex c lu siv e ly  by  a w ider 
sp read  o f  th e  disease.

Table I

N otified  cases of, and deaths by, hepatitis, 1952— 1957

Year
C a s e s  i n D e a t h s  i n

Budapest Country Hungary Budapest Country Hungary

1952. 2402 4849 7251 8 61 69
1953. 3590 9219 12809 47 122 169
1954. 3532 9323 12855 54 113 167
1955. 4289 11294 15583 38 114 152
1956. 5197 14418 19615 51 118 169

1957. 3922 15208 19130 39 99 138

In  each  of th e  years  1956 an d  1957 th e  num ber o f  n o tif ie d  cases ap p ro x i
m a te d  20 000 ; o f th e se , 5000 and  4000, respective ly , o ccu rred  in  B u d ap est. 
I t  is to  be no ted , how ever, t h a t  in ten siv e  investiga tions in  som e areas revealed  
a t  le a s t as m an y  cases to  h av e  escaped  notice  as those  t h a t  h a d  been recog
n ized  [2]. Supposing th a t  th is  is a g enera l ru le , the yearly  incidence o f hepatitis  
in  H ungary , including recognized and unrecognized cases, m ight be estim ated  
to 40 000.

T he figures to  be q u o ted  in  th e  follow ing rep re sen t, o r have  been ca l
cu la ted  from , th e  n o tified  cases only.

Table I I  con ta in s som e sum m ariz ing  ra tio s.
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Table II

H epa titis  morbidity, mortality (p er 100 000 inhabitants) and case fa ta lity  (p e r  cen t), 1952— 1957

D esig n a tio n 1952 1953 1954 1955 1956 1957 1952— 57
average

В u d  a  p  e s t  :

M o rb id ity  ra te  . . . 138.0 201.1 193.0 228.7 279.4 210.9 209.1

M o rta li ty  ra te  . . . 0.5 2.6 2.9 2.0 2.7 2.1 2.2
Case f a t a l i t y ......... 0.3

1
1.3 1.5 0.9 1.0 1.0 1.0

C 0  u  n  t  r У :
M o rb id ity  ra te  . . . 1 62.5 118.2 188.6 142.2 181.2 191.5 136.1

M o rta li ty  ra te  . . . 0.8 1.6 1.4 1.4 1.5 1.2 1.3

Case f a t a l i t y ......... 1.2 1.3 1.2 1.0 0.9 0.6 1.0

H  u  n  g a г у  :

M o rb id ity  ra te  . . . 76.3 133.6 132.7 158.9 199.5 194.9 149.8

M o rta li ty  ra te  . . . 0.7 1.8 1.7 1.6 1.7 1.4 1.5

Case f a t a l i t y ......... 1.0 1.3 1.3 1.0 0.9 0.7 1.0

T h e  average  m o rb id ity  ra te  for H u n g a ry  in  th e  six -year p e r io d  was 150 p e r  
100 000 ; i t  was m a rk e d ly  h igher fo r B u d a p e s t (209) th a n  fo r th e  c o u n try  
(136). I n  each of th e  s ix  years, m o rb id ity  for th e  c a p ita l w as h igher th a n  
t h a t  fo r  th e  c o u n try , b u t  th e  d ifference w as d im inishing fro m  y ear to  y ea r. 
I n  1952, th e  fo rm er w as m ore th a n  tw ice  h igher th a n  th e  la t te r ,  w hereas 
in  1957 th e  difference d id  n o t exceed 9 p e r  cen t. The decrease  in  th e  difference 
m ig h t b e  ascribed to  th e  im prov ing  acc u ra cy  of rep o rtin g  cases in  th e  co u n try .

T h e  average h e p a ti t is  m o rta lity  r a te  w as 1.5 p er 100 000 for H u n g ary  ; 
i t  w as  also h igher fo r  th e  cap ita l (2.2) th a n  for th e  c o u n try  (1-3).

T h e  average case fa ta lity  was equally 1.0 per cent fo r  B u d ap est, th e  
c o u n try  and  th e  w hole o f  H u n g ary . N ev erth e less , case f a ta l i ty  fo r th e  co u n try  
tr e n d e d  dow nw ards w hile  th a t  for B u d a p e s t d id  n o t ch an g e  rem ark ab ly . 
T h e  decreasing  f a ta l i ty  in  th e  co u n try , t h a t  can  be a t t r ib u te d  to  an im p ro v e
m e n t in  rep o rtin g  cases ra th e r  th a n  to  th e  im p ro v em en t o f th e rap eu tica l 
m ea su re s , resu lted  in  a rem ark ab le  d ifference in  case f a ta l i ty  betw een B u d a 
p e s t  (1.0) and  th e  c o u n try  (0.6) in  1957.

T he m o n th ly  inc idence  of h e p a tit is  in  H un g ary , in  B u d ap est an d  in  
th e  c o u n try  from  1950 to  1957 is i l lu s tra te d  in  Fig. 1.

T h e seasonal t r e n d  seem s to  be  ch a rac te ris tic . T h e  B u d ap est cu rve  
a n d  th e  co u n try  c u rv e  ru n  n early  p a ra lle l during th e  f i r s t  9 m onths of each 
y e a r  a n d  th e  cu rves re a c h  or a p p ro x im a te  th e ir  p eak  in  O cto b er. In  th e  la s t  
tw o  m o n th s, h o w ever, th e  tw o curves d iverge from  each  o th e r . This is illus-
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t r a te d  in  F ig 2, p resen tin g  th e  av e rag e  seasonal t re n d  fo r th e  s ix -y ea r period ,
1952 to  1957.

F ig . 2 show s th a t  h e p a tit is  incidence, b o th  in  th e  c a p ita l an d  in  th e  
c o u n try , w as low est d u rin g  th e  second  q u a rte r  of th e  y ea r. B o th  curves

Fig. 1. In c idence  of h e p a ti t is  b y  m o n th  in  H u n g a ry , 1950— 1957

F ig . 2. Incidence  of h e p a titis  b y  m o n th . P e r  cen t o f th e  y ea rly  in cidence , 1952— 1957

b eg in  to  rise in  J u ly  an d  rise  u n ti l  in  O ctober th e y  h av e  reach ed  an  ap p ro x 
im a te ly  equal va lue . T h e re a fte r  th e  B u d ap est curve tre n d s  dow nw ards w hile 
th e  c o u n try  cu rve , th o u g h  m o d e ra te ly , rises fu r th e r , even in  D ecem ber. 
T h e  seasonal cu rve  fo r H u n g a ry , be ing  de te rm in ed  m ain ly  b y  th e  c o u n try  
cu rv e , also has i ts  p eak  in  D ecem ber.

T he seasonal tre n d  o f h e p a tit is  in  B u d ap est resem bles th e  w ell-know n 
tre n d  o f th e  in fec tious diseases sp read  b y  th e  en te ric  ro u te . T h e  sh ift of th e
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p e a k  to  O ctober can  b e  exp la ined  b y  th e  long in c u b a tio n  period  o f h ep a titis . 
T he O c to b er cases m u s t  h av e  been  in fec ted  in  A u g u st o r S ep tem ber w hen 
e n te r ic  infections a re  com m onest.

A s to  th e  c o u n try  cu rve , th e  h ig h est incidence of h e p a titis  in  D ecem ber 
in d ic a te s  th a t  in fec tio n  h a d  occurred  m ost fre q u e n tly  on O ctober an d  N ovem 
b e r, i. e. in  a season w h e n  th e  incidence o f en teric  d iseases is s tro n g ly  declining. 
O ur d a ta  do no t a llow  fu r th e r  conclusions.

F ig . 3. A verage sea so n a l f lu c tu a tio n  of 5 in fec tious d iseases, 1952— 1957

S evera l au th o rs  o bserved  th e  p eak  o f th e  h e p a titis  cu rve  to  sh ift to  
N o v em b er or D ecem ber, o r even to  J a n u a ry  [2]. T he phenom enon  was 
ex p la in ed  as follows. A f te r  th e  school y e a r has s ta r te d , th e  chance o f in fection  
is g re a t  and  th e  n u m b e r  o f suscep tib le  ch ild ren  is h igh . One m o n th  or tw o  
m o n th s  have  to  pass  u n t i l  as large a p ro p o rtio n  o f  ch ild ren  will have  been  
in fec ted  and  acquired  im m u n ity  as su ffic ien t to  incidence [3]. T his a ssum ption  
is su p p o rte d  by  th e  age  d is tr ib u tio n  o f th e  cases u n d e r  d iscussion as p re se n t
ed below .

I n  Fig. 3 th e  se a so n a l tre n d  o f h e p a titis  is co m p ared  w ith  those  of tw o  
e n te r ic  diseases ( ty p h o id  fever an d  d y sen te ry ) an d  tw o in fectious diseases 
m a in ly  tra n sm itte d  b y  d rop le ts  (scarle t fever an d  d ip h th e ria ) . T he rise of
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th e  h e p a titis  cu rve  lags one or tw o m onths b eh in d  th o se  o f enteric  diseases 
an d  is s till ris ing  in  th e  la s t  tw o  m onths o f th e  y e a r  w hen  even th e  cu rves 
o f th e  tw o  a irb o rn e  d iseases show  a m arked  decline.

T he age d is tr ib u tio n  is p resen ted  in  F ig. 4 a n d , in  d e ta il, in  Table I I I .
F ig . 4  show s th a t  in  th e  six-year period , 1952 to  1957, children aged 

3 to 10 years d isp layed  a considerably higher m orbid ity  rate than the younger  
and older age groups.

Fig. 4. Age spec ific  h e p a titis  m o rb id ity  ra te s ,  1952— 1957

A ccording to  th e  d a ta  p resen ted  in  Table I I I ,  43.4 p er cen t o f  th e  
p a tie n ts  w ere u n d e r 15 y e a rs  o f age. To o b ta in  m ore precise in fo rm atio n , 
age specific m o rb id ity  ra te s  w ere ca lcu lated . T he case incidence for 100 000 
ch ild ren  betw een  3 an d  6 y ea rs  o f age w as 490 in  1956, an d  488 in  1957; 
th e  co rrespond ing  fig u res  fo r 7 to  10 year-o ld  ch ild ren  w ere 463 and  560 
resp ec tiv e ly . B eyond  th ese  age groups th e  age specific  m o rb id ity  ra te  show s 
a g rad u a l decline d is tu rb e d  o n ly  b y  a slight rise a t  20 — 29 years o f age. I t  
can  be concluded, th e re fo re , t h a t  in  th e  period  in  q u es tio n  h e p a titis  occurred  
m ost fre q u e n tly  in  th e  age g roup  o f 3 to  10 y ea rs , i. e. am ong  ch ildren  o f th e  
k in d e rg a rte n  age an d  th o se  in  th e  lower form s o f p r im a ry  school.

The age specific m o rb id ity  ra te , as ca lcu la ted  fo r each  y ea r o f age 
u n d e r  15 an d  illu s tra te d  in  F ig . 5, allows m ore d e ta iled  analysis . The curve
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Table III

A ge distribution o f  hepatitis , 1952— 57

A ge g ro u p  y ea rs 1952. 1953. 1954. 1955. 1956. 1957.
1952— 1957

to ta l

A . N u m b er o f n o tif ie d  cases

0 2 .............. 231 502 646 800 956 740 3875
3 6 .............. 1132 1851 1485 2387 3428 3520 13803
7 10 .............. 1159 1810 1484 2094 2936 3690 13173

11 14 .............. 527 1023 845 1154 1671 1845 7065
15 19 .............. 511 978 838 1076 1184 1337 5924
20— 29 .............. 1381 2452 2671 2850 3178 2749 15281
30— 39 .............. 906 1607 1731 1789 2173 1857 10063
40— 49 .............. 690 1208 1443 1432 1497 1219 7489
50 59 .............. 438 830 931 1201 1416 1105 5921
60 69 .............. 179 371 518 560 732 668 3082
70 ........................ 62 134 160 202 308 257 1123
u n k n o w n  ......... 35 43 103 38 136 143 498

T o ta l ................. 7251 12809 12855 15583 19615 19130 87243

B. P e r  c en t

0 2 .............. 3.2 3.9 5.0 5.1 4.9 3.9 4.4
3 6 .............. 15.6 14.4 11.5 15.3 17.2 18.4 15.8
7 10 .............. 16.0 14.1 11.5 143 15.0 19.3 15.1

11 14 .............. 7.3 8.0 6.6 7.4 8.5 9.6 8.1
15 19 .............. 7.0 7.6 6.5 6.9 6.1 7.0 6.8
20 29 .............. 19.0 19.1 20.8 18.5 16.2 14.4 17.5
30 39 .............. 12.5 12.5 13.5 11.5 11.1 9.7 11.5
40— 49 .............. 9.5 9.4 11.2 9.2 7.7 6.4 8.6
50 59 .............. 6.0 6.8 7.3 7.7 7.2 5.8 6.8
60 69 .............. 2.5 2.9 4.0 3.6 3.8 3.5 3.5
70 ........................ 0.9 1.0 1.3 1.3 1.6 1.3 1.3
u n k n o w n  ......... 0.5 0.3 0.8 0.3 0.7 0.7 0.6

T o ta l ................ 100.0 100.0 100.0 100.0 100.0 100.0 100.0

C. A ge specific m o rb id ity  r a te  pe r 100 000

0 2 .............. 43.8 93.9 115.6 135.9 161.0 132.1 115.2
3 6 .............. 177.1 276.9 215.7 344.5 490.1 488.0 335.8
7 10 .............. 187.9 297.0 243.3 337.9 463.0 559.7 351.3

11 14 .............. 89.0 171.4 139.8 188.5 274.2 310.1 195.7
15 19 .............. 69.1 133.5 114.9 147.2 164.9 187.7 135.7
20 29 .............. 88.7 158.5 173.5 186.4 213.4 190.2 167.8
30— 39 .............. 73.4 129.7 139.4 141.0 164.4 134.6 131.0
40— 49 .............. 50.4 87.1 102.9 102.3 110.7 95.7 91.4
50 59 .............. 40.5 74.9 82.3 104.5 121.7 93.7 86.9
60 ....................... 21.1 43.4 57.2 62.7 83.3 72.2 57.4

T o ta l  ................ 76.3 133.6 132.7 158.9 199.5 194.9 149.8

rep re sen tin g  th e  av e rag e  y e a rly  a t ta c k  ra te s  for th e  perio d  1952 to  1957, 
a p p e a rs  regular in  sh ap e , show ing a m in im um  a t  one y e a r  o f  age, th e n  a 
r a th e r  steep rise u p  to  6 y ea rs  a n d  a g rad u a l decline th e re a f te r . B o th  th e
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ascend ing  an d  descending  p a rts  o f th e  cu rve  are a p p ro x im a te ly  s tra ig h t : 
the curve has no secondary peaks at the age groups involved in  the o ffic ia l vac
cination program m e. In  H u n g ary , v a c c in a tio n  of th e  follow ing age g roups 
w as com pulsory  d u rin g  th e  given period , (i) In fa n ts  u n d e r  one y ea r o f age 
w ere v a cc in a ted  w ith  com bined  d ip h th e ria -p e rtu ss is - te tan u s  vaccine ; (ii) one-

% o o o  -------- 1 9 5 2

F ig. 5. Age specific  h e p a ti tis  m o rb id ity  ra te s  fo r ch ild ren  0 to  14 y ea rs  o f age, 1952— 1957

y ear-o ld  ch ild ren  w ith  th e  sam e vaccine an d  against sm allp o x  ; (iii) six- or 
seven-year-o ld  ch ild ren  in  th e  f irs t fo rm  o f p rim ary  school w ere rev acc in ated  
w ith  d ip h th e ria -p e rtu ss is - te tan u s  vaccine  ; (iv) ch ildren  aged  12 or 13 y ea rs  
in  th e  s ix th  fo rm  of p rim a ry  school w ere v a cc in a ted  w ith  a com bined  ty p h o id - 
te ta n u s  vaccine. T he lack  o f any  ir re g u la r ity  in  th e  h e p a titis  cu rve  a t th e  age 
g roups lis ted  above suggests th a t  mass vaccination perform ed either in tra 
m uscularly or subcutaneously or by scarification had no p a rt in  the transm ission  
o f  the disease.

T he age d is tr ib u tio n  o f h e p a titis  is s im ilar to  t h a t  o f  th e  in fectious 
fevers genera lly  te rm e d  “ ch ild ren’s d iseases” . In  these  th e  re la tiv e  resistance  
o f ad u lts  can  be exp lained  b y  an  acq u ired  im m u n ity  in d u ced  b y  a p rev ious 
a t ta c k  or la te n t  in fec tion . A sim ilar a ssu m p tio n  concern ing  h ep a titis  c an n o t 
be p ro v ed  u n til  an  a p p ro p ria te  la b o ra to ry  p rocedure fo r te s tin g  im m u n ity  
w ill h a v e  been  availab le .

T he m o n th ly  incidence  of h e p a titis  in  d ifferen t age g roups is illu s tra te d  
in  F ig . 6. T he curves fo r B u d ap est an d  tho se  for th e  c o u n try  have been 
d raw n  sep ara te ly .

4  Acta Microbiologica VI/2.
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A m ong th e  cu rves illu s tra tin g  incidence  in  th e  c o u n try , th e  curves for 
th e  3 to  14 year-o ld  ch ild ren  show  a v e ry  defin ite  seasonal tre n d , in  c o n tra s t 
to  th e  curves re la te d  to  th e  g roups u n d e r 3 and  over 30 y ea rs  o f age show ing 
n o  seasonal f lu c tu a tio n . I t  m igh t be supposed  th a t  th e  g roups un in fluenced  
b y  th e  season are  m a in ly  affec ted  b y  se ru m  h ep a titis . T he incidence o f se ru m  
h e p a tit is  was found  to  be in d ep en d en t o f  season b y  sev era l au th o rs . T he

c h a ra c te ris tic  seasonal t re n d  fo r th e  g roups from  3 to  14 y ea rs  o f age m akes 
i t  p robab le  th a t  in  th e se  groups, a lth o u g h  o th e r ro u te s  o f transm issio n  are  
a lso  possible, the enteric route is predom inant. T he ch a rac te ris tic  seasona l 
t r e n d  of h e p a titis  in  th e  c o u n try  (see F ig . 2) can  be asc rib ed  exclusively  to  
th e  la t te r  age groups.

The B u d ap est cu rves r ig h t in  F ig. 6 h a rd ly  differ fro m  th e  co rrespond ing  
c o u n try  curves. T h e  on ly  rem ark ab le  difference is t h a t  th e  age groups from  
3 to  14 years show  th e  h ig h est case incidence in  S ep tem b er in s tead  o f D ecem 
b e r , th u s  th e  p red o m in an ce  o f en te ric  in fections seem s to  be m ore d e fin ite .

Case fa ta li ty  b y  age is illu s tra te d  in Fig. 7. T he  average case f a ta l i ty  
fo r  th e  six -year p e rio d  w as 1.0 p e r cen t, as m en tioned  a b o v e ; i t  w as a b o u t 
10 tim es h igher, 9.9 p e r  cen t, for in fa n ts  un d er one y e a r  of age, an d  also 
h ig h , 2.5 p er cen t, fo r th e  g roup  o f one an d  tw o y ea r-o ld  children. F o r  th e  
follow ing age g roups, case f a ta li ty  w as m ark ed ly  low er, show ing a m in im u m  
(0.1 p e r cent) b e tw een  11 an d  14 y ea rs . In  older age, case fa ta lity  is ag a in  
h ig h e r, a tta in in g  3.6 p e r  cen t b e tw een  60 and  69 y ea rs  o f age an d  6.8 p er

Fig. 6. In c id en ce  of h e p a titis  b y  age and  m o n th , 1957
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c en t over 70. T h u s , case f a ta l i ty  ru n s  a p p ro x im a te ly  p ara lle l w ith  th e  g enera l 
m o rta lity  ra te .

O n th e  o th e r  h an d , th e re  is som e seasonal variance in  case fa ta lity .  
F ig. 8 i l lu s tra te s  th e  average m o n th ly  fa ta l i ty  ra te s  for th e  s ix -y ea r p e rio d ,

Fig. 7. H e p a tit is  case fa ta li ty  b y  ag e, 1952— 1957

F ig . 8. H e p a titis  case fa ta li ty  b y  m o n th , 1952— 1957

1952 to  1957. Case fa ta lity  w as low est a t  th e  en d  of th e  y e a r  (0.6 p e r cen t) 
an d  h ig h est (1.6) in  th e  sp ring , ab o u t 3 tim e s  as high as in  D ecem ber. T h is 
is due to  th e  fa c t th a t  in  th e  sp ring  th e  a t ta c k  ra te  for th e  age g roups d is 

4*
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p lay in g  th e  lo w est case  fa ta li ty  is low , th u s ,  a c o m p a ra tiv e ly  high p ro p o rtio n  
o f  th e  cases belongs to  th e  y o u n g est a n d  o ldest age g roups show ing h ig h er 
case fa ta lity .

Table IV
Incidence o f  hepatitis among the medical sta ff, 1956 and 1957

D e s i g n a t i o n 1956. 1957.

T o ta l num ber o f p h y sic ian s an d  c h e m is ts ............................................. 16 381 17 189

I n c id e n c e .............................................................................................................. 78 55

M orb id ity  pe r 100 000 .................................................................................. 476.2 324.8

N u m b er o f m edical e m p lo y e e s ................................................................. 30 962 34 206

In c id e n c e .............................................................................................................. 305 219

M orb id ity  pe r 100 000 .................................................................................. 985.1 639.1

M orb id ity  pe r 100 000 in h a b ita n ts  over 20 y e a r  o f a g e ................... 141.5 119.6

Table V
Hospitalized cases o f  hepatitis, p e r  cent

Year
H o s p i t a l i z e d  c a s e s ,  p e r c e n t

Budapest Country Hungary

1952............................... 66.1 73.0 70.7

1953............................... 72.6 69.1 70.1

1954............................... 82.8 76.5 78.3

1955............................... 81.2 74.4 78.4

1956............................... 84.6 75.9 78.2

1957............................... 90.2 72.7 76.3

I t  has b een  d em o n stra ted  th a t  v ira l  h e p a titis  is m ore freq u en t am ong 
th e  m edical s ta f f  th a n  in  any  o th e r g ro u p  o f th e  p o p u la tio n . Table I V  p re sen ts  
th e  cases reco rd ed  am ong  th e  m ed ica l s ta f f  in  1956 an d  1957. In  1956 th e  
gen era l m o rb id ity  r a te  for ad u lt p e rso n s  (over 20 y e a rs  of age) w as 141 per 
100 000, w hereas 476 fo r physicians a n d  chem ists an d  985 for th e  u n g ra d u a te d  
m edical s taff. T h e  sam e ra te s  for 1957 w ere 120, 325 an d  639, re sp ec tiv e ly . 
T h u s , the m orbid ity  rate fo r  physic ians a n d  chemists exceeds round three tim es, 
that fo r  the ungraduated medical s ta ff  more than six  tim es the general attack rate fo r  
adults. The d a ta  av a ilab le  did n o t allow  to  s e p a ra te  th e  incidence am ong 
physic ians from  t h a t  am ong chem ists . N everth e less , physicians a re  th o u g h t 
to  be d e fin ite ly  m ore  freq u en tly  a ffec ted  b y  h e p a tit is  th a n  chem ists.

Some in fo rm a tio n  on th e  h o sp ita liz a tio n  o f p a tie n ts  w ith  h e p a ti t is  is 
p resen ted  in  Table V.
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The general r a te  of h o sp ita liza tio n  varied  b e tw een  70 an d  80 per cen t d u rin g  
th e  s ix -year p e rio d . T his ra te  w as n e ith e r  increasin g  n o r decreasing sig 
n if ic a n tly  in  th e  c o u n try , b u t  show ed a m a rk e d  increase , from  66 p er c e n t 
to  90 p er cen t, in  B u d ap est.

Sum m ary

In  H u n g a ry  v ira l  h e p a titis  becam e n o tifiab le  as la te  as 1950. I n  1956 and  1957 th e  
y e a rly  n u m b er o f  re p o rte d  cases cam e close to  20 000. D u rin g  th e  s ix -y ear p eriod , 1952 to  
1957, th e  a tta c k  r a te ,  as ca lcu la ted  fro m  th e  re p o rte d  cases, w as m a rk e d ly  h ig h er fo r B u d a 
p est th a n  for th e  c o u n try . T he seasonal t re n d  fo r  B u d a p es t a n d  fo r th e  c o u n try  was a p p ro x i
m a te ly  th e  sam e, e x c e p t fo r th e  e a rly  w in te r m o n th s . I n  B u d a p es t a f te r  a n  O ctober p e a k  
m o rb id ity  b egan  to  decline  w hile in  th e  co u n try  a m o d e ra te  rise  u p  to  D ecem b er was observed . 
T h e  seasonal f lu c tu a tio n  fo r h e p a ti tis  w as less m ark e d  th a n  fo r o th e r  e n te ric  in fec tio u s 
diseases. M ost cases occu rred  am ong ch ild e rn  of th e  k in d e rg a rte n  age (3— 6 years) and  school 
ch ild ren  of th e  f i r s t  fo u r fo rm s of p r im a ry  school (7— 10 y e a rs  o f age) ; th e  age specific  a t ta c k  
ra te  shows a g ra d u a l decline  th e re a f te r . T he rise  an d  d ro p  o f th e  age d is tr ib u tio n  curve fo r 
th e  given period  w ere  co n tin u o u s, show ing no secondary  p eak s a t  th e  age groups in v o lv ed  
in  th e  com pulsory  v a cc in a tio n  p ro g ram m e. T he age d is tr ib u tio n  o f th e  cases was s im ila r  
to  th e  age d is tr ib u tio n  ch a ra c te ris tic  o f in fec tious diseases o f w hich  th e  low  incidence am ong  
ad u lts  can  be ex p la in ed  b y  th e  im m u n ity  induced  by  a  p rev ious in fec tio n . Seasonal f lu c tu a tio n  
in  m o rb id ity  was m o s t m ark ed  fo r th e  age groups be tw een  3 an d  14 y e a rs , w hereas no such  
f lu c tu a tio n  was a p p a re n t  u n d e r  3 an d  over 30 y ears o f age. I t  is supposed  t h a t  a h igh p ro p o rtio n  
of cases in  th e  la s t  tw o  groups was due  to  serum  h e p a ti tis  show ing no ch a ra c te ris tic  seasonal 
tre n d . D uring  th e  s ix -y e a r  p e rio d , 1952 to  1957, th e  a tta c k  ra te  fo r th e  m edical s ta f f  w as 
a b o u t 6 tim es h ig h er th a n  th e  general r a te  for th e  a d u lt  p o p u la tio n . T h e  a n n u a l case fa ta l i ty  
a tta in e d  ab o u t 1 p e r  c en t. Case fa ta li ty  w as a b o u t th ree  tim e s  h ig h er in  th e  spring  th a n  ea rly  
in  w in ter and  ra n  p a ra lle l w ith  th e  genera l m o rta lity  cu rv e , being  h ig h es t am ong th e  y o u n g est 
a n d  oldest su b jects.
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B r i a n  and  H e m m i n g  [1] w ere th e  f irs t  to  d ev o te  a t te n tio n  to  th e  a n t i 
fu n g a l ac tion  o f Trichothecium roseum. T he p u re  cry sta llin e  ac tiv e  su b stan ce  
w as la te r  iso la ted  from  surface cu ltu res  o f th e  m ould  b y  F r e e m a n  and  M o r 

r i s o n  [5], an d  g iven  th e  nam e tr ich o th ec in . S u b seq u en tly , th e y  re p o rte d  in  
d e ta il th e ir  m e th o d  of p rep arin g  th e  new  an tib io tic  in  subm erged  cu ltu res , 
an d  th e  resu lts  o f th e ir  stud ies concerned  w ith  y ie ld , pu rifica tio n , an d  bio logical 
p ro p ertie s . T h ey  o b ta in ed  genera lly  40 to  50, excep tio n a lly  115 /zg/inl y ields 
o f th e  ac tive  su b stan ce  ; th e  c ry sta llin e  tr ic h o th e c in  yields v a ried  b e tw een  
60 an d  70 p er c en t [6, 7]. In  1950 an d  1951, re p o rts  w ere p u b lish ed  on  th e  
chem ical p ro p e rtie s  of th e  a n tib io tic  [8] an d  its  p ro d u c tio n  in  soil [9]. In  
1955, F r e e m a n  [4] p rep ared  tric h o th e c in  b y  fe rm e n ta tio n  in  a m edium  
com posed o f am m onium  ta r ta r a te ,  u n p u rified  glucose, corn steep  liq u o r, 
an d  inorgan ic  sa lts , ob ta in ing  a m ax im u m  y ie ld  of 200 /ig /m l a fte r  90 h r  
in c u b a tio n  a t 25° C. H e also s tu d ie d  th e  su b stan ce  for its  to x ic ity  an d  its  
a c tiv ity  ag a in s t fun g i pathogen ic  to  m an .

P h y to p a th o lo g y  is th e  fie ld  in  w hich th e  m o st appreciab le  p ra c tic a l 
re su lts  have  b een  achieved w ith  tric h o th e c in . I n  F r e e m a n  and  M o r r i s o n ’ s 

sp ec tru m  [6] th e re  figures on ly  a single p h y to p a th o g en ic  fungus (B o try tis  
a llii) ,  b u t  in  th e  w ork  of D a r p o u x  et al. [2] i t  w as show n as ea rly  as 1951 
th a t  th e  cu ltu re  f i l t ra te  of T . roseum  can  be em ployed  w ith  success in  th e  
con tro l o f w h ea t sm u t (T ille tia  fo e tid a ). In  1952, th e  sam e au th o rs  [3] found  
th a t  th is  cu ltu re  f i l tra te  as well as tr ic h o th e c in  e x tra c t  o f 25 /xg/ml concen
tra t io n  w ere b o th  p rev en tiv e  an d  th e ra p e u tic  ag en ts  aga in st pow dery  m ildew  
in  b a rley . F in a lly , th e y  estab lish ed  th a t  in  vitro  th e  g row th  o f a b o u t f iv e  
im p o r ta n t fung i w as in h ib ited  b y  tr ich o th ec in  con cen tra tio n s o f 10— 100 
jUg/ml, while a t  100 ,ug/ml it  red u ced  Phom a Ungarn incidence in  rap e  from  
88 to  10 —14 p e r  cen t. As reg a rd s  H u n g a ry , in  vitro  te s ts  in  progress in  th e  
Research In stitu te  o f  P lant Protection  have  show n tr ich o th ec in  co n cen tra tio n s  
of 1 — 38 jUg/ml to  in h ib it th e  g ro w th  o f 19 p h y to p a th o g en ic  fun g i [10]. In  
co n cen tra tio n s  o f less th a n  100 /ig /m l th e  ac tiv e  su b stan ce  w as to x ic  n e ith e r  
to  th e  g e rm in a tin g  seed nor to  th e  green p a r ts  o f d iffe ren t p la n ts  [10, 11].
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On th e  evidence of f ie ld  ex p erim en ts , sp ray in g  th e  flow ers o f so u r ch erry  
tre e s  w ith  trich o tech in  o f  50 jttg/ml red u ced  M o n ilia  cinerea in fe s ta tio n  b y  
70 to  95 p er cen t [11].

I n  all ex p erim en ts  to u ch ed  up o n  in  th e  foregoing, tr ich o th ec in  p rep a red  
in  su rface  cu ltu res w as u sed . B u t th is  m ode o f p rep a rin g  th e  ac tiv e  su b stan ce  
is u neconom ic  ; f i r s t ,  th e  yield is to o  low , genera lly  n o t m ore th a n  40 to  
60 |Ug/ml ; secondly, th e  in cu b a tio n  tim e  is to o  long , ta k in g  25 to  30 days. 
A r is in g  dem and  for th is  su bstance  in  ev er w ider f ie ld  ex p erim en ts  on p la n t 
p ro te c tio n , and  in  a t te m p ts  a t  u sing  i t  to  o th e r  ends, seem ed to  ju s t ify  a 
sea rch  fo r som e ch eap e r m eth o d  o f th e  p re p a ra tio n  o f trich o th ec in .

M aterials a n d  m ethods

I n  each  of a n u m b e r o f 500-m l E rlen m ey e r flask s 100-m l am o u n ts  o f c u ltu re  f lu id  
w ere in o cu la te d  w ith  a k n o w n  n u m b er o f co n id ia . R o ta te d  a t  320 r. p . m ., th e  cu ltu res  were 
in c u b a te d  usually  for 160 h r . F rom  th e  6 4 th  h o u r  o n w ard , sam ples w ere ta k e n  a t  24-hour 
in te rv a ls  to  read  th e  y ie ld s. G enerally , th e  m ax im u m  yields w ere reached  be tw een  th e  88 th  
an d  1 1 2 th  h our, and w ere follow ed b y  s lig h tly  decreasing  p ro d u c tio n .

U sin g  24-hour sh a k e n  in o cu lu m , cu ltu res  w ere grow n in  10-litre  glass fe rm e n te rs  of 
5 -litre  w ork ing  volum e o r in  40-litre  fe rm en to rs  o f iro n  ; in  th e  fo rm er a t  320 r. p . m ., w ith  
a ir  a t  1 vo l/vo l/m in ., a t  27° C. The m ax im u m  yields gen era lly  show ed a f te r  80 to  90 h r 
in c u b a tio n .

I n  th e  b ioassay  fo r tr ic h o th ec in  p ro d u c tio n  e lab o ra ted  b y  F r e e m a n  and  M o r r is o n  [6], 
c y lin d e r  p la te s  layered  w ith  P énicillium  d ig ita lum  a re  used . F in d in g  th a t  re ad in g s  a re  n o t 
possib le  u n t il  a f te r  th re e  d a y s ’ in cu b a tio n  a t  25° C, a n d  th e n  n o t dep en d ab le , th e se  au th o rs  
th em se lv es  prefer th e  m ore  cum bersom e, b u t  e x a c t, P én ic illiu m  dig ita tum  spore g e rm in a tio n  
te s t .

I n  ou r in v es tig a tio n s  ag ar p la tes each  p ro v id ed  w ith  six  cups w ere lay e red  w ith  
Saccharomyces carlsbergensis. T h e  in o cu la ted  la y e r  c o n ta in in g  6— 8 X  106 cells p e r  m l was 
fo u n d  to  he  th e  m ost fa v o u ra b le , p e rm ittin g  read in g s to  a b o u t 10 pe r cen t accu racy  a f te r  
in c u b a tio n  for 24 h r  a t  26° C. W ith  a view  to  a tta in g  h ig h es t possib le accu racy , on  each  p la te  
a  s ta n d a rd  so lu tion  of 30 /tg /m l co n ce n tra tio n  w as m easu red  in to  tw o d iag o n a lly  opposed 
cu p s, a n d  an y  errors due to  differences in  th e  in o cu lu m , th e  th ick n ess o f th e  lay e r , th e  co nsist
ency  o f  th e  agar, e tc ., w ere co rrected  on th e  b asis  o f  th e  v a lu es o b ta in ed  fo r th e  s ta n d a rd  
zones. (F o r  th e  c ry sta llin e  tr ic h o th ec in  from  w hich  th e  s ta n d a rd  so lu tion  w as p re p are d  we 
a re  in d e b te d  to  D r. G. G. F r e e m a n .)

T h e  co rre lation  of th e  trich o th ec in  c o n ce n tra tio n s  an d  th e  d iam ete rs  o f th e  in h ib ited  
zones as observed on th e  use  o f th e  m eth o d  desc rib ed , is i llu s tra te d  in  F ig. 1.

R esu lts

O u r shaken  c u ltu re  ex p erim en ts  w ere ca rried  ou t in  tw o  d irec tions : 
d if fe re n t cu ltu re  flu id s  an d  d iffe ren t s tra in s  w ere s tu d ied  fo r th e ir  c ap ac ity  
to  y ie ld  tr ich o th ec in , th e  fo rm er in  p a r tic u la r  reference to  th e  q u a n tita tiv e  
an d  q u a lita tiv e  a sp e c ts  of th e  ca rb o n  an d  n itro g en  sources. I n  ad d itio n , 
th e  e ffec t of a n u m b e r o f  n a tu ra l su b stan ces  an d  — in  v iew  o f th e  in ten d ed  
use o f  iron  fe rm en to rs  — th a t  o f iro n , w as in c lu d ed  in  th e  in v estig a tio n s. 
O f som e 40 cu ltu re  flu id s  of d iffe ren t com position  th e  one consisting  of 
co m m erc ia l saccharose, m a lt e x tra c t, co rn  steep  liq u o r, and  am m onium  ta r -  
t a r a te ,  w as found  to  give th e  h ig h est y ie ld  ; genera lly , 200 to  250 /ig/m l ;
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ex cep tio n a lly , 300 /ig /m l. Table I  sum m arises th e  d a ta  fo r 13 such  com posi
tio n s . T he presence o f  100 /ig /m l o f ferro  ion  in  th e  m ed iu m , d id  no t in fluence 
tr ic h o th e c in  p ro d u c tio n .

F ig . 1. C orrelation  be tw een  tr ic h o th e c in  con cen tra tio n s an d  d ia m e te rs  o f  in h ib ited  zones 
as observed  on a g a r cup  p la te s  lay e red  w ith  Saccharomyces carlsbergensis

T . roseum  s tra in s  w ere cu ltu red from  seven d iffe ren t sources,

F ro m  a fru it o f P yru s com m unis — stra in m ark ed I I I . 12
F ro m  a f ru it o f M a lus p u m ila 99 9 9 I I I . 109
F rom  a le a f  o f L iliu m  candidum 9 9 9 9 I I I . 181
F ro m  a le a f  o f  Zea m ays 99 9 9 I I I . 188
F ro m  a le a f  o f A lliu m  с е р а 99 9 9 I I I . 189
F rom  a tw ig  o f M alus p u m ila 99 9 9 I I I . 244
F ro m  a steam  o f C henopodium  sp * 99 9 9 I I I . 245

O f th e se , th e  s tra in  labelled  I I I .  189 p roduced  th e  h ig h es t y ie ld  : 280 fig jm l. 
T h e  d a ta  for all seven  s tra in s  a re  show n in  F ig. 2.
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Table I

Culture f l u i d  components in g/l

Serial No. 1 2 3 4 5 6 7 8 9 10 11 12 13

S a c c h a r o s e ......... 30 20 50 10

G lucose .............. 5 30

L ac to se  .............. 25

C om m , sugar . . 10 10 10 10 50 60 10

S ta rc h  su g ar . . . 50

M alt e x tra c t  . . . 50 50 50 50 50 50 50

C orn steep
l i q u o r .............. 10 10 10 10 1 3 1 1 1 l 1

Y e a s t e x tra c t.  . . 5 20 4 5 5 5 5 5 5
A m m onium  ta r-

t a r a t e ................ 2 3 3 2 2 2 1 2 2 2 2 2

M gS 0 4 ................ 0.5 0.5 0.5 0.5

K 2H P 0 4 .............. 1 1 1 1 1 3 +
K C 1 ....................... 0.5 0.5 0.5 0.5 0.5 °  o

m • О

F e S 0 4 .................. 0 .01 0 .0 0 1 0 .0 0 1 0 .0 0 1 0.001 2  1=

N a N 0 3 3 в

M ax. y ie ld  o f ac-
t iv e  substance
in  //g /m l (m ean
v a lu e  for 3
te s ts )  .............. 97 2 0 0 26 0 82 112 300 136 203 203 270 260 215

M alt agar p la te s  in o cu la ted  w ith  th e  selected  T . roseum  s tra in  were 
p re p a re d  and  a t once su b jec ted  to  u ltra v io le t ir ra d ia tio n  a t  40 cm  fo r from  
1 to  60 m inutes, u sin g  a “ H a n a u  SU  700” lam p (cap ac ity , 1.49 X 10-2  
W /sq . cm  a t 1 m). T re a tm e n t for 10 m in u tes  p roduced  no ap p reciab le  spo re
k illin g  ac tion , while on  p la te s  ir ra d ia te d  for 40 m in u tes  g ro w th  w as no longer 
p e rc e p tib le . F rom  2 to  8 iso la ted  colonies were observed  to  develop on p la tes 
t r e a te d  for 20 to  30 m in u tes . C olonial p roductive  c a p a c ity  w as s tu d ied  in  
sh a k e n  cu ltu res. O nly  th e  iso la te  m a rk e d  I I I .  189/c show ed o v erp ro d u c tio n  ; 
all th e  o thers p ro d u ced  tr ic h o th e c in  a t  th e  sam e or a s lig h tly  low er ra te  th a n  
d id  th e  in itia l cu ltu re . I n  Fig. 3 we com pare  th e  y ie ld  o f th e  in itia l cu ltu re  
w ith  th a t  of th e  o n ly  o v erp ro d u c in g  iso late .

In  re la tion  to  th e  in itia l c u ltu re  th e re  was no o v erp ro d u c tio n  o f th e  
a c tiv e  substance on a g a r  co n ta in in g  300 and  500 ^g /m l o f tr ich o th ec in .

T he highest y ie ld s of ac tiv e  su b stan ce  a tta in e d  in  fe rm en to rs  120—200 
fig/val w ere com m only id en tica l w ith  th o se  o b ta in ed  in  s im u ltan eo u sly  grow n 
sh a k e n  cu ltures.
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W hile w ith  F r e e m a n  and  M o r r i s o n ’s [7] m eth o d  o f e x tra c tin g  th e  
su b stan ce  b y  sh ak in g  w ith  ch loroform , on ly  80 to  90 p er cen t o f th e  tr ic h o - 
th ec in  w as reco v ered , an  alm ost 100-per cen t reco v ery  w as a tta in e d  w ith  
te tra c h lo ro e th a n e  an d  d ich lo roethane . T he trich o th ec in  was purified  b y  m ean s

F ig . 2 . T ric h o th ec in  p ro d u c tio n  b y  T . F ig . 3. P ro d u c tiv e  c ap a c ity  o f  th e  in i t ia l
roseum  s tra in s  iso la te d  from  d iffe ren t cu ltu re  co m p ared  w ith  th a t  o f a n  u l tra v io le t-

sources t r e a te d  iso la te  m ark e d  I I I .  189c

of A120 3 c h ro m a to g ra p h y  and e lu tio n  w ith  e th y  le th e r  follow ed b y  re c ry s 
ta lliz a tio n  from  n o rm a l hexane. A b o u t 50 p e r c en t w as recovered  as th e  p u re  
c ry s ta llin e  su b stan ce . As regards c ry s ta llin e  fo rm , m elting  p o in t, so lu b ility , 
a n d  bio logical a c tiv ity , th e  tr ic h o te c h in  p re p a re d  b y  us agreed  w ith  th e  
su b s ta n c e  supp lied  b y  D r. G. G. F r e e m a n .

S um m ary

A g a in s t 40 to  80 /ig /m l of th e  a c tiv e  su b stan ce  o b ta in a b le  in  25 to  30 d ay s in  su rface  
cu ltu re s , a  m ax im u m  trich o tech in  y ield  o f 200 to  250 jUg/ml was ob ta in ed  in  88  to  112 h o u rs  
b y  m ean s of fe rm e n ta tio n .
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Since th e  descrip tio n  o f th e  m e th o d  for la rge-scale  m onkey  k id n e y  
cell cu ltu re  p ro d u c tio n  b y  Y o u n g n e r  [1], a rem ark ab le  n u m b e r of m onkeys 
h av e  b een  used  fo r th a t  pu rpose  in  th e  d ifferen t la b o ra to rie s  all o v e r th e  
w orld . N everthe less, in  sp ite  o f th e  v e ry  fre q u e n t incidence o f  d ifferen t F ila ria  
in  th e se  an im als [2 — 5] we know  o f o n ly  one rep o rt t h a t  b y  P r i e r  [6], co n 
cern ing  th e  presence o f M icro filaria  in  try p sin ized  m o n k ey  k idney  cell su s
pensions s ta in ed  fo r m icroscopic ex am in a tio n . The ap p e a ra n ce  o f M icro 
f i la r ia  in  tissu e  cu ltu res  h as  n o t been  re p o rte d . On th e  o th e r  han d , sev e ra l 
au th o rs  h av e  described  successful m a in ten an ce  in  vitro  o f  d ifferen t S c h i
stosoma  in  h u m an  an d  d iffe ren t an im al sera  [7 —12]. S e n f t  and  W e l l e r  [13] 
even  succeeded in  observ ing  g ro w th  an d  regeneration  o f Schistosoma m anson i 
in  tissu e  cu ltu re  m ed ia , consisting  of bo v in e  am niotic  f lu id  H an k s’ so lu tio n , 
in a c tiv a te d  horse serum  an d  b eef em b ry o  ex trac t.

T he p re sen t re p o rt deals w ith  th e  observation  o f u n id en tified  M icro 
f i la r ia  in  Cynomolgus m on k ey  k id n ey  cell cu ltures.

In  th e  course o f po liom yelitis  vacc ine  p ro d u c tio n  in  th is  la b o ra to ry , 
th e  k id n e y  o f a single Cynomolgus m o n k ey  w as try p sin ized  sep a ra te ly , accord ing  
to  th e  m eth o d  o f Y o u n g n e r  [1]. A t necropsy  th e  an im a l w as found  to  be 
m o d e ra te ly  in fec ted  w ith  p a ra s ite s  ( Oesophagostomum ?) th o u g h  no signs of 
M icro fila ria  c o n ta m in a tio n  could be observed  in  th e  k id n e y , n e ith e r a t  th e  
in sp ec tio n  n o r a t  th e  m incing  of th e  o rgan . A t fu r th e r  proceeding, i. e. 
try p s in iz a tio n , f i l tra tio n  an d  cen trifu g a tio n , the  cell suspension  ap p ea red  
e n tire ly  no rm al. In  s ta in ed  p re p a ra tio n s  (citric  acid m e th y l v io let dye), w hen  
ex am in ed  m icroscopically  to  d e te rm in e  th e  cell coun t, no u n u su a l m icroscopic 
e lem en ts w ere found . T he cell su spension  a fte r a p p ro p ria te  d ilu tio n  w as 
d ispensed  to  663 tu b e s  (200 000 cells p e r  tu b e ) and  17 R o u x  flasks (20 m illion  
cells p e r flask ). T he in itia l m ed ium  consisted  of 88 p er c e n t H an k s’ so lu tio n , 
2 p e r  cen t ca lf se rum  an d  10 p er c en t o f 5 per cen t so lu tio n  of la c ta lb u m in  
h y d ro ly sa te . T he cu ltu res  w ere in c u b a te d  a t  37° C fo r 6 days. A t t h a t  tim e  
b o th  th e  tu b e  an d  R o u x  fla sk  cu ltu re s  w ere exam ined  m icroscopically . O ut 
o f  th e  663 tu b es  67 ex h ib ited  1 to  4 v igo rously  m oving M icrofilaria . T h e  R o u x
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f la sk s  w ere all fo u n d  to  co n ta in  M icro fila ria . As th e se  organism s can  o n ly  
be  seen un d er th e  m icroscope and  as th e  flu id  p h ase  m ig h t have w ashed  
aw ay  th e  M icrofilaria  fro m  th e  surface o f  th e  cu ltu res , i t  is very  p ro b ab le  
t h a t  orig inally  m ore  tu b e s  h ad  been c o n ta m in a te d  h u t  th e  p a rasites w ere 
o n ly  de tec ted  w hen a t ta c h e d  to  th e  cell m onolayer (F ig . 1).

T ubes a p p a re n tly  u n c o n ta m in a te d  w ere used fo r t i t r a t in g  poliom yelitis 
v iru s . W hen read ing  th e  resu lts  on th e  3 rd  and  6 th  d a y s  o f incu b a tio n , th e  
t i t r e  w as found to  be  in  good  agreem ent w ith  th a t  o b ta in e d  in  norm al cu ltu re s , 
th o u g h  in  some tu b e s  v igorously  m oving  M icrofilaria  w ere observed.

F ig . 1. Incidence of M icro fila ria  in  m onolayer m o n k ey  k idney  cell c u ltu re . L iving M icrofilaria  
w ith  th e  cell m o n o la y e r in  th e  b ack g ro u n d . M agnification  a b o u t 250 tim es

T he 67 p rim a ry  tu b e  cultures c o n ta m in a te d  w ith  M icrofilaria  w ere 
re in c u b a te d  for fu r th e r  o b se rv a tio n . On th e  7 th  day  th e  m ed iu m  was changed  
to  N o. 199 sy n th e tic  m e d iu m  [14], and  th e  f lu id  change w as repeated  w eekly  
d u rin g  th e  period o f o b se rv a tio n  (30 d ay s).

T hough  th e  p o ss ib ility  of w ashing aw ay  M icro filaria  w hen perform ing  
f lu id  changes could n o t  b e  excluded, m ost o f  th e  tu b es rem a in ed  co n tam in a ted  
u p  to  th e  second f lu id  change (14th d ay ). N evertheless, a t  th a t  tim e  on ly  
one sing le p a ras ite  w as fo u n d  still m oving , w hile th e  o th e rs  were m otionless 
an d  p a r t  o f th em  e x h ib ite d  signs of au to ly s is . No m orpho log ical changes 
re fe rr in g  to  any  d ev e lo p m e n t of th e  su rv iv in g  M icro filaria  were observed . 
A t th e  30 th  day  o f o b se rv a tio n  no M icro fila r ia  could be  detec ted  in  an y  
c u ltu re , and  th e  cell m o n o lay e r ex h ib ited  signs of degen era tio n .

T he R oux fla sk s  w ere  also observed  fo r th ir ty  d a y s . F lu id  change to  
m ed iu m  No. 199 w as f i r s t  perform ed on  th e  7 th  d ay  a n d  th e n  re p e a te d  
w eek ly . O n th e  8 th  d a y  3 fla sk s  were v ersen ized  and  th e  cell suspension w as 
d isp en sed  to  te s t  tu b e s , 200 000 cells in to  each. To in i t ia te  th e  g row th  o f 
seco n d ary  cu ltu res, th e  sam e  m edium  w as u sed  as in  th e  p rim a ry  cu ltu res . 
A fte r  24 hours ex ten siv e  o u tg ro w th  of cells w as observed  a n d  in  abou t 1 p e r
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cen t o f th e  seco n d ary  tu b e s  living M icro fila ria  w ere fo u n d . A fter 48 h o u rs  
th e  cu ltu re s  ra p id ly  d eg en era ted , in  c o n tra s t  to  n o rm al cu ltu res . The e x p e ri
m en t w as re p e a te d  w ith  fu r th e r  3 fla sk s  on  th e  11 th  d ay . I n  th is  case 100 000 
cells w ere tra n s fe r re d  in to  each tu b e , o therw ise  th e  p ro ced u re  was e x a c tly  
th e  sam e as 3 d ay s  earlie r. T he seco n d ary  cu ltu res  a f te r  ex tensive in it ia l  
g row th  ra p id ly  d eg en e ra ted  up  to  th e  3 rd  d a y  follow ing versen iza tion . N o 
liv ing  M icro filaria  cou ld  be d e tec ted  in  th ese  tu b es  a t  da ily  m icroscopic 
ex am in a tio n .

In  th e  re s id u a l p rim ary  R oux  f la sk  cu ltu res  th e  M icrofilaria  lived  
for a b o u t 16 day s a n d  a fte r  th is  period  th e y  u n d e rw e n t changes sim ilar to  
tho se  observed  in  th e  tu b e  cu ltu res. T h e  cell m o n o lay er show ed signs o f 
d eg en era tio n  on  th e  2 8 th  day.

A t th e  tim e  o f th e  observation  o f  th e  ap p earan ce  o f M icrofilaria  in  
th e  cu ltu res , 5 m o n k ey s o f th e  sam e lo t w ere still a live. T he blood of th e se  
anim als w as exam ined  in  respect of M icrofilaria . O u t o f th e  5 an im als, 4 
w ere found  to  h a rb o u r  M icrofilaria , as rev ea led  b y  th e  b lood sam ples e x a m 
ined  m icroscop ica lly  a f te r  acetic acid tre a tm e n t. W h en  th ese  an im als h a d  
been k illed  to  rem o v e  th e ir  k id n ey s for tissue  c u ltu re  purposes, o n ly  
m o d era te  p a ra s itic  in fec tio n  was d e te c te d . The tissu e  cu ltu res p re p a re d  
from  th ese  an im als w ere all free of M icrofilaria .

Summary
T he inc id en ce  o f liv e  M icrofilaria  in  m o n k ey  k id n ey  tis su e  cu ltu res  from  a n  a n im a l 

d isp lay ing  m o d e ra te  in fe s ta tio n  w ith  th e  p a ra s i te  h as been  d escribed .
T he presence  o f M icrofilaria  in  p r im a ry  tis su e  cu ltu res  d id  n o t  affec t cell g ro w th  n o r 

th e  cy to p a th o g en ic  e ffec t o f poliom yelitis v iru s.
S eco n d ary  cu ltu res  p rep ared  by  v e rsen iza tio n  from  M icro fila ria -c o n tam in a ted  R o u x  

flask s d eg en era ted  w ith in  3 days th ough  th e y  co n ta in ed  M icro fila ria  only e x cep tio n a lly .
In  th e  p r im a ry  c u ltu re s  m ain ta in ed  b y  w eekly  f lu id  change  fo r 30 days, M icro fila ria  

su rv iv ed  fo r a b o u t a fo r tn ig h t.
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Parasitology, State In s titu te  fo r  Veterinary H ygiene, B udapest, fo r h is valuab le  h e lp  an d  
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NEUE ANGABEN ÜBER DIE VERBREITUNG  
DER EXTRAPULMONALEN MENSCHLICHEN 

TUBERKULOSE VOM BOVIN-TYPUS IN UNGARN

V on

I . Szabó  und N . K e r t a y

D iagnostisches Laboratorium  und  M ikrobiologische Abteilung des Staatlichen K o rä n y i-
Tuberkuloseinstitutes, B udapest

(E ingegangen  am  11. M ärz 1959)

V or ein igen  J a h re n  hab en  w ir E inzeilhe iten  ü b er die V erb re itu n g  der 
a llgem einen  T u b erk u lo se  vom  B o v in -T y p u s in  U n g arn  m itg e te ilt [1]. In  v o r
lieg en d er A rb e it referieren  w ir e rg än zen d  ü b e r das V orkom m en d er e x tra -  
p u lm o n a len  T u berku lose  vom  B o v in -T y p u s in  einen um fangre ichen  M ateria l.

D ie ausländ ische  L ite ra tu r  ü b e r  die T uberku lose  vom  B ov in -T ypus 
lä ß t  sich  k au m  m eh r überb licken . D ie aus der Z eit v o r 1945 s tam m en d en  
u n g a risch en  A n gaben  sind rech t ä rm lich  u n d  beziehen sich a u f v e rh ä ltn is 
m äß ig  w enige F ä lle  [2 — 7]. S p ä te r  fü h r te  die F o rschung  und  d iagnostische  
A rb e it au ch  a u f  d iesem  G ebiet eine B esserung  herbei. In  den  Ja h re n  1950—51 
v e rm o ch te  m an  die Rolle des B o v in -T y p u s schon a u f  G rund  von  n ah ezu  
2300 g ezü ch te ten  S täm m en  festzuste llen .

In  je n e r  S ta tis t ik  w aren die e x trap u lm o n a len  K ran k en  dem  L an d es
d u rc h sc h n itt en tsp rech en d  zu 6%  re p rä se n tie rt. In  den le tz ten  J a h re n  w urde  
d er m enschliche B o v in ty p  von  m eh re ren  ungarischen  A u to ren  u n te rsu c h t
[ 8 - 1 4 ] .

Material und Methoden

W ir u n te rsu c h te n  die aus e x tra p u lm o n a le n  K ran k h e its fo rm en  s tam m en d en  M yco
bacterium  tuberculosis S täm m e, die aus U n te rsu ch u n g sm ate ria len , welche m an  un s aus v e r 
sch ied en en  T eilen  des L andes e ingesch ick t h a t te ,  g ezü ch te t w orden  w aren . D ie  Z ü ch tu n g  
w u rd e  n ach  d e r b e i d e r  R o u tin ea rb e it ü b lic h e n  M ethode vorgenom m en. In sg esam t u n te r 
su c h te n  w ir 248 S tä m m e , deren  M ehrzahl, n ä m lich  147 K u ltu ren , aus den  e in g esan d ten  H a rn 
p ro b e n  s ta m m te , w äh ren d  25 S täm m e au s E ite r  u n d  d ie ü b rig en  aus L iq u o r, w eib lichen  
G en ita lien , k ra n k en  G elenken, L y m p h k n o te n  u n d  S tu h l g ezü ch te t w urden.

D ie  biologischen E igenschaften  de r IN H -re s is te n te n  B ak te rien  kön n en  sich b e k a n n tlic h  
[15] v e rän d e rn  (K u ltiv ie rb a rk e it, F o rm  d e r  K olon ien , V iru lenz usw .) W ir u n te rsu c h te n  
d a h e r  d ie  E m p fin d lic h k e it u nserer S täm m e IN H , S tre p to m y c in  u n d  PA S gegenüber. Z ugleich  
w u rd e  d ie K a ta la s e a k tiv i tä t  der IN H -re s is te n te n  K u ltu ren  b e s tim m t. Im  w eite ren  b e faß ten  
w ir  u n s  n u r  noch m it em pfindlichen, k a ta la se p o sitiv e n  S täm m en , u m  ih ren  T ypus zu  b e s tim 
m en.

U n te r  den v ersch iedenen  T y p b es tim m u n g sm e th o d en  w a n d ten  w ir d ie T ie rim p fu n g  
an , w eil w ir de r M einung sind , dieses V e rfah ren  sei am  zuverlässigsten . O bw ohl de r W ach s
tu m s ty p u s , die G lyzerinophobie , der G ly zerin ab b au , de r N ik o tin säu ren ach w eis  usw . in  v ielen  
F ä lle n  g u te  O rien tie ru n g  b ie ten , h a lte n  w ir  do ch  d en  T ie rv ersu ch  vom  G e sic h tsp u n k t de r 
Z ie ls ich erh e it fü r  v o rte ilh a fte r . F ü r  d ie  Im p fu n g en  w urden  K an in ch en  v o n  2 kg  G ew ich t 
b e n u tz t.  S ta t t  des k lassischen  in trav en ö sen  Im p fv erfa h ren s  w an d ten  w ir jed o ch  d ie I n t r a k u ta n 
m e th o d e  an , d ie sich in  unserem  In s t i tu t  g u t  b e w äh rt h a t  [16] u n d  d ie im  w esen tlichen  d a ra u f

5 A cta  M icrobiologies V I/2.
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b e ru h t, d a s  0.2 m l B ak te rien su sp en s io n  (1 N orm alöse  K u l tu r  in  2 m l physio l. K ochsalzlö 
sung), in  d ie  H a u t der K a n in c h e n  g e im pft, a n  d e r Im p fs te lle  e inen  P rozeß  in  G ang se tz ten . 
M ycobacterium  tuberculosis v o m  H u m an -T y p u s v e ru rs a c h t  n u r  regressive V erän derungen , 
w äh ren d  d e r  B ov in-T ypus e in  sich  au sb reitendes to rp id e s  G eschw ür z u stan d e  b r in g t, welches 
n ich t h e il t .  Z u K on tro llzw ecken  w u rd en  auch  Suspensionen  d e r S täm m e H 37 R v. u n d  Ravenei 
e in g e im p ft, u m  die an  d e r K a n in ch e n h au t e rsch e in en d en  V erän d eru n g en  verg le ichen  bzw. 
a u sw e rte n  zu  können. (D ie S a p ro p h y te n  rufen  n u r  e ine  geringe, ra sch  heilende Schw ellung 
h e rv o r.)  D ie  F ests te llu n g  d e r L o k a lreak tio n en  erfo lg te  zw eiw öchentlich , u n d  6  W ochen n ach  
de r Im p fu n g  w urde die T y p u se in o rd n u n g  abgeschlossen.

E rgebnisse

E s w urde  die T y p u se in o rd n u n g  von  in sg esam t aus 248 ex trap u lm o n a len  
F ä llen  s tam m en d en  S tä m m e n  vorgenom m en, v o n  denen  sich 155 K u ltu ren , 
d. h . 6 2 ,5 % , als H u m a n -T y p u s  erw iesen u n d  88 S täm m e, d. h . 35 ,4% , die 
E ig en sch a ften  des B o v in -T y p s  zeig ten . E in e  d o p p e lte  In fek tio n , d. h. das 
g em einsam e V orkom m en des H um an- u n d  B ov in -T y p u s, sah en  w ir in  5 
F ä llen  (2 ,1% ). Bei 11 d e r  88 B ovin -S täm m e h a n d e lte  es sich u m  solche von  
v o rü b erg eh en d en  C h a ra k te r  u n d  v e rrin g e rte r  V iru lenz (Tabelle I ) .  A nläßlich

Tabelle I

A u fte ilu n g  der Typen der aus extrapulmonalen E rkrankungen  isolierten Mycobacterium
tuberculosis Stäm m e

Untersuchungs- Zahl
Human Bovin Mischtypus (beide)

material Zahl % Zahl % Zahl %

H a r n ........................................................................... 147 103 70 44 30

E ite r  ( e x tr a p u lm .) ........................................ ..

W eibl. G en.-T bc. (M enstr.-B lu t, U terus-

25 15 60 10 40

S ek re t, A brasions M ateria l) .......................

A ndere (L iquor, resezierte  O rganstückchen

12 6 50 6 50

u s w .) ...................................................................... 64 31 48 28 44 5 8

In sg esam t ............................................................... 248 155 62,5 88 35,4 5 2 ,1

der v o r  8 Ja h re n  d u rc h g e fü h rte n  U n te rsu ch u n g en  (aus w eniger e x tra p u lm o 
n alen  F ällen ) gew annen  w ir ein m it dem  vorliegenden  übere in stim m endes 
R e s u lta t  (36% ). B ei d e n  ex trap u lm o n a len  B o v in -E rk ran k u n g en  in  U ngarn  
is t d e m n a c h  offenbar se ith e r  keine V ersch iebung  e inge tre ten .

N a c h  Tabelle I  d om in ie ren  in  u n se rem  M ateria l die aus U rogen ita l 
T u b e rk u lo se  s ta m m e n d e n  M ycobacterium tuberculosis S täm m e. V on den aus 
w eib lich er G en ita ltu b erk u lo se  nachgew iesenen  12 S täm m en  gehörte  au ffa llen 
derw eise  die H älfte  z u m  B ovin-T ypus. O bgleich  die Zahl d ieser Fälle  n ich t 
g en ü g t, u m  endgü ltige  Sch lußfo lgerungen  zu  ziehen, d a rf  doch festgeste llt 
w erd en , d aß  die F ra u e n  im  allgem einen, w ahrschein lich  im  jugend lichen  
A lte r, e n te ra l von  d er M ilch und  den M ilch p ro d u k ten  tu b e rk u lö se r K ühe
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in fiz ie rt w erden . D iese F ests te llu n g  s tim m t m it d er A uffassung an d ere r 
un g arisch er A u to re n  [11, 13] übere in , n ach  deren  E rg eb n issen  die A nzah l 
d er vom  B o v in -T y p u s v e ru rsa c h te n  F älle  v o n  U ro g en ita l-tu b erk u lo se  se lb st 
33%  erre ich te . D ie h ie r gegenw ärtig  e in gele ite te  sy s tem a tisch e  B ekäm pfung  
d er B in d e rtu b e rk u lo se  w ird  au f d iesem  G ebie t zw eifellos eine B esserung  
herbeifüh ren .

Zusam m enfassung

E s w erden  d ie  E rgebn isse  de r im  Ja h re  1958 vo rg en o m m en en  U n te rsu ch u n g en  v o n  aus 
e x trap u lm o n a len  K ra n k h e its fo rm en  s tam m en d en  M ycobacterium  tuberculosis S täm m en  m it
g e te ilt  sowie B e d eu tu n g  u n d  R olle de r K o c h -B ak te rien  vom  B o v in -T y p u s bei d iesen K ra n k 
heitsfo rm en  e rö r te r t .  D ie T y p en b estim m u n g  der 248 M y co b ak te rien stäm m e  erfo lg te d u rc h  
T ie rim pfungen  n a c h  de r fü r  K an in ch en  neuerd ings a u sg e a rb e ite te n  In tra k u ta n m e th o d e .

V on den  u n te rsu c h te n  arzne iem pfind lichen , k a ta la se a k tiv e n  S tä m m e n  g eh ö rten  62 ,5 %  
zum  H u m an - u n d  35,4%  zum  B ovin-T ypus. M isch p o p u la tio n en  v o m  H u m a n — p B ov in - 
T y p u s (D o p p elin fek tion ) k am en  in  2 ,1%  der F ä lle  v o r. M y co b acteriu m  tubercu losis v o m  
B ov in -T ypus sp ie lte  in  29%  d e r F älle  v o n  U ro g en ita ltu b e rk u lo se , in  40%  der m it e itr ig en  
Prozessen  e in h erg eh en d en  E rk ran k u n g e n  u n d  sch ließ lich  in  n a h ez u  50%  der w eib lichen  
G en ita ltu b e rk u lo sen  eine p a th o g en e  Rolle.
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Som e s tra in s  o f  Bacillus m egaterium  p roduce  m egacin , an  a n tib a c te r ia l 
p rin c ip le  [5, 6] w h ich  differs from  th e  an tib io tics  in  several essen tia l p o in ts . 
T h is p rinc ip le  is th e  consequence o f le th a l b io syn thesis  and  its  o rig in  is 
asso c ia ted  w ith  th e  lysis of th e  cells [7, 12]. T he fo rm atio n  o f m egacin  can  
be in d u ced  b y  a sm all dose of u ltra v io le t  lig h t an d  in  th is  respect i t  is co m 
p le te ly  rem in iscen t o f lysogeny. A  fu r th e r  ch a rac te ris tic  o f m egacin  is its  
v e ry  n a rro w  a n tib a c te r ia l sp ec tru m  [8].

I t  has been  found  recen tly  [10] th a t  m egacin  co n cen tra tes  o f h igh  
p o te n c y  can  be p re p a re d  from  f lu id s  o f  u ltrav io le t ligh t-in d u ced  cu ltu re s  
o f th e  m egacinogenic s tra in  216 g row n  in  defined  m edium . M egacin w as 
easily  c o n c e n tra ted  b y  adso rp tion  a n d  e lu tion  on anionic-cellulose, e c t e o l a , 
p re p a re d  accord ing  to  P e t e r se n  and  S o b e r  [17]. In d iv id u a l lo ts of co n 
c e n tra te s  co n ta in ed  2 — 3 X Ю5 u n its /m l m egacin , an d , as an  average, a b o u t 
3 000 u n its  w ere fo u n d  pro /tg n itro g e n  in  th e  co n cen tra tes . T hese co n cen 
t r a te s  w ere successfully  used in  e s tab lish in g  th e  specific m ode of ac tio n  o f 
m egacin  and  i t  h as  been  found [9] to  b re a k  th e  osm otic b a rrie r  o f th e  c y to 
p lasm  m em brane . T h e  enzym e-like ac tio n  of m egacin , fu rth e rm o re  th e  sen 
s it iv ity  o f th is  b ac te rio c in  to  com m ercia l try p s in  p re p a ra tio n  (Difco 1 : 250), 
suggested  th a t  m egacin  is of p ro te in  ch a rac te r . T he purpose o f th e  p re se n t 
re p o r t  is to  describe  observation  w hich  in d ica te  th a t  m egacin is an  im m uno- 
specific  p ro te in  fo rm ed  in  consequence o f th e  le th a l b iosyn thesis in d u ced  
b y  u ltra v io le t irrad ia tio n .

Materials and methods

T h e  genera l ex p erim en ta l tech n iq u es used  w ere th e  sam e as those  describes in  ou r 
p rev io u s p u b lica tio n s.

Stra ins. F o r  th e  p ro d u c tio n  of m eg ac in  we em ployed  B acillus megaterium  216 [6 ]. 
T he t i t r a t io n  of m eg acin  w as carried  o u t w ith  p h a g e-re s is tan t B . megaterium  s t ra in  “ M ut-C ”  
[11]. T h e  non-m egacinogenic  m u ta n t 216 m eg-  w as iso la ted  from  s tra in  216 [12].

M egacin concentrates. These w ere p re p a re d  from  u ltra v io le t  lig h t-in d u ced  cu ltu re s  
o f  B . megaterium  s tra in s  216 in  defined m ed iu m , as i t  has been described recen tly  [10]. C on
c e n tra te s  u sed  in  th ese  experim en ts c o n ta in e d  2— 4 X  105 u n its /m l m egacin.
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Culture media. H o rse  m e a t e x tra c t ag a r, co n ta in in g  1 p e r cen t p ep to n e  an d  1.5 p e r  cen t 
a g a r , Y P  (y east e x tr a c t  p e p to n e ) b ro th  a n d  Y  D C  (y eas t e x tra c t p lus enzym ica lly  d ig es ted  
case in ) m edium  w ere p re p a re d  as i t  has  b een  d esc rib ed  prev iously  [6 , 7].

The titration and  u n it  o f  megacin. T he te c h n iq u e  o f t i t r a t io n  has been  described  recen tly  
[10]. In  p rin c ip le , th e  h ig h e s t d ilu tio n  w h ich  p ro d u c ed  in h ib itio n  on  th e  surface  of in d ic a to r  
p la te s  co n ta in ing  “ M ut-C ”  organism s re p re se n ts  th e  u n it  o f m egacin , i. e. th e  recip ro ca l 
v a lu e  o f th e  t i t r e  ex p resses th e  nu m b er o f m eg a c in  u n its  p re sen t in  1 m l.

The production o f  im m u n e  sera. T he h o m ologous sera  o f s tra in s  B . megaterium  216 an d  
2 1 6 m eg ~  were o b ta in e d  in  accordance w ith  o u r  e a rlie r  re p o rt  on  th e  su b je c t [1 1 ] a n d  w ill 
be re fe rre d  to  below  as a n tib a c te r ia l  (A B ) se ra .

I n  o rder to  p ro d u c e  m egacin  a n tib o d y , r a b b its  w ere in je c te d  in tra v en o u s ly  w ith  5 m l 
doses o f th e  c o n ce n tra tes , tw ice  a  week over a  p e rio d  of six  weeks. S era  o f ra b b its  im m u n ized  
w ith  m eg acin  co n ce n tra te s  a re  designated  as a n ti-m eg a c in  (AM) sera.

Titra tion  o f  the neu tra lizing  power o f  m egacin antibody. A m oun ts o f 100 u n its  m egacin  
in  0.5 m l saline w ere tra n s fe r re d  to  te s t  tu b e s  to  w h ich  w as ad d ed  0.5 m l fro m  th e  seria l 
d ilu tio n s  o f th e  serum . F o r  24 hours th e  m ix tu re s  w ere k e p t  in  th e  re fr ig e ra to r and  0.02 m l 
o f  e ac h  w as d ro p p ed  on  th e  surface  of th e  in d ic a to r  p la te . T he h ig h est d ilu tio n  o f serum  
n e u tra liz in g  th e  b a c te r ic id a l ac tio n  of 100  u n its  o f  m egacin  is ta k e n  as th e  n eu tra liz in g  t i t r e  
o f  an ti-m eg ac in  serum .

P recipitation. T o d e te rm in e  th e  p re c ip ita tio n  t i t r e ,  0.2 m l am o u n ts  o f serum  d ilu te d  
w ith  th e  sam e q u a n ti ty  o f  sa line  were ad d ed  to  0.2 m l am o u n ts  of a n tig en  d ilu tio n . F o r d e te r 
m in a tio n  of q u a n ti ta t iv e  p re c ip ita tio n , 1 m l a m o u n ts  o f specific an ti-m eg acin  serum  w ere 
t ra n s fe r re d  to  cooled c e n trifu g e  tubes a n d  v a ry in g  q u a n tit ie s  of a n tig en  w ere  ad d ed . T he 
to ta l  vo lu m e of th e  m ix tu re  w as com pleted  to  4 m l an d  le ft s tan d in g  in  a  re fr ig e ra to r fo r 48 
h o u rs . T h e  cold c en trifu g e d  p re c ip ita te  w as w ash ed  tw ice  w ith  cold saline a n d  d igested  w ith  
su lp h u ric  acid  ; th e  N  c o n te n t  was d e te rm in e d  b y  nesslerization .

Complement f ix a t io n  test. F o u r u n its  o f  h aem o ly sin  a n d  1.5 u n its  o f co m plem en t w ere 
u se d . T h e  am o u n ts o f  se ru m  d ilu tio n  an d  t h a t  o f  a n tig e n  w ere 0.25 m l each. T o ta l vo lum e 
o f  th e  system  was 1.25 m l. In c u b a tio n  w as a t  37° C fo r 30 m in u tes .

P reparation o f  extracts fro m  non-induced organism s. A  young  cu ltu re  (o p tica l d e n s ity  
0 .45) o f  s tra in  216 g ro w n  in  УD C  m edium  w as cen trifu g e d  an d  th e  co llected  organ ism s w ere 
w ash ed  w ith  saline. T h e  sed im en t was re su sp e n d ed  in  th e  sam e vo lum e of sa line  as t h a t  o f 
th e  c u ltu re  used . C ry sta llin e  lysozym e (100 u g /m l) w as ad d ed  to  th e  suspension , an d  a f te r  
ly sis  o f  th e  cells, th e  so lu tio n  was cleared  b y  cen trifu g a tio n .

Preparation o f  spec ific  anti-m egacin serum  ( S A M  serum ) .  T he sera  o f ra b b its  im m u n ized  
w ith  m egacin  co n ce n tra te s  co n ta in ed  a n ti-ce llu la r  an tib o d ies  beside m egacin  a n tib o d y . H ig h ly  
sp ec ific  sera  were o b ta in e d  b y  rem oving a n tic e llu la r  an tib o d ies  w ith  th e  e x tra c t from  non- 
in d u c e d  organism s. F iv e  m l o f e x tra c t o b ta in e d  as desc rib ed  above from  n on-induced  cu ltu re  
o f s t r a in  216 were ad d ed  to  10 m l an ti-m eg acin  se ru m  an d  k e p t in  a re fr ig e ra to r for 48 hours. 
T h e  p re c ip ita te  fo rm ed  w as rem oved b y  c e n tr ifu g a tio n . T he abso rbed  serum  was h ig h ly  
sp ec ific  for m egacin , w h ile  i t  fa iled  to  give p re c ip ita tio n  or a  com plem en t f ix a t io n  te s t  w ith  
th e  b a c te r ia l  e x tra c t o f s t r a in  216.

E nzym es. Tw ice c ry s ta lliz ed  p re p a ra tio n s  w ere  used  in  th e  ex p erim en ts . The p re p a ra 
t io n s  w ere k in d ly  su p p lied  b y  Prof. J .  H . N o r t h r o p  (U n ivers ity  o f  C a lifo rn ia ). C hy m o try p sin  
a n d  p ep sin  p re p a ra tio n s  w ere sa lt free, w hile  th e  try p s in  p re p a ra tio n  c o n ta in ed  50 p e r cen t 
M g S 0 4.

R esults

H eat and enzym ic  inactivation o f  megacin. M egacin co n cen tra tes , a f te r  
b e in g  sterilized  b y  f i l t r a t io n  th ro u g h  s in te re d  glass f iltre , can  be k e p t in  th e  
re fr ig e ra to r  in  an  u n c h an g ed  cond ition  fo r severa l m onths.

I n  th e  e x p e rim e n ts  perform ed w ith  m egacin  p rep a ra tio n s  derived  from  
co m p le te  cu ltu re  m e d ia , m egacin p ro v e d  to  be therm o lab ile  an d  sen s itiv e  
to  com m ercial t ry p s in  p rep a ra tio n s  [6]. I t  seem ed necessary  to  re p e a t these  
e x p e rim e n ts  w ith  m eg ac in  co n cen tra tes  from  defined  m ed ium  an d  w ith  
c ry s ta llin e  enzym e p rep a ra tio n s .
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To check th e  h e a t  la b ility  o f m egacin , one m l o f  c o n cen tra te  w as added  
to  4 m l bu ffer so lu tio n  an d  t i t r a te d  fo r m egacin . In  a lka line  m ed ium , m egacin 
w as v e ry  sensitive  to  h e a t. T h ere  w as a considerab le  in a c tiv a tio n  even a t 
37° C, w hen  th e  p H  o f th e  m ed ium  w as 7.5 to  8, or m ore . O n th e  o th e r h an d , 
in  a p h o sp h a te  b u ffe r o f p H  7.1 m egacin  w as n o t a ffec ted  a t  37° C w ith in  
4 ho u rs .

T he h e a t la b ility  o f m egacin  in  acid  buffers w as m o d era te . T here was 
no appreciab le  in a c tiv a tio n  in  glycine-H C l bu ffer o f  p H  2 a t 37° C a fte r  4

Fig. 1. H e a t in a c t iv a tio n  of m egacin  in  0.07 M  p h o sp h a te  b u ffe r  a t  80° C 
•  p H  5.6; О  p H  7 .0 ; © pH  8.1

h o u rs . Fig. 1. gives in fo rm a tio n  concern ing  th e  h e a t in a c tiv a tio n  o f m egacin 
a t  80° C.

In  o rder to  s tu d y  th e  se n s itiv ity  of m egacin  to  enzym e ac tion , equal 
vo lum es of c o n c e n tra te  an d  enzym e so lu tion  in  b u ffe r w ere m ixed and  
in c u b a te d  a t  37° C. B y  c ry sta llin e  pepsin  a t acid p H  m egacin  w as rap id ly  
in a c tiv a te d . T he m a x im u m  o f in a c tiv a tio n  occu rred  a t  p H  2. E v en  1 (ig/m l 
o f pepsin  was cap ab le  o f in a c tiv a tin g  th e  b a c te ric id a l a c tiv ity  o f th e  con
c e n tra te  w ith in  tw o  ho u rs . I t  shou ld  be stressed  ag a in  th a t  in  th e  absence 
o f enzym e a t  th is  a c id ity  no change occurred  in  th e  t i t r e  o f th e  co n cen tra te .

T he p ro te in  n a tu re  o f m egacin  is also su p p o rte d  b y  its  sen s itiv ity  to  
ch y m o try p sin . W hen  100 /ig/m l o f c ry sta llin e  ch y m o try p s in  w ere added  to
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th e  co n cen tra te  in  a p h o sp h a te  b u ffe r o f p H  7.17, a considerab le  loss in  th e  
b a c te r ic id a l t itre  re su lte d . B ecause o f th e  a lkaline  se n s itiv ity  o f m egacin , 
c h y m o try p s in  in a c tiv a tio n  could  n o t be s tu d ied  a t  o p tim u m  p H  va lues. 
I t  w as strik ing  an d  c o n tra ry  to  o u r ea rlie r o b se rv a tio n  th a t  m egacin  p roved  
to  b e  re s is ta n t to  t ry p s in .  I t  shou ld , how ever, be n o te d  th a t  tw ice  crysta llized  
t r y p s in  (100 /ig/ml) w as being  used , while in  th e  p a s t a com m ercia l try p s in  
c o n c e n tra te , p ro b a b ly  c o n ta m in a te d  w ith  ch y m o try p sin , h a d  exclusively  
b e e n  em ployed. I t  s t i l l  rem ain s questio n ab le  w h e th e r o r n o t m egacin is

F ig ■ 2 . In ac tiv a tio n  o f m eg ac in  b y  enzym es a t  37° C —  •  T ry p sin  100 /<g/ml, p H  7.17 
О C h y m o try p s in  100 /ig /m l, p H  7.17, ©  P ep sin  1 /<g/ml, p H  2.0

e n tire ly  re sis tan t to  t ry p s in ,  in  v iew  of th e  fa c t th a t  its  a c t iv i ty  could n o t 
be  te s te d  a t th e  o p tim u m  a lk a lin ity . Fig. 2 shows th e  in a c tiv a tio n  o f m egacin 
b y  p e p s in  and ch y m o try p s in .

The antigenic na ture  o f  megacin. In  th e  b lood serum  o f ra b b its  in jec ted  
re p e a te d ly  w ith m egacin  co n cen tra tes , increasing  am o u n ts  o f a n tib o d y  a p p e a r
ed  p a ra lle l w ith th e  p ro g re ss  o f im m u n iza tio n . In  th e  early  s ta g e  o f im m u n 
iz a tio n  th e  sera gave p re c ip ita tio n  w ith  th e  co n cen tra tes , b u t  th e y  d id  no t 
p re c ip ita te  the  e x tra c ts  p ro d u ced  from  th e  cells o f th e  no n -in d u ced  s tra in  
216 ly se d  b y  lysozym e. S erum  sam ples o b ta in ed  a fte r  fu r th e r  inocu la tions 
p re c ip ita te d  the  c o n c e n tra te s  u p  to  a d ilu tio n  o f 1/64, w hile th e  cell e x tra c ts  
w ere  p rec ip ita ted  u p  to  d ilu tio n s o f 1/4 to  1/8.
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S everal o b se rv a tio n s show ed th a t  th e  an tig en ic  p ro p ertie s  of th e  co n 
cen tra te s  are  in  th e  f ir s t  p lace due to  th e ir  m egacin  co n te n t. In  th is  re sp e c t 
th e  m ost e ssen tia l p o in t is th a t  th ese  sera w ere cap ab le  of n eu tra liz in g  th e  
b ac te ric id a l a c tio n  o f m egacin . No such effect w as d isp layed  b y  n o rm a l 
ra b b it  sera  or b y  a n tib a c te r ia l sera o f s tra in  216.

T he an ti-m eg ac in  p ro p e rty  of th e  sera  can  be e s tim a te d  w ith  su ffic ien t 
re liab ility . T he m eth o d  of assay  em ployed  b y  us in v o lv es , how ever, th e  e rro r  
in h e ren t in  th e  tw ofo ld  seria l d ilu tio n  of serum . T he neu tra liz ing  c a p a c ity  
of an ti-m egac in  a n tib o d y  w as id en tica l a t  37° C, a t  ro o m  te m p e ra tu re , an d  
a t  ice-box te m p e ra tu re .

Table I

Agglutination and megacin neutralization by anti-megacin and by antibacterial im m une sera

Serum
Agglutination

Strain

**

Titre*

Neutralizatio

Incubation

a

Titre

A ntibacterial 216 ( rab b it 1 . ) ..................... 216 128 24 hr. a t 0° < 8

, ,  216 ( ra b b it 2 . ) ..................... 216 320 24 „ < 8

„  216 m eg “ 216 500 24 „ < 8

A nti-m egacin  ( rab b it 1 . ) ............................ 216 < 3 2 24 „ 8  0 0 0

99 ( 99 99) ............................ 216 m eg ~ < 3 2 * * * 3 h r .a t  0° 2  0 0 0

99 ( 9 9  9 9 )............................ 24 h r .a t  26° 8  0 0 0

„  ( ra b b it  2 . ) ............................ 216 < 3 2 24 h r .a t  4° 10  0 0 0

* R ecip roca l va lue  of t i t r e .
** A gg lu tina tion  : In cu b a tio n  for 4 h r. a t  room  tem p e ra tu re  a n d  overn igh t in  an  ice-box .

*** A nti-m egacin  serum  d id  n o t agg lu tin a te  suspension of B . megaterium  s t r a in  216 
and  216 m eg“ . A t low er d ilu tio n s g radually  a lysis o f  cells ap p ea red .

I t  is seen from  Table I  t h a t  sera  of ra b b its  in jec ted  w ith  m egacin co n cen 
tra te s  are capab le  o f n eu tra liz in g  th e  b ac te ric id a l ac tio n  o f  m egacin. Two d iffe r
en t ra b b it  sera  n eu tra lized  1 0 0 u n its /m l m egacin  up  to  d ilu tions of 1:8000 —  
1 : 10 000. On th e  o th e r h a n d , th ese  sera d id  n o t ag g lu tin a te  th e  suspension  
on non-induced  cells o f s tra in  216 an d  th a t  of its  non-m egacinogenic m u ta n t  
(216 m eg“ ) a t  1 : 32 d ilu tio n . A t low er d ilu tio n s lysis  o f  cells appeared  g ra d u 
ally . A n tib a c te ria l sera, i. e. sera of ra b b its  im m u n ized  w ith  cells fro m  no n - 
induced  cu ltu res  of s tra in  216 or w ith  suspensions m ad e  from  th e  no n - 
m egacinogenic m u ta n t (216 m eg“ ), w ere effective in  ag g lu tin a tin g  th e  su s
pension of s tra in  216. T hese sera , how ever, w ere n o t capab le  of n eu tra liz in g  
th e  b ac tric id a l a c tio n  o f m egacin  a t  a d ilu tio n  o f x/8.

I t  is easy  to  conclude from  th e  above o b se rv a tio n s  th a t  th e  se ra  of 
ra b b its  in jec ted  w ith  m egacin  co n cen tra te  co n ta in  a n  an tib o d y  specific  to  
m egacin itse lf. T he p re c ip ita tio n  of these  sera  w ith  e x tra c ts  from  n o n -in d u ced
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o rg an ism s ind ica tes  th e  presence o f  a n tib a c te r ia l  an tib o d ies  beside an ti- 
m eg ac in  an tib o d y . A s i t  h as  been  d esc rib ed  in  th e  m ethodo log ica l p a r t  o f 
th is  re p o r t  th e  a n tib a c te r ia l  an tibod ies w ere  read ily  rem oved  from  th e  sera 
w ith  e x tra c ts  o f n o n -in d u ced  b a c te r ia . Specific  an ti-m egacin  serum  (SAM) 
w as p re c ip ita te d  w ith  m egacin  ly sa te s  o r co n cen tra tes  b u t  d id  n o t d isp lay  
a n y  reac tio n  or co m p lem en t f ix a tio n  w ith  cell ex trac ts  o f th e  non-induced  
c u ltu re  o f s tra in  216. T h e  co rre la tio n  b e tw een  th e  p réc ip itab le  a n tib o d y  
c o n te n t  an d  th e  n e u tra liz in g  c a p ac ity  o f SAM  serum  is i l lu s tra te d  b y  q u a n 
t i t a t iv e  p re c ip ita tio n  (see Table I I ) .

Table I I

Precipitation and neutralization o f megacin by specific anti-megacin ( S A M )  serum

M egacin  in p u t  in  u n its  X 10s . 6.3 4.6 3.1 2.3 1.53 0.76 0.151 0.00

N itro g en  p rec ip ita ted  ( ju g ) ............ 87.5 96.8 111.7 109.5 112.7 62.5 28.1 0.00

M e g a c in in s u p e rn a ta n t,u n its  X lO 5 1.1 0.08 0.00 0.00 0.00 0.00 0.00 0.00

N e u tra liz a tio n  by  th e  su p e rn a ta n t 0 0 120 240 480 960 1350 2700

One m l o f specific an ti-m eg acin  serum  w as m ix e d  w ith  various am o u n ts  o f concen tra tes . 
T h e  vo lum e of th e  m ix tu re  w as m ad e  up  to  5 m l th e  te s ts  w ere m ade in  d u p lica te . A fte r  in cu b a tio n  
a t  4° C fo r 48 h r , th e  p re c ip ita te  was sed im en ted  a n d  th e  su p e rn a tan t rem o v ed , assayed for 
m eg acin , an d  fo r i ts  n e u tra liz a tio n  effect w ith  100 u n its  o f m egacin. N e u tra liz a tio n  is expressed 
b y  th e  reciprocal value  of th e  h ighest d ilu tio n  o f su p e rn a ta n t capable o f n eu tra liz in g  th e  said 
a m o u n t o f  m egacin. In  a  co n tro l tu b e  n o t co n ta in in g  m egacin , th is value w as fo u n d  to  be  2700.

T he d a ta  of th e  ex p e rim en t show ed th a t  th e  am o u n t o f  th e  p re c ip ita te  
is p a ra lle l e ith e r w ith  th e  m egacin  c o n te n t o f th e  su p e rn a ta n ts  o r w ith  th e  
excess n eu tra liz in g  c a p a c ity . T he n e u tra liz in g  an tib o d y  is th u s  m o st p ro b ab ly  
id e n tic a l w ith  th e  p re c ip ita tin g  a n tib o d y  o f th e  SAM serum .

As in d ica ted  b y  p re c ip ita tio n  te s ts  c a rr ie d  o u t w ith  a n tib a c te r ia l  serum  
a n d  m egacin  co n c e n tra te , th e  n e u tra liz a tio n  o f m egacin is n o t  d u e  to  a n o n 
sp ec ific  abso rp tio n  o f  a  he tero logous p re c ip ita te . One m l o f  an tib a c te ria l 
se ru m  yie lded  425 f i g  n itro g e n  if  b ro u g h t to g e th e r  w ith  th e  o p tim u m  am oun t 
o f  m egacin  co n cen tra te  ; how ever, th e  m eg ac in  con ten t o f th e  su p e rn a ta n t 
d id  n o t dim inish  ap p rec iab ly .

SAM  serum  show ed com plem ent f ix a tio n , b o th  w ith  c ru d e  ly sa te s  of 
in d u c e d  cells and  w ith  m egacin  c o n c e n tra te s , u p  to  a t i t re  o f  1 : 250 d ilu tio n  
in  th e  system . T he sp ec ific ity  of th is  re a c tio n  was ev idenced  b y  th e  fac t 
t h a t  th e  sam e te s t  fa iled  to  y ield  a p o s itiv e  re su lt if  c a rr ied  o u t w ith  th e  
ly so zy m e e x tra c t o f no n -in d u ced  cells.

D ynam ics o f  m egacin form ation . T h e  u ltra v io le t i r ra d ia tio n  cu ltu re  of 
s t r a in  216 reaches i ts  m ax im u m  g ro w th  a f te r  90 to  110 m in u te s ’ re in cu b a tio n  
in  in d iv id u a l ex p e rim en ts  [ 6 ] .  A l f ö l d i  [ 1 ]  found  th a t  th e  p ro d u c tio n  of
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m egacin  precedes its  lib e ra tio n . H e succeeded  in  d e te c tin g  in tra b a c te ria l 
m egacin  in  th e  lysozym e e x tra c t  of o rgan ism s from  c u ltu re  sam ples ta k e n  
a t  45 m in  a f te r  u ltra v io le t in d u c tio n . T h is  observ a tio n  is in  good accordance 
w ith  th e  appearance  o f th e  f ir s t  cy to log ica l changes occurring  in  induced  
cells [7]. In  view  of th e  above fac ts , th e  question  arose w h e th e r th e  a p p e a r
ance an d  increase of b a c te ric id a l pow er o f th e  induced  c u ltu re  is synchronous 
w ith  th e  fo rm atio n  of th e  im m unospec ific  substance  c h a ra c te ris tic  of ly sa tes  
or c o n cen tra ted  ly sa tes  o b ta in ed  from  cu ltu res ir ra d ia te d  w ith  u ltrav io le t 
lig h t.

F ig. 3a an d  ft. T he course o f fo rm a tio n  of b a c te r ic id a l a c tiv ity  an d  t h a t  o f th e  im m unospecific  
su b s tan ce  in  u ltrav io le t i r ra d ia te d  cu ltu re  o f B acillus megaterium , s t r a in  216. T he ex p erim en t 
w as c a rried  o u t in  YDC m ed ium . U . v . ir ra d ia t io n  a t  0 m inu te . T h e  sam ples w ere lysed  w ith  

c ry s ta llin e  lysozym e (10 fig /m l). a • —  o p tic a l den sity  o f cu ltu re  — о  m egacin  t i t r e  
ft. Im m u n o sp ec ific ity  of in d iv id u a l sam ples ta k e s  a t  in te rv a ls  fro m  cu ltu re . T he e x tra c ts  
w ere ad d ed  in to  cen tra l holes. U p p e r holes co n ta in ed  a n tib a c te r ia l  se rum , while th e  low er 

holes w ere f illed  w ith  specific  an ti-m eg acin  (SAM) serum



168 G. IVÂNOVICS, E. NAGY, L. ALFÖLDI

In  ex p erim en ts  ca rr ied  o u t w ith  u ltrav io le t-in d u ced  cu ltu res o f s tra in  
216, a liquo ts of c u ltu re  ta k e n  a t  in te rv a ls  a fte r  ir ra d ia tio n  an d  re in cu b a tio n  
w ere ly sed  w ith  ly so zy m e. T he e x tra c ts  th u s  o b ta in ed  w ere assayed  for m egacin  
a n d  serologically a n a ly se d  b y  d iffusion in  ag a r gel, using  specific an ti-m egac in  
an d  a n ti-b ac te ria l se ru m . T h is la t te r  w as p roduced  in  ra b b its  b y  th e  in jec tio n  
o f  a non-induced  cell suspension  of s tra in  216. T he re su lts  o f th is  ex p erim en t 
a re  d em o n stra ted  in  F ig . 3.

I t  is seen fro m  F ig . 3a th a t  only  a sm all a m o u n t o f  m egacin (1200 
u n its /m l) was fo u n d  in  th e  sam ple ta k e n  a t  60 m in . S u b seq u en tly , a g ra d u a l 
in c rease  o f b a c te r ic id a l t i t r e  occurred , u p  to  64 X Ю 3 u n its /m l, th e  p e a k  
v a lu e  o f m egacin p ro d u c tio n . T he increase o f b a c te ric id a l t i t r e  w ent p a ra lle l 
w ith  th e  ap p earan ce  o f  a new  im m unospecific  su b stan ce  revea led  b y  p re c i
p ita t io n  w ith  SAM se ru m  (see Fig. 3b). A v e ry  fa in t an d  th in  line is see a t  
a b o u t th e  m iddle o f  th e  d is tan ce  betw een  th e  holes co n ta in in g  SAM serum  
a n d  th o se  w ith  c u ltu re  e x tra c t from  th e  60 m in  sam ple. In  fac t, sim ilar b u t 
ev en  less defin ite  lin es  ap p ea red  w ith  th e  20 an d  40 m in  sam ples. I t  shou ld , 
h ow ever, be s tre ssed  th a t  traces  of m egacin  (100 to  500 u n its/m l) were found  
also  in  these  sam p les . A m ark ed  p rec ip ita tio n  appeared  w hen th e  bac te ric id al 
t i t r e  o f th e  sam ple  w as considerab le (16 to  32 X Ю3 u n its /m l). This o b se r
v a tio n  clearly  show s th a t  th e  ap p earan ce  an d  increase o f a n tib a c te ria l p r in 
cip le  in  th e  in d u ced  cu ltu re s  of s tra in  216 ru n  p a ra lle l w ith  th e  fo rm atio n  
o f  a new  im m unospecific  com ponent.

D iscussion

A  considerab le  n u m b e r o f w ell-know n an tib io tic s  (e. g., g ram ic id in , 
gram icid in-S , p o ly m y x in ), and  som e less in ten se ly  s tu d ie d  ones, like b iocerin  
[13], circulin  [15], h a v e  been  iso la ted  from  Genus B acillus  cu ltu res. T he ly tic  
p rin c ip le  of B acillus cereus [16] and  o f B acillus term inális  [4] are associa ted  
w ith  th e  au to lysis o f  cells in  th e  regressive period  o f g row th . M egacin, on th e  
o th e r  h an d , is p ro d u c e d  in  ex p o nen tia lly  grow ing cu ltu re s  u n d e r th e  effect 
o f  in d uc ing  fac to rs , as  a re su lt of le th a l b io syn thesis  [6, 12]. I ts  ch a rac te ris tic  
o rig in  and  n a rro w  sp e c tru m  [8] h av e  encouraged  us to  classify  th is  a n t i 
b a c te r ia l p rincip le  am o n g  th e  bacterioc ins.

O ur recen t o b se rv a tio n s have  y ielded fu r th e r  d a ta  concerning th e  
ch a rac te ris tic s  o f m egac in . I ts  sen s itiv ity  to  tw ice c ry sta llized  pepsin  an d  
ch y m o try p sin , fu r th e rm o re  its  an tigen ic  effect are fa irly  good evidences as 
to  th e  p ro te in  n a tu re  o f  m egacin . C onsequen tly , m egacin  d isp lays p ro p e rtie s  
q u ite  unlike th e  ab o v e-m en tio n ed  an tib io tic s . A lthough  th e  an tib io tics o f 
Genus Bacillus a re  o f  p o ly p ep tid e  ch a ra c te r , as fa r  as we know  th e y  do n o t 
possess any  an tig en ic  p ro p erties .
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The colicins are  reg a rd ed  as th e  p ro to ty p e s  o f b ac te rio c in s , and  a t  
leas t colicin К  b ea rs  a resem blance  to  m egacin  in  th is  re sp ec t [3]. A lthough  
b o th  colicin an d  m egacin  are  p ro te in s p ro v id ed  w ith  an tig en ic  p ro p erties , 
th e y  show a s tr ik in g  d ifference as to  th e ir  orig in . U ltra v io le t irra d ia tio n  
does n o t induce  th e  fo rm a tio n  o f  colicins a lth o u g h t i t  m ay  som ew hat increase  
th e ir  p ro d u c tio n  [2]. K e l l e n b e r g e r  and  K e l l e n b e r g e r  [14] m ain ta in  th a t  
th e  cells o f colicinogenic s tra in s  do n o t su ffer lysis  unless th e y  also h a rb o u r  
p rophage  fo r s im u ltan eo u s in d u c tio n . T h ere  is a close connection  betw een  
th e  colicin К  p ro d u ced  b y  Escherichia coli a n d  th e  О so m a tic  an tigen  o f th e  
cells [3]. So fa r, all th e  s tu d ie s  concerned w ith  m egacin  p o in t to  its  be ing  
a p ro te in  o f m ark ed ly  an ion ic  ch a rac te r, develop ing  a p a r t  from  th e  cell 
m a te ria l h a rb o u rin g  o th e r k in d s  o f an tigen . M egacin ap p ears  to  be th e  re su lt 
o f a de novo p ro te in  sy n th es is  in  th e  cells. I t s  syn th esis  is m ore rem in iscen t 
o f te m p e ra te  p hages an d  a d a p tiv e  enzym es th a n  show ing a likeness to  th e  
orig in  of th e  colicins or an tib io tic s . In  th is  re sp ec t, m egacinogeny m ay p rove 
to  be a new , in te re s tin g  su b jec t in  s tu d y in g  th e  b io sy n th esis  o f p ro te in s.

Sum m ary

C oncen tra tes o b ta in ed  fro m  cu ltu res in  s y n th e tic  m ed ium  o f B acillus megaterium , 
s tra in  216, w ere used  for stu d y in g  th e  ch arac te ris tic s  o f  m egacin . M egacin  was found  to  he 
v e ry  u n stab le  a t  a lka line  re ac tio n , above p H  7.5, w h ereas no ap p rec iab le  in ac tiv a tio n  w as 
observed  be tw een  p H  2 an d  7 a t  37° C in  4 hours. M egacin  is a h e a t lab ile  a n tib ac te ria l p r in 
ciple ra p id ly  in a c tiv a te d  b y  c ry sta llin e  pepsin  ; i t  is sensitive  to  c ry sta llin e  ch y m o try p sin  
a t  p H  7.2, b u t  s ta b le  in  th e  p resence  of tw ice c ry sta lliz ed  try p s in  (100 ug/m l) a t  p H  7.2.

R a b b its  im m u n ized  w ith  m egacin  co n cen tra tes  dev elo p ed  an  a n tib o d y  w hich specifically  
p rec ip ita ted  m egacin  an d  n eu tra lized  i ts  b ac teric id a l a c tio n . M egacin a p p ea rs  to  be a n im m u n o - 
specific p ro te in  w ith  b ac te ric id a l a c tio n , th e  fo rm a tio n  of w hich is th e  re su lt of a de novo 
p ro te in  syn thesis in  th e  cells.

Acknowledgement : T he a u th o rs  a re  g rea tly  in d e b te d  to  P rof. J . H . N obthbop ( U niversity  
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T he A cta  M icrobiologica  p u b lish  p a p e rs  on m icrob io log ica l sub jects in  E n g lish , G erm an, 
F re n c h  a n d  R u ss ia n .

T he A cta  M icrobiologica  a p p e a r  in  p a r ts  o f v a ry in g  size , m aking  u p  v o lu m es. 
M an u scrip ts  sho u ld  be a d d re ssed  to

A cta  M icrobiologica, B u d a p es t, K eleti P ostahivata l, P o sta fió k  64.

C orrespondence w ith  th e  e d ito rs  sh o u ld  be s e n t  to  th e  sam e a d d re ss .
T he r a te  o f  su b scrip tio n  to  th e  A c ta  M icrobiologica  is 110 fo rin ts  a  vo lum e. O rders 

m a y  be p laced  w ith  „ K u ltú ra ”  F o re ig n  T ra d e  C o m p an y  fo r  B ooks a n d  N e w sp ap e rs  (B u d a
p e s t ,  V I., N é p k ö z tá rsa sá g  ú t ja  21. A c co u n t N o. 43-790-057-181) or w ith  re p re se n ta t iv e s  ab road .

L es A cta  M icrobiologica  p a ra is s e n t  en  fran ça is , a lle m a n d , anglais e t  ru sse  e t  pub lien t 
d es tra v a u x  d u  d o m ain e  de la  m icrob io log ie.

Les A cta  M icrobiologica  so n t p u b lié s  sous fo rm e de fascicules q u i s e ro n t  réun is en  u n  
vo lu m e.

O n est p rié  d ’envoyer les m a n u s c r its ,  d estinés à  la  réd ac tio n , à  l ’a d re sse  su iv an te  : 

A cta  M icrobiologica, B u d a p es t, K eleti P ostah iva ta l, P o sta fió k  64.

T o u te  co rresp o n d an ce  avec la  ré d a c tio n  do it ê tre  envoyée à ce tte  m êm e  adresse.
Le p rix  d e  l ’ab o n n em en t e st d e  110 fo rin ts  p a r  vo lu m e.
On p e u t s’a b o n n e r à  l ’E n tre p ris e  p o u r  le C om m erce E x té rieu r de  L iv re s  e t  Jo u rn a u x  

« K u ltu ra »  (B u d a p e s t,  V I., N é p k ö z tá rsa ság  ú t ja  21. C o m p te -co u ran t N o. 43-790-057-181) ou  
à l ’é tran g er chez to u s  les re p ré se n ta n ts  o u  dép o sita ires .

«A cta Microbiologica» п уб ли кую т трактаты  и з  области  м и кроби ологии  на  русском, 
нем ецком , англи йском  и ф ранцузском  язы ках .

«A cta  Microbiologica» вы ходят отдельны ми вы п у скам и  разного объ ем а . Н есколько 
вы пусков со ставляю т один том.

П редназначенны е для п у б ли к ац и и  рукописи следует н а п р а в л я т ь  по  адресу :

A cta  Microbiologica, B u d a p est, K eleti P ostahivatal, P osta fiók  64.

По этом у ж е  адресу н а п р а в л я т ь  всякую  корреспонденцию  д л я  редакц ии .
П одписная ц ена  «Acta M icrobiologica» —  ПО форинтов з а  том. З а к а з ы  принимает 

предприятие по внеш ней торговле к н и г  и газет « K u ltu ra »  (B u d ap es t, V I . ,  N ép k ö ztá r
saság  ú t ja  21. Т ек у щ и й  счет №  43-790-057-181) или  его заграничны е представительства  и 
уполномоченны е.
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THE USE OF REDUCING DYES FOR THE RAPID DETER
MINATION OF THE DEYEUOPMENT OF STREPTOMYCES 

RIMOSUS IN SUBMERGED CULTURE

B y

L .  N y í r i  an d  Z .  L e n g y e l

Biological Research Laboratory o f the “  Hajdúság'" Pharm aceutical Works, Debrecen 

(R eceived N o vem ber 24, 1958)

M ycelial re sp ira tio n  d u ring  th e  g ro w th  in  a e ra te d  subm erged c u ltu re  
o f  m em bers o f th e  genus Streptomyces p ro d u c in g  an tib io tic s  is u su a lly  d e te r 
m ined  in  th e  W arb u rg  a p p a ra tu s  [1]. F ro m  th e  changes in  m ycelial re sp ira 
tio n  s tu d ied  in  th is  w ay  i t  is possible to  conclude to  th e  physiological s ta te  o f 
th e  m icroorgan ism  a t  a g iven m om ent. U sing  th e  W a rb u rg  a p p a ra tu s , D os- 
KOÖIL et. al. [2] s tu d ied  th e  resp ira tion  o f  a s tra in  o f  Streptomyces rim osus  
u n d e r fe rm en ta tio n  cond itions. The W arb u rg  tech n iq u e  is n o t su ited  fo r ra p id  
d e te rm in a tio n s  of h y p h a l resp ira tio n  in  fe rm en ta tio n s  on in d u stria l scale.

A t p resen t, th e  follow ing m ethods are  availab le  fo r ra p id  d e te rm in a tio n  
o f  developm ent in  subm erged  cu lture .

1. The use o f reducing  dyes in d ica tin g  th e  a c tiv ity  of the bio logical 
o x id a tio n -red u c tio n  enzym e system s of th e  hy p h ae .

2. C ontrolling  re sp ira tio n  o f th e  c u ltu re  b y  p o la ro g rap h y  [2, 3].
3. S tu d y in g  th e  changes in  th e  o x id a tio n -red u c tio n  p o ten tia l o f th e  cu l

tu re  [4].
B est su ited  for m ass d e te rm in a tio n  ap p ea rs  to  be th e  m ethod  m en tio n ed  

u n d er 1.
A n ad v an tag eo u s m eans b y  w hich to  m easure th e  a c tiv ity  of red o x  

sy stem s p lay ing  a decisive p a r t  in  h y p h a l re sp ira tio n , is th e  use of 2-3-5- 
tr ip h e n y l té tra z o liu m  chloride (TTC). U sing i t ,  F r e d  and  K n ig h t  [5] d e te r 
m ined  th e  dehydrogenase  a c tiv ity  of th e  m ycelium  o f a low er fungus, P é n i
c illium  chrysogenum, grow n in aera ted  liqu id  m ed ium , b u t  th e  resu lts  th e y  
o b ta in ed  were n o t q u a n tita tiv e .

I t  is n o t y e t  know n w h e th e r during  c u ltiv a tio n  o f A ctinom yces i t  is 
possible to  d em o n stra te  w ith  dye reductions sign ifican t changes tak in g  p lace 
in  th e  biological o x id a tio n -red u c tio n  system  o f th e  h y p h a e , and  if  so, w h a t 
co rre la tions th e re  ex is t be tw een  th em  an d  m ycelia l re sp ira tio n  and  a n tib io tic  
p ro d u c tio n , respective ly .

In  th e  p re sen t w ork , th e  ox y te tracy c lin e-p ro d u c in g  Streptomyces rim o
sus  s tra in  BS-21 and  its  v a r ia n ts  were s tu d ied  in  ae ra te d  subm erged cu ltu re , 
w ith  a view  to  e lab o ra tin g  a sim ple y e t ra p id  m e th o d , w ith  th e  use o f red o x

1 A cta Microbiologica v i / 3 .
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d y es , w hich  w ould be capab le  of in d ic a tin g  th e  changes ta k in g  place in  th e  
p h y sio log ica l s ta te  o f th e  fungus d u rin g  an tib io tic  p ro d u c tio n .

M aterials an d  m ethods

M ed iu m . T he cu ltu re  m ed ium , d esig n ated  T F H , consisting  of 3 %  soy b ean  m ea l, 0 .5 %  
p o ta to  s ta rc h , 0 .4%  corn  s teep  liq u o r (50% ), 0 .2 %  calc ium  ca rb o n a te , 0 .3 %  sodium  ch lo rid e , 
a n d  0 .4 %  vegetab le  (sunflow er) oil. B efore s te r il iz a tio n  a t  125° C for 30 m in u te s , th e  p H  
w as 7 .1 . T his cu ltu re  m ed iu m  is essen tia lly  th e  sam e as th e  liq u id  m ed iu m  com posed b y  H or
váth et al. [6].

S tra in . Streptomyces rim osus  BS— 21, fo r w h ich  w e are  in d eb ted  to  th e  Research In s titu te  
o f  the Pharm aceutical In d u s try , Budapest. A 24— 30 h o u r  v eg eta tiv e  in o cu lu m  w as u sed  in  
in o c u la tin g  th e  c u ltu re . T h e  ra tio  o f inocu lum  to  m ed iu m  was 1 to  10.

Technical conditions. G row th  of th e  o rg an ism  w as carried  o u t in  1-cu .m  iro n  fe rm e n 
ta t io n  vessels, a t  28° C. P a d d le  s tir re rs  a t  190 r .  p . m . w ere used. T he m ed iu m  w as a e ra te d  
w ith  1 : 1.15 litre s  of a ir  p e r  m in . Sam ples w ere ta k e n  a t  4-hour in te rv a ls  d u rin g  th e  c u lti
v a tio n .

R espiration . M ycelial re sp ira tio n  was s tu d ied  in th e  W arburg  a p p a ra tu s  (L a b o ra to ry  
ty p e ,  1958). In s te a d  of a  s ta n d a rd  b u ffer, fresh  c u ltu re  m edium  w as em p lo y ed . Sam ples o f 
fe rm e n ta tio n  ju ice  w ere d ilu ted  w ith  i t  fivefo ld . D u rin g  in cu b a tio n  a t  28° C, m an o m e te r 
re ad in g s  were tak e n  every  15 m inu tes. R e sp ira tio n  ra te s  referred  to  vo lum e of c u ltu re  m ed iu m  
w ere  expressed  in  m l CL/ml/hr.

Biological oxidation-reduction systems. U sing  2 -3 -5 -trip h en y lte trazo liu m  ch lo ride  an d  
m e th y le n e  blue (MB) so lu tions, th e  a c tiv ity  of th e  o x id a tio n -red u c tio n  sy s tem  was d e te rm in ed  
b y  th e  follow ing m eth o d s.

1. The TTC m eth o d  w as a m o d ifica tio n  of t h a t  described by  Currier and  Day [7].
O ne m l of a ste rile  2%  glucose so lu tio n , 1 m l o f a b u ffer (N a2H P 0 4) o f p H  8, 2 m l o f

a 0 .5 %  aqueous so lu tion  of TTC , and  1 m l o f n a tiv e  fe rm en ta tio n  ju ice .
T he com ponents w ere m ixed in sterile  g lass-corked  tubes, u n d e r v acu u m . Fo llow ing  

in c u b a tio n  in  th e  d a rk  a t  28° C for tw o h ours, th e  fo rm azan  w hich h ad  fo rm ed  from  T TC  w as 
e x tra c te d  w ith  iso p ro p an o l, an d  m ade  up  w ith  th e  so lven t to  an  end vo lum e of 25 m l. T he 
lig h t-a b so rb in g  cap ac ity  o f th e  fo rm azan  so lu tio n  (A % ) was then  m easu red  p h o to m e tric a lly  
( L a n g e ’s pho toelectric  co lo rim eter, ty p e  IV ), ap p ly in g  a  green filtre .

2. D e te rm in a tio n  b y  th e  use o f MB so lu tion .
Solution  A .  One g o f  c ry sta llin e  m eth y len e  b lu e  dissolved in  100 m l of ab so lu te  alcohol.
Solution B . T w en ty  m l o f so lu tion  A -f- 80 m l o f sterile  d is tilled  w a ter.
Solution C. T w en ty  m l o f so lu tion  В -f- 100 m l o f sterile  d is tilled  w a ter.
F ive  ml of fe rm e n ta tio n  ju ice  and one m l o f MB so lu tion  C w ere m ix ed  in  T h u n b erg  

tu b e s , u n d e r vacuum . T he tim e  requ ired  for co m p le te  deco loration  of th e  MB so lu tio n  w as 
re g is te red  w ith  a s to p -w a tch  (MB red u ctio n  tim e).

Oxytetracycline assay. O x y te tracy c lin e  fo rm a tio n  was d e te rm in ed  a t  24 h o u r in te rv a ls  
d u rin g  th e  cu ltu re  cycle. T itra tio n  was p e rfo rm ed  w ith  th e  agar d iffu sio n  m eth o d , using  
B a cillu s  subtilis ATCC 6633.

T he curves o b ta in e d  in  th e  ev a lu a tio n  of o u r  ex p erim en ta l re su lts  w ere p lo tte d  from  
th e  m ea n  values for 50 fe rm e n ta tio n s  carried  o u t u n d e r iden tica l cond itions.

R esults

In  our cu ltu res , th e  p ro d u c tio n  o f  O xytetracycline genera lly  la s te d  120 
to  140 hours. T he fo rm azan  th a t  h ad  fo rm ed  during  th is  tim e  b y  red u c tio n  
fro m  TTC, was found  to  v a ry  in  a m o u n t. T he MB red u c tio n  tim es likew ise 
d iffe red .

P lo ttin g  th e  va lu es  ob ta ined  a t  in d iv id u a l m easu rem en t for fo rm azan  
A %  aga in st those  fo r MB red u c tio n  tim e , each of th e  tw o  resu ltin g  curves 
w as th e  reflec tion  o f  th e  o ther.
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W ith  th e  sh o rte s t MB re d u c tio n  tim e  w as fo rm azan  fo rm a tio n  a t  i ts  
peak . A t th e  in itia l stage  of th e  fe rm e n ta tio n  process th is  to o k  place 20 to  30 
hours. A t th is  s tag e , an tib io tic  p ro d u c tio n  w as s till in s ign ifican t. In  th e  s u b 
seq u en t s tage , th e  decrease in  th e  com plex  ac tiv ities  o f th e  biological o x id a 
tio n -re d u c tio n  sy s tem  resu lted  in  a n  increase in  th e  MB red u c tio n  tim e , p ro 
p o rtio n a lly  to  th e  decrease in fo rm azan  fo rm ation . T his stage  coincided in  
tim e  w ith  th a t  o f in tensive  O xytetracycline  p ro d u c tio n . A t th e  end  of th e  120 
to  140-hour c u ltu re  period, th e  v a lu es  fo r th e  fo rm azan  A %  an d  th e  M B 
red u c tio n  tim e  w ere found  to  h av e  se ttle d  a p p ro x im a te ly  a t th e  level o f th e

Fig. 1. R e sp ira tio n  of Streptomyces rim osus  s t ra in  BS-21 and  a c tiv ity  o f th e  b io lo g ies 
o x id a tio n -red u c tio n  system  a t a h igh  ra te  o f p ro d u c tio n  O xytetracycline.

C urves : 1 =  TTC  —> fo rm azan  fo rm atio n , 2 =  re sp ira tio n , 3 =  MB re d u c tio n  tim e

s ta rtin g  ph ase  o f th e  fe rm en ta tio n . In  th is  period , s tag n a tio n  o f the  a n tib io tic  
t i tre  w as observed .

A com parison  o f  th e  d a ta  for m ycelia l re sp ira tio n  w ith  those  fo r th e  
a c tiv ity  o f  th e  b io logical o x id a tio n -red u c tio n  enzym e system  revealed  th a t  
the  ra te  o f  re sp ira tio n  w as th e  h ighest a t  th e  tim e  w hen enzym ic a c tiv ity  w as 
th e  m ost in ten se  ( F ig . 1 ) .

I n  cu ltu re  flu id s  h igh ly  c o n ta m in a te d  w ith  iro n  ions (100— 150 /ig/m l) 
an tib io tic  p ro d u c tio n  w as low.

A sh if t from  th e  n e u tra l tow ards an  a lkaline p H  was observed  to  ta k e  
place in  th e  fe rm e n ta tio n  ju ice, w hen such  v a r ia n ts  o f th e  s tra in  BS-21 w ere 
sub jec ted  to  fe rm e n ta tio n  as h ad  been  derived  from  seria l passages on th e  
iden tica l c u ltu re  m ed ium  and possessed b u t  a reduced  cap ac ity  to  p roduce  
O xytetracycline.

1*
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For the a ctiv ity  o f  the biological oxidation-reduction system  of the  
m ycelium  producing b u t little  O xytetracycline, and for respiration, charac
teristic curves, again, Mere obtained.

T h e in itia lly  (in  th e  f irs t  10 to  25 h o u rs) v e ry  pow erfu l enzym ic a c tiv ity  
an d  re sp ira tio n  soon b eg an  to  slacken. F ro m  th e  6 0 th  h o u r onw ards, th e  
cu rves fo r MB re d u c tio n  tim e  and  fo rm azan  A %  in d ica te  enzym ic a c tiv ity  to  
h av e  been  a t  its  low est. A certa in  ra te  o f  re sp ira tio n  w as observed  a t  th e  sam e
tim e  (F ig . 2 ) .

F ig . 2. R esp ira tio n  of Streptom yces rimosus 
s t r a in  BS-21 and  a c t iv i ty  o f th e  b iological 

o x id a tio n -red u c tio n  sy s te m  a t a low ra te  
o f O x y te tracycline  p ro d u c tio n .

C urves : 1 =  re sp ira tio n , 2 =  TTC —> form a- 
z an  fo rm atio n , 3 =  M B red u ctio n  tim e

F ig . 3. C hanges w ith  tim e  in  th e  O x y te tra 
cycline  p ro d u c tio n  of cu ltu res  o f S trep tom y

ces rim osus  s tra in  BS-21.
C urves : 1 =  h igh  ra te  of OTC p ro d u c tio n ,
2 =  low ra te  o f O xytetracycline  p ro d u c tio n

As b o th  th e  oxygen  and h y d ro g en  ac tiv a tin g  system s have a decisive 
ro le  in  cell re sp ira tio n , we m ight supp o se  th a t  th is  sm all ra te  of re sp ira tio n  
w as caused b y  th e  au to -o x id a tio n  o f  th e  com ponents.

Comparison o f the respiration curves for the in tensively  and the less 
effic ien tly  producing cultures show ed that while the respiration m axim a  
referred to volum e o f ferm entation ju ice w'ere nearly on the same level, 
the changes w ith  tim e in the respiration rate differed from one another. 
A similar but m ore particularly d istin ct difference was noted in the dye- 
reducing cap acity  o f  culture flu id s producing Oxytetracycline at a sa tis
factory and a lesser level, respectively.
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D iscussion

T he ag reem en t observed  to  ex ist d u rin g  cu ltiv a tio n  betw een  th e  values 
fo r th e  conversion o f TTC to  fo rm azan , o r m ethylene b lu e  to  leucom ethy lene  
b lue , an d  th e  re sp ira tio n  ra te , seem s to  in d ica te  th a t  w ith  these  colour re a c 
tio n s  we can  keep u n d e r  o b se rv a tio n  som e of the  enzym es hav ing  a p a r t  in  
re sp ira tio n .

A ccording to  d a ta  in  th e  lite ra tu re , TTC  and m e th y len e  b lue are su ita b le  
fo r th e  d em o n stra tio n  o f  th e  p resence o f  anaerobic d ehydrogenases [5, 8]. 
B r o d i e  and  G ots [9],  as also N i c k e r s o n  and  Me r k e l  [10] observed  s im ila r 
co lour reac tions in  th e  presence of flav o p ro te in s .

T h e  in te n s ity  of h y p h a l re sp ira tio n  is successively de te rm in ed  b y  th e  
in te n s i ty  of th e  re sp ira to ry  enzym es’ ac tiv ities . A ccord ingly , it  seem s p e r 
m issib le  to  regard  th e  values o b ta in ed  in  th e  conversion o f  TTC to  fo rm azan , 
an d  M B to  LM B, as re su ltin g  from  th e  ac tiv ities  of a b io logical o x id a tio n - 
re d u c tio n  enzym e system .

I t  w as u n necessary  to  add  som e dehydrogen izab le  m e tab o lite  ex cep t 
glucose in  th e  TTC te s t  to  b rin g  ab o u t th e  colour reac tio n , w herefore we h ad  
to  a b s ta in  from  id en tify in g  th e  enzym es m ore closely. In  o th e r  w ords, лее o f  
n ecess ity  neglected  in v es tig a tio n  in to  th e  question  o f w h a t com ponen ts o f  
th e  b io logical o x id a tio n -red u c tio n  sy s tem  w ere responsib le  fo r th e  co lou r 
reac tio n s.

In  connection  w ith  th e  colour reac tio n , th e  problem  arose th a t  w ith  th e  
MB a n d  TTC te s ts  we do n o t exclusively  m easure  the  in te n s i ty  of th e  o x id a 
tio n -re d u c tio n  enzym ic a c tiv ity , b u t  e s tab lish  an  adequa te  co rre la tio n  betw een  
th e  a c t iv i ty  o f th e  re sp ira to ry  enzym es o f th e  m ycelial m ass  an d  th e  re d u c 
tio n  tim e  or th e  p ro d u c tio n  of fo rm azan . T he in ten s ity  o f  enzym e a c tiv ity  
in  iro n -c o n ta m in a te d  or a lkaliz ing  fe rm en ta tio n s  was fo u n d  to  depend  n o t on  
th e  a m o u n t o f m ycelium  b u t  th e  physio logical s ta te  of th e  hy p h ae . A re la 
t iv e ly  sm aller am o u n t o f m ycelium  w as s till capable of y ie ld in g  high va lu es  
fo r  fo rm azan  A %  or v e ry  low  ones fo r MB reduction  tim e .

I n  iro n -co n tam in a ted  or a lkaliz ing  fe rm en ta tio n s (up  to  p H  9,0) th e  
enzym es con tro llab le  b y  co lour reac tions soon cease to  be  ac tiv e  p ro b a b ly  
because  th e y  are in h ib ite d  in  th e ir  ac tion , a lth o u g h  a t th e  sam e  tim e  re sp ira 
tio n  is observable.

T h e  tox ic  role p lay ed  b y  iron  in  Streptomyces rim osus  fe rm en ta tio n  
has been  p o in ted  o u t b y  H o r v á t h  et a l .[6 ] . In  th e ir  experience, a high iro n  
c o n te n t (in  excess of 80 у/m l) involves th e  fo rm atio n  of po isonous oil p e ro x 
ides in  th e  cu ltu re  m ed ium . T he period d u rin g  which th e y  accu m u la te  (from  
0 to  24 h r) coincides w ith  th e  tim e  of increase  in  th e  a c tiv ity  o f  th e  bio logical 
o x id a tio n -red u c tio n  sy stem  an d  th e  ra te  o f  re sp ira tion .
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M ycelial re sp ira tio n  s tu d ie d  in  th e  W a rb u rg  a p p a ra tu s  w as read  a t  15- 
m in u te  in te rv a ls , as lo n g  as its  in te n s ity  d id  no t change . Some d a ta  o f 
th e  cu rv e  for re sp ira to ry  in te n s ity  are s ta te d  as th e  a r ith m e tic  m ean o f th e  
th re e  re sp ira tio n  values re a d  a t  15-m inute in te rv a ls .

T he d a ta  o b ta in e d  w ith  e ither dye red u c tio n s or re sp ira tio n  m easu re 
m en ts  m ay  be equally  in d ic a tiv e  of th e  in it ia l  m etabolic  processes in  th e  in 
o c u la te d  cu ltu re , w hich  becom e g radually  in tensified , to  decrease after hav in g  
a t ta in e d  a certa in  p eak . E le v a te d  m etab o lism  is inc iden t to  th e  low O x y te tra 
cy c lin e  p rod u c tio n . A ccord ing  to  som e d a ta ,  th e  m e tab o lic  processes slow 
d o w n  w hen an tib io tic  p ro d u c tio n  takes p lace [11]. In  fe rm en ta tio n s  p roducing  
th e  an tib io tic  a t a low  level, th e  decrease in  m etabo lism , w hich follows its  
p e a k , is n o t accom pan ied  b y  m arked  O xytetracycline p roduc tion .

I f  th e  w eight o f th e  m ethylene b lu e  reduced  b y  th e  cu ltu re  flu id  o f 
e q u a l vo lum e in  th e  u n i t  o f  tim e  is know n, i t  becom es possib le  to  lend a q u a n 
t i t a t iv e  in te rp re ta tio n  to  th e  concept o f  MB reduction  tim e  in tro d u ced  in  
c o n n ec tio n  w ith  th e  conversion  of MB to  LMB.

T he m ethy lene  b lu e  m eth o d  co n tro llin g  the  a c tiv ity  o f the  in d iv id u a l 
m em b ers  of th e  b io logical o x id a tio n -red u c tio n  system , ta k e n  in  co n ju n c tio n  
w ith  th e  d a ta  o b ta in ed  fo r resp ira tion  a n d  an tib io tic  y ie ld , p resen ts a ra p id  
m ean s b y  w hich to  keep  u n d e r  rou tine  o b se rv a tio n  th e  deve lopm en t of S trep to - 
m y ce te s  in  a e ra te d  l iq u id  cu ltures.

The curves fo r enzym ic  a c tiv ity  p lo tte d  w ith  th e  a id  of redox  dyes 
fu rn ish  p a rtic u la rly  v a lu a b le  d a ta  if  th e y  can  be b ro u g h t in  num erica l co rre la 
t io n  w ith  th e  changes in  th e  m etabo lism  o f the  cu ltu re .

E x p erim en ts  a re  in  progress to  c lear th e  b iochem ical and  physio logical 
q u es tio n s  th a t  h av e  a risen  in  the  course of th e  p re se n t w ork.

S um m ary

R espiration  of th e  h y p h a e  of th e  Streptom yces rimosus s t r a in  BS-21, grow n in  su b 
m erg ed  aera ted  liq u id  c u ltu re , w as stud ied  in  th e  W arburg  a p p a ra tu s ,  and  th e  a c tiv itie s  of 
a n  ox id a tio n -red u c tio n  enzym e system  were in v e s tig a te d , using m e th y len e  blue and  tr ip h e n y l 
té tra z o liu m  chloride so lu tio n s .

F or th e  o x id a tio n -red u c tio n  enzym ic a c t iv ity  and for re sp ira tio n , curves were o b ta in e d  
w h ich  were ty p ica l of fe rm e n ta tio n s  y ield ing  O xytetracycline  a t  a sa tis fac to ry  ra te . W ith  
iro n -co n tam in a ted  or m a rk e d ly  alkalizing fe rm e n ta tio n s , these  cu rv es assum ed pecu liar shapes, 
ru n n in g  courses d iffe re n t fro m  those  of ty p ic a l fe rm en ta tio n s . Su ch  cu ltu res possessed b u t  
l im ite d  cap ac ity  to  p ro d u c e  O xytetracycline.

In  th e  a u th o rs ’ v iew , th e  colour reac tio n s ob ta in ed  w ith  m eth y len e  blue or t r ip h e n y l 
té traz o liu m  chloride m ay  be reg ard ed  as re su ltin g  from  the a c tiv itie s  o f  a biological o x id a tio n - 
re d u c tio n  system .

K now ing th e  ab ove  re la tio n sh ip s , th e  use  o f trip h en y l té traz o liu m  chloride an d  p a r t i 
c u la r ly  of m ethy lene  b lue  so lu tions, fu rn ishes th e  too l for sp eed y  a n d  dependable  d e te rm i
n a tio n s  of th e  physio log ica l s ta te  of Streptom yces rimosus o rg an ism s grown in subm erged  
c u ltu re .
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A NEW METHOD FOR THE INVESTIGATION 
OF SH. SONNEI CULTURES
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(R eceived F e b ru a ry  17, 1959)

M orphological in v estig a tio n  o f b a c te r ia l colonies is an  im p o rta n t d ia g 
nostic  m ethod . To th e  accepted  c lassical p rocedures o f  exam ina tion  new  
m ethods have been ad d ed  in recen t y ea rs , req u irin g  th e  use of a m icroscope 
an d  oblique illu m in a tio n  [2 — 5, 14] ; th e  la t te r  te c h n iq u e  appears to  be  
su itab le  for th e  pu rpose  of rou tin e  faeca l b ac te rio logy  [13]. The p re se n t 
re p o rt deals w ith  th e  s tru c tu re  of iso la ted  colonies of Sh. sonnei, as observed  
b y  th e  aid of a m agnifving-glass u n d e r  ob lique rays o f ligh t w ith v a ry in g  
re frac tio n .

M aterials an d  m ethods

Culture. A g ar p la te s  p rep ared  in v a rio u s  w ays w ere used  as cu ltu re  m edia, b u t  th e  
best e ffects have been  o b ta in e d  w ith  agar w here  b ro th  h a d  been  rep laced  by  y eas t e x tr a c t .  
A n ad eq u a te  tech n iq u e  o f ino cu la tio n  is m o st im p o r ta n t  th e  success o f in v estig a tio n  b e in g  
g re a tly  d ep en d en t on th e  g ro w th  of num erous s e p a ra te , com ple te ly  iso la ted  colonies in  th e  
cu ltu re . A su itab le  tech n iq u e  o f spreading sh o u ld  th e re fo re  be em ployed  (consecutive sm earin g  
of severa l p la tes  w ith  th e  sam e inoculum ).

Colony morphology. In o c u la te d  cu ltu re  m ed ia  a re  in cu b a ted  fo r a  d ay  a t 37° C an d  
th en  ex am ined  w ith  a h a n d  lens u n d e r illu m in a tio n  w ith  oblique ray s o f lig h t. I t  is u n n ecessa ry  
to  w ork  in  a  d a rk  ro o m , b u t  d irec t sunshine m u s t  be  avo ided . W e use  an  electric  bu lb  (40 to  
60 W ) as th e  source of lig h t.

W hile th e  s tru c tu re  o f  a  colony is in v e s tig a te d , th e  follow ing p o in ts  m erit a tte n tio n .
(i) T he surface  of th e  v e rtic a lly  held P e tr i  d ish  should in  ev ery  po sitio n  rem ain  p a ra lle l 

w ith  th e  edge of th e  tab le .
(ii) The d is tan ce  b e tw een  th e  cu ltu re  a n d  th e  source  of lig h t shou ld  be such as to  p e rm it  

o p tim u m  vision  o f th e  s t ru c tu ra l  ch a rac te ris tic s  o f th e  colony u n d e r  in sp ec tio n , and o f a n y  
d iscern ib le  co n to u rs  i t  m ay  h av e . In  th e  case o f  one d a y  old colonies w ith  s ta r  of Sh. sonnei, 
th is  d is tan ce  is a b o u t 8 to  10 cm .

(iii) T he degree of re fra c tio n  should be  fo u n d  a t  w hich  o p tim u m  vision  of th e  p a t te rn  
form ed in side  th e  colony is ensu red . I f  an im a g in a ry  s tra ig h t  line  d ra w n  from  th e  c en tre  o f  
th e  source of lig h t to  th e  colony is regarded as th e  p a th  o f lig h t, th e  o p tim u m  ray  angle fo rm ed 
w ith  th e  surface  of P e tr i  d ish  in  th e  case o f one d a y  old Sh. sonnei colonies will be b e tw een  
60° a n d  70°.

T h u s th e  su rface  o f th e  P e tr i  dish held  in  th e  le f t h an d  shou ld  be  k e p t p a ralle l w ith  
th e  edge o f th e  tab le , in  th e  v e r tic a l p lane , a n d  th e  c u ltu re  tu rn e d  to  face  th e  observer, th e  
colonies a re  exam in ed  th ro u g h  a han d  lens he ld  in  th e  r ig h t h an d . S om ew hat la te ra lly  fro m  
th e  source of lig h t, th e  p la te  is b ro u g h t a t  a d is tan c e  of 6— 12 cm  fro m  th e  lam p a n d , s t i ll  
in  th e  above p o sitio n , is m o v ed  to  and from  a n d  also r ig h t  an d  le ft u n t i l  th e  stru c tu re  o f th e  
colony becom es c learly  v isib le  in  all its  d ep th  a n d  w id th .

W ith  th e  p la te  in  th e  o rig ina l position , w h en  th e  ra y , s ta r tin g  fro m  th e  source of l ig h t  
and  passing  th ro u g h  th e  co lony  to  be in v es tig a te d  a n d  th e  c en tre  o f th e  h a n d  lens, reach es 
th e  o b server’s eye in  th e  im a g in a ry  s tra ig h t lin e , th e  co lony  is n o t in sp e c ted , because in  th is
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p o s itio n  th e  lig h t is dazzling  a n d  re liab le  d a ta  a re  ra re ly  gained. T he s tru c tu re  o f th e  colony 
sh o u ld  be stud ied  in  th e  l ig h t o f a n  oblique ra y  fa llin g  on  th e  surface of th e  p la te  ; a com ple te  
in v e s tig a tio n  involves o b se rv a tio n  o f th e  p la te  in  n in e  d ifferen t p o sitio n s  a d ju s te d  to  th e  
v a r io u s  re fra c tio n  angles (T a b le  I ) .  T he co n secu tiv e  p la te  positions a re  o b ta in e d  b y  la te ra l  
m o v em e n t of th e  m ed ium  a n d  th e  m agnify ing -g lass —  in  th e  p lane  o f th e i r  n o rm al p o sitio n  —  
u n t i l ,  one a f te r  th e  o th e r, e ach  of th e  re fra c tio n  ang les lis te d  in  Table I  h a s  b een  a p p ro x im a te ly  
a tta in e d . T here  is no need  fo r p recise  d e te rm in a tio n  o f  th e  re frac tio n  an g les , since b y  reference 
to  th e  b r ie f  descrip tions in  co lu m n  3 of Table I  th e  p o sitio n  of th e  p la te  is  easily  recognized. 
S h o u ld  th e  colony c o n ta in  p a r ts  d iffering  in  re fra c tio n , i ts  m a te ria l w ill n ev erth eless d isp lay  
th e  c ite d  colours w here th e  v a rio u s  do ts , g ra in s , lin e s , an d  o th er p h en o m en a  w ill a p p e a r  as 
o n  a  background .

Table I

N in e  positions o f  agar p la te  in  oblique light

Plate
position

No.

Ray of light, 
degree of 

refraction
Appearance of optically 

homogeneous colonies

i . 75 even  b ro w n ish  colour

2. 70 ev en  g rey ish  colour

3. 65 tra n s lu c e n t, colourless

4. 60 even pa le  blue

s. 55 g reen ish , glossy

6. 50 o ran g e , glossy

7. 45 glossy  red

8. 40 w h itish , glossy

9. 30 colourless, glossy

Identifica tion  o f  Shigella cultures b y  m o d ern  m orpholog ical, b io chem ical, and  sero log ical 
p ro ced u res has been  re p o rte d  elsew here. T he o th e r  —  id en tif ie d  —  b a c te r ia l  s tra in s  we rece ived  
fro m  th e  Bacteriological D epartm ent o f th e  State In s titu te  o f  Hygiene.

Absorbed sera w ere p re p a re d  b y  th e  te c h n iq u e  of R a u s s  ; th e i r  a g g lu tin a tio n  t i t r e  
w as 1 : 160 to  1 : 320.

Conjunctival infection  w as in d u ced  b y  th e  m eth o d s  discussed in  ea rlie r w orks [9— 11].
Stored strains w ere k e p t  a t  te m p e ra tu re s  v a ry in g  betw een 0 a n d  10° C.

R esults

B y th e  use of ob lique  lig h t an d  a h an d  lens ce rta in  s tru c tu ra l p ecu lia ri
t ie s  can be d is tin g u ish ed  in  se p a ra te ly  grow n isolated  colonies of v a rio u s 
in te s tin a l b ac te ria . In  th e  p resen t re p o r t  th e  s tru c tu re  o f S h .  s o n n e i  cu ltu res  
w ill be d ea lt w ith .

S t r u c t u r e  o f  S h .  s o n n e i  c o l o n i e s .  Colonies of S h .  s o n n e i  grow n on ag ar 
c a n  be d iv ided in to  th re e  large g roups on  th e  basis o f th e ir  op tic  s tru c tu re .

1. Most conspicuous are t h e  c o l o n i e s  w i t h  s t a r ,  w hich  have  been te rm e d  
so ow ing to  th e  v isib le  presence o f irreg u la r, s ta r-like , s tro n g ly  re fra c tiv e  
fo rm atio n s in  th e  su b stan ce  of th e  less refrac tive  colony ( F i g .  1 ) .  Such fo r
m ations can be seen m ost d is tin c tly  in  p la te  positions 1 — 2 and  5 — 7, a t  tim es 
eq u a lly  well in  b o th  ex trem e  positions, or only in  one. As a ru le, som e expe-
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Tience is in d ispensab le  to  be able to  d iscover th e  s ta r-lik e  contours in  Sh. 
sonnei colonies. A t th e  beginning i t  is adv isab le  to  look  for the  co n to u rs  in  
th e  co loured  ph ase  (p la te  positions 5 — 7), fa r th e r  to  th e  side of th e  source 
o f  lig h t, w hen  th e  v iv id  fluorescence o f  th e  s ta rs  is easily  discernible.

The s ta r-lik e  sh ap e  is due to  th e  m ore re frac tiv e  bundles o f u n eq u a l 
w id th  an d  len g th  b e ing  situ a ted  ra d ia lly  in  th e  op tica lly  hom ogeneous, less 
re frac tiv e  sub stan ce . C om pared to  th e  d iam e te r of th e  colony, th e  b u n d les  
m ay  v a ry  betw een  1 : 10 and 1 : 1  in  len g th , and  from  hard ly  no ticeab le  
line-like  form s to  a size corresponding a lm ost to  th e  d iam eter. T hey  e ith e r

F ig . 1. Colonies w ith  s ta r  o f Sh. sonnei m ag n ified  tw elve to  fo u rtee n  tim es (P h o to g rap h s
m ade by  E . K . N o v ák )

en d  in  a p o in t ta p e r in g  o ff tow ards th e  p e r ip h e ry  o f th e  colony, or in d en ted  
o r ap p ro x im ate ly  s tra ig h t lines.

Owing to  th e  ex trem e  v a riab ility  show n  b y  th e  ra d ia l p a tte rn , irreg u la r  
shapes occur, differing  so m uch from  one a n o th e r  th a t  th e  resem blance to  a 
s ta r  is lo st. W e hav e , nevertheless, d ecided  fo r th is  te rm , since sta r-sh ap ed  
outlines are en co u n tered  in  th e  m ajo rity  o f  cu ltu res  and  in  m ost of th e  colonies.

Colonies w ith  s ta r  a re  so ch a rac te ris tic  o f  Sh. sonnei th a t  on th is  basis  
an only  colony of th is  s tra in  can be d isco v ered  and  iso la ted  in  m ixed Shigella 
cu ltu re s . I n  com plete ly  iso la ted  colonies, th e  sta r-lik e  p a t te rn  can  be d e tec ted  
a lread y  a fte r  tw e n ty  h o u rs ’ incuba tion  ; d u rin g  storage o f  th e  cu ltu re  in  a 
re frig e ra to r or a t  room  te m p e ra tu re  th e  sh a p e  o f the  s ta r  m ay  becom e in d is tin c t 
■or change, b u t  o ften  i t  is easily  d istingu ished  even a fte r fo u rteen  days.

T he s ta r-lik e  s tru c tu re  is p resen t in  75 to  100 p er c en t o f th e  colonies 
o f  freshly  iso la ted  (1 — 2 w eek old) Sh. sonnei cu ltu res. W hile th e  s tra in  is
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s to red , th e  colonies w ith  s ta r  d im in ish  in  n u m b e r, and a fte r p ro longed  s to ra g e  
c a n n o t ahvays be tra c e d  in  th e  su b c u ltu re s  ( Table I I ) .

I n  a one-day  c u ltu re  s tu d ied  u n d e r  d irec t light, th e  colony w ith  s t a r  
m easu res  2 — 3 m m  in  d iam e te r. I t  is w h itish , slig th ly  tu rb id , rounded  w ith  
re g u la r  con tou rs an d  sh a rp  m arg ins, a m o is t an d  shining f la t  fo rm atio n  w ith  
a sm o o th  surface b u lg ing  fa in tly  to w a rd s  th e  cen tre  a ro u n d  w hich  a ra d ia l  
r ib b in g  m a y  ap p e a r in  a few days.

2. T he second g roup  includes th e  S onne colonies w here  form ations are  
absent; th e se  colonies m ay  th ere fo re  be re g a rd e d  as op tica lly  hom ogeneous. 
Ju d g e d  b y  its  re fra c tiv ity , th is  g roup  m ay  be  d iv ided  in to  su bgroups.

a)  H om ogeneous, h igh ly  re frac tiv e  colonies. The w hole colony co n sis ts
o f a h ig h ly  re frac tiv e  su b stan ce  sp read in g  a lm o st evenly w ith o u t an y  c o n to u rs . 
I t s  re fra c tio n  is s im ila r to  th a t  o f th e  s ta r  o f  ty p e  1 colonies. A ccordingly , in  
th e  f i r s t  and  second positions of th e  p la te , th e  colony appears as a v e ry  tu rb id ,, 
dense  b ro w n  or g rey  c ircu la r fo rm a tio n . A fte r  som e experience i t  can  in fa llib ly  
be d iffe re n tia ted  from  o th e r hom ogeneous ty p e s . D iffe ren tia tio n  is fa c ilita ted  
b y  slide  ag g lu tin a tio n  (see la te r)  an d  b y  su b cu ltu rin g  : th e  su b cu ltu re  o f
h ig h ly  re frac tiv e  colonies in v a ria b ly  c o n ta in s  colonies w ith  s ta r . This ty p e  o f  
co lo n y  we have been  able to  observe  o n ly  as an  excep tio n , every  tim e  in  
fre sh ly  iso la ted  cu ltu res .

b)  H om ogeneous, m o d era te ly  re f ra c tiv e  colonies. F ro m  th e  p reced in g  
su b g ro u p  th e y  d iffer only  by  being  less re frac tiv e  ; in  th e  f ir s t  and  second  
p la te  positions th e y  are co n seq u en tly  fo u n d  to  ap p ear as m ild ly  tu rb id ,  
b ro w n ish  or grey ish  c ircu la r fo rm a tio n s . T h e ir  su bcu ltu res do n o t y ield  colo
n ies w ith  s ta r . T h is ty p e  of colony is as cha rac teris tic  o f  s to red  cu ltu res  a s  
a re  colonies w ith  s ta r  o f fresh ly  iso la te d  s tra in s . In  cu ltu re s  of th e  l a t t e r ,  
th e ir  n u m b er is sm all, b u t  on s to rag e  th e y  occur w ith  increasing  freq u en cy  ; 
in  som e tw elve to  e igh teen  m on th s old s tra in s  th ey  are found  in  pure, or n e a r ly  
p u re , cu ltu res  ( Table I I ) .

c)  H om ogeneous colonies w ith  m in im u m  re frac tiv ity . T he colonies ran g ed  
in  th is  group differ from  th e  ab o v e-m en tio n ed  tw o ty p es  b y  th e ir  r e m a rk 
a b ly  slig h t re fra c tiv ity . T hus, in  th e  f i r s t  and  second p la te  positions they~ 
a re  a lm o st tra n s p a re n t, and  in  th e  s e v e n th  position  — w hen th e  colonies- 
m a rk e d  ty p e  2b show  a b rig h t red  co lo u r — 2c colonies fluoresce in  a green ish  
co lou r. As a re s id t o f th e  la t te r  p ro p e r ty , th e y  are easily d iffe ren tia ted  from  th e  
m o d e ra te ly  re frac tiv e  colonies. T h is fo rm  has been enco u n tered  only in  sm all 
n u m b e rs  and  o n ly  in  th e  case o f  o ld  cu ltu res  (Table I I ) .

B y s tu d y  in  d irec t lig h t no d iffe rence  could be estab lish ed  b e tw een  o n e  
d a y  cu ltu res  of colonies belonging  to  th e  f irs t  and  second group ; ty p e  2c  
alone could be recognized as scarce ly  tu rb id ,  tra n s lu c e n t, a lm ost co lourless 
colonies.
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Table II
T ypes o f  colonies in Sh. sonnei cultures stored fo r  varying periods o f  lim e

Storage time of strain
Number

of
strains

Proportional presence in first subculture of colony types

1 2» 2b 2c 3

1 to 14 days 3 + + + + + + + — _
2 + + + + +  +  + — —

16 + + + + + — + — —

2 + + + + + — +  +  + — —
1 + + + + — +  +  + — —

2 + + + — +  +  +  + — —

15 to 28 days 10 + + + + + — + — —

1 H—1—1—1—b — +  +  + — —
1 + + + + — +  +  + — —
1 + + + — +  +  +  + — —
2 + — +  +  +  +  + — —

1 to 4 months 2 + +  +  +  + — +  +  + — —

3 + + + — +  +  +  + — —
4 H—1—I- — +  +  +  +  + — —

10 + + — +  +  +  +  + — —
2 + — +  +  +  +  + — —

1

3

~r~ —

+  +  +  +  +
— —

12 to 18 months 3 +  +  + + + _ +  + — .—

1 +  + + + — +  + — —

3 +  +  +  + — +  +  + — —

1 +  +  +  + — +  +  +  + — —

3 +  +  + — +  +  +  + — —

1 + + + — +  +  +  +  + — —

1 _1—L _ +  +  +  +  + +
 

1

_
3 + — +  +  +  +  + — —

1 ± — +  +  +  +  + — —

15 — — +  +  +  +  + — —

5 — — +  +  +  +  + + —
3 — — +  +  +  +  + + +

Signs : +  + + +  + 3/4  to  5/6 p a r t  o f colonies
1/2 to 2 /З  p a r t  o f colonies
1 /5 to  1 /3 p a r t  o f colonies
1/20 to  1 /6  p a r t  o f  colonies
1 or 2 colonies in  th e  whole cu ltu re
n o t recognized w ith  c e rta in ty
n o t encountered  in  th e  whole (d istinc tly  iso lated ) culture
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U n d er special con d itio n s we have observed  m ixed form s o f 2b and  2c 
w h ich  ap p ea red  p ra c tic a lly  as th e  negatives o f  colonies w ith  s ta r  : an  irreg u la r 
s ta r - l ik e  fo rm atio n  consisting  of m in im ally  re frac tiv e  su b stan ce  was visib le 
in  th e  cen tre  of th e  m o d e ra te ly  re frac tiv e  colony.

3. I n  our m a te ria l th e  presence o f colonies with a network pa ttern  has 
b een  ra re  ; such colonies are  covered b y  a close ne tw ork  com posed of m ore 
or less d e lica te  and th ic k e r  lines whose spaces are  filled w ith  m in im ally  re frac 
tiv e  su b stan ce . In  th e  f i r s t  an d  second p o sitions of th e  p la te , th is  n e tw o rk  
d isp la y s  a porcelain  w h ite  colour and  m ay  fo rm  rows of rough  g ranu les in  th e  
g lo ssy  zone. This ty p e  o f colony has been  en coun tered  in  sm all num bers and  
o n ly  in  su bcu ltu res o f s tra in s  th a t  h ad  b een  s to red  for a p ro longed  period  o f 
t im e . U n d e r d irec t illu m in a tio n  i t  p re sen ts  a cha rac teris tic  p ic tu re  : th e
w h itish  ne tw ork  is v isib le  on th e  som ew hat irreg u la rly  c ircu la r f la t  p in ’s head  
size co lony  w ith  in d e n te d  m arg in  an d  u n ev en  surface.

Structure and ferm en ta tive  capacity o f  the colony. F ro m  s ta r-sh a p e d  and 
m o d e ra te ly  re frac tiv e  hom ogeneous colonies o f  tw o Sh. sonnei cu ltu res we 
p re p a re d  sep ara te  suspensions in  physio logical saline and th e n  in o cu la ted  a 
su g a r  series w ith  one d rop  o f each of th e  fresh  suspensions ( Table I I I ) .  As to

Table III

Ferm entation by types 1 and 2b o f  Sh . sonnei colonies

Substrate

S h . s o n n e i  cultures

No. 24. No 28.

Colonies
1 2b 1 2b

4rab inose  .............. 4 - I
•

4 -

X ylose ..................... — — —

R ham nose ............ + + +

Glucose ................... + • - j -

Saccharose .............. + 9 +  9 + n + 1 1
L actose ................... +  9 +  9 +  13 + 1 1
M altose ................... + + +
M annitol ................. + + + +
D ulcito l ................... — — — —

A donito l ................. — — — —

Sorbitol ................... — — — —

Salicin ..................... — — — —

In osito l ................... — — — —

Signs : +  fe rm en ta tio n  w ith in  24 hours w ith o u t a n y  developm ent o f  gas 
-f-9 fe rm en ta tio n  w ith in  9 days w ith o u t a n y  developm ent o f gas 
■—- no fe rm en ta tio n  du ring  a th ir ty  d ay  period  o f observation
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fe rm en tin g  cap ac ity , no s ig n ifican t difference w as o b serv ed  betw een  star-like  
an d  hom ogeneous colonies. In v e s tig a tio n  of th e  fe rm e n ta tiv e  capac ity  of 
“ n e tw o rk ”  colonies y ie ld ed  s im ila r re su lts .

T ype o f  colony and  agglutinability . A g g lu tin ab ility  o f  th e  iso lated  colo
nies d iv ided  in to  v a rio u s  g roups w as s tu d ied  on slides w ith  absorbed , 1 : 20 
d ilu tio n s  o f S , p h ase  I I ,  an d  of R  an tise ra  (T able  I V ) .  As revealed  by  th e  
re su lts , th e  connec tion  ex is tin g  b e tw een  colony ty p e  an d  ag g lu tin ab ility  is 
so close th a t  th e  m o rp h o lo g y  o f th e  colony affords u n e rrin g  inferences con
cern in g  its  an tig en  c o n te n t. U n d er th e  described  co n d itio n s of s tu d y , th e  
re fra c tiv e  cap ac ity  o f Sh . sonnei possessing S  an tigen  is u n q u estio n ab ly  g rea te r 
th a n  th a t  of th e  p h ase  I I  b a c te ria . T herefore, th e  colonies con ta in in g  S  a n ti
gen  alone ap p ear as hom ogeneous h ighly  re frac tiv e  fo rm a tio n s , th e  abso lu tely  
p h ase  I I  colonies as hom ogeneous, m od era te ly  or m in im ally  re frac tiv e  form s. 
A ccord ing  to  a g g lu tin a tio n  te s ts , th e  h igh ly  re fra c tiv e , irreg u la r star-like 
p a t te rn  in  th e  colonies w ith  s ta r  consists of S  in d iv id u a ls , th e  m oderately  
re fra c tiv e  hom ogeneous su b stan ce  o f phase I I  in d iv id u a ls . In  ne tw ork  colo
nies we found ph ase  I I  an d  R  an tig en s, th e  la t te r  ch ieflv  w hen th e  colonies

Table IV

A ntigen ic  structure o f  Sh. sonnei colonies varying in optic structure, on the basis o f  slide agglutination

O ptic structure of colony
N um ber of 
investigated 

colonies

Age of 
culture 

in days*

R esults o f slide agglutina
tion  w ith  absorbed an ti

serum

S h . sonnei

S . Phase I I R.

W ith  s ta r  .......................................................... 6 l + + + + + —

W itli s ta r  ; centre ........................................ 8 1 - 7 + + + + —
W ith  s ta r  ; centre ........................................ 39 1— 8 + + + — —
W ith  s ta r  ; m arg inal p a r ts  ..................... 3 2— 8 — + + + —
W ith  s ta r  ; m arg inal p a r ts  ..................... 3 1— 8 + + + + —
W ith  s ta r  ; m arg inal p a r ts  ..................... 5 1— 7 + + + + + —
W ith  s ta r  ; m arg inal p a r ts  ..................... 1 7 + — —
W ith  s ta r  ; m arg inal p a r ts  ..................... 4 1 + + + + + + —
H igh ly  refractive , h o m o g e n e o u s .............. 29 2 + + + — —
M oderate ly  refractive , hom ogeneous . . . 41 1— 8 — + + + —
M oderate ly  re frac tive , c e n tr e ..................... 14 2 — + + + —
M oderate ly  refractive , m arg in  ................. 3 2 — + + + —
S lig h ty  re frac tiv e , hom ogeneous ............ 21 1— 3 — + + + —
N etw o rk  p a t te rn ............................................... 15 1 — + + + + +
N etw o rk  p a t t e rn ...............................................

* T im e from  tra n s fe r  to  ag ar plal

14

es

2 + + + + + +
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h a d  been  left s ta n d in g  fo r one or tw o  days a t room  te m p e ra tu re . This ty p e  
a g g lu tin a te d  sp o n tan eo u sly  in  physio logical saline so lu tio n .

Seria l subcultures. S im u ltaneous para lle l or sh o rtly  re p e a te d  in v estig a 
tio n  o f  th e  sam e s tra in  y ielded id e n tic a l resu lts, th u s  th e  m orpho logy  o f th e  
co lo n y  w as consisten t. N ex t, we s tu d ie d  the changes t h a t  colonies o f d ifferen t 
s t ru c tu re  undergo in  th e  course o f  seria l transfer.

(i) D aily serial tran sfe rs  (on a lto g e th e r te n  occasions) w ere m ade of 
h ig h ly  refrac tive  hom ogeneous colonies in  w hich S an tig en  alone w as d e m o n s tra t
ed  b y  slide ag g lu tin a tio n . In  th e  su b cu ltu res  s ta r-lik e  an d  h ig h ly  re frac tiv e  
hom ogeneous colonies ap p eared  co n sis ten tly  ; how ever, from  th e  f if th  su b 
c u ltu re  on, we also fo u n d  m o d e ra te ly  re frac tiv e  hom ogeneous (w holly phase 
I I )  colonies, th u s p u re  S  cu ltu res h av e  n o t been o b ta in e d  b y  seria l tran sfe r.

(ii) Ten su b c id tu re s  were p re p a re d  in  th e  sam e w ay  w ith  th e  cen tres 
o f  colonies w ith  s ta r .  A m ong th e  m an y  s ta red  colonies, th e  developm ent 
o f  a sm all percen tage  o f  m o d e ra te ly  re frac tive , hom ogeneous (phase I I)  colo
n ies h as  been n o te d  in  every  in s tan ce .

(iii) The re su lts  o f serial tra n sfe rs  of m arg inal p a r ts  from  colonies w ith  
s ta r  depended on w h e th e r th e  hom ogeneous su b stan ce  o f th e  colony was in 
fa c t  tran sfe rred  in an  iso la ted  s ta te  ; in  such cases p u re  p h ase  I I  cu ltu res were 
p ro d u c e d  already  in  th e  firs t su b cu ltu re . W hen th e  s ta lk  o f th e  s ta r  h ad  also 
fo u n d  its  way in to  th e  inocu lum , th e  cu ltu re  th a t  grew  consisted  of m ixed , 
1 a n d  2b ty p e  colonies.

(iv) W hether w e used  th e  cen tre  or th e  m arg in  o f  colonies for tran sfe r, 
th e  subcu ltu res d e riv e d  from  2b an d  2c colonies y ie lded  cu ltu res  iden tica l 
w ith  th e  colonies t h a t  h ad  served  as s ta rtin g  p o in t.

(v) N etw ork colonies p ro d u ced  grow th of p u re  cu ltu re s  con ta in ing  
o n ly  netw ork  colonies.

I f  colonies w ith  s ta r  are s to red  a t  room  te m p e ra tu re  or in  a re frig e ra to r, 
S  an tig e n  can be d e m o n s tra te d  in  th e  colony cen tre  fo r a long tim e  (possibly 
a  fo rtn ig h t) , and  ty p e  1 colonies m a y  grovr in  th e  su b c u ltu re  even  w hen u n d er 
d ire c t illum ination  th e  original co lony  corresponds to  th e  R  fo rm  (irregu lar 
sh a p e , inden ted  m arg in , rough  surface).

Test fo r  virulence. H om ogeneous, m odera te ly  re fra c tiv e  an d  colonies 
w ith  s ta r  were rem o v ed  sep a ra te ly  from  agar cu ltu res  o f th e  sam e Sh. sonnei 
s t r a in  ; groups o f  f iv e  guinea p igs w ere in fected  on b o th  eyes w ith  ty p es  1 
a n d  2b, re spec tive ly . T vpieal k e ra to co n ju n c tiv itis  sh igellosa developed in  
e v e ry  eye in fec ted  w ith  ty p e  1 colonies, while th o se  in fec ted  w ith  ty p e  2b all 
rem a in ed  in ta c t. A s ev idenced b y  con ju n c tiv a l in fec tio n , Sh. sonnei cu ltu res 
co n sis tin g  of colonies w ith  s ta r  are  v iru len t in  gu inea p igs, w hereas cu ltu res 
co n sis tin g  of hom ogeneous, m ore fa in tly  re frac tiv e  colonies are  av iru len t.

D uring k e ra to c o n ju n c tiv itis  shigellosa induced  b y  cu ltu re s  o f Sh. sonnei, 
th e  pathogen  grow n from  th e  o cu la r discharge ap p ea red  m o stly  in  colonies
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■with s ta r . In  ad d itio n , h igh ly , an d  som etim es m o d era te ly , re frac tiv e  colonies 
h a v e  a t  tim es  also been  en co u n tered  ; colonies w ith  p h ase  I I  an tig en  can  
th ere fo re  be o b ta in ed  also d irec tly  from  th e  affected o rgan ism .

Use o f  our method in bacteriological work. K now ledge o f th e  colony 
s tru c tu re  allow s to  iso late  th e  vario u s phases o f Sh. sonnei cu ltu res  an d  b y  
m eans o f seria l subcu ltu res p rac tica lly  pu re  S cu ltu res an d  pu re  phase  I I  
c u ltu re s  m a y  be ob ta ined .

In  th e  m a jo rity  o f fresh ly  iso la ted  Sh. sonnei cu ltu res, we found  colonies 
w ith  s ta r  suscep tib le  to  ag g lu tin a tio n  w ith  hom ologous an tise ru m  S , i. e. 
s ta rs  in co rp o ra tin g  an tigen  S  seem ed to  he ch a rac te ris tic  o f Sonne b ac te ria . 
W e th e n  p roceeded  to  in v es tig a te  w h e th e r agar cu ltu res  o f o th e r  in te s tin a l 
b ac te ria  in c lu d ed  colonies hav ing  th e  sam e s tru c tu re . A m ong 236 s tra in s  
be long ing  to  th e  fam ily  of Enterobacteriaceae ( Table V )  on ly  in  five  E . coll

Table V

N um ber o f  morphological tests performed w ith colonies o f  various instestinal bacteria

Cultures stored ?or
Type of strain

1 to 14
days

15 to 18 
days

1 to 4 
months

12 to 18 
months Total

S h . dysenteriae 2 ..................................... 2 3 _ 5
Sh . fle x n er i  l a  ....................................... — — l — 1

lb  .............................................. — — — 2 2
2 a ................................................... 14 15 19 7 55
3 ............................................ 15 4 6 3 28
4a spec ................................. 2 1 2 2 7
4a g r ........................................... — 1 1 — 2
6 .............................. 1 — — — 1
X  ..................................... 4 — — — 4
Y  ....................... — 2 1 — 3

S . typ h i  ....................... 9 — — — 9
•S. para typhi В  ..................... 1 — — — 1
JE. coli ........................ 50 — — — 50

0 5 5 ................................... 1 — — — 1
o u i ..................... 8 — — — 8
0124................................. — — 8 — 8

P r o te u s ................................. 8 — — — 8

Ps. aeruginosa  .......................................

L actose-positive  n o t iden tified  bac-

2 — — — 2

tó riu m  ............................................................ 38 — 2 1 41

T ota l 155 23 43 15 236

2  A cta  Microbiologie« V I/3.
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cu ltu re s  d id  we fin d  colonies w ith  s ta r  w hich , how ever, w ere easily  d ifferen
tia te d  from  Sh. sonnei colonies of sim ilar s tru c tu re . T he su b stan ce  of E . coif 
s ta rs  — causing  ra p id  fe rm e n ta tio n  o f lac to se  —• is n o t susceptib le  to  agglu
tin a tio n  w ith  an tise ru m  S h . sonnei S , b u t  th e  tw o k in d s o f sta r-like  colony 
often m an ifest m orpho log ica l d ifferences too .

T hus our m ethod  ap p ears  su itab le  fo r th e  id e n tif ic a tio n  of Sh. sonnei 
colonies. P in -p o in t a m o u n ts  o f the  cu ltu re  to  be in v es tig a ted  (or of suspicious 
colonies found  in  e lec tive  m edia sm eared  w ith  faeces) shou ld  be p laced on 
ag ar p la te s  w ith  due co n sid e ra tio n  to  en su rin g  th e  g ro w th  o f ad eq u a te ly  iso 
la ted  colonies. A fter one d a y ’s in cu b a tio n , th e  colonies are  s tu d ied  as exp la in 
ed befo re , and  th e  co lonies w ith  s ta r  ag g lu tin a te d  on a slide w ith  Sh. sonnei 
S  se ru m . In  th e  p resence  o f colonics w ith  s ta r  agg lu tin ab le  S  an tise ru m , 
th e  c u ltu re  m ay  be rag e rd ed  as one o f  Sh. sonnei.

D iscussion

T he m orphology o f S , phase I I ,  an d  R  fo rm s o f S. sonnei cu ltu res as 
seen in  d irec t ligh t is w ell-know n ; how ever, as ea rly  as 1943 R a sk a  s ta te d  
th a t  changes in a co lo n y ’s form  and  its  an tig en  s tru c tu re  do no t proceed in 
para lle l [6]. In  fac t, th e  S  an d  R  v a r ia n ts  o f Sonne b ac te ria  o r th e ir  phases I and  
I I  defv  u n errin g  d iffe re n tia tio n  b y  re liance on cu rren t m orphological c rite ria . 
C o n trad ic to ry  d a ta  h a v e  been pub lished  also on th e  v iru lence  o f Sh. sonnei 
cu ltu res  belonging to  p h ase  I I  [7] ; how ever, on th e  basis  o f recen t find ings 
th is v a r ia n t  m ay be re g a rd ed  as a v iru le n t [1, 8, 9, 10, 12].

B y  m eans of ou r m e th o d , Sh. sonnei cu ltu res  possessing various an tig en s 
can be easily  recognized a n d  d iffe ren tia ted . I t  th u s  em erges th a t  a g rea t m a n y  
of th e  con trad ic tio n s fo u n d  in  th e  l i te ra tu re  are  p re su m ab ly  due to  th e  au th o rs  
concerned hav ing  w orked  w ith  phases o f  in a d e q u a te  p u r ity . I t  is also ev id en t 
th a t  S  cu ltu res c an n o t be  purified  com plete ly  because in  m ost cases in d iv i
duals con ta in in g  S  a n tig e n  and  such as co n ta in  phase  I I  an tigen  occur m ixed 
w ith in  a colony. P h ase  I I  cu ltu res, on th e  o th e r h an d , can  be ob ta in ed  in  an  
a d e q u a te ly  pure  co n d itio n  d em o n stra tin g  th a t  in  th e  absence of phase I th e  
phase I I  is av iru len t. V iru lence in  Sonne b a c te ria  m ay  hence be ascribed  to  
th e  S  an tig en  or som e o th e r closely re la te d  fac to r.

In  th e  ae tio logy  o f  b ac illa ry  d y se n te ry , th e  im p o rtan ce  o f Sonne b ac te ria  
has been  increasing  all o v e r th e  w orld , th ere fo re  a re liab le  p rocedure for th e ir  
id en tif ic a tio n  m ay be  o f  in te re s t. We believe our m eth o d  to  be reliable, a lthough  
no t w ith  all k inds o f S h . sonnei cu ltu res . Colonies w ith  s ta r  develop only in  
th e  p resence  of b o th  p h a se  I and  phase I I  an tigens, so th a t  th e ir  absence does 
n o t y e t  speak  ag a in st th e  diagnosis o f Sh. sonnei. T here  are, how ever, alw ays 
considerab le  num bers o f  colonies w ith  s ta r  in  fresh ly  iso la ted  cu ltu res, th u s  
o u r p reccdurc  m ay p ro v e  to  be a re liab le  aid in  ro u tin e  bacterio log ical w ork.
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P o sitiv e  resu lts  no t on ly  m ake i t  possib le  to  iden tify  S onne b ac te ria , b u t  also 
ev idence v iru lence o f th e  s tra in  u n d e r  investiga tion .

K now ledge concern ing  th e  co n n ec tio n  betw een m orpho logy  an d  s t ru c 
tu re  o f  a colony allow s an  a p p ro x im a te  or com plete d iffe ren tia tio n  a n d  iso 
la tio n  o f th e  various phases of Sh. som iéi cu ltu res ; th is  m a y  be of use in  v a c 
cine p ro d u c tio n .

F in a lly , i t  m u st be em phasized  th a t  our s ta te m e n ts  refer exc lusive ly  
to  iso la ted  colonies o f en tire ly  in d e p e n d e n t grow th ; in  th e  case o f colonics 
th a t  h av e  developed close to  one a n o th e r  or are fo rm ing  confluen t cu ltu res , 
co n d itions m ay be q u ite  d ifferen t.

S u m m ary

(i) A new  p rocedure  has been  d esc rib ed , consisting in  s tu d y in g  th e  m orpho logy  o f 
com p le te ly  iso la ted  b a c te r ia l  colonies w ith  a  h a n d  lens while th e  colonies u n d e r in v es tig a tio n  
a re  exposed  to  ray s of l ig h t reach in g  th e m  a t  v a r io u s  angles o f in c idence .

(ii) A sta r-lik e  p a t te rn  h as been fo u n d  c h a rac te ris tic  o f S colonies of Sh. sonnei; in  
such  colonies th e  cen tra l s ta r-sh ap e d  p a r t  is a g g lu tin a te d  by  Sh. sonnei S  serum , th e  m arg in a l 
p a r t  b y  p h ase  I I  serum .

(iii) T he m orphology  o f colonies fo rm ed  b y  Sh. sonnei ph ase  I I ,  or th e  R  v a r ia n t  has 
b een  d iscussed .

(iv ) In  co n ju n c tiv a l in fec tion  th e  colon ies w ith  s ta r  p ro v ed  to  be  v iru le n t, w hile  th e  
o p tica lly  hom ogeneous, m o d era te ly  re fra c tiv e  colonies were found  to  be  av iru len t.

(v ) In  freshly iso la ted  Sh. sonnei cu ltu re s  th e  m ajo rity  o f colonies is s ta red , h ence  o u r 
m eth o d  m ay  be em ployed in  ro u tin e  b ac terio lo g ica l w ork for th e  id en tif ic a tio n  of S onne 
b a c te ria  an d  th e  d e te rm in a tio n  of th e ir  v iru len ce .
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T he b a c te r ia l diseases of b ean  h a v e  been  know n in  H u n g ary  only  sy m p - 
to m a to lo g ica lly . N o a tte m p ts  have  so fa r  been m ade fo r th e  iso la tio n  an d  
id e n tif ic a tio n  o f th e  pathogens. T he fu ll know ledge of th e  p a r t p lay ed  b y  
b a c te ria  in  th e  diseases of bean  is p a r tic u la r ly  im p o r ta n t, as th e  fou r species 
of b a c te r ia  re sponsib le  for th e  d iseases in  o ther coun tries  cause sy m p to m s 
w hich c a n n o t be d iffe ren tia ted  from  one an o th e r. C hiefly  on th e  basis o f  th e  
G erm an  l i te ra tu re , Pseudomonas phaseolicola ( medicaginis f . sp. phaseolicola)  
an d  X a n thom onas phaseoli have  b een  supposed  to  be th e  m ost com m on 
cau sa tiv e  ag en ts  in  H u n g a ry  [6, 12]. T h e  purpose  o f  th e  p resen t w ork  has 
been th e  id e n tif ic a tio n  o f th e  p a th o g en s  an d  a s tu d y  of th e ir  occurrence in  
th is  co u n try .

Materials and methods

Iso la tio n s  w ere pe rfo rm ed  from  yellow ing in fec ted  seeds, sp o tted  leaves and  pods w ith  
“ grease sp o t” . T h e  p a th o g e n ic  organism  w as o b ta in e d  m ost easily  an d  in  p u re s t c u ltu re  from  
th e  seeds. P r io r  to  c u ltiv a tio n  th e  seeds w ere  r in se d  in  alcohol a n d  f lam ed . T he g reen  p a r ts  
o f th e  p la n ts  w ere th o ro u g h ly  w ashed in  ru n n in g  w a te r.

F o r iso la tin g  a n d  m a in ta in in g  th e  c u ltu re s , m eat-in fu sio n  a g a r  was a t  f i r s t  u sed . T h is  
w as la te r  rep laced  b y  g lucose-casein-hydro lysate  ag ar, as th e  fo rm er m edium  d am ag ed  X .  

phaseoli v a r . fu sc a n s  a f te r  3 to  5 days o f in c u b a tio n . On g lucose-casein-hydro lysate  a g a r  th e  
cu ltu res  re m a in e d  v iab le  fo r several m o n th s  w ith o u t  m ak in g  sub cu ltu res . P a ra lle l w ith  th e  
d e s tru c tio n  o f th e  cu ltu re s , th e  colour o f m ea t-in fu s io n  ag ar tu rn e d  in to  brow n. N o b ro w n  
p ig m e n t w as fo rm ed  o n  g lucose-casein -hydro lysate  agar. On th is  m ed iu m  th e  g ro w th  o f X .  
phaseoli w as also  b e t te r  a n d  th is  organism  re m a in e d  v iab le  fo r a  longer period . T h e  g ro w th  
of P s, phaseolicola, ho w ev er, w as slower on  th is  m ed iu m  th a n  on  m ea t-in fusion  ag ar.

T he id e n tif ic a tio n  of th e  organism s w as perfo rm ed  b y  th e  com m only  used  m e th o d s , 
em ploying  th e  u su a l m ed ia . U tiliz a tio n  o f  c a rb o h y d ra te s  w as exam in ed  in  f lu id  s y n th e tic  
m ed ium  w ith  A n d ra d e  in d ic a to r ;  in cu b a tio n  la s te d  fo r 25 d ays. T he p ro d u c tio n  of am m o n ia  
and  H 2S w as show n in  1 p e r  cen t p ep to n e  w a te r . N itra te  re d u c tio n  w as te s te d  in  a  liq u id  
m ed ium  co n ta in in g  K N 0 3, sugar and  salts .

P a th o g e n ic ity  o f  th e  iso lated  b a c te r ia  w as te s te d  in  g reen-house b y  a rtific ia l in fec tio n s . 
One fo liage leav ed  b ean s w ere in fec ted  w ith  C. flaccum faciens  u sing  H e d g e s ’ needle  p r ick  
m eth o d  [5]. F o r  p ro v id in g  a  con tinuous source  of in fec tion , a  need le  was p laced in  th e  h a ir  
of a b ru sh , w h ich  w as th e n  d ip p ed  in to  th e  susp en sio n  of th e  o rgan ism . In o cu la tio n  o f s tem  
b y  th e  ab ove  m e th o d  w as perform ed be tw een  th e  coty ledons an d  th e  f irs t  foliage leaf.
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R esu lts

Iden tifica tion  and  occurrence o f  pathogenic bacteria. In  describ ing th e  
v a rio u s  pa thogens, on ly  cu ltu ra l and  b iochem cial p roperties d iffering from  
th o se  found  by  p rev ious Avorkers will be m en tioned .

Isolation and identification  o f  Corynebacterium flaccum faciens. F rom  
in fe c te d  seeds, th e  cau sa tiv e  agen t of b a c te r ia l w ilt o f beans w as m ost f re 
q u e n tly  iso lated . O n m eat-in fu sio n  ag a r in  2 to  3 days i t  p ro d u ced  convex, 
c ream -yellow  colonies. O n su b cu ltu rin g , th e  p a th o g en ic ity  o f  th e  organism  
w as p reserved  as long as 2 years. W hen c u ltiv a te d  for a longer period , i t  p ro 
d u ced  tw o typ es of colonies. T ype A co rresponded  to  th e  orig inal form , ty p e  В 
w as sm alle r and  less c ream y  in  colour. A rtific ia l infections show ed th a t  b o th  
o f th e  sep a ra ted  co lony  ty p e s  re ta in ed  th e  o rig inal p a th o g en ic ity  and  b o th  o f 
th e m  ex h ib ited  an  un ifo rm  behav iou r to  p hage  [8]. The sam e ty p e  of colony 
v a r ia t io n  w as observed  b y  H e d g e s  [5].

T h e following b iochem ical reac tions w ere observed. Acid w as produced  
from  glucose, galactose, a rab inose , xylose, raffinose , sucrose, m altose , m annose, 
m a n n ito l, fructose, sa lic in  and  glycerol. W eak  acid was p roduced  from  lactose 
a n d  d e x tr in  a fte r 15 d ay s  o f in cu b a tio n . N o ac id  was form ed from  dulcito l an d  
a sp a ra g in . In  th e  l i te ra tu re , th e  p ro d u c tio n  o f acid by  th e  organism  in question  
has b een  recorded on ly  from  glucose, fru c to se , m altose, lac tose , sucrose, 
g a lac to se  an d  glycerol [10]. The organ ism s iso la ted  in  th e  p re se n t s tu d y  grew' 
slow ly  on gela tin  ; no liquefac tion  o ccu rred  w ith in  3 w eeks. A ccording to  
H e d g e s , C. flaccum faciens  sligh tly  liq u e fied  gelatin  a fte r  9 wreeks [5]. I n  
c o n tr a s t  to  H e d g e s ’ fin d in g , in stead  of c lo t fo rm atio n  in  litm u s m ilk, p e p to 
n iz a tio n  began  to  ta k e  p lace  a fte r 5 days of in cu b a tio n . In  som e cases H e d g e s  
•observed p ep to n iza tio n  w ith o u t clo t fo rm a tio n . In  litm us m ilk , due to  acid 
p ro d u c tio n  from  glucose, th e  organism  cau sed  p ink  co lo ration  ; red u c tio n  of 
litm u s  began  on th e  T th day . P ro d u c tio n  o f am m onia was observed  in  m ost 
o f th e  experim en ts ; som e cu ltu res p ro d u ced  slight am ounts or no am m onia. 
I n  o th e r  b iochem ical reac tio n s th e  cu ltu re s  beh av ed  as know n from  th e  l i te r 
a tu r e .

The isolation and identification o f  X anthom onas phaseoli v a r. fu scans. 
T h is  wras an o th er f re q u e n tly  occurring  o rgan ism  in H u n g ary , causing b lig h t 
o f  b ean s . By its  b row n  p ig m en t diffusing in to  th e  m edium  i t  w as easily d is
tin g u ish ed  from  th e  closely  re la ted  X .  phaseoli. Iso la tions w ere perform ed 
from  a v a r ie ty  of leav es, pods and seeds o b ta in ed  from  v arious p a rts  o f th e  
c o u n try . T he o rganism  w as f irs t iso la ted  in  1954. In  b ro th  cu ltu re  it  fo rm ed 
a p o w erfu l brow n p ig m en t w ith in  3 to  4 d ay s. S im ilarly  to  C. flaccum faciens, 
o n  su b cu ltu rin g  for a longer period  i t  p ro d u ced  tw o ty p es of colonies. In  
c o n tra s t  to  the  orig inal cu ltu re , th e  v a r ia n t  designated  В lo st th e  ab ility  of 
p ro d u c in g  gum s an d  i t  fo rm ed sm aller colonies b rig h te r yellow  in colour.
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In fe c tio n  of th e  orig inal cu ltu re  b y  phage resu lted  in  un ifo rm  c ircu la r p laques 
3  to  5 m m  in  d iam e te r, while in fec tio n  of th e  v a r ia n t В led to  th e  fo rm a tio n  
•of sm aller, irreg u la r, in d is tin c t p laq u es [7].

A cid was p ro d u ced  from  glucose, galactose, arab inose , xylose an d  sucrose. 
A w eak reac tio n  was observed in  th e  m edia  con ta in in g  lac to se , ra ffinose , 
m annose and  salicin . No acid w as fo rm ed  from  m altose, d e x tr in , d u lc ito l, 
m an n ito l, g lycerol, fructose an d  asp a rag in . A ccording to  B u r k h o l d e r , acid  
w as p ro d u ced  from  glycerol an d  m an n ito l [2].

F o rm a tio n  of am m onia an d  H 2S in  p ep to n e  w a te r w as m ore in ten s iv e  
th a n  th a t  observed  w ith  X . phaseoli.

In  o th e r b iochem ical p ro p ertie s  th e  organism  was sim ilar to  X .  phaseoli.
Isolation and identification o f  X anthom onas phaseoli. T he organ ism  w as 

iso la ted  from  in fec ted  leaves an d  pods w ith  “ grease sp o ts”  for th e  f ir s t  tim e  in  
1957 from  m a te r ia l collected in  C en tra l H u n g a ry . T hree s tra in s  show ing u n i
fo rm  path o g en ic  cu ltu ra l and  b iochem ical p ro p erties  were exam ined .

T he s tra in s  produced  acid a fte r  10 days from  glucose, ga lac tose , a ra b i
nose an d  sucrose ; a fte r 15 day s from  lactose, raffinose, m altose, m annose  
a n d  fructose . N o acid was p ro d u ced  from  d ex tr in , du lcito l, m an n ito l, sa lic in  
a n d  asp a rag in . A ccording to  H e d g e s  [4] and  B u r k h o l d e r  [2], th e  o rgan ism  
p ro d u ced  acid  from  glycerol.

I n  c o n tra s t to  a s tra in  o b ta in ed  from  G erm any , th e  H u n g a ria n  s tra in s  
s tro n g ly  liquefied  gelatin . A ccording to  S m i t h , gela tin  is liquefied  b y  th is  
o rg a n ism  [9].

T he resu lts  of o th e r ex am in a tio n s  co rresponded  to  those  described  in  
the  lite ra tu re .

Isolation and  identification o f  Pseudom onas phaseolicola ( m edicaginis  f. 
sp. phaseolicola) .  T he firs t iso la tio n  w as m ade in  1957. In  c o n tra s t  w ith  
o th e r  au th o rs  we observed no diffusion  in to  th e  agar of g reen  flu o re scen t 
p igm en t. A ccording to  B u r k h o l d e r , th e  lack  o f p ig m en t fo rm a tio n  is 
c h a ra c te r is tic  o f th is  organism  an d  i t  is b y  th is  p ro p e rty  th a t  i t  m ay  be d iffe r
e n tia te d  from  P s. medicaginis [1].

A cid w as p roduced  from  glucose, galactose, arab inose, xy lose, r a f f i
nose, sucrose, m annose and  fruc tose . N o acid  w as p roduced  from  lac tose , m a l
to se , d ex tr in , du lc ito l, m ann ito l, g lycerol, salicin  an d  asparag in . This re su lt 
d iffe rs  from  th a t  o f St a p p  and  K otte whose organism  w as ra ffinose-negative  [11].

B u r k h o l d e r  [1] s ta te d  th a t  ge la tin  was n o t liquefied  ; accord ing  to  
o th e rs  [3] an d  th e  p resen t in v es tig a tio n s , i t  w as slow ly liquefied . I n  c o n tra s t  
to  D o w s o n ’s ob serv a tio n , s ta rc h  w as n o t h y d ro lysed  in  th e  p re sen t e x p e ri
m en ts.

A rtific ia l infections. On p la n ts  a rtif ic ia lly  in fec ted  w ith  C. flaccum faciens, 
a f te r  5 — 7 day s a sligh t m osaic-like sp o tte d  yellow ing of th e  to p m o st leaves 
w as observed . Y ellow ing am ong th e  leaf-veins often  show n b y  p la n ts  grow ing
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in  th e  fields was n o t a lw ays observed  in  p la n ts  grow ing in  th e  green-house. 
T he green-house p la n ts  genera lly  ex h ib ited  a du ll yellow ish-green p a rc h m e n t
like necrosis ex ten d in g  over th e  en tire  a rea  o f th e  leaf-b lades. B y  infec ting  
o lder p la n ts  o f 3—4 foliage leaves, th e  sy m p to m s developed m uch la te r  and 
w ere s ligh te r. T he ca u sa tiv e  agen t w as iso la ted  from  th e  in fec ted  v ascu la r  
sy stem .

T he cu ltu res of th e  o th e r organism s w ere suspended  in  w a te r an d  sp ray ed  
on th e  leaves. S y m p to m s sim ilar to  th o se  described  above developed  a fte r  
6 — 9 d ay s  a t 28° C. C onfirm ing  th e  p a th o g e n ic ity  of th e  s tra in s  iso la ted  in  
H u n g a ry , from  th e  a rtif ic ia lly  in fec ted  p la n ts  th e  cau sa tiv e  ag en t was re iso 
la te d  in  every  case.

The occurrence o f  bacteria pathogenic to beans in  H ungary. Seeds and 
p la n ts  collected from  v ario u s  p a rts  o f th e  c o u n try  w ere sy stem atica lly  in v e s ti
g a ted  fo r 4 years. A lto g e th e r 151 s tra in s  w ere iso la ted  an d  id en tified . C. 
flaccum faciens  was fo u n d  to  be th e  o rgan ism  m ost w idely  occurring  th ro u g h o u t 
th e  c o u n try  and  causing  th e  heav iest d am ag es. A ccording to  th e  exam in a tio n  
o f seeds, th e  dam age caused  by  these  b a c te r ia  is m ore im p o rta n t th a n  an th rac -  
nose d u e  to  Colletotrichum lindem uth ianum . C. flaccum faciens, the cau sa tiv e  
ag en t o f w ilt, was iso la ted  in  132 o u t o f  151 cases. X . phaseoli v a r . fu sca n s  
to o k  th e  second place as to  frequency  a n d  dam age. A lthough  th is  organism  
w as iso la te d  only in  14 o u t of 151 cases, i t  occurred  in  every  reg ion  of th e  
c o u n try . X . phaseoli an d  Ps. phaseolicola  w ere n o t iso la ted  u n til  th e  su m m er 
of 1957, a lthough  on th e  basis o f th e  l i te ra tu re  th ese  organism s h av e  been 
supposed  to  be th e  m ost im p o rta n t p a th o g en s  in  H u n g ary . X . phaseoli and  P s. 
phaseolicola  were re c e n tly  iso la ted  from  3 an d  2 cases, respective ly  ( Table I ) .

Table I

D istribution o f pathogens isolated fro m  infected p la n ts  and seeds obtained fro m  various parts
o f H ungary in  1954— 1957

Organism
Number Per cent

of isolations

Corynebacterium flaccum faciens  ............ 132 87,5

Xanthom onas phaseoli va r. fu sca n s 14 9,0

X anthom onas phaseoli ................................. 3 2,0

Pseudomonas phaseolicola .......................... 2 1,5

T o ta l .................................................................. 151 100,0

I t  shou ld  be n o te d  th a t  th e  d is tr ib u tio n  of organism s show n in  Table I  
c a n n o t be regarded  as p e rm a n e n t, since y ea rly  changes in  th e  w ea th e r m a y
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cause th e  p red o m in an ce  of any  of the  m en tio n ed  pa th o g en s. T here is no d o u b t, 
how ever, th a t  d u rin g  th e  5 year period o f  th e  p resen t investig a tio n s th e  p rim a ry  
role was p lay ed  b y  C. flaccum faciens.

F ew  d a ta  are  availab le  as to  th e  degree of d am ag e  caused b y  th e se  
b a c te r ia . Tw o ty p e s  o f dam age shou ld  be considered  : w ilt caused b y  C.
flaccum faciens  decreases chiefly th e  y ie ld  o f seeds, w hile th e  disease due  to  
th e  o th e r b ac te ria  h as  a com para tive ly  s lig h t in fluence  on seed p ro d u c tio n , 
b u t  in  consequence o f b lig h t i t  u n fav o u rab ly  affects th e  m ark e t price o f green 
pod d ed  beans.

T he in v es tig a tio n s  carried ou t fo r  years  w ith  C. flaccum faciens  an d  X .  
phaseoli v a r . fu sca n s  h av e  shown th a t  th e  in fec ted  p lo ts  y ielded a 55 to  75 p e r 
c en t decrease in  p ro d u c tio n  as com pared  to  th e  con tro l. (The d a ta  o f th e se  
ex p erim en ts  will be pub lished  la ter.) U n d e r fav o u rab le  conditions th ere  m ay  
occur a w ide sp read  o f th e  infection : e. g. in  1950 an d  1951 p rac tica lly  no 
seeds could  be h a rv e s te d  a t th e  A g ricu ltu ra l E x p e rim e n ta l S ta tion  K o m p o lt. 
As to  th e  dam age caused  in  th e  w hole c o u n try , no re liab le  d a ta  are know n . 
T he e x te n t o f th e  in fec tio n  is clearly  show n b y  th e  fa c t  th a t  th e  presence of 
th e  ch a rac te ris tic  yellow  spots on w hite  b ean  seeds has been observed in  every  
g ra n a ry  of th e  v illages and farm s in sp ec ted .

Discussion

T he b ac te ria l d iseases of bean are  w ide-spread  all over the  w orld. A n u m 
b er o f in v estig a tio n s have been m ade, especially  as to  th e  patho logy  of halo  
b lig h t caused  b y  P s. phaseolicola and  o f  com m on b lig h t caused by  X . phaseoli. 
I n  c o n tra s t to  d a ta  in  th e  lite ra tu re , in  H u n g a ry  C. flaccum faciens  an d  X .  
phaseoli v a r . fu sca n s  w ere th e  m ost fre q u e n t. T he cause of th is  find ing  is n o t 
q u ite  c lear. The specia l clim ate of H u n g a ry  m ay  be  responsib le for th e  f re 
q u e n t occurrence o f C. flaccum faciens, since un like th e  o th e r pathogens m en 
tio n ed  i t  does n o t req u ire  high h u m id ity  an d  a b u n d a n t ra in . B acteria  causing  
local sp o ts  can  pass  th ro u g h  th e  s to m a ta  on ly  w ith  th e  aid of active w a te r  
d ro p s. No ac tiv e  w a te r  drops are necessary  fo r th e  sp read  o f w ilt, since p e n e tra 
tio n  o f th e  cau sa tiv e  ag en t is possible th ro u g h  th e  v ascu la r system  as fa r  as 
th e  seeds. The im p o rtan ce  of C. flaccum faciens  in  H u n g a ry  m ay  th u s be a t t r i 
b u te d  to  th e  arid  clim ate .

I t  w ould be d ifficu lt to  th row  lig h t on th e  freq u en t occurrence of X .  
phaseoli v a r . fu sca n s. This organism  m a y  be  considered indigenous in  C en tra l 
E u ro p e , as i t  was f i r s t  iso lated  by  B u r k h o l d e r  from  seeds grown in  S w itzer
lan d . T his su p p o sitio n  seems to  be co n firm ed  b y  th e  fa c t th a t  in  E u ro p e  X .  
phaseoli v a r. fu sca n s  has been iso la ted  exclusively  in  th e  U. S. S. R ., S w itzer
la n d  an d  Y ugoslav ia .
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S u m m ary

T he b a c te ria l d iseases of b ean  have  b een  k n o w n  in  H u n g ary  on ly  sy m p to m a to lo g ica lly . 
T h e  f i r s t  evidence of th e  occurrence in  H u n g a ry  of Corynebacterium flaccum faciens, X an tho-  
m onas phaseoli v a r .  fu sc a n s , Xanthom onas phaseoli an d  Pseudomonas phaseolicola (m edicaginis  
f .  sp . phaseolicola) h a s  b een  p resen ted . A ccord ing  to  observations pe rfo rm ed  from  1954 to  
1957, C. flaccum faciens  occu rred  m ost f req u e n tly  a n d  caused  th e  m ost d am ages. T he p e rcen tag e  
d is tr ib u tio n  of th e  iso la te d  pa th o g en s w as 87.5 fo r C. flaccum faciens, 9.0 fo r X .  Phaseoli v a r . 

fu s c a n s ,  2.0 for X'. phaseoli a n d  1.5 for Ps. phaseolicola. T he f irs t  tw o organ ism s w ere iso la ted  
fro m  ev ery  p a r t  of th e  c o u n try , w hile th e  tw o  o th e rs  occurred  only in  th e  a rea  s itu a te d  be tw een  
th e  D an u b e  and  T isza . T he h igh  freq u en cy  o f C. flaccum faciens  m ay  be exp la in ed  b y  th e  
sp e c ia l  c lim ate  o f H u n g a ry .
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(E in g eg an g en  am  27. M ärz 1959)

A rbeiten , w elche die W irkung  m u tag en e r A genzien a u f  die S te ro id o x y 
d a tio n sfäh ig k e it d e r M ikroorganism en b eh an d e ln  w ürden , sind  uns n ich t 
b e k a n n t. V orliegende M itte ilung  b e rich te t ü b e r d e ra rtig e  U n tersuchungen . 
Ü b er den u n te rsu c h te n  M ikroorganism us u n d  seine O xydationseigenschaften  
h ab en  w ir b e re its  A ngaben  ve rö ffen tlich t [5] ; es h a n d e lt sich um  einen 
u rsp rü n g lich  zu r Z itro n en säu rep ro d u k tio n  iso lie rten  A sperg illus  m’ger-S tam m , 
d er aus P rog este ro n  (I) l la -O x y p ro g e s te ro n  (II) , 11 -E p icorticosteron  ( I I I )  
u n d  zwei m ehr po lare  S u b stan zen  (IV , V) b ild e t ( Abb. 1).

M aterial und  M ethoden

D er Aspergillus niger-S tam m  N r. 47 w urde a u f  B ierw ürzesch räg ag ar durch  m onatliche  
A bim pfungen au fre c h te rh a lten . D ie A u sstre ichungen  erfo lg ten  ebenfalls a u f  B ierw ürzeagar. 
D ie Sporensuspension  fü r  d ie Im p fu n g  b e re ite ten  w ir von  den  S c h räg ag a rk u ltu ren  m it 5 m l 
s te rilem  destillie rtem  W asser. M it je  1 m l S porensuspension  b e im p ften  w ir in  500 m l-E rlen - 
m eyer-K olben  100 m l N äh rb o d en , d ie  20 g M a lze x tra k t u n d  10 g P e p to n  in  1 L ite r L e itu n g s
w asser en th ie lten  ; das  p H  b e tru g  v o r de r S terilis ie ru n g  5,5. S te rilis ie ru n g  : 15 M inuten  bei 
120° C. Die b e im p ften  K olben  w u rd en  bei 28° C m it 200 D rehungen  am  S c h ü tte ltisch  in k u b ie r t. 
Z u  den  4 8 stünd igen  K u ltu re n  gab en  w ir sterile rw eise  20 m g P ro g este ro n , in  1 m l A ceton  
ge löst. N ach  w e ite ren  24 bzw. 48 S tu n d e n  w urden  d ie  K u ltu re n  n a ch  d e r von  P e t e r s o n  u n d  
M itarb e ite rn  besch rieb en en  M ethode [4] e x tra h ie r t .  D er E x tra k t  w urde  e ingedam pft u n d  
a m  Schleicher— Schüllschen P a p ie r  N r. 2043 a oder b  im  P ropylenglykol-T oluo lsystem  u n te r 
su c h t [1]. D ie P a p ie re  w u rd en  m it p h th a lsäu rig em  P a ra p h en y len d ia m in  en tw ick e lt [2] 
D ie  M onosporenisolate iso lie rten  w ir m it dem  Zeissschen G le itm ik ro m an ip u la to r. D ie 
B estrah lu n g  erfo lg te  m it e in e r G erm icid lam pe zu  15 W , d ie  n ach  dem  9 9% igen  A bste rb en  am  
L eb en  gebliebenen K olon ien  im p fte n  w ir a u f  je  3 Schrägagare . D ie S te ro id u m b ild u n g s
fä h ig k e it des Iso la tes u n te rsu c h te n  w ir in  S ch ü tte lk o lb en , die m it den  a u f  diesen S chrägagaren  
gew achsenen  K u ltu re n  b e im p ft w orden  w aren.

Ergebnisse

V or E in le itu n g  der M u ta tio n sv ersu ch e  u n te rsu c h te n  w ir 400 M ono
sp o ren k u ltu ren , ob sie d ieselben  O x y d a tio n sp ro d u k te  liefern. Säm tliche 
Iso la te  v e rh ie lten  sich  e inheitlich  : sie b ild e te n  aus P ro g este ro n  die in  A bb. 1 
gezeig ten  S u b stan zen . S odann  fü h rte n  w ir die B estrah lu n g  d er Sporensuspen-

* Diese A rb e it w urde au f dem  IV . B iochem ischen  W eltk o n g reß  (W ien, S ep tem b er 
1958) ku rz  vo rg e trag en .
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1. Progesteron

II. 11 cx-Oxgprogesteron

III. ( • J 11-Epicorticosteron

IV. Ç • J TTC-positiver Fleck

V. TTC-negativer Fleck
K±J*-Die Stelle des A uftropfens

Abb. 1. P ropyleng lyko l-T o luo l-System . E n tw ick lu n g szeit : 4h

Abb. 2. L inks : 5 täg ige K olon ien  des S tam m es A . niger N r. 47 au f B ierw ürzeagar. R ech ts  : 
5 tägige K olon ien  des S tam m es A . niger N r. 22— 1 au f B ierw ürzeagar

sion  des S tam m es N r. 47 m it U ltra v io le ttlic h t durch . Jed es  Iso la t w urde 
zw eim al u n te rsu c h t u n d  dieser P ara lle lv e rsu ch  in  zwei au fe in an d er fo lgenden  
W ochen  vorgenom m en. Im  w eiteren  b esch ä ftig ten  w ir uns n u r  m it den jen igen  
S täm m en , deren B io oxydationse igenschaften  bei diesen V ersuchen  von  den
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a m  O rig inalstam m  festg este llten  abw ichen. Diese W iederho lungen  erfo lg ten  
indessen  n u r nach  U n te rsu ch u n g  säm tlicher iso lie rten  S täm m e. In sgesam t 
u n te rsu c h te n  w ir 186 von  nach U ltra v io le ttb e s tra h lu n g  gew achsenen K olo
n ien  iso lierte  S täm m e. U n te r  d iesen  w aren  8, die P ro g este ro n  in  beiden  P a ra l
le lversuchen  n u r zu  zw ei O x y d a tio n sp ro d u k ten , d en  in  Abb. 1 m it I I  u n d  Y 
bezeichneten  S u b stan zen , o x y d ie rten . A uffallend w ar, d aß  alle diese V arian 
te n  viel sch lech ter sp o ru lie rten  als der O rig inalstam m  ( Abb. 2 ) .

Als diese V a ria n te n  bei A bsch luß  der V ersuchsreihe nochm als u n te r 
su ch t w urden , gew annen  w ir z. B . m it der m it 2 2 — 12 b ezeichneten  das R esul
t a t ,  d aß  u n te r  den gegebenen B ed ingungen  w iederum  alle v ie r O x y d a tio n s
p ro d u k te  nachgew iesen  w erden  k o n n ten . Zugleich spo ru lie rte  d er S tam m  
e rn e u t k rä ftig , zeig te also auch n ic h t m ehr das c h a rak te ris tisch e  m orpho lo 
gische Bild der V a ria n te  (A bb . 3).

Abb. 3. 7 täg ige K olonien  de r V a rian te  A . niger 21— 12 au f B ierw ürzeagar

V on diesen » rev ariie rten «  S ch räg ag ark u ltu ren  b e re ite ten  wir eine 
Sporensuspension  u n d  s te llten  M onosporenku ltu ren  her. B ereits u n te r  den 
e rs te n  20 Iso la ten  fan d en  wir eine schlecht spo ru lie rende  V arian te  (22— 1), 
d ie  P rogesteron  n u r  zu r I I . u n d  V. S ubstanz o x y d ie rte , d. h. w ieder ein k le ine
res O x y d a tio n ssp ek tru m  aufw ies.

N unm ehr u n te rsu c h te n  w ir die S tab ilitä t des Iso la tes  22— 1 : die Sus
pension  der eintvöchigen S ch räg ag ark u ltu r w urde  au sg eb re ite t, darin  die 
A nzahl der K olon ien  gezählt u n d  die Zahl d er g u t sporu lierenden  T ypen



2 0 0 G. WIX, M. NATONEK und M. KOVÁCS

b e s tim m t. N ach e rn e u te r  Iso lie rung  einer sch lech t spo ru lie ren d en  Kolonie, 
d ie  w ieder au sgestrichen  w urde  u n d  so fo rt, gew annen w ir die in  Tabelle I  
zu sam m engeste llten  A ng ab en . Die R iick v aria tio n  s te llt d em n ach  eine ziem 
lich  k o n stan te  Zahl d a r  : das V erh ä ltn is  der gu t spo ru lie ren d en  K olonien
b e trä g t  in  den A u sstre ich u n g en  u n g e fäh r 4 % . W urd en  die g u t sporu lierenden  
K o lon ien  au f S ch räg ag ar ge im pft u n d  in  der S c h ü tte lk u ltu r  u n te rsu c h t, so er
z e u g te n  sie aus P ro g este ro n  im m er 4 O x y d a tio n sp ro d u k te .

Suspend ierten  w ir die S poren  von  der S ch räg ag a rk u ltu r eines g u t sporu
lie ren d en  S tam m es, so e rh ie lten  w ir eine k o n zen trie rte re  S porensuspension 
als v o n  einer sch lech t sp o ru lie ren d en  K u ltu r . Aus diesem  G runde  u n te rsu ch 
te n  w ir die W irk u n g  d e r Im p fsp o ren zah l au f die p rogeste ronoxyd ierende  
E ig en sch aft der S c h iitte lk u ltu re n . V on dem  gu t sporu lierenden  S tam m  Nr. 47 
b e im p fte n  wir m it u n v e rd ü n n te r , 2-, 4- und  lOfach v e rd ü n n te r  Suspension, 
au s  d e r  V arian te  (22— 1) ab er m it k o n zen tr ie rte r  Suspension einige S chü tte l
k u ltu re n . Die Im p fsp o ren zah l und  die in  den  einzelnen K u ltu re n  nachw eis
b a re n  O x y d a tio n sp ro d u k te  sind  in  Tabelle I I  zu sam m en g efaß t. N ach den 
E rg eb n issen  ist die Im p fsp o ren zah l in n erh a lb  der G renzen u n se re r U n te r
su ch u n g en  au f die P ro g es te ro n u m g es ta ltu n g  der K u ltu re n  ohne W irkung 
gew esen.

W ir fü h rten  au ch  K o n tro llv e rsu ch e  durch , indem  w ir m it k o n zen tr ie rte r  
S uspension  beim pfte  K u ltu re n  von  A spergillus niger N r. 47 v o rd e r  D osierung 
m it  sterilem  destillie rtem  W asser v e rd ü n n te n  und  das u m zu g esta lten d e  P ro 
g es te ro n  den k o n z e n tr ie r ten  sowie 2-, 4- und  10-fach v e rd ü n n te n  K u ltu ren  
Z ugaben. Wie Tabelle I I I  zeig t, h a t  sich der O x y d a tio n sch a rak te r des S tam m es 
d u rc h  die V erdünnung  n ich t v e rän d e rt.

B esprechung

V on Aspergillus niger w ar se it der M itte ilung  von  F k i e d , T h o m a  und  
P e b l m a n  b ek an n t, d a ß  d er P ilz P rog este ro n  in  11a P ositio n  o x y d ie rt [3]. 
Z a f f a r o n i  und M ita rb e ite r  te ilte n  m it, m it einem  an d eren  A sperg illus niger- 
S ta m m  könne P ro g este ro n  in  D esoxycorticosteron  u m gew andelt w erden  [6]. 
U n se r S tam m  fü h rt b e ide  O x y d a tio n en  a u f  einm al aus. W ir d a c h te n  daher an 
die M öglichkeit, d aß  d e r S tam m  n ich t e inheitlich  sei, sondern  auch  In d iv id u en  
e n th a lte , die funk tione ll den  von  Z a f f a r o n i  und  M ita rb e ite rn  oder P er l m a n  
u n d  M ita rb e ite rn  b esch rieb en en  S täm m en  en tsp rechen . D ie m it d en  Mono
sp o re n k u ltu re n  v o rgenom m enen  V ersuche schlossen diese M öglichkeit aus.

N ach  der B es trah lu n g  e rh ie lten  w ir m orphologische V arian ten , und  zw ar 
vom  S tam m  Nr. 47 eine V a ria n te , die v iel schw ächer spo rid ierte . D iese V arian 
te n  v e rfü g ten  auch ü b e r  v e rä n d e rte  S te ro id o x y d a tio n sfäh ig k e it : aus P ro 
g es te ro n  b ildeten  sie h a u p tsä c h lic h  l la -O x y p ro g e s te ro n  u n d  in  S puren  die 
m it V . bezeichnete m eh r po lare  S u b stan z . N achdem  w ir die M öglichkeit aus-
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Tabelle I

D ie Revariation der Variante 22— 1

Zeichen
der Zerstreuung 

1.

Anzahl aller 
ausgewachsenen 

Kolonien
2Ф

Anzahl der gut 
sporulierenden 

Kolonien

3.

3 im Prozentsatz 
von

2 ausgedrückt 
4.

l 591 24 4

2 538 39 7,2

3 97 4 4,1
4 63 1 1,6

5 103 0 0

6 39 3 7,7

7 230 9 3,9

8 77 4 5,2

9 207 5 2,4

10 109 1 0,9

11 66 0 0

12 110 10 9

Z usam m en : 2230 100 4,5

Tabelle II

D ie W irkung der Inokulum m enge a u f  die Um wandlung des Progesterons

Inokulum Gewonnene Umwandlungsprodukte

2,34 X lO 7 A . niger 47 -Sporen .......................................... II . I I I . IV . V.

1,17 X lO 7 A . niger 4 7 -S poren .......................................... I I . I I I . IV . V.

5,8 X lO 6 A . niger 47 -Sporen .......................................... I I . I I I . IV . V.

2,34 X l0 e A . niger 47 -Sporen .......................................... I I . I I I . IV . V.

5,7 X 106 V arian te  22— 1 Sporen  ............................... II. V.

Tabelle III

Die U m w andlung von Progesteron durch verschieden verdünnte K ulturen
47 und die K u ltu r  der 22— 1 Variante

des Aspergillus niger

K ultur Gewonnene Umwandlungsprodukte

A . niger 4 7 ........................................ .................................... и. in. IV . V.

A . niger 47 ; 2m al v e r d ü n n t .......................................... h . ui. IV . V.

A . niger 47 ; 4m al v e r d ü n n t .......................................... и. in. IV . V.

A . niger 47 ; lO m al v e r d ü n n t ........................................ и. ui. IV . V.

V arian te  22— 1 .................................................................... il. V.
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geschlossen h a tte n , d a ß  die v e rä n d e rte  O xydationse igenschaft der K u ltu re n  
die Folge der sich  au s dem  m orpho log ischen  Bild ergebenden  niedrigeren  
Im p fsp o ren zah l oder des schw ächeren W ach stu m s sei, ge lang ten  w ir zu dem  
S ch lu ß , daß  die S te ro id o x y d a tio n sfäh ig k e it des S tam m es d u rch  U ltra v io le tt
b e s tra h lu n g  v e rä n d e r t  w erden k o n n te . M it m u tag en en  A genzien lä ß t sich 
d em n ach  die S te ro id o x y d a tio n sfäh ig k e it der M ikroorganism en ebenso b eein 
flu ssen  wie z. B. ih re  A n tib io tik u m p ro d u k tio n . Im  vorliegenden  Fall gew annen 
w ir eine M utan te , d ie  q u a n tita tiv  w en iger O x y d a tio n sp ro d u k te  m it besserer 
A u sb eu te  erzeugte a ls der u rsp rüng liche  S tam m .

Die P a ra lle litä t, m it w elcher sich tlie Sporu lierungsfäh igkeit des S ta m 
m es u n d  die F u n k tio n  des s te ro id o x y d ie ren d en  E nzym s v e rä n d e rt haben , 
w a r überraschend . D ie schlecht sp e n d ie re n d e  V arian te  m u tie rte  m it k o n stan 
te r  G eschw indigkeit zu  g u t sporu lierenden  A bköm m lingen zu rück , und  zugleich 
g ew annen  diese ih re  volle S te ro id o x y d atio n sfäh ig k e it w ieder. E s is t jedoch  
zu  bem erken , d aß  d ie  S poru lation , wie ein B lick au f Abb. 2  u n d  3 zeigt, bei 
den  rev a riie rten  K o lo n ien  n ich t ganz denselben  T ypus aufw eist wie hei dem  
O rig inalstam m  N r. 47. W ir besitzen  bisw eilen  keine A ngaben  über den P u n k t 
in  dem  sich die B ed in g u n g en  der re ichen  S porenb ildung  und  der oxydierenden 
E n zy m e  treffen . I n  Bezug au f die O xydationsenzym e können  wir n u r 
soviel feststellen , d a ß  bei der M u tan te  die B ildung  der I I I .  u n d  IV . Substanz 
ausgefallen  ist, d. h . d ie beiden a -K e to l-S e iten k e tte  e n th a lten d en  Substanzen  
(m it T rip h en y lte trazo liu m ch lo rid  R e a k tio n  gebende Flecke) sind  n ich t e n t
s ta n d e n . Die M u ta n te  w eicht also n u r  in  e iner E igenschaft vom  O riginal
s ta m m  ab : es feh lt ih r  das E nzym  (-System ), das am  K oh lenatom  21 eine 
О х у -G ruppe b ildet.

D ie M utan te  k a n n  au f G rund ih re r  m orphologischen M erkm ale le ich t 
a u fre c h te rh a lte n  w erd en .

Z usam m enfassung

M it U ltrav io le ttb e s tra h lu n g  w urde au s d em  Aspergillus niger-S tam m  N r. 47, der aus 
P ro g e ste ro n  11 a -O x y p ro g es te ro n , 1 1 -E p ico rticosteron  u n d  zwei m eh r po lare  Substanzen  
b i ld e t ,  eine m orphologische M u tan te  gew onnen, d ie  aus P rogesteron  n u r  zwei O x ydations
p ro d u k te  lieferte  : h a u p tsä c h lic h  11 a -O x y p ro g este ro n  u n d  in  S puren  eine m ehr polare S u b 
s ta n z .

D ie  M utan te  h a t  d em n ach  ih r 21 -H y d ro x y g en ase-E n zy m sy stem  verloren.

L IT E R A T U R

1. A l b r e c h t , К ., W i x , G y . : M agyar K ém iai F o ly ó ira t, 64, 237 (1958).
2. B o d á n s z k y , Á., K o l l o n it s c h , J .  : N a tu re  175, 227 (1955).
3. F r i e d , J . ,  T h o m a , R . W ., P e r l m a n , D. : J .  A m er. Chem. Soc. 64, 3962 (1952).
4 . M u r r a y , H. C., P e t e r s o n , D. H . : U. S. P . N r. 2,602,769. 8. V II. 1952.
5. W ix ,  Gy ., W e is z , E ., B o d á n s z k y , M. : A c ta  M icrobiol. H ung. 4, 9 (1957).
6 . Z a f f a r o n i , A ., Ca s a s  Ca m p il l o , C. Co r d o b a , F . R o s e n k r a n t z , G. : E x p erien tia  11, 

219 (1955).



FREQUENCY DISTRIBUTION OF THE COMPLEMENT 
FIXING ANTIBODIES TO ADENOVIRUSES IN SEVERAL 

GROUPS OF THE HUNGARIAN POPULATION

By

I .  NÁsz and M. T ótii

In stitu te  o f M icrobiology, U niversity  M edical School, B udapest 

(R ece ived  A p ril 10, 1959)

Soon a fte r  th e  adenov iruses h ad  been discovered  an d  th e ir  p a th o g en i
c ity  d em o n stra ted , in v estig a tio n s w ere in itia te d  to  e s tab lish  th e  frequency  
o f  adenov irus in fections in  v a rio u s  groups o f th e  h u m a n  p o p u la tio n  [1— 11]. 
F o r such in v estig a tio n s, ow ing to  its  sim ple te ch n iq u e , th e  com plem ent f ix a 
tio n  (CF) te s t  seem s to  be m ost su itab le . I t  is to  be n o ted , how ever, th a t  th e  
C F an tibod ies d isap p ear soon a fte r  in fec tion  has been  overcom e, th u s , previous 
adenov irus in fections can  be d em o n stra ted  b y  th e  te s t  on ly  fo r sho rt period 
o f  tim e. U p to  p resen t, 23 serological typ es of adenov iruses h av e  been describ
ed, each o f w hich  shares a com m on CF an tig en . CF a n tib o d ie s  to  adeno
v iruses can  th u s  be d e tec ted  b y  using  an tigens p rep a red  from  severa l s tra in s , 
o r even one single s tra in , o f th e  adenov irus group .

T he occurrence of adenov iruses in  H u n g a ry  has b een  d em o n stra ted  in  
th ree  lab o ra to ries . W e iso la ted  one ty p e  2 and  tw o ty p e  5 s tra in s  from  surgically  
rem oved tonsils  [12], tw o  ty p e  3 s tra in s  w ere iso la ted  in  Szeged [13] from  
p a tie n ts  w ith  p h a ry n g o co n ju n c tiv a l fever an d  a ty p e  4 s tra in  w as recovered  
from  an  in fa n t w ith  a ty p ica l pneum on ia  a t  th e  D epartm ent o f  Paediatrics 
N o. I I  o f  U niversity , Budapest [14].

So fa r, no q u a n tita tiv e  d a ta  on th e  incidence of ad en o v iru s  infections in  
H u n g ary  have  been  pub lished . Some d a ta  on th e  freq u en cy  o f  adenovirus CF 
an tibod ies in  th e  sera  of th e  H u n g a rian  popu la tio n  are re p o rte d  in  th e  p resen t 
repo rt.

M ateria ls and  m ethods

C F  antigen. R ep re sen ta tiv e  s tra in s  o f each  of th e  ty p es  1 to  7 a d en o v iru se s  were cu ltu red  
in  Detroit 6 ceil cu ltu res  as described  p rev io u sly  [16— 18]. T h e  m a in te n a n c e  flu ids were h a r 
vested  and  pooled w hen th e  cells h a d  d e ta ch e d  from  th e  glass w all. T h e  7 pools were m ix ed , 
th e n  frozen an d  th aw ed  5 or 6 tim es  a n d  cen trifu g ed  a t  low speed. T h e  su p e rn a ta n t  was s to red  
a t  — 18° C u n til  u sed  as an tig en . In  som e cases th e  a n tig en  w as h e a ted  to  56° C for 30 m inu tes 
im m ed ia te ly  before use  in  th e  CF te s t .

C F  test. Takátsy’s m icro  tec h n iq u e  [15] was em ployed . E a c h  se ru m  w as te s ted  in  tw o  
or th ree  p a ra lle l row s o f serial tw ofo ld  d ilu tio n s  from  1 : 4 to  1 : 512. T h e  se ra  w ere tested  also 
w ith  a  con tro l an tig en  p rep ared  from  th e  m ain ten an ce  f lu id s o f n o n -in fec ted  Detroit 6 cu ltu res. 
F o r  th e  sake of com parison , a  p o sitiv e  s ta n d a rd  serum  w as alw ays t i t r a te d  sim ultaneously .

3 Acta Microbiologica VI/3.



204 I. NÁSZ and M. TÓTH

R esu lts

In  four groups o f  d ifferen t age d is tr ib u tio n  and  d iffe ren t s ta te  of h ea lth , 
a lto g e th e r  426 p e rso n s w ere ex am in ed  for CF an tib o d ie s  to  adenoviruses 
in  sera .

G roup 1. E ig h ty -fiv e  eh ildren , m o stly  below 5 y ea rs  o f  age, u n d e r o rth o 
paed ic  tre a tm e n t fo llow ing an  a t ta c k  of poliom yelitis.

G roup I I .  S ix ty -o n e , 10 to  20 year-o ld  p a tie n ts  suffering  from  lung 
tu b ercu lo sis .

G roup I I I .  A g ro u p  of 163 a p p a re n tly  h e a lth y , 18—20 year-o ld  m en 
a n d  w om en liv ing  in  d iffe ren t p a r ts  o f  H ungary , a p p ly in g  fo r adm ission to  
th e  U niversity M edica l School, B udapest.

G roup IV . O ne h u n d re d  an d  sev en teen  adu lts  aged  20 years or m ore, 
a p p a re n tly  in good h e a lth .

T he d is tr ib u tio n  o f CF p o sitiv e  sera  in th e  fo u r g roups is p resen ted  in 
Table I .  I t  can be seen  th a t  CF a n tib o d y  was d e m o n s tra te d  in  a n u m b er o f 
se ra  in  each group.

Table I

Results o f  C F  tests

Group No. of sera 1 
examined i

Positive sera

No. per cent

I . 85 i i 48.2

и . 61 15 24.5

h i . 163 24 14.7

IV . 117 16 13.6

T o ta l 126 96 22.5

Table II

Age distribution  o f C F  positive persons in groups I , I I  and I V

Age years
No. of sera 
examined

Positive sera

No. per cent

0—  5 64 29 45.3

5— 10 18 8 44.4

10— 15 39 13 33.3

15— 20 25 6 24.0

20— 30 40 9 22.5

30— 40 30 4 13.3

40— 50 13 1 7.7

o v er 50 34 2 5.8



In  Table I I  th e  persons belonging to  th e  g roups I , I I  and  IV  h av e  been 
g rouped  b y  age, irre sp ec tiv e  of the R o m an -n u m b ered  group th e y  belong  to .

Som e in v erse  re la tio n  betw een  age an d  th e  frequency  of p o sitiv e  se ra  
can  be observed.
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g ro u p  I. group II.

group III. group IV.
F ig . 1

F ig . 2

As to  th e  a n tib o d y  level in  the  p o sitiv e  sera , th e  h ighest t i t r e  in  each 
o f th e  g roups I ,  I I  an d  IV  was equally  1 : 32. In  g roup  I I I  i t  was 1 : 8. T h e  
d is tr ib u tio n  b y  t i t r e  of th e  positive sera  in  each o f th e  four groups are  p re 
sen ted  in  F ig . 1.

T he a rith m e tic  m eans b y  group o f the  rec ip rocals  of titre s  are illu s tra te d  
in  Fig. 2.

3
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D iscussion

T he p ro p o rtio n  o f  seropositive persons v a ried  in  the  four g roups exam ined . 
I t  w as as high as 48.2 p e r cen t for g roup  I  an d  o n ly  13.6 per cen t fo r g roup  IV . 
A s im ila r d isc repancy  w as found  b y  Za im a n  et al. [8] who h a d  te s te d  th e  
sera  o f  54 u n iv e rs ity  s tu d e n ts  an d  65 fa c to ry  w orkers. CF a n tib o d y  to  ad en o 
v iru se s  was d e tec ted  in  76 p er c en t o f th e  s tu d e n ts  w hereas o n ly  20 p e r  cen t 
o f  th e  w orkers were seropositive . W h en  ex am in in g  207 p a tien ts  show ing various 
sy m p to m s of d isease, A n d r ie u  et al. [10] fo u n d  8.7 per cen t po sitiv e  sera. 
S p e n g l e r  et al. [9] re p o rte d  t h a t  am o n g  240 h e a lth y  rec ru its  30 p e r cen t 
h ad  C F an tibod ies.

T he ti tre s  in  th e  positive se ra  v a r ie d  b e tw een  1 : 4 an d  1 : 32. T he 
l a t te r  t i t re  is on ly  tw 'ofold, i. e. one s tep  o f  d ilu tio n , in  excess o f  th e  h ighest 
t i t r e ,  1 : 64, re p o r te d  b y  th e  a u th o rs  c ited  above.

As to  th e  d is tr ib u tio n  by  age, B a l d u c c i et al. [11] found  CF an tib o d ies  
to  adenov iruses m a in ly  in  sera of p ersons u n d e r  th e  age of 30 y ears . S im ilarly , 
o f  o u r  77 persons o v er 30 years o n ly  7, i. e. 9.1 p er cen t, h a d  C F an tib o d ies  
in  c o n tra s t  to  th e  25.5 p e r cen t (89/349) p o sitiv e  sera  found in  th e  age g roups 
u n d e r  30. The in v erse  re la tio n  b e tw een  age a n d  th e  p ro p o rtio n  o f  seropositive  
p e rsons seem s to  be m ark ed , as show n in  Table I I .  H ow ever, g roups I  an d  I I  
co n sis ted  of persons w ho h ad  lived  to g e th e r  fo r m o n th s, an d  th u s  can n o t be 
re g a rd e d  as ran d o m ized  re p re se n ta tiv e s  o f th e  correspond ing  age groups. 
I n  g roup  I I I ,  w hich seem ed to  be m ore ad e q u a te , few er seropositive  persons 
(14.7 p er cent) w ere found  th a n  ex p ec ted  fo r 18—20 year-old  persons as com 
p u te d  from  th e  fig u res  p resen ted  in  Table I I .

In  th e  p re sen t w ork  we on ly  in te n d e d  to  o b ta in  some in fo rm a tio n  on 
th e  leve l of CF an tib o d ies  to  adenov iruses in  som e groups of th e  H u n g arian  
p o p u la tio n . F u r th e r  investig a tio n s are  needed  to  reveal th e  a c tu a l d is tr ib u 
tio n  and  aetio log ical im p o rtan ce  o f adenov iruses in th is  co u n try .

S um m ary

Serum  specim ens fro m  426 H u n g a r ia n  su b jec ts  belonging to  fo u r g ro u p s h av e  b een  
te s te d  fo r com plem ent f ix in g  an tib o d ies  to  adeno v iru ses. G roup I consisted  o f ch ild ren  u n d e r  
o rth o p ae d ic  tre a tm e n t follow ing an  a t ta c k  o f po lio m y elitis  ; group I I  in c lu d ed  p a tie n ts  w ith  
p u lm o n a ry  tubercu losis, b e tw een  10 an d  20 y e a rs  o f age ; g roup  I I I  an d  IV  co n sisted  of h e a lth y  
p e rso n s  aged 18— 20 y e a rs  an d  m ore th a n  20 y e a rs , re sp ec tive ly . T he p ro p o rtio n  of se ra  w ith  
p o sitiv e  reac tio n  w as 48.2 p e r  cen t in  g ro u p  I ,  24.5 p e r  c en t in  group I I ,  14.7 p e r  cen t in  group  
I I I  a n d  13.6 pe r cen t in  g ro u p  IV . T h ere  w as som e inv erse  re la tio n  o bservab le  be tw een  age 
a n d  th is  p ro p o rtio n . T h e  h ig h est t i t r e  w as 1 : 32 in  each  of th e  groups I ,  I I  a n d  IV , an d  1 : 8 
in  g ro u p  III .

Acknowledgement: W e are h igh ly  in d e b te d  to  th e  leaders of th e  H eine-M ed in  H ospita l, 
B udapest;  of th e  State Children Sana torium , Szabadsághegy, Budapest; o f th e  In stitu te  fo r  
H ealth  E xam ina tion  o f  the U niversity  M edical School, B udapest; an d  of th e  Central In s titu te  
o f  the N ational Blood T ra n sfusion  Service fo r  su p p ly in g  th e  blood specim ens. W e w ish  to  
th a n k  also Miss E v a  E g r i  an d  Mr. I .  B a lázs fo r exce llen t tech n ica l assistance.
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In  a p rev ious p ap er [1] we rep o rted  on th e  occurrence of sp o n tan eo u s  
h e te ro k a ry o sis  in a S trep tom yces species. I t  was s ta te d  th a t  th is  ligh t g rey  
species w ith  s tra ig h t a ir  m ycelia, w hen  in o cu la ted  a f te r  tr i tu ra tio n  w ith  glass 
pearls or exposure  to  u ltra v io le t ir ra d ia tio n , y ields a d a rk  grey, sp ira l, spori- 
ferous species th a t  can  be iso la ted . T he sp ira l sporiferous species is id e n tic a l 
w ith  Streptom yces fim b ria tu s , while th e  orig inal species is alm ost id en tica l 
w ith  Streptom yces fasc icu lus. I t  has fu rth e rm o re  been  s ta te d  th a t  th e re  are  
sign ifican t differences in  an tib io tic  p ro d u c tio n  b y  Streptomyces fim b r ia tu s , 
th e  non-sporiferous Streptomyces fa sc icu lus  re su ltin g  a f te r  tr i tu ra tio n , and  th e  
o rig inal s tra in .

A ccord ing  to  th e  p erta in in g  li te ra tu re , a r tif ic ia lly  induced  hete ro k ary o sis  
o f  S trep to m y ces persists only u n til th e  onset o f sporogenesis [2—6]. T he p re 
sen t rep o rt gives an  account of new  stud ies concerned  w ith  th e  d u ra tio n  o f 
h e te ro k ary o sis .

Materials and methods

T h e  S trep to m y ces species used  in  th e  p re sen t e x p e rim e n ts  w as th e  sam e as th a t  em ployed  
in  th e  w o rk  rep o rted  on in  ou r p revious p a p e r  [1], i. e. th e  genus d e te rm in ed  as Streptom yces 
fa sc icu lu s, iso la ted  in  1950 from  m arsh y  soil co llected  on  th e  shore  o f Lake Balaton. O f th is  
s tra in -d es ig n a ted  5 a [7] —- it  was ch a ra c te ris tic  t h a t  in  h a lf  a y e a r its  an tib io tic  sp ec tru m  
sh ra n k  to  th e  m in im u m , an d  th a t  i t  p ro d u ced  on ly  a ir  m ycelia  b u t  no spores.

T h is species w as grow n on p o ta to -tr ip to n -g lu co se  a g a r c o n ta in in g  300 g peeled  p o ta to e s , 
5 g glucose, 20 g ag a r, in  1000 m l ta p  w a te r. T he p o ta to e s , c u t in to  sm all slices, w ere boiled 
in  1000 m l w a te r  for a b o u t a n  hour ; a f te r  f i l t r a tio n  th ro u g h  f in e  nu ll and a d d itio n  of th e  o th e r 
c o n s titu e n ts , th e  m ed iu m  w as ad ju s ted  to  p H  6.8.

T h e  s ta te  of h e te ro k ary o sis  was in v es tig a te d  by  tw o  m eth o d s, a) A th ic k  g lass tu b e  
was filled  w ith  glass p earls  and th e  in te rv en in g  spaces w ere filled  w ith  ta p  w a te r ; th e n  th e  
tu b e  was sterilized  in  a n  au toc lave . A ir m ycelia  w ere tran s fe rre d  from  oblique a g a r in to  th is  
tu b e  w hich was th e n  p laced  in  a  shak er an d  sh ak en  for 30 m in u te s . T h ereafte r a g a r p la te s  
w ere in o cu la ted  w ith  an  ad eq u a te  d ilu tio n  of th e  t r i tu r a te d  a ir  m ycelium  suspension  an d  
in cu b a ted  for tw o  w eeks, b) The o th e r m eth o d  w as based  on u ltra v io le t i r r a d ia t io n ;  th is  
w as m ad e  w ith  H an n au -H ö h en so n n e , ty p e  300 S, from  a d is tan c e  of 35 cm for 6, 7, 8, o r 9 
m in u te s .
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Results

T h e  original Streptom yces fa sc icu lus  is p resen ted  in  F ig . 1, show ing th a t  
th e  s tr a ig h t  a ir m ycclia o f lig h t grey co lour do n o t form  an y  spores.

A b o u t th ree  to  fou r per cen t of th e  colonies th a t  grew from  th e  in cu b a ted  
m y ce liu m  fragm en ts o f Streptomyces fa sc icu lu s  t r i tu ra te d  w ith  glass pearls,

F ig. 1. A ir m ycclia  of he te ro k ary o g en ic  Streptom yces fascicu lus. M ic ro p h o to g rap h  of liv ing
m ate ria l. M agnified  280 tim es

F ig. 2 . T h e  colonies m ark e d  A are sporiferous fo rm s of Streptomyces fa sc ic u lu s ,  while th e  
o th e r colonies consist of non-sporiferous fo rm s. N a tu ra l size

p ro d u c e d  and  a t th e  sam e tim e  form ed s tra ig h t spores. Such colonies are p re 
s e n te d  in  Fig. 2; th e  s trik in g  difference o f th e  tw o colonies m a rk e d  A from  
th e  r e s t  is clearly  v isib le . T heir surface is hom ogeneous, of a m ore in ten se  
g rey  co lou r and  g ran u la r  form , while th e  orig inal colonies, som e o f th em  of a
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lig h te r  g rey , d isp lay  sem icircu lar sh ap es. A sporiferous h y p h a  p ro duc ing  
s tra ig h t  spores — iso la ted  from  th e  co lo n y  m arked  A — is show n in  F ig. 3.

A n o th er th re e  p er cen t of th e  colonies form ed by  th e  t r i tu r a te d  h y p h a e  
bore sp ira l spores (see F ig . 4 ) .  This species id en tified  as Streptom yces fim b ria tu s , 
is o f  a m ore in ten se  grey  colour th a n  t h a t  bearing s tra ig h t spores.

Fig. 3. S poriferous Streptomyces fasciculus: s t r a ig h t  spore-bearer w ith  spores. M icrophoto
g ra p h  of liv ing  m a te ria l. M agnified  1300 tim es

Fig. 4. Streptom yces f im b r ia tu s  b earin g  sp ira l spo res. M icropho tograph  of liv ing  m ate ria l.
M agnified  430 tim es

F in a lly , ap p ro x im a te ly  0.5 p e r c en t o f  th e  colonies d eriv in g  from  th e  
t r i tu r a te d  h y p h ae  w ere of a lig h t g reen ish  yellow  colour. T he colonies show ed 
no p ecu lia r  s tru c tu re , as confirm ed  b y  th o se  m arked  A in  F ig . 5. T hey  w ere 
fu rth e rm o re  ch a rac te rized  b y  develop ing  on ly  air m ycelia an d  no spores.
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In  p o ta to  agar, ag ing  cu ltu res  p roduced  a p in k  dye diffused in the m ed ium , 
w hich  le n t a p ink  sh a d e  to  old cu ltu res. This species has so far defied d e te r 
m in a tio n  ; it  m ay  be id e n tic a l w ith  Streptom yces alboflavus.

T he species th u s  d iffe ren tia ted  v a ry  w idely as to  n u tr itio n a l conditions.
In v es tig a tio n s  h a v e  been u n d e rta k e n  to  disclose w h e th e r some o f th e  

iso la ted  genera show  hom okaryosis. To th is  end we em ployed u ltra v io le t 
ir ra d ia tio n . I t  was fo u n d  th a t  from  th e  orig inal s tra in  th e  sam e th ree  species 
are  o b ta in ed  b y  u ltra v io le t  irrad ia tio n  as b y  tr i tu ra t io n . T he species re su ltin g  
from  u ltra v io le t i r ra d ia tio n  were exposed to  fu r th e r  ir ra d ia tio n  : th is proce-

Fig. 5. Yellow species de riv ed  from  Streptom yces fa sc icu lu s, m ark e d  A in th e  p ic tu re .
N a tu ra l  size

d u re  w as rep ea ted  w ith  each of th e  species th u s  gained , a lto g e th er four tim es . 
E v e n  a fte r  th e  fo u r th  irrad ia tio n , we o b ta in ed  th e  o th e r  tw o from  the  species 
b e a rin g  s tra ig h t sp o res , from th a t  p roduc ing  spiral spores, as well as from  
th e  yellow  one.

These genera possessed a fu r th e r  ch a rac te ris tic  fea tu re . In  h a lf a y e a r, 
th o se  bearin g  sp ira l a n d  s tra ig h t spores resp ec tiv e ly  re v e rte d  to  the  o rig in a l 
g rey  Streptom yces fa sc icu lu s  p roducing  no spores, w hereas th e  species fo rm in g  
yellow  air m ycelium s d id  no t change even a fte r th e  passage  of a year. Follow ing 
t r i tu ra t io n  or u ltra v io le t irrad ia tio n , th e  rev e rted  species again yielded h igh 
p e rcen tages (20 — 2 5 % ) of spore-bearing  species p ro d u c in g  spiral or s tra ig h t 
spores.

As show n in Table I , th e  an tib io tic  sp ec tru m  of th e  species o b ta in ed  by  
t r i tu r a t io n  in som e cases differs from  th a t  of species gained by u ltrav io le t 
ir ra d ia tio n . F o r in s ta n c e , ind iv iduals of Streptomyces fascicu lus  o b ta in ed  b y  
tr i tu ra t io n  have a m u ch  w ider sp ec tru m  th a n  tho se  orig ination  a fte r u l t r a 
v io le t irrad ia tio n . T h e  species gained  b y  tr i tu ra t io n  y ields an an tib io tic  th a t
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Table I

Antib io tic  spectrum determined by cross tests

Test organisms
Original

S tre p to 
m y c e s

f im b r ia tu s

S tre p to 
m yces

fa sc ic u lu s

S tre p to 
m y c e s

f im b r i a tu s

S tre p to m y c e s
fa s c i c u lu s

Streptomyces spore with 
yellow air mycelium

strain obtained by
obtained by trituration obtained by ultraviolet 

irradiation ultraviolet
irradiation

trituration

Staphylococcus
aureus ................. 0 16* 5.7 12 h a rd ly 0 h a rd ly

Bacillus sub tilis . . . 0 i l 10 16 8 3 3

Escherichia coli . . h a rd ly 0 6.7 0 0 0 0

Sarcina lutea  . . . . 12 20 15 22 8 22 20

Serratia marcescens 0 0 7.8 0 0 0 0

Bacillus radiobacter h ard ly 5 14 4.7 4 0 0

M ycoba cterium  
peregrinum  . . . . 6 15 6 7 0 2 2

M ycobacterium phlei 2 10 3 15 h a rd ly 0 2

M ycobacterium  
smegmatis .......... 14 8 3 0 h a rd ly 0 2

Nocardia rosea. . . . 0 h a rd ly 20 12 5 2 5

Streptomyces griseus 12 10 10 20 2 15 15

P énicillium  chryso- 
g e n u m ................... 0 0 hard ly 18 15 5 20

* D iam eter o f  in h ib ition  zone in  m m .

ac ts  on Escherichia coli, while th a t  p roduced  b y  u ltra v io le t irrad ia tio n  does 
no t. On the o th e r  h an d , Streptom yces fim b r ia tu s  o b ta in ed  b y  u ltrav io le t i r 
ra d ia tio n  is a lm o s t s im ila r to  th a t  g a in ed  b y  tr i tu ra tio n . T he yellow species 
w h e th e r o b ta in e d  b y  t r i tu r a t io n  or b y  u ltra v io le t ir ra d ia tio n , shows an a n t i 
b io tic  sp ec tru m  closely app ro ach in g  th a t  o f th e  o rig inal s tra in .

Table 1 fu rth e rm o re  reveals th a t  th e  a n tib io tic  sp ec tru m  varies w ith  
each  species ; m oreover, inside these  v a ria tio n s  th e re  are differences betw een  
th e  species o b ta in e d  b y  t r i tu ra t io n  and  tho se  p ro d u ced  b y  u ltrav io le t ir ra d ia 
tio n . P re su m ab ly , th e  num erica l p ro p o rtio n  o f th e  nuclei of various orig in  
th e y  co n ta in  is d iffe ren t in  every  in stance .

Discussion

T he dev e lo p m en t of various species u n d e r  th e  in fluence  of u ltra v io le t 
ir ra d ia tio n  is n o t th e  re su lt o f a suppressor effect, as ev idenced  b y  th e  a p p e a r
ance of th e  sam e species a fte r  t r i tu ra tio n  w ith  glass pearls .
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H eterokaryosis  seem s to  be a p e rm a n e n t phenom enon . This h e te ro -  
k a ry o g en ic  condition  p e rs is ts  even am ong  th e  d escendan ts of spo riferous 
species. H ence th e  claim  p u t fo rw ard  in  th e  p erta in in g  lite ra tu re  quo ted  
(l. c .)  is un ten ab le , because  h e te ro k ary o sis  does n o t cease w ith  sp o ru la tio n . 
T h is  also im plies th e  p resence  of m ore th a n  one nucleus in  th e  spore itse lf , 
p ass in g  on the  s ta te  o f h e te ro k ary o sis  to  descendan ts. N um erica l p ro p o rtio n  
o f  th e  inco rp o ra ted  n u c le i of d iffe ren t o rig in  determ ines th e  species w hose 
ch a ra c te ris tic s  are to  p rev a il in  th e  p rogeny . The in d iv id u a l p roduced  will 
b e lo n g  to  th e  species rep re sen ted  b y  th e  m a jo rity  of nuclei. This m a jo r ity  is 
o n ly  num erica l, since spo rip aro u s species bearing  s tra ig h t or sp ira l spores 
h a v e  been  proved to  re v e r t  in  a few  m o n th s to  a non-sporiferous species 
co rrespond ing  to  th e  o rig inal s tra in . M oreover, by  tr i tu ra t io n  or u ltrav io le t 
ir ra d ia t io n  th e  tw o o th e r  species can  be o b ta in ed  from  ev ery  a p p a re n tly  p u re  
species.

T he fac t th a t  in  tim e  th e  species rev e rts  to  a non-sporiferous fo rm , 
p ro v id es  ground for som e fu r th e r  considera tions. In  a s ta te  of he te ro k ary o sis  
i t  c a n n o t be in d iffe ren t w hich of th e  co n ju g a te  species h as  received in  i ts  
cy to p la sm  th e  p a r tn e r ’s n uclear m a te r ia l a t  con jugation . This cy to p lasm ic  
e ffec t appears to  p re v a il in  every  case. N uclei o f a species th a t  m ay  h a v e  
a t ta in e d  m a jo rity  a t  th e  o u tse t w ill in  tim e  be re leg a ted  to  th e  b a ck g ro u n d  
ow ing  to  effect of th e  cy to p lasm . T he in itia l s ta te  is re s to red , th o u g h  n o t 
co m p le te ly , for such  re v e rte d  s tra in s  ag a in  yield m uch h igher percen tages 
o f  th e  species p roduced  f irs t  th a n  does th e  orig inal s tra in . T he a ssu m p tio n  
t h a t  th e  cytoplasm  m a y  ex ert such an  effect is su p p o rted  b y  th e  experim en ts 
o f  D a n i e l l i  et al. w ith  nu c lear tra n s fe r  in  A m oeba [8] : th e y  tran sfe rred  th e  
n u c leu s  of Amoeba pro teus  in to  Amoeba discoïdes deprived  o f  its  own nucleus. 
T h e  an im al survived fo r six  years an d  m u ltip lied  a t  a n o rm a l ra te . F ro m  o u r 
p o in t o f view  it is essen tia l th a t  th e  nucleus of Amoeba proteus  d id  n o t t r a n s 
fo rm  th e  cy toplasm  o f th e  Amoeba discoïdes w hich to  th e  end k e p t m ost o f 
i ts  m orphological c h a ra c te r . H e te ro k ary o g en ic  S trep to m y ces p resen t a sim ilar 
phen o m en o n , w ith  th e  difference th a t  som e k ind  of nucleus, hav in g  reached  
n u m erica l superio rity , te m p o ra rily  ex e rts  an  in fluence on th e  p h en o ty p e  o f 
th e  species b u t soon th e  cy top lasm ic  effect gains ascendency  and  g rad u a lly  
su p p resses  th e  ac tion  o f  in tru s iv e  nuclei, p resu m ab ly  b y  m o d era tin g  p ro life r
a tio n  o f alien  ones. B eing  a p p a re n tly  u n ab le  tv holly  to  e lim in a te  conclusively  
th e  effect of alien  nuclei, th e  species develops a m ixed  m orphological 
c h a ra c te r .

T he species b e a rin g  yellow  a ir m ycelia  possesses th e  m ost c o n s ta n t 
c h a ra c te r . A year a f te r  iso la tio n  from  th e  orig inal s tra in  i t  w as still unch an g ed  
a lth o u g h  still h e te rokaryogen ic . O w ing to  th e  presence o f a ce rta in  p ro p o rtio n  
o f  Streptomyces fa sc icu lus  an d  fim b ria tu s  nuclei received a t  co n ju g a tio n , the  
co lo u r h ad  shifted  to w ard s  a ligh t g rey  ; as to  th e  o th e r m orpho log ica l fea tu res ,
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i t  corresponded  to  Streptomyces fa sc icu lu s , therefo re  th e  orig inal species has 
also been  te rm e d  fasciculus.

In  n a tu re  th e se  he te rokaryogen ic  s tra in s  ap p e a r as in te rm ed ia ry  fo rm s. 
As ev idenced  b y  o u r experim en t, th e ir  an tib io tic  sp ec tru m  is v a ria b le , in  
som e in s tan ces  even  unstab le . A t th e  beg inn ing , a f te r  iso la tion  from  its  n a tu 
ra l en v iro n m en t, o u r experim en ta l m a te r ia l h ad  ac ted  on Escherichia coli, 
la te r  i t  has lo s t th is  capacity . The la s t  co n ju g a tio n  m ay  h av e  tak en  p lace a t  a 
tim e  p reced ing  i ts  iso la tion  from  soil, a n d  i t  m igh t h av e  been a t th a t  occasion 
th a t  th e  species h a d  acquired  its  e ffect on Escherichia coli, w hich effect, how 
ever, ceased in  th e  pheno type, due  to  cy top lasm ic  action .

T he v a rio u s  iso lated  species show ed d iffe ren t an tib io tic  sp ec tra , b u t  
d ifferences w ere en coun tered  even am ong  in d iv id u a ls  o f th e  sam e species: 
e. g. th e  a n tib io tic  sp ec tru m  of th e  species b earin g  loose, s tra ig h t spores w as 
d ifferen t from  th a t  o f th e  species d isp lay in g  m ark ed ly  sp iral form s iso la ted  
from  it. I n  a d d itio n  to  th e  changes in  m orphological ch a rac te r , th e  re sp o n sib i
lity  for th e  d ifferences in an tib io tic  effect m ay  be ascribed  to  th e  nu c lea r 
p rep o n d eran ce  o f  one species an d  to  cy top lasm ic  in fluences.

K r a s s i l n i k o v  [9] refers to  sp o ro g o n y  b y  n o tch in g  and  by  f ra g m e n ta 
tio n . In  o u r ex p e rim en ts  th e  orig inal species fo rm ing  in itia lly  only a ir m ycelia  
su b seq u en tly  to  p roduce  frag m en ted  m ycelia, w hereas b o th  Streptom yces 
fa sc icu lus, b e a rin g  s tra ig h t spores, a n d  Streptom yces fim b ria tu s , b ea rin g  
sp ira l spores, p ro d u ce  spores b y  n o tch in g . The “ spo re”  form ed by  K r a s s i l - 
NIKOv ’s fra g m e n ta tio n  is m ost p ro b a b ly  th e  re su lt o f ba lanced  h e te ro k ary o sis .

S u m m ary

A n o n -sp o rip a ro u s , he terokaryogen ic  species resem bling  Streptomyces fa sc icu lus, w hich  
h a d  been  in  th e  co llec tio n  of our d e p a rtm e n t fo r e ig h t y ears, h a s  b een  su b jected  to  t r i tu ra t io n  
w ith  glass p ea rls  o r exp o sed  to  u ltrav io le t ir ra d ia tio n . B o th  m eth o d s m ade  it  possible to  iso la te  
th ree  d is tin c tly  d iffe re n tia te d  species. O f th e  th re e  species, tw o h a d  becom e sporiferous. O ne 
bore s tra ig h t, th e  o th e r  sp ira l, spores ; th e  th ir d  d iffered  fro m  th e  orig ina l species on ly  in  
colour. A fte r  h a v in g  b een  m ain ta in ed  for a  y e a r ,  th e  tw o sporife rous species re v e rted  to  a  fo rm  
th a t  was s im ila r to  th e  o rig ina l species ; u p o n  fresh  t r i tu ra tio n , th is  again  p ro d u ced  a h ig h  
percentage o f sp o rip a ro u s  species corresponding  to  th e  o rig ina l s tra in ,  and a low er p e rcen tag e  
o f th e  o th e r  tw o . T h u s  th e  various species re ta in e d  h e te ro k ary o sis . R eversion  of th e  tw o  
sporiferous species w as m o st p robab ly  b ro u g h t a b o u t b y  cy to p la sm ic  influences.
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SH. SONNEI CULTURES FERMENTING SALICIN

B y

B . S e r é n y

State In s titu te  o f  H ygiene , Budapest 

(R ece iv ed  A p ril 21, 1959)

T he usual b iochem ical in v e s tig a tio n  of in te s tin a l b ac te ria  invo lves 
d e te rm in a tio n  of th e ir  effect on sa lic in . U nder th e  in fluence  of enzym es, sá li
éin, co n ta in in g  2 -oxybenzy la lcoho l-beta-d -g lucopyranoside  (te rm ed  also sali- 
gen ine-beta-d -g lucopyranoside) [1] releases glucose w hich is b roken  dow n b y  
ce rta in  in te s tin a l b a c te ria  w ith  fo rm a tio n  of acid. T hus, in  sa lic in -pep tone  
w a te r  cu ltu res  of b a c te ria  fe rm en tin g  salicin, fe rm e n ta tio n  o f th e  g lucoside 
is fo llow ed by  acid reaction . I t  h as  been  generally  accep ted  th a t  Shigella cu l
tu re s  do n o t b reak  dow n salicin  [3, 6, 9], consequen tly  th e  m em bers o f th e  
Enterobacteriaceae fam ily  responsib le  for th e  fe rm en ta tio n  o f th is  g lucoside 
c an n o t be regarded  as Shigella. T he p resen t rep o rt shall deal w ith  Sh. sonnei 
cu ltu res  th a t  b reak  dow n salicin .

Materials and methods

In  th e  fe rm e n ta tio n  e x p erim en ts  fo u r k in d s of m edia  w ere used . T hese  have been  d is
cussed in  d e ta il elsew here an d  were

1. P e p to n e  w a te r  p re p are d  w ith  A n d ra d e ’s in d ic a to r [9].
2. T h e  sam e as No 1, on ly  a lk a lized  w ith  N/10 sodium  h y d ro x id e  to  th e  p o in t o f  d is

co lo ra tio n .
3. B ro th  p rep ared  w ith  b ro m -th y m o l-b lu e  in d ica to r, as recom m ended  b v  K a u f f m a n n

[6 ].
4. P ep to n e  w a te r  w ith  h rom  c reso l-p u rp le  in d ica to r.
S alic in  w as d issolved in  such c u ltu re  m ed ia  p rev iously  ste rilized  in  an  au to c lav e  (a t  

1 p e r c en t co n ce n tra tio n  in  No 1 p e p to n e  w a te r , a t  0.5 pe r cen t co n ce n tra tio n  in th e  o th e r  
m ed ia). T ran sfe r  in to  tu b es  was follow ed b y  one h o u r’s s te riliza tio n  in  A rn o ld ’s a p p a ra tu s . 
As a ru le , a  p in -p o in t a m o u n t of th e  one d a y  old ag ar cu ltu re  w as used  as inocu lum  an d  in 
c u b a te d  a t  37° C ; th e  o b se rv a tio n  p e rio d  w as th ir ty  days.

Iden tifica tion  o f  Shigella cultures w as c a rried  ou t by  th e  a id  o f u p -to -d a te  m o rp ho log ical, 
c u ltu ra l ,  b iochem ical, an d  serological m e th o d s  on w hich we have  re p o rte d  elsew here. In v e s t i 
g a tio n  in cluded  m orpholog ical s tu d y  o f colonies un d er oblique illu m in a tio n  [14] ; v iru len ce  
of th e  s tra in s  was checked b y  c o n ju n c tiv a l in fec tio n  [4, 8, 11— 13, 15— 17].

W hen ferm en ta tion  had set in , m a te r ia l  from  several m edia  o f each  series was tra n s fe rre d  
on th e  su rface  of ag ar p la te s  and p u r i ty  o f th e  ag ar cu ltu re  w as checked.

P rim a ry  agar slant culture. A fte r h a v in g  been iso la ted , th e  s tra in s  w ere s to red  on D o rse t 
m ed ia  in  a  re fr ig e ra to r (a t  -j- 4° C). E v e ry  t im e  we s ta r te d  w ith  ag ar s lan t subcu ltu res  d e riv e d  
from  th is  D orset cu ltu re  in  o rder th a t  in v es tig a tio n s  u n d e rta k en  a t  v a rio u s p o in ts  o f t im e  
m ig h t be carried  ou t on —  as fa r as possib le  —  sim ilar cultures.
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R esu lts

Sh. sonnei culture ferm enting  sa lic in . T he Sh. sonnei s tra in  No 88 w as 
iso la ted  in  1958 a t  th e  Bacteriological D epartm ent o f th e  State Institu te  o f  
H ygiene  in  th e  course  o f  rou tine  faeca l te s ts  ; d e ta iled  exam in a tio n s w ere 
in i t ia te d  a few  d ay s fo llow ing iso la tio n , an d  th e  s tra in  w as found  to  b reak  
d o w n  salicin  ( Table I ) .  A p a rt from  th e  b reakdow n  o f salic in , s tra in  88, as 
show n b y  our f in d in g s , w as a (saccharose negative) Sh. sonnei cu ltu re , y e t, 
accord ing  to  c u rre n tly  v a lid  view s, i t  o u g h t to  have been  excluded  from  th e  
Shigella  genus. Since in  salic in  cu ltu re  m ed ia  acid reac tio n  could  be d e m o n s tra t
ed  w ith  v a ry in g  fre q u e n c y  b u t a t all ev en ts  unfa iling ly  in  every  series con
s is tin g  o f an  a d e q u a te  n u m b e r of c u ltu re  m ed ia  ( Tables I I  an d  I I I ) ,  in v e s ti
g a tio n s were in it ia te d  fo r th e  purpose o f  e lu c id a tin g  th e  orig in  o f th is  a ty p ica l 
fe rm e n ta tio n .

P u rity  o f  the s tra in . B reakdow n o f salicin  m ay  have been  due to  ad m ix tu re  
o f  c o n ta m in a tin g  b a c te r ia  to  the  s tra in . As a m a tte r  of fa c t, ou r s tra in s  were 
a f te r  iso la tion  grow n o n  fresh  d eso x y ch o la te -c itra te  (DC) ag a r an d  all D orset 
c u ltu re s  were p re p a re d  from  one and  th e  sam e DC colony ; howrever, in  o th e r

Table I

Properties o f  Sh. sonnei strain No 88 
Prim ary agar slan t culture

Fermentation Other tests

A rabinose .............. _L Indole negative
X ylose ..................... — H ,S negative
R ham nose ............ 1 G elatin negative

Glucose ................... + A m m onium citra te negative

S a c c h a ro se .............. — V oges-P roskauer negative

M altose ................... M ethylred positive

L actose ................... +  15 U rea negative

A donito l ................. — M otility negative
M annito l ................ + C on junctival infection positive

D u lc ito l..................... — S ta r-sh ap ed  colonies in  g rea t num bers

Sorbito l ................... — Slide ag g lu tin a tio n  in

serum  S  o f  Sh. sonnei positive  + - ] —(-

Salicin  ..................... +  9

Inosito l — Stain ing G ram -negative  rods

Key to signs used under the heading ferm entation :
+  acid form ation w ith in  24 hours, w ithout the development of gas 
+ 9  acid form ation a fter 9 days
—  no acid form ation during the 30 day period of observation
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in stan ces  we h ad  no ticed  th a t  n o t even th is p rocedure  cou ld  ensure th e  d ev e l
o p m en t of ab so lu te ly  p u re  cu ltu res  in  every  case. I n  o rd e r to  elim inate a n y  
possible c o n ta m in a tio n  of Sh. sonnei s tra in  N o 88, we th e re fo re  proceeded as 
follows.

a) Serial subcultures on DC agar. F ive su b cu ltu re s  w ere produced  in  
succession on DC ag a r, b y  th e  use of an o th e r iso la ted  co lony  a t every  s te p . 
T en  specim ens each  of p ep to n e  w a te r Nos 2 an d  4 w ere in o cu la ted  w ith  ag a r 
s la n t su b cu ltu res  grow n from  th e  f if th  DC cu ltu re  ( im m ed ia te ly  and  s tro n g ly  
a g g lu tin a te d  b y  se ru m  Sh. sonnei S ) .  A cid re a c tio n  ap p ea red  in  th re e  o f 
th e  te n  tu b es co n ta in in g  m edium  N o 2 (after 4, 4  an d  7 d ay s , respectively), an d  
in  one o f th e  te n  tu b e s  co n ta in in g  m edium  N o 4 (a f te r  7 days).

b) Seria l subcultures in  dulcitol-peptone water. F iv e  subcu ltu res w ere 
s ta r te d  in  succession in  du lc ito l-pep tone  w a te r ; a f te r  p assage  th rough  ag a r 
p la tes an d  agar s la n t cu ltu re s  (resu lts o f slide a g g lu tin a tio n  : Sh. sonnei, 
phase  I I  h igh ly  p o sitive  ; Sh . sonnei S  and  R  n eg a tiv e), th e  m ateria l derived  
from  th e  f if th  su b cu ltu re  w as used for inocu la tio n  o f 25 tu b es  con ta in ing  
p ep to n e  w a te r  N o 2. A fte r  a la te n c y  period  o f four to  f if te e n  days, acid w as 
fo rm ed  in  seven  o u t o f th e  tw en ty -fiv e  cu ltu re  m edia.

c) Serial conjunctival infection. U p to  th e  p re sen t, k e ra to co n ju n c tiv itis  
could  be elicited  in  gu inea  pigs only  b y  E . coli 0 : 124 a n d  Shigella cu ltu res  ; 
o th e r  in te s tin a l b a c te r ia  are d estro y ed  w ith in  a few day s o n  th e  co n ju n c tiv a  
o f  th e  gu inea p ig, w hile v iru le n t Shigella and E . coli 0 : 124 ind iv iduals p ro lif
e ra te . T he co n ju n c tiv a  o f th e  gu inea  pig was used  as an  e lec tive  cu ltu re  m ed ium  
w hen  co n ju n c tiv a l in fec tio n  w ith  Sh. sonnei s tra in  88 c u ltu re  was carried  o u t 
five  tim es in  succession ; fo r fresh  infection, ag ar su b cu ltu re  o f  th e  only colony 
grow n in  ocular secre tion  w as used in  each case. T he d a ta  concerning salic in  
b reakdow n  b y  th e  p u rified  cu ltu res  th u s o b ta in ed  have b een  sum m arized  in  
Table I I .

Table II

C apacity o f  Sh. sonnei strain N o 88 to break down salicin in an im al passage

In  peptone w ater cu ltu re »
No

Conjunctival
infection

No N um ber of culture m edia showing

Unchanged Acid Unchanged Acid

reaction reaction

2 7 l 5 3

3 8 2 9 l

5 9 1 9 l

4  Acta Microbîologiea У1/3.
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T hus, various m e th o d s  of p u rif ic a tio n  failed to  y ield  a cu ltu re  of Sh. 
sonnei s tra in  No 88 free fro m  v a r ia n ts  th a t  decom pose sálié in .

P u rity  o f  substrates. T h e  p o ss ib ility  h a d  also to  be ta k e n  in to  considera
t io n  th a t  th e  salicin  p re p a ra tio n  em p lo y ed  was n o t su ffic ien tly  an d  was 
c o n ta m in a te d  w ith  m a te r ia l whose b reak d o w n  by  Sh. sonnei cu ltu res was 
a sso c ia ted  w ith  th e  fo rm a tio n  of acid . T h e  salicin in  q u es tio n  w as a p ro d u c t 
o f  B ritish  Drug H ouses, L td ., and  its  p u r i ty  was checked b y  d e te rm in a tio n  o f 
th e  m e ltin g  po in t w hich  w as found  to  be 196° C ( K e r e k e s ) .  V arious au tho rs 
[5, 7] p u t  th e  m elting  p o in t o f pu re  sa lic in  betw een 199 an d  201° C, hence 
th e  p re p a ra tio n  used in  o u r w ork m a y  have  been reg a rd ed  of sa tisfac to ry  
p u r i ty .  A fte r c ry s ta lliza tio n  i t  was te s te d  again. T h ir ty -f iv e  tu b es  filled  w ith  
c u ltu re  m edium  No 2 p re p a re d  w ith  re -crysta llized  sa lic in  w ere inocu la ted  
w ith  p rim a ry  agar cu ltu res  of Sh. sonnei s tra in  No 88 ; acid  fo rm atio n  occurred 
in  tw e n ty -fo u r tu b es on th e  s ix th  to  fo u rte e n th  day  o f in cu b a tio n .

As a contro l we em ployed  salic in  m ade by  th e  C zechoslovak firm  La  
F achem a  (our th a n k s  are  due  to  D r. E . K l e c k o v á - A l d o v a  fo r th e  supplies). 
T w en ty -fiv e  tubes of N o 2 cu ltu re  m ed ium  — prepared  w ith  the  Czechoslovak 
p ro d u c t — were in o cu la ted  w ith  p r im a ry  agar cu ltu re  o f Sh. sonnei s tra in  
N o 88 ; acid  was fo rm ed  in  every  one o f  th e  tubes a fte r  fo u r to  th i r ty  d ay s.

T h u s, the  sp littin g  o f salicin  c a n n o t be ascribed to  a co n tam in a tio n  of 
th e  glucosidc. O ther o b serv a tio n s fu rn ish ed  ind irec t co rro b o ra tio n  of th is 
s ta te m e n t. W hen sa lic in  w as dissolved in  pep tone w a te r a t  low  co n cen tra tio n  
(0.1 p e r cen t), acid fo rm a tio n  nev erth e less  occurred in  p a r t  o f th e  tu b es  in 
o c u la te d  w ith  Sh. sonnei s tra in  No. 88, th o u g h  in  th is  in s ta n c e  th e  assum ed 
c o n ta m in a tio n  could h a v e  been b u t  v e ry  slight. A m ong Shigella cu ltu res, 
S h . sonnei s tra in s alone p ro v ed  to  be capab le  of b reak in g  dow n salicin  (see 
la te r ) ,  w hich also te n d s  to  b a r  co n tam in a tio n .

Possible defects in  culture media  ( th e  presence in  p ep to n e  o f som e com 
p o u n d  susceptib le  to  fe rm e n ta tio n , in fec tio n  of tubes t h a t  escapes detection  
b y  th e  usual s te rility  te s ts  [2], an y  ch an g e  in  salicin a t  h igh tem p era tu res ) 
m a y  form  sources of e rro r. F o r in o cu la tio n  w ith  th e  s tra in  u n d e r review , we 
th e re fo re  used  c id tu re  m ed ia  co n ta in in g  no  sugar and fu rth e rm o re  carried  ou t 
th e  te s ts  whose resu lts  a re  p resen ted  in  Table I I I .  O ur fin d in g s ju s tify  th e  
s ta te m e n t th a t  th e  o b serv ed  b reak d o w n  of salicin c a n n o t he exp lained  by 
te c h n ic a l defects ; in  su b cu ltu re s  of Sh. sonnei s tra in  88, v a r ia n ts  decom posing 
sa lic in  w ere d em o n stra ted  u n d e r w ide ly  v ary ing  cond itio n s.

Oxidative or ferm enta tive  reaction ? I n  peptone w a te rs  co n ta in in g  carbo
h y d ra te ,  ac id ification  m ay  ta k e  place n o t only in consequence of fe rm en ta tio n  
b u t  also as a resu lt o f o x id a tiv e  processes. To exclude th e  la t te r ,  salicin-pep- 
to n e  w a te rs  from  w hich  th e  abso rbed  a ir  h ad  been expelled  b y  boiling , w ere 
in o c u la te d  w ith  p rim ary  ag a r cu ltu res of Sh. sonnei s tra in  N o 88 an d  its  p ro m p tly  
fe rm e n tin g  v a ria n t (see la te r). A fte r  inocu la tion , h a lf  o f th e  tu b e s  w ere
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Table I I I

The frequency o f  salicin breakdown by Sh. sonnei strain No 88 in  various culture media 
P r im a ry  a g a r  s la n t  cu ltu res

Inoculated cu ltu re  m edia, 
number of tubes showing

Latency period 
daysCulture medium

Unchanged j Acid 

reaction

No 1 (A n d rad e ’s in d ic a to r ) ............................................. 2 8 4—14
No 2 (A lkaline  pep tone w a ter) ................................... 20 10 2—12
No 3 (K a u ffm a n n ’s b ro th ) ............................................... 31 9 3—12
No 4 (B rom  cresol pu rp le  in d ic a to r ) .......................... — 10 4—23
No 1 Seitz  f i l t r a te  ............................................................. 2 3 3—20
No 2 P rio r  to  in o cu la tion  s to red  fo r a lte rn a tiv e  

10 d a y  periods in  th e rm o s ta t  an d  a t  room  
te m p e ra tu re  ...................................................................... 20 5 4—19

T o ta l 75 45

sealed  w ith  sterilized  p a ra ffin e  oil b y  la y  over th e  cu ltu re  m edium . Acid w as 
s till fo rm ed , b o th  u n d e r aerobic  and  anaerob ic  cond itions, hence th e  process 
m a y  be in te rp re te d  only as fe rm e n ta tio n .

Repeated identification o f  the stra in . Since th e  above-d iscussed  ex p erim en 
ta l  re su lts  p rov ided  ev idence of s tra in  N o 88’s u n q u estio n ab le  cap ac ity  to  
fe rm e n t salic in , w hile in  th e  genera l op in ion  cu ltures w hich b re a k  down salicin  
c a n n o t be regarded  as Shigella , we beg an  to  w onder w h e th e r  id e n tific a tio n  
o f  o u r s tra in  was n o t based  on som e erro r. All te s ts  w ere there fo re  rep ea ted  
b y  w hose aid  our s tra in  m ig h t be d iffe re n tia ted  from  Shigella . On th is occasion 
each  te s t  w as carried  o u t in  fiv e  to  tw e n ty  parallel. T he re su lts  in co n tro v e rt-  
ib ly  co n firm ed  th a t  s tra in  88 w as a c u ltu re  of Sh. sonnei.

Structure o f  colonies in  cultures o f  stra in  N o 88. T hese investiga tions led 
to  th e  e la b o ra tio n  o f a new  m eth o d  fo r th e  m orphological d e te rm in a tio n  o f  
colonies in  Sh. sonnei cu ltu re s  [14], w hich  has been em ployed  also fo r th e  
id e n tif ic a tio n  o f s tra in  N o 88. E ach  tra n s fe r  w as followed b y  th e  developm ent 
o f  n u m ero u s  s ta r-sh a p e d  colonies ( Table I ) ,  w ith  m o d era te ly  re frac tive , h o m o 
geneous specim ens am ong th e m . S u b cu ltu re s  derived from  th e  cen tra l p a r t  o f  
s ta r-sh a p e d  colonies y ielded  a fa ir  n u m b e r of s ta r-sh ap ed  colonies and  few  
m o d e ra te ly  re fra c tiv e , hom ogeneous ones, w hereas g row ths fro m  th e  m arg in a l 
p a r ts  o f s ta r- lik e  colonies p ro d u ced  exclusively  hom ogeneous, m o d era te ly  
re fra c tiv e  colonies. W hen  seria l su b cu ltu re s  w ere p repared  w ith  sa lic in -pep tone  
w a te r , n e tw o rk  colonies alone developed  in  th e  f ifteen th  su b cu ltu re . M ateria l 
ta k e n  from  th e  cen tre  o f s ta r-sh a p e d  colonies was ag g lu tin a ted  only  by  a b so rb 
ed  S  se ru m  o f Sh. sonnei, t h a t  from  th e  m a rg in a l line b y  p h a se  I I ,  and  som c-

4*
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tim es  b y  S , sera ; m o d e ra te ly  re frac tiv e  hom ogeneous co lonies showed ag g lu 
t in a tio n  in  th e  p resence  o f  phase I I  an tise ru m , while n e tw o rk  colonies w ere 
a g g lu tin a te d  by  p h ase  I I ,  a n d  a t tim es b y  R ,  an tisera . T h u s , th e  m orphologi
ca l fea tu re s  d isp layed  b y  th e  s tru c tu re  o f  s tra in  No 88 colonies were in  ev e ry  
re sp ec t ch a rac te ris tic  o f  Sh. sonnei cu ltu re s .

Studies concerning the antigenic structure o f  strain N o  88. The an tigen ic  
s tru c tu re  o f our s tra in  w as exam ined  b y  cross ab so rp tio n . R ab b its  w ere 
im m unized  w ith  vacc in e  derived  from  p r im a ry  agar c u ltu re s  of Sh. sonnei 
s tra in s  Nos 88 and  254 (salic in-negative) k illed  w ith  fo rm alin . The a g g lu tin a t
in g  sera  th u s  o b ta in ed  w ere absorbed  p a r t ly  by  id en tica l m ateria l, p a r tly  
b y  s ta r-sh ap ed  or m o d e ra te ly  re frac tiv e  hom ogeneous colonies of th e  o th e r 
S h . sonnei cu ltu re . T h e  c a p ac ity  of th e  sera  was te s ted  b y  slide ag g lu tina tion  
b efo re  an d  a fte r a b so rp tio n  (Table I V ) .  As revealed  b y  th e se  studies, salicin- 
p o sitiv e  and  sa lic in -n eg a tiv e  cu ltu res h av e  th e  sam e an tigen ic  s tru c tu re .

Growth o f  varian t ferm en ting  sa lic in  prom ptly  a n d  consistently. A fte r a 
la te n c y  period  of n in e  d ay s , th e  in d ic a to r  showed acid  fo rm atio n  in  salicin- 
p e p to n e  w a te r in o c id a te d  w ith  th e  p r im a ry  agar cu ltu re  o f  Sh. sonnei s tra in  
N o 88. M aterial from  th is  cu ltu re  was tra n sfe rre d  w ith  a loop to  fresh salicin- 
p e p to n e  w a te r ; d isco lo ra tio n  of th e  c u ltu re  m edium  se t in  a fte r tw o d ay s. 
P assag e  was co n tin u ed  in  a sim ilar m a n n e r  u n til th e  f if te e n th  tran sfe r, b u t  
from  th e  th ird  su b c u ltu re  on, acid w as fo u n d  to  develop  w ith in  24 ho u rs . 
Seria l subcu ltu res th u s  b ro u g h t abou t a rem ark ab le  sh o rte n in g  of the  la te n c y  
p e rio d  preceding  b rea k d o w n  of th e  g lucoside ; a fte r a few  passages a v a r ia n t  
w as p roduced  w hich fe rm e n te d  salicin  in  tw en ty -fo u r h o u rs . This c a p ac ity  
p ro v ed  to  be c o n s ta n t : all of tw en ty -fiv e  sim u ltan eo u sly  inocu la ted  tu b e s
o f sa lic in -pep tone  w a te r  cu ltu re  m ed ium  show ed acid re a c tio n  a fte r in cu b a tio n  
fo r one day . D uring  th r e e  m o n th s’ s to rag e  in  a re fr ig e ra to r , th e  v a r ia n t k e p t 
its  c a p ac ity  for p ro m p t fe rm en ta tiv e  a c tio n  on 1 p er c e n t of salicin in  b o th  
com m on agar and  in  D o rse t cu ltu re  m ed ia . Concerning o th e r  p roperties, th e  
v a r ia n t  possessed th e  fe a tu re s  sum m ed u p  in  Table I  as ch a rac te ris tic  o f p r i
m a ry  cu ltu res, w ith  th e  difference th a t  i t  sp lit saccharose a f te r  th ir te e n  d ay s, 
d id  n o t form  an y  s ta r -sh a p e d  colonies, b u t  grew  only in  m o d era te ly  re frac tiv e  
hom ogeneous (sev en th  subcu ltu re ) or n e tw o rk  (fifteen th  subcu ltu re ) colonies.

No close co n n ex io n  seems to  e x is t betw een  th e  enzym es th a t  b re a k  
dow n salicin, lac to se , a n d  saccharose. O f th e  e igh th  sa lic in -pep tone  w a te r  
su b cu ltu re , passages w ere  m ade b y  tra n s fe r  w ith  a loop  to  eight tu b e s  o f 
lac to se-pep tone  w a te r  a n d  eight tu b e s  o f  saccharose-pep tone  w a te r ; th e  
decom position  tim e  o f la c to se  was n o t sh o rten ed  b u t  re m a in e d  eight to  f if te e n  
d a y s , an d  no fe rm e n ta tio n  of saccharose se t in  w ith in  tw en ty -o n e  days.

Breakdown o f  sa lic in  by various types o f  Shigella. T h e  fe rm en ta tio n  o f 
sa lic in  (Table V )  b y  Shigella  cu ltu res fre sh ly  iso la ted  (befo re  one to  fo u rteen  
d ay s) from  faeces h a s  also been in v es tig a ted . D ecom position  of salicin w as
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Table IV

A ntigen ic  structure o f  salicin-posilive and salicin-negalive Sonne cultures, tested by cross absorption

R esults of slide agglutination w ith

Serum
(1 : 20 dilution)

Sh. s o n n e i  strain  No 88 Sh. s o n n e i stra in  No 254

Type of colony

No 1 No 2b No 1 No 2b

Sh. sonnei No 88

B efore ab so rp tion  ..............................

A fte r  ab so rp tion  w ith  colony ty p e
+ + + + H—Ь + +  +  +  + _j__j__L

88 No 1 ............................................

88 No 2b .......................................... + + i +

+ +

+ + + +

+ +

254 No 1 .......................................... — + — +

254 No 2b .......................................... + + + + — + + + + —

Sh. sonnei N o 254

B efore abso rp tion  ................................ + + + +  + + + + 1 1 ~ T T
A fte r abso rp tion  w ith  colony type

88 N o 1 ............................................... — + — +
88 No 2b ............................................ + + + — + + + —

254 No 1 ............................................ — + — _1_
254 No 2b ........................................ + + + — + + + —

R e m a rk  : Colony ty p e  No 1 = star-shaped  colony
Colony ty p e  No 2b =  m oderate ly  re frac tiv e , hom ogeneous colony.

Table V

Fermentation o f  su liéin  by genus Shigella

T y p e  o f  s tra in
Investigated strains

T o ta l
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o b serv ed  only in  Sh . sonnei cu ltu res ; how ever, in  th ese  cu ltu re s , too, change 
o f  co lour of th e  in d ic a to r  ensued  la te  in  ev e ry  case, a f te r  a la ten cy  period  o f 
fo u r  to  tw en ty -s ix  d a y s . O u t o f th e  s ix ty -n in e  Sh. sonnei cu ltu res  exam ined  
e ig h t s tra in s were fo u n d  to  be  sa lic in -positive , hence la te  b reak d o w n  of salicin  
a p p e a rs  to  be a r a th e r  f re q u e n t phenom enon  in  th e  Sonne g roup . I t  deserves 
m en tio n in g  th a t  o f th e  e ig h t sa lic in -ferm en ting  s tra in s , f iv e  p roved  to  be la te  
saccharose-positive, a n d  th re e  were saccharose-negative .

Salic in-negative S onne s tra in s  m ay  com e to  y ield  sa lic in -ferm enting  
v a r ia n ts , p rovided  t h a t  a long  chain  of pa ra lle l passages are m ad e  b y  inocu la tion  
in to  salic in-peptone tv a te r . W hen  five  s tra in s  o f Sh. sonnei — found to  be  
in cap ab le  of fe rm en tin g  sa lic in  in  th e  f irs t  te s t  — w ere each  grow n in tw e n ty  
tu b e s  o f salic in -pep tone  w a te r , acid w as fo rm ed  in  one c u ltu re  on the  tw e n ty - 
n in th  day.

D iscussion

I t  is a genera lly  accep ted  view  a m o u n tin g  to  a ru le t h a t  Shigella cu ltu res  
a re  incapab le  of b re a k in g  dow n salicin. I n  th e  p e rta in in g  lite ra tu re  availab le  
we have found o n ly  one  c o n tra ry  s ta te m e n t : am ong th e  forty-one s tra in s  
o f  Sonne bac te ria  th e y  in v e s tig a te d , R o e l c k e  and  E y c k m a y e h  [10] observed  
fe rm en ta tio n  of sa lic in  in  one cu ltu re . A ccord ing  to  th e  defin ition  o f th e  
Shigella  Commission  (1950), s tra in s  be longing  to  th e  Shigella  group do n o t 
b re a k  down salicin [6]. A s evidenced b y  o u r in v es tig a tio n s , considerable n u m 
b ers  o f Sonne s tra in s , th o u g h  la te  and  in co n sis ten tly , a re  capab le  of sp littin g  
th is  glucoside ; a p ro m p tly  an d  co n sis ten tly  decom posing  v a ria n t can  be  
o b ta in e d  by  serial su b c u ltu re s  o f such s tra in s . E v e ry  o th e r  p ro p erty  o f th e  
v a r ia n t  capable o f b re a k in g  dow n salicin co rresponds to  th e  special c h a ra c te r
is t ic s  of th e  Sonne g ro u p . W ith  due co n sid e ra tio n  to  th e se  c ircum stances it  
is h a rd ly  tenab le  t h a t  s tra in s  decom posing sa lic in  should  be excluded from  th e  
S h ig e lla  genus. H o w ev er, we do no t th in k  th a t  th e  d e fin itio n  ough t to  undergo  
a  fu n d am en ta l m o d ifica tio n . The following w ording  w ould , we believe, ta lly  
w ith  th e  facts : “ In  g en era l, Shigella s tra in s  do no t fe rm e n t salicin, b u t som e 
■cultures of Sh. sonnei m a y  b reak  down th is  glucoside, th o u g h  the  process is 
a p t  to  set in  la te  a n d  ir re g u la rly ” .

As concerns th e  b iochem ical qua lities o f sa lic in -positive  Sonne cu ltu res , 
th e y  m anifest th e  c lo sest likeness to  th e  D ispar-A lka lescens  group, ty p e  02, 
o f  genus E. coli. F ro m  th e  la t te r  i t  can, how ever, be easily  d iffe ren tia ted  b y  th e  
n e g a tiv e  indole re a c tio n  ; th e  regular, p ro m p t b reak d o w n  o f rham nose ; b y  
la te  b u t unfailing ly  ensu in g  fe rm en ta tio n  o f  lactose an d  th e  difference in  
an tig en ic  com position  ; f in a lly , b y  th e  p a th o g en ic ity  ev idenced  in co n ju n c
t iv a l  infection and  on  th e  basis of s ta r-sh a p e d  colonies. In te rm e d ia te  s tra in s  
a re  know n to be com m on  in the  fam ily  o f Enterobacteriaceae [6]. Salicin-
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positive cu ltu res  o f Sh. som iéi m ay  in  ou r op in ion  be reg a rd ed  as such tra n s i-  
to ria l s tra in s  be tw een  Shigella and  E. coli.

Summary

(i) O ut o f s ix ty -n in e  Sh. sonnei s tra in s  id en tif ie d  b y  th e  a id  of m odern  m orpho log ical, 
b iochem ical, an d  serological m eth o d s of p ro ced u re , e ig h t cu ltu res  w ere found to  fe rm e n t 
sa lic in  la te , a f te r  a  la te n cy  p e rio d  of four to  tw en ty -s ix  days, an d  inco n sis ten tly , in  10 to  100 
pe r cen t of p ep to n e  w a te r  cu ltu res .

(ii) D ecom position  of salicin  d id  no t occur in  cu ltu res  of Sh. dysenteriae  2 and  S h .fle x n e r i.
(iii) A s tra in  causing  b reakdow n of sa lic in  w as su b jec ted  to  d e ta iled  s tu d y  ; i t  has b een  

a sce rta in ed  th a t  fe rm e n ta tio n  could  n o t be  a sc rib ed  to  m eth o d ica l e rro r b u t  was a  n ew ly  
d iscovered  c ap a c ity  o f th e  s tra in .

(iv) O ur re su lts  in d ic a te  th a t  i t  is n o t co rrec t to  exclude sa lic in -positive  s tra in s  from  
th e  Shigella genus.
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(E ingegangen  am  27. A p ril 1959)

V or d e r E n td e c k u n g  des tran sfo rm ie ren d en  E ffek tes  der D eso x y rib o n u 
k le insäure  (DNS) [1] u n d  auch noch d a n ach  ga lt es als einfachste  T ra n s fo r
m atio n sm eth o d e , d aß  m an  den u m zu g esta lten d en  M ikroben  m it irgendeinem  
a b g e tö te te n  M ikroorganism us zusam m en  zü ch te te  (z. B . G r i f f i t h  [2]) oder 
den  K ö rp er des D onors d c s tru ie rte  u n d  f i l t r ie r t  der K u ltu r  der u m z u g e s ta lte n 
den  A rt zugab  [3, 4, 5]. U ber die tran sfo rm ie ren d e  W irk u n g  der gem einsam en 
Z üch tu n g  s teh en  b ish er wenige A ngaben  zu r V erfügung  [6].

A m  W arsch au er A n tib io tikum -S ym posium  h ab en  w ir eine M ethode d er 
gem einsam en Z üch tung  m itg e te ilt, die eine V erän d eru n g  in  der A n tib io tik u m 
p ro d u k tio n  einzelner S trcp to m y ces-A rten  h e rb e ifü h rte  [7]. Es h a n d e lt sich 
um  die Z ü ch tu n g  au f S trep tom yces au reo fac ien s-K u ltu ren . W ir h a tte n  led ig lich  
hervo rgehoben , daß  sich in  gew issen F ä llen  das S p e k tru m  der b e h an d e lten  
S trep to m y ces  u n te r  d er W irkung  d er gem einsam en Z ü ch tu n g  w esen tlich  
v e rg rö ß ert. A us den se ith e r d u rch g e fü h rten  V ersuchen ging jedoch  h e rv o r, 
d aß  die A n tib io tik u m erzeu g u n g  der b eh an d e lten  S trep to m y ces nach  gem ein 
sam er Z ü ch tu n g  w ährend  einer gew issen Z eit auch  abnehm en  oder v e rlo re n 
gehen k an n . D ieselbe W irkung  is t in  gew issen F ällen  au ch  bei der B eh an d lu n g  
m it d er aus Str. aureofaciens he rg este llten  DNS w ahrzunehm en . Ü ber d e ra rtig e  
V ersuche w ollen w ir nachfolgend b e rich ten .

M aterial u n d  M ethoden

W ie b e re its  e rw äh n t, w ar die tran sfo rm ie ren d e  A rt Streptom yces aureofaciens, v o n  der 
w ir f rü h e r fe stg es te llt h ab en  [7], daß  ih r v eg e ta tiv es  M yzel bei d e r Z ü ch tu n g  am  S ch räg ag a r 
in  k u rze r Z eit (e tw a  14 T agen) zugrunde g eh t. A u f de r zugrunde geh en d en  M yzelm asse k ö n n e n  
andere  S trep to m y ces-A rten  g u t g ezüch te t w erden . W äh ren d  der Z ü ch tu n g sd au er w irk t Strepto
myces aureofaciens tran sfo rm ieren d  au f d ie au f ih r  gezü ch te ten  A rte n . B ei unseren  V ersuchen  
ve rw en d e ten  w ir  folgende A rte n  : Streptomyces griseus , Streptom yces globisporus, Streptom yces 

flaveo lus  sowie d ie  n ich t n ä h e r b e s tim m ten , m it x j l,  R 3 , R 5, u n d  J  beze ichneten  A rte n , d ie  se it 
1951 u n se re r  A rten sam m lu n g  angehören.

D ie A n tib io tik u m p ro d u k tio n  w urde fo lgenderm aßen  e rm it te lt  : W ir leg ten  M eta ll
ringe  m it g leichem  D urchm esser au f eine G la sp la tte  u n d  gossen in  diese u n te r  s te rilen  B e d in 
gungen e ine  b es tim m te  B ou illon-Pepton-G lukoseagarm enge u n d  b e im p ften  den N äh rb o d en  
m it den  S poren  e iner de r zu u n tersu ch en d en  S trep to m y ces-A rten . Von diesen A g a rp la tte n  
sch n itte n  w ir n ach  4 täg iger In k u b a tio n  m it e inem  zu diesem  Z w eck k o n stru ie rten  A p p a ra t  [8]
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S ch e ib en  heraus, die w ir a u f  e in  T es tb a k te rien  (Staphylococcus aureus, B acillu s suhtilis , Esche
rich ia  coli) e n th a lten d e  A g a rp la tte  leg ten . D am it aus de r A garscheibe e ine  en tsp rech en d e  
A n tib io tik u m m en g e  vo r dem  W achstum  der T e s tb a k te r ie n  in  die A g a rp la tte  d iffu n d ie ren  
k ö n n e , w urde das T estg e fäß  12 S tu n d en  lang  be i e in e r T e m p e ra tu r  von  — 5° C a u fb ew a h rt. 
D a n a c h  erfolgte die In k u b a tio n  bei 28° C, u n d  an sch ließ en d  m aßen  w ir d ie  R ad ien  der H e m 
m un g szo n e  ( Abb. 1 u. 2 )  .

Die P rä p a ra tio n  d e r D N S aus Streptomyces aureofaciens n ah m en  w ir n a ch  de r M ethode 
v o n  M i r s k y  und  P o l i s t e r  [9] m it einer gew issen M o d ifik a tio n  vor. D as M yzel w urde m it 
0 ,14  M  NaCl gew aschen , m it Q uarzsan d  zerrieb en  u n d  zu ers t d ie R ib o n u k le in säu re  m it 0,14 M  
N aC l e x tra h ie r t ,  sodann  d ie  D N S hei p H  7 m it 1 M  N aC l. A nschließend b e fre ite n  w ir d ie D N S 
v o n  ih rem  P ro te in g eh a lt. 1 M  N aC l-Lösung w u rd e  m it einem  C hloro fo rm -Isoam yla lkoho l
g em isch  m ehrm als au sg e sch ü tte lt u n d  d ie N u k le in säu re  ü b e r die w ässrige P h ase  m it A lkohol 
g e fä llt , was w ir m eh rm als  w iederho lten . D ie a u f  d iese W eise gew onnene N uk le in säu re  gab 
p o s itiv e  D ip h en y lam in reak tio n . Ih r  U Y -A b so rp tio n ssp ek tru m  lieg t b e i 2600 Â. A u f G ru n d  
d es  S p ek tru m s k an n  m a n  sie  als fa st ganz p ro te in fre i bezeichnen.

E rgebnisse

D ie S trep to m y ces-A rten , die w ir zu  tran sfo rm ie ren  v e rsu ch ten , h ie lten  
w ir im  allgem einen solange au f den  am  S ch räg ag ar b e find lichen  Streptomyces 
aureofaciens, bis die S porenb ildung  b eg an n  ; d a n n  w urden  sie a u f  eine 5 täg ige  
Streptom yces au reo /ac iens-S ch rägagarku ltu r w eite rge im pft. J e d e  b e n u tz te  A rt 
f ü h r te n  w ir bis zu r 20. P assage , m it A u sn ah m e von Str. globisporus, die w ir 
b is  zu r 100. Passage w eite rim p ften .

W ie aus Tabelle I  h e rv o rg eh t, t r a t  in  d e r A n tib io tik u m erzeu g u n g  d er 
S trep to m y ces-A rten  b is zu r 20. P assage im  allgem einen  S enkung  ein. V on den  
u n te rsu c h te n  S trep to m y ces-A rten  h a tte n  5 ih re  an tib io tisch e  W irkung  gegen
ü b e r  Staphylococcus aureus u n d  Escherichia coli ganz v e rlo ren , w ährend  die 
A n tib io tik u m p ro d u k tio n  von  2 A rten  d iesen  B ak te rien  gegenüber w esentlich  
h e rab g ese tz t w ar. B acillus suhtilis  h a t  dem gegenüber in sg esam t in  3 F ällen  
b is  z u r  20. Passage zum  A ufhören  der A n tib io tik u m b ild u n g  g e fü h rt. Im  allge
m ein en  s te llten  w ir b is zu r 5. u n d  10. P assag e  E rh ö h u n g , in  den w eiteren  
P assag en  jedoch  S enkung  d er A n tib io tik u m p ro d u k tio n  fest. Gegen die t r a n s 
fo rm ieren d e  W irkung  von  Streptomyces aureofaciens w urde  der s tä rk s te  
W id e rs ta n d  von Str. globisporus ge leiste t. D eshalb  fü h rte n  w ir diese A rt d u rch  
w eite re  Passagen, w obei w ir fests te llten , d a ß  d er Z ustand , der bei den anderen  
b e re its  in  der 20. P assage  b eo b ach te t w erd en  k onn te , d aß  sie näm lich  ih re  
W irk u n g  au f Staphylococcus aureus und  Escherichia coli v e rlo ren , h ier bei d er 
60. P assage  e in tra t. I n  Tabelle I  is t  die A n tib io tik u m erzeu g u n g  der 100. P a s 
sage angegeben. Es b e s ta n d  indessen kein  w esen tlicher U n te rsch ied  zw ischen 
d en  E rgebnissen  d er 60. u n d  100. P assage .

D ie V erm inderung  d er A n tib io tik u m p ro d u k tio n  von  Str. globisporus 
n a c h  der 30. Passage a u f  Str. aureofaciens is t  in  Abb. 1 u n d  2 deu tlich  zu sehen. 
P ap ie rch ro m a to g rap h isch  s te llten  wir 3 K o m p o n en ten  des von  Str. globisporus 
e rzeu g ten  A n tib io tik u m s fest. Von d er 30. P assag e  an  fä llt eine K o m ponen te  
au s  d e r P ro d u k tio n  ganz aus. Die w eite ren  P assag en  bew irken , d aß  auch  die 
a n d e re n  beiden K o m p o n en ten  n u r in  m in im a le r Menge p ro d u z ie rt w urden .
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Tabelle I
Veränderung der A n tib io tikum produktion  verschiedener Streptom yces-Arten  

im  V erla u f der Passagen a u f  Str, aureofaciens

Auf Streptomyces 
gezüchtete Arten

Anzahl
der

Passagen

Größe der ausgeübten Hemmung

S ta p h y lo -
coccus
a u re u s

B a c i l lu s
s u b ti l i s

E sc h e r ic h ia
coli

Streptomyces griseus 0 4* 12 6
5 5 13 4

10 3 11 3
15 3 11 3
20 0 4 0

Streptomyces xjl 0 0 6 0
5 0 5 2

10 0 4 0
15 0 4 0
20 0 2,5 0

Streptomyces R5 0 4,5 5 0
5 5,5 3,5 0

10 3,5 2,5 0
15 3 2,5 0
20 2,5 2 0

Streptomyces R 3 0 4 0 0
5 8 6 0

10 7 4 0
15 0 0 0
20 0 0 0

Streptomyces flaveo lus 0 0 0 0
5 4 2 0

10 2 0 0
15 0 0 0
20 0 0 0

Streptomyces J 0 0 3 0
5 0 3 0

10 12 6 0
15 0 0 0
20 0 0 0

Streptomyces globisporus 0 12 9 8
5 11 8 4

10 10 6 3
15 11 6 3
20 12 5,5 2,5
30 5 3,5 2

100 0 3 0

* R ad iu s der H em m ungszone in  m m , n ach  der A garblockm ethode gemessen.
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Abb. 1. A n tib io tik u m p ro d u k tio n  von Streptomyces globisporus (x jl) gegenüber B . subtilis, n ach  
d e r A garblockm ethode gem essen . U n ten , am  Pfeil, sieh t m an  die n o rm ale , oben die nach  de r 

30. Passage a u f  S tr. aureofaciens festgestellte  an tib io tische  W irkung

A bb. 2. A n tib io tik u m p ro d u k tio n  von  Streptomyces globisporus (x jl) gegenüber E. coli, nach  
A g arb lockm ethode  gemessen. E rk lä ru n g  s. Abb. 1.
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I n  Tabelle I I  zeigen Mir die v e rä n d e r te  A n tib io tik u m erzeu g u n g  des m it 
d e r  aus Streptom yces aureofaciens gew onnenen  DNS w e ite rg ezü ch te ten  Str. 
globisporus. D ie B ehand lung  erfo lg te a u f  S chrägagar, v o n  dem  w ir S tr. globi- 
sporus n ach  d e r S porenbildung  a u f d as  neue , D N S-haltige S ch räg ag ar ü b e r
tru g e n . W ie aus Tabelle I I  e rsich tlich , g eh t die W irkung  a u f  Staphylococcus 
aureus  u n d  Escherichia coli von  d e r 4. Passage an  v e rlo ren , w äh ren d  die 
W irk u n g  a u f  B acillus subtilis zu n im m t. D asselbe R e su lta t erzielten  w ir, w enn  
Str. globisporus in  flüssigem  N äh rb o d en  u n te r  Zugabe v o n  DN S g ezü ch te t 
w urde.

Tabelle I I

Veränderung der A ntib io tikum produktion  von S tr. globisporus im  Lau fe  der in  Anw esenheit der 
aus S tr . aureofaciens isolierten D esoxyribonukleinsäure durchgeführten Passagen

Anzahl der in Anwesenheit 
der aus S tr .  aureo faciens  
gewonnenen DNS durch

geführten Passagen

Größe der Hemmung

S ta p h y lo c o c c u s
a u r e u s

B a c i llu s
su b ti lis

E sc h e r ic h ia  co li

0 7 * 12 6

3 5 17 2

4 0 13 0

5 0 16 0

* R ad ius de r H em m ungszone in m m , n a ch  de r A garblockm ethode gemessen.

B esprechung

E s w urde festg este llt, d aß  d ie  Z ü ch tu n g  au f Streptomyces aureofaciens 
im  S tad iu m  d e r e rs ten  Passagen im  allgem einen  eine V ergrößerung  des a n ti
b io tisch en  S p ek tru m s h e rbe ifüh rt, d as  u n g e fäh r von  der 15. Passage an  w ieder 
k leiner w ird , so d a ß  die A n tib io tik u m p ro d u k tio n  auch ganz au fh ö ren  k a n n . Es 
g ib t auch  A rten , die sehr s ta rk en  W id e rs ta n d  zeigen u n d  bei denen das S p ek 
tru m  in  dem  M aße, das bei den a n d e re n  nach  der 20. Passage b e o b a c h te t 
w erden  k an n , e rs t nach  zahlreichen P assag en  eingeengt w ird. Die B eh an d lu n g  
m it d er aus Streptomyces aureofaciens gew onnenen DNS b ew irk t indessen  
n ach  ganz w enigen  P assagen dasselbe E rgebn is.

A us un seren  V ersuchen geh t w e ite rh in  herv o r, d aß  die tran sfo rm ie ren d e  
\ \  irk u n g  vom  G esich tsp u n k t der A n tib io tik u m p ro d u k tio n  n ich t in  R ich tu n g  
d er D onore igenschaften  in  E rsch e in u n g  t r i t t .  D ie tran sfo rm ie rte  A rt ü b e r
n im m t n ich t das an tib io tische S p e k tru m  des D onors. E s h a n d e lt sich  v e r 
m u tlic h  d a ru m , d aß  die A n tib io tik u m p ro d u k tio n  einen  erb lichen  D efek t 
d a rs te ll t , d e r d u rc h  gem einsam e Z ü c h tu n g  oder d u rch  B eh an d lu n g  m it D NS 
v e rrin g e rt oder in  anderen  F ällen  b eh o b en  w erden k an n . Die A n tib io tik u m -
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erzeuguiig  w ird d u rc h  den tran sfo rm ie ren d en  E ffek t bei e iner A rt ra sc h e r  
b e i d e r  anderen s p ä te r  aufgehoben, w as im  Z u sam m en h an g  m it d er A n tib io ti
k u m b ild u n g  fü r  d ie  s tä rk e re  oder schw ächere  B eschaffenheit d er erb lich  erw or
b en en  E igenschaft z eu g t.

Z usam m en fassu n g

1. A uf Streptom yces aureofaciens w u rd e n  7 S tre p to m y c es-A rte n  (S tr . griseus , Str. 
globisporus, Str. fla v e o lu s , S tr . x jl, Str. R 3 , S tr. R 5  u n d  Str. J )  g ezü c h te t u n d  nach  S p o ren 
b ild u n g  au f die 5 täg ig e  v e g e ta tiv e  S ch räg ag ar-M y zelk u ltu r von  Str. aureofaciens ü b e rim p ft.

2. N ach den e r s te n  P assag en  h a tte  d a s  a n tib io tisc h e  W irk u n g ssp ek tru m  der S tre p to 
m yces zugenom m en, d a s  s ich  jedoch  im  L aufe  d e r w e ite ren  P assag en  v e rm in d e rte , j a  in  m eh re 
ren  F ä llen  auch ganz v e rsch w an d .

3. D asselbe E rg e b n is  t r a t  e in , u n d  zw ar in  w esen tlich  k ü rze re r  Z e it, w enn die P assag en  
in  e in em  N äh rb o d en  d u rc h g e fü h rt  w u rd en , d e r au s Streptom yces aureofaciens gew onnene 
D eso x y rib o n u k le in säu re  e n th ie lt .

4 . Die A n tib io tik u m p ro d u k tio n  w ird  im  H in b lick  d a rau f, daß  sie d u rc h  tran sfo rm ie ren d e  
W irk u n g  aufgehoben w e rd en  k an n , als e in  e rb lich e r E n zy m d efek t angesehen.
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I n  h is o rig inal p aper, M o r g a n  [1] described  th e  s tra in  th a t  hears h is 
nam e as follows. “ A G rain n eg a tiv e , generally  flag e lla ted  organism , w hich 
p roduces indole, does n o t liquefy  ge la tin  an d  does n o t fo rm  clot in  m ilk . 
L ac tose , m altose, m an n ito l, sucrose and  du lc ito l are n o t fe rm en ted  b y  i t  ; 
glucose is fe rm en ted  w ith  slight gas p ro d u c tio n . Serologically  th e  s tra in s  
are h e te ro g en eo u s.”  T his descrip tion  h ad  w ell-characterized  th e  s tra in  called  
la te r  as M o r g a n ’s N o 1 bacillus. U n fo rtu n a te ly , b y  describ ing  som e s tra in s  
w ith  d iffe ren t p ro p ertie s , M organ  and  L e d i n g h a m  [2] su b seq u en tly  g re a tly  
confused  id en tif ic a tio n  of th e  o rig inal s tra in , w hich rea lly  rep resen ted  an  
in d iv id u a l group o f  b a c te ria . T he num erous in v estiga tions in to  th e  b iochem i
cal a n d  serological p ro p ertie s  and  th e  system atic  position an d  p a th o g en ic ity  
o f B . m organii fa iled  to  solve th e  p rob lem  [2 — 7].

O n th e  basis o f  th e ir  ab ility  to  sw arm  and  th e ir  an tigen ic  s tru c tu re , 
R a u s s  in  1936 b ro u g h t evidence th a t  B . m organii No 1 s tra in s  belonged to  
th e  Proteus  g roup  [8]. These o b serv a tio n s were con firm ed  b y  S e v i n  and  
B u t t i a u x  [9], w ho found  th a t  p lac ing  these  b ac te ria  in  th e  Proteus g roup  
w as reasonab le . T hese opinions w ere accep ted  b y  B e r g e y , who in  th e  1939 
ed itio n  o f  “ M an u a l o f  Determ inative Bacteriology” regarded  M o r g a n ’s b acillu s 
as a m em b er of th e  Proteus g roup .

R a u s s ’ above-m entioned  in v estig a tio n s did n o t inc lude  th e  e stab lish 
m en t o f  an  an tig en ic  schem a. T he p re se n t exam ina tions h av e  been  u n d e rta k e n  
as th e  m ore ex ten siv e  know ledge o f  th e  tax o n o m ic  position  of th e  Entero- 
bacteriaceae g roups req u ires  th e  ex ac t d e te rm in a tio n  of th e  an tigen ic  s tru c tu re  
of all g ro u p s of b a c te r ia  and  also th e  e lucidation  of th e  g roup  in te rre la tio n sh ip s . 
T he in v e s tig a tio n  w as fu r th e r  m o tiv a te d  b y  F u l t o n ’s opin ion  [10] accord ing  
to  w h ich  th e  P . m organii group m a y  be  regarded  as a sep a ra te  genus : Morga- 
nella. I n  th e  p re se n t s tu d y , K a u f f m a n n ’s recen t reco m m en d atio n , n am e ly  
th a t  P . m organii shou ld  be one o f th e  genera o f th e  Proteus fam ily , w ill also 
be d iscussed.
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M ateria ls  u n d  m e th o d s

Cultures. F rom  faeca l sam ples ta k e n  fro m  in fan ts  and  c h ild ren  w ith  e n te ric  in fec tio n s 
(d y sp e p s ia , d y sen tery , e n te r it is )  and  from  th e  faeces from  h e a lth y  in fan ts  an d  ch ild ren , 121 
s t r a in s  w ere iso lated  in  th is  In s t i tu te . Of th ese  s tra in s , 116 w ere fresh ly  iso la ted , w hile 5 of 
th e m  w ere  stock cu ltu res . 101 stra in s  o f s im ila r  o rig in  w ere o b ta in e d  from  D r. B . L á n y i , 
Stu te  In stitu te  o f H ygiene, B udapest. T h u s, a lto g e th e r  222 s tra in s  w ere ex am ined . R á ü ss ' 
o r ig in a l s tra in s  had b een  lo s t ,  so these  could n o t  be  included .

D esoxycholate  c i t r a te  a g a r and E ndo  a g a r  served  for iso la tin g  th e  s tra in s  from  suspected  
cases o f  d y sen tery  and  d y sp e p s ia , respec tive ly . T h e  colonies w ere in o cu la ted  o n to  N Ó g r á d y ’s 
p o ly tro p ic  m edium  [12]. T h is  m edium  p ro v ed  to  be  very  useful fo r p r im a ry  selection  : th e  
p o w erfu l decom position  of u re a , th e  lack  of H 2S fo rm a tio n  and  th e  sligh t gas p ro d u c tio n  were 
v e ry  c h a ra c te ris tic  o f th ese  b ac te ria .

Biochemical reactions w ere perform ed b y  s ta n d a rd  m ethods [ 3 ] .  T h e  m edium  for M ö l l e r ’s 
K C N  te s t  w as p rep ared  w ith  0 .3  per cen t B a c to -p ep to n e  as d escribed  b y  E w i n g  [ 1 5 ] .

Serological exam inations. О and  H  a n tig e n s  w ere exam in ed  b y  K a u f f m a n n ’s s ta n d a rd  
m e th o d  using  tu b e  a g g lu tin a tio n  and boiled  or fo rm alin ized  suspensions. F o r  p re p a rin g  th e  
H  a n tig e n s , flagellar cu ltu res  w ere ob ta in ed  b y  p assin g  th e  s tra in s  th ro u g h  U  tu bes. T h erm o 
lab ile  an tig en s  were ex am in ed  w ith  alcohol t r e a te d  suspensions in  sera  p re p are d  w ith  alcoholized 
a n tig e n s .

E xperim en ta l

Biochemical exam inations

T he resu lts  o f th e  biochem ical ex am in a tio n s  are sum m arized  in  Table I .
I n  Table I  only  su b stan ces fe rm en ted  b y  P. m organii are  show n. N eith er 

o f  th e  s tra in s  fe rm en ted  lactose, m a n n ito l, m altose, xy lose, arab inose, rham - 
nose , du lcito l, salicin , ado n ito l and  inosito l.

T h e  fe rm e n ta tio n  o f  dextrose, m annose  and  levulose can be regarded  
as a c o n s ta n t p ro p e rty  o f  the  s tra in s . G alactose was o ften  fe rm ented . Some 
s tra in s  ferm en ted  sucrose la te , some p ro d u ced  acid from  sorb ito l, sorbose or 
ra ff in o se . Only a s lig h t am o u n t of gas w as produced .

A ccording to  Table I ,  th e  c o n s ta n t b iochem ical reac tions of P. m organii 
are  : decom position  o f u rea , grow th in  K CN  m edium , fo rm atio n  of phenyl- 
p y ru v ic  acid from  p h en y la lan in e , p ro d u c tio n  of indole and  positive m ethy l 
red  re a c tio n . No g e la tin ase  is p roduced . P ositiv e  Y oges-P roskauer reac tio n  or 
g ro w th  in  am m onium  c itra te  m edium  w ere u n freq u en tly  observed, th u s  these 
are  n o t  ty p ica l reac tio n s . O f th e  s tra in s  30 per cen t show ed haem olysis on 
sh eep -b lood  agar p la te s . A ccording to  th e  b iochem ical reac tio n s, th e  s tra in s  
w ere  d iv id ed  in to  12 b io ty p es. No re la tio n sh ip  was d e m o n s tra te d  betw een  
th e  b io ty p e s  and  serological groups.

W hile  th e  resu lts  o f  th e  fe rm e n ta tio n  and  o th e r b iochem ical reac tions 
fo u n d  in  th e  p resen t s tu d y  perfec tly  corresponded  to  those  of various au th o rs  
[9, 13, 16—21], and  also to  d a ta  re p o rte d  b y  th e  Enterobacteriaceae Subcom 
m ittee  an d  approved  a t  th e  V I I  In ternational Congress o f  M icrobiology, th e  
f in d in g s  concerning th e  H 2S p ro d u c tio n  w ere d iscrepan t.

A ccord ing  to  R a u s s  [8] and B l a s k o v ic  [23], P . m organii p roduces 
H 2S; S e v i n  and  B u t t i a u x  [9] s ta te  th a t  o n ly  p a r t  of th e  s tra in s  do so. A ccord-
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Table I

The biochemical behaviour o f  P . morganii 
T o ta l n u m b er o f  s tra in s  222

Ferm entation
types 1 2 3 4 5 6 7 8 9 10 11 12

G a s ............................ + + + + + + + + + + + +
Sucrose ................... — — — — — X X — — — — —

Glucose ................... + + + + + + + + + + + +
G a la c to s e ................ + — — — — + + + + 1 + +
L evulose  ................ + + + + + + + + + + + +
M annose ................ + + + + + + + + + + + +
R a f f in o s e ................ — — — — — — + — — — —

S orb ito l ................... — — — — __ + — + — — —

Sorbose ................... — — — + — — — — — — —

I n d o l e ....................... + + + + + + + + + - j- + +
M eth y l red  ............ + + + + + + + + + + + +
V oges-P roskauer . . — — — — — — — -j- + -

A m m onium  c itra te  
(S im m ons) __ _ ___ _ — X ----- — ___ — — X X

U r e a ......................... + + + + + + + + + + +
G e l a t i n ..................... —

K C N .......................... + + + + + + *T* + + + + +
I I . ,S ............................ — — — — — — — — — — — —

P h eny lalan ine  
desam inase . . . . 1 + + + + + + + + -J- + +

N u m b er o f strains 185 12 1 l l 6 2 2 2 4 2 4

K ey  : +  =  positive  w ith in  1 or 2 d ay s 
X — la te  positive 

—  =  negative

in g  to  B e r g e y ’s 1948 ed ition , no H 2S is form ed ; K a u f f m a n n  [13, 18] 
re p o rts  P . m organii to  be a w eak H 2S producer. A ccord ing  to  L á n y i  [19], 
o n ly  a sm all p a r t  o f the  s tra in s  p ro d u c e d  th is  su b stance .

T hese con troversies in  th e  l i te r a tu r e  h av e  m ade i t  n ecessa ry  to  su p e r
v ise  th e  find ings. T he exam ina tions b e in g  detailed  elsew here [24], on ly  th e  
reeu lts  w ill now  be sum m arized  b rie fly . N o H 2S was p ro d u ced  b y  an y  o f th e  
s tra in s  in  ferrous chloride gelatin  or le ad  a c e ta te  agar w ith in  4 w eeks of in c u b a 
tio n . B y  using  suspended  p ap er s tr ip s  s a tu ra te d  w ith  le ad  a c e ta te  so lu tio n , 
how ever, w ith in  24 hours some degree o f  H 2S production  w as in d ica ted , ev en  in  
sim ple b ro th . I t  should  be no ted  th a t  s tra in s  know n as H 2S n eg a tiv e  organ ism s 
( E .  coli, K lebsiella)  also showed som e deg ree  of H 2S p ro d u c tio n  b y  th is  m e th o d .

5  A cta M icrobiologie» VI /3.
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I t  was show n th a t  P . morganii grew  well and  in ten s iv e ly  produced  H 2S 
in a sy n th e tic  m ed iu m  conta in ing  b u ffe r so lu tion , g lucose, cystine, n ic o tin 
am ide  and  ca lc ium  p a n to th e n a te . B y  ad d in g  ag ar a n d  ferrous am m o n iu m  
su lfa te  to  th is  m ed iu m , H 2S p ro duc tion  w as m a rk e d ly  ind icated  w ith in  24 
hours.

B y th e  a d d itio n  o f  0.1 per cen t cystine , a p o s itiv e  H 2S reac tio n  w as 
also obeserved in  sim p le  agar con ta in ing  ferrous am m onium  su lfate. F ro m  
th e se  find ings i t  c an  be concluded th a t  th e  p ep to n es  generally  a v a ila b le  
co n ta in  only  a sm all q u a n tity  of su b stan ces th a t  can  be a ttack ed  b y  th e  
su lfb y d rase  enzym es o f  P . morganii. In  th e  presence o f  an  adequate  co m p o u n d , 
such  as cystine , th e  s tra in s  produce H 2S a b u n d a n tly .

D eterm ination o f  antigenic structure
1. 0  antigens

Thermostable antigens. Table I I  show s th e  re su lts  o f  c ross-agg lu tina tion  
o f boiled suspensions in  sera p rep ared  w ith  boiled cu ltu res .

For th e  sake  o f  sim p lic ity , each О group  is rep re sen ted  in Table I I  b y  
on ly  one s tra in . W ith  th e  exception  o f s tra in s  558, 292/2 and  702, th e  cross- 
ag g lu tin a tio n s w ere o f a low titre . T he analysis  of th e  an tigen ic  re la tio n sh ip s  
is sum m arized  as follows.

The c ro ss-ab so rp tio n  tests  show ing th e  re la tio n sh ip  am ong s tra in s  
558, 292/2 and 702 a re  dem o n stra ted  in  Table I I I .

Table I I I

A ntigenic structure o f  0  group 1

0  sera

0  antigen 558 292/2 702
suspensions

Un-
Absorbed by

Un-
Absorbed by

Un-
Absorbed by

absorbed 292/2 702 absorbed 558 702 absorbed 558 292/2

558 5120 1280 1280 640 — — 320 ____ ____

292/2 2560 — — 5120 640 640 320 — —

702 320 — — 320 — — 5120 2560 2560

F acto rs a , b ь b a, c C c a, d d d

From  th e  re su lts  o f  th e  c ross-absorp tion  te s ts  i t  is ev iden t th a t  all th e  
th re e  stra in s co n ta in  an  an tigen  th a t  is com m on to  th e  cultures (“ a ” ), a n d  
in  add itio n  each possesses a special fa c to r . R egard ing  th e  rem arkable  cross-



Cross-agglutinations o f  H  antigens

Table VII

Strains and the ir 
antigenic s tructu re

558
( la b  : 1)

366
( la b  : 2)

702
( la d  : 3)

795
( la d  : 3,4)

319/1
( 2 : 5 )

741
( 3 : 6 )

285
( 4 : 7 )

265/a 
(5 : 8,18)

550
( 6 : 9 )

1457
(11 : 10,13) 

614
(12 : 10)

547
(14 : 12,13) 

449
(10 : 14)

Pfeiffer 
(21 : 25)

734
(24 : 16)

266/56 
(26 : 17,18)

1594
(29 : 11 : 19)

Sera and titres  of agglutination

558
(la b  : 1)

366
( la b : 2)

702
(la d  : 3)

795
(la ,

<1 : 3,4)
319/1
(2 :5 )

741 
(3 : 6)

285
(4 :7 )

265/a 
(5 : 8,18)

550
(6 :9 )

1457
(11:10,

13)
614

(12 : 10)

547
(14 : 12, 

13)
449

(10 : 14)
Pf

(21 : 15)
734

(24 : 16)

266/56
(26 :17 ,

18)

1594 
(29 : 11 

19)

6400

6400

12800 3200

— — - — — — - — — —

— —

3200 12800

3200

12800

— — — — — — — — — —

— —

—

3200

12800

12800

—

— —

— —

—

—

200

— — — — — 12800

6400

200 — — — — —

— — — — —

— —

200 12800

12800

12800

. —

— —

— — — — — — —

800

— — — — 12800

12800

—

— _ — — — — — — — — — — — — — 6400
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Table II
Cross-agglutinations o f  0  antigens

Sera and titres of agglutination
Strains

558 292/2 702 1 319/1 i 741 285 265/« 550 Czakó 429 352/56 1 264 j 1457 614 74/56 547 1644/56 369 618 958 658 524 Pfeiffer 739 687 734 274 266/56 261/56 979 1594

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

2 9 2 / 2 2 5 6 0 5 1 2 0 3 2 0 — — — — — — — — — — — — — — — — 8 0 — — — — — — — — — —

7 0 2 3 2 0 3 2 0 5 1 2 0 — — — — — — — — — — — — — — — — — 80 — — — — — — — — — —

3 1 9 /1 — — — 5 1 2 0 1 6 0 — 8 0 — — — — — — — — — — — 80 — — — — — — — — — 4 0 — —

7 4 1 — — — 1 6 0 5 1 2 0 — — — — — — — — — — — 80 — — — — — — — — — — — —

2 8 5 — — — — — 2 5 6 0 — — — — — — — — — — — — — — — 8 0 — — — — — — — —

2 6 5 / a — — — 8 0 8 0 1 2 8 0 — — — — — — — — — — — — — — — — — — — 1 6 0 — — —

5 5 0 — — — — — — 1 2 8 0 — — — — — — — — — — — — — — — — 8 0 — — — — —

Czakó — — — — — — — — 1 2 8 0 — — — — — — — — — — — — — — — — — — — — — —

4 2 9 — — — — — — — — — 5 1 2 0 4 0 — — — — 8 0 4 0 — — — — — — — — 4 0 — — — — —

3 5 2 / 5 6 — — — — — — — — — — 2 5 6 0 — — — — 8 0 — — — — — — 8 0 8 0 — — — — — — —

2 6 4 — — — — — — — — — — — 2 5 6 0 — — — — — — — — — — — — — — — — 4 0 — —

1 4 5 7 — — — — — — — — — — — — 2 5 6 0 — — — — — — — — — — — — — 8 0 — — — —

6 1 4 — — — — — — — — — — — — — 6 4 0 — — 1 6 0 — — — — — — — — — — — — —

7 4 / 5 6 — — — 4 0 — — — — — — — — — — 2 5 6 0 — — — — — — — — 8 0 — 4 0 4 0 — — — —

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

1 6 4 4 /5 6 — — — — — — — — — 4 0 — — — — — 4 0 5 1 2 0 — — — — 8 0 — — — — — — — — —

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

6 1 8 — — — 1 6 0 1 6 0 — 8 0 — — — — — — — — — — — 6 4 0 — — — — — — — — — — — —

9 5 8 — — — — — — — — — — — — — — — — — — — 2 5 6 0 — — — — — — — — — 1 6 0 —

6 5 8 1 6 0 8 0 8 0 — — — — — — — — — — — — — — — — 1 2 8 0 — — — — — — — — — —

5 2 4 — — — — — — — — _ _ — — — — 4 0 — — — — 2 5 6 0 — — — — — — — — —

P f e i f f e r — — — — — — — — — — 80 — — — — — — — — — — 2 5 6 0 — — — — — — — —

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

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

7 3 4 — — — — — — — — — — — — — — 4 0 — — — — 8 0 — — 8 0 — 1 0 2 4 0 — — — — —

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

2 6 6 / 5 6 — — — — — — 8 0 — — — — — — — — — — — — — — — — — 8 0 — — 5 1 2 0 — — —

2 6 1 / 5 6 — — — — ----- — — — — — — 8 0 — — — — — — — — — — — — — — — 5 1 2 0 — —

9 7 9 — — — — — — — — — — — — — — — — — — 8 0 — — — — — — — — — 2 5 6 0 —

1 5 9 4 — — — — — — — — — — — — — — — — — — — — — — — — — — — — — 2 5 6 0
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re a c tio n  given b y  th e  com m on a n tig e n , th e  s tra in s  were considered  as re p re 
se n ta tiv e s  of 3 su b g ro u p s  of O -an tigen ic  g roup  1.

D espite  of th e i r  a p p a re n tly  sm all im p o rtan ce , m ost o f  th e  o ther, low- 
t i t r e  re la tio n sh ip s  w ere also s tu d ie d . These re la tio n sh ip s  w ere found  to  be o f  
th e  ab  —ac v a r ie ty , i. e. in  a d d itio n  to  th e  fa c to r  a rb itra r ily  d esigna ted  as “ a ” , 
w h ich  accoun ted  fo r  th e  cross-reaction , b o th  of th e  exam ined  s tra in s  possessed 
a special fac to r o f  th e i r  own. T he com m on fa c to r  w as, how ever, o f no p rac tica l 
sign ificance , w hich  w as clearly  show n b y  th e  low  cross-agg lu tina tion  t i t re s  
a n d  also by  th e  f a c t  th a t  w eak  o r  no c ross-agg lu tina tion  w as observed w ith  
slide ag g lu tin a tio n  a t  d ilu tions 1 : 40. One exam ple of th e se  antigenic re la 
tio n sh ip s  is g iven  in  Table I V .

Table IV

A n tig e n ic  relationships among some P . morganii stra ins

0  sera

0  antigen 319/1 741
suspensions

Un- A bsorbed by
Un- Absorbed by

absorbed 618 265/a 741 absorbed 319 618 265/a

319/1 5120 5120 5120 5120 160 _ __ _
618 160 — — — 160 — — —

265/a 80 — — — 80 — — —

741 160 — — — 5120 5120 5120 5120

A ccording to  T ab le  IV , a m in o r com m on fac to r  is responsib le  for th e  
c ro ss-ag g lu tin a tio n  o f  th e  3 s tra in s  exam ined . T he ex am in a tio n  of o ther s tra in s  
g iv ing  cross-reaction  yielded a s im ila r resu lt.

B y О a n tig e n  analysis, th e  s tra in s  w ere d iv ided  in to  29 0  groups. О 
g roup  1, to  w hich th e  largest n u m b e r of s tra in s  belonged, cou ld  be subd iv ided  
in to  3 subgroups. T h e  d is tr ib u tio n  o f s tra in s  am ong th e  О g ro u p s will be show n 
in  th e  antigenic schem a (T ab le  X I ) .

Thermolabile antigens. R a u s s  [25] d em o n stra ted  th e  com plete  an tig en ic  
id e n ti ty  of E. coli О 112ac, B l l  a n d  a P. m organii s tra in . T h e  la t te r  co n ta in ed  
a В -like an tigen , serologically  id en tica l w ith  B l l  ; in  an  an tise ru m  p rep ared  
w ith  th e  co rrespond ing  liv ing s tra in , how ever, its  liv ing  suspension gave a 
h ig h e r t i tre  th a n  i ts  boiled one. T h is find ing  suggested  t h a t  th e  therm olab ile  
an tig en  occurring  in  th is  s tra in , a lth o u g h  serologically  id e n tic a l w ith  a n tig e n  
B l l ,  differed fro m  i t  fu n c tio n a lly , as in s tead  o f exerting  an  in h ib ito ry  a c tio n , 
i t  p rom oted  th e  ag g lu tin a tio n  o f  th e  liv ing  cu ltu re . In d e e d , living P . m or
g a n ii  stra ins f re q u e n tly  gave a h igher t i t r e  th a n  th e ir  bo iled  suspensions. 
In  an tise ra  p re p a re d  w ith alcohol tre a te d  suspensions som e reactions w ere

5*
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o b served  betw een  s tra in s  n o t re la te d  b y  e ith er О or H  an tig en s. T hese agglu
t in a tio n s  were, h ow ever, alw ays u n ila te ra l. Some exam ples are  show n in 
Table V.

Table V

Unilateral agglutination o f  P . morganii stra ins in sera prepared with alcoholized antigens

Sera against alcoholized 
antigens Living cultures Titre

of
agglutination

Strain O group S train 0  group

319/1 II 658 X IX 1280

658 X IX 739 X X II 640

741 I I I 658 X IX 320

739 X X II 352 IX 320

A bsorp tion  b y  th e  hom ologous bo iled  suspension cau sed  perfec t ex h au s
tio n  o f th e  sera. L iv ing , alcoholized o r  form alin ized suspensions o f th e  u n i
la te ra lly  re la ted  s tra in s  rem oved th e  hetero logous ag g lu tin in s  b u t  le ft u n a ffec t
ed  th e  hom ologous ones. T he he tero logous agglu tin ins w ere to ta lly  absorbed  
a lso  b y  boiled suspensions ( Table V I ) .

Table VI

Absorption o f agglutin ins fro m  serum  “ 739 ” prepared with alcoholized antigen

Strains

T itre  of agglutination

Unabsorbed
serum

739

Serum 739 absorbed by strain

739 100° C 352 living 352  100° C

739 living 5120 — 5120 5120

739 100° C 1280 — 1280 1280

352 living 320 — —

352 100ь C — — —

T he abso rp tion  te s ts  in d ica ted  th a t  th e  th e rm o la b ility  of the  su b stan ce  
responsib le  for th e  in c reased  ag g lu tin a b ility  has th e  sam e  pecu liarities as В 
a n tig e n . No e x p lan a tio n  has been o b ta in e d  from  the  te s ts  as to  th e  m echanism  
o f  th e  increased a g g lu tin a b ility  of liv ing  cultures.

2. H  antigens

The c ro ss-ag g lu tin a tio n  of fo rm alin ized  b ro th  c u ltu re s  in  H  an tise ra  
is show n in Table V I I .  T he  sera w ere p re p a re d  w ith  b ro th  cu ltu res th a t  had  
p rev io u sly  been passed  th ro u g h  sem iso lid  agar and  f in a lly  killed w ith  for-
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m alin . In  o rder to  e lim inate  co m p le te ly  th e  sources o f e rro r , 0  agglu tin ins 
w ere rem oved from  each  of th e  H  sera  b y  th e  bo iled  suspension  of th e  hom o
logous s tra in .

F o r th e  sake  o f sim p lic ity , Table V I I  show s only  sera  corresponding 
to  th e  various H  ty p e s , th e  hom ologous titre s  an d  one p ro to ty p e  of th e  s tra in s  
g iv ing  ag g lu tin a tio n  in  m ore th a n  one of th e  se ra . Те o ccu rrence  o f H  a n t i 
gens in  th e  v a rio u s О groups w ill be show n in  th e  d iagnostic  an tig en ic  schem a 
( Table X I ) .

A ccording to  Table V I I ,  th e  occurrence o f c ro ss-agg lu tina tions am ong 
th e  H  ty p es w as u n fre q u e n t. T he re la tio n sh ip  betw een  th e  cross-reacting  
an tig en s was s tu d ie d  in  a b so rp tio n  te s ts . I t  shou ld  be n o te d  th a t  only th e  
ex am in a tio n  of p ro to ty p e s  is p re se n te d  here ; in  re a li ty  all s tra in s  were te s te d  
a g a in s t all sera  a n d  those  g iv in g  c ross-agg lu tina tion  w ere all su b m itted  to  
cross-abso rp tion . T h e  an tigen ic  s tru c tu re  of p ro to ty p e s  c o n ta in in g  com plex 
flag e lla r an tigens is in d ica ted  in  Tables V I I I ,  I X  and  X .

Table VIII

H  antigenic relationships between strains 702 and 795

Serum 702 Serum 795

Strains
U nabsorbed Absorbed by 

strain  795
Unabäorbed ! Absorbed by 

stra in  7 <2

702 12800 — 3200

795 3200 — 12800 3200

A ntigenic s tru c tu re 702 = la d  : 3 795 =  la d  : 3,4

T he c ro ss-ag g lu tin a tio n  betw een  these  tw o  s tra in s  w as caused by  a 
com m on flag e lla r an tig en , w hich  was w ell-developed in  s tra in  702, and w hich 
m ig h t there fo re  be regarded  as th e  ch a rac te ris tic  ty p e  an tig en  of s tra in  702. 
In  s tra in  795, how ever, th e  sam e fac to r w as o f seco n d ary  im portance , 
th e  d e te rm in an t be in g  an tig en  4 , w hich com ple te ly  lacked  in  stra in  702 _

Table IX

H  antigenic relationships between strains 2 65/a and 266

Serum 265 Serum 266

Strains
U nabsorbed Absorbed by 

strain  266
Unabsorbed Absorbed by 

stra in  145

265/a 12800 12800 200 —

266 800 — 12800 3200

A ntigenic s tru c tu re 265 /a  =  5 : 8,18 266 = 26 : 17,18
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In  th e  exam ple show n in Table I X ,  b o th  s tra in s  h a d  d iffe ren t c h a rac te r  
is t ic  ty p e  an tigens in  ad d itio n  to  a com m on  p a r tia l  a n tig e n  of m in o r im p o r
ta n c e .

L ike in  th e  ab o v e  exam ple , in  th e  one show n in  Table X ,  th e  an tigen ic  
re la tio n sh ip  w as d u e  to  a m inor com m on  facto r.

N o phase v a r ia t io n  of th e  H  a n tig e n s  could be  d e m o n s tra te d .

Table X

H  antigenic relationships betiveen strains 1457 and 547

Serum  1457 Serum 547

Strains
Unabsorbed A bsorbed by 

stra in  547 Unabsorbed Absorbed by 
stra in  1457

1457 12800 12800 200 —

547 200 — 12800 12800

A ntigenic s tru c tu re 1457 11 : 10,13 547 1 4 :1 2 ,1 3

A ntigen ic  schema o f  P. m organii

B ased on th e  in v es tig a tio n s  d e ta iled  in  th is  s tu d y , a d ia g n o s tic  a n ti
genic schem a was e stab lish ed  (T ab le  X I ) .

B y w ell-defined th e rm o stab le  an tig en s  the 222 s tra in s  were d iv id ed  in to  
29 О groups. О g roup  1 w as subd iv id ed  in to  3 su bgroups, since th e  m em bers 
o f  th is  group in  a d d itio n  to  a com m on p a rtia l an tig en  c h a ra c te r is tic  of th e  
g ro u p , con ta ined  3 d iffe ren t fac to rs specific  for th e  subg ro u p s (“ b ” , “ c”  and 
“ d ” ). T he frequency  d is tr ib u tio n  o f  th e  s tra in s  was as follows. C om m onest 
w ere  th e  stra in s belong ing  to  О g roup  1 (54 per cen t). О groups 2 a n d  3 con
ta in e d  7 and  3 per cen t o f th e  s tra in s , respective ly . T he p ercen tage  of s tra in s  
in o th e r  О groups w as even less. R e la tionsh ips of th e  a b —ас v a r ie ty  were 
o b se rv ed  betw een  som e groups.

B y  th e  H  an tig en s th e  groups w ere d iv ided  in to  se ro ty p es . I n  222 s tra in s  
19 d iffe ren t H  an tig en s  w ere d e m o n s tra te d , o f w hich 5 h a d  a com plex  a n ti
genic s tru c tu re . Since severa l of th e  H  an tigens were fo u n d  to  fig u re  in  m ore 
th a n  one 0  group, th e  to ta l  n u m b er o f  sero types w as 57. F lag e lla r an tigens 
1 to  8 were th e  an tig en s  m ost fre q u e n tly  encoun tered . As i t  was im possib le 
to  recover m otile fo rm s from  6 of th e  s tra in s , th e  ty p e  d e te rm in a tio n  fo r those 
cou ld  n o t be perfo rm ed .

T he presence o f  th erm o lab ile  a n tig e n  has re liab ly  been  d em o n stra ted  
in  one sero type  on ly  (29 : 19), th e re fo re  th e  system atic  sign ificance o f these 
a n tig e n s  rem ains u n k n o w n .

T he in te rre la tio n sh ip s  betw een  P . m organii and  o th e r  Enter ob acteriaceae 
g ro u p s  will be d iscussed  in  a n o th e r p ap er.
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Table XI

Diagnostic antigenic schema

Antigens Number of strains within
Groups

“ 0 ” “ H ” types groups

l a b 1 3 6

l a b 2 4

l a b 3 2

l a b 3 ,4 1

l a b 5 5 6 0

l a b 6 7

l a b 7 3

l a b 8 ,1 8 1

l a b 9 1

l a c 1 2

I l a c 2 1

l a c 3 2 12  ( 1 1 9 )

l a c 3 ,4 4

l a c 5 1

l a c H— 2

l a d 1 1

l a d 2 1

l a d 3 2 7

l a d 3 ,4 4 4 7

l a d 5 6

l a d 6 6

l a d 7 1

l a d 1 0 ,1 3 1

2 2 1

и 2 3 2 16

2 5 11

2 6 2

3 5 2 7
i n

3 6 5

4 2 1

IV 4 3 1 6

4 7 4

V 5 8 ,1 8 4 6

5 1 0 ,1 3 2
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Diagnostic antigenic schema ( continued)

Groups
Antigens N um ber of strains w ithin

“ 0 ” “ H” types groups

VI 6
6

9 4
1

5

V II
7
7
7

5
1 2 ,1 3

2
2
1

5

V III

IX

8 5 5

9 1 6 4 4

X 1 0 14
3 •

3

X I 11 1 0 ,1 3 3 3

X II 1 2 11 3 3

X III 1 3
1 3

6
1 0 ,1 3

1
2 3

X IV 1 4
1 4

1 2 ,1 3 2
1 3

XV 15 9 2 2

X V I 16 11 2 2

X V II 17 8 ,1 8 1 1

X V III 18 — 1 1

X IX 1 9 5 1 1

X X 2 0 1 0 ,1 3 1 1

X X I 21 1 5 1 1

X X II 2 2 1 1 1

X X III 2 3 1 0 ,1 3 1 1

X X IV 2 4 16 1 1

X X V 2 5 1 2 ,1 3 1 1

X X V I 2 6 1 7 ,1 8  ' 1 1

X X V II 2 7 1 0 ,1 3 1 1

X X V III 2 8 — 1 1

X X IX 2 9 ( B ) * 19 1 1

* В -like therm olabile  an tigen
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Practical diagnosis o f  P . m organii

Serological d iagnosis can m ostly  b e  perform ed b y  th e  slide ag g lu tin a tio n  
tech n iq u e , as th e  s tra in s  do not c o n ta in  an tigens in h ib itin g  th e  ag g lu tin a tio n  
o f liv ing  b acteria .

I n  determ in ing  th e  О an tigens, th e  cross-reactions m u st be ta k e n  in to  
co n sidera tion . M ost of th ese , how ever, a re  no t a p p a re n t in  slide ag g lu tin a tio n  
ca rried  o u t w ith  O sera  d ilu ted  1 : 40 . C ross-reactions g iv ing  a t i tre  o f 1 : 160 
or m ore can  usually  be  observed b y  slide ag g lu tin a tio n . I n  these  cases th e  
serum  in  question  shou ld  be a b so rb ed  b y  th e  s tra in  show ing hetero logous 
ag g lu tin a tio n  in  th e  h ig h e s t d ilu tion . E xperience  has show n  th a t  ab so rp tio n  
b y  one s tra in  sim u ltan eo u sly  rem o v es occasional he tero logous ag g lu tin in s 
for o th e r  s tra in s . S ubd iv ision  of 0  g ro u p  1, how ever, can  exclusively  be p e r
fo rm ed  b y  absorbed sera  conta in ing  fa c to rs  b, c and d ( Table I I I ) .

F o r ty p e  d e te rm in a tio n  the  c u ltu re  should a t f ir s t  be passed  in  U tu b e s  
or in o cu la ted  in to  tu b e s  conta in ing  sem isolid  agar. F o r  tu b e  ag g lu tin a tio n  
th e  s tra in  is tran sfe rred  in to  b ro th  ; th e  cu ltu re  is fin a lly  k illed  w ith  fo rm alin . 
F o r slide ag g lu tin a tio n  th e  stra ins are  in o cu la ted  on th e  m idd le  of a 1 p er cen t 
ag ar p la te  and  in c u b a te d  a t  30° C [8]. T h e  fine layer o f  sw arm ing  is used  fo r 
slide ag g lu tin a tio n  in  se ra  d ilu ted  1 : 5 0  to  1 : 100. A lte rn a tiv e ly , th e  s tra in  
m ay  be  in ocu la ted  in to  th e  co n d en sa tio n  w ater o f a 1 p e r cen t ag ar s la n t 
and  th e  g row th  sp read in g  over th e  su rface  of the  m ed iu m  m ay be agg lu 
tin a te d .

T y p in g  was m ade m ore c o n v en ien t by  em ploying  7 d ifferen t О and 
3 d iffe ren t H  po lyv a len t sera. The com positions of 0  se ra  were as follows. 
1 =  la b ,  la c , l a d ;  2 =  2 - 5 ;  3 =  6 - 9 ;  4 = 1 0 - 1 4 ;  5 = 1 5 — 1 9 ;
6 =  2 0 —24 ; 7 =  25— 29. E ach  of th e  pools con ta ined  th e  correspond ing  О 
sera  in  equal p ro p o rtio n s. The o rder o f  sera  was based  u p o n  th e  p revalence 
o f th e  О groups. These se ra  were u sed  a t  a d ilu tion  o f 1 : 20. The О g roup  
o f a s tra in  show ing ag g lu tin a tio n  in  one  o f th e  pooled O se ra  was de te rm in ed  
b y  slide ag g lu tin a tio n  in  th e  separa te  O sera . Of the  s tra in s , 70 per cen t gave 
a g g lu tin a tio n  in  0  p o ly v a le n t sera 1 to  3.

T he com position o f  H  po lyvalen t se ra  was as fo llow s: 1 =  1 — 6 ;  2 =  7, 
9, 11, 14, 16, 19 ; 3 =  8, 18 10, 13 -f- 12, 13 -)- 17, 18. T y p e  d e te rm in a tio n
w as also perfo rm ed  in th e  sep ara te  se ra . Com plex an tigens could  be d e te rm in 
ed on ly  b y  ag g lu tin a tio n  in  absorbed se ra . ( Tables V I I I ,  I X ,  X . )  O f th e  
se ro ty p es 65 per cen t gave  ag g lu tin a tio n  in H po ly v a len t serum  1.

The system atic p o sitio n  o f  P. m organii

O pinions found in  ea rlie r l i te ra tu re  a re  confusing. B a h r  and  T h o m s e n  [3 ]  
and  J o r d a n  et al. [4] classified  this o rg an ism  as belonging  to  th e  Escherichia  
g roup . T he views of B e s s o n  and  d e  L a v e r g n e  [5] a n d  of M a g h e r u  [6 ],
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■who placed it  in  th e  Salm onella  g roup , w ere ad o p ted  b y  B e r g e y ’s, 1930 ed i
t io n . Various d esc rip tio n s  s ta te  th e  in c o n s ta n t beh av io u r o f  th e  stra ins. T he 
o bv ious ex p lan a tio n  o f  such  find ings is th a t  various b a c te r ia  have been b e 
liev ed  to  be M organ’s bac illu s. M o r g a n  and  L e d in g h a m  [2] d istingu ished  8 
ty p e s , w hich w ere h a rd ly  connected  b y  m ore th a n  th a t  th e y  w ere all G ram 
n e g a tiv e  and n o n -la c to se  ferm en tin g  o rgan ism s. T h jo t t a  [7] suggested th a t  
M organ ’s bacillus w as a m em ber of a he terogenous g roup  o f bac te ria  an d  
th e re fo re  proposed th e  n am e “ m etaco lon” . I t  has been m ad e  clear la te r  th a t  
M organ ’s bacillus N o  1, or P . m organii as re ferred  to  to -d a y  represen ted  th e  
o n ly  ind iv idual g ro u p , w hile B . m organii No 2 — 8 w ere p ro b a b ly  m em bers 
o f  o th e r Enterobacteriaceae groups.

R a u s s  [8] sh ow ed  th a t  B . tnorganii N o 1 com prised  a serologically 
heterogeneous, b u t  b iochem ically  w ell-defined  group. T ak in g  in to  considera
t io n  its  sw arm ing p ro p e r ty  and  its  serological b eh av iou r, he  regarded  i t  as a 
ch a rac te ris tic  fe rm e n ta tio n  group o f P ro te u s  bac te ria .

These re su lts  w ere  confirm ed b y  S e v in  and  B u t t ia u x  [9], in  w hose 
o p in io n  the  o rg an ism  u n d o u b te d ly  belongs to  th e  Proteus g roup .

In  Bergey's, 1939 ed ition  i t  w as inc luded  in to  th e  Proteus group a n d  
C o w a n  [20] also re g a rd e d  i t  as a m em b er o f th a t  group .

In  K a u f f m a n n ’s Enterobacteriaceae [13] a generic ra n k  has been g iven  
to  Proteus, and  P . m organ ii is one o f th e  4 species considered  as belonging to  
th is  genus.

F ulto n  [10] re g a rd s  P . m organii as a sep a ra te  genus an d  proposed th e  
n a m e  M organella. L a te r  K a u f f m a n n  [18] h as  also recom m ended  th a t,  on th e  
b as is  of its b io ch em ica l b eh av io u r, P . m organii should be excluded  from  th e  
genus Proteus an d  a new  genus, M organella  should be c re a te d . In  E w in g ’s [21] 
op in ion , P . m organii h a s  to  be excluded  from  th e  genus Proteus and the  new  
genus Morganella, in  ad d itio n  to  M . m organii, should in c lu d e  M . rettgeri a n d  
M . inconstans ( P rovidencia  ).

The m ore e x a c t id en tifica tio n  b y  recen tly  em ployed biochem ical re a c 
tio n s  of organism s be lo n g in g  to  th e  fam ily  Enterobacteriaceae gave rise to  som e 
d iversities of o p in io n  as to  th e  sy s tem a tic  c lassification . U n til  a fina l ag ree
m e n t can be re a c h e d , in  R om e (1953) th e  Enterobacteriaceae Subcommittee 
cam e to  a decision  th a t  tem p o ra rily  in  th e  fam ily  Enterobacteriaceae in s te a d  
o f  “ genus”  and  “ spec ies”  th e  m ore g enera l te rm s “ g ro u p ”  a n d  “ ty p e ”  shou ld  
be used  [26]. T h is sim p lifica tio n  u n d o u b te d ly  solved som e of the p re sen t 
d ifficu lties, b u t m a d e  th e  d iv id ing  line betw een  genus an d  species in d is tin c t 
a n d  caused th e  co n fu sio n  of th e  tw o u n its .

In  its 1958 re p o r t ,  th e  Enterobacteriaceae Subcom m ittee  [22] regards th e  
taxonom ic  positio n  o f  P . m organii d o u b tfu l and  recom m ends the  rev ision  
o f  th e  problem  in  th e  lig h t o f recen t in v estig a tio n s.
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In  h is recent w o rk , K a u f f m a n n  [11] stresses th e  im p o rtan ce  o f a m ore 
e x a c t c lassification  o f  Enterobacteriaceae. A ccording to  th e  princip les o f b iolo
g ica l c lassification , th e  te rm  trib e  m e a n s  th e  to ta l i ty  o f  re la ted  genera, w hile 
th e  re la te d  species c o n s titu te  the g en e ra . E ach  group o f b ac te ria  h av in g  in d i
v id u a l ch a rac teris tic s  w ith in  the  g en u s, should be reg a rd ed  as a sep a ra te  
species.

C onsidering th e  re su lts  of recen t inv estig a tio n s, th e  re la tionsh ip  b e tw een  
P . m organii and  th e  Proteus group c a n  be sum m arized  as follows.

A ccord ing  to  th e  p resen t c la ss ifica tio n , the  Proteus group co n ta in s  4 
su b g ro u p s  : P . vulgaris, m irabilis, m organii and  rettgeri. These subgroups
are re la te d  by  th e ir  com m on  b iochem ical ch arac ter, nam td y  no fe rm en ta tio n  
o f  lac to se , g row th  in  K C N  m edium , fo rm a tio n  of u rease  and  g lu tam ic  acid 
■decarboxylase and p ro d u c tio n  of p h e n y lp y ru v ic  acid from  p h en y la lan in e  [13, 
18, 20, 22],

P . m organii co rresponds to  th ese  req u irem en ts , th u s  i t  m ay be inc luded  
in  th e  Proteus group a n d  its  taxonom ic  position  m ay be regarded  as defin ite . 
On th e  b as is  of its  b iochem ical b e h a v io u r  (p roduc tion  o f indole, no liq u e 
fac tio n  o f gelatin , fo rm a tio n  of H 2S in  am o u n ts  d e te c ta b le  only b y  special 
m e th o d s an d  ch a rac te ris tic  fe rm en ta tio n  reactions) an d  its  an tigenic  p ro p e r
ties , P . m organii co n s titu te s  a w ell-defined subgroup w ith in  th e  Proteus g roup .

C onsidering th e  d e fin itio n s m e n tio n e d  above, th e  Proteus group (P ro- 
teae) shou ld  be regarded  as a tribe  of th e  fam ily  Enterobacteriaceae, since it  is 
m ade up  o f in d iv id u a lly  d isting u ish ab le  large u n its  co rrespond ing  to  th e  
lis ted  gen era l p roperties. These un its o r  subgroups, as re fe rred  to  a t p re sen t, 
a re , in  re a lity , genera. A ccordingly , P . m organii belongs to  a sep a ra te  genus 
as i t  sh a rp ly  differs from  o th e r genera (P . H auseri, P . Rettgeri)  of th e  tr ib e  
P ro teae . In  accordance w ith  K a u f f m a n n ’s view, we consider P. m organii 
as a re p re se n ta tiv e  of one o f the  genera o f  th e  trib e  P ro te a e . This concep tion  
requ ires th e  nam ing  of th e  new genus. O n th e  basis o f p rio rity , th e  n am e 
Morganella is ju stified . T h u s , in our o p in ion  P. m organii should be called 
M organella  morganii, as th e  only k n o w n  species of th e  new  genus.

D iscussion

T he b iochem ical b e h a v io u r  of P . m organii s tra in s exam ined  in  th e  p re 
s e n t s tu d y  corresponded  to  th e  results o f  o u r earlier o b se rv a tio n s [8] a n d  of 
tho se  o f o th e r  w orkers [9, 13, 16—21]. T h e  resu lts  recorded  fo r th e  p ro d u c tio n  
o f H 2S w ere, how ever, d isc rep an t. P . m organii has b een  found  to  p roduce  
H 2S in  am o u n ts  easily  d e tec tab le  by  th e  u su a l reag en ts , p ro v id ed  th a t  th e  
cu ltu re  m ed ium  co n ta in ed  cystine [24]. I n  m edia com m only  em ployed for 
th is  reac tio n  H 2S p ro d u c tio n  canno t be d e te rm in ed  by  th e  s ta n d a rd  m ethods. 
As show n b y  th e  in v es tig a tio n s , how ever, in  ad eq u a te  m ed ium  an y  o rg an 
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ism  belonging to  Enterobacteriaceae can  p ro d u ce  H 2S [24]. In  ag reem ent w ith  
E w in g  [2], we th in k  t h a t  H 2S p ro d u c tio n  shou ld  be ex am in ed  in  m edia re 
g a rd e d  a t p resen t as s ta n d a rd  fo r th is  b iochem ical reac tio n . T he degree o f  
s e n s it iv ity  provided  b y  th e  s ta n d a rd  te s ts  y ie ld  a basic m e th o d  of d ifferen
t ia t io n  ; its  change w ould  only cause confusion. A ccord ing ly , P. m organii 
h as  to  be recognized as an  H 2S -negative organ ism .

O ur earlier re su lts  h av e  been con firm ed  by  th e  p re sen t serological ex am 
in a tio n s  [8]. P rev io u sly , 48 s tra in s  had  been  d iv ided  in to  17 groups on th e  
basis  o f th e  0  an tig en s . I n  th e  f irs t and  la rg es t О group 3 subgroups had  been 
d is tin g u ish ed . One th i r d  o f  th e  s tra in s  belonged in to  О g roup  1, while o th e r О 
g ro u p s  were rep re se n te d  on ly  b y  1 or 2 s tra in s .

These prev ious re su lts  have been su p p o rted  by  th e  p re se n t in v es tig a 
tio n , perform ed on a b ro a d e r  scale. One la rg e  an d  28 sm all g roups have been 
d is tin g u ish ed . The la rg e s t o f th em , О g roup  1, co n ta ined  54 p er cen t o f t h e  
s tra in s , and  as in  th e  p rev ious stud ies, i t  could be su b d iv id ed  in to  3 s u b 
g ro u p s . C onsiderably  less s tra in s  belonged to  each of th e  o th e r  0  groups ; 
О g ro u p  2 and 3 c o n ta in e d  7 and  3 p er c en t o f th e  s tra in s , respective ly . E v e n  
less s tra in s  belonged to  each of th e  rem ain in g  0  groups. B y  com paring th e  
p re s e n t d a ta  w ith  th o se  o f  th e  o th e r a u th o rs , th e  follow ing conclusion can  b e  
m ad e . The earliest o f  th e  d a ta  are those  of L e w is  [27], w ho could d e te rm in e  
73 p e r  cen t of 242 s tra in s  by  m eans of 16 sera. So m p o l in s k y  [28] d iv ided  
78 p e r  cen t of 110 s tra in s  in to  5 groups by  5 sera. Of th e  s tra in s  65 p er cen t 
be longed  to  the  f i r s t  g ro u p s ; in  th e  p resen t investig a tio n s 54 per cen t o f th e  
s tra in s  belonged to  О g roup  1. A ccordingly , th e  d is tr ib u tio n  observed can n o t 
be a ttr ib u te d  to  a m ere  chance.

As to H  a n tig en s , no d a ta  are ava ilab le  w ith  th e  excep tion  of those o f  
o u r  ea rlie r e x am in a tio n s , w here w ith in  a re la tiv e ly  sm all n u m b er of s tra in s  
7 v a rio u s  H an tig en s w ere d istingu ished . T he an tigenic  analy sis  of 222 s tra in s  
p erfo rm ed  in  th e  p re se n t s tu d y  yielded 19 H  an tigens, 5 o f which show ed a 
com plex  s tru c tu re . M any  of th e  H  an tig en s were found  in  m ore th a n  one О  
g ro u p , th u s the  to ta l  n u m b e r o f sero types w as 57.

The u n q u estio n ab le  presence of a th e rm olab ile  a n tig e n  was show n in  
o n ly  one s tra in  ; th is  fa c to r  was serologically  iden tica l w ith  E . coli В an tig en
I I .  P rac tica lly  th e rm o la b ile  fac to rs could  be found  in  ev e ry  stra in , w hich  
in s te a d  of in h ib itin g  О ag g lu tin a tio n , p ro m o ted  it. As no p u re  an tise ra  re a c tin g  
exclusively  w ith  th e se  an tigens could be p rep ared , s tu d y in g  th e  n a tu re  o r  
fu n c tio n  of th e  th e rm o la b ile  fac to rs w as n o t possible.

On th e  basis o f  th e  p resen t s tu d ies , th e  an tigen ic  schem a of P. m or
g a n ii  has been e s tab lish ed . The schem a includes 29 О g roups w ith  3 s u b 
g ro u p s and  57 se ro ty p es . О groups 1 to  5 co n ta in ed  70 p e r  cen t of th e  iso la ted  
s tra in s . The re a li ty  o f  th is  find ing  is c learly  show n b y  com paring  it  w ith  d a ta  
o f  o th e r  au th o rs , a n d  also by  th e  fac t th a t  P . morganii s tra in s  recen tly  iso la ted
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■could be inc luded  in  О g roups 1 to  5 (and  in  se ro ty p es  w ith in  these  groups) 
in a sim ilar d is tr ib u tio n . T he serog roups and sero ty p es lis ted  in th e  an tigen ic  
sch em a  are  fa r  from  co n ta in in g  ev ery  0  and  H  an tig en  occurring  in  th e  genus 
P. m organii. A fter th ese  in v e s tig a tio n s  had  been b ro u g h t to  an  end, severa l 
s tra in s  w ere iso la ted  c o n ta in in g  e ith e r  О or H  and  som etim es b o th  О an d  H  
an tig en s d iffe ren t from  tho se  inc luded  in  the  an tig en ic  schem a. H ow ever, 
th e  an tigen ic  s tru c tu re  o f f re q u e n tly  encoun tered  se ro ty p es  p ro b ab ly  figures 
in  th e  an tigen ic  schem a.

In  th e  p resen t re p o rt th e  an tig en ic  in te rre la tio n sh ip s  betw een  P . rnor- 
g a n ii  and  o th e r Enterobacteriaceae genera  have n o t b een  d ea lt w ith . T his 
w ill be discussed in  a su b seq u en t w ork.

T he rev ision  o f th e  tax o n o m ic  position  of P . m organii has also been 
suggested . The c rea tio n  of th e  tr ib e  P ro teae  has b een  recom m ended , w hich 
w ould am ong o th ers  include th e  P . m organii g roup  u n d e r  th e  nam e M or- 
ganella  as one of its  genera. W ith in  th e  genus M organella, for th e  tim e  being  
M . m organii would be th e  on ly  species.

S um m ary

(i) T he biochem ical b e h av io u r an d  an tig e n ic  s tru c tu re  o f  222 P . morganii s tra in s  h a v e  
been stu d ied .

(ii) P . m organii is b iochem ically  w ell-defined  and d is tin g u ish ab le  from  o th er m em b ers 
o f  th e  Proteus g roup .

(iii) T he 222 s tra in s  w ere d iv id ed  in to  29 groups in c lud ing  3 subgroups and b y  19 H  
a n tig e n s  in to  57 sero types.

(iv) T he ex istence of a  th e rm o lab ile  a n tig e n  was u n d o u b te d ly  show n in on ly  one o f 
th e  sero types.

(v) T he an tig en ic  schem a of P. m organii has been e s tab lish ed .
(v i) P rob lem s of th e  tax o n o m ic  positio n  of P. morganii h a v e  been discussed.

Acknowledgement. T he a u th o rs  w ish to  th a n k  D r. B. L á n y i, State Institu te  o f  H ygiene, 
B u dapest, fo r p rov id ing  P . m organii s tra in s  o f h is collection.
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THE RELATION OF SURFACE PROPERTIES AND ANTI
BIOTIC RESISTANCE IN STAPHYLOCOCCUS AUREUS

I . P H A G E -T Y P IN G  O F  P O L Y R E S IS T A N T  STA PH Y LO C O C C U S
A U R E U S  S T R A IN S

B y

L. V Á C Z I, E .  J e n e y  an d  L. G É D E R
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(R ece ived  M ay 14, 1959)

As a re su lt  of th e  w ide ap p lica tio n  o f an tib io tic  tre a tm e n t, th e  incidence 
o f  re s is ta n t Staphylococcus aureus s tra in s  h as  g rea tly  increased  all over th e  
w orld . W ith  th e  in tro d u c tio n  o f an tib io tic  th e ra p y  th e  d ev e lo p m en t of re s is t
ance to  pen ic illin  h ad  b een  f irs t  observed  ; v a rious ex am in a tio n s perfo rm ed  
la te r  h av e  show n th a t ,  in  a d d itio n  to  pen ic illin , th e  sam e s tra in s  m ay  acqu ire  
res is tan ce  to  o th e r  an tib io tic s . As th e  occurrence  of “ p o ly re s is ta n t” s tra in s , 
re s is ta n t a g a in s t tw o or m ore  an tib io tic s , becom es m ore an d  m ore freq u en t, 
th e re  is no d o u b t th a t  th e  b ro ad en in g  o f th e  resistance  sp ec tru m  of Staphylo 
coccus aureus is s till in  p rog ress. In  th e  lig h t o f these find ings i t  is no w onder 
th a t  in c reased  a tte n tio n  is p a id  to  th e  v a rio u s  p roperties o f th e  “ p o te n tia lly  
p a th o g en ic”  Staphylococcus aureus s tra in s , b o th  from  th e o re tic a l and p ra c ti
cal p o in ts  o f view . Several au th o rs  have  s tu d ied  th e  phage ty p in g  o f s ta p h y lo 
cocci w ith  d ifferen t p a tte rn s  of an tib io tic  sen s itiv ity  [2, 4, 5, 6, 7, 10, 11]. 
F ro m  th e  re su lts  of these  in v estig a tio n s th e  follow ing conclusions can be d raw n .

(i) Staphylococcus aureus  s tra in s  sen sitive  to  an tib io tic s  are ap p ro x i
m a te ly  even ly  d is tr ib u te d  in  th e  vario u s ph ag e  groups.

(ii) A ltho u g h  m ost o f  th e  pen ic illin -resis tan t s tra in s  fall in to  phage 
g roup  I ,  th e y  are en co u n te red  in  all th e  o th e r  phage groups.

(iii) S taphylococci re s is ta n t to  an y  o f th e  b road  sp ec tru m  an tib io tics  
or to  2, 3 o r 4 an tib io tic s  fa ll m ost f re q u e n tly  in to  phage g roup  I I I .  W ith in  
group I I I  th ese  s tra in s  co rrespond  ch ie fly  to  phage p a t te rn  47/53/54/77.

(iv) D evelopm en t o f resistance  to  an tib io tic s  m ay  cause an  a lte ra tio n  
in  th e  p hage  ty p e  of th e  s tra in .

(v) Staphylococcus aureus s tra in s  belonging  to  phage group  I I I  p roduce  
re s is ta n t m u ta n ts  m ore easily  th a n  m em bers o f o th e r groups.

T he p re se n t in v es tig a tio n s  were p erfo rm ed  to  s tu d y  th e  changes in  th e  
c h a rac te ris tic  p roperties a n d  p h ag e-sen sitiv ity  of Staphylococcus aureus 
s tra in s  w hich  h ad  acqu ired  resistance  to  fo u r or five d iffe ren t an tib io tics.
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M aterials an d  m ethods

T he p a th o g en ic  Staphylococcus aureus s t ra in s  used in  th is  s tu d y  were iso la ted  from  
a d u lt  p a tie n ts  an d  from  p a tie n ts  and  s ta f f  a t  th e  in fa n ts ’ d e p a r tm e n t o f a hosp ita l. T h e  p a th o 
g en ic ity  o f th e  355 Staphylococcus aureus s t ra in s  iso la ted  was te s te d  b y  exam in ing  th e  liq u e 
fac tio n  of g e la tin , fo rm a tio n  of p ig m e n t, f e rm e n ta t io n  o f  m a n n ito l an d  p ro d u c tio n  of 
h aem o ly sin  and  coagulase.

S en sitiv ity  to  a n tib io tic s  was te s te d  b y  th e  p a p e r  disc m eth o d  using  6 d iffe re n t a n t i 
b io tic s , nam ely  pen ic illin , s tre p to m y c in , C hlorom ycetin , te rra m y c in , aureom ycin  an d  e ry th ro 
m ycin . A gar p la te s  w ere  seeded  w ith  18 h o u r  b ro th  cu ltu res  d ilu te d  1 : 100 w ith  sa line . T he 
in o cu la ted  m ed ia  w ere d ried  for 20 m in u tes  a n d  th e n  th e  p a p e r discs w ere p laced on th e  p la tes. 
H eadings were m ade  a f te r  24 hours a t  37° C. D e te rm in a tio n  of se n sitiv ity  was in  som e cases 
ch eek ed  by  th e  tu b e  d ilu tio n  m ethod.

P hage  ty p in g  w as c a rried  o u t b y  th e  m eth o d  of W illia m s  an d  R ip p o n  [13] using  
th e  follow ing phages

G roup I : 29, 52, 5 2 /a , 79, 80
G roup II . 3 /a , 3 /b , 3 /c, 55, 71
G roup I I I  : 6 , 7, 4 2 /E , 47, 53, 54, 70, 73, 75, 77
G roup IV  : 42/D .

R esu lts

O f th e  355 Staphylococcus aureus s tra in s  240 w ere iso la ted  from  a d u lt 
p a tie n ts . The rem a in in g  115 s tra in s  w ere o b ta in ed  from  th e  in fa n ts ’ d e p a r t
m en t. In  b o th  g ro u p s m ost of the  s tra in s  w7erc iso la ted  from  skin or th ro a t 
co n d itio n s, som e fro m  o th e r in fec tions. T he an tib io tic  sen s itiv ity  o f th e  
s tra in s  is p resen ted  in  Table I.

Table I

Sensitiv ity  o f  Staphylococcus aureus strains to various antibiotics 
T o ta l n u m b er o f s tra in s , 355

Sensitive Resistant

No % No %

Penicillin  ............................ 40 12.0 315 88.0

S trep to m y cin  ..................... 266 75.0 89 25.0

C hlorom ycetin  ................... 237 67.0 118 33.0

T erram ycin  ....................... 275 77.6 80 22.4

A ureom ycin  ....................... 275 77.6 80 22.4

E r y th r o m y c in ..................... 345 97.2 10 2.8

A ccording to  Table I , of th e  355 s tra in s  ex am ined , to  penicillin  315 
(88 p er cen t), to  ch lo rom vcetin  118 (33 p e r cen t), to  s trep to m y c in  89 (25 per 
cen t) to  te rram y c in  80 (22.4 per cen t) an d  to  au reom ycin  80 (22.4 p e r cen t), 
w ere re s is tan t. T he n u m b er of e ry th ro m y c in -res is tan t s tra in s  was on ly  10 
(2.8 p er cen t).

O f th e  s tra in s , 34 (9.6 per cen t) w7ere sensitive to  all an tib io tics te s ted . 
A resis tan ce  to  one o f th e  an tib io tics w as show n b y  182 cu ltu res(51 .2  p e r cen t), 
th ese  w ere ch iefly  pen ic illin -resis tan t. F if ty  s tra in s  (14.1 p e rc e n t)  were re s is ta n t 
to  tw o  an tib io tics . A g a in st 3 or 4 an d  5 o r 6 an tib io tics  24 (6.7 per cen t), and
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65 (18.4 p e r cen t), o f th e  cu ltu res w ere re s is ta n t, re spec tive ly . T hus th e  n u m 
ber o f  “ p o ly re s is ta n t”  s tra in s , i. e. o f tho se  w ith  a v e ry  b road  sp ec tru m  of 
resistance , w as 65. T h is  num ber w as considerab le  b y  itse lf, since i t  m e a n t 
th a t  th e  an tib io tic s  com m only  used were ineffective a g a in s t nearly  1/5 o f  th e  
iso lated  s tra in s .

In  Table I I  th e  phage group d is tr ib u tio n  o f  Staphylococcus aureus  
s tra in s  is show n.

Table II

Phage group distribution o f Staphylococcus aureus strains

No.
1

%

P h a g e  g r o u p  I ............................ 126 35.3

P h a g e  g r o u p  II ............................ 34 9.5

P h a g e  g r o u p  III ......................... 39 11.0

P h a g e  g r o u p  IV  ......................... 2 0.56

C r o s s - r e a c t in g  s t r a in s  ..................... 47 13.2

N o n - ty p a b le  s t r a i n s  ........................ 107 30.4

A ccord ing  to  Table I I ,  35.3 p er cen t o f th e  s tra in s  belonged to  p h ag e  
group I ,  9.5 p er cen t to  phage group I I ,  11.0 p er cen t to  phage group I I I  an d  
0.6 p er cen t to  phage g ro u p  IV . C ross-reactions w ere g iven  b y  13.2 p e r c e n t 
of th e  s tra in s . The h ig h  n u m b er of n o n -ty p ab le  s tra in s  w as s trik ing  ; o u t o f 
355 s tra in s  107 belonged  to  these, suggesting  th e  necessity  o f m ore d e ta iled  
exam ina tions as to  th e  connection  betw een an tib io tic  sen s itiv ity  and  p h ag e  
groups.

In  Table I I I  th e  an tib io tic  sen s itiv ity  of s tra in s  belonging to  v a rio u s  
phage g roups is p re sen ted .

Table III

Relation between the antibiotic sensitivity and phage groups o f Staphylococcus aureus strains

Antibiotic sensitivity pattern
No of 
strains

Phage groups Cross
reacting
strains

Non-typable
strains

I II III IV No %

Sensitive to  all an tib io tics .......... 34 15 » 3 1 3 4 11.8

R esistan t to  1 a n t ib io t i c .............. 182 89 18 15 1 31 28 15.4

R esistan t to  2 an tib io tic s  .......... 50 18 7 10 — 9 6 12.0

R esistan t to  3 o r 4 a n tib io tic s  . 24 4 1 5 — 2 12 50.0

R esistan t to 5 o r 6 an tib io tic s  . 65 — — 6 — 2 57 88.0

T o ta l s ...................................................... 355 126 34 39 2 47 107

6 Acta Microbiologica VI/3.
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A ltho u g h  Staphylococcus aureus s tra in s  sensitive to  all th e  te s te d  a n t i 
b io tic s  or re s is tan t to  one or tw o an tib io tic s  occurred  in  ev e ry  phage group,, 
th e y  fell m ain ly  in to  ph ag e  group I  (44 p e r  cen t). Of th e  s tra in s  re s is ta n t  
o n ly  to  penicillin an d  o f th o se  re s is ta n t to  tw o  of th e  an tib io tic s , 48 an d  36  
p e r  c e n t respectively , belonged  to  th is  p h a g e  group . O f th e  s tra in s  belong ing  
to  th e  above sen s itiv ity  groups, 15.4 p e r  cen t gave cross-reactions an d  3 
s tra in s  (14.2 p er cent) w ere n o n -ty p ab le .

O f th e  24 s tra in s  re s is ta n t to  3 or 4 an tib io tic s , 12 could n o t be inc luded  
in  a n y  of th e  phage g roups. W hen p h ag e  ty p in g  th e  “ rea lly  p o ly re s is ta n t’* 
s tr a in s ,  w hich were re s is ta n t to  5 or 6 a n tib io tic s , a s ign ifican t increase  in  th e  
occu rren ce  of n o n -ty p ab le  s tra in s  was observ ed . O ut o f th e  65 p o ly re s is ta n t 
s tra in s  2 gave cross-reactions and  only  6 could  be ty p e d  as be long ing  to  p h a g e  
g ro u p  111 (9 per cen t). N e ith e r  of th e  s tra in s  belonged to  p hage  g roups I ,  I I  
o r IY . O f these s tra in s  57 (88 p er cen t) cou ld  no t be ty p e d  w ith  th e  p h ag es  
u se d . T hus am ong s tra in s  w ith  m u ltip le  resistance  th e  freq u en cy  of n o n - 
ty p a b le  cu ltu res w as s trik in g ly  h igher th a n  am ong o th e r s tra in s .

T he changes a ffec ting  th e  ty p a b ili ty  o f s tra in s  w ith  a b ro ad  sp ec tru m  
o f re s is tan ce  are c learly  show n in  th e  ex trem e  rig h t co lum n of Table I I I .  
W h ile  th e  percen tage  freq u en cy  for n o n -ty p a b le  stra ins am ong  th e  sen s itiv e  
c u ltu re s  and  am ong th o se  re s is ta n t to  one o r tw o an tib io tics  w as on ly  ab o u t 
1 2 — 15 p er cen t, am ong th e  s tra in s  r e s is ta n t to  3 or 4 an tib io tic s  i t  w as 50 p e r  
c e n t and , fina lly , am ong  s tra in s  re s is ta n t to  5 or 6 an tib io tic s  it  w as as h igh 
as 88 p er cent. A ll th e  ty p a b le  p o ly re s is ta n t s tra in s fell in to  phage g roup  I I I .

O f th e  s tra in s  exam ined  39 belonged  to  phage group  I I I .  T ak in g  into- 
co n sid e ra tio n  th a t ,  accord ing  to  th e  l i te ra tu re , th e  m a jo rity  o f cu ltu res  re s is t
a n t  to  an tib io tics are  m em bers of ph ag e  g roup  I I I ,  our s tra in s  fa lling  in to  th is  
g ro u p  were m ore ex ten siv e ly  s tu d ied . P h ag e  ty p in g  o f th e se  s tra in s  w as 
re p e a te d ly  perfo rm ed  n o t only  w ith  th e  R . T. D ., b u t  also w ith  co n c e n tra ted  
p h a g e  suspensions. T h u s , accord ing  to  th e  presence or absence o f cross-reac
tio n s  w ith  c o n c e n tra ted  phage suspen sio n s, the  s tra in s could  be d iv ided  in to  
su b ro u p s . P a r t  o f th e  s tra in s  m igh t be in c lu d ed  in  th e  co rrespond ing  phage 
g ro u p  sim ply b y  ex am in a tio n  w ith  th e  c o n c e n tra ted  phages. U n d er th e  la t te r  
c ircum stances 21 s tra in s  gave no c ro ss-reac tio n , therefo re  th e y  m ig h t d irec tly  
b e  inc luded  in  p hage  group I I I .  T he rem ain ing  18 phage g roup  I I I  s tra in s  
co u ld  exac tly  be ty p e d  only  b y  using  th e  R . T. D. A lm ost none o f th e  p o ly 
re s is ta n t  s tra in s  be long ing  to phage g roup  I I I  gave cross-reactions in  th e  
co n c e n tra ted  phage suspensions ; acco rd in g ly , th e y  rep re sen ted  a m ore s tab le  
k in d  o f subgroup  w ith in  phage g roup  I I I .  A lthough  cu ltu res  sensitive to  all 
an tib io tic s  or re s is ta n t to  one or tw o  an tib io tic s  were en co u n te red  in  phage 
g ro u p  I I I ,  these  belonged  m ain ly  to  th e  less stab le  k in d  o f  phage subgroup .

B y discussing sep a ra te ly  th e  115 s tra in s  iso lated  in  th e  d e p a r tm e n t fo r  
in fa n ts , the  above observa tions becom e m ore d em o n stra tiv e . T he 115 c u ltu re s
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w ere possib ly  nosocom ial ones, as th e y  h ad  been iso la ted  from  p a tien ts  t r e a t 
ed fo r a longer period or from  th e  s ta ff. O u t of 115 s tra in s , 42 (36.5 per cen t) 
were p o ly re s is tan t. T he an tib io tic  se n s itiv ity  and  phage g roups of these  s tra in s  
are show n in  Table I V .

Table IV

A ntibiotic sensitivity  and phage groups o f  Staphylococcus aureus stra ins isolated in an in fan ts,
department

Antibiotic sensitivity pattern No of 
strains

Phage groups Cross-
reacting
strains

Non-
typable
strainsI и III IV

S e n s i t iv e  to  a l l  a n t ib io t i c s  ........... 4 2 l 1 _ _ _
R e s is ta n t  t o  1 o r  2 a n t ib io t i c s  . 64 33 7 5 — 12 7

R e s i s ta n t  to  3 o r  4  a n t ib io t i c s  . 5 — — — — 1 4

R e s is ta n t  to  5 o r  6 a n t ib io t i c s  . 42 — — 1 — 2 39

O f th e  s tra in s  show n in T able IV , 68 were sensitive to  all the  an tib io tic s  
or re s is ta n t only to  1 or 2 of th em . O f these  s tra in s, 51.5 p er cen t fell in to  
phage g roup  I. Seven s tra in s  (10 per cen t) were n o n -ty p ab le . S taphylococci 
re s is ta n t to  5 or 6 an tib io tic s  occurred  v e ry  freq u en tly  (42 ou t of 115 s tra in s  
or 36.5 p er cen t). O f th e  la t te r  42 s tra in s  39 were n o n -ty p ab le . One ou t of th e  
3 ty p a b le  s tra in s  was lysed  by  phages 47, 53, 54 and 77, th u s  i t  belonged to  
phage g roup  I I I  ; th e  rem ain ing  2 cu ltu res  gave cross-reactions. The resu lts  
ap p ear to  show  th a t  s tra in s  w ith  a v e ry  b road  resistance sp ec tru m  are m ostly  
nosocom ial ones an d , para lle l w ith  th e  developm ent o f m u ltip le  resistance , 
th e  p o ssib ility  o f ty p in g  th em  is reduced  or stopped.

Discussion

I f  th e re  is an y  re la tio n  betw een  th e  an tib io tic  re s is tan ce  and phage 
ty p a b ili ty  o f o rganism s, th e  fac to rs responsib le  for th is  seem  to  be connected  
w ith  th e  surface p ro p ertie s  of th e  cells. In  th e  action o f b o th  an tib io tics and  
phages th e  f irs t  s tep  is th e ir  co n tac t or linkage to  the su rface  o f th e  cell. These 
ac tions m ay  be due to  an  e lec tro sta tic  effect and, in  ad d itio n , th e y  m ay  be 
in fluenced  b y  o th e r p ro p erties  of th e  su rface . The com position  of substances 
c o n s titu tin g  th e  cell su rface an d  th e ir  stereospecificity  u n d o u b ted ly  p lay  a 
v e ry  im p o r ta n t p a r t  in  b o th  processes.

T he p resen t resu lts  d iffer from  tho se  of o ther a u th o rs  in  tw o respects , 
nam ely , on th e  one h an d  in  th e  h igh n u m b er of s tra in s  re s is ta n t to  5 or 6 
d iffe ren t an tib io tic s  an d , on th e  o th er, in  th e  fac t th a t  n e a rly  one th ird  o f th e  
s tra in s  could n o t be ty p e d  w ith  th e  phages used. Of th e  Staphylococcus aureus 
s tra in s  of K n i g h t  and  H o l z e r  [5] 5 p e r cen t was n o n -ty p ab le . B a r b e r  et
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al. [3] found  even less su ch  stra in s. I t  sh o u ld , how ever, he n o te d  th a t  the  s tra in s  
o f  th e se  au th o rs  h a d  a  n arro w er sp ec tru m  o f resistance . A ccord ing  to  B a r b e r  

et al. [2, 3], th e  se n s itiv e  s tra in s  are fa ir ly  even ly  d is tr ib u te d  in  all th e  p hage  
g ro u p s . In  th e  p re s e n t  in v estig a tio n s 44 p e r cen t of th e  sensitive  stra in s fell 
in to  phage group I .  A  s im ila r d is tr ib u tio n  w as found  for Staphylococcus aureus 
s tra in s  re s is tan t to  1 o r 2 an tib io tics . P a ra lle l w ith  th e  b roaden ing  of th e  
re s is tan ce  sp ec tru m , how ever, a fu n d a m e n ta l change in  th e  frequency  o f 
d is tr ib u tio n  w as o b se rv e d , as th e  n u m b e r o f s tra in s  fa lling  in to  phage groups
I ,  I I  and  I I I  becam e con sid erab ly  less f re q u e n t while th e  n u m b e r of non -ty p ab le  
s tra in s  g radually  in c rea sed . W hereas on ly  12 to  15 p er c e n t of th e  s tra in s  
sen sitiv e  to  all, or r e s is ta n t  to  1 or 2, o f th e  an tib io tics  w ere n o n -ty p ab le , am ong 
s tra in s  re s is tan t to  3 o r 4 an tib io tics th is  percen tage  w as 50 ; am ong th e  
p o ly re s is tan t s tra in s  th e  occurrence o f n o n -ty p ab le  c u ltu re s  reached 80 p er 
c e n t. A ccording to  th e  observations o f o th e r  au th o rs  and re su lts  of th e  p resen t 
s tu d ie s , the  ty p a b le  s tra in s  show ing m u ltip le  resistance  belonged to  phage 
g ro u p  I I I .  T he o ccu rren ce  of such s tra in s , how ever, w as un freq u en t.

As regards th e  p h ag e  ty p es in  re la tio n  to  an tib io tic  sen s itiv ity , it  shou ld  
b e  n o ted  th a t  o f th e  Staphylococcus aureus s tra in s iso la ted  by  K night  [5] 
fro m  1932 to  1938, o n ly  20 per cen t belonged to  ph ag e  group  I I I  ; of th e  
s tra in s  iso lated  b y  th e  sam e au th o r in  1953 and  1954, 60 p e r cen t belonged 
to  th is  phage g ro u p . A large n u m b er o f  th e  la t te r  s tra in s  showed m ultip le  
res is tan ce . A ccord ing  to  Gould  [4], th e  re s is tan t m u ta n ts  of a s tra in  o rig i
n a lly  belonging to  p h ag e  group I  w ere m em bers o f p h ag e  group I I I .  T he 
ex am in a tio n s of VÁczi [8] and  W al l m a r k  [12] show ed th a t  developm ent 
o f resistance to  a n tib io tic s  causes a p a r tia l  or to ta l red u c tio n  in  the  frequency  
o f  ty p a b le  s tra in s . A ccord ing  to  th e  p re se n t re su lts , of th e  s tra in s  exam ined on ly
I I .  0 per cen t b e lo n g ed  to  phage group I I I .  M any of th e  rem ain in g  s tra in s w ere 
n o n -ty p ab le , p ro b a b ly  in account o f th e ir  broad  sp e c tru m  of resistance .

The p red o m in an ce  of n o n -ty p ab le  s tra in s  m ay be exp la ined  by  a d iffer
ence existing b e tw een  th e  com position  o f surface in sen sitive  and p o ly resis tan t 
cells. In  consequence  o f th is, th e  p rim a ry  co n tac t w ith  th e  reactive g roups 
o f  th e  surface m a y  be  inh ib ited  in  re s is ta n t cells. A difference betw een th e  
com position  of th e  surface of sen sitive  an d  p o ly re s is tan t cells of ce rta in  
E . coli s tra in s w as in d ica ted  by  VÁczi and  I ncze [9b] ; th e  experim ents o f 
VÁczi, H a d h á z y  a n d  K atona  [9] show ed th a t  p o ly re s is ta n t s tra in s w ere 
m ark ed ly  less p h a g o c y te d  th a n  sensitive  ones. F u r th e r  investiga tions co n 
cern ing  this p ro b lem  are  in progress.

S um m ary

The a n tib io tic  se n s it iv ity  and  p h age  ty p e  of 355 p a th o g e n ic  Staphylococcus aureus 
s t ra in s  have been  c o m p a red .

(i) Of th e  s tra in s ,  34 were sensitive to  a ll an tib io tic s , 182 w ere re s is tan t to  one, 50 to  
tw o , 24 to th ree  o r fo u r , and  65 to  fiv e  o r s ix , an tib io tic s .
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(ii) O f th e  s tra in s , 35.3 p e r  c en t belonged to  phage group  I ,  9.5 p e r  cen t to  phage group  
I I ,  11 pe r cen t to  p h ag e  g roup  I I I ,  0.6 p e r cen t to  phage group  IV . 13.2 p e r cen t of th em  gave  
cross-reac tions and  30.4 p e r  c en t w as no n -ty p ab le .

(iii) P a ra lle l w ith  th e  b ro ad en in g  of th e  resistance  sp e c tru m  th e  frequency  o f non- 
ty p ab le  s tra in s  was co n sid erab ly  in creased . O f th e  p o lv res is ta n t Staphylococcus aureus s tra in s , 
38 p e r cen t was n o n -ty p ab le .

(iv) F o r th e  in h ib itio n  of p hage  a d so rp tio n  and  o f p e n e tra tio n  of an tib io tic s , th e  possib le  
re sp o n sib ility  of a n  a lte ra t io n  in  th e  com position  of th e  su rface  o f p o ly re s is ta n t s tra in s  h a s  
been suggested.
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In  th e  su m m er of 1957, H u n g a ry  experienced  a severe po liom yelitis  
ep idem ic  as i t  has been  described  b y  R u d n a i [1]. M o l n á r  [2] rep o rted  th a t  
m a in ly  ty p e  1 po liov irus s tra in s  were iso la ted  from  p a ra ly tic  cases, w hile 
cases of a b a c te ria l m en ing itis , being  p a rtic u la r ly  f re q u e n t du ring  th e  ep i
dem ic in  som e areas o f th e  c o u n try , equally  y ielded poliov irus ty p e  1 an d  o th e r  
e n te ro v iru s  s tra in s .

W e also iso la ted  som e s tra in s  of po liov irus and  o f o th e r  en tero v iru ses  
from  p a tie n ts  w ith  p a ra ly tic  poliom yelitis and  carried  o u t n e u tra liz a tio n  
te s ts  d u rin g  th e  epidem ic. T he resu lts  are  p resen ted  in  th is  paper.

M ateria ls and  m ethods

Faecal specim ens from  p a tie n ts  w ith  p a ra ly tic  po liom yelitis w ere o b ta in ed  from  th e  
László Central H ospita l o f  In fectious Diseases, B udapest, and  from  th e  County H ospita l of. 
N yíregyháza. C ollecting specim ens from  th e  la t te r  h o sp ita l seem ed to  be o f special in te re s t  
since th e  N yíregyháza  a rea  is n e ig h b o u rin g  th e  East-Szabolcs a rea  w hich  was a ffec ted  b y  a n  
u n u su a lly  severe  po liom yelitis ep id em ic  in  1956 [1].

Tissue  cultures. H u m an  em b ry o n ic  f ib ro b la s t cu ltu res  w ere used  th o ro u g h ly . P la sm a  
clo t e x p ia n ts , as described p rev io u s ly  [3], w ere em ployed  a t th e  beg in n in g . S u b seq u en tly , 
m ain ly  for th e  n e u tra liz a tio n  te s ts ,  a less tim e  consum ing  tec h n iq u e , th e  try p sin ized  cell 
m e th o d , w ith  cells grow ing on th e  glass w all was in tro d u ced .

Standard antisera. T ype  sp ec ific  m onkey  se ra  to  ty p es 1, 2 u n d  3 po liov irus w ere used . 
T h e  sera  w ere p re p a re d  and k in d ly  su p p lied  by  th e  Virus Laboratory  o f th e  Schweizerisches 
Serum - und  Im p fin s titu t ,  B ern , Sw itzerland.

Rabbit antisera  w ere p re p a re d  b y  th e  in tra v en o u s  in o cu la tio n  of a d u lt ra b b its . E ac h  
ra b b it  received  fo u r in jec tio n s o f 1 m l spaced 3, 3 an d  14 days a p a r t .  F o u r weeks a f te r  th e  
la s t  in je c tio n  th e  ra b b its  w ere b led  o u t.

N eutra liza tion  tests. S era  w ere  in a c tiv a te d  a t  56° C for 30 m in u te s  before te s te d . T he 
w ork ing  d ilu tio n  of th e  s ta n d a rd  se ra  w as 1 : 5, t h a t  o f ra b b it  a n tise ra  and  of p a tie n ts ’ sera  
w as 1 : 20. E a c h  d ilu tio n  w as m ix e d  w ith  an  eq u al vo lum e of v iru s  suspension  m ad e  up to  
c o n ta in  100 C PD 50 p e r tissue  c u ltu re  tu b e . T he se ru m -v iru s m ix tu re  w as in cu b a ted  a t  37° C 
fo r one h o u r.

Suckling  m ice. T w o-day-old  m ice w ere in o cu la ted  w ith  0.1 m l o f th e  v ira l p re p a ra tio n  
to  be  te s te d , 6 to  10 m ice w ith  each , in tra p erito n ea lly .

E xperim en ta l

F ro m  p a tie n ts  w ith  p a ra ly tic  poliom yelitis 55 faecal specim ens w ere 
ex am in ed  and  th e re o f 21 cy to p a th o g en ic  s tra in s  were iso la ted . The 37.5 p e r 
c en t y ield  agrees w ith  th e  re su lts  o b ta in ed  b y  o th e r au th o rs  [4]. T h ir te e n  o f
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th e  iso la tes were n e u tra liz e d  b y  ty p e  1, one s tra in  b y  ty p e  2 po liom yelitis  
a n tise ru m .

Seven iso lates w ere n o t n eu tra lized  even  w ith  a m ix tu re  of th e  s ta n d a rd  
a n tise ra  to  th e  th re e  ty p e s  o f poliom yelitis v irus. The sam e s tra in s  fa iled  to  
cause an y  sy m p to m  w h en  in ocu la ted  in to  suckling  m ice. T hus, th e  seven  
iso la tes w ere n e ith e r  po liov irus nor C oxsackie v irus s tra in s . W e there fo re  
supposed  th em  to  be m em bers of th e  E C H O  group of v iruses. To o b ta in  m ore 
in fo rm atio n , ra b b its  w ere im m unized  w ith  th e  iso lates an d  th e  an tise ra  w ere 
te s te d  ag a in st th e  iso la te s  them selves, as well as aga in st th e  reference s tra in s  
o f th e  ty p es  1 to  9, 11 to  15, 17 and  19 o f E C H O  v irus. (T he reference s tra in s  
w ere o b ta in ed  from  th e  State Institu te  o f  H ygiene, B udapest.)  R eference s tra in s  
o f th e  ty p es  16 an d  18 w ere no t ava ilab le . The ty p e  10 s tra in  used in  ou r 
ex p erim en ts  could n o t be c u ltiv a ted  in  h u m a n  em bryonic  fib ro b la s ts . The res id ts  
o f  th e  n e u tra liz a tio n  te s ts  are sum m arized  in  Table I .

A d efin ite  cross n e u tra liza tio n  w as d em o n stra ted  betw een  th e  s tra in s  
L . J . ,  K . I . and  th e  re fe rence  s tra in  E C H O  11. T he S. M. s tra in  ex h ib ited  only  
p a r t ia l  crossing w ith  th e  sam e reference s tra in . A lthough  an tise ru m  to  S. M. 
s t r a in  n eu tra lized  th e  reference  s tra in  well, th e  s tra in  itse lf  w as poorly  n e u tra l
ized  b y  th e  an tise ru m  p rep a red  against th e  reference s tra in . Such a p a r tia l  
crossing  is c h a rac te ris tic  o f some s tra in s , called E C H O -prim e s tra in s  [6], 
belong ing  to  ty p es  5, 7, 9, 10, 11 and 13. A  defin ite  cross n e u tra liza tio n  w as 
s im ila r ly  d e m o n s tra te d  betw een  th e  s tra in  Y. R . an d  th e  reference s tra in  
E C H O  7. Cross n e u tra liz a tio n  betw een th e  s tra in s  B. J .  an d  O. E . w as also 
d e m o n s tra te d  b u t  the  corresponding  a n tise ra  d id  no t neu tra lize  an y  o f  th e  
re fe rence  s tra in s  te s te d . N one of th e  s tra in s , except th e  hom ologous one w ere 
n e u tra liz e d  b y  th e  B. I .  an tiserum .

T he resu lts  in d ic a te  th a t  s tra in s  L. K . I. an d  S. M. were E C H O  11 
s tra in s , s tra in  V. R . be longed  to  EC H O  ty p e  7 w hereas th e  rem ain d er be
longed to  2 d is tin c t, y e t  u n d e te rm in ed  ty p es.

A ll th e  seven s tra in s  ex erted  a m ark ed  cy to p a th o g en ic  effect in  h u m an  
f ib ro b la s ts  an d  so d id  th e  ECH O  reference s tra in s  excep t ty p e  10. In  m onkey  
k id n ey  th e  B. J .  an d  0 .  E . s tra in s ex e rted  a w eak effect w hile th e  rem a in d e r 
w ere s tro n g ly  c y to p a th o g en ic .

T h e  h igh inc idence  of s tra in s  u n id e n tif ia b le  w ith  s ta n d a rd  po liom yeli
t is  a n tise ra  has ra ised  th e  question  w h e th e r th e  p a ra ly tic  cases y ield ing  th e  
v iru ses had  all been  caused  b y  po liov irus, or h ad  in  som e cases th e  iso la tes 
been  para ly to g en ic . To e lucidate  th is  questio n , 214 ch ild ren  u n d e r o r th o p a e 
dic tre a tm e n t in  th e  State H eine-M edin H ospita l, B udapest, follow ing an a t ta c k  
o f  po liom yelitis , w ere exam ined  for n eu tra liz in g  an tib o d ies  to  th e  3 ty p e s  
o f  po liov irus. The re su lts  are  p resen ted  in  deta il in  Table I I .

As show n in Table I I ,  all th e  214 sera  co n ta ined  n eu tra liz in g  an tib o d ies  
to  a t le a s t one ty p e  o f th e  v irus. F if ty  sera  n eu tra lized  tw o  ty p es, 11 sera
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Tabic II

N eutralizing antibodies to the 3 types o f  poliovirus in  the sera o f 214 poliom yelitis convalescents

Age group < 6  months 6— 11 months 1—2 years 3—5 years 6—9 years 10—14 years
15 years 
and over Total

Persons hav ing  an tibod ies to  one type

A n tib o d y
ty p e 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

No of sera 4 —  — 13 —  1 96 7 — 25 —  — 3 —  2 2 —  — 143 7 3

T otal 4 14 103 25 5 2 0 153

Persons hav ing  an tibodies to  two types

A ntibody
ty p e 1 +  2 1 +  3 2 + 3 1 +  2 1 +  3 2 + 3 1 +  2 1 +  3 2 + 3 1 +  2 1 +  3 2 + 3 1 + 2  1 +  3 2 + 3 1 +  2 1 +  3 2 + 3 1 +  2 1 +  3 2 + 3 1 +  2 1 + 3  2 + 3

No o f sera 

T o ta l

—  —  — 2 1 — 19 4 1 3 9 — 1 4 — _  4 — 1 1 — 26 23 1

0 3 24 12 
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5
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th re e  ty p e s . Two h u n d red  an d  th re e  sera  (95 p er cent) had  ty p e  1 an tibod ies 
w hereas ty p e  2 and  ty p e  3 an tib o d ie s  w ere d em o n stra ted  in as few  as 45 
(21 p e r  cen t) an d  38 sera (18 p e r cen t), respective ly . Such a d is tr ib u tio n  of 
an tib o d ie s  agrees well w ith  th e  sum m arized  d is tr ib u tio n  b y  ty p e  of th e  94 
p o liov irus s tra in s  w hich had  been  iso la ted  in  3 H u n g a rian  lab o ra to rie s  [2, 5] 
d u rin g  th e  1957 epidem ic. E ig h ty -fo u r s tra in s  (89 p er cent) belonged to  ty p e  
1, 7 to  ty p e  2 an d  3 to  ty p e  3.

D iscussion

O ur ex p erim en ta l resu lts  co n firm  th e  conclusion d raw n b y  o th e r  H u n 
g a rian  au th o rs  [2, 5] suggesting th a t  th e  1957 poliom yelitis epidem ic in  H u n 
g a ry , like th e  m ost extensive ep idem ics elsew here (e .g . D enm ark  1952, Stock
holm  1953) w as caused b y  th e  ty p e  1 poliov irus. In  H u n g ary , as i t  h as  been 
re p o rte d  b y  R u d n a i [1], th e  n u m b e r of cases n o tified  in  1957 (2334) w as m ore 
th a n  tw ice th e  h ig h est yearly  incidence  rep o rted  before. In  1954 an d  1955, 
how ever, w hen  on ly  m odera te  ep idem ics were observed , ty p e  2, resp . ty p e  3 
po liov irus s tra in s  were p red o m in an t. T he 1956 epidem ic ch a rac te rized  by  an  
u n u su a lly  h igh  m o rb id ity  a t th e  n o rth -e a s te rn  co rner of th e  c o u n try  w as 
due  to  th e  ty p e  1 v irus. Spread  o f th is  epidem ic from  th e  n o rth -e a s te rn  focus 
could  be follow ed early  in  1957.

A n o th e r questio n  of in te re s t has been, w h e th e r th e  iso la ted  s tra in s  
o th e r  th a n  po liov irus m ight h av e  b een  responsib le for ty p ica l p a ra ly tic  polio
m yelitis  cases. Soviet au tho rs [7] h av e  recen tly  described th a t  C oxsackie A7 
s tra in s  recovered  from  p ara ly tic  po liom yelitis  cases caused ty p ic a l p a ra ly tic  
p o liom yelitis  in  ex p erim en ta l m onkeys. T he p a th o g en ic ity  of som e ty p es  of 
th e  E C H O  v iruses also seem s now  m ore im p o r ta n t th a n  th o u g h t before.

O ur s tu d ies  hav e no t y ielded  fu r th e r  evidence of th e  p ara ly to g en ic  ab il
i ty  o f en te ro v iru s  s tra in s  o th e r th a n  po liov irus. A ntibodies to  a t  le a s t one 
ty p e  o f  po liov irus w ere d em o n stra ted  in  th e  sera of all th e  convalescen ts who 
w ere ex am ined . T hese had  been serious cases of poliom yelitis w ith  o rth o p ae 
dic consequences. U n fo rtu n a te ly , p a ired  sera from  th e  p a tie n ts  in v o lved  in  
th e  iso la tio n  experim en ts  were n o t ava ilab le  b u t  from  p a tie n ts  B. I . and  L. J .  
A n tibod ies to  ty p e  1 poliovirus an d  to  th e  hom ologous s tra in  w ere dem on
s tra te d  in  b o th  specim ens.

S um m ary

T w en ty -o n e  cy to p a th o g en ic  v irus s tra in s  hav e  been iso la ted  from  th e  faeces o f p a ra ly tic  
p o liom yelitis  cases in  1957 during  a severe ep idem ic . O f th e  s tra in s , 13 hav e  been  id en tified  
as ty p e  1, one as ty p e  2 po liov irus, th re e  s tra in s  p ro v ed  to  be  ty p e  11, one s tra in  ty p e  7 E C H O  
v iru s. Tw o of th e  th ree  s tra in s  belonging to  E C H O  v iru s ty p e  11 seem ed to  be id en tica l w ith  
th e  E C H O  11 reference s tra in , while th e  th ir d  b eh av ed  like  E C H O -prim e stra in s .

Tw o h u n d re d  an d  fo u rteen  co n v alescen t sera  from  p a tie n ts  u n d e r o rth o p ae d ic  t r e a t 
m e n t w ere te s te d  fo r n eu tra liz in g  an tib o d ies  to  th e  3 ty p es o f po liov irus. All th e  sera  co n ta in ed  
an tib o d ies  to  a t  lea s t one ty p e , 95 pe r cen t o f th e  sera to  th e  ty p e  1, o f poliovirus.
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BEITRÄGE ZUR BIOSYNTHESE YON CYANOCOBALAMIN 
IN PROPIONIBACTERIUM SHERMANII-KULTUREN

V on

Á .  S i m o n

Fabrik f ü r  A rzn e im itte l und Chemische Produkte  »C hinoin«, Budapest

(E ingegangen  am  21. M ärz 1959)

D ie zur F am ilie  Propionibacterium  zählenden B a k te rie n  p ro d u z ie ren  
b e k a n n tlic h  in  großer M enge zu r V itam in  B i2-G ruppe gehörende V erb in d u n g en . 
V on P ropionibacterium  sherm anii w u rd e  nachgew iesen [1, 2], d aß  es a u f  
ü b lich en  N äh rb ö d en  b e in a h e  reinen  F a k to r -В (A eth iocobalam in) e rzeu g t. 
G ib t m an  indessen 1 — 2 m g/1 5 ,6-D im ethy lbenzim idazo l als P rä k u rso r  zu r 
K u ltu r , so e n ts te h t re in es  C yanocobalam in . D er in den  K u ltu re n  v o n  P . 
sherm an ii en ts teh en d e  F a k to r -В w an d e lt s ich  auch d ann  zu  V itam in  B 12 u m , 
w enn  m an  den P rä k u rso r  einige Tage n a c h  B eim pfung der K u ltu r  zu g ib t [3]. 
I n  d er 4 täg igen  K u ltu r  g e h t diese U m g esta ltu n g  in  A nw esenheit von  1 — 2 pg /m l 
P rä k u rso r  in  24 — 36 S tu n d e n  fast vo llk o m m en  vor sich.

Es w urde w eite rh in  nachgew iesen, d a ß  sich P. sherm anii auch  in  S c h ü tte l
k u ltu re n  g u t en tw ick e lt, ab e r in  diesem  F a ll seh r wenig S u b stan z  m it V itam in  
B 12-A k tiv itä t  e n ts te h t. D ie  optim ale  V ita m in  B 12-P ro d u k tio n  erzielt m an  in  
s te h e n d e n  K u ltu ren , in  d enen  m an la u t  L ite ra tu ra n g ab e n  [1, 3] n ach  d e r 
E . co h -P la tten m eth o d e  2 — 4 pg /m l A k tiv i tä t  fand . Die U rsache  der D ifferenz 
zw ischen der V itam in  B 12-P ro d u k tio n  v o n  S chü tte i- und  S te h k u ltu re n  w urde  
b ish e r n ich t n äh er u n te rsu c h t.

I n  den  B ereich des C yanocobalam in-S toffw echsels der B ak te rien  rech n e t 
auch  die b ek an n te  E rsch e in u n g , daß zah lre ich e  M ikroorganism en das im  N ä h r
b o d en  gelöste V itam in  B 12 oder einen T e il davon  b in d en  [4 — 9]. E benso  
b e k a n n t is t auch die T a tsa c h e , daß gewisse M ikroorganism en dem  N äh rb o d en  
zugegebenes V itam in  B 12 sp a lten . D ies w u rd e  z. B. im  Z u sam m en h an g  m it 
Streptom yces griseus fe s tg e s te llt [10].

In  vorliegender A rb e it wollen w ir ü b e r  U n tersuchungen  b e rich ten , in  
deren  V erlau f w ir E in b lick  in  die E in ze lh e iten  der B iosynthese und  B in d u n g  
v o n  C obalam inen  in  P . sh erm a n ii-K u ltu ren  zu  gewinnen su ch ten .

E inerse its  u n te rsu c h te n  w ir die B in d u n g  des dem  N äh rb o d en  zugegebenen  
V itam in s B 12 und  im  Z u sam m en h an g  d a m it  die F rage, ob P . sherm anii ein 
E n zy m sy stem  e n th ä lt, m it  dem  es V ita m in  B 12 abzubauen  im stan d e  is t, 
an d erse its  such ten  w ir d ie  E igenhe iten  d e r  V itam in  B 12-P ro d u k tio n  d u rch  
S c h ü tte ln  v e n tilie rte r u n d  s ta tisc h e r K u ltu re n  festzustellen . E n d lich  beschäf-

1 Acta Microbiologica VI/4.
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tig te n  w ir uns m it d e r F rag e , wie sich m it F o rm a lin  a b g e tö te te  K u ltu re n  in  
bezug  a u f  den V itam in  B 12-Stoffw echsel v e rh a lte n .

M ethodik

S tam m . Bei den  b esch rieb en en  V ersu ch en  b e n u tz te n  w ir e inen  P . sherm anii-S tam m , d e r 
u n s  v o n  d e r M ilch v e rsu ch san sta lt in  M ag y a ró v á r zu r V erfü g u n g  g e s te llt  w orden w ar.

Nährboden. In  sä m tlich e n  V ersuchen  v e rw e n d e te n  w ir fo lg en d en  N äh rboden  : M a is
e x tr a k t  (a u f  T ro ck en su b stan z  gerech n et) 2 % , G lukose 2 % , p rä z ip it ie r te r  C aC 03 0 ,8 % , 
N aC l 0 ,5 % , C o(N 03)2 • 6 H 20  5 mg/1, 5 ,6 -D im eth y lb en zim id azo l 1 mg/1. —  Das p H  w u rd e  m it  
N a O H  a u f  7 e in geste llt u n d  d ie L ösung  bei 120° C w ä h ren d  20 M in u ten  ste rilisiert [11].

Züchtungsm ethode in  S tehkulturen . I n  E rle n m ey e r-K o lb en  zu  500 m l w urden  400 m l 
des v o rs te h e n d  b esch rieb en en  N äh rb o d en s s te r ilis ie r t u n d  die K o lb en  m it 20— 25 m l e in e r a u f  
d em selb en  N äh rb o d en  g e zü c h te ten  4 8 stü n d ig en  B ak te rien su sp en s io n  b e im pft. Die Z ü ch tu n g  
erfo lg te  b e i 28° C, die K o lb e n  w u rd en  täg lich  e in m a l g rü n d lich  g e sc h ü tte lt.

Züchtungsm ethode in  ventilierten  K u ltu ren . I n  d iesem  F a ll v e rw en d e ten  w ir 100 m l N ä h r 
b o d e n  in  E rlen m ey er-K o lb en  v o n  500 m l. D e r N ä h rb o d e n  w urde  m it 5 m l 48stü n d ig em , in  
e in e r S te h k u ltu r  g ew onnenem  In o k u lu m  b e im p ft. D ie  K o lb en  w u rd e n  b e i 28° C in  einer r o t ie r e n 
den  S ch ü tte lm asch in e  m it  200— 220 D reh u n g en /m in  u n d  e iner B ew egungsam plitude  v o n  e tw a  
5 cm  g e sc h ü tte lt.

B estim m ung  der V ita m in  В 12- A k tiv itä t.  D iese e rfo lg te  m it d e r E .  eoh’-M utante a u f  g ro ß e n  
P la t te n  n a ch  der A g a rp la tte n m e th o d e  v o n  T s c h a j k o w s k a j a  u n d  D b u z h i n j i n a  [12]. D ie  u n t e r 
su c h te n  M ateria lien  w u rd e n  30 M inu ten  bei 100° C erschlossen .

K rista llines V ita m in  B 12. W ir b e n u tz te n  k ris ta llin e s  V itam in  B 12 (Chinoin), d a s  l a u t  
P a p ie rc h ro m a to g rap h ie  im  G em isch sek. B u tan o l-W asse r u n d  p h o to m e trisch e r U n te rsu c h u n g  
d e r se p a rie r te n  F lecke  w en ig er als 2%  F a k to r  e n th ie lt.

Radioaktives krista llines V ita m in  B 12. F ü r  u n se re  V ersuche s te ll te n  w ir selber m a rk ie r te s  
C y anocobalam in  a u f  fo lgende  W eise h e r :  Im  G lasko lben  zu  50 L ite r  w u rd en  u n te r  A n w en d u n g  
des o b en  b esch riebenen  S tam m es u n d  N ä h rb o d en s  50 1 P . sh erm a n ii-K u ltu r  z u b e re ite t, m it  
d em  U n te rsch ied , d aß  w ir dem  N äh rb o d en  s t a t t  des ü b lich en  K o b a ltn itra te s  3,5 mg/1 
Coeo( N 0 3)2 • 6 H 20  b e im e n g te n  ; das Co60-Salz w ies n a c h  L ösung  im  N ährboden  1 ftC /l A k t i 
v i t ä t  auf. A us der 6 täg ig en  K u l tu r  w urde  das k r is ta llin e  V itam in  B 12 p rä p a rie rt, das  b e i de r 
E le k tro p h o re se  im  sa u re n  M edium  bzw . be i d e r m it w asse rg esä ttig tem  sek. B u tan o l d u rc h 
g e fü h rte n  au fste igenden  C h ro m ato g rap h ie  e in en  R e in h e itsg rad  (a u f T ro ck ensubstanz  b ezo g en ) 
v o n  97— 98%  zeig te.

B estim m ung der R a d ioaktiv itä t. D ie B e stim m u n g  der R a d io a k tiv itä t  erfo lg te  in  d e r 
F lü ss ig k eitsp h ase , in  50 m l-K am m ern , in  d en en  d ie  F lü ss ig k eit die G M -R öhre in e inem  z y lin 
d risc h en  Gefäß k o n z en trisch  u m g ab . Im  a llg em ein en  g aben  w ir 25 m l des zu u n te rsu c h e n d e n  
M a te ria ls  m it 25 m l W asser v e rd ü n n t in  d ie Z äh lk am m er u n d  s te ll te n  die Zahl de r A n sch läg e  
d re im al 2 M inu ten  lan g  fest. O bgleich das In s t ru m e n t  k a lib r ie r t  w a r, gaben  wir die R e s u l ta te ,  
n a c h d e m  w ir n ich t a b so lu te , sondern  n u r  re la tiv e  W erte  b e n ö tig ten , der E in fach h e it h a lb e r  in  
c p m  (A n zah l der A n sch läge) je  25 m l/m in  an .

W enn n ic h t a n d e rs  angegeben , w u rd en  s te ts  zw ei oder m eh r  P ara lle lv e rsu ch e  d u rc h 
g e fü h rt.

V ersuchsergebnisse

1. V itam in  В 12-B indungsfäh igkeit der Propionibacterium  sh erm an ii-  
K ulturen .

D en 4 8 stü n d ig en  P . sh erm a n ii-J iu ltu ren  w u rd en  verschiedene M engen  
k ris ta llin es  V itam in  B 12 zugegeben u n d  die K u ltu re n  2 S tu n d en  sp ä te r k r is ta l l 
k la r  zen trifu g ie rt (30 M inu ten , 4500 D reh ./m in ). A nschließend e rm itte lte n  
w ir den  V itam in  B 12-G ehalt der S u p e rn a ta n s . In  dem  aus der 4 8 s tü n d ig e n  
K u ltu r  en tn o m m en en  K o n tro llz e n tr ifu g a t fan d en  w ir V itam in  B 12-A k tiv itä t  
n u r  in  geringen S p u ren . Die E rgebn isse  s ind  in  Tabelle I  zu sam m engefaß t.
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Tabelle I

B in d u n g  von V ita m in  B 12 während 2 S tunden  
in  48stündigen P . sherm anii-K ulturen

Zugegebenes 
Vitamin B12 

fig/ml

Im  Supernatans der zen
trifugierten Kultur gefun

dene B12-Aktivität 
/ig/ml

Gebundenes 
Vitamin B12 

fig/ml

1,25 S puren 1,25

3,15 1,53 1,62

6,30 4,53 1,77
0,00 S puren 0,00

Im  w eiteren  u n te rsu c h te n  w ir , w ie sich das Schicksal des zugegebenen  
V itam in s  B 12 n ach  A b lau f b e s tim m te r  Z e itsp an n en  g e s ta lte t. Zu diesem  Z w eck 
gab en  w ir m it Co60 m ark ie rtes  C y an o co b a lam in  in  versch iedenen  M engen zu 
72stün d ig en  P . sherm anii-K u ltu re n  u n d  b es tim m ten  im  Z e n trifu g a t (in  d er 
re in en  S u p ern a tan s) der zu v e rsch ied en en  Z e itp u n k ten  en tn o m m en en  P ro b en  
d en  V itam in  B 12-G chalt und  die R a d io a k tiv itä t .  H ierbei g ingen w ir von  d er 
V orausse tzung  aus, d aß  w enn d as  zu g e fü h rte  V itam in  B 12 ab g e b a u t w ird , die 
d a ra u s  fre igese tz ten  Z e rse tzu n g sp ro d u k te  u n d  m it diesen das ra d io ak tiv e  Co60 
w ieder in  Lösung übergehen  u n d  d a n n  die im  S u p ern a tan s  gem essene R a d io 
a k t iv i tä t  v erh ä ltn ism äß ig  h ö h er se in  w ird  als seine V ita m in  B la-A k tiv itä t. 
F a lls  jed o ch  das V erhä ltn is  der V ita m in a k tiv i tä t  zu r R a d io a k tiv itä t  dasselbe 
is t w ie be i V ersuchsbeginn , so k a n n  das als Zeichen d a fü r genom m en w erden , 
d aß  das zugefüh rte  u n d  von d e n  B a k te rie n  assim ilierte  C yanocobalam in  
n ic h t gespalten  w urde . Die R e su lta te  v e ran sch au lich t Tabelle I I .

W ie aus Tabelle I  ersich tlich , b in d en  die 48stünd igen  K u ltu re n  v o n  P . 
sherm anii in  2 S tu n d en  1 ,6—1,7 /tg /m l V itam in  B 12. G eben w ir zum  N ä h rb o d en  
w en iger V itam in  als diese M enge, so sä ttig e n  sich die B ak te rien zellen  n ic h t 
m it V itam in  B 12 ; w enn  w ir m ehr z u fü h re n , so b le ib t der Ü b erschuß  in  L ösung.

W ie Tabelle I I  en tnom m en  w erd en  k a n n , nehm en die d er K u ltu r  zuge
gebene V itam in  B 12-M enge und  die ra d io a k tiv e  W irkung  im  Z en trifu g a t (d. h . 
im  S u p ern a tan s) d e r zu  versch iedenen  Z e itp u n k te n  en tn o m m en en  P ro b en  in  
A b h än g ig k e it von  d er Z eit nach  u n d  n ach  ab . A us der p a ra lle len  Senkung d er 
b e id en  W erte  d a rf  geschlossen w e rd e n , d aß  es sich n ich t u m  die S p a ltu n g  v o n  
V ita m in  B 12, sondern  u m  seine B in d u n g  an  die B ak te rien su b stan z  h a n d e lt.

I n  Tabelle I I  is t  ferner zu  seh en , d aß  die R e la tio n  zw ischen V itam in  
B 12-A k tiv itä t u n d  R a d io a k tiv itä t gew isse S chw ankungen  ze ig t. D iese b e ru h en  
w ahrschein lich  a u f  experim en te llen  F e h le rn  u n d  sind  schon  deshalb  n ic h t 
v o n  w esen tlicher B ed eu tu n g , w eil b e id e  W erte  am  E n d e  d e r dre i V ersuche 
b e in ah e  a u f  N ull sanken .

1*
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Tabelle II

Im  Supernatans der zentrifugierten K u ltu r  zu  verschiedenen Zeitpunkten  ermittelte 
V ita m in  B n -A k tiv itä t und  R adioaktivität nach Zugabe von m it Co60 markiertem  

Cyanocobalamin in  der 72. Stunde

Zugegebene Zeitp. der 
Messung 

(Stunden)

Im Supernatans ermittelte

B12-Akt.
Hg/ml

Radioakt. 
Anschi./min

B12-Akt.
/zg/ml

Radioakt. 
Anschi./min

Radioakt./B12- 
Aktivität

1,2 148 120 S puren 0 —

168 Spuren 0 —

3,0 376 120 i,6 174 108,7

168 1,4 145 103,6

240 1,1 125 113,6

504 0,7 84 120,0

6,0 750 120 3,6 370 102,8

168 1,2 145 120,8

312 0,27 30 111,1

2. W irkung  von krista llinem  Cyanocobalamin a u f  die B iosynthese des 
V ita m in s  B 12.

Zu 7 2 stü n d ig en  S te h k u ltu re n  v o n  P . sherm anii gab en  w ir k rista llines 
V ita m in  B 12 u n d  s te llte n  zu versch iedenen  Z e itp u n k ten  die V itam in  B 12- 
A k tiv i tä t  d e r  v o lls tän d ig en  K u ltu r  fest. D ie K u ltu re n  w u rd en , wie im  m e th o d i
sch en  Teil m itg e te ilt , d u rch  K ochen  erschlossen. Tabelle I I I  e n th ä lt die 
R e su lta te .

Tabelle III

V ita m in  B 12-A ktiv itä t der P . sherm anii-K ulturen  nach Zugabe von krista llinem  Cyanocobalamin 
in  der 72. S tunde nach der B eim pfung , zu  verschiedenen Z eitpunkten  gemessen

A lter der 
K ultur 

(Stunden)

Biologische A ktivität (jUg/ml)

ins
gesamt*

1,2

produ
ziert**

ins
gesamt

3,0

produ
ziert

ins
gesamt

6,0

produ
ziert

Z ugegebene V itam in  B 12- 
M enge 72

96 3,0 1,8 — — — —

120 4,36 3,16 5,30 2,30 9,40 3,40

F estg este llte  V itam in 168 4,42 3,12 5,70 2,70 10,10 4,10
B 12-A k tiv itä t zur an-
gegebenen Zeit 312 — — 6,90 3,90 10,50 4,50

504 — - — — 11,40 5,40

600 — — 7,20 4,20 — —

* in sg esam t =  d ie in  der K u ltu r  gefundene G e sa m ta k tiv itä t 
** p ro d u z ie rt =  d ie in  der K u ltu r  erzeug te  A k tiv itä t,

d. h . G e sa m ta k tiv itä t —  zugegebenes V itam in  B 12
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W ird  die in  den N ährboden  eingem essene V itam in  B 12-Menge v o n  d e r  
e rm itte lte n  V ita m in  B 12-A k tiv itä t abgezogen, so m a c h t die erzeugte  C yano- 
c o b a la m in -A k tiv itä t in  der 168. S tu n d e  3,2 ; 2,7 bzw . 4,10 jUg/ml aus u n d  
n im m t be i d en  w eite ren  Z üch tungen  noch  e tw as zu. Es schein t d em nach , d a ß  
die E rzeu g u n g  d er V itam in  B 12-A k tiv itä t  d u rch  das d er ju n g en  K u ltu r  zu g e 
gebene V itam in  B 12 erhöh t w ird. P . sherm anii v e rh ä lt sich in  dieser H in s ic h t 
anders als einzelne u n te rsu ch te  Streptom yces griseus-S täm m e [10], die in  S c h ü t
te lk u ltu re n  d u rch sch n ittlich  0,4 /xg/ml V itam in  B 12-A k tiv itä t e rzeug ten . W en n  
w ir dem  N äh rb o d e n  weniger C yanocobalam in  beim eng ten , so w urde  d iese 
M enge von  d en  M ikroorganism en g ebunden  u n d  n u r  soviel V itam in  B 12 s y n th e 
tis ie r t, d aß  d ie  G esam tm enge 0,4 /ig /m l b e tru g . W urde m ehr als 0,4 /xg/ml 
V itam in  B 12 zum  N ährboden  gegeben, so p ro d u z ie rte  der M ikroorgan ism us 
ü b e rh a u p t k e in  V itam in  В г2, sondern  in a k tiv ie r te  zum  Teil den ü b er 0,4 p g  
v o rh an d en en  Ü berschuß . Bei den  P . sherm anii-K u ltu re n  w urde die V ita m in  
B 12-B iosyn these  d er K u ltu r  von dem  in  den  N äh rb o d en  e ingefüh rten  V ita m in  
B 12 n ich t h e rab g ese tz t. W eiterh in  sch e in t es, d aß  P . sherm anii kein  V ita m in  
B 12 sp a lten d es E n zy m  erzeugt.

3. W irku n g  von Form alin  a u f  den Cyanocobalamin-Stoffwechsel der 
P ropionibacterium  sherm anii-K ulturen .

P . sh erm an ii-K u ltu ren  b e h an d e lten  w ir m it 0,1 bzw . 0 ,2%  (40% igem ) 
F o rm alin . V on d er 0 ,2%  F orm alin lösung  w ird  die K u ltu r  in n e rh a lb  e in e r 
S tu n d e , von  d er 0 ,l% ig e n  b innen  24 S tu n d en  a b g e tö te t.

F e rn e rh in  s te llte n  w ir fest, d aß  die A nw esenheit von  0,1 — 0 ,2%  F o rm a lin  
a u f  das E rg eb n is  d er nach  der E . co /i-P la tten m e th o d e  vorgenom m enen  B e s tim 
m ung  keinen  E in f lu ß  au sü b t, w enn die B estim m u n g  in  20facher oder g rö ß ere r 
V erd ü n n u n g  d u rch g e fü h rt w ird. D iese F es ts te llu n g  g ilt sowohl fü r re ine C yano- 
coba lam in lösungen  als auch fü r P . sh erm a n ii-K u h u ren , ob diese n u n  5 ,6- 
D im eth y lb en z im id azo l als P räk u rso r e n th a lte n  oder n ich t. Von F o rm alin  w u rd e  
die A k tiv itä t  d er e rw äh n ten  Lösungen bzw . K u ltu re n  selbst in  6 T agen  n ic h t 
b e e in flu ß t, w enn das U n te rsu ch u n g sm ate ria l inzw ischen bei Z im m ertem p era 
tu r  a u fb e w a h rt w orden  w ar.

Tabelle IV

W irkung von 0,1 bzw. 0 ,2% , 40%  F orm alin  a u f  die B iosynthese von V itam in  B12 
in  P. sherm anii-K ulturen

Behandlung der 
K ultur

Zeitpunkt der 
Formalinzugabe 

Stunde

Vitamin B12-Aktivität in Цg/ml 
n der Stunde

72. 96. 120.

0 ,1%  F o rm alin  .............................. 72 6 , i 6 5,88 6 ,0 2

0,2%  F o rm alin  .............................. 72 5,54 5,28 5,16

K ontro lle , ohne F o rm a lin ........... — 6 ,0 0 8 ,6 8 8 ,6 6
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Z ugleich  b e o b a c h te te n  wir, daß  d ie  B iosy n th ese  v o n  V itam in  B 12 n ach  
b u g ab e  v o n  0 ,1%  F o rm a lin  zum  S tills ta n d  k o m m t. D ie d iesbezüglichen A nga- 
Zen v e ra n sc h a u lich t Tabelle IV .

N u n m e h r gab en  w ir 0,28 /tg/m l k ris ta llin e s  V itam in  B 12 zu  form alin- 
b e h a n d e lte n  1 2 0 stü n d ig en  P . s /ierm cm ii-K ulturen . N ach  2 stünd igem  S tehen  
be i 25° C w u rd en  die K u ltu re n  sc h a rf  a b z e n tr ifu g ie rt u n d  die V itam in  B 12- 
A k tiv i tä t  d er re inen  S u p e rn a tan s  u n te rs u c h t. D ie R e su lta te  zeig t Tabelle V, 
aus d e r  h e rv o rg eh t, d a ß  die m it F o rm a lin  a b g e tö te te n  P . sherm anii-Zellen — 
w enn  au ch  in  v e rrin g e rte m  M aße — die  F äh ig k e it b eh a lten , V itam in  B 12 
aus dem  N äh rb o d en  zu  b inden .

Tabelle V

D ie V ita m in  B 12-B indungsfähigkeit der P . sherm anii-K ultur binnen 2 S tunden, 
nach Vorbehandlung m it F o rm alin  bzw. A ufkochen

Abtötung der K ultur Zugabe V Vit. B12
Bjo-Aktivität B12-Gesamt-

im Supernatans 
ftg/ml

aktivität

Art Zeitpunkt
Menge
ftg/ml

Zeitpunkt
(Stunde)

der Kultur
ftg/ml

K o ntro lle  (lebende K u l
tu r )  ........................... 0,28 120 Spuren 1,98

0 ,1%  F o rm alin  .......... 72 0,28 120 0,03 2,12

0 ,2%  F o rm alin  .......... 72 0,28 120 0,04 1,82

A ufkoclien  ..................... 72 0,28 120 1,93 2,02

E n d lich  fü h r te n  w ir folgenden V ersu ch  d u rc h : zu P rä k u rso r  n ic h t e n t
h a lte n d e  P . sherm anii-K u ltu ren  gab en  w ir in  d er 120. S tu n d e  nach  der B eim p- 
fu n g  1 /xg/ml 5 ,6 -D im ethy lbenzim idazo l u n d  0,1 bzw . 0 ,2 % ,4 0 % ig e  F o rm a lin 
lö sung . D ie V itam in  B 12-A k tiv itä t b e s tim m te n  w ir in  der 120. u n d  144. S tunde  
n a c h  d e r E .  co h -P la tten m eth o d e . D ie E rgebn isse  sind in  Tabelle V I  w ieder
gegeben.

Tabelle VI

W irkung der A btötung m it F orm alin  a u f  die Umgestaltung des F aktors-B  
z u  V itam in  B 12 in  P . sherm anii-K ulturen

Behandlung der K ultur
Zeitpunkt der 

Präkursorzugabe 
Stunde

Vitamin B12-Aktivität 
ftg/ml Senkung

%
120. Stunde 144. Stunde

0 ,1 %  F o rm a lin  in  d. 120. S tunde  . . 120 7,48 5,67 24,4

0 ,2 %  F o rm a lin  in  d. 120. S tunde . . 120 6,85 5,02 26,7

K o n tro lle  (ohne B ehan d lu n g ) ......... 120 7,38 5,70 22,8

B ei der B estim m u n g  nach der E .  c o li-P la tten m e th o d e  e rg ib t d er F a k to r-B  
b e k a n n tlic h  einen e tw a  dreifach g rö ß eren  W ert als die gleiche C yanocobalam in-
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m enge. Die S enkung  d er b io logischen A k tiv itä t  is t  d ah e r, nachdem  die 
M öglichkeit der Z erse tzu n g  des V itam ins a u f  G ru n d  d e r frü h eren  V ersuche 
ausgeschlossen w erden  k a n n , m it g roßer W ah rsch e in lich k e it (w enn auch  k o n 
k re te  Beweise n ic h t vorliegen) d a ra u f  zu rü ck zu fü h ren , d aß  sich der F a k to r-B  
u n te r  der W irkung  des P rä k u rso rs  zu V itam in -B 12 u m g e s ta lte t. D iese U m w an d 
lu n g  geh t in  den  m it F o rm a lin  b eh an d e lten  u n d  in  den  u n b eh an d e lten  K u ltu re n  
gleicherw eise v o r sich , da  die biologische A k tiv itä ts se n k u n g  an n äh e rn d  gleiche 
W erte  zeigt. D ie K u ltu r  wrird  dem nach  von  F o rm alin  a b g e tö te t, aber es sch e in t, 
d aß  das E n zy m sy stem , w elches den  F a k to r -В zu  V itam in  B 12 um b ild e t, seine 
A k tiv itä t  b eh ä lt.

4. W irkung  der Ventila tion  a u f  den Cyanocobalam in-Stoffwechsel der 
Propionibacterium  sherm anii-K u lturen .

Die V itam in  B 12-A k tiv itä t  der S c h ü tte lk u ltu re n  b e tru g  nach  120stünd i- 
ger Z üch tung  d u rc h sc h n ittlic h  0,15 /ig/m l. D ie In o k u lu m m en g e  m ach te  5%  
aus, u n d  m it ih r  w aren  d er K u ltu r  u n g efäh r 0 ,10—0,12 /ig /m l V itam in  B 12- 
A k tiv i tä t  zu g efü h rt w orden . I n  der S c h ü tte lk u ltu r  b e s itz t dem nach  P . sher
m a n ii  p rak tisch  n ic h t die F äh ig k e it, C y anocobalam in  bzw . F a k to r -В zu 
erzeugen.

H iernach  u n te rsu c h te n  w ir, ob die Schäd igung , die in  der S c h ü tte lk u ltu r  
(o ffenbar d u rch  S au ersto ff) a u f  das cy an o co b a lam in sy n th etis ieren d e  S ystem  
v o n  P . sherm anii e in w irk t, au fre c h te rh a lte n  b le ib t, w enn  die K u ltu r  w ieder in  
R u h ezu stan d  k o m m t.

U m  diese F rag e  zu  k lä ren , n ah m en  w ir zwei V ersuche vor. Im  e rs ten  
s te llte n  w ir einen K o lb en  n ach  72stünd igem  S ch ü tte ln  be i 28° C in  den T h e rm o 
s ta te n  u n d  ließen  die K u ltu r  im  R u h ezu s tan d  w e ite r w achsen . Die V itam in  
B 12-A k tiv itä t d er a u f  d iese W eise 96 S tu n d en  w e ite rg ezü ch te ten  K u ltu r  
b e tru g  0,28 jitg/ml, d. h . k a u m  m ehr als die d er n u r  g e sch ü tte lten  K u ltu re n .

Im  an d eren  V ersuch  w urde  das In o k u lu m  in  d e r S chü tte i- bzw . S te h 
k u l tu r  b e re ite t u n d  d e r K u ltu r  in  5% iger M enge beigegeben  u n d  d an n  beide 
u n te r  s ta tisch en  B ed in g u n g en  168 S tu n d en  in  den  T h e rm o sta te n  g este llt. 
B eide In o k u la  e rg ab en  n a h ezu  übere in stim m en d e  W erte  : aus der S te h k u ltu r  
4,5  /ig/m l, aus d e r S c h ü tte lk u ltu r  4,88 jUg/ml. D a rau s  g eh t h ervo r, daß  sich 
das aus der S c h ü tte lk u ltu r  v o n  P . sherm anii s tam m en d e  In o k u lu m  in  d er 
S te h k u ltu r  in  bezug  a u f  die V itam in  B 12-P ro d u k tio n  ebenso v e rh ä lt wie der 
aus der S te h k u ltu r  s tam m en d e  Im pfsto ff. D u rch  die V en tila tio n  w ird  das 
In o k u lu m  also n ic h t geschäd ig t.

D ie in  Tabelle V I I  zu sam m en g efaß ten  V ersuchsergebn isse  geben ü b e r die 
E inzelheiten  A u sk u n ft.

Im  w eiteren  e rgab  sich die M öglichkeit, d aß  die B io syn these  von  V itam in  
B 12 even tuell auch  in  S c h ü tte lk u ltu re n  u n g e s tö rt v o r sich geh t, jedoch  zugleich 
ein  Teil des e rzeug ten  V itam in s B 12 ab g eb au t w ird . Z u r K la rs te llu n g  der F rag e  
fü h rte n  w ir zwei V ersuche du rch .
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Tabelle VII

Biosynthese der V ita m in  B 12-A ktiv itä t in  P . sherm anii-Schüttel- bzw. S tehku lturen  
sowie in  den m it diesen beiden a u f  verschiedene Weise hergestellten Ino ku la  beim pften

S tehkulturen

Art des Inokulums Züchtungsart Zeit
Stunde

Vitamin
B12-

Aktivität
fig/ml

Bemerkung

S te h k u ltu r S c h ü tte lk u ltu r 120 0,15

S te h k u ltu r S c h ü tte lk u ltu r 72

w eite rh in  in  
S te h k u ltu r  

gehalten 96 0,28 d. h . in  d . 168. 
S tu n d e  n ach  d. 
B eim pfung  ge
m essen

S te h k u ltu r S te h k u ltu r 120 3,17 S teh k on tro lle

S te h k u ltu r S te h k u ltu r 168 4,50

S ch ü tte lk u ltu r S te h k u ltu r 168 4,88

D er einw öchigen S te h k u ltu r  im  K o lben  en tn ah m en  w ir 100 m l, die in 
d er S ch ü tte lm asch in e  w eite re  8 T age g e sc h ü tte lt w urden . Inzw ischen  b e s tim m 
te n  w ir die V itam in  B 12-A k tiv itä t, k o n n te n  aber festste llen , d aß  diese w ährend  
des S ch ü tte in s  u n v e rä n d e rt geblieben w ar.

D iesen  V ersuch w iederho lten  w ir m it der M odifika tion , d aß  w ir zu r e in
w öch igen  S teh k u ltu r k ris ta llin es  C yanocobalam in  gaben  u n d  sie h ie rnach  
s c h ü tte ln d  w eiter w achsen  ließen. Im  L aufe  des S ch litte lns t r a t  keine Senkung 
d er V ita m in  B12-A k tiv itä t  ein. D er n iedrige  V itam in  B 12-G ehalt d er S c h ü tte l
k u l tu r  k a n n  daher n ic h t d a ra u f  zu rü ck g e fü h rt w erden, d aß  die en ts teh en d en  
V ita m in  B 12-ak tiven  S u b stan zen  u n te r  d er W irkung  der V e n tilla tio n  sogleich 
a b g e b a u t w erden. D iesen V ersuch ze ig t Tabelle V I I I .

Tabelle VIII

W irkung der Ventilation a u f  die V itam in  B12-A ktiv itä t 
der P . sherm anii-K ulturen

Art und Alter Dauer des
Vitamin B12-Aktivität 

pg/ml
der untersuchten Kultur 

Stunden
Schütteins

Tage vor dem 
Schütteln

nach dem 
Schütteln

S tehku ltu r, 168 3 4,88 4,62

8 4,90

S tehku ltu r, 168 m it k ris t. V itam in  B 19
ergänzt 8 7,00 7,10
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S odann  u n te rsu c h te n  w ir die U m w and lung  des F a k to rs -B  zu V ita m in  
B 12 in  S c h ü tte lk u ltu re n . Zu diesem  Zweck gaben  w ir 1 /tg/m l P rä k u rso r  zu  
96stünd igen  P . s /ie rm an ii-S teh k u ltu ren , die a u f  einem  5 ,6 -D im ethy lbenz im ida- 
zol n ich t e n th a lte n d e n  N äh rb o d en  g ezü ch te t w orden  w aren , u n d  ließen  die 
K olben  24 S tu n d e n  sch ü tte ln . D ie V itam in  B 12-A k tiv itä t  b e s tim m ten  w ir in  
der 96. und  120. S tu n d e  u n d  fan d en  eine sehr w esentliche S enkung, die a u f  
eine U m w an d lu n g  des F ak to rs-B  d eu te t. D ie in  der 96. S tunde  festg este llte  
V itam in  B 12-A k tiv itä t  b e tru g  9,53 /tg/m l, die in  d er 120. S tu n d e , d. h . u n te r  
2 4 stünd iger g leichzeitiger E in w irk u n g  des P rä k u rso rs  u n d  der V en tila tio n  
e rm itte lte  4 ,87 //g/m l, w as einer 49% igen  S enkung  en tsp rich t.

Besprechung

Die U n te rsu ch u n g  d er C y anocoba lam in -B indungsfäh igkeit d er P . 
shei m tm ü -K u ltu re n  ergab , d aß  eine 48stiind ige S te h k u ltu r  in 2 S tu n d e n  
1 ,6— 1,7 Hg/ml V itam in  B 12 b in d e t. W ird  die V itam in -B in d u n g  n ach  län g e re r  
Z eit u n te rsu c h t, so t r i t t  ein noch  w esentlich  höheres E rgebn is zu tage , w as 
e inerse its d a ra u f  beru h en  d ü rfte , daß  ä lte re  K u ltu re n  m ehr B ak te rien m asse  
(die sog. B iom asse) e n th a lte n , anderse its  d a rau f, d aß  d er B in d ungsp rozeß  
m ehr Zeit in  A nsp ruch  n im m t u n d  n ach  2 S tu n d en  n ich t abgeschlossen is t , 
sondern  m öglicherw eise tag e lan g  w äh rt.*

V o h r a  P r a n  und  M ita rb e ite r [13] h ab en  nachgew iesen, daß  F o rm alin  
m it C y anocobalam in  eine K o m p lex v erb in d u n g  b ild e t, die aber w eder ü b e r 
ein ch a rak te ris tisch es  S p ek tru m  v erfü g t noch ch ro m ato g rap h isch  von V itam in  
B 12 g e tre n n t w erden  k an n  u n d  im  w esentlichen  dieselbe biologische A k tiv i tä t  
wie V itam in  B 12 b es itz t. D ie V erb indung  k o n n te  e rs t nachgew iesen w erden , 
als m an  C yanocobalam in  m it rad io ak tiv em  F o rm alin  b eh an d e lte  und  bei der 
C h ro m ato g rap h ie  die R a d io a k tiv itä t  m it dem  dem  V itam in  en tsp rech en d en  
ro ten  F leck zusam m en  w an d erte . A nläß lich  d er D u rch fü h ru n g  u nserer V er
suche w aren  u n s  diese R e su lta te  noch n ich t b e k a n n t. D er M itte ilung  von  V o h r a  
P r a n  is t n ich t zu en tnehm en , ob F o rm alin  auch  m it dem  an die Z e llsubstanz  
gebundenen  V itam in  B 12 einen V erb indungskom plex  b ild e t. T a tsach e  ist 
jed o ch , daß  die B ak te rien  das V itam in  aus der F o rm alin  u n d  C yanocobalam in  
e n th a lte n d e n  L ösung b inden .

Im  R a h m e n  unserer V ersuche h ab en  w ir d re i le ich t verfo lgbare  P rozesse 
u n te rsu c h t u n d  gefunden, d aß  die Z unahm e der V itam in  B 12-A k tiv itä t (ob 
es sich nun  um  C yanocobalam in- oder um  F a k to r-B -P ro d u k tio n  h a n d e lt)

* E s s e ib e m e rk t ,  daß  ä lte re  —  1 2 -1 4 täg ige— K u ltu re n  n u r  noch  e inen  ganz u n b e d e u 
te n d e n  Teil d e r  zugegebenen V itam in  B 12-M enge b in d en , also n ic h t b e h a u p te t w erden k a n n , 
das A usm aß d e r B in d u n g  sei n u r  v o n  de r M enge de r B iom asse  abhäng ig . E h er d ü rf te  es vom  
physio log ischen  Z u s tan d  der B a k te rien  ab h ängen .
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d u rch  die A nw esenheit v o n  0Д — 0 ,2%  F o rm a lin  gehem m t w ird , w äh ren d  diese 
M enge die U m w an d lu n g  des F ak to rs-B  zu  V itam in  B 12 u n d  die B in d u n g  des 
V itam in s aus der L ösung  du rch  die B a k te r ie n  n ich t b ee in flu ß t.

D ieses E rgebn is s te h t  im  E in k lan g  m it d er T a tsach e , d aß  F o rm alin  die 
F u n k tio n  einzelner F e rm e n te  se lek tiv  lä h m t, dagegen andere F e rm en tsy s tem e  
n ic h t sch äd ig t. So h a t  m a n  z. B. nachgew iesen  [14], daß  die L ac ta t-D eh y d ro - 
genase u n d  D P N H -D iap h o rase  bei d e r F ix ie ru n g  von  G ew eben m it F orm ol, 
d. h . b e i h o h er F o rm a lin k o n z e n tra tio n , ih re  A k tiv itä t  b ew ahren , w äh ren d  die 
b e ta -O x y -b u tte rsäu re -d e h y d ra se  zum  T eil, die Succin -dehydrase  h ingegen 
völlig  in a k tiv ie r t  w ird .

B ei S c h iitte lk u ltu re n  s te llten  w ir fe s t, d aß  die B iosyn these  v o n  V itam in  
B 12 fa s t  a u f  N ull s in k t, w äh ren d  die U m g esta ltu n g  des F ak to rs-B  zu V itam in  
B 12 ebenso  vo r sich g e h t wie in  n o rm alen  o d er fo rm alin b eh an d e lten  S te h k u ltu 
ren . W eite rh in  fan d e n  w ir, daß  die V ita m in  B 12 sy n th e tis ie ren d e  F äh ig k e it 
s ta rk  v e n tilie r te r  B a k te r ie n  n ich t en d g ü ltig  v erlo ren g eh t u n d  im  Stoffw echsel 
d ieser Zellen keine tie fg re ifenden  V erän d eru n g en  e in tre ten , weil die aus S ch ü t
te lk u ltu re n  b e im p ften  S teh k u ltu ren  eine b e trä c h tlic h e  M enge V itam in  B 12- 
A k tiv i tä t  p ro d u z ie ren , n ich t w eniger als die aus S te h k u ltu re n  b e im p ften  
K u ltu re n . Die C y an o co b a lam in b in d u n g  d e r S c h ü tte lk u ltu re n  v e rm o ch ten  
w ir infolge m eth o d isch er Schw ierigkeiten  n ic h t zuverlässig  festzuste llen .

Z u sam m en fassu n g

D ie U n te rsu ch u n g  des C yanocobalam in-S toffw echsels von  P ropionibacterium  sherm anii- 
K u ltu re n  ergab  folgende R e su lta te  :

1. 4 8 stünd ige  K u l tu re n  b inden  in  2 S tu n d e n  1,6— 1,7 /ig /m l C yanocobalam in . N ach  
V e rlau f  e in e r län g eren  Z eit k o m m t es n och  zu r S te ig e ru n g  de r B in d u n g sfäh ig k e it.

2. D as in  ü b e rflü ss ig e r M enge anw esende  V itam in  B J2 w ird  v o n  den  K u ltu re n  n ich t 
a b g e b a u t, u n d  das zugegebene  V itam in  B 12 is t  a u f  die P ro d u k tio n  de r V itam in  B 12-A k tiv itä t  
ohne  w esen tlichen  E in flu ß .

3. V on  0,1— 0,2%  F o rm a lin  w ird  die K u l tu r  a b g e tö te t . E ine  d e ra rtig e  K u ltu r  v e rlie rt 
ih re  F ä h ig k e it  zu r S y n th ese  v o n  V itam in  B 12, b e w a h r t ab er die F ä h ig k e it, das  d e r L ösung 
zugegebene  C y an o co b a lam in  zu  b in d en  u n d  d e n  F a k to r -В (in  A nw esenheit eines P rä k u rso rs )  
zu  V ita m in  B 12 u m zu b ild en .

4. S ta rk  v e n til ie r te  (g e sch ü tte lte ) K u ltu re n  v e rlie ren  die F ä h ig k e it, V itam in  B 12 zu 
sy n th e tis ie re n , b ew ah ren  dagegen  die F ä h ig k e it, d en  F a k to r -В zu V itam in  B 12 u m zu g esta lten . 
A u ch  im  F a lle  s ta rk e r  V e n tila tio n  ist die K u l tu r  n ic h t  im stan d e , C y anocobalam in  ab zu b au en .

5. D ie aus d e r S c h ü tte lk u ltu r  b e im p fte  S te h k u ltu r  erzeug t ebensoviel V itam in  B 12- 
A k tiv itä  t  u n d  v e rh ä lt  sich  im  allgem einen a u f  d ieselbe  W eise wie die aus de r S te h k u ltu r  b e im pfte  
S te h k u ltu r .

*

D en  H e rren  Ä. J á s z  u n d  T. L e n g y e l  (L abora torium  f ü r  K ernchem ie des Chemischen  
F orschungsinstitu tes der U ngarischen A kadem ie  der W issenschaften) , deren  freu n d lich e  H ilfe 
u n d  F a c h u n te rs tü tz u n g  d ie A rb e it m it dem  ra d io a k tiv e n  C o-Isotopen e rm ög lich te , sei auch  
a n  d ieser S te lle  g e d an k t.

E b en so  d a n k e n  w ir  F ra u  G. M e r t h a  ( In s t i tu t  f ü r  Pharm akoindustrielle  Forschung) 
fü r  d ie  P rä p a ra t io n  des ra d io a k tiv e n  V itam in s B 12 u n d  Á. B a lá z s  (C h in o in )  fü r  die c h ro m a to 
g ra p h isc h e n  U n te rsu ch u n g e n  hzw . fü r  die p h o to m e tr isch e  M essung de r v o n  den  C h ro m ato 
g ra m m e n  ah g elö sten  S u b s tan zen .
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C o w l e s  [1] in  1934, w as th e  f ir s t  to  iso la te  an  anaerob ic  phage, a phage 
ly sing  som e s tra in s  of Cl. tetani. S u b seq u en tly , p hages lysing  “ gas gangrene 
b ac illi”  w ere iso la ted  b y  Z a e v a  et al. [2] w ho suggested  th e  th e ra p e u tic  use of 
th e ir  p h ag es in  w ar-in ju ries. K r u e g e r  et al. [3] reco v ered  a Cl. perfringens  
p hage  from  sew age in  1947. In  1955, G u e l i n  [4] re p o rte d  on th e  iso la tio n , 
p ro p a g a tio n  an d  m u ltip lica tio n  o f a phage of th e  sam e species.

T he ob jec ts  o f th e  in v es tig a tio n s  to  he described  w ere, (i) to  e s tab lish  
a p p ro p ria te  tech n iq u es for o u r p re sen t and  su b seq u en t stud ies on anaerob ic  
phages ; (ii) to  o b ta in  d a ta  on th e  h e a t s ta b ili ty  an d  im m u n o g en ic ity  o f  
G u e l i n ’ s  Cl. perfringens  phage. A one-step  g row th  cu rv e  o f th e  phage w ill also  
be p resen ted .

Materials and methods

B acterium  and  phage. T he Cl. perfringens  s tra in  an d  i ts  p h ag e  used in  th is  w o rk  w ere 
k in d ly  su p p lied  b y  M me Gu elin  ( In s t i tu t  Pasteur, P a ris) . T h e  b a c te r iu m  w as m a in ta in ed  
in  H olman’s m edium  a t  room  te m p e ra tu re  fresh  cu ltu res  b e in g  m ade  a t  3 or 4 w eek ’s 
in te rv a ls .

To o b ta in  b a c te r ia  fo r all th e  e x p e rim e n ts  described  below , 24-hour H o l m a n  cu ltu res  
w ere  su b c u ltu re d  in to  H a r t l e y ’s b ro th ,  a n d  th e  su b cu ltu re s  w ere  in c u b a te d  a t  37° C fo r 
4 ho u rs .

Propagation  o f  phage. B oiled a n d  im m e d ia te ly  cooled H a r t l e y  b ro th  w as in o cu la ted  
w ith  1/20 vo lu m e fo u r-h o u r H a r t l e y  b ro th  cu ltu re  o f b a c te r iu m , a n d  phage w as ad d ed  to  
m ak e  104-— 105 in fec tin g  p a rtic les/m l. N in e ty  m in u te s ’ in c u b a tio n  a t  37° C led  to  c louding  v isib le  
b y  th e  n a k ed  eye. B y th e  end of th e  3 rd  h o u r, how ever, th e  c u ltu re  h a d  cleared  up  co m p le te ly  
o r a lm o st com ple te ly . T he lysed  c u ltu re  w as th e n  filte red  th ro u g h  a Seitz  E K  p ad  an d  t i t r a te d  
as desc rib ed  below . T he filte red  p h ag e  p re p a ra tio n  w as s to red  in  sealed  am poules a t  + 4 °  C. 
P re p a ra t io n  signed 808/3a, w hich  w as ex c lusively  used  in  o u r e x p e rim e n ts , h ad  lo st one lo g a r ith 
m ic u n i t  b y  th e  end  o f th e  2nd m o n th  o f sto rag e , w hereas b y  th e  m eth o d s u sed  no  fu r th e r  
ch an g e  in  t i t r e  w as d e te c ta b le  w ith in  th e  su b seq u en t year.

Phage titra tions, G r a t ia ’s a g a r  l a y e r  te c h n iq u e  w a s  a d a p te d  to  a n a e ro b ic  c o n d it io n s .
W il s o n — B l a ir ’s ag ar, as m o d ified  b y  T h o m p s o n  [5], w as u sed , w ith  th e  on ly  d ifference 

t h a t  th e  co n ce n tra tio n  o f fe rrous su lp h a te  w as reduced . T h e  fe rro u s  su lp h a te  s to ck  so lu tio n  
c o n ta in e d  0.8 g F e S 0 4 in  10 m l d is tilled  w a te r . T he m ed iu m  co n sis ted  of 10 m l 20 p e r  cen t 
N a 2S 0 3 (fresh ly  d isso lved), 5 m l 20 p e r  c en t glucose, a n d  1 m l fe rro -su lp h a te  s to ck  so lu tio n  
d ilu te d  1 to  10 a n d  m ad e  u p  to  100 m l w ith  2 p e r  cen t a g a r b ro th .

T h e  m ed iu m  w as p o u red  in to  P e tr i  d ishes 9 cm  in  d ia m e te r , 20 m l in to  each , an d  allow ed 
to  h a rd e n . A second lay e r was th e n  p o u red  o v er th e  su rface  o f th e  b asa l lay e r. T he su rface  
la y e r  co n sisted  o f 0.5 m l te s t  b a c te riu m , a n d  vo lum es v a ry in g  fro m  0.1 to  1.0 m l o f  th e  p h ag e
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F ig . 1. P laq u es b y  Cl. perfringens  p hage  808/3a in  th e  m odified  W ilson— B la ir’ m edium

Fig. 2. A p p a ra tu s  fo r  estab lish ing  one-step  g ro w th  curve  of p h a g e  808/3a 
E xp lana tions:
a =  tu b e  fo r ta k in g  sam ples. 
b =  tu b e  fo r in tro d u c in g  n itro g en  gas. 
c =  v e n til  tu b e .
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d ilu tio n  to  be te s te d , m ade  u p  to  10 m l w ith  a m ix tu re  com posed  o f e q u a l volum es of th e  ab o v e  
m ed ium  and  n u tr ie n t  b ro th . A fte r  be ing  allow ed to  d ry  a t  ro o m  te m p e ra tu re  fo r a t  le a s t  
a n  h o u r, th e  P e tr i  d ishes were covered  an d  in cu b a ted  a t  37° C o v e rn ig h t. The follow ing 
m orn ing  p laq u es w ere  co u n ted  on  a  w h ite  b ack g ro u n d . T he p la q u e s  w ere w ell-visible, s u r 
ro u n d ed  b y  th e  b a c te r ia l  c u ltu re  assum ing  a grey  co lour from  th e  m eta llic  iron  (F ig . 1 ) .

H eat sen sitiv ity  o f th e  p h ag e  w as assayed  a t  60° C in  a  w a te r  b a th .  Sam ples were ta k e n  
ev ery  30 m inu tes.

Antiphage. R a b b its  w ere im m u n ized  in tra v en o u s ly  w ith  a p h a g e  p re p a ra tio n  c o n ta in in g  
108 p laq u e  form ing  u n its  (P F U )/m l. E a c h  o f th e  ra b b its  w as g iv en  3 X 1 m l a t  one-week in te r 
va ls . T he th ird  in je c tio n  w as fo llow ed b y  6 m ore in jec tio n s, 2 m l e ach , g iven  every  o th e r  d a y . 
B lood w as ta k e n  a n d  a n tib o d y  assay ed  7 d ay s a fte r  th e  la s t  in je c tio n . T he n e u tra liza tio n  te s t  
w as perfo rm ed  as d escribed  b y  A d a m s  [6 ].

One step growth curve o f  t h e  p h a g e  w as d e te rm in e d  e s s e n t ia l ly  a c c o rd in g  to  A d a m s ’ 
m e th o d  [6 ], e x c e p t  t h a t  w e e s ta b l is h e d  a n a e ro b ic  c o n d it io n s  fo r  t h e  b a c te r iu m — p h a g e  s y s te m  
b y  c o n s tru c t in g  a  s im p le  a p p a r a tu s  i l lu s t r a te d  in  F ig. 2.

B efore each  e x p erim e n t H a r t le y  b ro th  was m easu red  in to  th e  co tton -p lugged  tu b e  A  
(g ro w th  tu b e), fo r  th e  la s t-s te p  d ilu tio n  o f th e  b a c te riu m — p h ag e  m ix tu re . The m edium  w as 
th e n  boiled  an d  im m e d ia te ly  cooled. T h e  c o tto n  p lug  w as ch an g ed  fo r  a  bo red  ru b b e r s to p p e r  
ho ld ing  tu b es  a, b a n d  c. T he g ro w th  tu b e  w as connected  th ro u g h  tu b e  b w ith  N2 b o ttle . T h e  
f lu id  w as s tirred  b y  in tro d u c in g  n itro g e n  gas, 220 to  250 b u b b le s /m in  fo r 10 m inutes.

A ty p ic a l o n e-step  cu rv e  e x p e rim e n t was pe rfo rm ed  in  4 s te p s , (i) m ixing phage a n d  
b a c te r iu m ; (ii) ad so rp tio n  in  a  37° C w a te r  b a th ;  (iii) d ilu tio n  o f  th e  b a c te r iu m —phage m ix tu re  
(for th e  la s t step  o f d ilu tio n  th e  m ix tu re  was in tro d u c ed  in to  tu b e  A  th ro u g h  tu b e  a )  ; (iv) 
ta k in g  sam ples a t  in te rv a ls .

Before each  e x p erim e n t th e  p h ag e  p re p a ra tio n  w as t i t r a te d  a s  described  above a n d  th e  
b a c te riu m  co u n t w as d e te rm in ed  in  a  h aem o cy to m ete r. To e s tim a te  th e  e x te n t of a d so rp tio n , 
A d a m s ’ m eth o d  w as a d o p ted . T h e  b a c te r iu m —phage m ix tu re  w as d i lu te d  an d  cen trifuged , a n d  
th e  P F U  co u n t in  th e  s u p e rn a ta n t  w as d e te rm ined .

Experimental

Heat stability. Table I  show s a ty p ica l ex p e rim e n t, d em o n stra tin g  th e  
ra te  o f in a c tiv a tio n  a t  60° C o f phage 808/3a.

Table I

Inactivation  o f  the Cl. perfringens phage 8 08 /3a  
at 60° C

Minutes a t 60° C 10® X PFU/ml

0 20

30 3.2

60 1.6

90 0.58

120 0.31

150 0.24

I t  is clearly  seen th a t  th e  a c tiv ity  o f th e  phage p re p a ra tio n  w as rap id ly  reduced  
in  th e  f irs t 30 m inu tes. T h e re a fte r  in a c tiv a tio n  w as slow er. A t 150 m in
1.2 p er cen t o f th e  in itia l ph ag e  ac tiv ity  w as d em o n strab le .

N eutraliza tion  test. A ty p ic a l q u a n tita tiv e  n e u tra liz a tio n  te s t w ith  an  
an tip h ag e  to  p h ag e  808/3a is show n in  Table I I .
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Table II

N eutra lizing  capacity o f  antiphage №  449*

Serum dilu tion P F U  in 4 para lle l plates Average P F U

1 : 10

1 : 50 

1 : 100 
No serum

0 , 0 , 0 , 0 ,

0 , 0 , 0 , 0 ,

6, 3, 3, 8, 

96, 111, 98, 83

0
0
5

97

* F o r a descrip tion  o f th e  ex p erim en t, see in  th e  tex t.

T h e  p h ag e  p re p a ra tio n  used  co n ta in ed  1.9 X 107 P F U /m l. O f th is  p rep a ra tio n  
0.1 m l was m ixed w ith  0.9 m l d ilu te d  se ru m  or H a rtley  b ro th  an d  in cu b a ted  
in  a 37° C w a te r b a th  fo r 10 m in u tes . T h e  m ix tu res were th e n  d ilu te d  and  0.1 ml 
o f  th e  1 : 2000 d ilu tio n  w as p o u red  o n to  each  plate.

I t  is ap p a re n t t h a t  95 p er c en t o f  th e  phage a c tiv ity  w as n eu tra lized  by  
th e  1 : 100 d ilu tio n  o f  serum . T he v e lo c ity  constan t (C) w as com pu ted  as 
su g g ested  b y  A dam s [6]

M ultip lica tion  o f  phage 808/За. A one-step  curve illu s tra tin g  th e  firs t 
cycle  o f m u ltip lica tio n  is show n in  F ig . 3.

500-

log
10 e 5

о Ю 20 30 40 SO SO 70 BOmin

Fig. 3. O ne-step  g ro w th  cu rv e  of phage 808/3a
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Table I I I  shows th e  d a ta  in  detail.

Table III

N um erical data o f the growth curve o f  phage 808/3n

Tim e of 
incubation 

min.
D ilution P F U /m l in  3 

p la tes
larallel

107 X average 
P FU /m l 

adsorption  
m ix tu re

Relative* 
phage count

15 10° 296 240 216 5 1.0

20 10° 386 404 464 8.3 1.9

25 10° 484 574 600 11 2.6

30 1 0 "1 86 90 99 18 4.5

35 10 * 83 78 77 16 4.0

40 1 0 -! 90 87 88 18 4.5

45 10“ 1 73 75 70 15 3.7

55 1 0 - 2 228 174 262 440 119

65 10-2 74 72 102 1650 440

75 1 0 -2 82 85 94 1740 462

B u rs t size, 452

*
c—в

R elative  phage c o u n t = --------
V ё A  —В

A  =  P F U  ad d ed /m l ; В  =  P F U  un ad so rb ed /m l ; 
C =  P F U  d em o n stra ted  a t th e  g iven  tim e.

T he adso rp tio n  m ix tu re  con ta ined  5 X  107 P F U  o f phage and  2 X 10® b a c 
te r ia l  cells/ml. T hus, m u ltip lic ity  of in fec tio n  was 0.25. T he m ix tu re  was in c u b a te d  
in  a 37° C w ater b a th  fo r 3 m inu tes*  th e n , d ilu ted  1 in  200 000 chilled H a rtle y  
b ro th  in  5 steps. T he la s t  step  of d ilu tio n  was p erfo rm ed  in  tu b e  A  o f th e  a p p a 
ra tu s  show n in  F ig. 2, as described above. Sam ples w ere ta k e n  a t  in te rv a ls , 
as g iven  in  Table I I I .  T he  sam ples, e ith e r  u n d ilu te d  or d ilu ted , w ere im m ed i
a te ly  poured  over th e  surface o f p la te s , as described  u n d er M aterials and  
methods.

Table I I I  an d  F ig . 3 show th a t ,  if  th e  m o d era te  increase of th e  re la tiv e  
p h ag e  coun t b e tw een  15 and  30 m in u te s  is d isregarded , la te n c y  la s ts  ab o u t 
45 m in u tes  and  is follow ed by  a steep  rise  la s tin g  20 m in u tes . The usu a l s ta t io n 
a ry  ph ase  begins th e re a f te r . B u rs t size ca lcu la ted  from  th e  average  re la tiv e  
p h ag e  co u n t of th e  s ta tio n a ry  phase  is 452.

* U n adsorbed  p h ag e  w as also d e te rm in ed . O f th e  a d so rp tio n  m ix tu re , 0.1 m l w as ad ded  
to  9.9 m l chilled H a r tle y  b ro th  in a  cen trifu g e  tu b e , w ith  3000 r.p ..,i .  fo r 10 m in u te s  an d  in  
th e  su p e rn a ta n t th e  P F U  co u n t was d e te rm in ed . In  th e  e x p erim e n t p resen ted  in  Fig. 3, 75 pe r 
c en t o f  phage were ad so rb ed . T he re la tiv e  p h a g e  co u n t (r) w as c a lcu la ted  b y  th e  fo rm u la  g iven  
in  th e  fo o tn o te  to  Table I I I .

2  Acta Microbiologica VI/4.
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Discussion

T he use of solid m e d ia  in  t i tra tin g  aerob ic  phages is c e rta in ly  p referab le  
to  th e  use of flu id  m ed ia  b ecau se  of th e  num ero u s sources of e rro r  in  th e  la t 
t e r ’s re la tions. This v iew  h as  n o t been accep ted  fo r anaerob ic  p h ages. Gold 
and  W atso n  [7] em p h asize  th a t  t i t ra t io n  on  solid  m ed ia  of an aero b ic  phages 
is troub lesom e. In s te a d  th e y  use a flu id  m ed iu m  con ta in ing  m olasses, som e 
sa lts  a n d  v itam in  C. In tro d u c in g  our sim ple tech n iq u es described  in  th e  
p re se n t paper has m a d e  th e  solid-m edium  p rincip le  p referab le  in  t i t ra t in g  
a n  anaerob ic  phage.

O ur firs t aim  w as to  f in d  a m ed ium  in  w hich Cl. perfringens  grows 
w ith o u t any  anaerob ic  a p p a ra tu s . Such a m ed iu m  is W il s o n — B l a ir ’s as 
m o d ified  by  T h o m pso n . Cl. perfringens, how ever, b lackens th e  m ed ium  so 
d iffu se ly  th a t p laque c o u n tin g  is d ifficu lt. I ro n  co n cen tra tio n  w as, therefo re , 
re d u c e d  to  1 : 10 in  th e  b a sa l lay er and  to  1 : 20 in  th e  surface lay e r. In  such 
a m ilieu  th e  tra n sp a re n t p laq u es  were Mell-v isib le as su rro u n d ed  b y  th e  gray ish  
c u ltu re  of b ac te riu m . A ccord ing  to  Gr a t ia , th e  p h a g e —b a c te r iu m  m ix tu re  
sh o u ld  be poured o v er th e  surface of th e  b a sa l lay e r in  2.5 m l so ft agar. Since 
th is  la y e r  is too th in  to  c u ltiv a te  Cl. perfringens, we m ade up th e  m ix tu re  w ith  
so ft a g a r to  10 m l. U sin g  such  a th ick  lay e r w as expec ted  to  g ive rise  to  new  
sou rces of error in h e re n t in  th e  p laques covering  one a n o th e r an d  in  th e  lack  
o f p la q u e  fo rm ation  in  th e  superfic ia l lay e r w here Cl. perfringens  grow s bare ly . 
T o  te s t  th e  re p ro d u c ib ility  of th e  resu lts , we t i t r a te d  a phage p re p a ra tio n  in  
20 p la te s  and c a lcu la ted  P e a r s o n ’s coeffic ien t of v a ria tio n  fo r 3 p la te s . T he 
re s u lt  w as i  12.8 p e r  c e n t. A ccording to  H o rváth  and  A l fö l d i [8], coeffi
c ien ts  of varia tion  fo r ae ro b ic  phage ti t ra t io n s  are  ^  3.5 to  ^  8.2 p er cen t for 
th e  m eth o d  of H o r v á t h  and  A l fö l d i, i  13 p e r cen t for t h a t  o f  H e r s h e y , 
a n d  i  6.9 per cen t fo r  t h a t  of J o nes and  K r u e g e r . T ak ing  in to  acco u n t th a t  
possib le  m odifications a im in g  a t a fu r th e r  red u c tio n  o f th e  sources o f erro r 
w o u ld  need m ore e q u ip m e n t, we m ust be sa tisfied  b y  th e  accu racy  of ou r 
m e th o d .

O ur experim en ts g ive no ex p lan a tio n  w h y  th e  phage co u n t w as s ligh tly  
b u t  defin ite ly  in c rea s in g  du ring  th e  la ten cy . F u r th e r  in v es tig a tio n s  are in  
p rog ress.

S um m ary

1. A m ethod fo r th e  t i t r a t io n  on solid m ed iu m  o f a p hage  of Cl. perfringens  has been  
p re se n te d .

2. A simple a p p a ra tu s  fo r in v estig a tin g  th e  m u ltip lic a tio n  of th e  p h ag e  has been  con
s t ru c te d .

3. In  h ea t s ta b il i ty  a n d  im m unogenic  c a p a c ity  th e  p h age  does n o t s ig n ifican tly  d iffer 
f ro m  th e  aerobic p h ag es so f a r  te s te d .

4. The one-step  g ro w th  cu rv e  of th e  p h age  h as  b een  d e te rm in ed . I n  sing le-in fec ted  cells 
la te n c y  las ts ab o u t 45 m in u te s , th e  rise  period  a b o u t  20 m in u tes . B u rs t size w as 452.
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THE EFFECT OF REMOVAL OF AVAILABLE WATER 
ON CELL FORM AND KINETICS OF GROWTH OF 

A STRAIN OF SACCH. CEREVISIAE VAR. ELLIPSOIDEUS

B y

K .  V a s  and  G .  P r o s z t

In s titu te  fo r  Research in  C anning and Refrigeration , B udapest 

(R e ce iv e d  M ay 28, 1959)

One of th e  earliest m eth o d s o f  p reserv ing  perish ab le  foods is th e  rem o v a l 
o f  w a te r  b y  d ry in g , ev ap o ra tio n , ad d itio n  of sugar, sa lt, etc. The basis o f all 
th e se  opera tions is th e  fac t th a t ,  fo r  th e  m a in ten an ce  o f  th e ir  life p rocesses, 
th e  d e te rio ra tin g  agen ts, i.e. th e  m icroorganism s, need  w a te r. G row th  o f  th e  
m icro b ia l cell depends upon th e  w a te r  co n te n t o f th e  m ed ium . T he decisive 
p o in t, how ever, is n o t th e  p e rc e n tu a l w a te r  co n ten t b u t  i ts  a v a ilab ility , th e  
“ s ta te ”  of w a te r  in  th e  m edium , i.e. its  “ h y d ra tu re ”  [14]. T his m ay  be  c h a r
ac te rised  d irec tly  b y  the  re la tiv e  v a p o u r pressure  o r th e  re la tiv e  h u m id ity  
o f  th e  m ateria l a n d  ind irec tly  b y  th e  osm otic p ressu re  or th e  freezing p o in t 
depression  of th e  aqueous phase o f  th e  foodstuff. T hus, foods m ay  be p rese rv ed  
b y  low ering th e ir  h y d ra tu re  below  th e  m in im um  h y d ra tu re  su p p o rtin g  g ro w th  
o f  th e  m icroorganism s causing d e te r io ra tio n .

B y  th is  low ering  of h y d ra tu re  th e  p h y sica l an d  chem ical ch a rac te ris tic s  
o f th e  su rround ings of the cell a re  a lte red , an d  th is  in d u ces changes in  th e  
cell i ts e lf  as fa r as w a te r co n ten t, cell vo lum e, cell s tru c tu re , etc. are concerned . 
I n  co n cen tra ted  so lu tions, i.e. in  th o se  o f low  h y d ra tu re , th e  cell sh rinks, i t  
undergoes p lasm olysis or, if  th e  cell w all is n o t rig id , cy to rrh y sis  [15] ; in  
m ed ia  o f low co n cen tra tio n  sw elling , p lasm op tysis , occurs. I n  th e  course o f 
th e se  processes changes in  th e  “ b o u n d ”  w a te r c o n te n t o f  th e  cell (bound  in  
v a rio u s  w ays, e.g. as h y d ra te  w a te r , or b y  v a n  der W aals , o r D onnán  fo rces, 
or b o u n d  m echan ically , etc.) m ay  o c c u r [2] an d  these  changes m ay  h a rm  c e r ta in  
im p o r ta n t  po lym ers (proteins, p o ly sacch arid es , nucleic acids, etc.) and  especi
a lly  th e  enzym e sy stem s of th e  cell [3, 4, 5].

I t  was decided  to  stu d y  som e o f th ese  changes w ith  special reg a rd  to  
cell fo rm  and g ro w th  kinetics, in  a y e a s t s tra in  k e p t in  sa lt an d  glycerol so lu 
tio n s o f  v ary ing  co n cen tra tions.

M ateria ls an d  m ethods

T h e  m icroorgan ism  stud ied  was a  single-cell cu ltu re  o f th e  w ine  y e a s t Saccharomyces 
cerevisiae  v a r . ellipsoideus, Tokaj 22, g ro w n  in  P e tr i  dishes on  th e  fo llow ing m edium  : 0.4 p e r 
c en t m e a t  e x tra c t, 20 p e r  c en t sweet w hey, 10 p e r cen t (1 -j- 10) y e as t e x tra c t ,  1 p e r c en t g lucose, 
0.2 p e r  c e n t p ep tone , a n d  2 pe r cen t a g a r  ( th e  p H  w as a d ju s te d  to  7.2).
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T o s tu d y  th e  changes in  fo rm ,  cell suspensions w ere p rep ared  b y  ca re fu l scrap ing  o f th e  
y e a s t  g ro w th  off th e  su rface  o f  th e  P e tr i  d ish  c u ltu re s  a n d  suspending  p o rtio n s  o f i t  in  NaCl 
a n d  g ly ce ro l so lu tions o f v a rio u s  s tre n g th s . T he so lu tio n s  w ere m ade  u p  o f  an a ly tic a lly  p u re  
su b s ta n c e s  an d  d istilled  w a te r . O ne loopfu l o f e ach  suspension  w as p laced  on each  of tw o  slides. 
T h e  p re p a ra tio n s  w ere im m e d ia te ly  covered  w ith  cover-slips a n d  each  sealed  w ith  m elted  
p e tro la tu m  a ro u n d  th e  edges o f  th e  cover-glass.

A fte r  s tan d in g  a t  8° C fo r 20 hours, m ic ro p h o to g ram m es w ere m ad e  fro m  th ese  p re p a ra 
tio n s  a t  a  m ag n ifica tio n  o f  a b o u t  300 d iam e te rs . O f each  co n ce n tra tio n  leve l 6 ph o to g ram m es 
a n d  th e i r  p a p e r  p r in ts  (lin ea r m ag n ifica tio n  : 2 .5) w ere  m ade  a t  3 p o in ts  a long  an  im ag in ary  
d iag o n a l line over th e  cover-slip  : in  th e  m iddle  a n d  a t  tw o  corners o f each  o f th e  2 p rep ara tio n s .

E v a lu a tio n  of th e  p ic tu re s  w as effec ted  b y  p lac in g  a  piece of f ilm  co n ta in in g  th e  p ositive  
p ic tu re  o f  a  m illim eter p a p e r  red u ced  to  h a lf  i ts  o rig in a l size (a n e tw o rk  w ith  a  ru lin g  o f 0.5 m m  
w as o b ta in e d  in  th is  w ay ) o v er th e  cells a n d  re co rd in g  th e  len g th s o f  th e ir  long  (A )  a n d  sh o rt 
( В ) ax es . A t each c o n ce n tra tio n  level, 120 cells (20 cells fro m  each p h o to g ram m e) w ere m easu red  
a t  ra n d o m . F ro m  th e  d a ta  th e  vo lum e (V )  o f  e ac h  cell w as ca lcu la ted  assu m in g  th a t  th e  cells 
w ere  e llipso idal an d  th e ir  in v is ib le  axis ( th a t  p e rp e n d ic u la r  to  th e  p lan e  o f th e  p ic tu re )  w as 
th e  sam e  len g th  as th e  m ea su re d  sh o rte r  ax is [1, 11].

T h u s :

V  =  ~  ■ A - B 2о

S a lt c o n cen tra tio n s  a p p lied  w ere as follow s : 0 (d istilled  w a te r) , 0 .1 , 0 .2, 0.4, 0 .8, 1.6, 
3 .2 , 6 .4 , 9.6, 12.8, 16.0, 19.2, 22.4 a n d  25.6 p e r  c en t (w /w) NaCl.

T h e  c o n cen tra tio n s  o f  th e  g lycerol so lu tio n s w ere so chosen as to  b e  isoosm otic  w ith  
th e  a b o v e  sa lt so lu tions, i.e.: 0, 0.35, 0 .7, 1.4, 2 .4, 4 .5 , 8.7, 16.6, 23.9, 30.8, 37.5, 44.2 a n d  51 
p e r  c e n t  (w /w ) of g lycerol. T hese  v a lu es w ere d e riv e d  b y  in te rp o la tio n  a lo n g  a cu rve  c o n s tru c ted  
fro m  th e  d a ta  on isoosm otic  so lu tions o f S ca tch ard  et al. [9]. T he c o n c e n tra tio n  of glycerol 
co rresp o n d in g  to  25.6 p e r  c en t N aC l could  n o t  be  co m puted .

Changes in  the k ine tics o f  growth w ere s tu d ie d  w ith  th e  sam e y e a s t s tra in  b y  tu rb id im e tr ic  
m easu rem en ts , c arried  o u t  w ith  a  m odified  P u lfr ich  S tu fe n p h o to m e te r [12], in  NaCl and  g lycerol 
so lu tio n s  o f various s tre n g th s .

T he m edium  c o n ta in ed  0.18 p e r cen t p e p to n e , 0.46 p e r cen t sucrose  a n d  0.23 p e r  c e n t 
K H 2P 0 4 in  a  (1 +  100) y e a s t decoction . T he p H  w as a d ju s te d  to  4.5 b y  HC1. T he co n ce n tra tio n  
o f  N aC l w as v a ried  fro m  2.50 to  10.75 p e r  cen t, u s in g  a co n ce n tra tio n  ra tio  o f  1.2 (2 .50, 3.00, 
3 .60 , 4 .32, 5.16, 6.22, 7 .46, 8 .96, 10.75 p e r cen t N aC l). T o th e  so lu tions, d is tr ib u te d  an d  ste rilised  
in  te s t  tu b es , 6.6 X lO 5 cells o f  Sacch. cerevisiae  v a r . ellipsoideus, T okaj 22 w ere ad d ed  p e r  m l 
a n d  tu rb id i ty  (g row th ) w as m easu red  as a  fu n c tio n  o f tim e  using  a n  S 66 red  P u lfrich  filtre  
a n d  a  w a te r  h a th  o f 30 ±  0.25° C ap p lied  fo r in c u b a tio n . —  T he c o n c e n tra tio n  o f g lycerol was 
a d ju s te d  to  0, 2.5, 4 .9, 9 .6, 18 an d  32 p e r c en t (w /w ) o f CH2O H  • C H O H  • CH2O H . A ccording 
to  Scatchard  et al. [9] th e se  c o n cen tra tio n s  a re  isoosm otic  w ith  0, 0 .85 , 1.75, 3.55, 7.00 an d  
13.35 p e r  cen t o f N aC l, re sp ec tiv e ly . In o c u la tio n  w as m ade w ith  1.2 X 106 cells p e r m l o f  th e  
in o c u la te d  so lu tion . In c u b a tio n  a n d  m easu rem en ts  w ere e ffec ted  as m en tio n ed  prev iously .

E v a lu a tio n  o f th e  k in e tic  d a ta  o b ta in e d  in  5 p a ra lle l m ea su re m e n ts  w as carried  o u t 
acco rd in g  to  th e  m eth o d  described  elsew here [13].

R esu lts

Changes in  cell volume. — T he f i r s t  observ a tio n  m ad e  w as th e  fa c t th a t  
v e ry  g rea t d ifferences in  size ex ist b e tw een  cells derived  fro m  th e  sam e single
ce ll cu ltu re . T h u s, e.g. a range o f v a r ia tio n  from  80 to  3500 “ cubic u n its ” 
w as observed q u ite  freq u en tly . (Since one “ u n it”  equ a lled  0.5 m m  on th e  
p h o to g rap h ic  p r in t, a n d  th is  co rresponded  to  0.67 ft, th e  above range m eans 
fro m  24 to  1050 fi3. I n  o rd e r to  sim plify  ca lcu la tions, d a ta  w ill alw ays be recorded  
in  “ u n its”  (u) a n d  “ cubic u n its ”  (и3), respective ly .) S ince we w ere p rim arily  
concerned  w ith  f in d in g  o u t w h e th e r th e  increase in  osm otic  pressure caused 
a s ta tis tic a lly  s ig n if ican t change in  cell vo lum e, th e  w ide ran g e  of v a ria tio n
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m ade i t  necessary  to  s tu d y  th e  freq u en cy  d is tr ib u tio n  ( /  =  n u m b er o f cells o u t 
of 120) o f cell vo lum es ( V ) (F ig . 1 ) .

I t  m ay  be seen from  Fig. 1 t h a t  th e  freq u en cy  d is tr ib u tio n  curves show  
g rea t v a r ia tio n  in  fo rm . N evertheless, th e  re a l no rm al form  o f d is tr ib u tio n  can  
in  no  case be  d e tec ted . N early  all cu rves a re  a sym m etrica l show ing s tro n g ,

F ig. 1. F re q u e n cy  d is tr ib u tio n  o f th e  vo lum es o f y e a s t cells in  various N aC l a n d  g ly ce ro l
so lu tions

p ositive  skew ness [6] ow ing to  th e  p resence  o f  a num ber of cells m uch  la rg e r  
th a n  th e  average.

I t  w as th ere fo re  decided  to  s tu d y  th e  n a tu re  of th e  frequency  d is tr ib u tio n  
of cell vo lum es. I t  w as found  th a t  m o st o f  th e  curves follow th e  law s o t th e  
log -no rm al d is tr ib u tio n . T his was m ad e  p ro b ab le  b y  p ro b it tra n s fo rm a tio n  
of th e  d a ta , an d  w as confirm ed  b y  f i t t in g  th e  la t te r  to  th e  no rm al cu rve . A s 
usual, f i t t in g  w as b ased  on ca lcu la tion  o f  th e  m ean  (M ) and  s ta n d a rd  d e v i
a tio n  (s) o f  th e  d a ta . F ro m  these  th e  th e o re tic a l d is trib u tio n  was d e te rm in ed . 
G oodness o f  f i t  w as e v a lu a ted  b y  com paring  th e  th eo re tica l and  ac tu a l v a lu es  
using th e  X2 te s t.

I t  h a s  been  fo u n d  th a t  w hile th e  p ro b it  lines of m ost of th e  o rig inal d is tr i
b u tio n s  show ed p ro n o u n ced  c u rv a tu re , th e  p ro b it  lines o b ta ined  from  th e  lo g a
rith m ic a lly  tran sfo rm ed  d a ta  w ere n e a rly  s tra ig h t, ind ica tin g  a log-norm al 
d is tr ib u tio n .
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Sim ilarly , w hile f i t t in g  th e  o rig inal d a ta  to  th e  no rm al curve re su lted  
in  va lu es  as la rg e  as to  w a rra n t th e  re je c tio n  o f th e  a ssum ption  o f n o rm a l 
d is tr ib u tio n , m ost o f  th e  log arith m ica lly  tra n s fo rm e d  d a ta  gave excellen t f its .

Table I

D istribu tion  o f  the volumes o f  yeast cells suspended in  N aC l and glycerol solutions. Comparison  
with the norm al and the log-normal distributions, respectively

Sus
pending
medium

Solution
V logV

isoosmotic
with

% NaCl X3
degrees

of
freedom

P Xs
degrees

of
freedom

P

W a te r 0 13.09* 5 <  0.025 4,17* 1 <  0.05

0.1 37.23*** 6 < 0 .0 0 0 5
I

0.79 1 > 0 .3 0

0.2 17.02** 4 < 0 .0 0 5 4.17 3 > 0 .2 0

0.4 53.0*** 6 < 0 .0 0 0 5 2.90 2 > 0 .2 0

0.8 25.29*** 5 < 0 .0 0 0 5 0.90 1 > 0 .3 0
о

ПЗ 1.6 20.47*** 4 < 0 .0 0 0 5 0.75 2 > 0 .6 0
о 3.2 12.86* 4 < 0 .0 2 5 15.32*** 2 < 0 .0 0 0 5
о
g 6.4 29.00*** 3 < 0 .0 0 0 5 1.83 2 > 0 .4 0

' B
9.6 6.84 4 > 0 .1 0 2.36 2 > 0 .3 0

O
cn 12.8 21.48*** 3 < 0 .0 0 0 5 0.02 1 > 0 .8 0

16.0 16.82*** 2 < 0 .0 0 0 5 0.19 1 > 0 .6 0

19.2 0.35 1 > 0 .5 0 3.72 1 > 0 .0 5

22.4 20.02*** 1 < 0 .0 0 0 5 3.64 1 > 0 .0 5

25.6 15.36*** 2 < 0 .0 0 0 5 0.40 1 > 0 .5 0

0.1 36.45*** 7 < 0 .0 0 0 5 0.15 1 0.70

0.2 47.13*** 7 < 0 .0 0 0 5 1.02 1 > 0 .3 0

0.4 14.42** 4 < 0 .0 1 1.58 2 > 0 .4 0

0.8 19.29*** 4 < 0 .0 0 1 0.13 1 > 0 .7 0

1.6 9.35 4 > 0 .0 5 5.32* 1 < 0 .0 2 5
OM 3.2 19.86*** 4 < 0 .0 0 1 3.15 2 > 0 .2 0
O
>■> 6.4 23.18*** 5 < 0 .0 0 0 5 1.19 1 > 0 .2 0

O 9.6 19.44*** 4 < 0 .0 0 1 1.07 1 0.30

12.8 14.30** 3 < 0 .0 0 5 0.89 2 > 0 .6 0

16.0 19.47*** 3 < 0 .0 0 0 5 3.41 1 > 0 .0 5

19.2 15.87** 3 < 0 .0 0 5 1.61 1 > 0 .2 0

1
22.4 0.84 2 > 0 .6 0 10.70** 1 < 0 .0 0 5

Notation: P  =  p ro b a b ility  o f com pliance w ith  th e  n o rm al d istrib u tio n
* =  s ig n ifican t dev ia tion  fro m  th e  n o rm al d istrib u tio n  

** =  h ig h ly  significant d e v ia tio n  from  th e  norm al d istrib u tio n  
*** =  v e ry  h ighly  sign ifican t d e v ia tio n  from  th e  norm al d is tr ib u tio n
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T he s itu a tio n  is illu s tra ted  b y  Table I  an d  F ig. 2. T he la t te r  show s th e  
f i t t in g  of th e  d a ta  o b ta in ed  in  th e  0.4 p e r cen t NaCl so lu tion . (The d o tte d  lines 
in  F ig. 2 rep re sen t no rm al d is trib u tio n s , f  =  n u m b er o f cells ou t o f 120.)

As m ay  be seen from  Table I ,  th e  freq u en cy  d is tr ib u tio n  of cell vo lum es 
is, in  m ost o f th e  cases (22 in  26), o f th e  log-norm al ty p e .

This p h en o m en o n  w hich, acco rd in g  to  ou r know ledge, has n o t y e t 
b een  rep o rted  in  th e  lite ra tu re , seem s to  b e  of som e in te re s t in  th e  ta x o n o m y  
o f y easts . R ecen t resu lts  of K o c k o v Á— K r a t o c h v il o v Á and  N e c a s e k  [7] 
cas t doub ts  on som e m ethods of m orpho log ica l id en tif ic a tio n  of y easts . A ccord
ing to  L o d d e r  and  K r e g e r -Va n  R i j  [8] th e re  ex ist y e a s t species th a t  possess 
th e  sam e b iochem ical, physiological ch a rac te ris tic s  an d  can  be d istingu ished

X / \

/
X

\
N
X

\

/

\

*4

log V
1.85 2A5 3.05 3.65

F ig. 2. C om parison o f th e  d is trib u tio n  of th e  v o lu m es o f y eas t cells, suspended  in  0.4 p e r  c en t 
N aC l, to  th e  n o rm al and th e  lo g -n o rm a l d is tr ib u tio n s , re spec tive ly

on ly  b y  differences in  th e  size of th e ir  cells. T his possib ility  was q u estioned  b y  
th e  fo rm er au th o rs  [7]. I t  is believed t h a t  th e  above-described  n a tu re  o f th e  
freq u en cy  d is tr ib u tio n  of cell vo lum es m a y  help to  shed  fresh  lig h t on th e  
p rob lem  by  m aking  possible th e  s ta tis tic a l analy sis  and  ev a lu a tio n  of d ifferences 
in  vo lum e of cells o f physio logically  s im ila r yeast species allegedly d iffe r
ing  in  size. The u su a l m ethod  of id e n tif ic a tio n  based  on th e  range of v a r ia tio n , 
as m easu red  on on ly  20 cells, seems to  lead  to  illusory  conclusions.

In  th e  e v a lu a tio n  o f th e  effect o f o sm otic  pressure on  cell vo lum e, d a ta  
w ere, therefo re , tran sfo rm ed  lo g a rith m ica lly . A fter ca lcu la tin g  th e  m eans 
(log V )  an d  s ta n d a rd  dev ia tions sign ificance  of th e  d ifferences in  th e  m ean  
vo lum es of cells su sp en d ed  in  isoosm otic g lycero l an d  sa lt so lu tions w as d e te r 
m ined  b y  th e  u su a l t te s t . The resu lts  are  g iven  in  Table I I  an d  illu s tra te d  by  
F ig . 3.
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♦

Table I I

Comparison o f  the effect o f  N aC l and glycerol on the mean volume o f  yeast 
cells suspended in  solutions o f  various strengths

NaCl Glycerol
Means of 

logV

Standard 
deviation 
of log V t P

% (w/w) % (w/w) s

0 0 2.84302 — — —

0.1 _ 2.79023 0.2748
— 0.35 2.82284 0.2640 0.94 0.35

0.2 _ 2.80036 0.2276
— 0.7 2.79274 0.2703 0.24 0.81

0.4 _ 2.76765 0.2917
— 1.4 2.73755 0.2402 0.87 0.39

0.8 _ 2.81030 0.2480
— 2.4 2.78521 0.2059 0.98 0.33

1.6 _ 2.76263 0.2342
— 4.5 2.78270 0.2420 0.65 0.52

3.2 _ 2.78019 0.2276
— 8.7 2.76765 0.2465 0.41 0.68

6.4 _ 2.69741 0.2104
— 16.6 2.71497 0.2546 0.58 0.54

9.6 _ 2.75009 0.2474
— 23.9 2.69239 0.2667 1.74 0.08

12.8 _ 2.68487 0.2489
— 30.8 2.70995 0.2218 0.83 0.40

16.0 _ 2.61466 0.2492
— 37.5 2.56195 0.2348 1.67 0.10

19.2 _ 2.52435 0.2408
— 44.2 2.59709 0.2709 2.20 0.03*

22.4 _ 2.37634 0.2814
— 51.0 2.58703 0.2676 5.95 < 0 .0 0 1  ***

25.6 — 2.24593 — — —

sig n ifican t d e v ia tio n
v e ry  h igh ly  s ig n if ic a n t d ev ia tio n
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As m ay  be seen, genera lly  speaking , th e  s ta n d a rd  errors do n o t show  
g rea t v a r ia tio n . T he t te s t  reveals th a t  th e  geom etric  m eans of th e  vo lum es 
of cells su sp en d ed  in  isoosm otic sa lt and  glycerol so lu tions do no t differ s ig n if
ic a n tly  from  one a n o th e r. O nly in  th e  case o f th e  la s t  2 com pared  c o n c e n tra 
tions do sig n ifican t d ifferences ex ist b e tw een  th e  ac tio n  o f  th e  tw o p lasm o ly tic  
agents. N everthe less, i t  m u s t be s ta ted  h ere  th a t  in  th e se  N aC l suspensions th e  
pho to g ram m es w ere n o t v e ry  clear-cu t an d  so th e  d a ta  are  m ore of re la tiv e  
ra th e r  th a n  o f ab so lu te  v a lu e .

T he above d a ta  m ay , therefo re , be in te rp re te d  in  su ch  a w ay th a t  — a t  
least from  th e  p o in t of v iew  of volum e changes — th e  ab o v e  tw o p lasm o ly tic

Fig. 3. T he effect o f in creas in g  th e  co n cen tra tio n  of N aC l and  g lycero l on  th e  volum e o f y e a s t  
cells. Note: T h e  v a lu es a t  19.2, 22.4 an d  25.6 p e r  c en t N aC l (full circ les) were m easu red  

on  u n c le a r pho togram m es (see Table I V )

agen ts, w hile w idely  d iffering  in  chem ical n a tu re , e x e r t th e  same ac tio n  in  
isoosm otic co n cen tra tio n s . T his m ay  be reg a rd ed  as an  ind ica tio n  th a t  th e  
degree of c y to rrh y sis  is in d ep en d en t of th e  m a te ria l ch arac teris tics  o f  th e  
p lasm oly tic  ag en t and  depends only upon th e  v alue  of osm otic  pressure.

Changes in  the ratio o f  cell diameters. — In  o rder to  charac terize  sh rinkage  
o f cells m ore p recisely , changes in  the  ra tio  o f cell d iam e te rs  have also been  
stud ied . I t  could  be ex p ec ted  th a t ,  in  th e  course o f cy to rrh y sis , shrinkage does 
n o t occur u n ifo rm ly  in  all d irec tions. The cell m ay  re ta in  its  orig inal dim ensions 
m ore ten ac io u sly  in  th e  d irec tio n  of one or th e  o th e r o f th e  axes. Thus, i t  m ay  
occur th a t  in  so lu tions o f h ig h er osm otic p ressu re  th e  ra tio  o f  d iam eters [ A / B )  
increases (e longation) or decreases.

K now ing  th e  longer an d  sho rte r d iam ete rs  of y e a s t cells suspended  in  
th e  various sa lt an d  glycerol so lu tions, th e  frequency  d is tr ib u tio n  of th e ir  
ra tio  { A/ B)  h as  b een  estab lished . G enerally  speaking , th e se  d istrib u tio n s also 
show  dev ia tions from  th e  norm al. Com pliance w ith  th e  G aussian  d is trib u tio n  
becom es b e tte r  if  th e  d is tr ib u tio n  of th e  lo g arith m s o f th e  ra tio s  is considered. 
T his is clearly  d e m o n s tra te d  in  Table I I I .
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T able  I I I

D istribu tion  o f  the diameter ratios o f  yeast cells suspended in  NaCl and  glycerol solutions. 
Comparison with the norm al and the log-normal distributions, respectively

Sus
pending
m edium

Solution 
isoosmotic 

w ith  %  NaCl

A
В log -  

& В

X’
degrees of 
freedom P Xs

degreesof 
freedom P

W a te r 0 11.33* 3 < 0 .0 2 5 5.40 2 > 0 .0 5

0.1 3.45 3 > 0 .3 0 0.92 2 > 0 .6 0
0.2 17.90** 4 < 0 .0 0 5 5.55 2 > 0 .0 5

0.4 6.25 3 0.10 9.45** 2 < 0 .0 1

0.8 9.49* 3 < 0 .0 2 5 1.32 2 > 0 .5 0
© 

1e 1.6 7.29 3 > 0 .0 5 0.61 2 > 0 .7 0
JD 3.2 3.21 3 > 0 .3 0 1.20 2 > 0 .5 0
V 6.4 13.25* 4 < 0 .0 2 5 1.75 2 > 0 .4 0
C

9.6 4.72 3 > 0 .1 0 1.53 2 > 0 .4 0
43о
cn 12.8 8.78* 3 < 0 .0 5 2.11 2 > 0 .3 0

16.0 1.82 3 > 0 .6 0 7.52* 2 < 0 .0 2 5

19.2 22.92*** 6 < 0 .0 0 1 15.34** 4 < 0 .0 0 5

22.4 9.54 5 > 0 .0 5 1.81 3 > 0 .6 0

25.6 15.32* 6 < 0 .0 2 5 7.62 5 > 0 .1 0

0.1 4.10 3 > 0 .2 0 2.03 2 > 0 .3 0

0.2 3.55 3 > 0 .3 0 0.94 2 > 0 .6 0

0.4 13.70** 3 < 0 .0 0 5 10.03** 2 < 0 .0 1

0.8 8.40 4 > 0 .0 5 5.59 2 > 0 .0 5

1.6 4.58 3 > 0 .2 0 1.02 2 0.60
©и 3.2 15.88** 4 < 0 .0 0 5 7.21* 2 < 0 .0 5
©

6.5 1.01 3 0.80 1.33 2 > 0 .5 0
О

9.6 0.48 3 > 0 .9 0 1.63 2 > 0 .4 0

12.8 3.92 3 > 0 .2 0 0.90 2 > 0 .6 0

16.0 8.97 4 > 0 .0 5 4.76 3 > 0 .1 0

19.2 6.59 4 > 0 .1 0 1.92 2 > 0 .3 0

22.4 8.84* 3 < 0 .0 5 3.57 2 > 0 .1 0

N otation : P  =  p ro b a b ility  o f  com pliance w ith  th e  norm al d is tr ib u tio n  
* =  s ig n ifican t d ev ia tio n  from  th e  norm al d is trib u tio n  

** =  h ighly  s ig n ifican t d ev ia tio n  from  th e  norm al d is tr ib u tio n  
*** _  ve ry  h ig h ly  s ign ifican t d ev ia tio n  from  th e  n o rm a l d is tr ib u tio n

F ig . 4 shows th e  freq u en cy  d is tr ib u tio n  curves ( /  =  n u m b e r of cells o u t 
o f  120) of th e  original a n d  lo g a rith m ica lly  tran sfo rm ed  A j В  d a ta  in  v a rio u s  
N aC l solu tions, to g e th e r w ith  th e ir  p ro b it curves (in o rd e r to  avoid  confusion , 
p ro b i t  d a ta  have n o t b een  connected).
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N evertheless, i t  m ay  be o b se rv ed  th a t  even  th e  d is tr ib u tio n  of o rig inal 
A /В  va lues is n o t as skew  as th a t  o f  th e  V  d a ta . T he a r ith m e tic  m eans o f th e  
A /В  series are q u ite  close to  th e  g eo m etric  m eans. This is show n in  Table I V .

T hus, for th e  s tu d y  of th e  e ffec t o f osm otic p ressu re  on th e  ra tio  o f  cell 
d iam e te rs  a com parison  of a r ith m e tic  m eans seem s to  be su ffic ien t, an d  lo g a 
r ith m ic  tra n sfo rm a tio n  of the  d a ta  n o t  necessary.

o=probit

F ig . 4. F req u en cy  d is tr ib u tio n  of th e  d ia m e te r  ra tio s  o f y eas t cells in  N aCl so lu tions

C om parison of th e  m eans o f A j  В  values in  various N aCl and  glycerol 
so lu tions showed th e  ra tio  of d iam eters  to  be essen tia lly  in d e p e n d e n t o f osm otic  
p ressu re . C onsiderable differences co u ld  only be observed  in  th e  la s t th re e  
NaCl co n cen tra tio n s. T his, how ever, m a y  he exp la ined  b y  th e  u nclear p h o to 
g rap h s o b ta in ed  in  th e se  solutions, a f a c t  m en tio n ed  p rev iously .

I t  m ay  be s ta te d , therefo re , t h a t  th e  sh rinkage o f y e a s t cells in  so lu tions 
of h ig h e r osm otic p ressu re  occurred  p ro p o rtio n a te ly  in  all d irections.

Changes in  the kinetics o f growth. — F rom  th e  g row th  curves o b ta in ed  
in  so lu tions con ta in ing  various co n c e n tra tio n s  o f N aCl an d  glycerol, th e  effect
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Table IV

The effect o f  N aC l and  glycerol on the m ean diameter ratio o f  yeast cells 
suspended  in  solutions o f  various strengths

Solutions 
corresponding to 

per cent NaCl 
(»/»)

Means of diameter ratios ( A j B )

arithmetic geometric

NaCl Glycerol NaCl Glycerol

0 1.291 1.283

0.1 1.283 1.313 1.276 1.311
0.2 1.323 1.311 1.312 1.311
0.4 1.315 1.288 1.307 1.285
0.8 1.301 1.321 1.295 1.307
1.6 1.288 1.283 1.282 1.280
3.2 1.289 1.317 1.280 1.312
6.4 1.334 1.305 1.326 1.298
9.6 1.292 1.299 1.285 1.293

12.8 1.277 1.283 1.269 1.278
16.0 1.274 1.322 1.267 1.314
19.2* 1.441 1.317 1.425 1.313
22.4* 1.383 1.299 1.369 1.280
25.6* 1.377 — 1.359 —

* unclear p h o togram m es.

o n  th e  lag  phase (L : t im e , in  hours, n ecessa ry  to  reach  a cell co u n t o f 106 p e r 
m l), on  th e  grow th ra te  c o n s ta n t (k) an d  on  to ta l  g row th  (G) has been  ca lcu la ted . 
T h e  re su lts  o f tw o series o f  experim en ts (one w ith  N aCl an d  one w ith  glycerol) 
p e rfo rm ed  a t tw o d iffe re n t da tes, in  q u in tu p le t, are  sum m arized  in  Table V.

I t  is ev iden t t h a t  len g th en in g  o f  th e  lag  occurs a t  osm otic  p ressu res 
co rrespond ing  to  N aC l co n cen tra tio n s  g re a te r  th a n  a b o u t 5 p e r cen t. I t  m u st 
b e  n o te d  here th a t  th e  d iffering  ( th o u g h  m oving  in  p ara lle l) L  va lues in  th e  
tw o  exp erim en ta l series m a y  be ex p la ined  b y  th e  h ig h er v a lu e  o f th e  inocu lum  
su sp en d ed  in  th e  g ly cero l so lu tions.

T he grow th ra te  c o n s ta n t begins to  decrease a t  a b o u t 5 p er cen t N aCl, 
w h ile  i t  shows a co n tin u o u s  decrease from  th e  sm allest c o n cen tra tio n  onw ards 
in  g lycero l so lutions.

T o ta l g row th d ecreased  sm ooth ly  b o th  in  NaCl an d  in  g lycerol so lu tions.

D iscussion

Comparison o f  changes in  cell fo rm  and in  the kinetics o f  growth. — T he 
re su lts  o f all th e  ab o v e  experim en ts a re  sum m arized  in  F ig. 5.
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Table V

The effect o f  N aC l and glycerol on the lag, rate o f  growth and total growth o f  yeast cells

Suspending
medium

Solutions 
corresponding 
in  per cent 
( tv jw )  NaCl

L
(hours)

к
(hour—1)

G
(10«/ml)

M L S L м к Sk m g SG

0 6.0 0.82 0.42 0.051 24.5 0.52

2.50 6.0 0.83 0.42 0.050 20.7 0.60

3.00 6.0 0.85 0.42 0.054 20.4 0.30
Sodium 3.60 6.0 0.80 0.42 0.050 19.8 0.40

chloride 4.32 6.0 0.22 0.37 0.009 17.6 0.25

5.18 7.5 0.22 0.35 0.008 13.6 0.31

6.22 9.5 1.19 0.35 0.023 12.1 0.49

7.46 12.5 0.48 0.22 0.008 9.1 0.44

8.96 19.5 0.50 0.13 0.026 6.5 0.22

10.75 38.0 2.36 0.06 0.027 4.8 0.09

0 2.0 0.27 0.51 0.021 34.0 0.27
0.85 2.0 0.22 0.43 0.025 29.0 0.66

1.75 2.0 0.22 0.42 0.014 28.0 1.89

Glycerol 3.55 3.0 0.27 0.37 0.006 25.0 0.65

7.00 5.5 0.42 0.24 0.006 18.0 0.56

13.35 145.0 11.0 0.03 0.005 3.0 0.30

Note : M  =  m ea n  value
s — s ta n d a rd  error

I t  can  b e  seen th a t  th e  geom etric  m ean  o f cell volum es decreases q u ite  
a b ru p tly  up  to  con cen tra tio n s co rresp o n d in g  to  ab o u t 1 p e r cen t N aCl. A t 
h igher c o n c e n tra tio n s  a slower decrease ensues. In  co n trad ic tio n  to  th is , к 
an d  G va lues show ed  a con tinuous decrease from  th e  sm allest c o n c e n tra tio n  
onw ards ; к v a lu es  o f  th e  NaCl series b e h a v e d  in  an  excep tional m an n er.

C om parison  o f  th e  curves m akes i t  p ro b ab le  th a t  th e  s tro n g e r sh rin k a g e  
o f cells su sp en d ed  in  solutions o f low er c o n c e n tra tio n  has no decisive e ffec t 
on life processes o f  cells (a t least n o t in  re la tio n  to  grow th). A t h igher c o n c e n tra 
tio n s, how ever, in  sp ite  of the  slow ing dow n o f sh rinkage, th e  r e ta rd a tio n  of 
physio logical p rocesses continues w ith  u n a lte re d  in ten s ity . T hus, in c reas in g  
th e  rem o v al o f  w a te r  beyond a ce rta in  c ritic a l level causes a re la tiv e ly  s tro n g e r  
in h ib itio n  o f g ro w th . In  o ther w ords th e  re la tiv e ly  s trong  ’’in itia l”  ch an g es 
in  degree o f  sw elling  experienced a t  low er o sm o tic  pressures h av e  no im pressiv e  
effect on th e  b u ild in g -u p  and  b u d d in g  processes o f cells. B eyond  a c e r ta in  
a m o u n t o f de-sw elling , how ever, fu r th e r  rem o v a l o f w ate r causes a re la tiv e ly  
h eav y  decrease in  th e  in ten s ity  o f life p rocesses. I t  seems p ro b ab le  t h a t  th e
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F ig . 5. C om parison of th e  sh rinkage  and  th e  g ro w th  o f y e as t cells suspended in  N aC l and  
g lycero l solu tions. Note: O w ing to  techn ica l d ifficu lties , th e  la s t  v a lu e  of L  in  th e  g lycero l series 

(145 h rs . a t  13.4 per cen t ; Table V )  is n o t show n

•  -N a C l o = g ly c e ro l

F ig . 6. Changes in  la g , g ro w th  ra te  an d  to ta l  g ro w th  accom pany ing  changes in  vo lum e 
o f y e a s t cells in  NaCl a n d  g lycero l so lu tions

ab ove-m en tioned  c ritic a l shrinkage is accom pan ied  b y  a s tronger change, a 
decrease in  th e  “ s ta te  o f  w a te r” , in  th e  ’’h y d ra tu re ”  [14] of th e  cell, a n d  th a t  
th is  la t te r  change is th e  d irect cause o f  th e  re ta rd a tio n  of grow th.

This p o in t is w ell illu s tra ted  b y  th e  co rre la tio n  betw een  sh rin k ag e  and  
g ro w th  lag. I t  m a y  be  seen in  F ig. 5 t h a t  w hile b ey o n d  an  osm otic p ressu re
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co rrespond ing  to  ab o u t 2 p er cen t N aC I, th e  decrease in  cell vo lum e becom es 
a r a th e r  even , slow process, th e  le n g th  o f th e  lag period  undergoes an  a b ru p t 
change a t  ab o u t 5 p er cen t NaCI.

A ll th is  is m ade m ore clear b y  F ig . 6 w here changes in  L , к an d  G h av e  
b een  re la te d  to  th e  geom etric  m ean  o f  cell volum es ( V) in te rp o la te d  from  th e  
line in  F ig . 5. V , к an d  G are expressed  as percen tages of th e ir  re spec tive  values 
in  th e  co n tro l so lu tion  (no t co n ta in in g  NaCI or glycerol).

I t  is a p p a re n t t h a t  lag and  to ta l  g row th , as func tions o f cell vo lum e, 
u n d erg o  id en tica l changes in  NaCI a n d  in  g lycerol so lu tions : th e  v alues o b ta in ed  
in  g lycero l an d  in  NaCI are  s itu a te d  a long  th e  sam e lines. O nly  th e  g ro w th  
ra te  c o n s ta n t show ed som e dev ia tio n  in  th e  tw o solutions. I t  is ev id en t from  
all th re e  co rre la tions th a t  beyond a d ecrease  in  volum e o f ab o u t 15 p er cen t 
a consid erab le  and  fa irly  a b ru p t ch an g e  in  g row th  sets in . This seem s to  be th e  
c ritic a l decrease in  vo lum e beyond  w h ich  a m ore m arked  decrease in  th e  
h y d ra tu re  o f cells occurs.

T he lim it fo r g row th  of th e  y e a s t s tra in  in v estig a ted  was a ro u n d  13 per 
cen t NaCI. T his corresponds to  an  o sm o tic  p ressu re  o f 125 a tm  or 91 p er cen t, 
re la tiv e  h u m id ity  a t  18° C.

C o m p u ta tio n , accord ing  to  th e  m e th o d  described elsew here [13] of th e  
co n cen tra tio n s  necessary  to  a tta in  50 p e r  c e n t in h ib itio n  of g row th  ra te , re su lted  
in  th e  follow ing values : 7.7 per c en t o f  NaCI an d  a g lycerol co n cen tra tio n  
isoosm otic  w ith  6.7 p er cen t NaCI. T h ese  d a ta  correspond to  osm otic pressu res 
of 66 a n d  56 a tm , respective ly , and to  eq u ilib riu m  re la tiv e  h u m id ité s  of 95 and 
95.6 p e r cen t, respective ly . This seem s to  be  a fu r th e r  co n firm a tio n  of th e  
fa c t t h a t  NaCI and  glycerol, while b e in g  chem ically  qu ite  d iffe ren t com pounds, 
ex e rt th e ir  ac tio n  on th e  g row th  of y e a s t  in  an  id en tica l m an n er, i. e. b y  low er
ing th e  h y d ra tu re  of th e  m edium . T h u s , th e  specific chem ical a c tio n  of NaCI, 
o ften  m en tio n ed  in  th e  lite ra tu re , co u ld  n o t be d em o n stra ted  here. On th e  
c o n tra ry , i t  m ay  be observed  in  Figs. 5  a n d  6 th a t ,  in  low er co n cen tra tio n s, 
NaCI e x e rte d  a som ew hat w eaker in h ib itio n  th a n  d id  glycerol.

I t  is in te re s tin g  to  n o te  th a t  e v a lu a tio n  o f th e  d a ta  o f S c h a c h i n g e r  and  
H e i s s  [10] gives a sim ilar value for a 50 p e r cen t in h ib itio n  o f fe rm e n ta tio n  
of Sacch. ellipsoideus in  th e  case of su cro se , glucose, fruc tose  or in v e rt sugar. 
T his co n c e n tra tio n  corresponds to  an  eq u ilib riu m  re la tiv e  h u m id ity  o f 95 p er 
cen t. T h u s , com parison  o f th e  d a ta  o f S c h a c h i n g e r  an d  H e is s  w ith  o u r own 
re su lts  seem s to  s tre n g th e n  th e  view  t h a t  g ro w th  and  fe rm e n ta tio n  o f  w ine 
y eas ts  are  m ain ly  func tions of th e  h y d ra tu re  o f th e  m edium , in d ep en d en tly  
of th e  chem ical n a tu re  o f th e  p lasm o ly tic  substance .

3  A c ta  M icrobio logica V I/4 .
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Summary

I t  h a s  been show n t h a t  th e  freq u en cy  d is tr ib u tio n  o f cell vo lum es is lo g -norm al in  
c h a ra c te r . T his find ing  p ro v id e s  a too l fo r a  m ore  c ritica l su rv e y  o f  th e  tax o n o m y  o f y e a s ts  
b a se d  o n  cell size and  fo r th e  s ta tis t ic a l  e v a lu a tio n  o f  th e  c y to rrh y tic  effect o f va rio u s o sm o tic  
ag en ts .

C om parison of th e  d a ta  on  th e  k in e tic s  o f  g ro w th  a n d  on  cell fo rm  an d  size show ed  
t h a t  th e  tw o  p lasm oly tic  a g e n ts , NaCl and  g lycero l, so w ide ly  d iffering  in  chem ical n a tu re  a n d  
m a te r ia l  ch arac te ris tics , e x e r t  a  sim ilar a c tio n  o n  th e  cell : b o th  a c t as su b stan ces s im p ly  
e n h an c in g  osm otic p re ssu re  a n d  n o t possessing specific  effects (cp. sa lt effect). In c rea sin g  th e  
c o n ce n tra tio n  brings a b o u t  a  re la tiv e ly  stro n g  in it ia l  change in  th e  degree of sw elling o f  th e  
c y to p la sm  w ith o u t a p p a re n t  h a rm  to  its  b u ild in g -u p  a n d  b u d d in g  processes. B eyond  a c e r ta in  
degree  o f de-swelling, fu r th e r  rem o v a l o f w a te r  cau sed  a severe  re d u c tio n  in  th e  in te n s i ty  o f  
life processes. This c ritica l d ecrease  in  cell v o lu m e m ay  b e  acco m p an ied  b y  a  s tro n g er d ecrease  
in  th e  h y d ra tu re  of th e  cell a n d  th is la t te r  m a y  h e  th e  d irec t cause  o f th e  slow ing-dow n o f  
g ro w th .

L IT E R A T U R E

1. Beetlestone, N. C.: J . In s t .  B rew ., 34, 22 (1928).
2. Christophersen, J . ,  P recht, H .: B iol. Zbl. 72, 104 (1953).
3. I ngram, M.: J .  B a c t.,  38 , 599, 613 (1939).
4. I ngram, M.: J .  gen. P h y s io l., 23, 773 (1940).
5. I ngram, M.: Proc. R o y . Soc. B ., 134, 181 (1947).
6. J ohannsen, W .: E le m e n te  de r ex ak ten  E rb lic h k e its le h re , F isch er, J e n a  (1909).
7. K ocková-Kratochvílová, A., Necásek, J . :  M ikroskopie, 7, 8 (1952).
8. L odder, J . ,  Kreger-Van R i j , N. J .  W .: T h e  Y eas ts , N o r th  H o llan d , A m ste rd am  (1952).
9. Scatchard, G., H amer, W . J . ,  Wood, S. E .: J .  A m er. Chem . Soc., 60, 3061 (1938).

10. Schachinger, L., H e iss , R .: A rch. M ikrob io l., 16, 347 (1951).
11. Tebbenhoff, E .: K in e tisc h e  U n te rsu ch u n g en  ü b e r  den  S toffw echsel u n d  die Z ellte ilu n g

v o n  hefeähn lichen  P ilzen , D isse rta tio n , T echnische H ochschu le , M ünchen  (1945).
12. V a s , K .: A cta  M icrob. H u n g ., 2, 203 (1955).
13. V a s , K .: A cta  M icrob. H u n g ., 2, 215 (1955).
14. Walter, H.: D ie H y d r a tu r  der P flan ze , F isch er, J e n a  (1931).
15. W indisch, S., E nders, C.: B rauw elt, H e fte  10, 12, 13 (1931) — see ref. [10].



THE RELATION OF SURFACE PROPERTIES 
AND ANTIBIOTIC RESISTANCE IN STAPHYLOCOCCUS

AUREUS
I I . PH A G O C Y TO SIS OF A N T IB IO T IC  S E N S IT IV E  AN D  R E S IST A N T  

STAPHYLOCO CCUS A U R E U S  ST R A IN S

B y

L. VÁczi, G. H a d i i á z y  a n d  M. K a t o n a

In s titu te  o f  Microbiology, U n iversity  M edical School, Debrecen 

(R eceived  M ay  28, 1959)

I n  re c e n t years, para lle l w ith  th e  in c reasin g  freq u en cy  o f  in fections w ith  
Staphylococcus aureus, th e  diseases due  to  th is  o rganism  h a v e  becom e m ore  
severe an d  re sp o n d  less and  less to  a n tib io tic  tre a tm e n t. T h e  p re se n t s tu d y  
has been  u n d e r ta k e n  to  exam ine th e  re la tio n  o f an tib io tic  se n s itiv ity  to  p h a g o 
cy tosis o f s taphy lococci. C onsidering th e  close connection  be tw een  th e  v i r u 
lence an d  phago cy to sis  o f an  o rgan ism , th is  a spec t seem ed to  be su itab le  fo r 
d e te rm in in g  w h e th e r th e  b road en in g  o f  th e  resistance  sp e c tru m  ex erted  a n y  
in fluence  on  th e  resistance  of s tap h y lo co cc i ag a in st th e  non-specific  im m u n e  
response o f th e  h o st. T he phagocy tic  a c t iv i ty  o f r a t  leukocy tes h as  been  e x a m 
ined  in  vitro  on  an tib io tic  sensitive an d  p o ly re s is ta n t (i. e. re s is ta n t to  sev e ra l 
an tib io tics) Staphylococcus aureus s tra in s  a n d  a com parison  h as  been  m ad e  
betw een  th e  phagocy tosis  of re s is ta n t s tra in s  iso la ted  from  in fec tions an d  th e  
phagocy tosis  o f a s tra in  m ade re s is ta n t to  an tib io tic s  in  vitro.

Materials and methods

P a th o g en ic  Staphylococcus aureus s tra in s  w ere  iso la ted  from  v a rio u s  in fec tions. A ll 
s tra in s  p ro d u ced  go lden  yellow  p ig m en t, h aem o ly sin , g e la tin ase  an d  coagulase  a n d  all o f th e m  
fe rm en ted  m an n ito l.

S en sitiv ity  to antibiotics was te s te d  b y  th e  p a p e r  disc m eth o d , as described  in  th e  f i r s t  
p a r t  o f th e  p re se n t series o f  re p o rts  [14]. T he s tra in s  em ployed  w ere e ith e r  sensitive  to  a ll o f 
th e  te s te d  a n tib io tic s , o r re s is ta n t to  five  o r six  o f th e m  (p o ly res is tan t s tra in s ) . As a  co n tro l, 
Staphylococcus aureus D u n can  w as used  th ro u g h o u t th e  experim en ts.

Phagocytosis w as ex am ined  b y  th e  m e th o d  o f W right [16] and  Ludány  and  Vajd a  [7]. 
S u rv iv in g  leu k o cy tes  w ere o b ta in ed  from  th e  ab d o m in a l c av ity  o f r a ts  a n d  su spended  in  R in 
ger’s so lu tion . T o 0.6 m l leuk o cy te  suspension  0.2 m l r a t  se rum  and  0.2 m l suspension  of th e  
o rgan ism  u n d e r  in v es tig a tio n  were added . T he f in a l co n ce n tra tio n  of leuco cy tes  in  th is  sy s tem  
w as 7000/ //1. T h e  suspensions o f th e  Staphylococcus aureus s tra in s  te s te d  w ere p rev io u s ly  
d ilu te d  to  give e q u a l b a c te r ia l counts ; w ith in  one e x p e rim e n t th e  ad d itio n  o f b a c te r ia l su sp en 
sions to  th e  p h ag o cy tic  system s was perfo rm ed  p ra c tic a lly  a t  th e  sam e tim e . In c u b a tio n  la s te d  
fo r 15 m in u te s  at. 37° C. T h e  suspensions w ere th e n  cen trifu g ed  a t  a  low  speed  a n d  th e  d ep o sit 
w as s ta in ed  b y  G ram ’s m eth o d . T he p h ag o cy tic  in d e x  w as calcu la ted  b y  c o u n tin g  th e  n u m b e r 
o f  ph ag o cy tized  cocci in  500 leucocytes. T he lim its  o f e rro r o f  th e  m eth o d  w ere  ± 1 0  p e r c en t.

Treatm ent o f  staphylococci w ith various substances. Sensitive  and  p o ly re s is ta n t S taphylo 
coccus aureus s tra in s  w ere suspended  in  b u ffer so lu tio n  a n d  d ilu ted  to  g ive  eq u al b a c te r ia l  
co u n ts . T he suspensions w ere tre a te d  a t  p H  8.0 w ith  1 p e r  cen t try p s in  fo r 90 m in u te s  a n d  w ith  
1 X 10—4 M K J 0 4 fo r 15 m in u tes  a t  p H  6.0 ; w ith  0.1 p e r  cen t sod ium  d u o d ecy l benzenesu lpho- 
n a te  fo r 15 m in u te s , w ith  0.1 p e r cen t ce ty l p y r id in iu m  b ro m id e  (S terogenol) fo r 15 m in u te s

3*



298 L. VÁCZI, G. HADHAZY and M. KATONA

an d  w ith  0 .0 1  p e r  c en t p a n c re a tic  lipase fo r 6 0  m in u te s . T he la s t  m en tio n ed  m a te ria l w as 
p re p are d  as desc rib ed  b y  B o i s s o n a s  [ 1 7 ] .  T he m ix tu re s  w ere in c u b a te d  a t  2 5 °  C a n d  d u rin g  
in c u b a tio n  th e y  w ere g e n tly  sh aken . T he susp en sio n s were th e n  cen trifu g ed , w ashed  tw ice  
in  saline an d  f in a lly  re su sp e n d ed  in  a b u ffer so lu tio n  o f p H  7 .2 .  A fte r checking th e  b a c te r ia l  
co u n t, th e  o rg an ism s w ere te s te d  fo r phago cy to sis  a n d  th e  re su lt w as com pared  w ith  t h a t  
g iven  b y  th e  u n tre a te d  cells.

Results

I n  Table I  th e  phagocy tosis  o f a sen sitiv e  an d  tw o  p o ly re s is tan t s ta p h y 
lococci iso la ted  from  p a tie n ts  and th a t  o f  Staphylococcus aureus s tra in  D u n can  
w ere com pared . T he re su lts  are expressed  in  p h ag o cy tic  index .

Table I

Phygocytic index o f  sensitive and po lyresis tan t Staphylococcus auretts strains

S t r a i n s

Duncan 88
(sensitive)

68 1153 
(polyresistant)

E x p erim en t 1 ............................................. 0 .4 5 0 .2 7 0 .2 4 0 .1 8

E x p erim en t 2 ........................................................ 0 .8 7 0 .4 7 0 .3 0 0 .2 2

E x p erim en t 3 ........................................................ 1.12 0 .6 5 0 .2 2 0 .4 2

In  re la tio n  to  s tra in  D u n can  .............. 1 0 .5 6 0 .3 5 0 .3 3

C alcu la ted  from  th e  d a ta  o f th e  th re e  sep a ra te  exp erim en ts , Table I  
p resen ts  th e  average  o f  th e  phagocy tic  indices o f th e  sensitive  an d  th e  tw o  
p o ly re s is ta n t s tra in s  as re la ted  to  th e  m ean  phagocy tic  in d ex  of s tra in  D u n can . 
T he resu lts  show  th a t  th e  p o ly re s is tan t s tra in s  w ere p h ag o cy ted  a t  a low er 
ra te  th a n  th e  sen sitiv e  ones. C onsidering th e  lim its  o f e rro r and  th e  d ifferences 
in  th e  in d iv id u a l s tra in s , th e  ex p erim en ts  w ere re p e a te d  on a la rg e r n u m b e r 
o f sensitive  a n d  p o ly re s is ta n t s tra in s , as follows. T he 18-hour b ro th  cu ltu re s  
o f  9 sen sitive  an d  9 p o ly res is tan t s tra in s  w ere d ilu ted  w ith  saline. A fte r th e  
d e te rm in a tio n  o f th e  num ber of b a c te r ia  in  a H elber-G lynn  cham ber, th e  
suspensions w ere d ilu te d  to  give e q u a l b a c te ria l co u n ts . T hen  b y  p ip e ttin g  
eq u a l sam ples from  each  of th e  suspensions, th e  9 sensitive  cu ltu res  w ere 
m ixed . L ikew ise, a s im ila r m ix tu re  w as p rep a red  from  th e  suspensions o f  th e  
9 p o ly re s is ta n t s tra in s . T he b ac te ria l co u n ts  w ere ag a in  d e te rm in ed  an d  p ro 
v ided  th a t  th e  re su lts  w ere w ith in  th e  lim its  o f e rro r, th e  suspensions w ere used  
fo r th e  ex p erim en ts .

Table I I  show s th e  resu lts  o f th e se  ex p erim en ts . E a c h  of th e  fo u r series 
rep resen ts  th e  m ean  phagocy tic  in d e x  o b ta in ed  in  4 sep a ra te  e x am in a tio n s  ; 
a lto g e th e r  16 se p a ra te  experim en ts w ere  carried  o u t b o th  w ith  th e  sen sitive  
a n d  th e  p o ly re s is ta n t suspensions. T h e  p h ag o cy tic  ind ices of th e  tw o k in d s of



THE RELATION OF SURFACE PROPERTIES 299

Table I I

Average o f  phagocytic indices o f  sensitive and polyresislant strains

Series of experiments*

1 2 3 4

Sensitive  s t r a in s ........................................ 1.15 0.81 0.62 0.83

Pol v resis tan t s tra in s  ............................ 0.78 0.50 0.42 0.51

D ifference in  per cen t .......................... 32 37 32 38

A verage : 34 p e r cen t

* In  each series th e  m ean  values o b ta in e d  in  4 sep a ra te  ex p erim en ts  are show n.

th e  suspensions w ere sim ultaneously  d e te rm in ed  in  each series of ex p erim en ts . 
I t  is seen th a t  in  ev e ry  series th e  p h a g o c y tic  in d ex  o f p o ly re s is tan t b a c te r ia  
w as low er th a n  th a t  o f th e  sensitive ones ; th e  d ifferences ranged  from  32 to  
38 p e r cen t (34 p er c en t on the  average). A ccord ing ly , th e  p o ly re s is ta n t s tra in s  
w ere phago cy tized  a t  a low er ra te  th a n  th e  sensitive  ones.

Table I I I  com pares th e  p hagocy tosis  o f  a sensitive  Staphylococcus aureus  
s tra in  an d  th a t  o f i ts  v a r ia n t w hich h a d  been  m ade re s is ta n t to  200 jUg/ml 
ch loram phenico l b y  cu ltu rin g  th e  o rig inal s tra in  in  g rad u a lly  increasing  
co n cen tra tio n s o f th e  an tib io tic . T h e  re su lts  c learly  show  th a t  th e  re s is ta n t 
v a r ia n t  was p h ag o cy ted  a t  a h igher r a te  th a n  th e  sen sitive  s tra in  (by  71 p e r 
cen t on th e  average). A ccordingly, in  c o n tra s t w ith  th e  organism s acq u irin g

Table I I I

Phagocytosis o f  a sensitive Staphylococcus aureus stra in  and o f  its variant 
made resistant in  vitro to 200 /.ig/ml chloramphenicol

Sensitive Resistant Difference 
in per cent

E x p erim en t 1 ................................... 0.69 1.10 57

E x p erim en t 2 ................................... 0.69 1.20 71

E x p erim en t 3 ................................... 0 66 1.18 78

E x p erim en t 4 ................................... 0.71 1.29 81

resistance  in  vivo, th e  v a r ia n t m ade re s is ta n t  to  an tib io tic s  in  vitro w as p h a g o 
c y ted  m ore easily  th a n  th e  sensitive s tra in s .

F o r s tu d y in g  th e  p a r t  p layed  b y  th e  cell surface in  phagocy tosis, befo re  
perfo rm ing  th e  ex p erim en ts  th e  sen sitive  an d  re s is ta n t b a c te r ia  w ere t r e a te d  
w ith  substances ac tin g  a t  d ifferen t s ites.

Table I V  in d ica te s  th e  p h ag o cy tic  ind ices of o rgan ism s w hich p rio r  to  
th e  ex perim en ts h ad  been  exposed to  1 p e r cen t try p s in  for 90 m in u tes  an d
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w ere th e n  w ashed. T his t r e a tm e n t  d id  n o t considerab ly  in fluence  th e  p h ag o cy 
tosis  o f sensitive an d  p o ly re s is ta n t s taphy lococci. T he orig inal d ifference 
b e tw een  th e  sensitive a n d  p o ly re s is ta n t s tra in s  w as, how ever, le f t un ch an g ed .

Table IV

Phagocytosis o f  Staphylococcus aureus stra ins treated w ith trypsin

P h a g o c y t i c i n d e x

Sensitive strains Polyresistant strains

Treated with 
trypsin

Untreated Treated with 
trypsin

Untreated

E x p e rim en t 1 ............................................. 0.90 0.89 0.62 0.65

E x p e rim en t 2 ............................................. 1.00 1.05 0.79 0.84

E x p e rim e n t 3 ............................................. 1.54 1.24 0.69 0.75

E x p e rim e n t 4 ............................................. 1.17 1.04 0.54 0.63

E x p e rim en t 5 ............................................. 1.01 1.02 0.64 0.63

M ean  v a lu es ............................................. 1.12 1.05 0.65 0.70

D ifference in  pe r cent .......................... +  7 — 5

Table V  shows th e  re su lts  o f ex p erim en ts  carried  o u t w ith  organism s 
tr e a te d  w ith  l x l O -1 M K J 0 4 for 15 m in u te s . T he ra te  of phago cy to sis  o f  th e  
tr e a te d  organism s w as con sid erab ly  h ig h er th a n  th a t  o f th e  u n tre a te d  cells.

Table V

Phagocytosis o f  Staphylococcus aureus strains treated w ith  K J O t

P h a g о с у t i c  i n d e x

Sensitive strains Polyresistant strains

Treated with 
K J0 4

Untreated Treated with 
K J0 4

Untreated

E x p e rim e n t 1 ............................................. 1.43 1.02 0.84 0.49

E x p e rim e n t 2 ............................................. 1.95 1.26 0.77 0.47

E x p e rim en t 3 ............................................. 1.66 0.82 0.78 0.51

E x p e rim en t 4 ............................ ................ 1.00 0.49 0.47 0.39

M ean values ............................................. 1.51 0.89 0.71 0.46

D ifference in  per cent .......................... +  69 +  53

T h e phagocy tic  in d ex  o f th e  sensitive  a n d  re s is ta n t b a c te r ia  w as 69, resp . 
53 p e r  cen t h igher th a n  t h a t  o b ta in ed  fo r th e  co rrespond ing  u n tre a te d  o rg a 
n ism s. This resu lt p o in ts  to  th e  presence o f surface com ponen ts (po lysaccharide



THE RELATION OF SURFACE PROPERTIES 301

m ateria ls) a t ta c k e d  b y  K J 0 4. As regards these  co m ponen ts, th e re  was, how ever, 
no essen tia l d ifference b e tw een  sensitive  an d  re s is ta n t suspensions.

I t  is k n o w n  th a t  th e  e lec trophoretic  m o b ility , i. e. th e  charge, o f cells 
w ith  surface lip ids increases on exposure to  anionic su rface  ac tive  agen ts [4]. 
In  su b seq u en t ex p erim en ts  th e  staphy lococci w ere th e re fo re  tre a te d  w ith  
sodium  duodecy l b en zen esu lp h o n a te . The resu lts  are  show n in  Table V I .

Table VI

Phagocytosis o f  Staphylococcus aureus strains treated w ith sodium  duodecyl benzenesulphonate

P h a g o c y t i c i n d e x

Sensitive strains Polyresistant strains

Treated Untreated Treated Untreated

E x p erim en t 1 ............................................. 2 .2 9 2 .2 9 2 .7 3 1 .4 3

E x p erim en t 2 ........................................................ 2 .2 5 1 .9 1 2 .5 6 1 .0 6

E x p erim en t 3 ........................................................ 2 .2 7 2 .8 8 3 .1 8 1 .6 3

E x p erim en t 4 ........................................................ 2 .7 3 3 .2 7 2 .2 1 1 .7 3

M ean values .............................................

D ifference in  pe r cen t ..........................

2 .3 8

— 7

2 .5 8 2 .6 7

-1-82

1 .4 6

F ro m  Table V I  i t  is ev id en t th a t  w hile th e  an ion ic  surface active a g e n t 
d id  n o t s ig n ifican tly  affect th e  phagocy tosis  o f sen sitiv e  staphylococci, i t  
increased  th e  r a te  o f  p hagocy tosis  of p o ly re s is tan t s tra in s  b y  n ea rly  100 p er cen t.

F ig . 1. T he p h ag o cy to sis  o f p o ly re s is ta n t Staphylococcus aureus s tra in s  tre a te d  w ith  v a rio u s 
c o n ce n tra tio n s  o f  sodium  duodecyl b en zen esu lp h o n a te

As show n b y  F ig . 1, th e  ra te  of phagocy tosis o f p o ly re s is tan t s tra in s  
increased  in  p ro p o rtio n  w ith  th e  co n cen tra tio n  o f th e  an ion ic  surface ac tiv e  
ag en t.
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F ig. 1 shows th a t  b a c te r ia  tr e a te d  w ith  0.006 per cen t sod ium  duodecyl 
b en zen esu lp h o n a te  w ere p h a g o c y te d  a t  th e  sam e ra te  as th e  con tro ls. The 
ra te  o f  phagocytosis in c rea sed  a t  a c o n cen tra tio n  of 0.025 p e r  cen t by  20 per 
c e n t, a t  a co n cen tra tio n  o f 0.05 p er cen t b y  48 p er cen t, an d  a t  a co n cen tra tio n  
o f 0.1 p er cen t b y  as m uch  as 82 p e r cen t. These ex p erim en ts  show  th a t  th e  
su rface  of p o ly res is tan t cells co n ta in s  a lip id  m a te ria l w hich , p ro b ab ly  in  
lin k ag e  w ith  th e  p o ly sacch arid es , ren d ers  th e  surface p ro p e rtie s  o f p o ly re s is tan t 
s tra in s  considerab ly  d iffe ren t from  th o se  o f  sensitive cu ltu res .

T he tre a tm e n t o f th e  re s is ta n t cells w ith  th e  ca tio n ic  surface active 
su b stan ce , Sterogenol, d id  n o t s ig n ifican tly  a lte r th e ir  phag o cy to sis . N eith er 
w as phagocytosis o f sen sitiv e  s tra in s  in fluenced  b y  S terogeno l. T he conditio 
sine qua non for successful t re a tm e n t o f b ac te ria  w ith  th e se  ag en ts  was th e  
ap p lica tio n  of co n cen tra tio n s  n o t in te rfe rin g  w ith  th e  a g g lu tin a tio n  (or c lum p
ing) o f th e  bacteria l cells.

In  subsequen t ex p e rim en ts  th e  cells w ere tre a te d  w ith  p an c rea tic  lipase 
in  a b u ffe r so lu tion  of p H  8.0, a t  room  te m p e ra tu re . The p h ag o cy tic  indices of 
th e  sensitive and  re s is ta n t b a c te r ia  show ed no s ign ifican t d ifferences as com 
p a re d  to  those of th e  u n tre a te d  ones. I t  w as, how ever, s trik in g  th a t  if  th e  suspen 
sions w ere tre a te d  w ith  th e  an ionic  su rface  active su b stan ce  a f te r  th e y  had  
b een  exposed to  lipase, th e  phag o cy to sis-p ro m o tin g  effect o f th e  fo rm er agen t 
w as s ign ifican tly  decreased  or co m ple te ly  b locked. This change did  no t occur 
on app ly ing  a lipase p rev io u sly  exposed  to  60° C h e a t fo r 1/2 h o u r ; in  th is  
case th e  increase in  p h ag o cy to sis  of p o ly re s is tan t s tra in s  w as sim ilar to  th a t  
show n b y  s tra in s  un ex p o sed  to  lipase  ( Table V I I ) .

Table VII

Phagocytosis o f  lipase-treated Staphylococcus aureus stra ins after exposure 
to sodium  duodecyl benzenesulphonate

A g e n t
Phagocytic index

Sensitive strains Resistant strains

U nchanged

U nchanged

U nchanged

U nchanged  

U n changed  

H igh ly  increased

L ipase +  anionic a g en t .............................

In a c tiv a ted  lipase - f  an ion ic  agen t

Discussion

T he find ing  th a t  p o ly re s is ta n t Staphylococcus aureus s tra in s  are p h ag o 
c y te d  a t a low er ra te  th a n  th e  sensitive  ones m ay be exp la ined  b y  an  a lte ra tio n  
in th e  com position  an d  physicochem ical p roperties of th e  su rface  of th e  fo rm er 
b a c te r ia . S im ilarly , i t  was show n b y  VÁczi et al. [14] th a t  th e  b ro ad en in g  of



THE RELATION OF SURFACE PROPERTIES 303

th e  resis tan ce  sp ec tru m  of Staphylococcus aureus was ren d erin g  m ost o f th e  
s tra in s  n o n -ty p ab lc  b y  phages. T his o b se rv a tio n  ind ica tes a difference be tw een  
th e  su rface  of sensitive an d  p o ly re s is ta n t s tra in s . The cell su rface  is w ell-know n 
to  p lay  a fu n d am en ta l role in  th e  p ro p e rtie s  an d  biological fu n c tio n s o f m ic ro 
o rgan ism s as also in  phagocy tosis. A ccord ing  to  F i n d l a y  and  B r a u n  [5], 
A l e x i e f f  [1], B r o w n  and  B room  [2], M u d d  et al. [10] an d  o th ers , th e  degree 
o f  p h agocy tosis  depends on th e  su rface  charge of th e  o b jec t to  be in g ested . 
M e l c z e r  and  K iss  [8] explained  th e  m echan ism  of re ticu lo en d o th e lia l s to rag e  
b y  th e  electric  po ten c iá l difference b e tw een  th e  phag o cy te  an d  th e  corpuscle 
to  be  phag o cy ted .

To q u o te  som e p e rta in in g  d a ta  fro m  th e  lite ra tu re , accord ing  to  S u s s m a n  
and  L o w r y  [18], th e  charged  surface re su lts  in  th e  fo rm atio n  o f an  ionic doub le  
la y e r  a ro u n d  th e  cell. T his c ircu m stan ce  m ay  p lay  an  im p o r ta n t p a r t  n o t 
on ly  in  phage ad so rp tio n  b u t also in  p h agocy tosis . A lin k ag e  of th e  b a c te r ia  
to  th e  cell surface b y  e lec tro sta tic  fo rces m ay  be regarded  as a p rim a ry  s tep  
in  th e  la t te r  process. D y a r  and  O r d a l  [4] showed th a t  on th e  surface of 
S taphy lococc i th e  p ro p o rtio n  of a lip id  m a te ria l to  an  o th e r , ionised  su rface  
fa c to r  w as responsib le for the  q u a lity  an d  q u a n tity  of e lec tric  charge o f th e  
cell surface. T hey  could  prove b y  e lec tro k in e tic  assays t h a t  S taphy lococci 
p ro d u c in g  under ce rta in  cu ltu ra l co n d itio n s  an  increased  q u a n ti ty  o f lip id  
m a te ria ls  con ta ined  am pho teric  su b s ta n c e s , th e  charge o f w hich  — in c o n tra s t 
to  cells poor in  lip ids — was rev e rsed  on ly  a t  p H  3.0. T he ex am in a tio n s  of 
L e r c h e  [6] on th e  e lec trophoretic  m o b ility  of Staphylococcus aureus revealed  
th a t  th e  m inu te  q u a n titie s  of lipid in  th e  surface of S taphy lococci were s tro n g ly  
n eg a tiv e .

T he difference in  th e  com position  o f cell surface u n d o u b te d ly  affects 
th e  charge  of th e  cell. T he p resen t o b se rv a tio n s , b y  estab lish in g  d ifferences in 
th e  phagocy tosis  of sensitive and  p o ly re s is ta n t s tra in s , rev ea led  a change in  
th e  su rface com position  and  co n seq u en tly  in  th e  surface charge  of th e  la t te r  
ones. T his change is c learly  show n b y  th e  h igh ly  increased  ra te  of phagocy tosis  
o f  p o ly re s is ta n t s tra in s  tre a te d  w ith  th e  anionic surface ac tiv e  agen t. T he 
su rface  lip ids have  an  increased  n e g a tiv e  charge in  so lu tions co n ta in in g  anionic 
su rface  ac tive  agents. T he higher ra te  o f  phagocy tosis show n b y  th e  p o ly res is tan t 
s tra in s  tre a te d  w ith  sodium  duodecy l benzen esu lp h o n a te  m ay  be exp la ined  
b y  th e  so lub ility  of th e  h y d ro ca rb o n  c h a in  in  th e  surface lip id s. This w ay  th e  
ch arg e  of th e  cells is affected  by  th e  p o la r  g roups of th e  ag en t an d  co n seq u en tly  
th e ir  opson iza tion  an d  phagocytosis w ill be p rom oted . T he effect o f th e  an ionic  
su rface  ac tive  agen t on th e  p o ly re s is ta n t s tra in s  shows th a t  th e  surface of th e se  
o rgan ism s, in  c o n tra s t to  th e  sensitive  ones, is a b u n d a n t in  lip ids. VÁCZI et al. 
[13, 15] show ed th e  im p o rtan ce  of su rface  lip ids, ch iefly  o f th e  cep h a lin -ty p e  
p h o sp h a tid e s , in  th e  regu la tion  of th e  p e rm eab ility  o f th e  cell and  in  th e  
d ev e lo p m en t of resistance  to  a n tib io tic s . T he an tip h ag o cy tic  a c tiv ity  of lip id
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m ate ria ls  was em phasized  b y  M ik a t a  et al. [9], w ho could  p ro v e  th e  consider
ab le  p ro tec tio n  affo rd ed  b y  th e  cep h a lin -ty p e  p h o sp h a tid es  : th e  in trav en o u s  
in o cu la tio n  of ra b b its  w ith  Streptococcus viridans  an d  th e se  substances gave 
rise in  m ost cases to  ex p e rim en ta l en d o card itis , in d ica tin g  th a t  th e  cephalin- 
ty p e  ph o sp h a tid es  e x e r te d  a p ro tec tiv e  ac tio n  on th e  in je c te d  b ac te ria , w hich  
o therw ise  w ould h av e  easily  been  p h ag o cy ted . T he close connection  betw een  
th e  b iochem ical changes b ro u g h t ab o u t in  th e  cell b y  pen ic illin  and  th e  s tru c 
tu re  o f th e  cell su rface h a s  been  d e m o n s tra te d  in  recen t y ea rs  b y  Sa l t o n  and  
S h a f a  [12] and  P a r k  and  J o h n s o n  [11]. T he connection  betw een  th e  a n t i 
b io tic  resistance  an d  p hagocy tosis  o f S taphy lococci m a y  accordingly be 
ex p la in ed  by  a change b ro u g h t ab o u t b y  th e  an tib io tic s  in  th e  com position  
o f th e  m uco-com plex  m a te r ia l  o f th e  cell w all.

I n  th e  p resen t in v es tig a tio n s  th e  difference b e tw een  cells w hich h a d  
acq u ired  an tib io tic  re s is ta n c e  in  vivo  an d  in  vitro has b een  clearly  show n b y  
th e  fa c t th a t  th e  tw o  k in d s  o f cells beh av ed  q u ite  opposedly  as regards p h ag o cy 
to sis . Some d a ta  as to  th e  im p o rta n t role o f surface lip id s in  th e  biological 
p ro p e rtie s  and  fu n c tio n s  o f  th e  b a c te ria l cell have  also been  revealed .

S um m ary

T he phagocytosis b y  r a t  leukocy tes o f a n tib io tic  sensitive  a n d  p o ly res is ta n t (re s is ta n t 
to  sev era l an tib io tic s) Staphylococcus aureus s tra in s  h a s  been  co m pared .

1. T he ra te  o f p h a g o cy to s is  o f p o ly re s is ta n t s tra in s  was 34 p e r  c en t low er th a n  th a t  o f 
sen sitiv e  s tra in s .

2. T he ra te  o f p h ag o cy to s is  o f s tra in s  w h ich  h a d  been  m ad e  r e s is ta n t  in  vitro w as 71 
p e r  c en t h ig h er th a n  th a t  o f  sen sitiv e  stra ins .

3. T rea tm e n t o f s tap h y lo co cc i w ith  try p s in  d id  n o t co n sid erab ly  a lte r  th e ir  p h a g o cy 
tosis.

4. E x posure  o f b o th  sensitive  and  r e s is ta n t  s tap hy lococci to  p o tassiu m  p e rio d a te  
co n sid erab ly  increased  th e ir  p h ag o cy to sis  (by  69 a n d  53 p e r cen t).

5. T he ra te  o f p h a g o cy to s is  o f re s is ta n t Staphylococcus aureus s tra in s  show ed a consid 
e rab le  (82 pe r cen t) in crease  i f  th e  organism s h a d  p rev io u sly  b een  tre a te d  w ith  an  an ion ic  
su rface  a c tiv e  ag en t (sod ium  duo d ecy l b en zen esu lp h o n a te). T he sam e t re a tm e n t  did n o t a ffec t 
th e  phag o cy to sis  o f sen sitiv e  cu ltu res .

6. T he p h ag o cy to sis-p ro m o tin g  effect o f so d iu m  duodecyl b en zen esu lp h o n a te  on  re s is t
a n t  o rgan ism  was p ro p o rtio n a l to  th e  c o n ce n tra tio n  of th e  ag en t.

7. No change w as o b se rv ed  in  th e  p h ag o cy to sis  o f e ith e r sen sitiv e  or re s is tan t s tra in s  
a f te r  th e y  h ad  been t r e a te d  w ith  a  cation ic  su rface  ac tiv e  agen t.

8. T he anionic  su rface  a c tiv e  ag en t fa iled  to  p ro m o te  th e  phag o cy to sis  o f re s is ta n t  
cells p rev io u s ly  tre a te d  w ith  p a n c re a tic  lipase . N o such  effect w as ex erted  b y  in a c tiv a te d  
lipase .

9. T he ex am in atio n s h a v e  fu rn ished  new  p ro o f o f  th e  ro le o f va rio u s co n s titu e n ts  
o f  th e  cell surface, ch iefly  o f  lip id s, in  th e  biological p ro p e rtie s  an d  fu n c tio n s  o f th e  cell (p h ag o 
cy to s is , a n tib io tic  re sis tan ce).
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RELATIONS BETWEEN IMMUNE SUBSTANCES 
AND PROTEIN FRACTIONS

B y

L. G o r e c z k y

Central Laboratory o f  the H ung a ria n  S tate R a ilw a y 's  H osp ita l, B udapest

(R eceived J u n e  10, 1959)

In  th e  s tu d y  o f p ro te in  frac tions an d  an tibod ies, p re p a ra tiv e  e lec tro p h o 
resis is assum ing  an  increasing  im p o rtan ce . V arious a u th o rs  h av e  sough t d iffe r
en t lines of ap p ro ach  in  th e ir  en d eav o u rs  to  e luc ida te  th e  question  an d  h a v e  
su ited  th e ir  m e th o d s  to  m ateria ls o f  v a ry in g  a c tiv ity .

T i s e l i u s  and  K a b a t  [1] d rew  th e ir  conclusions from  elec tro p h o re tic  
analyses p erfo rm ed  p r io r  to  and fo llow ing specific  a b so rp tio n  of serum . B y  
th is  m e th o d  th e y  localized  egg-w hite p rec ip itin s  to  gam m a-g lobu lin . P e t e r  
et al. [2] s tu d ied  r a b b it  im m une se ru m  in  v e rtic a l cellulose colum ns w ith  
B o c k m ü l l e r ’s e lec tro p h o re tic  a p p a ra tu s . S t e l o s  [3] an a ly sed  haem olysins 
b y  th e  s ta rch b lo ck  m e th o d . Sc h e i f f a r t i i  et al. [4] re p o r te d  on th e  sim p le  
p rocedure  o f a g g lu tin a tio n  electrophoresis perfo rm ed  on th e  phero g ram s. 
G e d i n  and  P o r a t h  [5] sep a ra ted  a n tib o d ie s  b y  tw o -d im ension  p ap er e le c tro 
phoresis w ith  co n tin u o u s m igration . F o r  h is an tig en  a n d  a n tib o d y  in v e s tig a 
tio n s, B a c k h a u s z  [18] e labo ra ted  a new  m e th o d  o f a g a r e lectrophoresis 
w hich is based  on th e  p rincip le  of im m u n o -e lec tro p h o resis  b u t  leads to  m ore 
accu ra te  find ings.

P re p a ra tiv e  e lectrophoresis h as  b ro u g h t a re m ark ab le  advance , p a r t i 
cu la rly  in  research  w ork  concerned w ith  th e  co rre la tions o f im m une su b stan ces 
an d  p ro te in  frac tio n s , because  no t o n ly  iso la tio n  o f p u rif ied  im m une  su b stan ces 
b u t  also e lim ina tion  o f  in e r t com ponen ts becam e feasib le . T hus i t  becom es 
possib le to  d e te rm in e  th e  grade of p u r i ty  o f a p ro te in . T h e  im m uno-electro- 
ph o re tic  s tud ies of G r a b a r  [6] and  S c h u l t z e  [7] h av e  g re a tly  p ro m o ted  our 
know ledge as reg a rd s  d e te rm in a tio n  o f  p u r i ty  in  p ro te in s  an d  th e  q u estio n  
o f frac tions th a t  are  fo u n d  pu re  w hen ju d g e d  b y  a n tig e n ity . B esides th e  sero lo 
gically  pure frac tio n s , in fo rm atio n  co ncern ing  th e  co rre la tio n  betw een  ac tiv e  
substances an d  p ro te in  frac tio n s is o f  g re a t im p o rtan ce .

F o r th e  s tu d y  o f im m u n e  substances from  th ese  aspec ts  we have  developed  
a new  m eth o d  [8], b y  com bining p a p e r  e lec trophoresis  w ith  agar d iffusion. 
B ac te ric id a l su b stan ces [9], a n tis trep to ly s in s  [10], r a b b it  an d  dog haem olysins 
[11] have  been s tu d ie d  b y  th is  m ethod .
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T he im m une su b stan ces  u n d er in v e s tig a tio n  w ere localized  ch ie fly  to  
gam m a-g lobu lins, in  a lesser degree b e tw een  gam m a- an d  b e ta -g lo b u lin s . In  th e  
l i te ra tu re  num erous d a ta  refer to  th e  an tib o d y -su p p o rtin g  p ro te in  fra c tio n s  
ra n g in g  betw een b e ta -  a n d  gam m a-g lobu lins ; these researches re su lted  in  
th e  d iffe ren tia tio n  o f gam m a-1  or b e ta -2  an d  T -frac tions, a n d  in  reco g n itio n  
o f  th e ir  significance as reg a rd s  im m une substances [12 — 15].

In  some ex p erim en ts  d is tr ib u tio n  to  severa l frac tions h a s  been  observed , 
w h ich  perm its  th e  in fe rence  th a t  th e  d is tr ib u tio n  of im m u n e  su b stan ces does 
n o t  alw ays re flec t th e  t ru e  connection . I n  th e  case of haem olysins, th e  w ork  o f  
P e t e r  [2] and  St e l o s  [3] — to  be d iscussed  in  d e ta il la te r  — refers to  th is  
q u es tio n , b u t in  co n ju n c tio n  w ith  o th e r  im m une  su b stan ces , to o , one fin d s  
su c h  d a ta , whose en u m e ra tio n  has to  be  o m itted . P re su m a b ly , th e  cause o f  
su c h  d is trib u tio n s resides in  th e  m e th o d s  em ployed.

These considera tions have  in d u ced  us to  rep ea t o u r ow n ex p erim en ts  in  
o rd e r  to  iden tify  th e  o rig in  of sp read  o f  th e  an tib o d y  to  severa l frac tio n s . 
I f  w e suppose th a t  in  th e  in v es tig a ted  cases th e  im m une su b stan ces, on g ro u n d s 
o f  specific ity , w ere b o u n d  to  gam m a-g lobu lins alone, th e ir  ex ac t re la tio n sh ip  
c a n  be  approached  o n ly  b y  stu d y in g  th e  fac to rs  of th e  m e th o d s. A m ong th ese , 
th e  am o u n t of th e  ap p lied  serum  a p p ea red  im p o rta n t. B y  m ean s o f our m e th o d  
w e therefo re  in v es tig a ted  th e  d is tr ib u tio n  o b ta in ed  a t  e lec trophoresis  o f  v a ry 
in g  q u an titie s  o f se ru m  a n d  rep ea ted  e lu tio n  of th e  sam e s tr ip  o f p ap er.

Materials and methods

E lectrophoresis w as p e rfo rm ed  w ith  th e  m eth o d  of Grassmann and  H annig  [16J 
a n d  th e  pherogram s w ere e v a lu a te d  w ith  E p p e n d o rf f ’s p h o to m e te r. L o ca liza tio n  o f im m u n e  
su b s ta n c es  was carried  o u t  b y  cu ttin g  u p  o f th e  p h ero g ram s an d  su b seq u e n t d iffusion  in  a g a r  
c o n ta in in g  th e  an tigen .

As serum  im m u n e  r a b b it  serum  lysing  sheep  e ry th ro cy te s  a n d  h ig h  t i t r e  (over 1 : 720) 
h u m a n  an tis trep to ly s in  se ru m  were used . H aem o ly sis  observed in  th e  ag ar, re sp ec tiv e ly  i ts  
in h ib itio n  in  th e  case o f  a n tis tre p to ly s in , w ere reco rd ed  and  th e  effect w as co m p u ted  fro m  th e  
a re a  a n d  th e  degree o f re ac tio n . The d e ta ils  o f  th e  m eth o d  h av e  b een  described  in  a n  e a rlie r  
r e p o r t  [8].

To s tu d y  th e  co rre la tio n  betw een  th e  a m o u n t o f  serum  and  th e  d is tr ib u tio n  o f h a e m o ly 
sin s , 40, 60, and  80 cu. m m  am o u n ts  o f th e  se ru m  to  be in v es tig a te d  w ere d ro p p ed  on  p a p e r  
s tr ip s . A fte r halv ing , 20, 30, an d  40 cu. m m  a m o u n ts  o f th e  serum , resp . its  s e p a ra te  p a r ts  
w ere  exam ined  as to  h aem olysis. W ith  a n tis tre p to ly s in s , 20, 40, o r 60 cu. m m  q u a n tit ie s  
w ere  used , o f w hich th e  h a lf , 10, 20, an d  30 cu. m m , served fo r th e  d e te rm in a tio n  o f im m u n e  
su b stan ces . T he h aem o ly sin s w ere e lu ted  w ith  com plem en t d ilu te d  in  M a y e r ’s b u ffe r  [17] 
a t  a  ra tio  o f 1 : 5, th e  a n tis tre p to ly s in s  w ith  strep to ly sin -0  reag en t. I n  th e  F igures th e  effec t 
is  d em o n s tra ted  b y  co lum ns d raw n  a t  th e  a p p ro p ria te  p lace o f th e  frac tio n s . T he p re se n te d  
F ig u re s  illu s tra te  single ex p erim en ts  se lec ted  fro m  am ong several a ssay s p ro d u c in g  id e n tic a l 
re su lts .  T he m easure  o f  m ig ra tio n  d isp layed  slig h t differences in  th e  single  p h ero g ram s ; th is  
m ig h t have  been due to  v a r ia tio n s  in  th e  m ig ra tio n  ra te  an d  to  th e  su p erim posed  p o sitio n  o f  
o n e  p a p e r s trip  over th e  o th e r . H ence m ax im u m  alb u m in  m ig ra tio n  seen  in  th e  F ig u res w as 
fro m  9,5 to  14 cm.

R esults

As show n in  F ig . 1, th e  d is tr ib u tio n  of haem olysin  w as in fluenced  b y  th e  
a m o u n t of the  app lied  serum . In  th e  case o f 40 cu .m m  serum , th e  im m u n e
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substances w ere localized  to  th e  gam m a-globulin  area . T h e ir course ra n  p a ra lle l 
w ith  th a t  of gam m a-globulin . A m in u te  p a r t  o f th e  an tib o d ies  h ad  reach ed  
th e  area betw een  th e  b e ta - and  gam m a-globulins ; th e  frac tions g am m a-1 
an d  be ta -2 -g lobu lin  could n o t be reg a rd ed  as ty p ic a l im m une su b stan ce  
sup p o rtin g  frac tio n s  ( F ig . la ) .  W hen  th e  q u a n ti ty  o f th e  se rum  w as increased , 
th e  effect o f th e  im m u n e  substance  ex ten d ed  to  b e ta -g lo b u lin . U pon e le c tro 
phoresis of 60 cu .m m  serum , haem olysis ap p eared  in  p a r t  o f th e  b e ta -g lobu lin s 
(F ig . lb ) .  O n a fu r th e r  increase in  th e  am o u n t, lysis w as encoun tered  even  
w ith in  th e  alfa-g lobu lin  area (F ig . l c ) .  I n  th e  two la t te r  cases, single frac tio n s

E X  E%

did  n o t clearly  sep a ra te . W ith  am o u n ts  o f 80 cu .m m  th e re  was ex ten siv e  
haem olysis, b u t  th e  frac tio n s did n o t sh a rp ly  sep ara te .

A ccording to  th e  above, th e  sp read  o f haem olysins could  th u s  be ex ten d ed  
to  th e  fa s te r m ig ra tin g  b e ta - and  alfa-globulins by increasin g  th e  q u a n ti ty  
o f serum .

N ex t, i t  ap p eared  necessary  to  u n d e rta k e  s im ila r experim en ts w ith  
an tis trep to ly s in s . I n  th ese , th e  effect w as expressed  as com plete  or p a r t ia l  
in h ib itio n . In  F ig. 2, p a r t ia l  in h ib itio n  is in d ica ted  b y  b la n k  colum ns, com plete  
in h ib itio n  b y  sh ad ed  colum ns. W hereas a t  a low  p ro te in  co n cen tra tio n , w ith  
20 cu .m m , a n tis tre p to ly tic  ac tiv ity  w as localized  to  gam m a-g lobu lin  ( F ig . 
2 a ), in  th e  case o f 40 cu .m m  i t  sp read  to  th e  s ta r t  of b e ta -g lo b u lin . On a fu r th e r  
increase in  th e  q u a n tity , to  60 cu .m m , i t  even  a tta in e d  th e  m ax im um  o f b e ta -  
g lobulin  (F ig . 2c). T hese in v estiga tions clearly  d e m o n s tra te d  th e  sp read  
o f  an tis trep to ly s in s  an d  haem olysin , as w ell as th e  ex ten sio n  of im m une  
substances to  th e  fa s te r  com ponents on increasing  th e  a m o u n t o f serum .
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S ubsequen tly , such ex p erim en ts  w ere perform ed w ith  haem olysins th a t  
th e  f ir s t  e lu tion  was follow ed b y  a second one, b y  p lacing th e  s tr ip s  on a second 
b lood  agar. On th e  h y p o th es is  th a t  th e  m easu re  of d isso lu tion  depends on th e  
a n tib o d y  co n ten t, we in te n d e d  to  d e te rm in e  in  th is  w ay  the a n tib o d y  m ax im um  
a n d  to  exam ine a t  th e  sam e tim e  th e  feas ib ility  of e lu tion , as well as to  d e te r
m ine th e  ra tio  of th e  an tib o d ies  le ft b eh in d  a fte r  one e lu tio n . F o r ad eq u a te

E%

ex a b

ev a lu a tio n , th e  size an d  degree o f h aem o ly tic  areas seen in  th e  ag ar were re c o rd 
ed, in  o rder to  gain co rrec t d a ta  on a n tib o d y  d is trib u tio n .

These experim en ts are  p re sen ted  in  F ig. 3. Low -titre  haem o ly tic  serum  
w as ru n  for one curve, h ig h -titre  h aem o ly tic  serum  for th e  o th e r. As revealed  
b y  F ig. 3, w ith  th e  lo w -titre  serum  (1 : 1000) haem olysis w as th e  m ost m ark ed  
in  th e  gam m a-globulin  a rea , as reg a rd s  b o th  th e  degree o f lysis an d  its  in te n s ity  
(F ig . 3a). The effect is re flec ted  in  th e  size and  lin ing  o f  th e  c o lu m n s ; th e  
b la c k  ones express com ple te  lysis, th e  shaded  ones m ed ium , and  th e  b la n k  
ones, s ligh t lysis. In  p a r t  ,,o ”  o f  F ig. 3, th e  m ax im um  effect corresponds to  th e  
gam m a-globulin  peak , a n d  w eaker lysis appears in  th e  a rea  b e tw een  th e  gam m a 
an d  b e ta  frac tions (low er row  o f colum ns). H ow ever, w hen  a s tr ip  was su b jec ted  
to  a second e lu tion , th e  effect w as n o t so pronounced  as w ith  th e  f irs t e lu tion , 
b u t  its  p eak  still co rresponded  to  th e  m ax im um  of gam m a-g lobu lin  and  followed 
th is  cu rv e  alm ost com plete ly  (u p p er row  o f colum ns).
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P a r t  “ 6” o f  F ig . 3 p resen ts th e  resu lts  o f ex perim en ts perfo rm ed  in 
a s im ila r m an n er w ith  h igh -titre  (1 : 10 000) ra b b it  serum . In  e x te n t an d  
in te n s ity  alike, th e  degree of haem olysis  show ed tw o  m axim a, one o f w hich  
co rresponded  to  gam m a-globulin , w h ile  th e  o th e r fell b e tw een  th e  gam m a- and  
beta-g lobu lin s, to  th e  faster m ig ra tin g  gam m a-g lobu lin  p a rts . Lysis w as 
m a rk e d  n o t only in  th e  gamma-1 fra c tio n , b u t  also in  b e ta -g lobu lin  (lower row  
of colum ns). A fte r rep ea ted  elu tion  o f  th e  p ap er s tr ip s  (u p p er row  o f colum ns), 
th e  m ax im um  w as seen in  gam m a-g lobu lin , ap p earin g  para lle l to  its  curve.

b
F ig . 3

T he tw o series o f  experim ents p e rm it th e  in ference th a t  in  pherog ram s 
t h e  g rea te s t a m o u n ts  of im m une su b stan ces  occur in  th e  gam m a-globulin  
a re a .  I n  case o f re p e a te d  elution, th e  effect is localized to  th is  frac tio n  alone. 
F ic m  a com parison  o f  th e  degree o f  lysis and  th e  q u a n tity  o f im m une su b 
s ta n c e s , th e  conclusion  m ay be d ra w n  th a t  th e  said  area  w ould seem  to  be th e  
s i te  o f th e ir  m ax im u m  co n cen tra tio n , and  th a t  w ith  th e  use oi ap p ro p ria te  
a m o u n ts  o f serum  th e y  are localized exac tly  to  th e  gam m a-globulin  frac tio n .

D iscussion

I n  th e  linkage o f  im m une su b stan ces  to  p ro te in  frac tions, v a ry in g  connec
tio n s  h av e  been fo u n d . Concerning haem oly 'sins, th e  s tud ies of P e t e r  et al. [ 2 ]  

a n d  S t e l o s  [3] fu lly  agree w ith o u r ow n in v estig a tio n s [11] in  t h a t  g am m a
g lo bu lin  is the ch ie f carry ing  p ro te in  o f  these  an tibod ies. T here is, how ever, 
d isag reem en t as reg a rd s  the  role o f  fa s te r  m ig ra tin g  gam m a-g lobu lins. In

4  Acta Microbiologica VI/4.
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a d d it io n  to  th e  re su lts  o b ta in ed  b y  P e t e r  and  ourselves [12], S t e l o s ’ [3] 
f in d in g s  ind ica te  t h a t  haem olysins m a y  occur even in  alfa-2-g lobutins. Such 
a  d is tr ib u tio n  has b e e n  rep o rted  to  occu r also w ith  o th e r im m u n e  su b stan ces. 
F o r  in s tan ce , B a c k h a u s z  [18] in  th e  course o f investig a tio n s concerned  w ith  
th e  sep a ra tio n  o f a n tito x ic  gam m a-g lobu lin , succeeded in  d e m o n s tra tin g  a n t i 
to x ic  a c tiv ity  even in  th e  areas ot a lb u m in  m ig ra tio n  an d  observed  a p e rm a 
n e n tly  increasing a n tib o d y  effect w ith  a  p e a k  coinciding w ith  th e  m ax im um  
o f gam m a-globulins.

In  our earlier s tu d ie s  dealing w ith  an tis trep to ly s in s  [10] we also observed  
im m u n e  bodies to  be  p re sen t in  th e  slow m ig ra tin g  beta-g lo b u lin , beside th e  
fa s te r  gam m a-globulin . T he above ex p e rim en ts , how ever, h av e  in d u ced  us to  
a d o p t th e  view  th a t  th e  effect o f fa s te r  m ig ra tin g  com ponen ts m ay  also be 
a t t r ib u te d  to gam m a-g lobu lin . I t  is p a r tic u la r ly  s trik ing  th a t  u p o n  decreasing  
th e  am o u n t of se rum , im m une a c tiv ity  coincides w ith  th e  p e a k  o f g am m a
g lo b u lin , while an  in crease  of th e  ap p lied  a m o u n t oi serum  produces a g rad u a l 
sp re a d  o f the  im m u n e  substance  to  com ponen ts w ith  fa s te r  m o b ility . T h is 
h a s  b een  observed to  occu r w ith  b o th  haem olysins and  an tis trep to ly s in s .

T he effect o f th e  q u a n tity  o f se ru m  on th e  d is tr ib u tio n  o f im m une su b 
s ta n c e s  has been o b se rv ed  b y  T is e l iu s  <ш <1Ка в а т [1] who found  th e  an tib o d ies  
c o n ta in e d  in  d ilu te  po rc ine  im m une se ru m  exclusively in  gam m a-g lobu lin . 
O n th e  s tren g th  o f o u r ow n ex p erim en ts  we m u st share th e  op in ion  o f Se h o n , 
H a r t e r  and  R ose  [19] w ho claim  th a t ,  as a frac tio n a tio n  m eth o d , free e lec tro 
p h o resis  can be used  o n ly  in  th e  p resence  o f v e ry  sm all q u a n titie s  o f g lobulins. 
In  p a p e r  electrophoresis these  fac to rs m ay  p lay  an  im p o rta n t ro le, as evidenced 
b y  th e  above ex p erim en ts  ; in  acco rdance  w ith  th e  quo ted  s ta te m e n ts  an d  our 
ow n experim en ts, he re , too , only sm all am o u n ts  of p ro te in s are  am enab le  to  
th e  s tu d y  of re la tions. T h e  w ider d is tr ib u tio n  observed w ith  th e  use of la rg e r 
a m o u n ts  of sera h a v e  to  be in te rp re te d  on  th is  basis. Stelo s [3] doub tlessly  
fo u n d  th e  haem olysin  d is trib u tio n  sp read in g  to  th e  a lfa -globulins on e lec tro 
p h oresis  of large q u a n tit ie s  of scrum  in  s ta rc h  block. In  th e  sam e sense should  
b e  in te rp re te d  th e  fin d in g s  of B a c k h a u s z  [18], who m ade ag ar e lec trophoresis 
w ith  large  am ounts o f  serum  and  n o ted  a w ide-spread of im m u n e  substances.

H ow ever, if  in  th e  experim en ts o f  Stelos [3] th e  F o rssin an n  lysins 
h a d  been  absorbed, th e  rem ain ing  iso lysins were alw ays found  in  close connec
tio n  w ith  gam m a-g lobu lin . C onsidering th e  sm all am o u n t o f  iso lysins, i t  is 
c lea r th a t  for th e  o b serv ed  localization  th e  low co n cen tra tio n  w as responsible. 
T h is  again  confirm s th e  view  th a t  ex p erim en ts  for d e te rm in ing  localization  
sh o u ld  be carried  o u t w ith  sm all q u a n titie s .

T he w ide-spread observed b y  P e t e r  [2] and  la te r  b y  S t e l o s  and  T a l - 

m a g e  [20] in  th e ir  h aem olysin  ex perim en ts m ay  be explained  on th e  sam e basis, 
a n d  th e  sam e applies to  o u r own earlier experim en ts and  th e  above-m en tioned  
o b se rv a tio n s m ade w ith  increased q u a n titie s  of serum .
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I t  should  b e  rem em bered  th a t  b y  ce rta in  m e th o d s gam m a-globulins can  
be se p a ra te d  in to  fu r th e r  fractions, as show n b y  M i c h e l a z z i  [21]. A t v a ry in g  
p H  values and  ion ic  s tren g th  th is  a u th o r  w as ab le to  frac tio n a te  h aem o ly tic  
ra b b it  gam m a-g lobu lin  in to  th ree  o r fo u r su b frac tio n s, and  th e  specific a n t i 
bodies w ere found  in  th e  faste r m ig ra tin g  p a r t .  T his, how ever, applies to  th e  
frac tio n s o f a p rev io u sly  p rec ip ita ted  p ro te in  w hich h a d  undergone som e change 
as com pared  to th e  n a tiv e  frac tions. T herefo re , th is  o bserva tion  c a n n o t be 
d iscussed  in  th e  sam e ligh t as th e  fo rm er one, because in  some of th e ir  p ro p e r
ties such  frac tio n s m a y  differ from  th e  n a tiv e  serum , as has been d e m o n s tra te d  
b y  H e i d e l b e r g e r ,  K r u e g e r  and  D e u t s c h  [22], K u h n s  [23], and  S c h u l t z e  

et al. [14].
Sum m ing u p , th e  experim ents h av e  su p p o rte d  ou r hypo thesis  th a t  in  

s tud ies on th e  loca liza tio n  of im m une su b stan ces co rrec t resu lts can  be en su red  
on ly  b y  w orking w ith  sm all am oun ts o f se rum  an d  a t  low p ro te in  c o n c e n tra 
tions. T h is was show n also b y  our ex p erim en ts  in  w hich  only  5 cu .m m  o f se ru m  
was ru n  on th e  p a p e r  s trip . A c tiv ity  could  th e n  be observed  on ly  in  a sm all, 
narrow  p a r t  o f th e  frac tio n  correspond ing  ex a c tly  to  th e  gam m a-g lobu lin  
p eak  ; owing to  th e  low p ro te in  co n cen tra tio n , how ever, den sito m étrie  read in g  
was n o t feasible [24].

Summary

As reg ard s th e  re la tio n s  betw een  im m u n e  su b s tan ces a n d  p ro te in  frac tio n s , th e re  is 
a c e r ta in  d isag reem en t be tw een  th e  d a ta  o f v a rio u s  a u th o rs . T h e  cause of these  d e v ia tio n s  h a s  
been  so u g h t fo r in  th e  a m o u n t o f serum  used . T h e  p re sen t in v es tig a tio n s  hav e  rev ea led  th a t ,  
w ith  b o th  h aem olysins a n d  an tis trep to ly sin s, th e  d is tr ib u tio n  o f im m u n e  sub stan ces is in f lu e n c 
ed b y  th e  q u a n ti ty  o f  se ru m  exam ined, in  d ep en d en ce  on  th e  p ro te in  co n ten t. In  th e  p resen ce  
of larg e  q u a n titie s  o f se ru m , im m une su b stan ce  a c t iv ity  sp read s to  th e  fa s te r  m ig ra tin g  com p o 
n en ts . T h e  im m une su b s tan ces  w hich a f te r  ap p lic a tio n  of sm all q u a n titie s  h ad  reach ed  o n ly  
th e  g am m a-g lobu lin , g ra d u a lly  spread  to  b e ta -  an d  a lfa -g lobulins i f  th e  q u a n ti ty  o f se ru m  h a d  
been  in creased . T he sam e  phenom enon w as e lic ited  b y  su b jec tin g  an  e lu ted  p a p e r  s tr ip  to  
a  second e lu tio n  ; since ly sis depends on p ro te in  co n ce n tra tio n , lo ca lizatio n  was m ore a c c u ra te  
a f te r  th e  second e lu tio n . I n  these  experim en ts  th e  o rig in a lly  ex ten siv e  sp read  of im m u n e  su b 
s ta n ce  w as n a rro w ed  to  gam m a-g lobulin , a n d  m ax im u m  a c tiv ity  coincide w ith  th e  g a m m a 
g lo b u lin ’s peak . On ru n n in g  m inu te  am o u n ts  o f serum , im m u n e  bodies were d e te c te d  o n ly  a t  
th e  m ax im u m  of g am m a-g lobu lin .
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I .  T R IC H O T H E C IU M —P E N IC IL L IU M  F E R M E N T A T IO N *

B y

B .  J o h a n ,  A. S z a b ó  a n d  E . K e r e s z t e s s  y

Institu te  o f  Serum  and V accine Production “P h y la x ia ’’' , B udapest 

(R ece ived  J u n e  13, 1959)

T he yield  o f an tib io tic s  p ro d u c e d  b y  m icroorgan ism s can genera lly  be 
increased  in  tw o d iffe ren t w ays, o n  th e  one han d , b y  em ploying m u tag en ic  
ag en ts  w hich b rin g  a b o u t m u ta n ts  p ro d u c in g  a c o n s ta n tly  increased  a m o u n t 
o f an tib io tic  and , on  th e  o ther, b y  in troduc ing  fav o u ra b le  changes in  th e  
com position  and  th e  p H  of the  m ed iu m , or a lte rin g  th e  techno logy  o f th e  
fe rm en ta tio n . In  th e  p resen t ex p e rim en ts  an  increased p ro d u c tio n  o f tr ich o th e - 
cin  [1], an  an tib io tic  form ed b y  Trichothecium  roseum  was o b ta in ed  b y  a 
m e th o d  differing fro m  th e  above o n es. O ur w ork w as b ased  on th e  follow ing 
ob serv a tio n . T he T richo thec ium  s tra in  was s treaked  on  ag ar p la tes co n ta in in g  
trich o th ec in . D iscre te  colonies w ere tra n s fe rre d  to  ag a r s la n ts  an d  su b se q u e n tly  
in to  shake flasks, in  w hich fina lly  th e  q u a n tity  o f th e  p roduced  tric h o th e c in  
w as assayed. In  one series of shake c u ltu re s  nine s tra in s  p ro d u ced  0 —210 /tg/rnl 
trich o th ec in , w hile one cu ltu re  ( s tr a in  T r I I I .  189/c 27) y ielded 704 /ig /in l. 
A t f ir s t  i t  was th o u g h t th a t  an  e x tre m e ly  good a n tib io tic  p ro d u cer v a r ia n t  
w as iso la ted  on th e  tr ich o th ec in  c o n ta in in g  p lates. O n th e  n e x t d ay , how ever, 
i t  w as found  th a t  th is  cu ltu re  h ad  b e e n  co n tam in a ted  w ith  a P énicillium  s tra in . 
F ro m  th is  cu ltu re  b o th  th e  in o c u la te d  T richo thec ium  an d  th e  c o n ta m in a n t 
Pénic illium  stra in s  w ere iso lated. T h e  la t te r  was d es ig n a ted  as P 2. As earlie r 
observ a tio n s suggested  th e  p o ss ib ility  o f th e  associa tion  o f th e  c o n ta m in a n t 
w ith  th e  h ighly  in c reased  tric h o th e c in  y ield , the  in v es tig a tio n s  to  be  described  
h av e  been perfo rm ed .

M ateria ls an d  m ethods

Tr. roseum  s t ra in  T r i l l .  189/c w as o b ta in e d  from  th e  series o f s tra in s  used  b y  VÖRÖS 
a n d  Szabó [2]. T he P én ic illiu m  s tra in  iso la te d  from  th e  c o n ta m in a te d  cu ltu re  belonged  to  th e  
A sy m m etrica—v e lu tin a  g ro u p  (deposited  in  th e  stock  cu ltu re  co llec tio n  o f th e  State In s titu te  
o f  H ygiene, Budapest, a s  P énicillium  sp . “ a— 13” ), term ed  in  th is  la b o ra to ry  P 2.

M edium  fo r  the inocu lum  and fe rm en ta tio n  cultures. T h ro u g h o u t th e  ex p erim en ts  m ed iu m  
“ T r  V II I”  w as used . I t  co n ta in ed  0.2 p e r  c e n t  am m onium  ta r t r a te ,  1.0 pe r c en t sucrose , 0.025 
p e r c en t b a k e r’s y e as t e x tr a c t  solids, 0.1 p e r  c e n t  corn steep  solids a n d  5.0 pe r cen t m a lt  e x tra c t ,

* P resen ted  p a r t ly  a t  th e  M eeting  o f  th e  A ssociation o f  H ungarian  M icrobiologists, 
N o v em b er 10, 1958, B u d a p es t.
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a t  p H  5.2. Y east e x tra c t  w as p re p a re d  b y  suspend ing  1.0 kg  b a k e r’s y e a s t in  2.0 1 ta p  w a te r, 
a u to c la v in g  th e  suspension  a t  120° C for 30 m in u te s  an d  leav ing  i t  to  s ta n d  fo r a t  least tw o 
d a y s . T h e  clear s u p e rn a ta n t  co n ta in in g  3.3— 4.2 p e r  cen t solids an d  2.1— 2.2 m g/m l to ta l  
n i tro g e n  was used.

T h e  m edium  w as d isp e n se d  in  100 m l p o rtio n s  in  500 m l E rlen m ey e r flask s. F e rm en ta 
t io n  w as perform ed a t  26° C o n  a  m odified  f lo u r  m ill p lan s if te r  used  as a  r o ta r y  sh ak er m aking  
a  c irc le  30 m m  in d ia m e te r  a n d  o p e ra tin g  a t  320 cycles p e r m inu te .

Inoculation o f  the sh a ke  cultures w as p e rfo rm ed  w ith  a v eg e ta tiv e  c u ltu re  o f T richo the- 
c iu m . T h is  one was s ta r te d  fro m  w ell-sporing ag ar s la n t cu ltu res  : to  each  o f  a  n u m b er o f  such 
c u ltu re s  5 ml saline a n d  g lass  b ead s w ere ad d ed  an d  th e  tu b es  w ere sh aken . I n  p reparing  th e  
in o cu lu m  cu ltu re  a c e r ta in  a m o u n t (usua lly  1.0 m l) o f th e  spore  suspension  w as ad d ed  to  a flask  
c o n ta in in g  100 ml o f m e d iu m  “ T r V III” . In  som e ex p erim en ts  th e  n u m b e r  o f spores was 
c o u n te d  in  a B iirker c h a m b e r  an d  th e  shake  flask s w ere in o cu la ted  w ith  a kno w n  nu m b er of 
sp o re s . T he spore su sp en sio n  o f  th e  Pén icillium  s tra in  w as sim ilarly  p re p a re d , excep t th a t  in 
p re p a r in g  it,  th e  spores f ro m  e ac h  ag ar s lan t cu ltu re  w ere suspended  in  8.0 m l o f 1 : 8000 d ilu ted  
so d iu m  lau ry l su lp h o n a te . T h ese  suspensions o f T rich o th ec iu m  and  P én ic illiu m  stra in s  con
ta in e d  1.0— 2 .8 x l0 6 a n d  200-—800 X lO 6 spores p e r  m l, respec tive ly .

I n  th e  inoculum  c u ltu re  (f irs t g en era tio n ) th e  e lem en ta ry  colonies o f  T richo thec ium  
e a s ily  fo rm ed  a deposit ; th e i r  average  d iam e te r w as 0.4 m m . T his c u ltu re  w as m o stly  used  in  
2.0 m l am oun ts for seed in g  th e  shake cu ltu res  (second g en era tion ). T he la t t e r  cu ltu res were 
a g ita te d  fo r 24 hours a n d  th e n  su p erin o cu la ted  w ith  a  24 h o u r v eg e ta tiv e  Pén icillium  cu ltu re . 
W h e n  Pénicillium  spores w e re  u sed  as a  su p erinocu lum , th e  shake  flask s w ere  seeded s im u lta 
n e o u s ly  w ith  th e  v e g e ta tiv e  in o cu lu m  of T rich o th ec iu m  (f irs t  g en era tio n ) a n d  w ith  th e  spore 
su sp e n s io n  of Pénicillium . S am p le s w ere ta k e n  as a  ro u tin e  a t  th e  6 4 th , 8 8 th , 112 th , 136th  and  
1 6 0 th  h o u r  of cu ltiv a tio n . T h e  sam ples w ere ex am in ed  fo r p H  an d  tr ic h o th e c in  p ro d u c tio n . 
E v e ry  experim en t was p e rfo rm e d  in  th re e  p a ra lle l flasks. T he p eak  y ield o f  a n tib io tic  p ro d u ced  
in  e a c h  fla sk  th ro u g h o u t th e  in cu b a tio n  was n o ted , a n d  th e  values o b ta in e d  in  th ree  flask s 
w ere  av erag ed  (average o f  p e a k  yields).

E xam ination  o f  the p H  o f  the cultures was carried  o u t w ith  M erck’s ’’U n iv e rsa l”  in d ica to r 
p a p e r .  T h e  pH  of c e r ta in  c u ltu re s  was checked w ith  an  e lectric  p H  m ete r.

A ssa y  o f trichothecin production  was p e rfo rm ed  b y  VÖRÖS’ m eth o d  [3] a t  th e  Research 
In s t i tu te  fo r  Plant P rotection, Budapest.

Fermentation exp erim en ts  w ere m ade  in  5 1 J ohan—Lovrekovich glass fe rm en te rs . 
T h e  fe rm en to rs  were in o c u la te d  w ith  shake  cu ltu res  (f irs t  g en era tion ), w h ich  h a d  been  p rep ared  
a s  desc rib ed  above. T h e  fe rm e n to rs  h ad  p a d d le -ty p e  s tirre rs  o p e ra tin g  a t  500 r. p. m. T he 
c u ltu re s  were aera ted  w ith  1 1 a ir  per 1 1 o f  m ed ium  p e r m in  and  th e  e v a p o ra te d  w a ter was 
re p la c e d  from  tim e to  tim e . F ro m  th e  cu ltu res  tw o sam ples w ere ta k e n  da ily .

Paperchromatographic iden tifica tion  o f  trichothecin  w as perfo rm ed  b y  Dr. A. Szentir- 
mai, In s titu te  fo r  P harm acoindustria l Research, B udapest. In  th e  e x p erim en ts , Schleicher and  
S c h iill’s 2043b paper w as u se d . In  p a r t  o f th e  ex am in a tio n s  th e  p ap er w as im p reg n a ted  w ith  
c ru d e  ru b b e r  dissolved in  b en zen e  and  as a  so lv en t ab so lu te  m eth an o l w as app lied . A lte rn a 
t iv e ly ,  fo r o th er ch ro m a to g ra m s th e  p a p e r w as im p re g n a te d  w ith  silicic acid  a n d  pe tro leu m  e th e r 
se rv e d  as a solvent. F o r  id e n tif ic a t io n  th e  biological m e th o d  using  Saccharomyces carlsbergensis 
w as a p p lied , as reco m m en d ed  b y  D r . J .  VÖRÖS.

E xperim en ta l

(i) The T ric h o th e c iu m  s tra in  w h ich  p roduced  a h igh  q u a n tity  (704 
,ug/ml) of an tib io tic  w h en  c o n ta m in a te d  w ith  P énicillium , w as exam ined 

f i r s t  in  pure cu ltu re . I t  w as show n th a t  th e  s tra in  per se y ie lded  on ly  155 /tg/ml 
o f  trich o th ec in .

(ii) The range o f  sc a tte r in g  o f th e  tr ic h o th e c in  p ro d u ced  w as stud ied  by 
co llec tin g  the  averages o f  p e a k  yield  o b ta in ed  in  shake flasks w ith in  six m onths 
b y  th e  s tra in  used in  o u r  exp erim en ta l w ork . T hese d a ta  d iv id ed  in to  four 
g ro u p s  according to  th e  a m o u n t of tr ic h o th e c in  p roduced  are show n in  Table I.
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T ab le  I

Average o f  p ea k  values o f tricholhec in  obtained in  triplicate shake f la sk s

[Jlg/ml tricho thecin  produced 
(groups according to  order of magnitude)

0—100 100—200 200—300 300—400

36* 160 203 303

93 181 205 303

185 207 310

210 316

223 323

228 400

250

251

271

290

296

* Inoculated  from  a poorly  sporing c u ltu re .

A ccordingly, in  h a lf  of th e  sh ak e  flasks ( trip lica te ) th e  trich o th ec in  
y ie ld  w as betw een 200 and  300 /tg /in l. O nly 6 of th e  cu ltu res  y ielded  m ore 
th a n  300 /tg/ml (5 p ro d u ced  303 — 323 /tg /m l and  one as m u ch  as 400 ^ug/ml).

T he h ighest co n cen tra tio n s o f  th e  trich o th ec in  p ro d u ced  in  5 1 ferm en to rs 
w ere 95, 130, 150, 210, 250, 260, 280 an d  308 /tg/m l.

As is usual in  sh ak e  cultures a n d  sm all fe rm en to rs , th e  resu lts  of experi
m e n ts  carried  ou t a t  d ifferen t tim es v a r ie d  considerab ly . T h e  an tib io tic  y ields 
in  cu ltu res  seeded w ith  th e  sam e in o cu lu m  a t  th e  sam e tim e  in to  th e  sam e 
b a tc h  of m edium  w ere, how ever, fa ir ly  close to  each o th e r. E . g. in  tw o para lle l 
ex p erim en ts  the  h ig h e s t yields in  tr ip l ic a te  shake flasks averaged  296 and  250, 
w hile in  ferm entors 260 and  250 /xg/ml, respectively .

(iii) As it  w as c lear th a t  per se o u r T richo thec ium  s tra in  was unab le  to  
p ro d u ce  higher a m o u n ts  of tr ic h o th e c in  in  th e  m ed ium  used , in  su b seq u en t 
ex p erim en ts  a rep ro d u c tio n  of the  r e s u lts  o b ta ined  in  th e  cu ltu re  co n tam in a ted  
w ith  Pénicillium  w as a ttem p ted . T herefo re , an  inocu lu m  (firs t generation) 
w as p repared  from  th e  con ten ts o f th e  fla sk  w hich, as m en tio n ed  in  th e  in tro 
d u c to ry  p a r t  of th is  re p o rt, had  b e e n  co n tam in a ted  w ith  a P énicillium  s tra in . 
Seed ing  th ree  shake fla sk s  w ith  th is  co n tam in a ted  ino cu lu m , th e  trich o th ec in  
p ro d u ced  am ounted  to  405, 575 a n d  750 /ig/m l. In  p a ra lle l experim en ts w ith  
th e  sam e, b u t p u re , cu ltu re  of T rich o th ec iu m  th e  p e a k  values were 155, 
155 an d  155 /ig/m l. T h u s  th e  o b se rv a tio n  could be rep ro d u ced  th a t  a T rich o th e 
c ium  cu ltu re  w hen  co n tam in a ted  w ith  Pénicillium  y ie ld ed  a m uch h igher
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a m o u n t of tr ich o th ec in  th a n  th e  p u re  cu ltu re . T he fe rm e n ta tio n  perform ed 
w ith  th e  sim ultaneous c u ltiv a tio n  o f tw o d iffe ren t m icroorgan ism s was called 
co m b in ed  fe rm en ta tio n .

In  subsequent ex p e rim en ts  th e  c ircum stances in flu en c in g  th e  stim u la tio n  
o f  an tib io tic  p ro d u c tio n  in  com bined  fe rm en ta tio n s  w ere in v es tig a ted .

(iv) The q u a n ti ta t iv e  re la tio n  be tw een  th e  tw o s tra in s  w as exam ined  as 
fo llow s. Shake flasks (second  genera tion ) w ere seeded w ith  e q u a l am ounts of 
a 24 h o u r  vege ta tive  T rich o th ec iu m  inocu lum . A fte r shak ing  fo r 24 hours these  
c u ltu re s  were su p e rin o cu la ted  w ith  a 24 h o u r v eg e ta tiv e  P én ic illium  cu ltu re . 
T h e  Pénicillium  c u ltu re  w as app lied  in  vario u s am o u n ts  ran g in g  from  1 to  
10 o r  som etim es from  20 to  30 p er cen t of th e  T rich o th ec iu m  cu ltu re  (second 
g en era tio n ). Using th e  sam e  m edium , shake flasks w ith  p u re  cu ltu re s  of T rich o 
th e c iu m  and  P én ic illiu m , resp ec tiv e ly , w ere p rep a red  as con tro ls . W hen th e  
P én ic illium  inoculum  w as increased  w ith in  ce rta in  lim its , th e  a m o u n t of a n ti
b io tic  produced w as 2 o r 3, occasionally  5 tim es m ore th a n  th e  y ields in  p u re  
c u ltu re s . On in o cu la tin g  still h igher q u a n titie s  of Pén ic illium , trich o th ec in  
w as no m ore p ro d u ced . I n  these  cases th e  p ro d u c tio n  o f tr ich o th ec in  often  
d id  n o t  cease in all b u t  o n ly  in  one or tw o  o f th e  th ree  p a ra lle l flasks.

T he am ount o f  P én ic illium  inocu lum  causing tr ic h o th e c in  p ro duc tion  
to  cease in  a t least one  o u t  o f th re e  p ara lle l cu ltu res w as called  th e  critica l 
q u a n t i ty  (or critical p o in t) . In  th is  p a r tic u la r  cu ltu re  u su a lly  a sm all am o u n t 
o f  an tib io tic  was d e te c ta b le , w hich d id  n o t exceed th e  co rrespond ing  effect 
o f  0.1 — 0.5 I. U ./m l. pen ic illin . T he c ritica l q u a n tity  m ay  v a ry  w ith  d ifferen t 
s tra in s , or even w ith  th e  sam e s tra in  in  d iffe ren t ru n s ( Table I I ) .

Table II

The effect o f  various quantities o f  P én icillium  inoculum  on the trichothecin production  
by Trichothecium in  shake cultures

Pénicillium inoculum as percentage 
of second generation Trichothecium

No. of
experiment 0 1 2 10 20 30

Maximum production of trichothecin, jUg/ml

X X V II 190 850 850 760 0
190 850 1140 0 0
235 475 0 0 700

X X X III 300 210 0
270 300 950
300 300 1140

X X X II 87 115 0
96 0 0
96 550 0
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(v) F o r o b ta in in g  th e  h ighest tr ic h o th e c in  p ro d u c tio n , th e  m ost su itab le  
tim e  fo r Pénic illium  superin o cu la tio n  h a d  to  be d e te rm in ed . A 24-hour v eg e
ta t iv e  Pénic illium  sh ak e  cu ltu re  w as  used  for su p erin o cu la tio n . Table I I I  
p re sen ts  th e  tr ic h o th e c in  p ro duc tion  b y  T richo thecium  c u ltu re s  su p erin o cu la ted  
w ith  Pénicillium  a t  v a rio u s  tim es o f  in cu b a tio n .

T ab le  III

Superinoculation o f  Trichothecium shake cultures at various tim es o f  incubation  
w ith  various am ounts o f  Pénicillium  inoculum

No. of 
experim ent

Age of Trichothe
cium  cu ltu re  at 
tim e  of superino

culation , hours

Percentage of Pénicillium  inoculum

0 1 2 5 10

Peak yield of trichothecin , [ig/m l

X X V II 24 190 475 760 700 850
190 850 0 0 1140
235 850 0 0 0

44 190 260 405 570 290
190 290 435 570 320
235 300 470 630 475

X X IX 22 150 270 350 400
165 310 380 700
165 630 450 750

74 150 160 150
165 160 150
165 165 160

A ccording to  th e  experim en ts sh o w n  in  Table I I I ,  th e  Pénic illium  in o c u 
lum  em ployed  a t th e  7 4 th  hour of c u ltiv a tio n  o f T rich o th ec iu m  did  n o t increase  
th e  tric h o th e c in  y ie ld . P ro d u c tio n  in c rea sed  w hen th e  P én ic illiu m  w as in o c u 
la te d  a fte r  44 h o u rs  o f  incuba tion . T h e  h ighest rise, how ever, was o bserved  
w hen  th e  v eg e ta tiv e  Pénicillium  in o c u lu m  was em p lo y ed  a t  22—24 h o u rs  ; 
in  th e se  cases som etim es even sm all ino cu la  acted  as c ritic a l q u an titie s .

(vi) C onsidering th e  m arked  s c a tte r in g  in  th e  re su lts , i t  was a t te m p te d  
to  m ak e  th e  ex perim en ts m ore rep ro d u c ib le  b y  determ in ing  th e  T rich o th ec iu m — 
P én ic illium  ra tio  b y  m eans o f spore co u n ts  in stead  o f  th e  re la tiv e  vo lum es o f 
v e g e ta tiv e  m ycelium  suspensions. T w o  inocu lum  shake f la sk s  (firs t genera tion ) 
w ere seeded to  c o n ta in  a t  th e  s ta r t  25 000, resp. 2500 T rich o th ec iu m  spores 
p e r m l. A fte r 24 h o u rs  o f in cu b a tio n , shake  flasks co n ta in in g  100 m l m ed ium  
w ere seeded (second genera tion) w ith  2 m l q u an tities  o f th e se  inocu lum  cu ltu re s  
( i . e. w ith  cu ltu res s ta r te d  from  50 000, resp . 5000 spo res). T hus th e  1.0 m l 
c u ltu re  o f th e  second  genera tion  w as grow n from  500, re sp . 50 spores p e r m l.
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T h ese  shake cu ltu res (second  generation) were in o cu la ted  s im ultaneously  
w ith  th e  T richo thecium  in o cu lu m  w ith  v a r ie d  num bers o f P én ic illiu m  spores. 
Table I V  shows th e  tr ic h o th e c in  p ro d u c tio n  b y  such cu ltu res . T rich o th ec iu m

Table IV

Trichothecin production  by combined Trichothecium -Penicillium  shake 
cultures started fro m  various numbers o f spores

Trichothecium 
2nd generation. 
No. of spores 

per m l a t  s ta r t

Pénicillium,
No. of spores per m l 

superinoculated

R atio  of
Trichothecium  and 
Pénicillium  spores

Trichothecin
jig /m l

(average of 3 flasks)

500 0 296

500 14 000 l 28 300

500 140 000 l 280 503

50 0 250

50 1 400 l 28 340

50 14 000 l 280 463

50 140 000 l 2800 (0, 0, 600)

p e r  se produced 296, re sp . 250,Mg/ml tric h o th e c in . To raise  th e  p ro duc tion  to  
503 /tg /m l, the T ric h o th e c iu m  cu ltu re  s ta r te d  from  500 spores had  to  be 
su p erin o cu la ted  w ith  140 000 Pénicillium  spores. A lte rn a tiv e ly , th e  cu ltu re  
s ta r te d  from  50 T ric h o th e c iu m  spores p ro d u ced  a sim ilar q u a n ti ty  of a n ti
b io tic  (463 pg/m l), a f te r  i t  h a d  been  in o cu la ted  w'ith 14 000 P én ic illium  spores. 
M ax im um  an tib io tic  p ro d u c tio n  w as th u s  o b ta in ed  only w h en  th e  num ber of 
th e  tw o  kinds of spores co rresponded  to  a c e r ta in  p ro p o rtio n . T h e  inocu la tion  
w ith  14 000 P én ic illium  spores of T rich o th ec iu m  cu ltu res s ta r te d  from  500 
sp o res  w as perfectly  in e ffec tiv e . L ikew ise, th e  p ro d u c tio n  b y  cu ltu res s ta rte d  
fro m  50 T richo thecium  spores was h a rd ly  in fluenced  b y  th e  inoculation  o f 
1400 Pénicillium  sp o res . D espite  th e  use o f tr ip lica te  c u ltu re s , dev iations 
ra n g in g  from  10 to  20 p e r  cen t m ay, of course, occur in  such  bio logical experi
m e n ts , p articu la rly  w ith  th e  sm all vo lum es used  in  shake cu ltu re s .

(vii) As show n b y  Table V, th e  re su lts  o b ta in ed  in  5 1 fe rm en to rs were 
m o re  close to  each o th e r . I t  is seen th a t  th e  fe rm e n ta tio n  o f p u re  T richo thecium  
c u ltu re s  s ta rted  from  500, resp ., 50 spores p e r  m l y ielded 260, resp ., 250 pg/m l 
tric h o th e c in . To ra ise  p ro d u c tio n  as h ig h  as 420 ^ug/ml, th e  T richo thecium  
c u ltu re s  sta rted  from  500 spores p er m l n eeded  to  be su p erin o cu la ted  w ith  
140 000 Pénicillium  sp o res  p e r m l. P ro p o rtio n a lly , each m l o f  th e  cu ltu re  
s ta r te d  from  50 spo res needed  the a d d itio n  of 14 000 P én ic illium  spores to  
p ro d u c e  the  a n tib io tic  in  th e  sam e a m o u n t. W hen a c u ltu re  s ta rte d  from  
50 T richo thecium  sp o res  w as su p erin o cu la ted  w ith  P én ic illium  to  give a ra tio  
o f  spores of 1 : 2800, p ro d u c tio n  was s till m ore  (520 pg/m l).
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Table V

Trichothecin production by combined Trichothecium -Penicillium  ferm entor  
cultures started fro m  various numbers o f  spores

Trichothecium  
2nd generation, 

No. of spores 
per m l a t  s ta r t

Pénicillium 
No. of spores p e r  m l 

superin oculated

Ratio of
Trichothecium and 
Pénicillium spores

Trichothecin
Sg/m l

500 0 260

500 14 000 1 : 28 300

500 140 000 1 : 280 420

50 0 250

50 14 000 1 : 280 420

50 140 000 1 : 2800 520

(viii) Table V I  p resen ts  th e  course o f a ch a rac te ris tic  com bined fe rm en 
ta tio n , show ing th e  v a ria tio n s  in  tr ic h o th e c in  p ro d u c tio n  an d  p H  o f th e  cu ltu re . 
All shake  cu ltu res (second g enera tion ) w ere s ta r te d  w ith  an  inocu lum  o r ig in a t
in g  from  50 T rich o th ec iu m  spores p e r  m l. F rom  Table V I  i t  is clear th a t  th e  
c ritic a l p o in t fell be tw een  th e  ra tio s  1 : 60 and  1 : 100. As com pared  w ith  
fla sk s  2 and  3, in  fla sk s  4 th e  an tib io tic  p ro d u c tio n  s ta r te d  irreg u la rly  an d  th e  
p H  level show ed a d iffe ren t course. N o tr ich o th ec in  w as p roduced  in  flasks 
in o cu la ted  w ith  ra tio s  o f T richo thec ium -P en icillium  spores 1 : 100 or 1 : 1000. 
V a ria tio n  of th e  p H  in  th e  la t te r  fla sk s  resem bled  m ore a n d  m ore th a t  o b ta in ed  
in  th e  pu re  P én ic illium  cu ltu re . In  th e se  flasks a sm all a m o u n t of an tib io tic  
ac tin g  like penicillin  could  be d e te c te d  (0.1 — 0.5 I . U ./m l).

(ix) M icroscopic exam ination. I n  p u re  shake fla sk  cu ltu re s  T richo thec ium  
h y p h a e  form ed ch a ra c te ris tic  bun d les  resem bling  tu f ts  o f  h a ir. C h arac te ris tic , 
co m p ara tiv e ly  ea rly , spore fo rm a tio n  w as show n b y  som e of th e  h y p h ae . 
I n  com bined  fe rm en ta tio n s  y ield ing  h igh  levels o f a n tib io tic  th e  f ilam en ts  
becam e th ick e r an d  sh o rte r  and  o ften  show ed beaded  fo rm s. O idium -like form s 
w ere also freq u en t. S p o ru la tio n  w as w eak  an d  prolonged. In  p a r t  o f th e  flasks 
co n ta in in g  m ore th a n  500 //g/m l tr ic h o th e c in , g roups o f  crysta ls  w ere seen. 
T h e  crysta ls  w ere so luble  in  ch lo ro fo rm , in  o rd in a ry  a n d  polarized  lig h t 
th e y  show ed u n d e r th e  m icroscope th e  u su a l p a tte rn  o f trich o th ec in  c ry sta ls . 
T h e  filam en ts  o f P én ic illium  w ere n o t easy  to  d istingu ish  from  those  of T rich o 
th e c iu m . The fo rm er ones w ere m o stly  sh o rte r  th a n  th o se  belonging to  T rich o 
th e c iu m , h ad  m ore b ran ch es an d  fo rm ed  a netw ork . I n  th e  m ed ium  used, 
P én ic illium  cells o ccu rred  occasionally  as swollen o r cyst-like s tru c tu re s . 
P én ic illium  spores w ere seldom  en co u n te red .

(x) The T rich o th ec iu m  s tra in  u sed  in  th e  com bined  fe rm en ta tio n  ex p e ri
m e n ts  p roduced  u su a lly  150—250 /tg /m l trich o th ec in  in  p u re  cu ltu re . F ro m  
u n k n o w n  reasons th e  sp o ru la tio n  of th is  s tra in  on solid  m ed ia  was som etim es
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Table VI

Combined Trichothecium  — P én icillium  ferm enta tion  using  as a superinoculum  increasing 
numbers o f  P én icillium  spores

D esigna
tion  of 
flask

Ratio of
Age o f cu ltu re, hrs. Average Age o f cu ltu re, hrs.

Trich. and 
Penic. spores 64 88 112 136 160

of peak 
yields 0 64 88 112 136 160

2nd gen.
Trichothecin fig/ml

(ig/ml
pH

l a Tricho- n o 175 210 210 210 5.1 6.0 6.2 5.8 6.0 6.8
b thecium 110 190 210 230 200 223 5.1 6.0 6.2 5.7 6.0 6.8
c control* 190 230 230 230 220 5.1 6.0 6.2 5.7 6.0 6.8

2a 720 980 1110 840 1350 5.1 5.8 5.8 5.5 5.8 6.8
b 1 : 10 720 1200 840 1050 630 1176 5.1 5.8 5.8 5.5 5.8 6.8
c 720 980 930 930 600 5.1 5.8 5.8 5.5 5.8 6.8

3a 490 1090 1190 1005 1260 5.1 5.6 6.0 5.4 5.8 6.5
b 1 : 30 720 1440 1005 1230 1230 1330 5.1 5.6 6.0 5.5 5.8 6.5
C 335 1200 1110 930 1290 5.1 5.6 6.0 5.5 5.8 6.5

4a 11 21 110 460 400 5.1 5.0 4.5 5.4 4.0 6.5
b 1 : 60 175 950 980 1110 1110 783 5.1 5.0 4.5 5.4 4.0 6.5
c 14 28 280 560 780 5.1 5.0 4.5 5.5 4.0 6.5

5a 0 0 0 0 0 5.1 4.5 3.0 4.0 3.5 4.0
i) 1 : 100 0 0 0 0 0 0 5.1 4.5 3.0 4.0 3.5 4.0
c 0 0 0 0 0 5.1 4.5 3.0 4.0 3.5 4.0

7a 0 0 0 0 0 5.1 3.0 3.0 3.0 3.0 3.0
b 1 : 1000 0 0 0 0 0 0 5.1 3.0 3.0 3.0 3.0 3.0
C 0 0 0 0 0 5.1 3.0 3.0 3.0 3.0 3.0

8a Penic.
control** 0 0 0 0 0 5.1 3.0 3.0 3.0 3.0 3.0

* Pure  cu ltu re  o f  T rich o th ec iu m  
** Pure  cu ltu re  o f  P én icillium

p o o r. W hen su sp en d in g  th is  ty p e  o f  ag a r s lan t c u ltu re  in  th e  u su a l 
5.0  m l saline, th e  su sp en sio n  co n ta in ed  o n ly  a sm all n u m b e r o f spores. (The 
spo res were no t c o u n te d  in  th ese  experim en ts.) U sing th e  suspension  o f th e  
p o o rly  and  the  w ell-spo ring  cu ltu res of th e  sam e s tra in  as in o cu la  for com bined 
fe rm e n ta tio n , th e  re su lts  show n in  Table V I I  w ere o b ta in ed . I t  is seen th a t ,  
as com pared  to  its  p u re  cu ltu re , in  com bined  fe rm e n ta tio n  th e  w eakly  sporing  
s t r a in  exhib ited  a re la tiv e ly  h igh an tib io tic  p ro d u c tio n .

(xi) For su p e rin o cu la tio n , Pénic illium  s tra in  P 2 w as m o stly  used. In  
som e experim ents o th e r  s tra in s  w ere app lied , nam ely  th e  good penicillin  p ro 
d u c e r  s tra in  W is Q 176, an d  th e  w hite  s tra in  “ N. H . N o v ih y b rid ” [4]. T h e  
la t t e r  s tra in  was o b ta in e d  from  th e  In stitu te  fo r  Pharm acoindustria l Research, 
B udapest. S im ilarly  to  s tra in  P 2, in  com bined  fe rm e n ta tio n  b o th  of th e se  
s tra in s  increased th e  tr ic h o th e c in  p ro d u c tio n .
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Table VII

Trichothecin production in  combined ferm en ta tion  by a poorly and a well-sporing 
culture o f the sam e Trichothecium  strain

Sporulation  of 
T richothecium

Pénicillium  inoculum  as percentage of Trichothecium  
second generation

0 1 10

P eak  yield of trichothecin, jUg/ml

35 190 950
Poor 40 300 1130

35 300 750

300 1040 0
Good 350 1260 150

300 1040 870

K illed  an d  w ashed  P énicillium  m ycelium  was ineffec tive  in  com bined  
fe rm e n ta tio n , as w ell as th e  f iltra te  o f  P én ic illium  cu ltu res. N o e x tra c t w ith  an  
effect p rom oting  tr ich o th ec in  p ro d u c tio n  h as  so fa r been p re p a re d  from  P é n i
cillium  cu ltu res. No increase was o b ta in e d  in  th e  trich o th ec in  level afLer th e  
a d d itio n  to  the  c u ltu re  a t  the  18th a n d  6 5 th  hours of in c u b a tio n  o f 1.5 — 80 
I .  U ./m l o f p o tassiu m  sa lt of pen icillin  G.

(xii) The m u tu a l effect o f th e  T rich o th ec iu m  and  P én ic illium  s tra in s  
used  was in v es tig a ted  on m alt e x tra c t ag a r p la te s  as follows. A cross th e  surface 
o f se p a ra te  p la tes a d iagonal line w as s tre a k e d  w ith  th e  cu ltu re  u n d e r in v e s tig a 
tio n . A fte r in cu b a tio n  for 48 and  72 h o u rs  th e  cu ltu re  of th e  o th e r organ ism  
w as s treak ed  across th e  p la te  v e rtica l to  th e  line of g row th  o f  th e  orig inally  
in o cu la ted  s tra in . W h en  inocu la ting  th e  P énicillium  s tra in  o n to  th e  p la te  
a lread y  s treak ed  w ith  T richo thecium , th e  fo rm er grew freely  a t  th e  v e ry  edge 
o f th e  la t te r ,  i. e. th e  g ro w th  of P én ic illium  w as n o t inh ib ited  b y  T rich o th ec iu m . 
In  c o n tra s t  to  th is , w hen  inocu la ting  T rich o th ec iu m  ag a in st P én icillium , th e  
fo rm er grew  for tw o  day s only o u tside  a zone 22 — 25 m m  from  th e  edge o f th e  
P én ic illium  cid tu re . A fte r tw o days, h o w ev er, a scan ty  grow th  occurred  w ith in  
th e  zone. C onsequently , th e  Pénicillium  c u ltu re  in h ib ited  th e  g ro w th  of T rich o 
th ec iu m , b u t  d id  n o t d e s tro y  it, i. e. i t  e x e r te d  an  an tib io tic  b u t  no m ycocidal 
effect.

D iscussion

In  m an u fac tu rin g  an tib io tics, g re a t e ffo rt is m ade to  keep th e  o p era tio n  
“ s te rile ” , w hich m eans th a t  the  fe rm e n to r shou ld  n o t con ta in  organism s o th e r 
th a n  th e  an tib io tic  p roducer. In  pen ic illin  p ro d u c tio n  th e  fe rm e n ta tio n  o f 
Pénic illium  stra in s  is reg a rd ed  as p a r tic u la r ly  sensitive  to  certa in  co n tam in a tio n s . 
I t  shou ld  be no ted , how ever, th a t  in  one  case th e  au tho rs w ere ab le  to  observe
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a c o n ta m in a tio n  w hich allow ed a penicillin  p ro d u c tio n  considered  a t  th a t  tim e  
a p e a k  y ie ld . T rich o th ec iu m  fe rm en ta tio n s  p ro v ed  to  be less sensitive, m oreover 
th e  a rtif ic ia l in fection  o f  such  fe rm en ta tio n s  w ith  P én ic illium  stra in s re su lted  
in  an  an tib io tic  p ro d u c tio n  2 — 4 tim es h ig h e r th a n  th a t  o b ta in ed  w ith  p u re  
cu ltu res . A n tib io tic  p ro d u c tio n  u n d er th e se  c ircum stances has been te rm e d  
com bined  fe rm en ta tio n .

T he question  arose  w h e th e r d u rin g  com bined  fe rm en ta tio n  p e rh ap s  an  
a n tib io tic  biologically  m ore  active th a n  tric h o th e c in  w as produced . T h is p o s
s ib ility  w as excluded , as th e  cry sta l ty p e  o f  th e  an tib io tic  iso la ted  from  co m b 
in ed  fe rm en ta tio n s  w as id en tica l w ith  t h a t  o f th e  tric h o th e c in  o b ta ined  from  
p u re  cu ltu res . F u r th e rm o re , th e  tw o su b stan ces  h ad  th e  sam e m elting  p o in t 
(118° C). P ap e r ch ro m a to g ra p h y  ca rried  o u t a t  th e  In stitu te  fo r  Pharmaco- 
ind u str ia l Research also revealed  th e  id e n t i ty  of th e  tw o  substances. T h u s, in  
com bined  fe rm e n ta tio n  th e  trich o th ec in  y ie ld  was u n d o u b ted ly  increased .

A ccording to  C r a v e r i  [5], his S trep to m y ces s tra in  in  a m edium  c o n ta in 
ing  p ep to n e , corn  steep  liq u o r and co rn  m eal p roduced  400 un its/m l o f a n t i 
b io tic . T he yields o f an tib io tic  were con sid erab ly  increased  w hen th e  24 h o u r  
c u ltu re  of th e  S trep to m y ces  was in o cu la ted  w ith  a b a c te r iu m  sensitive to  th e  
an tib io tic  in  qu estio n . T h e  best re su lt was ach ieved  w ith  Corynebacterium equi, 
w h ich  caused  a p ro d u c tio n  of 1800—2000 u n its /m l. A fte r  four days th is  b a c te 
r iu m  d isap p eared  from  th e  cu ltu re . I f  S trep to m y ces  an d  C orynebacterium  w ere 
in o cu la ted  a t th e  sam e tim e , only 600 u n its /m l o f an tib io tic  were p ro d u ced . 
B y ad d in g  a ly sa te  in s te a d  of living b a c te r ia , th e  rise in  p ro d u c tio n  w as less.

T hese o b se rv a tio n s  differ from  th o se  o f our own. F o r s tim u la tin g  p ro d u c 
tio n , Cr a v e r i  used  s tra in s  sensitive to  th e  an tib io tic . I n  th e  p resen t e x p e ri
m en ts  th e  h igher y ie ld s o f  trich o th ec in  w ere o b ta in ed  w ith  a Pénicillium  s tra in  
in sen sitiv e  to  tr ic h o th e c in . On th e  o th e r  h an d , th e  Pénicillium  s tra in  w as 
ac tiv e  ag a in st T rich o th ec iu m . Cr a v e r i  w as unab le  to  iso late  th e  in o cu la ted  
b a c te r ia  on th e  fo u r th  d ay . In  th e  p re se n t ex p erim en ts  th e  Pénicillium  s tra in  
could  be iso la ted  th ro u g h o u t th e  com b in ed  fe rm e n ta tio n . Cr a v e r i  d id  n o t 
ex am in e  th e  effect o f  v a rio u s q u a n titie s  o f th e  inocu lu m  ; according to  th e  
p re se n t find ings, th is  shou ld  be reg a rd ed  as of basic  im p o rtan ce .

As to  th e  m ech an ism  of the  s tim u la to ry  effect of P énicillium  on tr ic h o th e 
cin p ro d u c tio n  b y  T rich o th ec iu m , e ith e r  som e k ind  o f  “ g row th  fa c to r”  m u s t 
be fo rm ed  b y  th e  P én ic illiu m  or its  a c tio n  m u st be due  to  m etabolic p ro d u c ts  
p ro m o tin g  th e  g ro w th  o f  T richo thec ium . A ccording to  th is  hypo thesis , in  th e  
presence  of P én ic illiu m  th e  m ycelium  o f T rich o th ec iu m  w ould grow  m ore  
a b u n d a n tly  an d  co n seq u en tly  produce  m ore  an tib io tic . E x p erim en ts , h ow ever, 
h av e  show n th a t  th is  is n o t the  case. E . g. in  one ex p erim en t in  th e  c o n tro l 
sh ak e  cu ltu re  th e  p e a k  level of tr ic h o th e c in  was 220 /ig/rnl and th e  d ry  w eigh t 
o f  th e  m ycelium  w as 2.45 per cen t. In  th e  cu ltu re  superin o cu la ted  w ith  P é n i
c illium  a t a ra tio  o f  1 : 30 th e  m ax im u m  p ro d u c tio n  was 980 /ig/m l, w ith
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2.03 p e r cen t d ry  w eight of th e  m ycelium . A ccord ing ly , th e  h igher tr ic h o th e c in  
p ro d u c tio n  w as n o t connected  w ith  a h igher w eigh t o f th e  m ycelium .

Solving th is  problem  is fa r  from  being  easy , since n o t even th e  h igh 
a n tib io tic  p ro d u c tio n  achieved in  fe rm en tin g  p u re  cu ltu res  can  be sa tis fac to rily  
in te rp re te d . In  ferm en to rs  — p e rh a p s  due to  som e p a tho log ica l m e tab o lism  — 
a n tib io tic s  are  o ften  p roduced  a t  m uch  h ig h er co n cen tra tio n  th a n  in  n a tu re . 
T he h igh  a n tib io tic  yields in  com b in ed  fe rm e n ta tio n  m ay  likew ise be co n n ec ted  
w ith  changes in  m etabolism . T h is seem s to  be su p p o rted  b y  th e  fin d in g  th a t  
in  com bined  fe rm e n ta tio n  th e  m orpho logy  o f T rich o th cc iu m  f ila m e n ts  is 
d is tin c tly  a b e r ra n t  from  th e  p ic tu re  show n u n d e r no rm al cond itions, i. e. 
in  fla sk s  co n ta in in g  a pure c u ltu re . T he m orpho log ical changes affec ting  
sen s itiv e  b a c te r ia  exposed to  su b a n tib io tic  co n cen tra tio n s  of an tib io tic s  are 
w ell-know n [6]. T he m orphological change o f th e  filam en ts  in  our com bined  
fe rm e n ta tio n s  m a y  sim ilarly  be due to  a su b in h ib ito ry  effect, since, as th e  
c ritic a l p o in t is reach ed , th e  a n tib io tic  a c tiv ity  o f P énicillium  in h ib its  th e  
g ro w th  o f T rich o th ec iu m  and  also th e  p ro d u c tio n  o f tr ich o th ec in . As th e  effect 
c a n n o t be b ro u g h t ab o u t w ith  penic illin , th e  possible ro le o f a n o th e r k in d  of 
P en ic illiu m -p ro d u ced  an tib io tic  m a y  be supposed  ; i t  is know n th a t  som e P é n i
c illium  s tra in s  p ro d u ce  tw o or th re e  d iffe ren t an tib io tics .

T he a lte ra tio n  in  the  a n tib io tic  p ro duc ing  a b ility  of T rich o th ec iu m  in  
co m b in a tio n  w ith  Pénicillium  is n o t co n stan t. P én icillium , therefo re , is n o t 
a m u tag en ic  a g en t u n d er these  c ircum stances an d , accord ing ly , i t  does n o t 
give rise to  new  T richo thecium  v a ria n ts . W hen  iso la ting  th e  T rich o th ec iu m  
s tra in  from  a com bined  fe rm en ta tio n  w here a h igher tr ich o th ec in  p ro d u c tio n  
has been  reach ed , an d  subseq u en tly  cu ltu rin g  i t  w ith o u t P énicillium , on ly  
th e  low'er p ro d u c tio n  ch a rac te ris tic  o f pu re  cu ltu res  will be o b ta ined .

C onsidering all th e  above fa c ts , on th e  basis o f th e  p resen t in v es tig a tio n s  
th e  h igh  a n tib io tic  yields in com bined  T rich o th ec iu m — Pénicillium  fe rm e n ta 
tions c a n n o t be a t t r ib u te d  to  a “ g ro w th  fa c to r” . F rom  th e  a b e rra n t m orpho logy  
of T rich o th ec iu m  grow ing in such fe rm en ta tio n s  th e  role o f a p a th o lo g ica l 
m e tab o lism  m ay p e rh a p s  be concluded . T he s tim u la tio n  o f tr ich o th ec in  p ro d u c 
tio n , how ever, m ig h t also be due to  an  “ a c tiv ity  fa c to r”  or som e “ p recu rso r”  
form ed b y  Pén ic illium . The fina l e luc ida tion  o f th e  prob lem  requires fu r th e i 
in v estig a tio n s.

S um m ary

F e rm e n ta tio n  o f Trichothecium roseum  re su lted  in  a  g re a tly  increased  tr ic h o th ec in  
p ro d u c tio n  i f  th e  c u ltu re  h ad  been su p e rin o cu la ted  w ith  a  P én ic illiu m  sp. T his p ro ced u re  h as  
been  te rm e d  com bined  fe rm en ta tio n . H ig h  an tib io tic  y ields w ere o b ta in ed  on ly  w hen  th e  
su p e rin o cu la tio n  w ith  Pén icillium  had  been  pe rfo rm ed  a f te r  a  ce rta in  period  of in cu b a tio n  a n d  
th e  T rich o th ec iu m  a n d  Pénicillium  cu ltu res  h a d  been in o cu la ted  in  a  c e rta in  p ro p o rtio n . On 
ag ar p la te s  Pén icillium  in h ib ited  th e  g ro w th  of T richo thec ium , while T richo thec ium  w as n o t 
in h ib ito ry  to  Pén icillium . In  com bined fe rm e n ta tio n  w ith  Pén icillium , T richo thec ium  suffered  
c h a ra c te ris tic  m icroscopic  m orphological changes.
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In  some p rev io u s studies i t  h a s  been d em o n stra ted  th a t  in  ce rta in  s tra in s 
o f B . megaterium  u ltra v io le t ir ra d ia tio n  induces lysis connected  w ith  th e  release 
o f  a bacterioc in -like  a n tib a c te ria l su b stan ce , m egacin  [1, 2]. T he phenom enon 
h a d  been  firs t o b serv ed  in  one o f  o u r  collection s tra in s  designed as B . mega- 
terium  “ 216” . U p to  now , m ostly  th e  m egacin p ro d u ced  b y  th is  single s tra in  
has been  exam ined . M egacin of s t r a in  216 was found  to  be h e a t lab ile  and  very  
sensitive  to  th e  a c tio n  o f cry sta llin e  pepsin  and c h y m o try p sin , suggesting  th e  
su b stan ce  to  be of p ro te in  c h a ra c te r . This supposition  was fu r th e r  supported  
b y  th e  d e m o n s tra tio n  th a t  m egac in  has an  an tigen ic  a c tiv ity  as well. The 
hom ologous a n tib o d y  p rec ip ita te s  m egacin  and n eu tra lizes  its  b acteric idal 
effect [3].

The a n tib a c te r ia l spectrum  o f th e  substance  w as found  to  be v e ry  narrow  
[4]. T he observa tions on  its  m ech an ism  of action  p re se n tly  availab le  suggest 
t h a t  m egacin ex e rts  its  b ac te ric id a l effect by  increasing  th e  p e rm eab ility  of 
th e  cytoplasm ic m em b ran e  of B . m egaterium , re su lting  in  th e  effusion of cy to 
p lasm  [5].

As to  th e  m egacins p roduced  b y  o th e r s tra in s  o f B . megaterium, our 
know ledge is ra th e r  scarce. Only th e  an tib ac te ria l sp ec tru m  of th e  m egacin 
fro m  stra in s  216 an d  119 has been ex am in ed  [4]. B o th  th e se  m egacins exh ib ited  
essen tia lly  sim ilar ch arac teris tics .

Some m ore re c e n t stud ies [6] on  a  n u m b er o f B. m egaterium  s tra in s  iso lated  
from  d ifferen t soil sam p les  revealed  a 50 per cen t incidence o f m egacinogeny. 
In  th ese  experim en ts th e  following tw o  c rite ria  w ere ta k e n  as signs for th e  
presence of m egacin p roduction .

(i) L ysates o f th e  s tra in  should  ex h ib it a bac te ric id al effect on a m u ta n t 
o f B . megaterium  u sed  as s tan d a rd  in d ic a to r  stra in .

(ii) The p ro d u c tio n  of a n tib a c te r ia l  principle shou ld  be enhanced  by 
u ltrav io le t irrad ia tio n .

N a tu ra lly , th e se  signs do n o t p ro v e  an y th ing  else b u t  th e  presence of 
m egacinogeny, while th e y  are en tire ly  insuffic ien t to  decide w heth er th e  m ega-
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eins a c tu a lly  produced a re  a ll id en tica l o r m ore or less d iffe ren t accord ing  to  
th e  a c tu a l  s tra in  of B . m egaterium  exam ined .

O u r earlier s tud ies a lread y  suggested  th a t  th e  m egacin  p roduced  by
B . m egaterium  216 m u s t b e  a p a r tic u la r  one, as no sim ila rly  effective b a c te ri
c idal a c tio n  was ex h ib ited  b y  th e  ly sa tes  of a n y  o f th e  17 s tra in s  m arked ly  
in d u c ib le  b y  u ltrav io le t ir ra d ia tio n  o u t o f 200 ran d o m  s tra in s  o f B . megaterium  
[6]. L y sa te s  of s tra in  216 w ere  u su a lly  effective in  d ilu tions 1 to  40 000, while 
th o se  o f  th e  o ther s tra in s  n e v e r h ad  a c tiv ity  titre s  h ig h er th a n  1 to  100.

T h e  p resen t s tu d y  w as m ade in  o rd er to  d e te c t w h e th e r th e  differences 
o bserved  ind ica ted  o n ly  th e  d iffe ren t a c tiv ity  o f m egacins p ro d u ced  b y  d if
fe ren t s tra in s  of B. m egaterium , or th e re  are ce rta in  fu r th e r  in trin s ic  differences 
to  be supposed.

M aterials an d  m ethods

A s to  th e  m ethod ica l a n d  tech n ica l d e ta ils  and  also to  th e  ch a ra c te ris tic s  o f  th e  b ac teria  
u sed  —  if  n o t  described b e low  —  ou r ea rlie r re p o rts  shou ld  be co n su lted .

B acterium  strains. B . m egaterium  s tra in  216, a n d  s tra in s  M ut-C  u se d  as s ta n d a rd  in d i
c a to r , fu rth e rm o re  th e  p h a g e  r e s is ta n t  s tra in s  designed as 202m, 207m  a n d  208m  hav e  a lready  
b een  d escribed  [7, 8] as a lso th e  s ta n d a rd  la b o ra to ry  s tra in s  K M , W 899, W -0— 7— 11 and  
337a [8]. S tra in s  of B . m egaterium  designed b y  figu res h igher th a n  500 w ere iso la ted  in  connec
tio n  w ith  a n o th e r e x p erim e n t [6].

T h e  chrom ococci N o 9, N o 1 a n d  N o 111 (th e  second a n d  th e  th ird  iso la te d  recen tly )  
w ere  id en tif ie d  as M . au ra n tia cu s  acco rd ing  to  Bergey’s m an u a l (6 th  ed itio n ). S tra in s o f B . 
anthracis  an d  B. cereus w ere  c h a ra c te riz ed  earlie r [9]. T he o th e r  a u th e n tic  s tra in s  used  w ere 
th o se  m a in ta in ed  in  o u r la b o ra to ry .

M edia . Horse m ea t e x tr a c t  p ep to n e  m ed ium  w as p re p a re d  acco rd ing  to  th e  co n v en tio n al 
ru les  a n d  conta ined  1 p e r c e n t f in a l  c o n ce n tra tio n  of p ep to n e . T he YDC m ed iu m  (y east e x tra c t 
en zy m ic  d igest of casein m ed iu m ) an d  i ts  m eth o d  of p re p a ra tio n  w ere d escribed  in  an  earlie r 
p u b lic a tio n  [2]. The sy n th e tic  m ed iu m  fo r m egacin  p ro d u c tio n  w as p re p a re d  as described  b y  
Alföldi [10].

M egacin preparations. 200 m l o f sy n th e tic  m ed ium  in  a  1 l ite r  E rlen m ey e r fla sk  w as 
in o c u la te d  b y  a 16 ho u rs  o ld  Y D C  a g a r s la n t cu ltu re  o f th e  a p p ro p ria te  m egacinogenic  s tra in . 
T h e  in o cu lu m  was p re p a re d  so as to  c o n ta in  2 to  3 X  10e cells p e r  m l. C u ltu res w ere in cu b a ted  
a t  37° C u n d e r  co n stan t sh a k in g  u n til  th e ir  o p tica l d en sity  h a d  reach ed  th e  v a lu e  o f 0.5. T his 
f ig u re  corresponded to  108 cell co u n t p e r m l o f flu id . A fte r th e  a p p ro p ria te  cell co n cen tra 
tio n  h a d  been  reached, th e  c u ltu re  was d ispensed  in to  enam elled  dishes 50 m l each , an d  ir r a d ia t 
ed  u n d e r  vigorous sh ak in g  b y  a  low  ten s io n  m ercu ry  lam p  (H a n au  G erm icid , 20 W ). T he 
in te n s i ty  o f rad ia tio n  w as 1200 erg /m m 2. C a lib ra tion  of th e  lam p  w as p e rfo rm ed  as described 
b y  Latarjet et al. [11]. A f te r  ir ra d ia tio n  th e  sam ples w ere pooled  a n d  re in c u b a te d  u n d e r  
c o n s ta n t  shaking for 4 h o u rs . U n d e r  th ese  e x p erim en ta l co n d itions no re m a rk ab le  lysis occurred  
in  th e  cu ltu res , while th e  m eg ac in  y ield  w as m u ch  h ig h er th a n  in  sim ila rly  tre a te d  cu ltu res o f 
low  o p tic a l density  [12].

T h e  m egacin c o n te n t  o f  th e  su p e rn a ta n t  o f th e  cen trifu g ed  cu ltu res  w as 10 to  500 u n its  
p e r m l, w hen  ti t r a te d  on  M u t-C  in d ic a to r  s tra in . B . m egaterium  s t ra in  216 w as an  ex cep tion , 
u su a lly  p roducing 40 000 u n i ts  o f  m egacin  p e r  m l u n d e r th e  sam e e x p e rim e n ta l conditions.

C rude su p e rn a ta n ts  w ere  on ly  ex cep tio n a lly  u sed  in  th e  p re se n t ex p erim en ts . P a r tia lly  
p u rif ie d  m egacin p re p a ra tio n s  w ere o b ta in e d  fro m  stra in s  216, 527, 638, 675 a n d  689 of B . 
m egaterium . P u rifica tio n  a n d  c o n ce n tra tio n  w as perfo rm ed  b y  a d so rp tio n  to , an d  e lu tion  fro m , 
a n io n  cellulose, as desc rib ed  earlie r [3]. O ne single lo t o f c o n ce n tra te  w as p re p a re d  from  each  
ty p e  o f  m egacin, and  u sed  in  a ll th e  p re sen t ex p erim en ts. T he lo t n u m b e r o f  each  p re p a ra tio n  
co rresp o n d s to  th e  p ro to co l n u m b e r  o f  th e  a p p ro p ria te  s tra in  o f  B . megaterium .

E xam ination  o f  m egacin sen sitiv ity  o f  bacteria. F ro m  y oung  a g a r s la n t cu ltu res o f th e  
b a c te r ia  to  be  exam ined  a  su sp en sio n  o f 0.1 o p tica l d e n s ity  w as p re p a re d  each  an d  1 m l o f th e  
su sp en sio n  was ad ded  to  a n  e q u a l a m o u n t o f  m elted  b ro th  ag ar a n d  th e  m ix tu re  was lay ered
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o n to  th e  surface  o f  an  ap p ro p ria te  ag ar p la te . As to  th e  f u r th e r  d e ta ils  o f th e  m eth o d  a n d  th e  
d e te rm in a tio n  o f m egacin  u n its , we re fe r  to  an  earlier re p o rt  f ro m  th is  la b o ra to ry  [5].

T he h ig h est d ilu tio n  of th e  p re p a ra tio n  causing  com ple te  in h ib itio n  of b a c te r ia  in o cu la t
ed  in to  th e  so ft a g a r la y e r  w as ta k e n  a s  th e  t i t r a tio n  end  p o in t. In h ib itio n  w as in d ic a te d  b y  
th e  presence o f a  b ac teriu m -free  a rea  a ro u n d  th e  sp o t w here  th e  m eg acin -co n ta in in g  f lu id  h a d  
been  d ropped .

P reparation o f  protoplasts. In  c o n tra s t  to  ou r earlie r w o rk , in s te a d  o f s tra in  K M , th e  
M ut-C  s tra in  o f  B . megaterium  was u sed  fo r p ro to p la s t p re p a ra tio n . A p p ro p ria te  cells o f  M ut-C  
s tra in  were o b ta in e d  a e ra te d  sh aken  b ro th  cu ltu res  in cu b a te d  a t  37° C. Tw o h u n d re d  m l o f 
a  cu ltu re  o f 0.6 o p tic a l d e n sity  (0.7 m g /m l d ry  b a c te riu m  cells) w as cen trifu g ed  an d  th e  sedi
m e n t w ashed  w ith  b u ffered  saline. R esu sp en sio n  was m ad e  in  13 m l o f PM  (p ro to p la s tin g  
m edium ) [5], co n ta in in g  0.3 m l sucrose. P ro to p la s ts  w ere o b ta in e d  b y  add in g  150 fig  p e r  m l 
o f  c rysta llin e  lysozym e to  th e  f in a l suspension  p rep ared  as d esc rib ed  above.

E xa m in a tio n  o f  protoplast d isintegration. To a  series o f te s t  tu b e s  co n ta in in g  0.9 m l o f th e  
above p ro to p la s t p re p a ra tio n  each, a n d  in c u b a te d  a t  37° C, 0.1 m l o f  a  tw ofo ld  d ilu tio n  series 
o f  m egacin  was ad d ed . A fte r 15 m in u te s  o f  in cu b a tio n , 0.2 m l o f  a  4 p e r  cen t fo rm ald eh y d e  
so lu tio n  was ad d ed  to  each  tu b e  as a  f ix a tiv e . Sam ples w ere th e n  ta k e n  a n d  ex am ined  u n d e r 
th e  ph ase  c o n tra s t  m icroscope a n d  th e  p ro p o rtio n  o f p ro to p la s ts  tran s fo rm e d  to  ghost-like  
s tru c tu re s  w as e s tim a ted . T he h ig h est d ilu tio n  o f m egacin cau sin g  d is in te g ra tio n  o f m o st o f 
th e  p ro to p la s ts  w ith in  15 m in u tes  w as ta k e n  as th e  t i t r a tio n  en d  p o in t.

As th e  m eth o d  ex h ib ited  m an y  sources o f  error, i t  co u ld  o n ly  be  re g ard e d  as sem i- 
q u a n tita tiv e . N ev erth e less , va lues o b ta in e d  in  d ifferen t ex p erim e n ts  w ere a lw ays fo u n d  to  be  
w ith in  th e  sam e ran g e  of m ag n itu d e , so th e  accu racy  of th e  m e th o d  h a d  m et th e  re q u ire m e n ts  
in  re sp ec t o f th e  p ro b lem  a c tu a lly  s tu d ied .

Im m u n e  sera. As to  th e  p re p a ra tio n  a n d  s ta n d a rd iza tio n  o f an ti-m eg acin  im m u n e , se ra  
one o f our earlie r p u b lica tio n s should  be co n su lted  [3].

Experimental

Antibacterial effect o f  d ifferent megacin concentrates, as measured on d iffer
ent strains o f  B . megaterium. I n  som e prev ious ex p erim en ts  th e  se n s itiv ity  to  
m egacin  216 of th e  d ifferen t s tra in s  o f B . m egaterium  w as found  to  ex h ib it 
rem ark ab le  d ifferences. The 6 in d iv id u a l m egacin co n c e n tra tes  o b ta in e d  from  
6 d ifferen t s tra in s  w ere also exam ined  as to  th e ir  e ffectiveness, using  5 d ifferen t 
s tra in s  of B . m egaterium  as in d ic a to r . The ex p erim en t w as re p e a te d  3 tim es 
a t  d ifferen t occasions ; th e  geom etrical m eans of th e  t i t r e  va lues o b ta in ed  are 
p resen ted  in  Table I .

Table I  show s th a t  th e  p a r tic u la r ly  h igh a c tiv ity  o f  m egacin  co n cen tra te  
216 could clearly  be d em o n stra ted  fo r all b u t  th e  K M  in d ic a to r  s tra in s  te s te d  ; 
th e  effect on K M  s tra in  was p ecu lia rly  m odera te . T h e  a c tiv ity  t i tre s  o f the 
o th e r  m egacin p rep a ra tio n s  w ere r a th e r  w eak w hen te s te d  b y  M ut-C in d ic a to r  
s tra in . N evertheless, th e  sam e p rep a ra tio n s  were su ffic ien tly  effective w hen 
ce rta in  o th e r s tra in s  (578, 535) o f B . megaterium  w ere u sed  as in d ica to r.

M egacin a c tiv ity  stud ies w ere fu r th e r  ex tended  to  11 ad d itio n a l s tra in s  
o f B . megaterium. P a r t  o f th em , inc lud ing  th e  phage re s is ta n t m u ta n ts  M ut-C , 
202m, and  208m, w as lack ing  b o th  lysogenic and  m egacinogenic ch a ra c te r , 
w hile th e  o thers ex h ib ited  e ith er m egacinogeny or lysogeny . T he resu lts  are 
g iven  in  Table I I .

As Table I I  reveals, all th e  s tra in s  exam ined  w ere sensitive  to  th e  d ifferen t 
m egacin  p rep a ra tio n s , th o u g h  to  a v a ry in g  degree. N o re la tio n  w h a tev e r could

5*
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Table I

Antibacterial titres o f  megacin concentrates fo r  d ifferent indicator stra ins  
o f  B . megaterium

Megacin concentrate
Megacin titres for the indicators*

MUT-C KM 202m 578<>> 538<!>

216 160 1.0 100 80 100

527 0.16 6.4 0.2 6.4 6.4

575 0.2 0.01 0.2 1 0.6

638 1.2 0.2 1.6 5 5

675 2.5 0 .8 5 19 12

689 3.2 0.2 1.6 9.5 6.4

* Figures rep resen t 1 /103 of th e  values ac tu a lly  ob ta ined . 
0 )  Non-lysogenic, m egacinogenic.
(2) Lysogenic an d  m egacinogenic.

T able  II

Antibacterial titres o f megacin concentrates fo r  different strains o f  
B . megaterium

Megacin concentrates*

characteristics
216 527 575 638 675 689

MUT-C (1) 160 0.16 0.2 3.2 3.2 6.4

207m (1) 160 0.2 0.01 3.2 3.2 3.2

208m (1) 40 1.6 0.01 6.4 6.4 6.4

522 (2) 40 3.2 0.2 3.2 3.2 3.2

337 (2 ) 4 0.8 0.01 0.8 0.8 1.6

583 (L) 4 6.4 0.2 3.2 3.2 3.2

551 (L) 80 1.6 0.1 0.8 1.6 1.6

W  0-7-11 (L) 4 1.6 0.2 3.2 3.2 3.2

W  899 (L) 4 0.4 0.1 1.6 0.8 0.8

296 (M) 160 6.4 0.1 0.8 0.8 0.8

525 (M) 40 6.4 0.2 3.2 3.2 3.2

* Figures re p re se n t 1/103 o f th e  values a c tu a lly  ob ta in ed  
N otes ; (1) P h ag e -re s is ta n t, n e ith e r lysogenic, n o r m egacinogenic 

(2) P hage-sensitive , n e ith e r lysogenic, nor m egacinogenic
(L) Lysogenic
(M) M egacinogenic
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be d e tec ted  betw een  th e  m egacin  se n s itiv ity  and  th e  o th e r  p ro perties, i. e. 
m egacinogeny, lysogeny  and p hage  resis tan ce  of th e  s tra in s  exam ined . Som e 
d a ta  suggested  th e  lysogenic s tra in s  to  be som ew hat less sensitive  to  th e  ac tio n  
of th e  d ifferen t m egacins, b u t th e  n u m b e r of ex am in a tio n s d id  n o t p e rm it to  
draw  d efin ite  conclusions. In  c o n tra s t  to  th is  o bserva tion  s ta n d s  th e  fa c t th a t  
th e  non-lysogenic s tra in  337 e x h ib ite d  essen tia lly  sim ilar m egacin  sen s itiv ity  
as its  lysogenic v a r ia n t  W  0 —7 — 11. T he rem arkab le  se n s itiv ity  to  m egacin  
216 o f  th e  phage re s is ta n t m u ta n ts  w as a lready  observed  in  som e of o u r p re 
v ious experim en ts.

S ensitiv ity  o f  protoplasts fro m  B . megaterium to m egacin preparations o f  
different origin. I t  has been o b serv ed  earlie r th a t  m egacin  c o n cen tra te  216 
a ffec ted  th e  cy top lasm ic m em brane  o f B . megaterium, causing  th e  cy to p lasm  to  
escape from  th e  cell. P ro to p la s ts  o f  B . m egaterium  becom e ghost-like  s tru c tu re s  in  
th e  presence o f m egacin . W e con sid er th is  p ro to p la s t-d e s tru c tiv e  effect o f 
m egacin  to  be its  specific  w ay o f a c tio n  [5]. I t  seem ed th e re fo re  im p o r ta n t to  
ex am in e  w hether th e  m egacin p re p a ra tio n s  recen tly  in v e s tig a te d  h a d  a n y  
s im ila r effect an d  w h e th e r som e re la tio n  could  be d e tec ted  betw een  th e  p ro 
to p la s t-d e s tru c tiv e  an d  th e  a n tib a c te r ia l  a c tiv ity  of th e  in d iv id u a l p re p a ra tio n s . 
As th e re  were w ide v a ria tio n s  in  th e  an tib a c te ria l t i t r e s  o f each in d iv id u a l 
m egacin , depend ing  on th e  s e n s itiv ity  o f th e  in d ica to r  s tra in  ac tu a lly  u sed , 
a com parison  of th e  p ro to p la s t-d e s tru c tiv e  an d  o f th e  a n tib a c te r ia l  effect seem ed 
to  be  reliab le only  if  values h a d  b een  re fe rred  to  th e  h ig h es t a n tib a c te r ia l 
t i tre s  observed. Table I I I  p re sen ts  th e  m ax im um  a n tib a c te r ia l  t i tre s  o f  th e  
in d iv id u a l m egacins as com pared  to  th e ir  p ro to p la s t-d e s tru c tiv e  a c tiv ity  
titre s .

T ab le  I I I

Protoplast-destructive effect o f  d ifferent megacin concentrates

Megacin
Maximum

antibacterial
titre
(A)

Protoplast- 
destructive 

titre
(В)

A/В

2 1 6 1 6 0  0 0 0 1 0  0 0 0 * 1 6 *

5 2 7 6  4 0 0 1 0 0 0 6 .4

5 7 5 1 0 0 0 1 0 0 1 0

6 3 8 6  4 0 0 4  0 0 0 1 .6

6 7 5 1 9  0 0 0 4  0 0 0 4 .8

6 8 9 1 0  0 0 0 8  0 0 0 1 .3

* N o h igher d ilu tio n s tested .
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A s th e  figures in  Table I I I  show, all m egacin  c o n c e n tra te s  from  th e  6 
d iffe re n t B . m egaterium  s tra in s  ex h ib ited  a h ig h  p ro to p la s t-d e s tru c tiv e  a c tiv ity . 
D ep en d in g  on th e  a c tu a l p re p a ra tio n , 1.3 to  16 u n its  o f m egacin /m l were found  
to  tra n s fo rm  m ost o f  th e  p ro to p la s ts  to  g host-like  s tru c tu re s  w ith in  15 m inu tes. 
I n  sp ite  of th e  s e m i-q u a n tita tiv e  ch a rac te r o f th e  p ro to p la s t d estru c tio n  m ethod , 
i t  y ie ld e d  resu lts su ffic ie n tly  co rrec t to  p ro v e  th a t  th e  a n tib a c te r ia l a c tiv ity  
o f  a ll th e  m egacins te s te d  w as b ro u g h t a b o u t b y  th e  sam e m echanism , i. e. 
th e  d e s tru c tio n  o f th e  o sm o tic  b a rrie r  o f th e  cell m em b ran e .

Antibacterial spectra o f  the megacin preparations. T h e  c rite r io n  o f an  a n t i 
b a c te r ia l  effect w as th e  p resen ce  of a g ro w th  in h ib itio n  zone a ro u n d  th e  drop  
o f  m eg ac in  p re p a ra tio n  c a rr ie d  on to  th e  su rface  o f an  a p p ro p ria te ly  in o cu la ted  
so ft a g a r  layer. W hen  th e  c o n c e n tra ted  p re p a ra tio n  w as ineffec tiv e , th e  te s ts t r a in  
w as reg a rd ed  as m eg ac in -res is tan t. All th e  6 d iffe ren t m egac in  co n cen tra tes  
w ere  ineffective fo r th e  fo llow ing G ram  p o sitiv e  o rganism s (figures in  b rack e ts  
re p re s e n t  th e  n u m b er o f  s tra in s  tes ted ) : Micrococcus pyogenes, v a r. aureus (3), 
M icrococcus pyogenes v a r . albus (1), Micrococcus pyogenes, v a r . citreus (1), 
M icrococcus telragenus (1), Micrococcus lysodeikticus  (1), Streptococcus faecalis  
(2), Corynebacterium xerosis  (1), Cory neb acterium  lju b in sk i (1), B . cereus (8), 
B . sub tilis  (7). T en  fu r th e r  s tra in s  of G ram  po sitiv e  m icrococci iso la ted  from  
a ir  a n d  form ing p in k , g lossy  an d  slim y colonies on ag ar p la te  w ere also found  
to  b e  re s is tan t to  th e  a c tio n  o f  all th e  6 m egacin  p re p a ra tio n s  te s te d , while 
each  o f  th em  was sen s itiv e  to  lysozym e.

M egacine p re p a ra tio n s  w ere all ineffec tive  fo r th e  fo llow ing G ram  n eg a
t iv e  organism s te s te d  : Shigellae  (4), Salm onellae  (7), Proteus vulgaris (1), 
P roteus m irabilis (1), P roteus m organii (1), Proteus rettgerii (1), Pseudomonas 
aeruginosa  (3), Faecalis alcaligenes (1), Serratia  marcescens (1), Escherichia coli 
(6), Aerobacter aerogenes (1).

Som e stra in s  te n ta t iv e ly  iden tified  as Micrococcus aurantiacus  ex h ib ited  
a c e r ta in  degree o f se n s it iv ity  to  all m egacin  p re p a ra tio n . T h e  a n tib a c te ria l 
t i t r e s  fo r these  s tra in s  v a r ie d  betw een  10-2  to  10~4, d ep en d in g  on th e  k in d  o f 
m eg ac in  used. M egacins 675 an d  689 w ere m ore effective ( t i tre , 10~4) th a n  
m eg ac in  216 ( titre , 1 0~ 3), a rem ark ab le  o b se rv a tio n , since th e  opposite  w as 
fo u n d  w hen B . m egaterium  w as used as an  in d ica to r.

T h e  m egacin s e n s it iv ity  o f B . anthracis m erits  to  he  d iscussed  sep ara te ly . 
I n  som e earlier s tu d ies  o u t  o f  th e  43 s tra in s  o f B . anthracis 8 h ad  been found  
to  b e  m od era te ly  sen s itiv e  to  rough  ly sa te s  o f  B . m egaterium  216. T he speci
f ic i ty  o f th is  effect a p p e a re d  questionab le  [5] an d  th e re fo re  th e  ex p erim en t 
w as re p e a te d  w ith  som e s tra in s , using six  d iffe ren t m egacin  co n cen tra tes . T he 
re s u lts  are  p resen ted  in  Table I V .

O nly  some o f th e  19 s tra in s  of B . anthracis  te s te d  w ere sensitive  to  m eg a
c ins 216, 527 an d  575, w hile  a lm ost all o f  th e m  e x h ib ite d  a m o d era te  or a 
w e a k  sen sitiv ity  to  th e  o th e r  th ree  m egacin  p rep a ra tio n s .
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T ab le  IV

M egacin  sensitivity  o f  d ifferent B . anthracis stra ins

Sign of the 
strain

Characteristics of 
the strain 216

Meg

527

acin sens 

575

itivity (3] 

638 675 689

A 66 A capsulogen (*) .................................... 0 ( 4) 0 l 100 100 80

A 68 A capsulogen ........................................... 0 0 0 0 0 0

A 69 C apsulogen ............................................. 0 0 1 160 160 160

A 72 C apsulogen ............................................. 0 0 1 10 160 160

A 74 a C apsulogen ............................................. 0 0 1 100 160 100

A 74 b A capsulogen ........................................... 1 ( 5) 1 1 10 100 10

A 76 C apsulogen ............................................. 0 0 1 100 320 100

A 77 C apsulogen ............................................. 0 0 0 10 10 10

A 91 C apsulogen ............................................. 0 0 0 1 10 10

A 98 T C apsulogen ............................................... 0 0 10 10 10 10

A 100 C apsulogen, full v iru len t ................... 0 0 0 10 10 10

A 101 C apsulogen vaccine II . (2) ............... 0 0 0 10 10 10

A 102 C apsulogen vaccine I I .......................... 0 0 0 1 10 10

D avis C apsulogen a sp o ro g e n ........................ 0 0 0 10 10 10

V ollum  S C apsulogen fu ll v iru len t ................. 0 0 0 1 0 0

V ollum  R A capsulogen, non v i r u le n t ............... 0 0 0 0 0 0

N P A , S C apsulogen, fu ll v iru len t ............... 0 0 1 10 10 10

N P A , R A capsu logen , non v i r u le n t ............... 0 0 0 1 10 1

x w s C apsulogen, m o d era te ly  v iru le n t . 0 1 1 10 10 10

R em arks ; (1) C apsule p ro d u c tio n  w as te s te d  on serum -agar in  20%  C 0 2 a tm o sp h ere .
(2) “ Deuxième vaccine”  according to  Pasteur.
(3) H ig h e s t d ilu tion  causing  in h ib itio n  of grow th.
(4) In e ffec tiv e  even u n d ilu te d .
(5) E ffec tiv e  on ly  u n d ilu ted .

T itra tio n  perform ed in  a  ten fo ld  series. C oncentrates effective in  d ilu tio n s 
h ig h er th e n  1 to  10 w ere t i t r a te d  in  a tw ofold series.

The serological specific ity  o f  d ifferen t megacins. R a b b its , w hen  im m unized  
w ith  m egacin  co n cen tra tes  from  s tra in  216 o f B . megaterium, p roduced  specific  
a n tib o d y  giv ing p re c ip ita tio n  an d  com plem en t f ix a tio n  re a c tio n  w ith  th e  
hom ologous m egacin  p re p a ra tio n s . M oreover, these  sera  h a d  th e  a b ility  to  
n eu tra lize  th e  a n tib a c te r ia l  ac tio n  o f th e  hom ologous m egacin  [3]. Some v e ry  
ac tiv e  se ra  w ere e ffec tive  even in  sev e ra l th ousands-fo ld  d ilu tio n s , w hen  te s te d  
ag a in s t a h u n d red  u n its  o f m egacin.

I n  th e  p re se n t s tu d y , a m ed ium -effective  an ti-m egac in  serum  p re p a re d  
w ith  m egacin  216 w as exam ined  u n d e r  s tan d ard ized  co n d itions [3]. A fte r  
s ta n d in g  fo r 24 h o u rs  a t  4° € , th e  m ix tu re  of 100 u n its  o f m egacin  216 an d  of 
an  1 to  500 d ilu tio n  o f  th e  hom ologous serum  was found  to  lack  an  a n tib a c te -
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r ia l effect w hen te s te d  ap p ro p ria te ly  on  a n  in d ica to r  p la te . No effect was 
o b served  w hen th e  te s t  w as m ade w ith  a 1 to  20 d ilu tio n  o f an  im m une serum  
o b ta in e d  a fte r im m u n iz a tio n  w ith  w ashed  suspensions o f B . megaterium  216.

M egacin n e u tra liz a tio n  te s ts  w ere th e n  carried  o u t w ith  d ifferen t d ilu 
tio n s  (from  1 to  2 to  1 to  2000) of an ti-m eg ac in  216 serum  an d  10 to  100 u n its  
o f  16 d ifferen t m egacin  p rep ara tio n s. I n  no case w as n e u tra liza tio n  of th e  
a n tib a c te ria l effect o b se rv ed .

To exam ine th e  possib le  serological re la tio n s b e tw een  th e  d ifferen t B . 
m egaterium  s tra in s  u sed  in  th is  ex p erim en t, ag g lu tin a tio n  te s ts  w ere perfo rm ed  
w ith  an  im m une se ru m  o b ta in ed  b y  im m u n iza tio n  b y  m eans of w ashed su s
pensions of B . m egaterium  216, using th e  16 d ifferen t s tra in s  as an tigens. T he 
w ide v a rie ty  in  th e  su rface  antigenic s tru c tu re  of B . m egaterium  s tra in s was 
m ad e  responsible fo r th e  fa c t th a t  no a g g lu tin a tio n  w as observed  in  an y  o f 
th e se  te sts .

P rep a ra tio n  o f  an ti-m eg ac in  se ru m  w as also a t te m p te d  using m egacin  
p rep a ra tio n s  o th e r th a n  th e  216. In  th is  ex p erim en t 5 m l single doses of th e  
m egacin  co n cen tra tes  575 an d  689 w ere in je c te d  in trav en o u s ly  a t 15 occasions 
on every  second d a y  to  one ra b b it each. I n  sp ite  of th e  in ten s iv e  im m unization , 
n e ith e r  of th e  an im als  developed an tib o d ie s  n eu tra liz in g  th e  hom ologous 
m egacin  p rep ara tio n s.

D iscussion

All m egacin p re p a ra tio n s  o b ta in ed  fro m  an y  s tra in  w ere un iform y found  
to  e x e rt an  a n tib a c te r ia l  effect on all th e  B . m egaterium  an d  Micrococcus 
aurantiacus  s tra in s  ex am in ed . N evertheless, depend ing  on  th e  ac tu a l s tra in  
y ield ing  the  m egacin , th e  in ten s ity  of th e  a n tib a c te r ia l e ffec t exh ib ited  a w ide 
v a r ie ty . The m ode o f  a c tio n  of m egacin w'as found  to  be its  d e s tru c tiv e  ac tion  on  
th e  cytoplasm ic m e m b ra n e  of p ro to p la s ts  from  B . megaterium , resu lting  in  th e  
fo rm atio n  of ghost-like  s tru c tu re s . T h u s, ev e ry  m egacin p re p a ra tio n  ap p eared  
to  h av e  th e  ab ility  to  d e s tro y  th e  o sm otic  b a rrie r  o f th e  p ro to p lasts . W hen  
com pared  to  th e  co rresp o n d in g  a n tib a c te r ia l t i tre , th e  p ro to p la s t-d e s tru c tiv e  
a c tiv ity  of all th e  m eg ac in  p rep a ra tio n s  exam ined  w as found  to  be w ith in  
th e  sam e order o f m a g n itu d e . This o b se rv a tio n  suggests th e  g rade  of sen s itiv ity  
o f  th e  single B . m egaterium  s tra in s to  d ep en d  on th e  possib ility  of m egacin  
ex e rtin g  a d e s tru c tiv e  a c tiv ity  on th e  cy top lasm ic  m em b ran e  th ro u g h  th e  cell 
w all. T he cell w alls o f  th e  d ifferent s tra in s  a p p a re n tly  p e rm it p en e tra tio n  o f  
th e  colloidal m egacin  th ro u g h  the  cell m em b ran e  to  a d iffe ren t ex ten t.

The a n tib a c te r ia l sp ec tru m  of th e  d iffe ren t m egacins is essen tially  sim ilar 
an d  v e ry  narrow . B esides B . megaterium  a n d  th e  above-m en tioned  M icrococcus 
species, only c e r ta in  s tra in s  of B . anthracis  w ere found  to  be sensitive an d  even  
tho se  only  m o d e ra te ly . A s rem ark ab le  d ifferences w ere found  betw een  th e
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efficiency of th e  d iffe re n t m egacins on B . anthracis, i t  m ay  be supposed  th a t  
th e  m ode of ac tion  o f m egacins on B . anthracis  m ay be  s im ila r to  th a t  ex e rted  
on B . megateriurn. C ould  th is  be p ro v ed  b y  fu r th e r  ex p erim en ts , th e  p e rm eab il
i ty  o f th e  cell wall o f B . anthracis w ill tu r n  o u t to  be responsib le  for th e  d iffe r
ences observed  in  b a c te r ia l  sen sitiv ity .

As to  th e  im m unobio logical c h a ra c te ris tic s  o f th e  d iffe ren t m egacin  
p rep a ra tio n s , s trik in g  differences w ere  d e m o n s tra te d . T h e  m egacin  o b ta in e d  
from  B . megateriurn 216 h ad  p ecu lia rly  good an tig en ic  p ro p ertie s  [3] —• as 
d em o n stra ted  also e a rlie r  — and g av e  rise  to  a h igh ly  specific  an tib o d y , as 
revealed  b y  th e  p re se n t s tu d y . This a n tib o d y  w as fo u n d  to  be  ineffec tive  in  
n eu tra liz in g  th e  a n tib a c te r ia l  action  o f  o th e r  m egacins, th u s  suggesting  sh a rp  
differences in  th e  a n tig en ic  s tru c tu re  o f m egacin  216 an d  o f th e  o thers. O ur 
a tte m p ts  to  produce  an tibod ies b y  im m u n iz in g  w ith  2 o th e r  m egacins h av e  
failed. These resu lts , how ever, are n o t  reg a rd ed  as d efin itiv e , considering  th a t  
th e  co n cen tra tes  of lo w er ac tiv ity  m ig h t be  w eak er an tig en s.

In  connection  w ith  th e  specific im m un o lo g ica l ch a rac te ris tic s  of m egacin  
216, it  seem s to  be w o r th  m ention ing  th a t  th e  s tra in  y ie ld ing  th is  m egacin  h as  
a m ost p a r tic u la r  a n tig en ic  s tru c tu re . I n  som e earlier s tud ies of th is  la b o ra to ry  
[8] i t  w as found  to  be u n re la ted  to  23 s tra in s  o f B . megateriurn te s ted . T he 
p resen t ex am in a tio n  o f  16 ad d itio n a l s tra in s  y ie lded  s im ila r resu lts .

T he iso -an tag o n is tic  a n tib a c te ria l su b stan ces  p ro d u ced  b y  d iffe ren t 
s tra in s  o f B . megateriurn ap p ear to  h a v e  a s im ila r if  n o t id en tica l w ay  of ac tio n . 
T hus th e ir  d esigna tion  w ith  the  sam e n am e  seem s to  be ju s tif ie d . T here  a re , 
how ever, rem ark ab le  im m unobio logical d ifferences be tw een  th em . As to  th e  
sp ec tru m  of th e ir  a n tib a c te r ia l  ac tion , c e r ta in  m ino r d ifferences w ere encoun
te red . These a p p a re n tly  depend  on th e  d iffe ren t ab ility  o f  th e  single m egacins 
to  p e n e tra te  th e  cell w all. S tra in  216 o f  B . megateriurn has been  un ique  in  th a t  
i t  p roduces th e  a n tib a c te r ia l  substance in  m uch  g re a te r  am o u n ts  th a n  an y  o th e r  
s tra in  an d  in  th a t  th e  m egacin  p roduced  b y  i t  is o f an tig en ic  ch a rac te r .

S tra in  216 has now  been  stud ied  fo r sev era l y ears  a n d  one o f our collec
tio n  s tra in s , B . megateriurn  119, h ad  in  one in s tan ce  been  found  to  d isp lay  
ch a rac teris tic s  qu ite  s im ila r  to  th e  fo rm er. U n fo rtu n a te ly , recen t sam ples 
tak en  from  th e  frozen  spo res of s tra in  119 ex h ib ited  ch a rac te ris tic s  d iffe ren t 
from  tho se  observed  ea rlie r  [13] ; th e y  w ere  less induc ib le  b y  u ltra v io le t i r ra d ia 
tio n  an d  also th e ir  ly sa te s  were of v e ry  low  t i tr e .  T here  is, how ever, no d o u b t 
ab o u t th e  id e n tity  o f  th e  s tra in , since i t  g ives a p o sitiv e  a g g lu tin a tio n  reac tio n  
w ith  th e  specific im m u n e  serum  p re p a re d  d u rin g  o u r earlie r s tu d ies.
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Sum m ary

T he iso -an tag o n istic  a n tib a c te r ia l  p rin c ip les  from  d iffe ren t s tra in s  o f  B . m egaterium  
h a v e  s im ilar or id en tica l w ays o f  ac tion . T h e ir  d en o m in a tio n  w ith  th e  com m on  n am e  “ m eg acin ”  
seem s th u s  to  he ju s tif ie d . A  fu r th e r  p ro o f o f th e  ab o v e  s ta te m e n t is th e  g re a t  s im ila rity  o f th e ir  
a n tib a c te r ia l  sp ec tra . M egacins e x e r t th e ir  a c tio n  on  th e  cy to p lasm ic  m em b ran e  o f th e  sen si
t iv e  b a c te r ia . T he cy to p lasm ic  m em b ran e  is d e s tro y ed  b y  m egacin  w h ich  th u s  abo lishes th e  os
m o tic  b a r rie r  o f th e  b a c te r ia . I n  sp ite  o f th ese  b io log ical sim ilarities , c e r ta in  sero logical d iffe r
ences cou ld  be  d e m o n s tra ted  in  th e  a n tig e n ic ity  a n d  im m u n e  sp ec ific ity  o f  th e  d iffe ren t 
m egacins.
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M egacinogeny, a le th a l b io syn thesis  o th e r  th a n  lysogeny  has re c e n tly  
been described  fo r s tra in s  of B . m egaterium  [1, 2, 3]. D iffe ren tia tio n  be tw een  
lysogenic an d  m egacinogenic s tra in s  has becom e a fa ir ly  sim ple ta s k  since 
I vÁn o v ic s  [5] h a d  succeeded in  iso la tin g  in d ic a to r  s tra in s  en tire ly  re s is ta n t 
to  m eg ate riu m  p h ag e , w hile v e ry  sensitive  to  th e  ac tio n  o f  m egacin.

I n  som e p re lim in a ry  stud ies [4] on 16 B . m egaterium  s tra in s  from  o u r 
collection, m egacinogeny  w as found  to  be  ra th e r  f re q u e n t, w hile on ly  one s tra in  
ex h ib ited  a lysogenic p ro p e rty . F u r th e r  ex am in a tio n s ca rried  o u t on 200 s tra in s  
of B . m egaterium  o rig in a tin g  from  d iffe ren t soil an d  faeces sam ples revealed  
a 46 p e r c en t inc idence  o f m egacinogeny [9, 10], w hile o u t o f th e  16 m ost 
read ily  in d u c ib le  m egacinogenic s tra in s  selected  from  th is  g roup  only  tw o  w ere 
found  to  he  lysogenic [3]. T hus th e  occurrence o f th e  m egacinogenic p ro p erty  
ap p eared  to  be  re m a rk a b ly  m ore fre q u e n t th a n  th e  lysogen ic  one.

T he p re sen t s tu d y  w as m ade in  o rd er to  d e te rm in e  m ore  ex ac tly  th e  in c i
dence o f m egacinogeny  an d  lysogeny  b o th  se p a ra te ly  a n d  s im ultaneously  in 
100 d iffe ren t B . m egaterium  s tra in s  iso la ted  from  ra n d o m  faeces an d  soil 
sam ples.

Materials and methods

S tra ins. S tra in s  o f  B . megaterium  re ce n tly  iso la ted  a n d  te s te d  fo r m egacinogeny  in  th is  
la b o ra to ry  [3] w ere u sed  in  th e  p re sen t s tu d y . T he 100 s tra in s  to  be  ex am in ed  were ta k e n  fro m  
o ur collection  acco rd ing  to  th e ir  increasing  reco rd  n u m b ers  w ith o u t a n y  p a r tic u la r  se lection .

F o r  th e  d e m o n s tra tio n  of lysogeny, th e  follow ing s ta n d a rd , p h a g e  sensitive  B . megate
riu m  s tra in s  w ere u sed  : K M , Sensitive , M u tila te  a n d  337 b. L a te r  som e o f th e  collection  s tra in s  
also p ro v ed  a p p ro p ria te  fo r be ing  used  as in d ica to rs . T hese  w ere s tra in s  501, 510, 511, 533, 
583, 546, 522, 536, 557, 559, 561, 564, 573, 585, 589 a n d  595.

To d e m o n s tra te  m egacinogeny , th e  M UT-C s tra in , th e  p h a g e -re s is tan t v a r ia n t  o f  B . 
m egaterium  iso la ted  [5] fro m  th e  s ta n d a rd  la b o ra to ry  s tra in  B . m egaterium  “ m u tila te ”  w as 
used.

M edia . Y P  (y e as t-p e p to n e ) ag ar m edium , com m only  used  in  th is  la b o ra to ry  fo r s im ilar 
ex p erim en ts  [2], se rved  fo r m a in ten an ce  an d  ev ery  o th e r  p u rp o se  in  th e  p re se n t s tu d y .

P reparation o f  indicator plates. F ro m  a  20 h o u rs  old c u ltu re  o f  th e  in d ic a to r s tra in  on  
Y P  ag ar s la n t a  suspension  o f  1.2 X 107 cells/m l was p re p a re d  b y  sa line . T o 1 m l o f th is  su sp en 
sion a n  equal a m o u n t o f  m e lted  Y P  ag ar w as ad d ed  a n d  th e  m ix tu re  w as lay e red  o n to  th e  
surface o f a  Y P  a g a r p la te .
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Ultraviolet irradiation. A low  ten s io n  ty p e  “ H a n a u ”  m ercu ry  v a p o u r  lam p  was u sed . 
T h e  en erg y  e m itted  was a t  50 cm  d is tan ce  24 ergsec- '/шш®. W ave le n g th  w as 2537 Â. F o r 
c a lib ra tio n  of th e  UV  lam p , th e  m e th o d  o f L a t a r j e t  et al. [6 ] was used.

As to  th e  o th er m e th o d ica l d e ta ils  we re fe r  to  som e earlier re p o rts  fro m  th is  la b o ra 
to r y  [2, 3, 8].

Results

S tra in s  were se lec ted  b y  th e  rep lica  p la tin g  m eth o d  o f L e d e r b e r g  and  
L e d e r b e r g  [7]. P la tin g  w as m ade on  Y P  agar p la tes in  a s ta n d a rd  p a t te rn  
u sin g  30 d ifferen t s tra in s . A fte r 18 h o u rs  o f in cu b a tio n , s e p a ra te  rep licas 
w ere  ta k e n  from  each p la te  on to  th e  su rface  o f phage sen s itiv e  an d  phage 
re s is ta n t  in d ica to r p la te s . E a c h  rep lica  w as m ade in  d u p lica te . One o f these  
w as le f t u n tre a te d , th e  o th e r  rep lica  w as ir ra d ia te d  w ith  U V  lig h t before 
cu ltu rin g . R e in cu b a tio n  w as p erfo rm ed  a t  37° C for 24 hours.

E v a lu a tio n  of th e  re su lts  w as m ad e  accord ing  to  th e  follow ing p rin c i
p les. (i) I f  none of th e  in d ic a to r  p la te s  d isp lay ed  an  in h ib itio n  zone ro u n d  th e  
re p lic a te d  colony, th e  s tr a in  w as reg a rd ed  as lack ing  b o th  lysogenic an d  
m egacinogenic p ro p erties , (ii) I f  in h ib itio n  w as observed  on th e  p hage  sensitive  
in d ic a to r  p la te , th e  s tra in  w as co nsidered  lysogenic, (iii) I f  in h ib itio n  w as 
p re se n t n o t only on th e  p h ag e  re s is ta n t, b u t  also on one o r m ore o f th e  phage 
sen s itiv e  in d ica to r p la te s , considering  th a t  phage-sensitive  in d ic a to r  s tra in s  
a re  a t  th e  sam e tim e  sen sitiv e  also th e  m egacin , th is  g roup  w as reg a rd ed  
b o th  m egacinogenic a n d  lysogenic , o r o n ly  m egacinogenic.

R em arkab le  d ifferences w ere o bserved  in  th e  phage se n s itiv ity  o f th e  
num ero u s phage-sensitive  in d ic a to r  s tra in s  te s te d  s im u ltan eo u sly . T hus, no 
p ro p e r  d em o n stra tio n  o f  ly sogeny  w as possible by  checking  w ith  a single 
in d ic a to r  s tra in  only . Table I  p re sen ts  som e d a ta  su p p o rtin g  o u r above obser
v a tio n s .

Table I

E xam ination  o f  some B . megaterium stra ins by the replica p la tin g  method, 
using different indicator strains

Indicator strains
Strains examined

512 501 514 560 588

KM — + + — +

337 b — — + — +

Sensitive — + + + —

M utilate — + + + —

*Mut-C — — + + —

p h ag e-resis tan t m u ta n t
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As m en tio n ed  above, the  o b se rv a tio n  o f in h ib itio n  zones on b o th  th e  
phag e-sen sitiv e  an d  th e  p h a g e -re s is ta n t in d ic a to r  cu ltu res w as u su a lly  a sign 
o f th e  sim u ltan eo u s presence of m eg ac in o g en y  an d  lysogeny. W ere th e  ly so 
genic p laques e x h ib itin g  a ty p ica l ap p e a ra n ce  on  th e  phage-sensitive  in d ic a to r  
p la te s , th e re  was no  d ifficu lty  in  th e ir  id e n tif ic a tio n  ; in ten se ly  lysogenic 
an d  a t  th e  sam e tim e  m odera te ly  m egacinogen ic  s tra in s  could  he recognized 
b y  d irec t inspection .

O n th e  o th e r h a n d , th e  mere o b se rv a tio n  o f in h ib itio n  zones on th e  a p p ro 
p ria te  rep lica  p la te s  d id  n o t suffice fo r th e  d e m o n s tra tio n  of lysogeny  in  s tra in s  
d isp lay in g  a t th e  sam e tim e  an in te n s iv e  m egacinogeny. F ro m  such s tra in s  
flu id  cu ltu res  w ere p rep a red  and  p h a g e  d e m o n s tra tio n  w as ca rried  o u t b y  
d ro p p in g  th e ir  c en trifu g a tes  onto  th e  surface o f  phage-sensitive in d ic a to r  
p la tes.

O u t of th e  100 s tra in s  exam in ed , 53 w ere fo u n d  to  h av e  affec ted  b o th  
th e  p hage-sensitive  an d  th e  p h a g e -re s is ta n t in d ic a to r  p la tes. L ysogenic p ro p 
e r ty  could  be d e m o n s tra te d  d irec tly  b y  rep lica  p la tin g  in  25 ou t o f th e  53 s tra in s , 
w hile a flu id  cu ltu re  w as needed in  28 cases.

Sum m ing up , th e  following p a t te r n  o f d is tr ib u tio n  was found  for th e  
tw o ch a rac te ris tic s  exam ined  :

Lysogenic only  ..................................................................... 15

B o th  lysogenic  and m egacinogen ic  ............................  19

M egacinogenic only ...........................................  34

N eith er lysogenic nor m egacinogen ic  ........................ 32

T o ta l 100

T h u s  th e  sum  o f lysogenic s tra in s  w as 34, a n d  th a t  of m egacinogenic 
ones 53 o f a to ta l  o f 100 stra ins o f B . m egaterium . T he  s im u ltaneous presence 
o f b o th  o f  th e  le th a l b iosyntheses w as observed  in  a to ta l  o f 19 s tra in s . T he 
incidence o f  m egacinogeny  am ong lysogen ic  s tra in s  was 56 tie r cen t, while 
th a t  am ong  lion-lysogenic ones 52 p e r  cen t. M egacinogenic s tra in s  ex h ib ited  
lysogeny  in  36 p er c en t an d  non-m egacinogenic  ones in  32 p er cen t.

T hese figures, how ever, do n o t p e rm it to conclude to  som e co rre la tion  
or re g u la rity  in th e  fre q u e n t sim u ltan eo u s occurrence  of lysogeny an d  m ega
cinogeny in  B . m egaterium  strains.

W e re fra in  from  p resen ting  here  a ll th e  d e ta ils  o b ta in ed  w hile exam in ing  
th e  above 100 s tra in s  w ith  the 16 in d ic a to r  s tra in s  (6 only lysogenic and  10 
n e ith e r  lysogenic n o r m egacinogenic) o rig in a tin g  from  th e  v e ry  100 s tra in s  
u n d e r s tu d y . We on ly  m en tio n  th a t  on  rough  check ing  b y  th e  rep lica  p la tin g  
m eth o d  no signs o f c ross-p ro tec tion  w ere rev ea led  betw een  th e  tw o le th a l 
b io sy n th escs .
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I t  is  rem ark ab le  t h a t  a ll th e  lysogenic s tra in s  w ere d e tec ted  b y  th e  KM , 
337 b , S ensitive  an d  M u tila te  in d ic a to r  s tra in s  an d  no fu r th e r  ones w ere  found  
w hen  te s tin g  was re p e a te d  b y  th e  16 a d d itio n a l in d ic a to r  s tra in s .

Summary

The incidence of lysogeny and megacinogeny has been examined in hundred recently 
isolated B . megaterium  strains. Lysogeny occurred in 34 per cent and megacinogeny in  53. 
The simultaneous incidence of megacinogeny and lysogeny was 19 per cent. No genetic correla
tion between the two lethal biosyntheses could be demonstrated and their occurrence was 
found to be essentially independent. No signs of a cross-protection were revealed.
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1. T he problem

In  m an y  fie ld s o f applied b io log ica l science, th e  s tren g th s  o f m a te ria ls  
th a t  are to  be recom m ended  for p ra c tic a l use because o f th e  effects th e y  
produce  on liv ing  m a tte r  (e. g. in sectic ides for th e  co n tro l o f p la n t an d  an im a l 
pests , and  d rugs in  th e rap eu tic  m edicine) can  be assessed sa tisfac to rily  o n ly  b y  
m eans o f s ta n d a rd iz e d  te s t p rocedures using  liv ing  m a tte r . M oreover, f re 
q u en tly  a tte m p ts  to  o b ta in  an  a b so lu te  m easure  o f p o ten cy  prove useless 
because en v iro n m e n ta l factors and  o th e r  chance in fluences cause su b s ta n tia l  
f lu c tu a tio n s  in  e ffec ts  from  one occasion  to  a n o th e r ; in s te a d , p o ten cy  m a y  be  
assessed re la tiv e  to  a standard ized  m a te r ia l  o f th e  sam e k in d , in  th e  e x p e c ta 
tio n  th a t  th is  re la tiv e  po tency  will show  g rea te r  s ta b ility . M any tech n iq u es  
o f th is  k in d  are  in  re g u la r  use, and are  k n o w n  as biological assays ; an  ex ten siv e  
li te ra tu re  o f s ta tis  tic a l m ethods for th e  e v a lu a tio n  o f th e  ex p e rim en ta l re su lts  
ex ists, and  w ith  som e aspects of th is  I  am  concerned  to -d ay .

One im p o r ta n t  class of biological assays arises in  im m unology  in  co n n ex 
ion w ith  th e  com p ariso n  and  s ta n d a rd iz a tio n  o f vaccines. T es t an im als m a y  
be given d iffe ren t doses of vaccine, a n d  su b seq u en tly  “ challenged”  w ith  
a s ta n d a rd  in o cu lu m  o f disease ; fo r each  vaccine dose, th e  an im als can  be 
d iv ided  in to  th o se  ad eq u a te ly  p ro te c te d  a n d  tho se  succum bing  to  disease, a n d  
th e  re la tio n  b e tw een  dose and p ro p o rtio n a te  effect p rov ides th e  basis fo r 
p o ten cy  es tim a tio n . T h e  use of “ p ro p o rtio n  o f an im als a ffec ted ”  as th e  m easu re  
o f response to  th e  ap p lied  dose in tro d u ces  a n u m b er o f  com plica tions in to  th e  
s ta tis t ic a l  th e o ry  t h a t  are  absent w h en  th e  response is a con tinuous v a r ia te  
(as in  th e  assay  o f oestrogens by  reference to  w eights o f u te r i in  tre a te d  an im als).

I  p ropose to  ta k e  a typ ica l im m uno log ica l assay  an d  describe v a rio u s 
a lte rn a tiv e  schem es o f  calculation  for d e riv in g  an  estim a te  of re la tiv e  p o te n c y  
an d  its  precision . T hese  m ethods differ in  d iff ic u lty  of th e o ry , am o u n t o f a r i th 
m etica l lab o u r, a n d  v a lid ity  for th e ir  p u rp o se  ; u n fo rtu n a te ly  th e  f irs t  tw o
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p ro p e rtie s  ten d  to be  inverse ly  re la ted  to  th e  th ird  ! D iscussion o f s ta tis tic a l 
an a ly s is  will lead  to  som e considera tion  o f  how  such  an  assay  oug h t to  be 
p la n n e d  for o p tim a l re su lts  re la tive  to  th e  to ta l  e ffo rt expended  u p o n  it . 
T h e  d a ta  are from  a com parison  of tw o  fo rm s o f ty p h o id  vaccine rep o rted  by  
I k ic  [13] ; th e y  are  p re se n te d  in  Table I .  T h ree  doses o f each vaccine (m easured  
as n u m b e r of organ ism s g iven  a t each o f  tw o  inocu la tions) w ere used  on b a tch es 
o f n e a r ly  100 m ice, a n d  subseq u en tly  a ll m ice w ere exposed  to  a fix ed  challenge 
dose o f a s tra in  of ty p h o id . The ta b le  reco rd s  th e  n u m b er o f d ea th s  an d  th e  
p ro p o rtio n a te  d e a th  r a te  in  each group .

T he m ain p ro b lem  fo r discussion is t h a t  of how  to  e stim a te  th e  p o ten cy  
o f th e  phenolized v acc in e  (P) re la tiv e  to  th e  alcoholized (A). T he relative 
potency, g, is defined  to  b e  a m u ltip lica tiv e  fa c to r  such  th a t  doses o f the  tw o v ac 
cines w ill be on av erag e  eq u a lly  effective i f  th e  n u m b er of o rgan ism s in  th e  alco 
h o lized  dose is g tim es  t h a t  in  th e  p h en o lized  ; if  g exceeds 1, th e  pheno lized  
is th e  m ore p o te n t, a n d  i f  g is less th a n  1, th e  alcoholized is th e  m ore p o te n t.

T ab le  I

D ata from  an assay o f  typhoid  vaccines

Vaccine dose*
Alcoholized vaccine (A) Phenolized vaccine (P)

No. of mice Deaths D eath  ra te No. of mice D eaths D eath  ra te

250M 94 21 0.223 96 5 0.052

50M 98 38 0.388 96 20 0.208

10M 96 64 0.667 97 56 0.577

* M is used to  sym bolize  a facto r of 1C6.

2. Inspection o f data

E v id en tly  a n y  e stim a te  from  th e se  d a ta  m ust give P  a re la tiv e  p o ten cy  
g re a te r  th a n  1. A dose 50M of P  h as  a s lig h tly  low er d e a th  ra te  th a n  250M 
o f A , suggesting t h a t  g, th e  ra tio  o f e q u a lly  effective doses, is ab o u t 5. On th e  
o th e r  han d , th e  d e a th  ra te  for 10M o f P  lies be tw een  tho se  for 50M and  10M 
o f A , suggesting t h a t  P  lies betw een 5 a n d  1. T ak en  to g e th e r, a va lu e  o f b e tw een  
3 an d  4 for g ap p e a rs  to  be in d ica ted .

Some m ay  p re fe r  to  look a t  th is  g rap h ica lly . T he d e a th  ra te s  could  be 
g rap h ed  against a scale  of dose or, m ore  usefu lly  since a ra tio  o f doses is to  be 
in v es tig a ted , a g a in s t th e  logarithm  o f dose ; in  th e  la t te r  g rap h , th e  cu rves 
re la tin g  P  and  A d e a th  ra tes to  log dose ou g h t to  be o f th e  sam e shape b u t  
a fix ed  h o rizo n ta l d istance , log g, a p a r t .  F reeh an d  sketches o f th e  cu rves 
cou ld  be used in s te a d  o f the  a rg u m e n t o f  th e  prev ious p a ra g ra p h  in  o rd er to
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give a rough e s tim a te  o f log Q, th o u g h  few  would h av e  m uch confidence in  
such  curves sk e tched  from  th ree  p o in ts  each.

T hese m eth o d s are s tro n g ly  su b jec tiv e , and  su ffe r from  th e  fu r th e r  
g rav e  d isad v an tag e  th a t  th e y  p ro v id e  no in fo rm atio n  on th e  precision  o f  th e  
p o te n c y  e s tim a te , in  te rm s of a s ta n d a rd  erro r or in  a n y  o th e r w ay. T hey  
c a n n o t be  recom m ended  for an y  f in a l analysis of an  assay . N one th e  less, it  
is o ften  useful to  em ploy  one of th e m  as soon as d a ta  a re  o b ta in ed , b o th  in  
o rd e r to  have a p rov isiona l v a lue  av a ilab le  u n til  th e  d e fin itiv e  analysis  is 
com plete  and  as a ra p id  check on th e  reasonab leness o f th e  resu lts .

3. Simple interpolation

H ereafte r, all calcu la tions w ill be  m ad e  w ith  reference to  a lo g a rith m ic  
dose scale. B ecause successive doses b o re  th e  ra tio  5 to  one a n o th e r, i t  is co n 
v en ien t to  use lo g a rith m s to base 5 a n d  to  ta k e  50M as th e  zero of th e  scale. 
T he th re e  values o f  x , th e  log doses fo r th e  te s t  groups, a re  th en  1, 0, — 1, 
an d  a n y  v alue  o f x  will correspond to  th e  tru e  dose

5х X 50M
or

10°.в"х  x  50M (ЗЛ )

One v e ry  sim ple p rocedure  for an a ly sis  is to  in te rp o la te  linearly  b e tw een  
the  d e a th  ra te s  so as to  es tim ate  log doses corresponding  to  equal ra te s . F o r 
exam ple , fo r 50%  m o rta li ty  we m ay  e s tim a te  :

. 0 .5 0 0 -0 .3 8 8
A  : — ---------------------------

0 .6 6 7 -0 .3 8 8

„  0 .5 0 0 -0 .2 0 8
1 : я , 0 = ----------------------------

0.577 — 0.208

an d  th e re fo re  an  e s tim a te , R , of q is o b ta in a b le  as

log5R  =  0 .7 9 1 -0 .4 0 2  =- 0.389,

w hence

=  - 0 .4 0 2  

=  - 0 .7 9 1

R  1qo.699 x 0.3 89 == L 8 7 >  (3>2)

A n obvious ob jec tio n  to  th is  m e th o d  is th a t  i t  utilizes on ly  p a r t  o f th e  
d a ta , fo u r doses (how ever m any th e  to ta l  n u m b e r used). I f  a d ifferen t d e a th  
ra te  h a d  been  chosen as th e  p o in t o f co m p ariso n , chance irreg u la ritie s  o f th e

6  A cta Microbiologica VI/4.
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reco rd s m igh t cause th e  e s tim a te  to  be v e ry  d ifferen t. F o r  exam ple, i f  from  
Table I  sim ilar c a lcu la tio n s are  m ade fo r 25 %  m o rta lity , th e  re su lt is

R  =  4.61. (3.3)

A lthough  an  a p p ro x im a te  s ta n d a rd  e rro r for one o f  these  estim ates  
could  perh ap s be fo u n d , th e  m ethod  o f e s tim a tio n  is so u n sa tis fa c to ry  th a t  
th is  is scarcely w o rth  o b ta in in g .

4. The Dragstedt-Behrens method

D oubtless concerned  b y  th e  fa ilu re  o f  sim ple in te rp o la tio n  to  u tilize  
all th e  d a ta , D r a g s t e d t  and  L a n g  [7] co m m en ted  th a t  a n  an im al a ffec ted  
b y  a n y  p a rtic u la r  dose w ould  p re su m ab ly  also have  b e e n  affected  b y  a n y  
g re a te r  dose, and  th a t  one un affec ted  b y  a p a r tic u la r  dose p resu m ab ly  w ould  
h a v e  b een  unaffec ted  b y  a n y  lesser dose. T h e y  therefo re  p rop o sed  to  cu m u la te  
n u m b ers  o f affected  a n d  u n affec ted  an im als. F o r exam ple , for th e  alcoholized 
vacc in e  in  Table I ,  th e ir  a rg u m en t is t h a t  m ice p ro te c te d  b y  a dose o f  50M 
w o u ld  also have b een  p ro te c te d  h ad  th e y  received  250M , an d  th a t  m ice p ro 
te c te d  b y  10M w ould  h a v e  been p ro te c te d  b y  50M or 250M ; s im ila rly , 
m ice th a t  died a fte r  50M  w ould  have d ied  a f te r  10M, an d  so on.

A pplica tion  o f th is  a rg u m en t to  th e  d a ta  yields Table I I ,  in  w hich S is 
th e  to ta l  num ber o f  m ice p ro tec ted  b y  a dose or b y  an y  lesser dose, T  is th e  
to ta l  dead  a t  a dose o r a n y  h igher dose. T h e  m eth o d  associa tes th e  p ro p o rtio n  
T /(S -f- T) w ith  each  dose, an d  uses lin ea r in te rp o la tio n  in  th is  series for e s tim a t
in g  th e  value of x  a t  w h ich  i t  w ould  be  0.5 ex ac tly  as in  Section 3. H en ce

A : *50 —
0.500 — 0.391 

0.794 -  0.391
- 0 .2 7 0

0.500 -  0.176 

0.664 — 0.176
— 0.664

T h e  estim ate  o f  re la tiv e  p o ten cy  is o b ta in e d  from

logsR  =  0.394 (4.1)

a n d  is

R  =  1.89. (4.2)

E ssen tia lly  th e  sam e m eth o d  was in d ep en d en tly  p rop o sed  b y  B e h r e n s  [1].
A lthough  th e  ra tio s  T/(S -f- T) h a v e  a superfic ia l resem blance to  e s ti

m a te s  of d ea th  ra te s  a t  th e  various doses, com parison  w ith  Table I  in d ica te s  
a difference c h a ra c te r is tic  of th e  m e th o d  : th e  ra tio s  in  Table I I  show  a s teep e r
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t re n d  in  re la tio n  to  x  th a n  do th e  d e a th  ra te s  as d irec tly  co m p u ted , b ecau se  
o f  a te n d e n c y  fo r each ra tio  to  d e v ia te  fro m  0.5 m ore m a rk e d ly  th a n  th e  co rre 
spond ing  d e a th  ra te . I t  can  he p ro v ed  t h a t  th e  process w ill a lw ays o v e re s tim a te  
th e  steepness o f  th e  dose-response re la tio n , an d  there fo re  c a n n o t p ro p e rly  be  
used  to  e s tim a te , say , th e  dose fo r 25 %  m o rta lity . I f  th e  t ru e  re la tio n  is sy m 
m e trica l a b o u t th e  50%  p o in t, a n d  i f  th e  doses used are  also sy m m etrica lly  
s itu a te d  w ith  resp ec t to  th is  p o in t (on th e  logarithm ic  scale), th e  process w ill 
s till e s tim a te  th a t  50%  p o in t, th o u g h  th e  u ser m u st n o t im ag ine  t h a t  he  is 
e s tim a tin g  on th e  basis o f th e  a p p a re n t n u m b ers  o f an im als show n in  Table I I .

T able  I I

Cumulative totals o f  protected and dead mice required 
fo r  D r a g s t e d t — B e h r e n s  and  R e e d — M u e n c h  methods

log dose
X

Vaccine A Vaccine P

S T T/(S+T ) S T T/(S+T)

l 165 21 0.113 208 5 0.023
0 92 59 0.391 117 25 0.176

—1 32 123 0.794 41 81 0.664

T h e co n d itio n  o f sym m etric  p lac in g  o f log doses c an n o t be g u a ra n te e d , 
a n d  th e  m e th o d  c an n o t seriously be recom m ended . No sa tis fa c to ry  m easu re  
o f  p rec ision  is ava ilab le , and  th e  on ly  reaso n  fo r including  th e  m eth o d  is th a t  
i t  is re g re tta b ly  p o p u la r w ith  som e peop le . I t  can  be used  as a ra p id  m e th o d  
o f o b ta in in g  a p rov isiona l va lue , b u t  h as  no p a rtic u la r  m erits  th a t  a re  n o t 
sh a red  e ith e r  b y  th e  S p e a r m a n —  K ä r b e r  m eth o d  (Section 6) o r b y  g rap h ica l 
m eth o d s (Section  8).

5. The Reed-M uench method

A slig h t v a r ia n t  on th e  D r a g s t e d t — B e h r e n s  m eth o d  w as p ro p o sed , 
a p p a re n tly  q u ite  in d ep en d en tly , b y  R e e d  and  M u e n c h  [16]. T his consists 
in  e s tim a tin g  th e  50%  p o in t for each  v acc in e  b y  s im u ltaneous e s tim a tio n  in  
th e  S an d  T  co lum ns o f Table I I  so as to  f in d  a v a lue  o f x  fo r w hich  th e y  could 
be  ex p ec ted  to  be  equal. T hus fo r A

92 +  * ( 9 2 - 3 2 )  =  59 +  a (5 9 -1 2 3 )

" Л'50 —

P :

9 2 - 5 9

123 +  92 -  59 — 32 

1 1 7 - 2 5

81 +  1 1 7 - 2 5 - 4 1

=  - 0 .2 6 6  

=  - 0 .6 6 7

6*
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w hence
R  ==: 5° 401 -  1.91 (5.1)

I f  th e  n u m b er o f  su b je c ts  is th e  sam e fo r every  dose, R e e d  —  M u e n c h  

an d  D r a g s t e d t — B e h r e n s  m u st give v e ry  sim ilar re su lts . P ro b ab ly  R e e d  

and  M u e n c h  did  n o t  in te n d  th e ir  m e th o d  to  be used  unless the  n u m b e r o f  
su b jec ts  per dose is c o n s ta n t, b u t in  Table I  th e  d ifferences are too  sm all to  
m a tte r . So sim ilar a re  th e  m ethods th a t  m an y  users w rite  o f hav ing  em ployed  
R e e d  —  M u e n c i i  w h en  in  fac t th e ir  m e th o d  was D r a g s t e d t — B e h r e n s . 

B o th  are  open to  th e  sam e objections an d  b o th  ap p ear to  h av e  little  to  be sa id  
fo r th e m  as p rac tica l m e th o d s  to -day .

6. T he S pearm an-K ärber m ethod

One o th e r even  m o re  obvious m e th o d  o f e s tim a tin g  th e  50%  p o in t from  
reco rds of p ro p o rtio n s  respond ing  a t  d iffe ren t doses has often  been  used . 
B iologists freq u en tly  c re d it i t  to  K ä r b e r  [14], b u t  th e  earlies t fo rm al d e sc rip 
tio n  o f it  know n to  m e is th a t  b y  S p e a r m a n  [17] ; i t  h as  p ro b ab ly  been in d e 
p e n d e n tly  suggested  b y  m an y  au th o rs . Suppose th a t  g roups of sub jec ts  are  
te s te d  a t  a series o f  doses whose lo g a rith m s are  (in descending o rder) x v  
x 2, . . .  x k, and th a t  th e  p ro p o rtio n s show ing th e  ch a ra c te ris tic  response, d e a th  
o r w h a tev er i t  m ay  b e , are  p v  p 2, . . . p k. T hen  th e  d ecrem en t in  d e a th  ra te  
as th e  dose o f v acc ine  is increased  from  x t to  * ,_ ]  is e s tim a ted  as p , —P i - [•  
I f  the  doses are  su ffic ien tly  close to g e th e r, th is  d ifference in  d ea th  ra te  could  
be  associated  w ith  an  average  log dose i  (ac,_i +  #,-). T he m ean  log dose a t  
w hich  d ea th  occurs can  th e n  be e s tim a te d  b y  fu r th e r  averag ing , su b je c t to  
one im p o rta n t co n d itio n  : th e  x, m u st sp an  th e  whole ran g e  o f doses from  those  
a t  w hich d ea th  n e v e r occurs to  those  a t  w hich d ea th  alw ays occurs, fo r on ly  
th e n  can th e  e s tim a tio n  be based u p o n  th e  whole d is tr ib u tio n  of in d iv id u a l 
su scep tib ility . T he e s tim a te  is

* 5 0  =  Z \ { P i ~ P i - 1) ( * i - 1 +  * / ) •  ( 6 Л )

T he cond ition  s tr ic t ly  requ ires so m eth ing  m ore th a n  m erely th a t  p t  =  0, 
p k =  1, fo r th a t  cou ld  h ap p en  b y  chance  even  w hen x v  x k are  no t su ffic ien tly  
ex trem e  to  g u a ra n te e  t h a t  d ea th  will never an d  w ill ahvays occur re sp ec tiv e ly . 
I f  th e  doses are  in  a geom etric  progression , th e  #,■ w ill be  equally  spaced , say

Xj  — X j _  1 =  d

fo r all i. E q u a tio n  (6.1) can  th e n  be rea rran g ed  in  th e  sim pler form
к

*5 0  =  *A —  Y  d  +  d  Z  P ‘ - ( 6 -2 )
1 =  1
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T his es tim atio n  does no t re q u ire  th a t  n,-, th e  n u m b er o f su b jec ts  te s te d  
a t  Xj, be  co n stan t. I f  successive doses are  close to g e th e r, th e re  m ay  be  pairs 
o f doses fo r w hich p ,_  i exceeds p , ,  ev en  th o u g h  th e ir  ex p ec ta tio n s  m ay  be  in  
th e  reverse  order, b u t  eq u a tio n  (6.1) o r (6.2) can  still be used. M oreover, since 
each p i  arises from  b inom ia l sam p lin g  on n , in d iv id u a ls , its  v a rian ce  can  be 
e s tim a te d  from  th e  ex p erim en ta l d a ta  as

V ( x 6 0) =  d* £  ~ {1 ~  (6.3)

if  (6.2) applies, w ith  a fa irly  obv ious m o d ifica tio n  if  (6.1) m u st be used.
In  p rac tice , th e  cond ition  on th e  ran g e  o f doses te s te d  m ay  be so fa r  from  

being  fu lfilled  ih a t  even  the ex trem e  values of p , a re  n o t 0 and  1. I n  such  
c ircum stances , m any  experim en ters h a v e  analysed  th e ir  re su lts  w ith  th e  a ssu m p 
tio n , exp lic it or im p lic it, th a t  th e  n e x t  h igher dose or th e  n e x t low er dose 
w ould h av e  satisfied  th e  cond ition  h a d  th e y  been te s te d . A t b e s t th is  is o f 
d o u b tfu l v a lid ity  an d  a t  w orst i t  encourages an  en tire ly  u n c ritic a l a t t i tu d e  
to w ard s  th e  num erical records of a n  ex p erim en t. P ossib ly  th e  a ssu m p tio n  is 
reaso n ab le  w hen an  ex ten d ed  series o f  doses has been  te s te d  an d  th e  ex trem es 
h av e  ju s t  failed to  reach  0 and  1. F o r th e  d a ta  in  Table I ,  to  assum e th a t  doses 
of 1,250M w ould necessarily  give co m p le te  p ro tec tio n  an d  th a t  doses o f 2M 
w ould  fa il to  p ro tec t a n y  mice is c le a rly  unsafe , y e t w ith o u t i t  S p e a r m a n  —  

K ä r b e r  estim atio n  m u s t be d isca rd ed  as unusab le . H ere  pu re ly  as i l lu s tra 
tio n  of th e  a rith m e tic , equations (6.2) an d  (6.3) will be applied  w ith  th is  
assu m p tio n . T hen, since x k =  — 1, a n d  d — 1

A : x50 =  -  1.5 +  0.223 +  0.388 +  0.667 =  -  0.222,

P  : *50 =  — 1.5 +  0.052 +  0.208 +  0.577 =  — 0.663.

H ence
log5K ^  -  0.441.

A dd ition  of the tw o expressions for v a r ia n c e  gives

T, n  m  0.223 x  0.777 , 0 .338  x  0.612 
V  (l°g s # )  =  -  ------------------1------------~  -  +  . . . +

93

=  0.01144 

=  (0.1070)2

97

0.577 X 0.423 
96

T he sam pling d is tr ib u tio n  of th e  e s tim a te  will n o t be N orm al, b u t  as 
an  ap p ro x im atio n  lim its  o f error w ith  95%  p ro b ab ility  m ay  be ta k e n  as 
1.96 X 0.1070 on e ith e r  side of log JR, t h a t  is to  say  a t  0.231, 0.651.
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H ence

R  =  2.03,

w ith  low er and  u p p e r 9 5 %  lim its  a t

R l =  1-45, \

R u  =  2 .8 5 .1

F u r th e r  co m m en t o n  th is  m ethod  is m ad e  in

7. T ransfo rm ations

A lthough  all o f  th e  m ethods so fa r d iscussed  are superfic ia lly  sensible, 
n o n e  m akes an y  p re te n c e  o f  em ploying a m a th e m a tic a l m odel th a t  rep resen ts 
th e  m an n e r in  w hich  th e  d a ta  arise. Two m eth o d s  o f ap p ro ach  to  th is  can  be 
t r ie d ,  one s ta rtin g  from  considera tion  o f in d iv id u a l v a ria tio n  in  su scep tib ility  
to  th e  vaccine and  th e  o th e r  from  considera tion  of th e  p ro b ab ility  th a t  a p a r tic 
u la r  dose will p rov ide  p ro te c tio n . D ifferen t th o u g h  these  are , th e y  lead  to  
c lo se ly  re la ted  c o m p u ta tio n a l techniques.

T he one m e th o d  em ploys th e  concept o f th e  threshold dose for each in d i
v id u a l, a dose such t h a t  a n y  g rea te r am o u n t w ould p ro te c t, w hereas i t  or an y  
le sse r am o u n t w ould fa il to  p ro tec t. S u rv ival or d ea th  of a su b jec t u n d er te s t  
w ill depend  upon  w h e th e r  or n o t th e  dose o f  vaccine  exceeds th e  th resh o ld  fo r 
t h a t  sub jec t. On th e  lo g a rith m ic  scale, th e  freq u en cy  d is tr ib u tio n  of th resh o ld  
doses m ay be w ritte n

f ( x ) d x .  (7.1)

I n  accordance w ith  g en era l b iom etric  p rac tice , i t  is n a tu ra l to  seek to  ap p ro x i
m a te  to  th is  b y  th e  N o rm a l d istribu tion

1 (*—/')*
--- -----e 2a2 dx
а \ 2 л

d e sp ite  th e  d iff ic u lty  o f  accum ulating  ev idence  su ffic ien t to  su p p o rt or to  
c o n tro v e r t  th is  a p p ro x im a tio n .

The p ro b a b ility  t h a t  a sub jec t chosen a t  ran d o m  from  th e  p o p u la tio n  
w ill fa il to  be p ro te c te d  b y  a dose w hose lo g a rith m  is X ,  an d  will therefo re  die 
a f te r  challenge is

oo
Г 1 {*—!>)*

P ( X ) =  - - e~~ 2 + ~ d x .  (7.3)
J cr У 2 n

X

(7.2)

(6.4)

(6.5)

Section 12.
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I f  Y  is defined b y

CO

( 7 ' 4 )
У

Y ,  w hich  m ay  be  te rm e d  th e  norm al equivalent deviate (N E D ) o f P, th e n  sa tisfies

Y = ( X - p ) / o .  (7.5)

N ow  Y  can  easily  be ta b u la te d  as a fu n c tio n  o f P , a n d  eq u a tio n  (7.5) show s 
i t  to  be  linearly  re la te d  to  X .  T herefo re , if  th e  N E D  v a lu es  corresponding  to  
th e  ex p e rim en ta l p t are  ta b u la te d  a g a in s t Xj, eq u a tio n  (7.5) m ay  be ex p ec ted  
to  arise as in  som e sense a lin ea r regression  of N E D  on  x  ; th e  p a ra m e te r  p  
is b o th  th e  m ean  o f th e  d is tr ib u tio n  o f  th resho ld  va lu es  o f x  and  th e  50%  
response  p o in t, because  o f th e  sy m m e try  o f (7.2), and  c a n  be  estim a ted  as th e  
p o in t on th e  line fo r w hich Y  =  0.

T his tra n s fo rm a tio n  has been  u sed  v e ry  ex tensively . T he idea has been  
developed  in d ep en d en tly  b y  severa l w rite rs  n o tab ly  G a d d u m  and  B l i s s  of 
w hom  F e c i i n e r  [8] appears to  h av e  been  th e  f irs t. I  h av e  elsew here [10] 
sum m arized  th e  h is to ry . In  recen t y ea rs , th e  practice  h as  been  to  increase th e  
N E D  b y  5 so as to  h av e  a q u a n tity , k n o w n  as th e  probit o f  P , th a t  is ra re ly  
n eg a tiv e  ; th e  sole reason  for th is  is to  reduce th e  risk  o f  a rith m e tica l e rro r  
in  th e  ca lcu la tions fo r es tim atin g  th e  p a ra m e te rs , an d  w ith  m odern  c o m p u ta 
tio n a l techn iques th e  ad v an tag e  p e rh ap s  re tu rn s  to  th e  N E D  itself, w hich w ill 
th e re fo re  be used  here.

T h e  a lte rn a tiv e  m ethod  o f ap p ro ach  is to  specify th e  m odel d irec tly  
in  te rm s  of th e  p ro b a b ility  th a t  an  in d iv id u a l will fa il to  be  p ro tec ted  w hen  
th e  log dose is X ,  a decreasing fu n c tio n  o f X .  In  some c ircum stances, th e re  m a y  
be l i t t le  case fo r inv o k in g  th e  concep t o f  a d is trib u tio n  o f  th resh o ld  v a lu es , 
an d  a reaso n ab le  su p p o sition  m ay  be  th a t  th is  p ro b a b ility  conform s to  an  
a u to c a ta ly tic  or lo g is tic  function , say

I f  Y  is defined  b y

or

P ( X )  =
_____1 ____

1 e-(«-ßx)

P ( X )  =
1

1 +  e ~ Y

Y  =  log , [ P / ( l - P ) ]
th e n

Y  =  a — ß  X .

(7.6)

(7.7)

(7.8)

(7.9)
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B e r k s o n  [2] has te rm e d  Y  th e  logit o f P  ; th is  tra n s fo rm a tio n  also has been  
suggested  by  o thers. E x c e p t for ex trem ely  la rg e  o r sm all P , th e  log it tran sfo rm  
o f P  behaves very  s im ila rly  to  th e  N E D , b e ing  ap p ro x im a te ly  tw ice th e  N E D . 
F o r  th is  reason, * Y  is som etim e used in s te a d  of Y ,  or even  ( J -У -)- 5) as an  
analogue of the  p ro b it. H ere  th e  log it as defined  b y  (7.7) or (7.8) will be 
used . B y v irtu e  of (7.9), som e form  of lin e a r  regression o f log it on x  can again  
be  used  in  o rder to  e s tim a te  th e  p a ram ete rs , an d  th e  50%  p o in t can  be estim a ted  
b y  fin d in g  w here th is  line h as  У  =  0.

D espite th e ir  d iss im ila r origins, th e  ca lcu la tions a p p ro p ria te  to  the  e s tim a
tio n  o f pa ram ete rs  on th e  norm al an d  on th e  logistic hyp o th esis  are v e ry  
sim ilar. Indeed , th e  lo g it tran sfo rm a tio n  can  a lte rn a tiv e ly  be regarded  as 
deriv ing  from  an  a ssu m p tio n  th a t  th e  d is tr ib u tio n  (7.1) is

e - ( a - ß x )  , l x

[1 +  ’

a frequency  d is tr ib u tio n  th a t  is som ew hat sim ilar to  th e  N orm al in  general 
ap p earan ce . These tw o  are  perhaps th e  m o st in te re s tin g  m em bers of a large 
fam ily  of d is trib u tio n s , one o ther m em ber being m en tio n ed  in  Section 11. 
I  h av e  discussed th e o ry  re la tin g  to  th is  fam ily  m ore fu lly  elsew here [11].

(7.10)

8. G raphical estim ation

The tra n sfo rm a tio n s  in troduced  in  Section  7 p ro v id e  a quick and  easy  
m eth o d  of g rap h ica l e s tim a tio n  of o. W ith  th e  N E D  tra n sfo rm a tio n , th e  N E D  
v a lu e  for each dose can  be p lo tted  a g a in s t x . I f  th e  com parison  betw een  th e  
tw o  vaccines can be  expressed  sim ply  b y  a re la tive  p o ten cy , so th a t  doses 
w hose average effects (as m easured  b y  th e  p ropo rtio n  o f  sub jec ts p ro tec ted ) 
are  in  a co n stan t ra tio  w h a tev er th e  p ro p o rtio n a te  effect chosen as a basis fo r 
com parison , th e n  th e  h o rizon ta l d is tan ce  betw een  th e  regression  lines re p re 
sen ted  b y  eq u a tio n  (7.5) m ust be c o n s ta n t ; in  o th e r w ords, th e  tw o regression 
lines m ust be p a ra lle l. H ence a g raph ica l estim a te  o f q c a n  be rap id ly  fo rm ed  
b y  draw ing tw o p a ra lle l lines on th e  d iag ram  th a t  b y  eye inspection  a p p e a r 
to  f i t  sa tisfac to rily .

Fig. 1 is such  a d iagram  based  u p o n  th e  d a ta  o f Table I ;  th e  N E D ’s 
from  w hich it  is d raw n  m ay  be found  in  Table I I I .  A li t t le  experience in  th e se  
analyses is needed  in  o rd er to  develop skill, since g re a te r  w eight should  be 
a tta c h e d  to  N E D ’s n e a r  to  zero th a n  to  those  th a t  are v e ry  d ifferen t from  zero, 
as will becom e a p p a re n t in  Section 9. M oreover, if  for a n y  dose p  =  0 or p  =  1 
th e  corresponding N E D  is in fin ite , a com plication  th a t  is ta k e n  accoun t o f  in  
th e  co m pu ta tions o f  Section  9 ; in g rap h ica l e s tim ation , all th a t  can be done is 
to  m ake some allow ance for a p o in t fa r  from  th e  f i t te d  line w ith  little  w eig h t.
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In  Fig. 1, th e  h o rizo n ta l d is tan ce  betw een  th e  lines is 0.650. H ence th e  
e stim a te  of q is

R  =  5° 650

=  2 .8 5 . (8.1)

D esp ite  the  su b jec tiv e  n a tu re  of th is  analysis , experience w ith  one set o f d a ta  
in  w hich dev ia tio n s from  the  lines w ere m uch m ore m arked  th a n  here  [9] 
suggests th a t  even re la tiv e ly  inexperienced  w orkers will o ften  achieve b y  th is

S ea /е o f  X

F ig. 1. G raphical re p re se n ta tio n  of re la tio n  b e tw een  N E D  an d  lo g a rith m  of dose fo r T ab le  I ,  
w ith  paralle l reg ress io n  lines f i t te d  b y  eye.

X A lcoholized vacc in e  (A)
+  Phenolized  v acc in e  (P )

g rap h ica l m ethod  re su lts  very  close to  those  from  ex ten siv e  co m p u ta tio n s ; 
e rro rs in  p lacem en t a n d  slope of th e  lines often  com pensa te , so as to  leave th e  
h o rizo n ta l d istance a lm o st u n a lte red  fro m  th e  b est possible estim a te . N e v e rth e 
less, few will choose to  depend  solely on  th is  m e th o d  for ro u tin e  w ork because 
i t  m ay  go seriously w ro n g  w ith  ex cep tio n a l d a ta .

A lthough no assessm en t of th e  precision  of th is  e s tim a te  can be read  
d irec tly , various a u th o rs  h av e  p roposed  sim ple a r ith m e tic  procedures by  w hich 
a s ta n d a rd  error or lim its  o f error a t  an  assigned p ro b a b ility  can be o b ta in e d  
a t  le a s t ap p ro x im ate ly . I  h av e  elsew here g iven a n u m b er o f references ; possib ly
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th e  m o s t useful is th e  v e ry  ingenious schem e proposed  b y  L i t c h f i e l d  and  
W i l c o x o n  [15], th o u g h  som e m ay  th in k  th e  e lab o ra te  sy s tem  o f nom ogram s 
so co m p lica ted  th a t  th e y  w o u ld  as soon u n d e r ta k e  th e  ca lcu la tions o f  Section  9. 
T h e  d a ta  a t  p resen t b e in g  used  as illu s tra tio n  fall ou tside th e  ran g e  o f  these  
n o m o g ram s because o f the  la rg e  n u m b e r o f sub jec ts  p er dose, an d  th ere fo re  th e  
m e th o d  can n o t sa tis fac to rily  he tr ie d  on  th e m .

T h e  sam e ty p e  o f g rap h ica l e s tim a tio n  could be used  in  association  w ith  
a n y  o th e r  tran sfo rm a tio n  t h a t  enables a lin ea r  regression to  be  used  as a re p re 
s e n ta tio n  of th e  d a ta . T h e  d iag ram  sim ila r to  Fig. 1 for log its is n o t show n 
h ere  ; i t  gave an  estim a te

R  =  5° 668

=  2.93. (8.2)

I n  fa c t,  th is  d iag ram  a n d  F ig. 1 are so sim ilar th a t  obv iously  th e  d ifference 
b e tw e e n  (8.1) and  (8.2) can  be a t tr ib u te d  to  th e  chances o f  d raw ing  lines on 
eye ju d g m e n t. U n d o u b te d ly  m eth o d s o f assessing precision  analogous to  th o se  
o f  L i t c h f i e l d  and  W i l c o x o n  an d  o th e rs  could  be c o n s tru c te d  fo r log its , b u t  
as fa r  as I  know  th is  h a s  n o t been  done.

9. NED estim ation

T he generally  a c c e p ted  p rocedure  fo r num erical analysis o f d a ta  w ith  
th e  a id  o f th e  N E D  tra n s fo rm a tio n  is to  e stim ate  th e  p a ra m e te rs  accord ing  
to  th e  princip le o f m ax im u m  likelihood. E q u a tio n  (7.5) m ay  he re w ritte n  as

Y = a + ß x  (9.1)

b y  redefin itio n  of p a ra m e te rs , an d  th e  o b jec t is to  o b ta in  tw o  such eq u a tio n s 
fo r  th e  tw o vaccines su b je c t to  th e  c o n s tra in t th a t  th e y  rep re sen t p a ra lle l 

lines :

Y a  =  aA +  bx 

Y p =  ap -j- bx
(9.2)

T h ese  correspond to  F ig . 1, b u t  w ith  num erica l f ittin g  in s te a d  o f v isu a l ju d g 
m e n t. The re la tive  p o te n c y  is th e n  o b ta in ed  from  th e  h o rizo n ta l d is tan ce  
b e tw een  th e  lines, as in  Section  8 ; fo r th e  p resen t exam ple , th is  gives

bg5 JR =  iaP — aA)lb. (9.3)
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The e s tim a tes  aA, aP, b are d e te rm in ed  in  such  a w ay  th a t  th e  jo in t likelihood  
of all th e  ob se rv a tio n s, th e  p ro d u c t o f th e  b inom ia l p ro b a b ility  fu n c tio n s fo r 
all doses, w hen  th e  p ro b ab ility  of d e a th  a t  a p a r tic u la r  dose is equa tion  (7.3) or

CO

P ( X ) = \ w ^ ' d u -{9A)
a + p X

is m axim ized.
T he m a th e m a tic a l th eo ry  can n o t be d iscussed here  ; i t  has been described  

for p ro b its  in  m a n y  places [10—11], an d  th e  m ain  d ifference here is th a t  
ta b u la te d  p ro b its  m u st be reduced  b y  5.0. A d eq u a te  ta b le s  o f  various fu n c tio n s 
requ ired  can  be  fo u n d  in  v a rious p laces, in  th e  books a lre a d y  m entioned  an d  
in  F i s h e r  an d  Y a t e s  [12]. M uch o f th e  e x p e rim en ta tio n  in  w hich  these m e th o d s  
are used is such  th a t  th e  p ro b a b ility  o f  th e  c h a ra c te ris tic  response increases 
w ith  increasing  dose, so th a t  P  is u su a lly  defined  as th e  com plem ent o f  th e  
expression on th e  r ig h t h a n d  side o f eq u a tio n  (7.4). H ere  an  increase in  dose 
increases p ro te c tio n  and  there fo re  decreases th e  p ro b a b ility  o f d ea th  ; th e  
positive a ssoc ia tion  o f N E D  w ith  dose is m a in ta in ed  b y  e q u a tio n  (7.4), b u t  
a little  care is n eeded  in  in te rch an g in g  th e  roles o f P  a n d  (1—P ) in  s ta n d a rd  
tab les . A n a lte rn a tiv e  ou tlook  is to  re g a rd  p ro tec tio n , n o t  d ea th , as th e  r e 
sponse, to  ta k e  P  as th e  p ro b ab ility  o f p ro te c tio n , an d  th e n  to  use th e  s ta n d a rd  
tab les. In  w h a t follows, only a condensed  acco u n t o f th e  co m p u ta tio n s w ill 
be given, i t  be in g  assum ed  th a t  tab les  o f  th e  fu n c tio n s req u ired  are av ailab le .

Table I I I  co n ta in s  th e  g rea te r p a r t  o f th e  ca lcu la tio n s fo r p o ten cy  e s ti
m ation  from  Table 1. In  i t ,  n, r, an d  p  rep re sen t th e  n u m b e r of sub jec ts  p e r  
dose, th e  n u m b e r dead , an d  th e  p ro p o rtio n  d ead  resp ec tiv e ly . N ex t is show n 
th e  N E D  o f p  acco rd ing  to  eq u a tio n  (7.4) ; th e  sym bol Y  is in  p rac tice  reserved  
for th e  n e x t co lum n . I f  an y  p  w ere 0 or 1, no e n try  w ould  be m ade in  th e  
N E D  colum n. T hese la s t are  th e  values p lo tte d  in  F ig . 1, an d  th e  g rap h ica l 
f i t t in g  of reg ression  lines in  Fig. 1 is an  im p o r ta n t f ir s t  s tep  in  th e  i te ra tiv e  
process t h a t  lead s to  m ax im u m  likelihood  es tim a tio n . F ro m  Fig. 1 are re a d  
values of Y  on th e  lines, fo r each x  used  ex p e rim en ta lly , 1 decim al d ig it be ing  
a lm ost alw ays ad eq u a te . I f  Z  is defined  b y

Z  =  - l L e 4 y ! (9.5)
У 2  л  V ’

and  P  is re la te d  to  Y  b y  e q u a tio n  (7.4), th e  iveighting coefficient, w, is

Z 2

P ( 1 ~ P )  ’
W  = (9.6)
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a n d  th e  colum n nw  can  be com pleted . A lso, th e  working equivalent deviate, y ,  is

(9.7)

th is  w ill u sually  agree w ell w ith  th e  f ig u re  in  th e  N E D  co lum n, and  large
P  1

d iscrepancies should be checked  carefu lly . T he functions w , Y  —, — are in
Z  Z

s ta n d a rd  tab les. N ote  t h a t  (9.7) gives a f in ite  value to  y  even  w hen  p  =  0 or 
p  =  1, an d  i t  th ere fo re  p rov ides th e  w ay  o f dealing w ith  th e se  ex trem es.

Table I I I

N E D  calculations ( m a x im u m  likelihood)

X n r P NED Y nw У n w x nwy

Vaccine 4

1 94 21 .223 0.76 0.9 44.3 0.75 44.3 33.225

0 98 38 .388 0.28 0.2 61.5 0.28 0.0 17.220

— 1 96 64 .667 — 0.43 — 0.5 55.8 —0.43 — 55.8 — 23.994
161.6 — 11.5 26.451

Vaccine В
1 96 5 .052 1.63 1.4 29.0 1.59 29.0 46.110

0 96 20 .208 0.81 0.7 51.0 0.81 0.0 41.310

-  1 97 56 .577 —0.19 0.0 61.8 —0.19 — 61.8 — 11.742
141.8 -3 2 .8 75.678

1 / Z n w X У

A : 0.006188 —0.071 0.164

P : 0.007052 — 0.231 0.534

<«) (*y) W

A : 100.1 57.219 40.06
—0.8 1.882 — 4.33

99.3 59.101 35.73
P : 90.8 57.852 109.01

—7.6 17.505 —40.39
83.2 75.357 68.62

h =  (59.101 +  75.357)/(99.3 +  83.2)

=  134.458/182.5 

=  0.7368

У  a  =  y  A +  b (*—~ xa ) = 0.216 +  0.737* 

Y P — y p  У  b (x— xp)  =  0.704 +  0.737*
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T he n ex t s te p  is to  calculate l in e a r  regressions o f y  on x , w ith  each  y 
ca rry in g  w eight m v  an d  w ith  the  reg ressions co n stra in ed  to  be para lle l. T he 
a r ith m e tic  show n as p a r t  of Table I I I  is o f s ta n d a rd  fo rm , and  need n o t  be 
described  in  d e ta il. F o r  exam ple, fo r  th e  sum  o f p ro d u c ts  for vaccine A :

Y n w (x —x) ( y —y)  =  Y n w x y  — (Y n ivx) (H nw y)lU nw  

=  57 .219  -  (—11.5) (26.451)/161.6 

=  59.101.

H av ing  o b ta ined  regression  equa tions o f  th e  form  o f (9.2), th e  n e x t s tep  is 
to  com pare th em  w ith  th e  values o f  Y ,  th e  expec ted  N E D , used in  th e  cycle 
of co m p u ta tio n . I f  th e re  is any a p p re c ia b le  d ifference, a second cycle m u st 
be co m p u ted  in  th e  sam e w ay b u t u s in g  a new  colum n o f Y  tak en  from  th e  
eq u a tio n s ju s t  c a lc u la ted . Ite ra tio n  c o n tin u es  u n til  ag reem en t is sa tis fac to ry . 
D iscrepancies up  to  0.1 in  corresponding  values o f Y  a t  th e  beginning an d  end 
of a cycle can u su a lly  be  neglected as u n im p o r ta n t. H ere , to  1 decim al, th e re  
are no changes in  Y  a n d  fu rther i te ra t io n  is u n necessary  unless th e  accu racy  
o b ta in ab le  b y  w o rk ing  to  an ex tra  d ec im a l is req u ired .

N ex t te s ts  o f  th e  adequacy of th e  m odel are req u ired . The to ta l  su m  of 
squares o f dev ia tio n s fo r y ,  (35.73 -)- 68 .62), can  be p a r titio n e d  accord ing  to  
s ta n d a rd  analysis o f  procedure. T h e  f i t t in g  of tw o se p a ra te  regression coef
fic ien ts  w ould acco u n t for a com ponen t

( Щ У +  ( ^ i 2 =  Ш .4 3
99.3 83.2

w ith  2 degrees of freedom , whereas a com m on  regression  coefficient accoun ts 
for

l 134-45«)2 _  д  9 9 , 0 6

182.5

w ith  1 d. f. Table I V  shows the  yß w ith  2 d . f. for re s id u a l v a ria tio n  a b o u t 
regression lines to  b e  negligibly sm all ; t h a t  for d ev ia tio n s  from  p ara lle lism  
is ju s t  s ign ifican t a t  th e  conven tional 0.05 p ro b ab ility , suggesting  th a t  th e  
sam e v a lu e  o f ß  m ay  n o t  apply  to  th e  tw o  vaccines. I f  th is  be tru e , no rep re sen 
ta tio n  o f  re la tive  p o te n c y  by  a single n u m erica l va lu e  is possible, an d  th e  
w hole basis o f th e  a ssay  breaks dow n. H ow ever, here  one m ay  suspect th a t  
th e  large  y 2 is rea lly  d u e  to  chance, in  com pensa tion  fo r th e  v e ry  low y2 fo r 
res id u a l v a ria tio n  ; th e  to ta l , 5.29 w ith  3 d. f., is now here n ea r to  s ta tis t ic a l  
significance.
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T able  IV

A n a ly sis  o f  y f  fo r  N E D  m a xim um  
likelihood calculations

d .f. Component 
of x*

Average regression  ...................................... 1 99.06

D eviations fro m  paralle lism  ................... 1 4.37

R egressions fo r A an d  P ........................ 2 103.43

R e s id u a l ............................................................. 2 0.92

T o ta l .................................................................. 4 104.35

I f  th is  fear o f  th e  in v a lid ity  o f th e  a ssay  is set aside, th e  p o ten cy  o f P  
r e la tiv e  to  A  can  be o b ta in ed  from  e q u a tio n  (9.3) :

log 5R = x A - x P - y A ~ y p  (9.8)
b

=  0.160 +  ^ -
0.7368

=  0.662,

o r R  — 2.90. (9.9)

N ow  y A, y P, b are m ax im u m  likelihood e s tim a to rs  of a ty p e  w hose d is tr ib u tio n  
m a y  be expected  to  be a p p ro x im a te ly  N o rm a l even in  sam ples of m o d e ra te  
size, because of th e  close analogy  w ith  o rd in a ry  m eans an d  regression  coef
f ic ie n ts . M oreover, because  th e  w eights u sed  in  th e  ca lcu la tio n s are “ t ru e  
w e ig h ts” , reciprocals o f varian ces , it  follow s th a t

v ( ÿ A — ÿ p )  =  ( Я а п ы ) - 1 +  (Г дП М ))-1, (9.10)

V( b)  =  1 7 Л  (9.11)

w h e re  E xx rep resen ts  th e  q u a n tity  E m v  (ж—x )2 sum m ed over A  and  P , th e  
d e n o m in a to r in  th e  ca lcu la tio n  of b. T he  covariance  of (у д —y P) an d  b is zero . 
A lth o u g h  an a sy m p to tic  va rian ce  fo r th e  expression  in  (9.8) can  now  be fo u n d  
b y  a w ell-know n (an d  to o  o ften  used) fo rm u la  for th e  v a rian ce  o f  a ra tio , th is  
c a n  b e  seriously m islead ing  if  b is sm all re la tiv e  to  its  s ta n d a rd  e rro r. A  b e t te r  
w a y  o f rep resen tin g  th e  precision  o f R  is to  select a su itab le  level o f p ro b a b ility ,
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say  0.95, an d  to  ca lcu la te  lower an d  u p p e r  lim its  o f  e rro r a t  th is  p ro b a b ili ty  
b y  F i e l l e r ’s T heorem . The fo rm ula fo r th e  lim its  is

x a ~ x p ~ УА- Г ~  ±  1  (1 -  8) У  (У а  -  У р ) +  
b  b

У A У P
V(b) \ - ( 1  - g) ,

(9 .12)

w here t is th e  no rm al dev ia te  co rrespond ing  bilaterally  to  th e  se le c te d  
p ro b a b ility  an d

t2 V  (b)
g

b2
(9.13)

So for th e  exam ple , a t  p ro b ab ility  0.95, t =  1.960, an d

(1.960)2
g

(0.7368)2X 182.5
=  0 .0 3 8 8 .

T hen  th e  lim its  a re

0 .1 6 0 .+ 0 .5 0 2  ± 1.960
0 .9 6 1 2 x 0 .0 1 3 2 4

0.7368 I

=  0.160 +  (0.502 ±  0.316) -У 0.9612 

=  0.354, 1.011.

(0 .5 0 2 )2 14 

182.5
0.9612

H ence, b y  conversion  to  th e  scale o f  doses in  th e  u su a l w ay, th e  lim its  are

R l  =  1-77)

R u  =  5 .09 /

N ote  th a t  in  th is  m ethod  th e  50%  response p o in ts  fo r th e  tw o vaccines 
d id  n o t need to  be  com pu ted . T hey  can  be e s tim a te d  v e ry  easily  from  th e  tw o  
regression  lines, b u t  th e  re la tive  p o ten cy  is in d e p e n d e n t o f an y  p a r tic u la r  
level o f response.

As a check o n  th e  s ta te m e n t th a t  th is  one cycle o f th e  calcu lations w as 
su ffic ien t, a second  cycle was co m p u ted  as described  above and  ta k in g  Y  
to  2 decim als. T he new  regressions lines are

Y A =  0 .2184 - f  0 .7396 a:,

Y P =  0.7042 +  0 .7396 a:,

alm ost id en tica l w ith  th e  old. The y2 te s ts  are l i t t le  ch an g ed  and  th e  new  
e stim a te  is

(9.14)

R =  2.88 (9.15)
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w ith
R l =  1.75) 

R c, =  5.05]
(9.16)

10. Logit analysis

A n  exac tly  p a ra lle l fo rm  o f analy sis  can  be followed w hen  th e  log it 
tra n s fo rm a tio n  io reg a rd ed  as a p p ro p ria te . T he only d ifferences are  th a t  
e q u a tio n  (9.4) is rep laced  b y  e q u a tio n  (7.6), a n d  th a t  th e  w e igh ting  coefficient 
a n d  w ork ing  eq u iv a len t d ev ia te  are  resp ec tiv e ly

tv =  P ( l - P ) ,

y  =  Y  H------1---------------- —------ .
1 — P  P ( l - P )

( 10.1)

( 10 . 2 )

I  shall n o t show de ta ils  of th e  ca lcu la tio n s. The regression  lines a f te r  
th e  f ir s t  ite ra tiv e  cycle are

Y  A =  0.396 +  1.236д:| 

Y P =  1.259 +  1 .236*)
(10.3)

a n d  a re  in  close ag reem en t w ith  th e  p ro v is io n a l values o f Y  used  in  th e  
an a lo g u e  of Table I I I .  Table V  co rresponds to  Table I V .  I  m u st confess th a t  
th e  size of the  fo r d ev ia tio n s Írom  p ara lle lism  again raises serious d o u b ts  
a b o u t  th e  va lid ity  o f th is  p a r tic u la r  assay ; i t  suggests th a t  e ith e r  som e unsu s
p e c te d  d is tu rb an ce  to  te s t  cond itions o ccu rred  or th a t vaccines A  an d  P  are 
n o t  sim p ly  com parab le  by m eans o f a re la tiv e  po tency . H ow ever, as th e  d a ta  
a re  b e in g  used p rim arily  for illu s tra tin g  co m p u ta tio n s, th e se  anx ie ties  xvill 
be  ignored .

Table V

A n a ly s is  o f  х г fO f logit m axim um  
likelihood calculations

d. f. Component 
of X*

Average regression  ...................................... 1 89.21

D eviations from  paralle lism  ................... 1 5.34

Regressions for A an d  P .......................... 2 94.55

R e s id u a l.............................................................. 2 0.60

T otal .................................................................. 4 95.15
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F rom  (10.3), th e  same process as in  Section  9 leads to

R  =  2.81. (10.4)

E q u a tio n  (9.12) ap p lie s  w ithou t a lte ra tio n , on th e  u n d erstan d in g  t h a t  w  
everyw here  is now  defined  by (10.1), an d  th e  sam e ty p e  of ca lcu lation  g ives

R l  =  1.70 

R u  =  4.91

I n  various p a p e rs , and d e fin itiv e ly  in  1953, B e r k s o n  [3] has a d v o c a te d  
a n  a lte rn a tiv e  m e th o d  of e s tim a tin g  th e  p a ra m e te rs  fo r th e  logistic m odel. 
H e bases th is  u p o n  th e  m in im ization  o f  a y 2 fo r th e  residua l v a iia tio n  a f te r  
a reg ression  e q u a tio n  o f logit on x  h a s  been  f i t te d . H is y 2 is n o t d efin ed  in  
e x a c tly  th e  usual m an n e r, since i t  uses observed  frequencies a t one p o in t 
w here th e  accep ted  p rac tice  in co n tin g en cy  tab les  is to  use ex p ec ta tio n s , b u t  
th e  fo rm ulae  are  a sy m p to tica lly  id e n tic a l as th e  n u m b ers  of sub jec ts  p e r dose 
in crease , and  in d eed  th e  m ethod is  a sy m p to tica lly  eq u iv a len t to  m ax im u m  
likelihood  b o th  b e in g  fu lly  efficient in  th e  lim it. T he m e th o d  has som e obv ious 
m erits  in  ease o f c o m p u ta tio n  an d  in  th e  fa c t t h a t  one cycle of c a lcu la tio n  
alw ays suffices w ith o u t iteration .

C o m p u ta tio n a lly , th e  m ethod  invo lves fin d in g  w eigh ted  lin ear reg re s
sions o f th e  o b serv ed  lo g it of p  on  x ,  in s te a d  o f th e  w ork ing  v alue  g iven  b y  
(10.2), w ith  th e  w e ig h tin g  coefficient also ta k e n  from  p  in s tead  o f from  th e  
p rov isiona l P. I n  f a c t ,  if we now w rite

w =  p  (1 —p )  (10.6)

У =-- log Lp/(1— jo)] (10.7)

in s tead  o f  (10.1), (10 .2 ), th e  c o m p u ta tio n s  m ay  be p u t  in  th e  form  of Table V I .  
In  his p ap e r, B e r k s o n  has ta b u la te d  w  an d  w y  ; th e re fo re  у  need no t be e x p li
c itly  show n in  Table V I ,  as nw an d  nivx  can  be en te red  im m edia te ly . A p a rt 
from  th e  sligh t d iffe rences already m e n tio n e d , th e  ca lcu la tions are so s im ila r 
to  th o se  o f Table I I I  as to  require no co m m en t. Table V I I  has been c o n stru c ted  
in  the sam e wray  as Tables I V  and V . B e r k s o n , p ro b a b ly  rig h tly , recom m ends 
th e  m ore laborious p ro ced u re  of f in d in g  y 2 as

(10.5)

n  (p  — P ) 2

P ( l - P ) ’
( 10. 8)

w here P  is now ta k e n  to  correspond to  th e  f i t te d  regression  lines a t  the fo o t 
of Table V I  in  o rder to  g ive the  resid u a l w ith  3 degrees o f  freedom  a fte r e s tim a-

7 Acta Microbiologica VI/4.
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t io n  o f  para lle l regressions. I f  a te s t  o f  p a ra lle lism  were w an ted , t h i s  w ould  
need  to  be rep ea ted  on  lines f i t te d  in d e p e n d e n tly  to  A  an d  P , to  g iv e  a y;2 
w ith  2 d. {., and  th e n  th e  difference ta k e n  as y 2 w ith  1 d. f. W ith  v a lu es  o f  n 
as la rg e  as here, th e  tw o  m ethods w ill be  n e a r ly  equ iva len t.

T able  V I

Logit calculations ( m in im u m  / 2)

X n r P n w n w x n w y

Vaccine A  

1 94 21 .223 16.290 16.290 20.332

0 98 38 .388 23.275 0.000 10.604

— 1 96 64 .667 21.322 — 21.322 — 14.813

60.887 - 5 .0 3 2 16.123

Vaccine В

1 96 5 .052 4.733 4.733 13.738

0 96 20 .208 15.811 0.000 21.149

— 1 97 56 .577 23.678 — 23.678 — 7.353

44.222 — 18.945 27.534

1/Snw X У

A : 0.016424 — 0.0826 0.2648

P  : 0.022613 — 0.4284 0.6226

(XX) (xy) (УУ)

A : 37.612 35.145 40.505

— 0.416 1.332 — 4.269

37.196 36.477 36.236

В : 28.411 21.091 70.437

— 8.116 11.796 — 17.144

20.295 32.887 53.293

b =  69.364/57.491 =  1.2065 

Y  a  =  0.364 +  1.206ж 

Y p  =  1.139 +  1.206*

W hen th e  sum s o f squares a n d  p ro d u c ts  and  th e  reg ression  lines h a v e  
b e e n  found, th e  e s tim a tio n  of re la tiv e  p o ten cy  proceeds as fo r m ax im u m  
like lihood . D etails need  n o t be show n as th e  form ulae are u n a lte red ; B e r k s o n ,
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Table VII

A n a ly s is  o f  y ffo r  logit m in im u m  y f  calculations

d.f. Component 
of x2

A verage regression  ...................................... 1 83.69

D eviations from  paralle lism  .................... 1 5.37

R egressions fo r A and  P ........................... 2 89.06

R e s id u a l ............................................................. 2 0.47

T o ta l .................................................................. 4 89.53

indeed , uses an  a sy m p to tic  s ta n d a rd  e rro r  fo r th e  lo g a rith m  o f the  re la tiv e  
p o ten cy , b u t  occasions w hen th is  w ay  o f expressing  th e  p recision  o f a ra tio  
is m islead ing  are  so fre q u e n t th a t  i t  seem s b e tte r  to  a d o p t th e  p rac tice  o f 
alw ays using  F i e l l e r ’s Theorem . T h e  re su lts  are

R  =  2.81 (10.9)

and

R l =  1

R u  =  4

T his m in im um  m ethod  en co u n te rs  d ifficu lties i f  an y  p  is 0 or 1. F u ll 
tre a tm e n t o f  th e  s itu a tio n , w hich o f  course  o ften  occurs i f  th e  n  a re  m uch  
sm aller th a n  in  Table I ,  w ould re -in tro d u c e  th e  i te ra tio n  th a t  B e r k s o n  h as  
o therw ise e lim in a ted . H e  has p ro p o sed  v a rio u s  sim ple ex p ed ien ts  as re a so n 
able com prom ises, b u t  h is discussion o f  th is  p rob lem  ap p ea rs  incom plete  an d  
is p e rh ap s th e  w eak est p a r t  o f his p a p e r .

. 68 )  

•94j ‘
( 10. 10)

11. A ngle analysis

One o th e r  tra n s fo rm a tio n  deserves co m m en t; i t  is b ased  u p o n  a tra n s fo r
m a tio n  th a t  is o ften  u sed  outside th e  f ie ld  o f b io assay  fo r observa tions ex 
pressed  as pe rcen tag es. I t  consists in  ta k in g

P  =  cos2 (a  - f  ß x), (11.1)

and  defin ing  an  angle tra n sfo rm  of P  b y

P — cos2 Y, (11.2)

7 *
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so t h a t  again th e  lin ea r  re la tio n

У  =  a + ß x  (11.3)

a p p e a rs . One co n v en ien t fe a tu re  is th a t  th e  w eigh ting  coefficien t fo r m ax im um  
lik e lih o o d  estim ation  is c o n s ta n t :

w —  4. (11.4)

T h e  w orking angle, how ever, ta k e s  no p a rtic u la r ly  sim ple fo rm  an d  s till 
re q u ire s  to  he co m p u ted  from  special tab le s  as

у  =  У  -f--y  co t У  — cosec 2У . (11.5)

H e re  У , <v, and  у  are  o f  course expressed  in  ra d ia n  m easure. T h e  tab le s  u su a lly  
em p lo y ed  are in  degrees, fo r w hich

—-----=  0.0012185.
(180)2

( 11. 6 )

I n  p rac tice , tim e  is sav ed  b y  using n  a lone as th e  w eigh t th ro u g h o u t th e  
m a in  processes o f  ca lcu la tio n  an d  in tro d u c in g  w  as m u ltip lie r  or d iv iso r in  
a p p ro p r ia te  p o sitions a t  th e  end  ; th e  e stim a te  of q is u n a ffec ted  b y  th is  
s im p le r  w eighting , b u t  i ts  p recision  m u s t ta k e  accoun t o f w. I n  m an y  assays 
fo r  w hich  n  is also c o n s ta n t a t  all doses, u n it  w eight can  be u sed  in  ca lcu la tio n  
a n d  th e  fac to r nw  in tro d u c e d  a t  th e  end .

T he d a ta  in  Table I ,  w hen an a ly sed  by  th e  angle m e th o d , g ive Table V I I I  
co rresp o n d in g  to  Tables I V  an d  V . H ere  th e re  is no sign o f  in v a lid ity , e ith e r  
f ro m  non-paralle lism  o f th e  reg ression  lines (i.e. in e q u a lity  o f ß  for th e  tw o

Table VIII

A n a lysis  o f  y f  fo r  angle m axim um  
likelihood calculations

d.f. Component 
of X*

Average regression  ...................................... I 114.70

D eviations from  paralle lism  ................... 1 2.92

Regressions fo r A and  P .......................... 2 117.62

R e s id u a l .............................................................. 2 1.97

T otal .................................................................. 4 119.59
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prep ara tio n s) o r f ro m  heterogeneous re s id u a l d ev ia tio n s. T he fina l fin d in g s are

an d
R  =  2.94

R l =  1.80 

R v  =  5.20

(11.7)

( 11.8 )

12. Comparison o f methods

D iscussion o f  th e  relative m erits  o f  th e  v a rio u s m e th o d s o f e s tim a tin g  
re la tiv e  po tency  m u s t  n o t lean too h e a v ily  up o n  th e  ev idence  of one n u m erica l 
exam ple, w hich m a y  be  fa r from  ty p ic a l. T he d a ta  in  Table I  are “ good”  in  
th e  sense th a t  th e y  conform  well to  sm o o th  dose-response re la tions ( lin ea r 
a f te r  any  of th e  tra n sfo rm a tio n s  u sed  in  Sections 8 — 12), an d  a m e th o d  th a t  
behaves anom alously  w ith  this exam ple m u s t be v iew ed w ith  grave susp ic ion . 
O n th e  o ther h a n d , th e  num ber of d iffe re n t doses te s te d  w as sm all, w hich  m a y  
p re v e n t ce rta in  m e th o d s  showing to  b e s t a d v a n ta g e . F o r ease of d iscussion , 
th e  various e s tim a te s  from  Table I  h a v e  been  co llected  in to  Table I X .

Table IX

Sum m ary o f estimates o f  relative potency 
fo r  vaccines A  and P

M ethod Estimate Lower limit Upper limit

Inspection  ............................ 3— 4 — —

I n te r p o la t io n ....................... 1.87 — —
D r a g s t e d t — B e h r e n s  . . 1.89 — —

R e e d — M u e n c h  ................ 1.91 — —

Sp e a r m a n — K ä r r e r  . . . 2 .03 1.45* 2.85*

G raphical N E D .................. 2 .85 — —
G raphical l o g i t .................. 2.93 — —
NED (M ax. L ik .)  .............. 2 .90 1.77 5.09

Logit (M ax. L ik .) .............. 2.81 1.70 4.91

Logit (M in. X2) .................. 2.81 1.68 4.94

Angle (M ax. L i k . ) .............. 2 .94 1.80 5.20

* Of questionable valid ity  : see text.

A lthough a ro u g h  estim ate b y  in sp ec tio n  o f th e  d a ta  should a lw ays 
be form ed, for i t  is a t  le a s t a safeguard  a g a in s t gross e rro rs  o f ca lcu la tion , no 
one w ould  claim  a n y  f in a li ty  for it. O b jec tio n s to  th e  m e th o d s  of sim ple in te r 
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p o la tio n , D r a g s t e d t — B e h r e n s , a n d  R e e d — M u e n c h  h a v e  a lread y  b een  
m e n tio n e d  in  Sections 3 — 5 ; th ese  seem  to  m e overw helm ing , since th e  o n ly  
co m p en sa tin g  m e rit fo r th e  m e th o d s is th e ir  num erica l s im p lic ity , an d  th is  
is sh a re d  b y  o th e rs  (Sp e a r m a n — K ä r b e r  a n d  g raphical) t h a t  a re  in  g enera l 
m o re  tru s tw o rth y . I  th in k  th e  tim e  h as  com e w hen  these  m e th o d s  shou ld  be  
co m p le te ly  ab an d o n ed . T here  can  b e  l i t t le  d o u b t th a t  th e  b e s t e s tim a te  o f 
re la tiv e  po tency  from  Table I  is o f th e  o rd e r o f  2 .8 — 2.9  y e t th e se  th re e  m e th o d s  
in d ic a te d  ab o u t 1.9 . D r a g s t e d t — B e h r e n s  an d  R e e d — M u e n c h  m ig h t be  
e x p e c te d  to  p erfo rm  som ew hat b e t te r  i f  m ore  doses a t  closer in te rv a ls  w ere 
te s te d , b u t  fa ilu re  to  space th e  doses sy m m etrica lly  ab o u t th e  50%  p o in t c an  
le a d  to  d iscrepancies su ch  as are  fo u n d  he re , an d  b o th  th e  lim ita tio n  to  eq u a l 
sp ac in g  and  th e  lack  o f  a n y  m easu re  o f  p rec ision  are  a d d itio n a l d isad v an tag es .

T he S p e a r m a n — K ä r b e r  m e th o d  is p e rh ap s  th e  b e s t o f  th e  o b jec tiv e  
y e t  ra p id  m ethods, p ro v id ed  ih a t  a w ide ra n g e  o f doses has b een  covered  an d  
t h a t  th e  in te rv a l b e tw een  successive doses is n o t g rea t. I f  th e  doses co rre 
sp o n d in g  to  th re sh o ld  p ro te c tio n  fo r  in d iv id u a l sub jec ts  a re  t r u ly  lo g n o rm al 
in  d is tr ib u tio n , an d  i f  th e  levels o f  dose u sed  in  an  assay  (w ith  eq u a l n u m b ers  
o f  su b jec ts  a t  all doses) sa tis fy  th is  co n d itio n , th e  S p e a r m a n — K ä r b e r  

m e th o d  can be o f h igh  efficiency ; use o f  th e  N E D  tra n s fo rm a tio n  or som e 
e q u iv a le n t p rocedure  fo r o b ta in in g  th e  m ax im u m  likelihood  e s tim a to r  m a y  
re d u c e  th e  va rian ce  on ly  b y  ab o u t 2 % . I f  th e  th resh o ld  doses in  re a lity  derive  
fro m  th e  logistic p ro b a b ility  m odel, u n d e r  th e  sam e cond ition  th e  S p e a r m a n —  

K ä r b e r  m ethod  is eq u iv a len t to  m ax im u m  likelihood  [6]. As a lread y  in d ic a te d , 
th e  assay  in  Table I  i s a  so m ew hat ex trem e  case for th e  use o f  S p e a r m a n —  

K ä r b e r ; th e  a ssu m p tio n  th a t  th e  n e x t doses in  each series w ould  give p  — 0, 
p  =  1 canno t fin d  m uch  su p p o it  in  th e  d a ta , an d  I  should  be  re lu c ta n t to  use 
th e  m eth o d  excep t fo r a rough  p re lim in a ry  fig u re . Table I X  show s th e  p o te n c y  
e s tim a te  to  be low , an d  th e  lim its  o f e rro r  are  really  w holly  u n tru s tw o r th y  
b ecau se  th ey  re s t  on a false a ssu m p tio n .

A lthough  in  c e r ta in  c ircu m stan ces S p e a r m a n — K ä r b e r  can  h e  o f h ig h  
e ffic iency , th e  q u es tio n  arises w h e th e r or n o t these  c ircu m stan ces shou ld  be 
p e rm itte d  to  arise! I f  l i ttle  is k n o w n  in  ad v an ce  ab o u t th e  su b stan ces  u n d e r  
a ssay , th e  in v e s tig a to r  m ay  feel obliged  to  use m any  closely-spaced  doses, b u t  
he  m u s t recognize th a t  th o se  a t  th e  ex trem es n e a r  to  P  =  0 or P  =  1 in  re a li ty  
c o n tr ib u te  l i ttle  in fo rm atio n . I f  ex is tin g  in fo rm atio n  enables h im  to  m ak e  
a  reasonab le  guess a t  th e  50%  dose an d  th e  slope of th e  dose-response re la tio n  
fo r  each  p re p a ra tio n , he w ill be  w ise to  co n cen tra te  his effo rt a t  few er doses 
a n d  to  avoid  th e  ex trem es. A n assay  w ith  3 doses of each p re p a ra tio n  co rre 
sp o n d in g  to  P  — 0.15 — 0.25, 0.45 — 0.55, 0.75 — 0.85 m ay h a v e  tw ice th e  p re 
cision  o f one w ith  th e  sam e to ta l  n u m b e r  o f  su b jec ts  d is tr ib u te d  reg u la rly  over 
a m u ch  w ider ran g e  o f doses ; in  o th e r  w ords, h a lf  as m a n y  su b jec ts  suffice to  
g ive  an  equally  tru s tw o r th y  e s tim a te  of re la tiv e  po tency . A n o th e r  good design
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is t h a t  w ith  fo u r closes of each p re p a ra tio n , chosen to  h av e  ap p ro x im a te ly  
P  =  0.2, 0.4, 0 .6 , 0.8. E x cep t fo r  th e  ra re  s itu a tio n  in  w hich  th e  in v e s tig a to r  
p refers to  use tw ice  as m any su b je c ts  ra th e r  th a n  to  em b ark  on ca lcu la tio n s 
such  as those  o f  Tables I I I  or V I ,  he shou ld  n o t w illing ly  design his assays 
so as to  he su ita b le  fo r Sp e a r m a n — K ä r b e r . I  h av e  d iscussed  th is  m ore fu lly  
elsew here [11, C h ap te rs  19 and  20].

I  have m ad e  no  previous m e n tio n  o f m oving av erag e  m ethods o f e s tim a 
tio n  [18, 19, 2 0 ] . T hese are closely allied  b o th  to  Sp e a r m a n — K ä r b e r  a n d  to  
sim ple in te rp o la tio n , and  share m a n y  o f th e  ad v a n ta g e s  an d  fau lts  o f  th e se . 
D esp ite  T h o m p s o n ’s strong  ad v o cacy , I  h av e  d iff ic u lty  in  seeing th a t  th e ir  
s lig h tly  m ore lab o rio u s  calcu la tions y ie ld  e stim ates t h a t  are  appreciab le  im 
p ro v em en ts  on S p e a r m a n —K ä r b e r . T h ey  are of re s tr ic te d  ap p licab ility , as th e y  
req u ire  equally  sp aced  doses, a t  le a s t  fou r for each  p rep a ra tio n , an d  th e ir  
efficiency depends to  a m ajo r e x te n t  u p o n  th e  sp an  o f  th e  m oving av erag e  
in  re la tio n  to  th e  v a r ia b ility  o f th e  m a te ria l, a fa c to r  t h a t  canno t o ften  be  
p red ic ted .

A ny com prehensive  d iscussion o f th e  m erits  o f th e  m ethods o f analy sis  
o f q u a n ta l assay  d a ta  m ust depend , im p lic itly  or ex p lic itly , upon  th e  u n d e r ly 
ing  m a th em a tica l m odel th a t  t r u ly  rep resen ts  th e  p ro b a b ility  o f response . 
F o rtu n a te ly , th e  m e th o d s so fa r co nsidered  in  th is  S ec tio n  ap p ear to  be  n o t 
p a rtic u la r ly  sen s itiv e  to  th e  ex ac t m odel, and  w h a t h a s  b een  said of th e m  is 
p ro b ab ly  app licab le  fo r m any a lte rn a tiv e  m odels w ith in  a w ide range o f  th o se  
th a t  are rea so n ab ly  sensible. T he f i r s t  considera tion  in  choosing betw een  th e  
m eth o d s of S ec tion  7 — 11 ough t o f  course to  be th e  “ c o rre c t”  m odel, b u t  
u n fo rtu n a te ly  th is  is never know n w ith  c e rta in ty . W h a te v e r  th eo re tica l a rg u 
m en t m ay  be ra ise d  in  support o f a N o rm al d is tr ib u tio n  o f  th resho lds (lead ing  
to  th e  use of th e  N E D ), a logistic p ro b a b ili ty  of response  (leading to  th e  use 
of th e  log it), or som e a lte rn a tiv e , o n ly  exceedingly  e x ten s iv e  records from  an  
ex p erim en t could  d isc rim ina te  b e tw een  th e m  in  th e  sense o f  show ing one to  be 
in  accordance w ith  th e  d a ta  an d  th e  o th ers  s ig n ifican tly  re jec ted  ; i f  such  
records were av a ila b le , th ey  w ould p ro b a b ly  d e m o n s tra te  all sim ple m odels to  
be false and  show  t h a t  a m ore co m p lica ted  eq u a tio n  w ith  ad d itio n a l p a ram e te rs  
is needed! I n  p ra c tic e , i t  seldom  m a tte r s  w hich m odel is ad o p ted  as a basis  
fo r th e  analysis. C learly  in  Table I X  th e  e stim ates an d  lim its  are for all p ra c 
tic a l purposes th e  sam e w hether N E D , log it, or angle is used .

A sim ple g ra p h ic a l m ethod  b a se d  u p o n  one of th e se  th re e  tran sfo rm a tio n s  
is com parab le  w ith  S p e a r m a n — K ä r b e r  fo r speed an d  is p e rh ap s  th e  easiest 
w ay  o f rap id ly  o b ta in in g  a value fo r  R  close to  th e  re su lt o f th e  even tual c a l
cu la tions, b u t  i t  is open  to  ob jec tio n  on accoun t of its  su b jec tiv ity . M ethods 
o f com bining a g rap h ica l approach  w ith  som e sim ple ca lcu la tio n s, in  o rd e r to  
give a m easure o f  precision , can  b e  v a lu ab le  in  ro u tin e  w ork , b u t th e ir  use 
shou ld  alw ays b e  con tro lled  b y  som eone fam iliar w ith  th e  princip les an d
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p ra c tic e  of s ta tis tic a l an a ly s is  in  b io assay , as a safeguard  a g a in s t gross errors 
o r th e  u n critica l use o f g rap h ica l e s tim a tio n  w hen  special c ircu m stan ces m ake 
i t  in a p p ro p ria te . T he L it c h f ie l d  — W il c o x o n  m eth o d  is an  ex ce llen t exam ple. 
U sers should  rem em ber t h a t  th e  a p p ro x im a te  s ta n d a rd  erro rs o b ta in e d  assum e 
t h a t  th e  graphical f i t t in g  o f  regression lines h as  followed o p tim a l procedures ; 
th e y  m ake no allow ance fo r th e  h u m a n  e rro rs  and biases in h e re n t in  g ra p h i
ca l analysis.

B o th  th e  N E D  an d  th e  log it system s h av e  theo re tica l bases, b u t  I  scarcely 
th in k  anyone w ould suggest th a t  th e  angle tran sfo rm a tio n  corresponds to  an y  
e x a c t t r u th  ab o u t th e  n a tu re  of th e  response  m echanism . B ecause  of th e  con
s ta n c y  o f w, angle analysis  can  rep re sen t considerab le  econom y o f tim e  w hen n 
is c o n s ta n t a t all doses, a n d  its  a d o p tio n  m a y  be defended as un like ly  to  give 
conclusions m a te ria lly  d iffe ren t from  N E D  or logit. T he f in ite  range of th e  
tra n s fo rm a tio n  (0 <  Y  <[ 90) gives som e tro u b le  w hen v e ry  ex trem e doses 
o ccu r. I  would n o t m y se lf recom m end  th e  angle m ethod , un less perhaps for 
series o f assays in  w hich  n  w as a lm o st a lw ays co n stan t an d  p  a lm ost aiw ays 
la v  b e tw een  0.1 and  0 .9 .1 c a n n o t th in k  th a t  i t  rea lly  m a tte rs  w h e th e r the N E D  
o r th e  logit is p re fe rred , unless th e re  are  c ircum stances m ak in g  one o f th e  tw o 
m odels seem c priori especia lly  likely  to ap p ro x im a te  to  re a lity .

A lthough  B e r k s o n ’s m inim um  %2 m e th o d  o f estim ation  h as  been  illu s tra te d  
o n ly  fo r logits, for w hich  i t  is especially  conven ien t, i t  can  easily  be ad a p te d  
to  th e  o ther tra n sfo rm a tio n s  [4]. I t  is a sy m p to tica lly  the sam e as m ax im um  
like lihood , in  th e  sense th a t  th e  tw o m u st becom e m ore closely alike as all values 
o f n  a re  increased. I t  h as  th e  a d v a n ta g e  o f  requ iring  only one cycle of ca lcu la
t io n , w hereas in th eo ry  m ax im u m  like lihood  calcu lations sh o u ld  be in d efin ite ly  
i te ra te d . On th e  o th e r  h a n d , th e  p ro ced u re  fo r dealing  w ith  zero or to ta l  re 
sp o n se  (p  =  0 or 1) is u n sa tis fa c to ry , an d  th e  e s tim a tio n  m a y b e  a l i t t le  s tra n g e  
in  b eh av io u r for ex trem e  ra te s  o f response o th e r th a n  0 or 1. T he ad v an tag e  
o f  n o t  needing to  i te ra te  is easily  exaggera ted  : good d a ta , an a ly sed  by  som eone 
w ith  experience, will seldom  requ ire  m ore th a n  one cycle o f m ax im um  like li
h o o d  calcu lation . T he th e o ry  o f s ta tis tic a l inference has ad v an ced  trem endously  
in  th e  p a s t 30 years, b u t  th e re  s till rem ain s g rea t d ifficu lty  in  discussing fu lly  
th e  perform ance o f a l te rn a tiv e  p rincip les o f  estim ation  in fa ir ly  sm all sam ples. 
T h e  large sam ple m erits  o f  m ax im um  likelihood  are w ell-know n, b u t  i t  w ould 
be  ra sh  to  assert th a t  su ch  estim ates a re  alw ays th e  b es t in  re la tiv e ly  sm all 
series of observations d ep en d en t upon  a com plicated  m odel. B e r k s o n , indeed , 
h a s  produced  ex ten siv e  num erica l ev idence th a t  his m in im u m  %2 m ethod  
(w ith  N E D ’s or logits) is a t  least as good an d  perhaps slig h tly  b e tte r . My ow n 
in c lin a tio n  and  reco m m en d a tio n , w ith  e ith e r  tran sfo rm a tio n , is still to  re ly  
u p o n  th e  w ell-tried m ax im u m  likelihood techn iques, b u t  I  am  well aw are th a t  
a sa tisfac to ry  th e o re tic a l s tu d y  o f th e  sm all sam ple precision  an d  bias of th e  
v a r io u s  estim ators is g re a tly  needed.
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F or th e  experienced  com pu to r, th e re  is m uch  to  be  said  for o rgan iz ing  
m axim um  likelihood  ite ra tiv e  calculations so th a t  each  cycle gives a co rrec tion  
to  he added  to  w h a t has gone before, in s tead  of being  a re p e titio n  of th e  w hole 
regression ca lcu la tio n . B e r k s o n  [5] and  o th e rs  h av e  il lu s tra te d  th is.

N ot le a s t o f th e  ad v an tag es of all these  la te r  m e th o d s , re la tiv e  to  Sp e a r 
m a n — K ä r b e r  an d  o th e rs , is th a t  th e y  all p rov ide  te s ts  o f significance o f 
dev ia tions from  th e  u n d erly in g  assum ptions o f th e  assay , w hich ap p ea r as 
lin ea rity  an d  p ara lle lism  o f th e  regression eq u a tio n s  of th e  tran sfo rm ed  p ro p o r
tio n a te  responses upon  th e  logarithm s of th e  doses.

13. Sum m ary

T h e  m a in  s ta t i s t i c a l  c h a ra c te r is t ic s  o f  a n  im m u n o lo g ic a l  a s s a y  f o r  c o m p a r in g  th e  p o t e n 
c ies  o f  tw o  v a c c in e s , b y  re fe re n c e  to  th e  p ro p o r t io n s  o f  t e s t  a n im a ls  p r o te c te d  f ro m  a  s t a n d a r d  
c h a lle n g e  do se  o f  in fe c tiv e  o rg a n ism s , h a v e  b e e n  b r ie f ly  d e s c r ib e d . M a n y  d if fe re n t  c o m p u ta 
t io n a l  p ro c e d u re s  fo r  s t a t i s t i c a l  a n a ly s is  a n d  th e  e s t im a t io n  o f  r e la t iv e  p o te n c y  h a v e  b e e n  
su g g e s te d , a n d  th e  c h ie f  o f  th e s e  a re  i l lu s t r a te d  h e re  o n  a  p a r t i c u la r  e x a m p le . M o st o f  th e s e  
m e th o d s  a re  n o t  n o w  to  b e  re c o m m e n d e d , a n d  so m e  (su c h  a s  th e  p o p u la r  R e e d — M u e n c h ) 
o u g h t  to  h e  a b a n d o n e d .

F o r ra p id  a p p ro x im a te  e v a lu a tio n  of po ten cy , th e  S p e a r m a n — K ä r b e r  m eth o d  an d  
v a rio u s g rap h ica l tech n iq u es seem  th e  m ost sa tis fac to ry . T he fo rm er is especially  good i f  th e  
assay  was c o n d u c ted  b y  te s t  o f  eq u al n u m bers o f su b jec ts  a t  m a n y  doses, these  doses be ing  
eq u ally  spaced lo g arith m ica lly  w ith  a  n a rro w  in te rv a l an d , m o st im p o r ta n t  o f all, sp read  over 
a  wide range  from  c e r ta in ty  o f re sponse  to  c e rta in ty  o f no  response. T hese  conditions, how ever, 
a re  fa r  from  idea l in  th e  p lan n in g  o f a n  assay  if  p rev ious in fo rm a tio n  enab les effort to  be  r e 
s tr ic te d  to  a few  doses closer to  th e  level o f 50%  response , an d  S p e a r m a n — K ä r b e r  is n e ith e r  
e ffic ien t n o r e n tire ly  tru s tw o r th y  as a m ethod  of an a ly sis  fo r a w e ll-p lanned  assay.

F o r g en era l u se , m ax im u m  likelihood  e stim a tio n , using  e ith e r th e  norm al eq u iv a len t 
d e v ia te  or th e  lo g it tra n s fo rm a tio n , ap p ears  to  be th e  b e s t choice. In  p ra c tic e , th ere  is se ldom  
a n y  strong  reaso n  fo r p re fe rrin g  one to  th e  o th er. A  m in im u m  •/'“ m e th o d  can  be used  as a n  
a lte rn a tiv e  to  m ax im u m  likelihood, b u t  is p e rh ap s  a l it t le  less sa tis fa c to ry  as a s ta n d a rd  
ro u tin e .
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1. Introduction

In  th e  p re se n t re p o rt we wish to  p re se n t a review  o f ou r w ork concern ing  
bio logical assays, p a r tic u la rly  of th e  re su lts  w hich are  th o u g h t to  h av e  som e 
general in te re s t. M ost o f  these  re su lts  h a v e  been p u b lish ed . In  th e  p re se n t 
rev iew , how ever, th e  questions w ill b e  d iscussed in  som e m ore s ta tis t ic a l  
de ta il.

2. Testing o f  disinfectants

2.1. T he p ro b lem  p resen ted  b y  th e  t i t r a t io n  of d is in fec tan ts  in  a new form  
w'as ren d e red  a c u te  b y  th e  s ta n d a rd iz a tio n  o f q u a te rn a ry  am m onium  co m 
pounds. M an u fac tu re  of these  new , h ig h ly  effic ien t, d is in fec tan ts  has been  
ta k e n  up  b y  th e  H u n g a ria n  p h a rm a c e u tica l in d u s try  a n d  th e  com pounds 
h av e  b een  g iven  tr ia ls  in  H u n g ary .

In  co n n ec tio n  w ith  d is in fec tan ts , th e  necessity  o f bio logical s ta n d a rd iz a 
tio n  in  a d d itio n  to  chem ical con tro l h a s  long been ta k e n  in to  co n sidera tion . 
C hem ical analy sis  o f  th e  active su b s ta n c e  co n ten t does n o t suffice in  itse lf  
th e re  b e ing  n u m ero u s fac to rs —  such  as so lub ility , su rface  tension, low ering of 
p o ten cy  in  p ro te in ic  m edia , an d  o th e r  less sharp ly  definab le  p ro p erties  — 
th a t  m ay  decisively  in fluence  th e  d is in fe c ta n t’s efficiency. T he biological assay  
o f d is in fec tan ts  is ju s tif ie d  fu r th e r  by  th e  need to  check  th e ir  effects u n d e r  
th e  co n d itio n s th e y  are  p u t  to use.

I n  th e  in te rn a tio n a l lite ra tu re  on  th e  biological assay  of d is in fec tan ts , 
d e te rm in a tio n  o f th e  pheno l coefficien t is a generally  accep ted  m ethod . S a l
monella typ h i  an d  Staphylococcus aureus  serve as te s t organism s. D ilu tio n  
series are  p rep a red  fro m  b o th  th e  d is in fe c ta n t to  he te s te d  an d  the pheno l used  
as s ta n d a rd  ; in  b o th  series th e  c o n c e n tra tio n  is e s tab lish ed  w hich does n o t 
k ill th e  te s t  o rgan ism s a t  room  te m p e ra tu re , i.e. 20° C, in  five m in u tes , b u t
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does in  te n  m inutes. To co m p u te  th e  ph en o l coefficient, th e  efficient c o n 
c e n tra t io n  of th e  p re p a ra tio n  u n d e r in v es tig a tio n  is d iv ided  b y  th e  c o rre 
sp o n d in g  phenol c o n cen tra tio n .

F o r  th e  t i tra t io n  o f d is in fec tan ts  th e  ph en o l coefficient h a s  been  em ployed  
also in  H u n g ary . H ow ever, c e rta in  re su lts  d rew  a tte n tio n  to  th e  in ad eq u acy  
o f th is  p rocedure an d  to  th e  necessity  o f  considering  some im p o r ta n t fac to rs , 
su ch  as th e  influence o f te m p e ra tu re  an d  changes in  th e  c o n cen tra tio n  o f th e  
d is in fe c ta n t. In  some cases th e  failu re  o f d isin fec tion  was ascribab lc  to one o f 
th e se  tw o  factors.

T h e  d e te rm in a tio n  o f  th e  p h en o l coeffic ien t, th o u g h  v e ry  m uch lik e  
th e  c u r re n t m ethods o f biological s ta n d a rd iz a tio n  does n o t m eet a fu n d a 
m e n ta l req u irem en t of s ta n d a rd iz a tio n , n am ely , th a t  th e  p rep a ra tio n s  shou ld  
n o t d iffe r b u t in  c o n cen tra tio n . T his is th e  p rinc ipa l reason  w hy  th e  pheno l 
co effic ien t can p rov ide  b u t  sc a n ty  in fo rm a tio n  ab o u t th e  va lu e  of a d is 
in fe c ta n t.

A ccordingly , th e  sim p le  co m p ara tiv e  m e th o d  of b io logical s ta n d a rd iz a 
tio n  c a n n o t be app lied  in  te s tin g  new  d is in fec tan ts . T his, o f  course, does n o t 
y e t  im p ly  th a t  th e  use o f th e  pheno l coeffic ien t should be  aban d o n ed , since 
th is  v a lu e  m ay s till fu rn ish  some genera l in fo rm atio n  concern ing  th e  co m 
p a ra t iv e  efficiency of v a rio u s  d is in fec tan ts .

2.2. I n  th e  case of a new  d is in fec tan t, in  a d d itio n  to  d e te rm in in g  the  p h en o l 
coeffic ien t, th e  in fluence o f te m p e ra tu re  an d  o f changes in  co n cen tra tio n  shou ld  
be in v e s tig a te d . I t  w as necessary  to  rev e rt to  th e  findings o f Ch ic k , and Ch ic k  
a n d  W a t s o n  in  o rder to  e lu c id a te  these  q uestions.

C h ic k , in v e s tig a tin g  th e  e ffec t o f  6 p e r  c e n t  p h en o l o n  Salm onella typ h i, 
f o u n d  th e  fo llow ing  r e la t io n  b e tw e e n  te m p e r a tu re  a n d  th e  p rocess  o f  d is 
in fe c tio n ,

k '
_  _  0  ( T ’— T )

к

w here  к  and  к ' are th e  c o n s ta n ts  of th e  v e lo c ity  of reac tion  a t  te m p e ra tu re s  T  
a n d  T ',  respectively , an d  0  is th e  te m p e ra tu re  co n stan t ch a rac te ris tic  o f th e  
d is in fe c ta n t and th e  te s t  o rgan ism . Such ex perim en ts m u st, o f course, be p e r 
fo rm ed  w ith  sam ples of eq u a l co n cen tra tio n . T he velocity  c o n s ta n t is

. 1 , вк =  — \о g —  , 
t b

w h ere  t s tands for tim e  o f exposure,
B  for the  n u m b er o f  liv ing  organ ism s a t  th e  beg inn ing  of exposure, 
b for th e  n u m b e r o f  organism s a t  th e  end of exposure.
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I f  t is th e  tim e  of efficient ex p o su re , i.e. th e  sho rtest period  n eed ed  
to  th e  s te riliza tio n  of th e  p re p a ra tio n , th e  v alue  o f b m ay  be reg a rd ed  as 1. 
In  th is  case

к =  — log В . 
t

I f  in  p a ra lle l experim en ts carried  o u t a t  d iffe ren t tem p era tu res  th e  in it ia l  
n u m b er of germ s agree, and  efficien t t exposu re  tim e  is a w ell-defined v a lu e , 
th e n

к t'

This co n sid e ra tio n  has m ade i t  possib le to  o m it th e  tim e-consum ing  an d  
h a rd ly  rep ro d u c ib le  germ  coun ting . In s te a d , th e  exposu re  tim e  was m ad e  to  
v a ry  w ith  r a th e r  sh o rt in te rv a ls  in  th e  o rd in a te  o f tim e , and  te n  p a ra lle l 
ex am in a tio n s w ere p erfo rm ed  for each exposu re  tim e  a t  th e  sam e te m p e ra tu re .

T he eq u a tio n

—  =  6> (T’—T)
t ’

yields rec tilin ea r  regression  on a rith -log  g rid . Slope o f  th e  s tra ig h t line  is 
— Ig 0 .  R egression  is com puted  in  th e  u su a l m an n er. S ta n d a rd  d e v ia tio n  of 
exposure tim e  w as found  to  be in d e p e n d e n t of te m p e ra tu re , th u s  te s t  of 
lin ea rity  can be p erfo rm ed  by  analysis of v arian ce . V ariance of th e  slope 
is also d e te rm in ed  as usual.

I u  th is  In s t i tu te ,  D r . S zita  s tu d ie d  th e  effect o f d isin fec tan ts , using  
Salm onella typ h i as th e  te s t organism . H is ex p e rim en ta l findings agreed  w ith  
Ch ic k ’s above re la tio n  in  every case [1]. V alue 0  is an  im p o r ta n t ch a rac te ris tic  
o f d is in fec tan ts ; th e  m ore its  0  value a p p ro x im a te s  u n ity , th e  m ore app licab le  
th e  d is in fec tan t. A h igh  0  value m eans th a t  th e  d is in fec tan t, effective a t  a g iven  
te m p e ra tu re , m ay  fa il to  be effective a t  a sligh tly  low er one.

2.3. T he re la tio n  o f th e  co n cen tra tio n  an d  effic iency  o f a d isin fec tan t h av e  been  
e lu c id a ted  b y  W a t s o n , on th e  basis o f Ch ic k ’s orig inal experim en ts ca rried  o u t 
also w ith  pheno l. A ccord ing  to  th e  Ch ic k — W a t s o n  re la tio n , th e  tim e o f e ffic ien t 
exposure is in  in v erse  ra tio  to  th e  n th  pow er o f th e  d is in fec tan t’s concen 
tra tio n . T he va lu es  o f  n is ch a rac te ris tic  o f th e  d is in fec tan t. H ence th e  re la tio n  
is t • Cn =- a, w here  th e  tim e  of e ffic ien t exposure  is t, an d  c o n cen tra tio n  is
C. I t  gives a log-log lin ea r regression. In  th is  I n s t i tu te ,  D r . S zita  in v e s tig a te d  
th e  d is in fec tan ts  u sed  in  H u n g ary  [2] in  th is  reg a rd . Salm onella typ h i w as 
em ployed  as te s t  o rgan ism . To d e te rm in e  th e  e ffec ien t exposure tim e , te n  
p ara lle l te s ts  w ere m ade. The resu lts  w ere e v a lu a te d  as described above. 
L in ea rity  could  be  verified  in  every  case, i.e. Ch ic k  an d  W a t s o n ’s re la tio n
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h as p ro v e d  to  be va lid . T h e  ex p o n en t n, th e  slope of th e  regression line, 
is an  im p o r ta n t  c h a ra c te r is tic  o f th e  d is in fe c ta n t ; th e  n ea re r a p p ro x im a te s  n 
th e  u n i ty ,  the  m ore app licab le , th e  d is in fe c ta n t. A d is in fec tan t w ith  a h igh  
n  v a lu e  m ay  fail to  e x e r t an y  effect if, fo r som e reason, a s lig h tly  low er co n 
c e n tra t io n  is applied .

2.4. T h e  effect o f d is in fec tan ts  is u su a lly  te s te d  on veg e ta tiv e  form s of m icro 
o rg an ism s, and  d is in fec tan ts  are g en era lly  u sed  to  destro y  th e  v e g e ta tiv e  form s, 
n o t th e  spores, of b a c te r ia . H ow ever, fro m  th e  p o in t of view  o f d isin fec tion , 
th is  q u e s tio n  is o f considerab le  im p o rta n c e ; a series of in v es tig a tio n s  in to  th e  
sp o ric id a l action  o f v a rio u s  d is in fec tan ts  h a s  th ere fo re  been ca rried  o u t a t  th is  
I n s t i tu te .  On th e  basis  o f  these  te s ts , fro m  am ong th e  d is in fec tan ts  used  in  
H u n g a ry  only fo rm alin  a n d  N eom agnol h a v e  p roved  to  be spo ric idal. S ince, 
h o w ev er, th e  sporic idal ac tio n  o f N eom agno l w as found to  d ep en d  on th e  
p H , u n t i l  e lu c ida tion  o f th is  aspect th e  te s ts  h ad  to  be re s tr ic te d  to  fo rm alin . 
A n  ex ce llen t spore fo rm ing  s tra in  o f  Cl. sordellii w as used as te s t  o rgan ism . T he 
in v e s tig a tio n s  were in te n d e d  to  e s tim a te  th e  d is in fec tan t’s spo ric idal ch a rac 
te r is tic s  regard ing  te m p e ra tu re  an d  c o n c e n tra tio n  [3, 4].

A s expected , h ig h er c o n cen tra tio n  o f  th e  d is in fec tan t an d  longer tim es 
o f  ex p o su re  were req u ired  fo r k illing  spores th a n  for killing v e g e ta tiv e  form s. 
S ta t is t ic a l  analysis — su itab le  for th e  described  p rocedure — revealed  th a t  
th e  re la tio n  be tw een  te m p e ra tu re  an d  effic iency  of a d e s in fec tan t on v eg e
ta t iv e  form s was v a lid  also for spores, w ith  th e  difference th a t  th e  slope 
w as som ew hat steeper. In v e s tig a tio n s  in to  th e  re la tion  o f c o n c e n tra tio n  an d  
effic ien cy , how ever, fa iled  to  v e rify  th e  so u g h t log-log lin ea r  re la tio n . T he 
p a in s ta in in g  ex p erim en t, w hen re p e a te d  b y  D r . S z it a , led to  th e  sam e resu lt. 
A n a ly s is  o f varian ce  in d ica ted  a s ig n if ic a n t d ep a rtu re  from  lin e a r ity  ill every  
case. O n th e  o th e r h a n d , th e  reg ression  o f lo g co n cen tra tio n  on th e  exposure 
tim e  gave a good f i t  fo r re c tilin e a ri ty . T h u s  ou r findings failed  to  confirm  th e  
v a l id i ty  of th e  Ch i c k — W a t s o n  re la tio n  in  th e  case of spores.

Th ere is no d o u b t th a t  re la tio n s like th o se  existing be tw een  te m p e ra tu re  
a n d  efficiency on th e  one h an d , and  b e tw een  co n cen tra tio n  an d  efficiency, on 
th e  o th e r , p revail on ly  w ith in  ce rta in  lim its . T he v a lid ity  of th e  f irs t  re la tio n  
c a n n o t ex ten d  b ey o n d  ce rta in  lim its  b ecau se  over a ce rta in  te m p e ra tu re  h e a t 
i ts e lf  w ill kill m icroorganism s, w hile below  a ce rta in  c o n cen tra tio n  no disinfec- 
in g  a c tio n  will ta k e  p lace. H ow ever, th e  d iscrepancies in  th e  sporic idal effect 
o f fo rm a lin  are m ore  genera l suggesting  th a t  th e  s itu a tio n  m u s t be  governed  
b y  o th e r  factors. I n  fa c t, in  th e  case o f spores the  re la tio n  be tw een  fo rm alin  
c o n c e n tra tio n  an d  th e  effic ien t tim e  o f exposu re  m ight be expressed , in s te a d  
o f  th e  Ch i c k — W a t s o n  fo rm ula , b y  a sim ple  log-linear regression  com ply ing  
w ith  W e b e r — F e c h n e r ’s law . Since fu r th e r  stud ies concern ing  th is  questio n  
h a v e  n o t ye t been u n d e rta k e n , our re su lts  c a n n o t to  be considered  final.
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B y  m ean s of th e  procedures d iscussed  we w ere ab le to  es tab lish  fo r th e  
b io log ica l te s tin g  of d is in fec tan ts  a new  system  w hich  in  assays m ay  fu rn ish  
a good basis  b y  th e  use o f sim ple s ta tis tic a l m ethods. E lab o ra tio n  o f  som e 
asp ec ts  concern ing  the system  o f te s ts  is in  progress.

3. Animal experiments for the titration o f biologicals

3.1. A n im al experim en ts u sua lly  p ro v id e  excellen t in fo rm atio n  concern ing  
th e  effic iency  o f a serum  or vaccine . In  th e  w ork of th is  I n s t i tu te  in  s ta n d a rd iz 
ing  serobacterio log ica l p rep a ra tio n s , an im al experim en ts have  alw ays p lay ed  
an  im p o r ta n t  role. The ex p erim en ta l m odels serving th is  p u rpose  h av e  u n d e r 
gone re m a rk a b le  developm ent in  th e  p a s t  decades, considerab ly  ow ing to  
ad v an ces  in  th e  s ta tis tic a l m e th o d s em ployed .

A ccord ing  to  th e  orig inal m odel o f th e  ac tiv e  im m u n ity  te s t ,  a ll th e  
an im als  in  th e  experim en t w ere g iven  th e  sam e dose o f th e  vaccine to  be  te s te d . 
A fte r a c e r ta in  tim e  h ad  elapsed , g roups w ere fo rm ed  o f th e  im m unized  a n i
m als a n d  challenged  b y  th e  p a th o g en ic  ag en t ; th e  in fec ting  dose v a r ie d  in  
geo m etrica l p rogression. A t th e  sam e tim e  con tro l an im als w ere also in fec ted  
in  th e  sam e m an n er. The m in im u m  le th a l dose w as ca lcu la ted  fo r b o th  th e  
c o n tro l an d  th e  im m unized  an im als, in  o rd e r to  ca lcu la te  th e  p ro te c tio n  in d ex . 
L a te r  th is  p ro ced u re  was m od ified , an d  in stead  o f m in im um  le th a l dose 
L D S0 w as ca lcu la ted . O bviously , th is  p ro ced u re  h as  b een  m e a n t to  rea lize  
ab so lu te  a ssessm en t for d e te rm in in g  th e  im m uniz ing  pow er of a p re p a ra tio n , 
b y  ex p ressin g  th e  p o ten cy  o f a vacc in e  in  te rm s re flec tin g  th e  m a g n itu d e  of 
th e  a v e rte d  d an g er. To express th e  p o ten cy  of ty p h o id  vaccines som e a u th o rs  
e n d eav o u red  to  fin d  an  even m ore e x a c t ab so lu te  s ta n d a rd  for d e fin in g  th e  
im m u n iz in g  p o ten cy  o f a serum  o r vacc in e . A n in s tan ce  o f such  en d eav o u rs  
w as th e  m ouse  u n it  p roposed b y  th e  H u n g a rian s  L o v r e k o v i c h  an d  R a u s s , 
a n o th e r  th e  T IU , ty p h o id  im m u n ity  u n it ,  suggested  b y  th e  A m erican  L u i p f o l d .

T he q u e s tio n  o f th e  ac tiv e  m ouse p ro te c tio n  te s t  fo r the  t i t r a t io n  of 
ty p h o id  v acc in e  was tack led  b y  ourse lves w hen a new  ty p e  o f vacc ine  h a d  
to  b e  s ta n d a rd iz e d . T he resu lts  o b ta in e d  b y  th e  ab o v e-ou tlined  m odel exp ressed  
th e  d ifferences in  th e  im m unizing  p o te n c y  of th e  p re p a ra tio n s  in a c c u ra te ly , 
an d  d id  n o t fu rn ish  reproducib le  re su lts . T his abso lu te  s ta n d a rd , w hich  h a d  
b een  in te n d e d  to  express th e  p o ten cy  o f  a serum  or v accine , b y  ta ilin g  a g a in s t 
bow  m a n y  tim es  th e  LD 50 th e  p re p a ra tio n  in d u ced  p ro tec tio n , show ed w ide 
v a r ia tio n s  in  re p e a te d  experim en ts. T he cause of th is  w as p a r t ly  th e  d ifference 
in  th e  te c h n iq u e  o f infection , an d  p a r t ly  in  th e  m ark ed  v a ria b ility  of to le ran ce  
show n b y  in d iv id u a l anim als.

T he in c o rre c t in d ica tio n  b y  th e  o ld  m odel o f th e  d ifferences be tw een  th e  
im m u n iz in g  capacities o f th e  p re p a ra tio n s  in  te s t  m ay  be ex p la ined  ch iefly  b y  th e  
fa c t th a t  th e  im m uniz ing  doses used w ere to o  large. T he v a lid ity  o f the  lo g a rith -
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m ic re la tio n  betw een  th e  dose ad m in is te red  a n d  th e  degree o f p ro te c tio n  is 
lim ite d  : beyond  ce rta in  lim its  p ro tec tio n  w ill no longer increase b u t  even te n d  
dow nw ards. T hus ov erd o sag e  dim inishes th e  d ifferences ex isting  betw een  
p re p a ra tio n s .

3.2. I n  c o n tra s t to  fo rm e r concepts, m odern  m eth o d s of biological s ta n d a rd i
z a tio n  a re  based  on th e  fu n d a m e n ta l idea  o f  estab lish in g  th e  p o ten cy  o f th e  
p re p a ra tio n  to  be te s te d  in  re la tion  to  som e o th e r p re p a ra tio n  accep ted  as 
s ta n d a rd . E v id en tly , th e  fu n d am en ta l re q u ire m e n t fo r th e  use o f such  a 
m e th o d  is th e  s ta n d a rd  p re p a ra tio n  itse lf, w h ich  m u st be effic ien t an d  o f con
s ta n t  va lu e . In  c o n s tru c tin g  a new  m odel fo r th e  ac tive  p ro tec tio n  te s t  for 
ty p h o id  vaccine, th e  f i r s t  ta sk  consisted  o f  p ro v id ing  a s ta n d a rd  p re p a ra 
tio n . D r . T o l n a i  succeeded  in  p rep a rin g  such  a s ta n d a rd . F u rth e rm o re , 
the  co n stru c tio n  of th e  new  m odel was o p p o site  to  th e  old one th e  vaccine 
doses being  graded a n d  th e  challenge dose c o n s ta n t. This m odel has p rov ided  
rep ro d u c ib le  resu lts  ap p licab le  to  s ta tis t ic a l  ev a lu a tio n  [5, 6, 7].

C onstruc tion  o f such  a m odel is fa r from  being  easy. A p a rt from  h av in g  
to  secu re  an  ap p ro p ria te  s ta n d a rd  p re p a ra tio n , th e  doses app lied  for im m u n iza 
tio n  a n d  challenge re q u ire  careful a d ju s tm e n t. In  th e  case u n d er review , i t  
w as a n o th e r  d ifficu lty  to  ca rry  ou t in fec tio n  u n d er s ta n d a rd  c ircum stances. 
C o-o rd ina tion  of all th e  fac to rs  requ ired  a g re a t m an y  experim en ts. In  th is  
w o rk  s ta tis tic a l co n tro l p lay ed  a v e ry  im p o r ta n t  role.

A  com m on re q u ire m e n t for th e  use o f  m eth o d s o f s ta tis tic a l analysis is 
t h a t  th e  ac tu a l d is tr ib u tio n  of th e  in v e s tig a te d  phenom enon  should  be com 
p lied  b y  th e  s ta tis tic a l assu m p tio n . In  th is  case th e  process could  be reversed . 
R e ly in g  on d a ta  of fo re ig n  au th o rs , th e  lo g n o rm al to le ran ce  d is tr ib u tio n  was 
ta k e n  fo r g ran ted  ; we h a d  been, th e re fo re , im p ro v in g  th e  exp erim en ta l p ro 
ced u re  u n til  a lognorm al d is tr ib u tio n  w as, in  fa c t, o b ta in ed . T hus th e  s ta tis tic a l 
m odel offered in fo rm a tio n  concerning th e  ad eq u acy  o f ex p erim en ta l conditions. 
S uch  m eth o d s have  b een  severa l tim es re so rte d  to  a t  th is  I n s t i tu te .  T he ex p e ri
m e n ta l m odel for te s tin g  th e  efficiency o f c o n ta c t insectic ides has been  d ev e l
oped  on th is  basis b y  D r . S z t a n k a y  a t th e  D e p a rtm e n t of P a ras ito lo g y  o f th is  
I n s t i tu te  [8] a lth o u g h  g ra d e d  in to x ica tio n  o f live insects w ith  co n tac t in sec
tic id e s  is even m ore tire so m e  th an , fo r in s tan ce , inocu la tio n  of m ice w ith  
ty p h o id  b ac te ria .

4. Epidem iological investigation of potency o f sera and vaccines

4.1. T he efficiency o f  biological p re p a ra tio n s  is id tim a te ly  decided by  th e ir  
a c tu a l use in  m an, hen ce  th e  la s t w ord c a n n o t come from  th e  la b o ra to ry  te s ts  
fo r sa fe ty  and  p o te n c y . T his m ust be done b y  epidem iological in v estig a tio n s. 
T h e  princip les o f a f ie ld  tr ia l of se robacterio log ica l p rep a ra tio n s  h av e  been
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carefu lly  e lab o ra ted , b u t  i ts  p ra c tic a l re a liz a tio n  invo lves ex tensive  o rg a n iz a 
tio n , considerab le  a p p a ra tu s , and , c o n seq u en tly , high expenses. In  a d d itio n , one 
c a n n o t a lw ays g u a ra n te e  a p p ro p ria te  co n d itio n s for such  in v es tig a tio n s , th e r e 
fore th e  re su lts  o f a fie ld  tr ia l are  o ften  q u estionab le . T he effects o f a vacc ine  
m u s t be  k e p t u n d e r c o n s ta n t co n tro l even  w hen its  use has been  e x te n d e d  to  
th e  w hole exposed p o p u la tio n . In  such  cases, ev a lu a tio n  o f th e  effect c a n n o t be 
carried  o u t  fo rth w ith  ; i t  m ostly  req u ires  long observ a tio n  an d  h igh ly  specified  
p rocedures. In  th e  fo llow ing I  shall give a b r ie f  su rv ey  on p e rtu ssis  v a c c in a tio n  
in  H u n g a ry .

4.2. As a re su lt o f  sev e ra l y e a rs ’ w ork , D r . U j i i e l y i , ch ief o f th e  V accine 
R esearch  D e p a rtm e n t o f th is  I n s t i tu te ,  h a d  developed  an  a lu m -ad so rb ed  
vaccine ag a in st w hooping-cough. A fte r  conclusion o f th e  la b o ra to ry  te s ts , 
th e  v acc ine  w as g iven  a fie ld  t r ia l  in  B u d a p e s t, an d  from  1953 i t  h a s  b een  
inc luded  am ong th e  com pulsory  v acc in a tio n s .

F  or th e  field  tr ia l  th e  above vaccine  w as com bined w ith  th e  d ip h th e r ia  v a c 
cine th e n  used for co m pu lso ry  v acc in a tio n . (T he com bined  vaccine h ad  a lso b e e n  
p rep a red  b y  D r . Ú j h e l y i .) In  A pril an d  M ay, 1952, th e  in fa n ts  ho rn  b e tw een  
A pril an d  S ep tem ber, 1951, w ere v a c c in a ted  w ith  tw o  inocu la tions. T h is h a lf  
age-group com prised  15 853 in fa n ts ;  o f  th e se  11 781, i.e. 74.3 p er cen t, rece iv ed  
tw o inocu la tio n s, as p rescrib ed  ; 1291, i.e. 8.1 p er cen t, received  o n ly  one 
in o cu la tio n , and  2781, i.e. 17.6 p e r cen t, fo r some reason  or o th e r, w ere n o t 
v acc in a ted . This k in d  o f  fie ld  t r ia l  is c e rta in ly  ob jec tionab le . In  a c o rre c tly  
co n d u c ted  s tu d y  th e  g roups o f v a c c in a ted  an d  u n tre a te d  cases shou ld  h av e  
com prised  an  a p p ro x im a te ly  equal n u m b e r of sub jec ts , selection  shou ld  h av e  
b een  ra n d o m , an d  to  th e  con tro ls a p lacebo  should  h av e  been  a d m in is te red . 
I n  c o n tra s t, th e  in fa n ts  in  th e  co n tro l g roup  w ere th o se  w hose p a re n ts  h a d  
o m itte d  to  tak e  th e ir  ch ild ren  to  th e  an n o u n ced  v acc in a tio n , e ith er from  sheer 
carelessness or because  fo r som e reaso n  in o cu la tio n  h a d  been  c o n tra in d ica ted . 
T he g roup  o f tho se  w ho h a d  one in o cu la tio n  was fo rm ed  b y  in fa n ts  w hose 
p a re n ts  h a d  m issed th e  f irs t  or second  ino cu la tio n .

A fte r v acc in a tio n , th e  incidence o f w hooping-cough am ong th e  ch ild ren  
invo lved  w as observed  from  Ju n e , 1952, u n til  A pril, 1953. R ep o rts  on p e rtu ss is  
cases am ong  th e  ch ild ren  u n d e r rev iew  w ere checked b y  n am e in  th e  v a c c in a 
tio n  reco rds ; m oreover, co n tro l w as in  m o st cases com pleted  b y  th e  v is itin g  
d is tr ic t n u rse . D u rin g  th e  w hole tim e , 696 cases o f w hooping-cough o ccu rred  
in  th e  age group in v o lv ed  ; 187 h ad  b een  in o cu la ted  tw ice, 122 once, a n d  387 
belonged  to  the u n v a c c in a ted  group . I n  th e  th ree  groups, th e  m o rb id ity  p e r 
1000 am o u n ted  to  1.44, 8.59, an d  12.65, respective ly . O n th is  basis  i t  w as 
s ta te d  t h a t  th e  m o rb id ity  am ong th e  tw ice in o cu la ted  ch ild ren  am o u n ted  on ly  
to  11.4 p e r cen t o f th e  ra te  am ong u n v a c c in a ted  ones ; th e  p ro tec tio n  in d u ced  
b y  th e  v acc in a tio n  w as th u s  e s tim a ted  to  a b o u t 90 p e r cen t.

8 Acta Microbiologies VI/4.
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4.3 . In  1953, v a c c in a tio n  against w hoop ing-cough  w as m ade com pulsory . 
T h e  use o f a com bined  d ip h th e r ia —p ertu ss is  — te ta n u s  vaccine  was in tro d u ced , 
w ith  U j h e l y i ’s v acc in e  as th e  p e rtu ssis  co m ponen t. T he inocu la tions w ere 
s ta r te d  in  A pril an d  M ay , 1953. In fa n ts  6 to  12 m on th s of age w ere v a cc in a ted  
w ith  tw o  inocu la tions a d m in is te red  a t an  in te rv a l  o f one m o n th . In  S ep tem b er 
an d  O ctober of the  sam e  y ea r in fan ts  in  th e ir  second h a lf  y e a r  an d  ch ild ren  
iu  th e ir  fo u rth  h a lf  y e a r  w ere im m unized  in  th e  sam e m an n er. Since 1954, th e  
schedule  o f com bined  v a c c in a tio n  has b e e n  as follows. I n  A pril an d  M ay th e  
6 to  11 m on ths o ld  in fa n ts  are im m u n ized  b y  tw o in o cu la tio n s a t  a fo u r- 
w eek  in te rv a l, an d  th e  18 to  23 m on ths o ld  ch ild ren  are  rev acc in a ted  w ith  
one in ocu la tion . I n  S e p te m b e r and  O c to b er th e  groups th a t  in  th e  m ean tim e  
h a d  com pleted  th e ir  h a lf-y e a r age are  im m unized  an d  also th e  ch ild ren  
six  y ea rs  of age, e n te r in g  school, are g iven  tw o  in o cu la tions a t  an  in te rv a l o f 
fo u r  weeks.

T he com pulsory  v acc in a tio n  o f 1954 ap p ea red  to  p ro d u ce  v e ry  s lig h t 
re su lts  ; even d o u b ts  b e g a n  to  arise w h e th e r  i t  h ad  a n y  effect. I n  a d d itio n , 
th e re  w as a s tr ik in g  d iscrepancy . W hile  th e  1952 fie ld  tr ia l  t h a t  h a d  
in v o lv ed  74 per c en t o f  a h a lf  age group in  B u d a p e s t show ed ab o u t 90 p er cen t 
p ro te c tio n , th e  in c id en ce  o f w hooping-cough in  th e  sam e age group d id  n o t 
decrease as com pared  w ith  th e  u n v acc in a ted  age groups. T here  was also som e 
susp ic ion  th a t  th e  in o c u la tio n  lists w ere in a c c u ra te ly  checked  b y  th e  d is tr ic t 
nu rses  so th a t  v a c c in a te d  in fa n ts  who h a d  c o n tra c te d  th e  disease w ere in c lu d ed  
in  th e  u n v acc in a ted  g ro u p . V accination  w as nevertheless con tin u ed  in  1955, 
a n d  a new  ev a lu a tio n  w as in itia te d  in  possession  of th e  1955 d a ta .

4.4. I f  a w hole p o p u la tio n  has been v a c c in a te d , th e re  is no p o ssib ility  fo r 
a p recise  s ta tis tic a l an a ly s is  of ep idem iological d a ta . T hough  com pulsory ' 
v acc in a tio n  can n e v e r b e  executed  co m ple te ly , i.e. th e re  are  alw ays persons 
to  fo rm  an  u n v a c c in a ted  g roup , u tiliz a tio n  o f  such group as a con tro l is p r a c t i 
ca lly  unfeasib le, in  v iew  o f  defic ien t reco rd ing . T hus, com parison  of the n u m b e r 
o f p e rtu ss is  cases in  th e  l ig h t o f th e  reg is te r w as, in  th e  ac tu a l case, im possib le . 
T h e  on ly  w ay  of e v a lu a tio n  was to  com pare  m o rb id ity  in  th e  v a cc in a ted  g ro u p  
w ith  th a t  in  th e  u n v a c c in a te d  group. H ow ever, w hen  th is  m e th o d  is u sed , 
i t  h as  to  be ta k e n  in to  acco u n t th a t m o rb id ity  depends on age, so th a t  i t  w ill 
v a ry  in  various age g ro u p s  even w here no  im m u n iza tio n  h a d  ta k e n  p lace . 
T he epidem iological d a ta  o f th e  ab o v e-m en tio n ed  y ea rs  h av e  been  ex am in ed  
w ith  reg a rd  to  th ese  fa c to rs . The changes in  th e  m o rb id ity  o f th e  v a c c in a te d  
age g roups w ere c o m p a re d  w ith  those o f th e  u n v a c c in a ted  fou r to  six  y e a r  
o ld  ch ild ren , w ith  d u e  con sid era tio n  to th e  d ifferences th a t  h ad  e x is te d  in  
th e  m o rb id ity  o f th e se  age groups. In  th e  cou rse  o f these  s tud ies th e  a d a p ta t io n  
o f B e c k e r ’s p lo ttin g  m e th o d  proved  to  be usefu l in  su rvey ing  th e  in o cu la tio n s  
p e rfo rm ed  [9].
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As ev id en ced  b y  th e  investig a tio n s o u tlin ed  above, th e  co u n try -w id e  
v a c c in a tio n  ex e rte d  a d e fin ite  effect. I t  reduced  th e  m o rb id ity  o f th e  elig ib le 
c h ild ren  b y  a b o u t 50 p e r cent. T he a c tu a l effect m u s t h av e  been m ore since 
a ce rta in  p ro p o rtio n  o f  eligible ch ild ren  h a d  escaped  v acc in a tio n . I t  is n o te 
w o rth y  th a t  no effect o f  v acc in a tio n  could  be  d e m o n s tra te d  in  th e  g ro u p  of 
ch ild ren  aged 6 to  7 y ea rs . A ccording to  D b . E r d o s ’ ex p lan a tio n , th e  a m o u n t 
o f an tig en  p e r b o d y  w eig h t was to o  little  to  ind u ce  im m u n ity .

4.5. I n  co n n ec tio n  w ith  th e  above w ork  th e  re su lts  o f  th e  e x p e rim e n ta l 
v a c c in a tio n  ca rr ied  o u t by D ks. Ú j h e l y i  an d  F e r e n c z y  in  B u d ap est in  1952 
[10] w ere  re -ex am in ed . T heir records h a d  show n th a t  m o rb id ity  am ong  th e  
tw ice in o cu la ted  ch ild ren  was m ore th a n  83 p e r cen t, less th a n  in  th e  g ro u p  o f  
ch ild ren  in o c u la te d  only  once, th u s  in  a g roup  o th e r  th a n  th e  u n v a c c in a ted  
one. This fa c t h as  reso lved  th e  suspicion t h a t  th e  d a ta  o f  v acc in a ted  c h ild ren  
m ig h t h av e  b een  fa lse ly  classed as tho se  o f  u n v a c c in a ted  sub jec ts .

I t  has been  estab lish ed , fu r th e r , th a t  th e  v a c c in a te d  h a lf  y ear g ro u p  in  
1952 and  1953 — assum ing  an  even d is tr ib u tio n  o f  b ir th s  — m u st h a v e  c o n 
s ti tu te d  onlyr 4 to 18.5 p e r cen t o f th e  O to 3 y e a r  old p o p u la tio n ; co n seq u en tly , 
for th e  w hole p o p u la tio n  o f B u d ap est, m o rb id ity  sh o u ld  have  been re d u c e d  
b y  no m ore th a n  4 to  16 p e r cen t in  th e  in v o lv ed  age g roups. T he fac t th a t  even  
such a decrease d id  n o t ensue, m ay  be  ex p la in ed  b y  tw o  c ircum stances . 
One is th a t  th e  re la tiv e  m o rb id ity  o f v a rious age g roups changes w ith  t im e  ; 
th e  o th e r, t h a t  n o tif ic a tio n  o f w hooping-cough has n e v e r been com plete . I n  
con junction  w ith  th e  exp erim en ta l v acc in a tio n , how ever, a tte n tio n  o f  th e  
B u d ap est physic ian s w'as called to  th e  im p o rtan ce  o f  accu ra te  n o tif ic a tio n . 
T he resu lts  o f  th is  w arn in g  m igh t h av e  n e g a tiv e ly  b ia sed  th e  re d u c tio n  in  
incidence due to  v acc in a tio n . T he f in a l analysis  show ed th a t  v ac c in a tio n  
ag a in st p e rtu ss is  h a d  b een  effective. T he q u es tio n  is neverthe less k e p t o p en , 
and  fu r th e r  in v e s tig a tio n s  are in  progress, also w ith  a n o th e r  ty p e  of vacc in e .

5. Tests for sensitivity o f pathogenic bacteria to antibiotics

5.1. I t  is th e  g enera l experience th a t  b a c te r ia  m a y  becom e re s is ta n t to  
th e  an tib io tics  in  com m on use. Since th e  y e a r 1953, a t  th e  D e p a rtm e n t o f 
B acterio logy  o f th is  In s t i tu te  th e  an tib io g ram s o f b a c te r ia  iso lated  from  th e  
ro u tin e  m a te ria l a t  th e  D ep a rtm en t h av e  been  d e te rm in ed  w ith  re g a rd  to  
th e  an tib io tic s  in  hosp ita l-u se  in  H u n g ary . I n  th is  a n tib io g ram  th e  s tra in s  
are  d is tr ib u te d  in  3 categories ; “ sen sitiv e” , “ m o d e ra te ly  sensitive”  a n d  
“ re s is ta n t”  s tra in s  are  d istingu ished . As to  th e  b a c te r ia  iso la ted  in  th e  p e rio d  
1953 —1956, i t  w as fo u n d  th a t  a ce rta in  sh if t h a d  occu rred  in  th e  b a c te r ia l 
f lo ra  itse lf: th e  re la tiv e  incidence of some p a th o g en ic  b a c te r ia  h ad  increased .

8*
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I t  w as fu rth erm o re  d e m o n s tra te d  th a t  d u rin g  th e  period o f o b se rv a tio n  th e  
re s is tan ce  of S taphy lococcus s tra in s  to  pen ic illin , of Pneum ococcus s tra in s  
to  s trep to m y c in , an d  E . coli and  P s. pyocyanea  s tra in s to  ch lo ram phen ico l 
h a d  considerab ly  in creased . F in a lly , a w ell-defined  p o sitive  co rre la tio n  has 
b een  d em o n stra ted  b e tw een  th e  re sis tan ce  o f  th e  in d iv idua l s tra in s  to  v a rio u s  
a n tib io tic s  [11].

In  th e  ab o v e-o u tlin ed  w ork  b a c te r ia  w ere te s ted  w ith  th e  an tib io tic s  
in  hosp ita l-u se . W hen  th e  w ork  w as in i t ia te d , in  1953, th e re  w ere on ly  p e n i
c illin , s trep to m y c in , a n d  ch lo ram phen ico l is use, to w hich  te r ra m y c in  w as 
a d d e d  in  1956. F o r th e  w hole period , h o w ev er, only th e  f in d in g s concern ing  
th e  f irs t th ree  an tib io tic s  w ere ava ilab le , hence  th e  change in  sen s itiv ity  could 
be  e v a lu a te d  only in  re la tio n  to  these . A s m en tio n ed  above, th e  se n s itiv ity  to  
a n tib io tic s  of S taphy lococcus, P neum ococcus, E . coli and Ps. pyocyanea  s tra in s  
h a d  changed  from  1953 to  1956. Since, how ever, th e  n u m b e r of P s. p y o 
cyanea  and  Pneum ococcus s tra in s  w as co m p ara tiv e ly  sm all, an d  P n e u m o 
coccus s tra in s  d id  n o t show  n o tab le  re s is tan ce , b u t  to  s trep to m y c in , we shall 
on ly  deal w ith  th e  d a ta  concern ing  S taphy lococcus and  E . coli.

In  Tables I  an d  I I  we p resen t th e  d is tr ib u tio n , accord ing  to  an tib io tic  
se n s itiv ity , o f 2481 S taphy lococcus a n d  2384 E . coli s tra in s . To d e m o n s tra te  
th e  d is tr ib u tio n  of S taphy lococcus s tra in s  m ore  or less sen sitive  to  each o f th e  
th re e  an tib io tics , Table I  is d iv ided  in to  3 p a r ts  each of w hich  d em o n stra te s  
d is tr ib u tio n  b y  se n s itiv ity  to  tw'o a n tib io tic s . Since all th e  E . coli s tra in s  w ere 
re s is ta n t  to  penicillin , th e ir  re s is tan ce  to  s trep to m y c in  an d  ch lo ram p h e 
n ico l w as only com pared .

C lassification o f  b a c te r iu m  s tra in s  in to  “ sensitive” , “ m o d e ra te ly  sensi
t iv e ”  an d  “ re s is ta n t”  g roups w as b ased  on  ex perim en ts in  w hich th e  b a c te r iu m  
h a d  been  exposed to  v a ry in g  c o n cen tra tio n s  o f  an tib io tic .

W hen ev a lu a tin g  th e  above d a ta , change in  sen s itiv ity  to  an tib io tic s  
w as d em o n stra ted  by  th e  d ifferences in  th e  p e rcen tu a l d is tr ib u tio n  o f s tra in s  ; 
th e  co rrelations b e tw een  th e  se n s itiv ity  o f  in d iv id u a l s tra in s  to  v a rio u s a n t i 
b io tic s  were in v es tig a ted  w ith  th e  %2 te s t .  H ow ever, th is  m e th o d  does n o t 
p ro v id e  any  in fo rm atio n  as regards th e  deg ree  o f co rrelation . F o r  th is  pu rpose  
th e  co rre la tion  coeffic ien t shou ld  be em ployed . F or c o m p u ta tio n  o f th is  p a ra 
m e te r , th e  grades w ere sca led  as follow s: th e  “ sensitive”  g roup  w as m ark ed  — 1, 
th e  “ m odera te ly  sen s itiv e”  0 ; and  th e  “ re s is ta n t”  -)-l. S ince th e  grades 
re p re se n t q u a n tita tiv e ly  differing  g ro u p s, th is  tra n sfo rm a tio n  is ju s tif ie d  
th o u g h  to  som e e x te n t a rb itra ry . A t a n y  r a te ,  i t  su its o u r p u rp o se .

B y th e  aid o f th is  tra n s fo rm a tio n , th e  sen sitiv ity  to  a n tib io tic s  o f an y  
s tr a in  can be expressed  in  te rm s o f an  a rith m e tic  m ean ; an d  th e  co rre la tio n  
coefficien ts can  be d e te rm in ed . T he re su lts  o f th e  co m p u ta tio n  a rc  sum m arized  
in  Table I I I .
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Table I

S en sitiv ity  to antibiotics o f  the Staphylococcus strains  
isolated in  the period 1953— 1956

S e n s it iv i ty  t o 1953 1954 1955 1956 1953— 1956

penicillin s tre p to -
m y  cin

s 62 104 182 109 457
S M 4 18 32 19 73

R — — 15 6 21

s 62 69 80 33 244
M M 5 9 7 4 25

R 15 15 12 5 47

s 60 189 452 277 978
R M 13 39 99 45 196

R 42 98 180 120 440

penicillin ch lo r
am phenico l

S 64 121 219 129 533
s M 2 1 9 5 17

R — — 1 — 1

S 67 83 92 36 278
M M 13 8 5 3 29

R 2 2 2 3 9

S 85 274 598 341 1298
R M 20 40 105 54 219

R 10 12 28 47 97

s tre p to 
m ycin

ch lo r
am phen ico l

S 172 355 685 394 1606
s M 12 5 26 21 64

R — 2 3 4 9

S 16 59 126 59 260
M M 5 6 12 6 29

R 1 1 — 3 5

S 28 64 98 53 243
R M 18 38 81 35 172

R 11 11 28 43 93

T o ta ls 263 541 1059 618 2481

S =  sensitive , M =  m o d era te ly  sen sitive , R  — re s is tan t
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Table II
S e n s itiv ity  to antibiotics o f  the E . coli strains 

isolated in  the period 1953— 1956

Sensitivity to
1953 1954 1955 1956 1953—56

streptom ycin chloram phenicol

s 185 219 473 340 1217
s M 8 5 10 11 34

R 1 I 4 10 16

S 19 33 55 63 170
M M 2 2 9 10 23

R 1 — 5 9 15

S 96 139 200 92 527
R M 44 26 68 7 145

R 15 26 26 170 237

T o ta ls 371 451 850 712 2384

S =  sensitive, M =  m o d e ra te ly  sensitive, R  =  re s is tan t.

Table I I I
Parameters referring to th e  sensitiv ity  to antibiotics o f  the bacteria under review 

T ran s fo rm a tio n  : S =  — 1 ; M =  0 ; R  — 1

Bacterium , index 1953 1954 1955 1956 1953—56
altogether

Staphylococcus 

a ) av erag e  sensitiv ity  to  :

pen ic illin , x x ............................................... 0.19 0.38 0.47 0.50 0.43

strep to m v c in , x„ ............................ — 0.48 — 0.46 — 0.48 — 0.47 — 0.47

chloram phenicol, x 3 ....................... — 0.78 — 0.86 — 0.83 — 0.74 — 0.81

b) co rre la tio n  coefficients :

Г12 .................................................................. 0.385 0.221 0.193 0.214 0.239

r 13 .................................................................................. 0.247 0.182 0.164 0.204 0.186

r 23 .................................................................. 0.505 0.470 0.505 0.554 0.502

E . coli

a) av erage  sensitiv ity  to  :
s trep to m y cin , x 2 ............................ — 0.11 — 0.08 — 0.23 — 0.13 — 0.15

chloram phenicol, x 3 ....................... — 0.76 — 0.81 — 0.82 — 0.43 — 0.69

b ) co rre la tio n  coefficient :
Г23 .................................................................. 0.392 0.342 0.360 0.631 0.446

As show n in  Table I I I ,  resistance o f  S taphylococcus s tra in s  to  penicillin  
g re a tly  increased  in  th e  period  from  1953 th ro u g h  1956, w hile th e ir  sensitiv ity  
to  s trep to m y c in  a n d  ch lo ram phen ico l rem ain ed  unchanged . As regards th e i r
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sen sitiv ity  to  v a rio u s  an tib io tic s , co rre la tions w ere d e fin ite ly  positive. I n  th e  
com bination  o f  s tre p to m y c in  an d  ch lo ram phen ico l, th is  co rre la tio n  was n e a r ly  
c o n s ta n t d u rin g  th e  fo u r-y ea r period , w hereas th e  co rre la tio n s  of se n s itiv ity  
to  penicillin  w ith  th a t  to  e ith e r  o f th e  tw o an tib io tic s  w as m ark ed ly  decreasing .

T hough  th e re  o ccu rred  som e m inor f lu c tu a tio n s , th e  sen sitiv ity  o f  E .  
coli s tra in s  to  s tre p to m y c in  d id  n o t change d u rin g  th e  p e rio d  o f  in v es tig a tio n  ; 
th e ir  res is tan ce  to  ch lo ram phen ico l, on th e  o th e r h a n d , show ed a m ark ed  
increase in  1956. U n til th e  y e a r  1955, th e  co rre la tio n  coeffic ien t h ad  d isp lay ed  
p rac tica lly  no change. I n  1956, how ever, i t  grew  su d d en ly  — sim u ltan eo u sly  
w ith  th e  increase  in  re s is tan ce  to  ch loram phenico l.

5.2. R esistance  o f  p a th o g en ic  b ac te ria  to  an tib io tic s  is  one of th e  m o s t 
im p o r ta n t an d  m o st ex ten siv e ly  s tu d ied  p rob lem s o f m o d e rn  m edicine, th is  
be ing  th e  m a in  fa c to r  d e te rm in in g  th e  fu r th e r  use o f  som e w ide-spectrum  
p rep ara tio n s . T he q u es tio n  is fa r from  being  e lu c id a ted . I t s  g rea t im p o rtan ce  
has d raw n ou r a t te n tio n  to  th e  s ta tis tic a l p rob lem s re su ltin g  from  th e  above- 
discussed fac ts .

S en sitiv ity  o f s tra in s  o f th e  sam e species to  d iffe re n t an tib io tics show s 
positive co rre la tions. F ro m  th e  correlations regressions can  be estab lished . 
T hese regressions, how ever, seem  to  be fic tio u s and , u n lik e  m ost reg re s
sions, have  no d irec t consequences. I t  h as  been  fo u n d  nam ely  th a t ,  in  
general, a rise  in  th e  re s is tan ce  o f a b a c te r iu m  to  one  an tib io tic  is n o t  
accom pan ied  b y  such  a change in  sen s itiv ity  to  a n o th e r. T hus th e  co rre 
la tio n  coeffic ien t is su b jec t to  changes m ak ing  regression  fic tious.

This fo r tu n a te ly  m eans th a t  an y  an tib io tic  th a t  h a s  becom e ineffec tive  
in  th e  p rac tice  m ay  be  rep laced  by new  ones. B io logically , th e  phenom enon  
fin d s  an  a d e q u a te  ex p la n a tio n  if  we assum e th e  ex istence o f  a com m on e lem ent 
in  resistance  to  v a rio u s an tib io tic s  (perhaps th e  general c a p a c ity  of b a c te ria  
fo r developing resis tan ce ), an d , also, th a t  each  an tib io tic  dem ands specific 
a d a p ta tio n  b y  th e  p a th o g en ic  s tra in . In  th e  b ack g ro u n d  o f  b o th  th e  genera l 
e lem ent an d  th e  fa c to r  t h a t  b rings ab o u t res is tan ce  to  one special an tib io tic , 
th e re  are p ro b a b ly  n o t  one, b u t  several — m ay  be v a ria b le  num bers o f —• 
a c tu a l causes.

O bviously , th e  p h en o m en o n  should  be in v e s tig a te d  d u rin g  its  deve lop 
m en t, for w hich , u n fo r tu n a te ly , no a p p ro p ria te  m a te r ia l is ava ilab le . In tro d u c 
t io n  of th e  tim e  fa c to r  as a v a ria b le  — a s tep  often  m o st in s tru m e n ta l, e.g. 
in  th e  s tu d y  o f social p h en o m en a  — is here  o f  no avail, considering  th a t  th e  
d evelopm en t o f re s is tan ce  depends n o t on tim e  genera lly , b u t  on th e  special 
tim e  w hen th e  b a c te r iu m  m eets th e  an tib io tic . A f in a l e lu c id a tio n  o f th e se  
questions req u ires  a d e q u a te ly  p lan n ed  exp erim en ts .

T he ex istence  o f  co rre la tions in  th e  se n s itiv ity  o f  b a c te r ia  to  v a rio u s 
an tib io tic s  — as co n firm ed  b y  th e  d a ta  p re sen ted  — a n d  th e  absence of cross-
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re s is tan ces  th a t  m ig h t be  ex p ec ted  to  re su lt  on th e  basis  o f  th e  co rre la tions, 
p o in t  to  th e  role o f a g enera l fa c to r  in  th e  developm ent o f  res is tan ce . This 
d isp o s itio n  m ay be an  o rig in a l p ro p e r ty  o f  th e  s tra in . I t  is , how ever, eq ua lly  
po ssib le  th a t  d ev e lopm en t o f  re s is tan ce  to  one an tib io tic  g ives rise  to  a general 
e le m e n t indespensable  fo r  every  k in d  o f  resistance ; th e  ex istence  o f  th is  
p ro p e r ty  can  be d e te c te d  on ly  d u rin g  th e  developm ent o f  re s is tan ce . This 
p e c u lia r  corre la tion , w h ich  lacks th e  e lem en t of reg ression  m ig h t p ro b ab ly  
co n cea l a fac to r th a t  b y  i ts e lf  does n o t cause resistance  to  o th e r  an tib io tic s , 
b u t  accelerates th e  process o f  its  deve lopm en t. Y Á czi’s c u rren t s tud ies 
s tro n g ly  su p p o rt th e  la t t e r  a ssu m p tio n .

6. Sum m ary

T h e  phenol coefficien t h a s  p ro v ed  in  i ts e lf  in su ffic ien t fo r e s tab lish in g  th e  effic iency  of 
d is in fe c ta n ts , since th e  v a rio u s  d is in fec tan ts  d iffe r  in  m any  a re le v a n t  p ro p e rty . B y  m eans of 
s im p le  m eth o d s, th e  h e a t  a n d  c o n ce n tra tio n  c o n s ta n ts  were also d e te rm in e d . As re g a rd s  th e  
e ffe c t o f  fo rm alin  on  b a c te r ia l  spores, th e  C h i c k — W a t s o n  re la tio n  cou ld  n o t be confirm ed . 
I n s te a d ,  a  log -arith  re c tilin ea r reg ression  o f th e  t im e  of effic ient ex p o su re  o n  th e  co n ce n tra tio n  
h a s  b e en  estab lished , co rresp o n d in g  to  W e b e r — F e c h n e r ’s law .

I n  th e  t i t r a tio n  o f b io log ical p re p a ra tio n s , ex p erim en ta l m odels b a sed  on  th e  p rincip les 
o f  s ta n d a rd iz a tio n  are  m ore co rre c t in d ic a to rs  o f im m u n ity  th a n  th e  m eth o d s  fo rm erly  em 
p lo y e d . I n  th e  e lab o ra tio n  o f new  m odels, th e  c rite rio n  of th e  a d e q u a c y  o f  ex p e rim e n ta l con
d itio n s  w as a lognorm al d is tr ib u tio n .

N e x t, an  o u tline  o f th e  ep idem io log ical t r ia l  o f  pertussis v acc in e  in  H u n g a ry  a n d  a  b rie f  
a c c o u n t  o f o u r s tud ies co n cern ing  th e  e fficacy  o f  com pulsory  v a c c in a tio n  ag a in s t w hooping- 
c o u g h  h as  been  given. Som e o f  th e  d ifficu lties w h ich  freq u en tly  p re v e n t  th e  re liab le  ev a lu a tio n  
o f  se ro b ac te ria l p re p a ra tio n s  b y  ep idem io log ical in v estig a tio n s h a v e  b e en  o u tlin ed .

S ta tis tic a l ana ly sis  o f  d a ta  co n cern ing  sen sitiv ity  to  a n tib io tic s  rev ea led  no  cross
re s is ta n c e  am ong th e  b a c te r ia l  s tra in s  o b ta in e d  fro m  m ate ria l su b m itte d  fo r ro u tin e  te s ts  to  
t h e  S ta te  In s t i tu te  o f  H y g ien e  du rin g  th e  y e a rs  1953 to  1956. T his o b se rv a tio n  is in  ag reem en t 
w i th  d a ta  in  th e  p e rta in in g  l i te ra tu re .  N ev erth e le ss , a co rre la tio n  h a s  been  fo u n d  to  ex is t in  
t h e  se n s itiv ity  o f p a th o g en ic  b a c te r ia  to  v a rio u s  an tib io tics. A ch an g e  in  se n s it iv ity  to  one 
a n tib io t ic  is n o t n ecessarily  acco m p an ied  b y  a  change in  se n s it iv ity  to  a n o th e r  a n tib io tic , 
o n ly  b y  a  change in  th e  co rre la tio n  coeffic ien t. T h is  specific c o rre la tio n  seem s to  p o in t to  th e  
e x is te n c e  o f some d isp o sitio n a l fa c to r  w hich  m ig h t b e  a  general e lem en t o f every  fo rm  o f re s is t
a n c e ,  w ith o u t, how ever, b e in g  cap ab le  o f a ro u sin g  i t  alone. T his fa c to r  p re su m ab ly  p ro m o tes 
d e v e lo p m e n t of re sis tan ce  a g a in s t o th e r  a n tib io tic s .
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TOM VI.

Р Е З Ю М Е

МАЛОНОВАЯ КИСЛОТА, КАК ЕДИНСТВЕННЫЙ ИСТОЧНИК УГЛЕРОДА 
И ЭНЕРГИИ В СЛУЧАЕ БОЛЕЗНЕТВОРНЫХ ГРИБОВ

Е. К. НОВАК

В своих опытах автор исследовал способность отдельных патогенных и непатоген
ных видов грибов использовать соль малоновой кислоты.

Было установлено, что 20 из 24 исследованных видов грибов были способны исполь
зовать малоновую кислоту в качестве единственного источника углерода и энергии.

Среди отдельных видов одного и того же рода наблюдаются отклонения в употреб
лении малоновой кислоты. Данное отклонение может служить основой для их диффе
ренциации.

Согласно проведенным опытам, употребление соли малоновой кислоты осущест
вляется в случае вида C andida albicans другим путем, чем это было выявлено раньше 
в случае вида B otryo tin ia  fuckeliana .

Разработанная питательная среда с малоновой кислотой пригодна в медицинской 
микологии для обработки встречающихся в повседневной работе веществ, ибо бактерии 
на этой питательной среде трудно развиваются и следовательно они не загрязняют куль
туры грибов.

КОЛИЧЕСТВЕННЫЙ ПСЛУ МИКРСМЕТОД КУЛЬТИВИРОВАНИЯ ТКАНЕЙ 
И ЕГО ПРИМЕНЕНИЕ В МИКРОБИОЛОГИИ

II. Титрование вируса болезни Ауйеского при помощи полумикрометода культивирования
тканей

ш. ХОРВАТ

Автор исследовал при помощи полумикрометода культивирования тканей условия 
титрования вируса болезни Ауйеского, как и возможности нейтрализационной пробы. 
В ходе опытов было установлено, что титрование вирусов можно проводить при лучших 
условиях в тканевой культуре, чем на животных. В случае нейтрализации вируса болезни 
Ауйеского рекомендуется в целях достижения меньших возможностей девиации исчи
слять нейтрализационный титр вместо 100 ID50 (инфективная доза) в 1000 ID 50.

КОЛИЧЕСТВЕННЫЙ ПСЛУ МИКРСМЕТОД КУЛЬТИВИРОВАНИЯ ТКАНЕЙ 
И ЕГО ПРИМЕНЕНИЕ В МИКРОБИОЛОГИИ

III. Исследование действия различных химических веществ и токсинов палочки газового 
отека на фибробласты сердца цыплят с помощью полумикрометода культивирования

тканей
ш. ХОРВАТ

Разработанный автором количественный полумикрометод культивирования тканей 
оказался пригодным для определения цитотоксического действия некоторых химических 
веществ (кристалл-фиолет, бриллиантовая зелень, сулема) и токсинов В ас. oedematiens, 
В а с . perfringens, как И Vibrion septique.
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НЕКОТОРЫЕ БИОЛОГИЧЕСКИЕ СВОЙСТВА ВЕНГЕРСКОГО ШТАММА ВИРУСА
КЛЕЩЕВОГО ЭНЦЕФАЛИТА

Адаптирование вируса к эмбрионированному яйцу и к тканевой культуре зародышей
цыплят 

Е. МОЛЬНАР

1. Адаптированный к мозгу мышей штамм вируса с обозначением КЕп^ вызывает 
в зародышах цыплят характерное изменение, которое можно нейтрализовать гомологич
ной иммунной сывороткой.

2. Вирулентнось на мыши штамма вируса К Е т ь адаптированного к зародышам 
цыплят, не изменялась во время 20 пассажей ; одновременно же вирулентность в отно
шении желточного пузыря зародышей цыплят значительно повышалась. К полости аллан
тоиса вирус трудно адаптируется.

3. Штамм вируса KEnij можно размножить и проводить серийный пассаж на 
культуры тканей зародышей цыплят типа Майтланда, далее на культуры человеческих 
зародышевых тканевых кусков кожной мышцы, изготовленные методом Эндерса и сотруд
ников.

4. Вирусный штамм KErnj постепенно утрачивает в ходе серийного пассажа на 
тканевые культуры зародышей цыплят свою вирулентность на мыши, в то же время он 
сохраняет свою убивающую способность по отношению к зародышам цыплят.

5. Иммунная сыворотка кроликов, полученная при помощи адаптированного к 
тканевой культуре зародышей цыплят штамма К Е т , защищает зародышей цыплят, или 
же мышей против вируса, адаптированного к мозгу мышей.

6. Адаптированный к тканевой культуре зародышей цыплят авирулентный в от
ношении мышей вариант интерферирует в мозге мышей с адаптированным к мозгу мышей 
вирусом К Е т ,.

ВЫЗВАННАЯ ПИЛОКАРПИНОМ И ХОЛОДНОЙ ВОДОЙ «ПОДОБНАЯ АНАФИ
ЛАКСИИ» РЕАКЦИЯ

Е. БЕРЕГИ

После 1—4-кратной подачи пилокарпина кроликам, сенсибилизированным нормаль
ной лошадиной сывороткой, и купания животных в холодной воде, у них развивался шок, 
который по клиническим, как и патологоанатомическим признакам, был подобным анафи
лаксии. Если же сенсибилизированные животные получали только пилокарпин, или же 
их только купали в холодной воде, или опыты проводились без сенсибилизации, то никогда 
не развивались подобные симптомы и патологоанатомические изменения. Предваритель
ной обработкой животных атропином удалось препятствовать появлению подобному ана
филаксии шоку, в то время как наркоз евипан-эфиром не имел такого эффекта. Подобным 
методом удалось вызвать у морских свинок клинически удлиненный шок, а патолого
анатомически, соответствующие анафилаксическому шоку изменения. У крыс таким 
методом не удалось вызывать подобный анафилаксии шок.

ДЕЙСТВИЕ МЕТИЛЕНОВОЙ СИНЬКИ НА ЧУВСТВИТЕЛЬНОСТЬ К ЖЕЛЕЗУ 
ФЕРМЕНТАЦИИ STREPTOMYCES RIMOSUS

И. ХОРВАТ, К. МАДЬАР и И. ГАДО

Авторы выявили, что токсическому действию железа на ферментацию Strepiomyces 
rim osus  можно препятствовать примешиванием 30 /иг/м л  метиленовой синьки в питатель
ную среду.
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ЗНАЧЕНИЕ ИНТЕРВАЛА МЕЖДУ ОТДЕЛЬНЫМИ ПРИВИВКАМИ В СЛУЧАЕ 
ПРИВИВОК, ПРОВЕДЕННЫХ ПОЛИВАЛЕНТНОЙ ВАКЦИНОЙ ПРОТИВ ДИЗЕН- 

. ТЕРИИ И КОМБИНИРОВАННОЙ ТИФО-ДИЗЕНТЕРИЙНО-СТОЛБНЯЧНОЙ ВАК
ЦИНОЙ

К. РАУШ, И. КЕТЬИ, Л. РЕТИ и И. ЙОО

1. В связи с активной иммунизацией мышей, применяемый после интервала в 2 
недели, второй стимул более сигнификантно повысил иммунность, чем стимул, приме
няемый после интервала в 1 неделю, но он не отличался сигнификантно от иммунности, 
достигнутой при прививках, проведенных интервалами в 4 недели в случае неадсорбиро- 
ванных дизентерийных вытяжек Бойвина.

2. Согласно исследованиям на людях с дизентерийной поливалентной вакциной, 
адсорбированной к квасцовому осадку, вакцинация в 4-недельных интервалах привела 
к сигнификантно лучшему повышению защитного титра мышей, чем применяемая в интер
валах в 2 недели вакцина. Защитный титр сыворотки людей, привитых в интервалах в 
8 недель, не показал значительных статистических отклонений по сравнению с защитной 
способностью людей, привитых в 4-недельные интервалы.

3. Компоненты Шига комбинированных вакцин, адсорбированных к гелью А1(ОН)3 
обладали при повышении интервала прививок от 3 до 6 недель сигнификантно более высо
кой иммуногенностыо, в то время как повышение интервала прививок от 4 до 6 недель 
уже не имело такого выраженного результата. На иммуногенность тифозного компонента 
изменение интервала не имело сигнификантного действия.

4. Столбнячный компонент тифо-дизентерийно-столбнячной вакцины дает сигни
фикантно более высокий средний титр антитоксина, если повысить интервал прививок 
от 4 до 6, или до 8 недель, причем в то же время устраняется группа с низким иммунитетом.

5. Авторы на основе имеющихся данных обсуждают возможности стойкости имму
нитета.

ИССЛЕДОВАНИЕ СПОРОЦИДНОГО ДЕЙСТВИЯ НЕКОТОРЫХ ДЕЗИНФИЦИ
РУЮЩИХ СРЕДСТВ

Й. СИТА и Г. БАРШИ

Авторы исследовали спороцидное действие некоторых имеющихся в продаже в 
Венгрии дезинфицирующих средств.

1. Среди исследованных дезинфицирующих средств совершенно не удалось в тече
ние 24 часов при 20° С выявить спороцидного действия стерогенола, фамосепта и сулемы.

2. Фенол +  12% NaCl показал в случае Cl. Sporogenes и В . anthracis селектив
ное спороцидное действие, а на остальные споры он оказался при 20° С неэффективным.

3. 2%-ый неомагнол и 5%-ый формалин имеют выраженное спороцидное действие. 
В случае неомагнола данное действие зависит от величины pH ; в целях выяснения этого 
действия были поставлены специальные эксперименты, которые еще не закончены.

ЗАВИСИМОСТЬ БАКТЕРИЦИДНОГО ИЛИ ЖЕ СПОРОЦИДНОГО ДЕЙСТВИЯ
ФОРМАЛИНА ОТ ИЗМЕНЕНИЙ ТЕМПЕРАТУРЫ И КОНЦЕНТРАЦИИ

Й. СИТА и Г. БАРШИ

Авторы исследовали и сопоставляли те взаимосвязи, которые наблюдаются между 
бактерицидным и спороцидным действиями формалина и изменениями температуры и кон
центрации.

1. В случае формалина изменение температуры меняет спороцидное действие при 
тех же закономерностях, которые действительны в общем для всех дезинфицирующих 
средств в случае вегетативных форм. Температурный коэффициент формалина в отношении 
спор Cl. sordellii в два раза больше, чем температурный коэффициент этого же дезин
фицирующего вещества в отношении S. typ h i. Это означает, что изменение температуры 
имеет большее влияние на спорцидное, чем на бактерицидное действие формалина.
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2. В отношении зависимости спороцидного действия от изменения концентрации 
формалина не удалось доказать зависимости Ч и к-У ат сон а , а вместо ней авторы устано
вили простую линейную зависимость. Это означает, что в случае повышения концентрации, 
согласно кратной прогрессии, время воздействия уменьшается линейно.

ВОДНАЯ ЭПИДЕМИЯ, ВЫЗВАННАЯ СЕРОТИПОМ 
ESCHERICHIA COLI 124 : 72 : 32

Б. ЛАНЬИ, Й. СИТА, Б. РИНГЕЛХАНН и К. КОВАЧ

1. Авторы описывают эпидемию водного происхождения, сопровожденную 255 
случаями воспаления слизистой оболочки кишок. Болезнетворный агент они изолировали 
из кала больных.

2. Вызывающим эпидемию штаммом оказался серотип Е . coli 124 : 72 : 32.
3. На основе анализа антигена штамм оказался серологически идентичным с изоли

рованным Юингом (E w ing)  штаммом 227.
4. В короткое время это уже третья эпидемия водного происхождения в Венгрии, 

вызванная штаммом Е . coli 0: 124.
5. Вызванная этим штаммом подобная дизентерии картина болезни делает необ

ходимым в случае его выделения принимать такие же санитарно-противоэпидемиологи- 
ческие меры, как при дизентерии и салмонеллёза.

ЦИТОМОРФОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ В ТКАНЕВЫХ КУЛЬТУРАХ ЧЕЛО
ВЕЧЕСКИХ ЗАРОДЫШЕВЫХ ПОЧЕК, ЬАРАЖЕЬЬЫХ ШТАММАМИ АДЕНО

ВИРУСА ТИПА 5 
И. НАС и М. ТОТ

Авторы исследовали на изготовленных методом трипсинизации тканевых куль
турах человеческих зародышевых почек дегенеративные изменения, вызванные в отдель
ных клетках штаммами, относящимися к аденовирусу типа 5, как и штаммами аденови
руса, изолированными ими раньше.

Обнаруженные изменения находились —  в полном согласии с литературными дан
ными — прежде всего в ядре зараженных клеток. В одной части изменений кажется на 
основе хронологического появления и постепенного образования типичных морфологи
ческих форм обоснованным предположение определенного процесса развития. Сперва, по 
истечении прибл. 16—30 часов после заражения, появляется эозинофильная зернистость 
клеточных ядер, которая диффузно распределяется в ядре, причем около ядрышек часто 
наблюдается поредение, или полное отсутствие зернистости. Уже эта стадия хорошо от
личима от картины, наблюдаемой в ядре контрольных клеток. В отдельных случаях 
зернистость появляется в форме более или менее больших, круглых, или овальных, ско
плений зернышек, а у одной части скоплений наблюдается круговая структура. Зара
женные клеточные ядра в большинстве случаев сильно набухают. 30—45 часов после 
заражения зернышки ориентируются в пучки. В этой стадии еще видно, что пучки состоят 
из зернышек, а позже, после 40—50 часов зернышки все больше уплотняются в центре 
клеточного ядра, пока еще в продольной, или пучковой форме. У одной части еще видно, 
что центральный пучек тоже зернистой структуры и можно различать также и ядрышко. 
Окрашивание по большей части еще эозинофильное, но встречается уже много базофиль- 
ных образований. 50—60 часов после заражения зернистые пучки все более скопляются в 
центре ядер в виде центральной массы, причем их эозинофильное окрашивание превра
щается в базофильное. Находящаяся вне центральной массы часть клеточных ядер пре
вращается в стекловидный, гладкий, блестящий фон. В дальнейшем наступает умень
шение плазмы, сморщивание всей клетки, усиливается базофильное окрашивание. На
конец вся клетка округляется, становится сиьно базофильной, и в окрашенном препарате 
больше нельзя различать отдельных компонентов.

Авторы наблюдали несколько таких изменений, которых они не могли включить 
в предположенный ход дегенеративного процесса. Они обнаружили, например, такие 
клеточные ядра, которые содержали в большем, или меньшем количестве эозинофиль
ных телец, величиной гораздо больше зернышек, и окруженные иногда базофильным 
кольцом. Встречались также такие клеточные ядра, которые содержали 2—3 палочко
видных, кристаллоидных образований.
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ИССЛЕДОВАНИЕ ИММУННОГО ЭФФЕКТА ДИЗЕНТЕРИЙНОГО (ШИГА) И СТОЛБ
НЯЧНОГО АНТИГЕНОВ, КОМБИНИРОВАННЫХ С АНТИГЕНАМИ «НАПОМИ

НАЮЩЕГО ДЕЙСТВИЯ»

Л. РЕТИ, к. РАУШ, И. КЕТИ и Я. МАРОЦИ

1. Авторы исследовали эффект «Барра» в связи с прививками тифо-дизентерийно
столбнячного и дифтерийно-столбнячного-коклюшно-дизентерийного вакцин детям, пред
варительно не получившим тифо-столбнячных, далее дифтерийных и дифтерийно-столб
нячно-коклюшных прививок.

2. Иммуногенность «напоминающего действия» антигенов дизентерии Шига у детей, 
обладающих основным иммунитетом в отношении тифа и столбняка, или дифтерии, столб
няка и коклюша статистически не показала более низких величин чем у детей, предвари
тельно не иммунизированных.

3. Иммунный ответ токсоида, комбинированного антигеном тифа, в случае основ
ного иммунитета против тифа, не отличается статистически сигнификантно от иммуни
тета, вызванного у предварительно не привитых против тифа лиц.

4. Согласно авторам примененные вакцины, благодаря правильному выбору соот
ношения между антигеном и адсорбентом, обеспечивают максимальный иммунитет анти
генов. Авторы приписывают этому обстоятельству, что в их экспериментальных условиях 
вообще не состоялся феномена Барра.

ДЕЙСТВИЕ АНТИБИОТИКОВ НА SALMONELLA TYPHI В ЧЕЛОВЕЧЕСКОЙ
ЖЕЛЧИ 

э. т .  Г Л А З

Автор исследовал бактерицидное действие антибиотиков на Salm onella ty p h i  в 
полученной различным путем человеческой желчи. Сопоставлением полученных in  vitro  
величин торможения с описанными различными авторами желчной концентрации этих 
средств, автор установил, что для стерилизации желчной жидкости in  vivo можно при
менять в расчет только пенициллин, но и это, по всей вероятности, лишь при комбиниро
вании подачи пенициллина с желчегонным средством. Лечение пенициллином может 
быть успешным только у бациллоносителей, не проявляющих, или проявляющих только 
в незначительной степени хронических изменений желчного пузыря.

О СОДЕРЖАНИИ СВЯЗЫВАЮЩИХ КОМПЛЕМЕНТ АНТИТЕЛ ПРОТИВ ВИРУСА 
РУБАРТА В ЧЕЛОВЕЧЕСКИХ СЫВОРОТКАХ 

П. ОЛА

Автор исследовал содержание связывающих комплемент антител против вируса 
Рубарта в 308 пробах нормальных человеческих сывороток и получил в 28% проб поло
жительный результат. Процентное соотношение положительных сывороток было до из
вестной степени вариирующим, в зависимости от возраста и происхождения сывороток. 
Восприимчивость человека в отношении вируса Рубарта не кажется вероятной, если 
учесть, что в пробе крови б лиц, занимавшихся длительное время с этим вирусом, совер
шенно не удалось выявить связывающих комплемент антител. В крови лиц, переболев
ших гепатитом, встречаемость антител против вируса Рубарта была одинаковой со встре
чаемостью, установленной в крови здоровых людей.

УПОТРЕБЛЕНИЕ СОЛИ МАЛОНОВОЙ КИСЛОТЫ У CANDIDA ALBICANS
Е. к. НОВАК

Исследуя употребление соли малоновой кислоты у C andida albicans, автор выявил 
первенство окисления по сравнению с декарбоксилированием. Он установил, что расход 
кислорода наступает быстрее, чем производство углекислого газа в присутствии мало
новой кислоты. Отдельными ингибиторами можно одновременно задерживать расход 0 2,
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как и производство С02, в то время как другие ингибиторы задерживают производство 
С02 прежде чем они задерживают расход 0 2, что указывает на независимость расхода 0 2. 
Вторичное производство С02 доказывается его зависимостью от задержки расхода 0 2. 
Доказательством первичного окисления является отсутствие производства углекислого 
газа при анаэробных условиях. Из величин дыхательного коэффициента можно сделать 
заключения о промежуточном образовании глиоксиловой кислоты и в результате после
дующего дальнейшего окисления об образовании конечного продукта.

О ЗНАЧЕНИИ СТАНДАРТИЗАЦИИ ПРИ ОПРЕДЕЛЕНИИ ТИТРА АНТИСТРЕП-
ТОЛИЗИНА О

Й. БЕСЕРМЕНЬИ, Ш. БОЖОКИ и Г. БАРШИ

Авторы определили содержание антистрептолизина 0 в сыворотке 100 лиц. Титро
вание проводилось в двух различных лабораториях различными методами, применяя в 
качестве контроля один и тот же стандартный препарат антистрептолизина 0. Величины 
параллельных определений отклонялись в среднем лишь на 10,2%. Это служит доказа
тельством того, что применением международного антистрептолизина 0, проводимые при 
различных условиях определения, можно приводить к одному знаменателю.

NOCARDIA UNIFORMIS NOV. SPEC., — НОВЫЙ ВИД ЛУЧИСТЫХ 
ГРИБОВ ИЗ СОЛОНЦЕВАТОЙ ПОЧВЫ 

М. МАРТОН и И. САБО

В ходе своих исследований авторы выделили из деградированной солонцеватой 
почвы штаммы нового вида N o card ia  (Хортобадь, Восточная Венгрия, солончак). Для 
этих штаммов характерно, что их спектр утилизации источника С весьма узкий, самый 
бедный из описанных до сих пор видов N ocard ia . Данный вид встречается в почве только 
в более глубоких слоях горизонта Вх.

ДАННЫЕ К ЭПИДЕМИОЛОГИИ ЭПИДЕМИЧЕСКОГО ГЕПАТИТА В ВЕНГРИИ
А. ПЕТРИЛЛА, К. ШОЛТ и И. ВЕДРЕШ

Эпидемический гепатит регистрируется в Венгрии лишь с 1950-го года. Количество 
зарегистрированных больных в последние 2 года приблизительно 20 000 в год. Интен
сивные показатели заболеваемости в столице значительно превосходят таковых на пери
ферии. Случаи заболевания показывают выраженное сезонное колебание. Сезонное коле
бание в столице и на периферии идет в основном параллельно, причем только в зимные 
месяцы, т. к. в это время, в столице, после октябрского максимума снижается количество 
заболеваний, а на периферии наблюдается дальнейший подъем до декабря месяца. Сезонное 
колебание менее выраженное, чем в случаях других кишечных инфекций, пик заболе
ваний достигается в последнем квартале, т. е. отличается от того, к чему мы привикли в 
случаях кишечных инфекций. Большинство случаев заболеваний находятся среди до
школьников и учащихся младших классов общеобразовательной школы. Среди более стар
ших возрастных групп интенсивные показатели постепенно снижаются, таким образом 
интенсивные показатели самые высокие в 3— 10 летнем возрасте. Кривая по возрастному 
заболеванию постепенно снижается, не появляются подъемы в заболеваемости тех возраст
ных групп, у которых проводится большое количество прививок против разных инфек
ционных болезней. Кривая заболеваемости по возрастным группам подобна ко кривой 
заболеваемости тех инфекционных болезней, при которых низкие цифры интенсивных 
показателей заболеваемости у взрослых объясняются перенесением болезни уже в дет
ском возрасте. Кривая заболеваемости детей, младше 3-х лет и взрослых, старше 30-и 
лет идет довольно параллельно в течение круглого года, без сезональных колебаний, 
может быть, значительная часть этих случаев является инокуляционным гепатитом. 
В возрастных группах 3— 14 лет, наоборот, наблюдается сильное, выраженное сезональ- 
ное колебание. Интенсивные показатели заболеваемости среди медицинских работников



7

выше в 6—8 раз, чем среди остального населения того же возраста. Смертность в среднем 
около 1%, в том числе в весенние месяцы в 3 раза выше, чем в зимных. Смертность самая 
высокая в грудном возрасте и у старых людей, т. е. в основном идет параллельно с кривой 
общей смертности.

ПРОИЗВОДСТВО АНТИБИОТИКА ТРИХОТЕЦИН В ФЕРМЕНТЕРАХ
Й. ВЕРЕШ и И. САБО

Авторы получали антибиотик трихотецин во встряхиваемых культурах и фермен
терах. Продолжительность ферментации в ферментерах 88— 112 часов, а при поверх
ностном выращивании культур необходимо 25—30 дней. Максимальное содержание 
активного начала, достижимое при поверхностном выращивании культур 40—80 /гг/мл, 
а при глубинном выращивании 200— 250 /гг/мл.

Для определения трихотецина авторы применяли диффузионно-биологический 
метод С тест-микробом Saccharomyces carlsbergensis.

Исследовалась производительная способность 7 выделенных из различных источ
ников штаммов Trichothecium  roseum  как и особей, на которые авторы воздействовали 
ультрафиолетовыми лучами и культивированием на содержащей трихотецин питательной 
среде. Наибольший выход трихотецина был получен от облученной ультрафиолетовыми 
лучами особое штамма III. 189.

Из исследованных в ходе опытов около 40 питательных сред различного состава, 
самыми подходящими оказались питательные среды с содержанием солодовой вытяжки, 
виннокислого аммония, сахарозы, кукурузного повидла и дрожжевого экстракта. В таких 
питательных средах можно было получить максимальный выход 200—250 (в исключи
тельных случаях 300) /гг/мл трихотецина. На описанной Фримэнном и Моррисоном пита
тельной среде вышеназванный штамм дал максимальное содержание активного начала 
только в 80 /ír/мл.

В 10 литровых стеклянных и 40 литровых железных ферментерах продукция актив
ного начала была одинаковой с продукцией на параллельных поверхностных культурах. 
Для извлечения трихотецина авторы считают экстрагирование 20%-ым дихлорэтаном 
более подходящим способом, чем извлечение путем взбалтывания хлороформом при таком 
же соотношении. В целях очистки активного начала авторы применяли А1,0;1 хромато
графию, выделение сложным этиловым эфиром, а затем перекристаллизацию из нормаль
ного гексана.

НАХОЖДЕНИЕ МИКРСФИЛАРИЕВ В ОДНОСЛОЙНЫХ ТКАНЕВЫХ КУЛЬ
ТУРАХ ПОЧЕК ОБЕЗЬЯН

П. РУЗИЧКА

Автор сообщает об обнаружении живых микрофилариев в тканевой культуре, 
изготовленной из эпителиальных клеток почки обезьяны, показывающей слабую зара
женность паразитами.

Наличие микрофилариев в первичных тканевых культурах не влияло на рост кле
ток, ни на цитопатогенное действие вируса полиомиелита.

Зараженные микрофилариями, полученные из бутылей Ру путем обработки верзе- 
ном вторичные культуры в три дня перерождались, несмотря на то, что они лишь спора
дически содержали микрофилариев.

В первичных культурах, содержанных в течение 30 дней путем еженедельной смены 
питательной жидкости, микрофиларии оставались в живых 2 недели.

НОВЫЕ ДАННЫЕ О РАСПРОСТРАНЕНИИ В ВЕНГРИИ ЗАРАЖЕНИЙ НИЧЬЕГО 
ТИПА ПРИ ЧЕЛОВЕЧЕСКОМ ВНЕЛЕГОЧНОМ ТУБЕРКУЛЕЗЕ

И. САБО и Н. КЕРТАИ

В 1958 году авторы сообщили результат исследования типа штаммов Mycobacte
r iu m  tuberculosis, происходящих из внелегочных заболеваний и определили роль пало
чек туберкулеза бичьего типа в этих заболеваниях. Тип 248 штаммов M ycobacterium
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авторы определили прививкой животным, методом внутрикожной прививки кроликам, 
разработанным за новейшее время.

Исследованные, чувствительные к лекарствам и обладающие каталазной актив
ностью штаммы были в 62,5% человеческого, и в 35,4% случаев —  бичьего типов. Сме
шанную человеческую и бичью популяцию (смешанная инфекция) авторы нашли в 
2,1% случаев. Палочка туберкулеза бичьего типа играла патогенную роль при урогени
тальном туберкулезе в 29%, при заболеваниях, сопровожденных гнойными процессами 
в 40%, а при заболеваниях женских половых органов — в почти 50% случаев.

МЕГАЦИНОГЕНЕЗ, ИНДУКЦИЯ СИНТЕЗА НОВОГО ИММУНОСПЕЦИФИЧЕ- 
СКОГО ВЕЩЕСТВА В ОТДЕЛЬНЫХ ШТАММАХ BACILLUS MEGATERIUM

Г. ИВАНОВИЧ, Э. НАДЬ и Л. АЛФЁЛЬДИ

Облученная ультрафиолетовыми лучами культура штамма B a cillu s  megaterium  
№ 216 в ходе дальнейшего культивирования растворяется. Возникающие лизаты содер
жат антибактериальное начало — мегацин, возникновение которого сопровождено рас
творением клеток. Такие лизаты можно получить также из культур, изготовленных на 
синтетической питательной среде. Путем соответствующей переработки последних можно 
получить фракционированно очищенные концентраты с высоким титром. Авторы иссле
довали с помощью таких концентратов свойства мегацина.

Они установили, что мегацин обладает исключительно большой чувствительностью 
и уже свыше pH 7.5 быстро инактивируется. В противоположность этому он в кислой 
и нейтральной среде является довольно устойчивым веществом. При такой реакции на 
температуре в 37° С действие концентратов не меняется, даже в течение 4 часов. Однако, 
неустойчивость в отношении тепла показывает, что при температуре 80° С титр концен
тратов быстро снижается. Активное начало инактивируется также двукратно кристалли
зованным пепсином (1 /ír/мл) и химотрипсином. В противоположность этому мегацин при 
реакции pH 7.2 оказался устойчивым в отношении двукратно кристаллизованного трип
сина (100 /ír/мл). За белковую природу мегацина говорит также его антигенное свойство. 
Сыворотка крови привитых концентратами кроликов нейтрализирует бактерицидное 
действие мегацина. Мегацин дает со своим специфическим антителом преципитацию. 
Серологическим исследованием удалось доказать, что клетки исследованного штамма 
первоначально не содержали вещества с такой серологической специфичностью, и что 
синтез последнего наступает лишь после облучения ультрафиолетовыми лучами.

ПРИМЕНЕНИЕ ВОССТАНОВИТЕЛЬНЫХ КРАСИТЕЛЕЙ ДЛЯ БЫСТРОГО ОПРЕ
ДЕЛЕНИЯ РАЗВИТИЯ STREPTOMVCES RIMOSUS В ГЛУБИННЫХ КУЛЬТУРАХ

Л. НЬИРИ и 3. ЛЕНДЬЕЛ

Авторы исследовали в аппарате Варбурга дыхание гифов штамма Streptom yces 
rim osus  BS-—21, выращенного на жидкой, аэрированной глубинной культуре, далее 
активность окислительно-восстановительной ферментной системы, растворами метиле
новой синьки и трифенилтетразолхлорида. Они получили кривые окислительно-восста
новительной ферментативной активности и дыхания, характерные для типичных фер
ментаций с хорошим выходом окситетрациклина. В случае отравленных ионами железа 
или сильно щелочных ферментаций, форма кривых интенсивности дыхания и фермен
тативной активности своеобразно изменялась, отклоняясь от типичных ферментаций. 
Способность продукции окситетрациклина этих культур была незначительной.

Цветные реакции, полученные растворами метиленовой синьки и трифенилтетра
золхлорида, можно рассматривать результатом функции биологической окислительно
восстановительной ферментной системы.

В знании вышеописанных связей, применением растворов трифенилтетразолхло
рида, но в частности метиленовой синьки, можно быстро и надежно определить физиоло
гическое состояние глубинных культур.
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НОВЫЙ СПОСОБ ДЛЯ ИССЛЕДОВАНИЯ КУЛЬТУР SH. SONNEI
Б. ШЕРЕНЬ

1. Автор дает описание нового способа исследования, сущность которого сводится 
к тому, что морфология хорошо изолированных бактериальных колоний исследуется с 
помощью ручных луп, причем колонии освещаются источником света, лучи которого 
падают на колонии под различным углом.

2. Для колонии Sh. sonnei S  характерен рисунок колонии, названный «звездовид
ным» ; в таких колониях центральная часть, соответствующая звезде, представляет Sh. 
sonnei S , а окраинная часть агглютинирует в противосыворотке фазы II.

3. Автор излагает морфологию колонии фазы II и варианта R  Sh. sonnei.
4. В случае коньюнктивального заражения звездовидные колонии вирулентны, 

а оптически гомогенные, средне преломляющие свет колонии оказались авирулентными.
5. Преобладающая часть колоний свежевыделенных культур Sh. sonnei состоит 

из звездовидных колоний, благодаря чему описанный авторами метод пригоден для ото
жествления и для определения вирулентности палочки Зонне в ходе рутинной бактерио
логической диагностической работы.

БАКТЕРИАЛЬНЫЕ БОЛЕЗНЕТВОРНЫЕ АГЕНТЫ ФАСОЛИ И ИХ РАСПРОС
ТРАНЕНИЕ В ВЕНГРИИ

3. КЛЕМЕНТ

В Венгрии бактериальные заболевания фасоли были известны только с точки зре
ния признаков болезни. Автор впервые сообщает о встречаемости в Венгрии Согупе- 
baclerium flaccum faciens, X anlhom onas phaseoli var. fu scans, X .  phaseo li, Pseudomonas pha-  
seoli-cola  (m ed icag in is f. sp . p h aseo lico la ). В ходе наблюдений за период 1954— 1957 
гг. с точки зрения вреда и распространения самым значительным был С. f la c c u m 
fa c ien s, встречаемость которого составляла, по сравнению с другими бактериальными 
заболеваниями, 87,5%. За ним следуют X .  р  aseoli var. fu sca n s  (9%), а затем X .  phaseoli 
и Ps. phaseolicola  (2— 1,5%). Первые два болезнетворных агента распространены по всей 
стране, в то время как последние два были изолированы только в междуречье Дуная и 
Тисы. Большое распространение С. fla ccu m fa cien s  следует приписать специальным 
климатическим условиям Венгрии.

ДЕЙСТВИЕ ОБЛУЧЕНИЯ УЛЬТРАФИОЛЕТОВЫМИ ЛУЧАМИ НА СПОСОБНОСТЬ 
ASPERGILLUS NIGER ОКИСЛЯТЬ СТЕРОИДЫ

Г. ВИКС, М. НАТОНЕК и М. КОВАЧ

Авторы получили путем облучения ультрафиолетовыми лучами из штамма 47 
A sperg illus niger, образующего из прогестерона 11 а-оксипрогестерон, 11-эпикорти- 
костерон и два более полярных вещества, такой морфологический мутант, который из 
прогестерона образовал лишь два продукта окисления : по большей части 11 а-окси
прогестерон и в следах одно более полярное вещество. Значит мутант потерял свою 
21-гидроксигеназную ферментную систему.

ВЫЯВЛЕНИЕ СВЯЗЫВАЮЩИХ КОМПЛЕМЕНТ АНТИТЕЛ ПРОТИВ АДЕНО
ВИРУСОВ В КРОВИ РАЗЛИЧНЫХ ЧЕЛОВЕЧЕСКИХ ГРУПП

И. НАС и М. ТОТ

Авторы исследовали реакцией связывания комплемента содержание антител про
тив аденовирусов в сыворотке крови 426 лиц, четырех возрастных групп, отчасти здоро
вых, а отчасти находящихся на врачебном лечении. В I группе (переболевшие полио
миелитом и получающие последующее лечение дети, по большой части от 0— 10 лет) 
авторы получили в 48,2% случаев, а во II группе (находящиеся на лечении больные 
туберкулезом, от 10—20 лет) в 24,5% положительные результаты. В III группе (здоровые 
молодые люди от 18—20 лет) положительная реакция была получена в 14,7%, а в IV
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группе (здоровые взрослые старше 20 лет) — в 13,6% случаев. Титр антител, связываю
щих комплемент, в группах I— II— IV составлял 1 : 4 —  1 : 32, а в группе III — 1 : 4 — 1 : 8. 
Средняя величина титров в I группе была 1 : 8,8, во II группе — 1 : 11,6, в III группе — 
1 : 4,8, а в IV группе -— 1 : 11,4.

НОВЫЕ ДАННЫЕ К СТОЙКОМУ ГЕТЕРОКАРИОЗУ STREPTOMYCES
Я. ХОРВАТ

Подобный Streptom yces fa sc icu lu s  неспоровый гетерокарионтый вид, находя
щийся уже восемь лет в коллекции кафедры, автор растирал стекляными бусами, а иной 
раз подвергал облучению ультрафиолетовыми лучами. При помощи обоих методов удалось 
выделить три хорошо дифференцируемых вида. Два из выделенных трех видов стали 
спорообразующими. Первый вид отличался от исходного вида прямым, а второй — спи
ральным спорангием, третий вид отличался только по своему цвету. Два споровых вида 
в течение года подвергались обратному развитию и стали подобными исходному виду, 
однако, после нового растирания вновь удалось получить из них в большем проценте 
споровый вид, и в меньшем также остальные два вида. Значит, различные изолированные 
виды и дальше оставались гетерокарионтами. У двух споровых видов обратное развитие 
происходит предположительно на действие цитоплазмы.

КУЛЬТУРЫ SH. SONNEI ФЕРМЕНТИРУЮЩИЕ САЛИЦИН
Б. ШЕРЕНЬ

1. Из 69 штаммов Sh. sonnei отожествленных современными морфологическими, 
биохимическими и серологическими методами исследования, 8 культур ферментировали 
поздно (после 4—26 дневнего латентного периода) и непоследовательно салицин (2 окси- 
бензиловый спирт-/5-4-глнжопираноза).

2. У культур Sh. dys. 2. и Sh. f le x n e r i  автор не наблюдал расщепления салицина.
3. Автор подверг подробному исследованию один из штаммов, расщепляющих 

салицин, и установил, что наступление ферментации нельзя объяснить методологическими 
ошибками, а это впервые распознанное свойство данного штамма.

4. Результаты исследований показывают, что было бы ошибочным исключить 
салицин-положительные штаммы из рода Shigella.

ДЕЙСТВИЕ ВЫРАЩИВАНИЯ НА КУЛЬТУРЕ STREPTOMYCES AUREOFACIENS 
ДРУГИХ STREPTOMYCES НА ИХ ПРОИЗВОДСТВО АНТИБИОТИКОВ

Я. ХОРВАТ и Ф. БУДАИ

На культуре Streptom yces aureofaciens выращенной на наклонном агаре, по 
истечении определенного времени (как правило начиная с 5-го дня) можно культивировать 
другие Streptomyces. Антибиотический спектр выращенных на культуре Streptomyces 
aureofaciens В И Д О В  Sír. g riseus, Str. g lob isporus , Sír. fla veo lu s , S ír. X jl ,  Sír. R3, S tr. R 5, 
Str, J .  повышается до прибли. 10 пассажов, а затем их антибиотический спектр со
кращается. У отдельных видов после многократного пассирования через культуру Strep
tom yces aureofaciens производство антибиотиков даже прекращается. Такой же резуль
тат авторы получили в случае обработки вида Streptomyces globisporus, дезоксирибо
нуклеиновой кислотой, изолированной из Streptom yces aureofaciens, также после много
кратного пассажа этого вида. Производство антибиотиков по причине прекращения тран
сформирующего действия, авторы рассматривают как наследственную ферментную недо
статочность.
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БИОХИМИЧЕСКИЕ И АНТИГЕННЫЕ СВОЙСТВА PROTEUS MORGANII
К. РАУШ и Ш. ВЁРЁШ

1. Авторы проводили биохимическое и антигенно-структурное исследование 222 
штаммов Proteus morganii.

2. С биохимической точки зрения P . m organii хорошо можно определить и диффе
ренцировать от остальных членов группы Proteus.

3. Авторы распределили 222 штамма на 29 групп —  3 подгруппы —  и с помощью 
19 Н антигена —  на 57 типов.

4. Определенный неустойчивый к температуре антиген авторам удалось выявить 
с уверенностью только в одном единственном типе.

5. На основе своих исследований авторы составили антигенную схему P . m organii.
6. Обсуждалась проблема таксономического положения P . m organii.

СВЯЗЬ МЕЖДУ ПОВЕРХНОСТНЫМИ СВОЙСТВАМИ ШТАММОВ STAPHYLO
COCCUS AUREUS И ИХ РЕЗИСТЕНТНОСТИ К АНТИБИОТИКАМ

I. Фаготипизация полирезистентных штаммов 
л. в а ц и , э. Пе н е й  и л . г е д е р

Авторы исследовали связь между чувствительностью к антибиотикам и фаготипам 
355 патогенных штаммов Staphylococcus aureus, выделенных из больных грудных детей 
или же взрослых больных.

240 штаммов Staphylococcus aureus  происходили ОТ взрослых больных, а 115 из 
отделения для грудных детей.

Из исследованных штаммов Staphylococcus aureus 34 штамма оказались чувстви
тельными к антибиотикам. Резистентными к одному антибиотику были 182 штамма, к 
двум антибиотикам —  50 штаммов, к трем или же четырем антибиотикам —  24 штамма, 
а полирезистентными оказались 65 штаммов.

Из исследованных штаммов 35,3% входили в I фаговую группу. 9,5% во II фаговую 
группу, 11% в III фаговую группу, 0,6% в IV фаговую группу, перекрестную реакцию 
дали 13,2% штаммов, а типизация 30,4% исследованных штаммов ■— т. е. всего 107 штам
мов Staphylococcus aureus  не была ВОЗМОЖНОЙ.

В зависимости от расширения спектра резистентности штаммов, возможность 
определения их типа постепенно уменьшалось, причем 88% резистентных к 5— 6 анти
биотикам — так наз. полирезистентных —  штаммов Staphylococcus aureus уже нельзя 
было типизировать фагами.

Число штаммов, типизации которых нельзя было провести, составляло в группе 
чувствительных к антибиотикам штаммов 11,8%, в группе штаммов, резистентных к двум 
антибиотикам — 12%, в группе штаммов, резистентных к трем и четырем антибиотикам 
—  50%, а в группе полирезистентных штаммов — 88%.

Быть может, что у полирезистентных штаммов Staphylococcus aureus  состав по
верхности клеток, отклоняющийся от состава чувствительных штаммов, есть причиной 
явления фаговой адсорбции — и следовательно и возможности типизации — или же 
проникновения антибиотиков — т. е. резистентности.

ВИРОЛОГИЧЕСКИЕ НАБЛЮДЕНИЯ ВО ВРЕМЯ ЭПИДЕМИИ ПОЛИОМИЕЛИТА
В ВЕНГРИИ В 1957 ГОДУ

П. ФЁЛДЕШ, И. СЕРИ и ж. БАНОШ

Авторы во время эпидемии полиомиелита в Венгрии в 1957 г. изолировали 21 
цитопатогенный штамм вируса. Из них 13 штаммов оказались вирусами полиомиелита 
1. типа, один штамм —  2. типа, три штамма 11. типа, а один штамм 7. типа вируса ECHO. 
Определения типа трех штаммов до сих пор еще не удалось. Из штаммов типа ECHO 11, 
два были идентичными с прототипом, однако, они обладали до некоторой степени откло
няющейся от прототипа антигенной структурой.
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Авторы проводили серологические исследования со сывороткой 214 реконвале- 
сцентов, взятой у больных, переболевших полиомиелитом, и находящихся на ортопеди
ческом последующем лечении. Ими не была выявлена проба сыворотки, которая не содер
жала бы антитела против одного из типа вируса полиомиелита.

ДАННЫЕ К БИОСИНТЕЗУ ЦИАНОКОБАЛАМИНА В КУЛЬТУРАХ 
PROPIONIBACTERIUM SHERMANII

А. ШИМОН

Автор исследовал обмен веществ дианокобаламина в культурах Propionibacte
rium. sh erm a n ii и установил следующее :

1. 48 часовые культуры в течение 2 часов способны связывать 1,6— 1,7 /гг/мл циано- 
кобаламина. По истечении более длительного срока связывающая способность культур 
еще повышается.

2. Культуры не расщепляют присутствующий в излишнем количестве витамин В12 
и добавленный витамин В12 не влияет в значительной степени на производство культур 
витамин В12-активности.

3. Формалин в количестве 1—2% убивает культуру. Такая культура утрачивает 
свою способность синтетизировать витамин В12, но она сохраняет свою способность свя
зывать добавленный к раствору цианокобаламин и преобразовывать фактор В в витамин 
В12 (в присутствии прекурзора).

4. Сильно аэрированные (встряхиваемые) культуры, в сущности, утрачивают свою 
способность синтетизировать витамин В12, но они сохраняют свою способность преобразо
вывать фактор В в витамин В12. Культура даже при условиях сильной аэрации не спо
собна расщеплять цианокобаламин.

5. Засеваемая из встряхиваемых культур глубинная культура производит такое 
же количество витамин В12-активности, и показывает в общем такое же поведение, как и 
глубинная культура, при пересеве из глубинной культуры.

ИССЛЕДОВАНИЯ С ФАГОМ CL. PERFRINGENS
Г. ГАШПАР и Г. ТОЛНАЙ

Авторы разработали метод для титрования фага, растворяющего штамм Cl. p e rfr in -  
gens. Количество фагов определяется на плотной питательной среде подсчетом плак 
(p laq u e). Применение описанной авторами питательной среды предоставляет возможность 
для инкубации пластинок, служащих для титрования фагов без особого анаэробного 
устройства, благодаря чему устраняются затруднения анаэробного культивирования.

Авторы далее изготовили такой прибор, который пригоден для исследования размно
жения фагов анаэробных бактерий и для снятия так наз. (юдношаговых кривых размно
жения».

Чувствительность фагов к теплу показала в случае аэробных фагов, как правило, 
обычные величины. При внутривенном впрыскивании кроликам авторы наблюдали эффек
тивную продукцию антифагов.

Авторы снимали «одношаговую кривую», обозначающую размножение фагов. Опыт 
проводился в условиях однократной инфекции. Латентный период составлял 45—55 
минут, а повышающийся период — 20 минут. Средний выход фагов —  459. Бросается в 
глаза, ненаблюдаемое в случае аэробных фагов своеобразие кривых выражающееся в 
слабо повышающихся величинах латентного периода. Авторы не могут дать объяснения 
для этого явления и желают продолжать свои исследования в этом направлении.

ДЕЙСТВИЕ УДАЛЕНИЯ ДОСТУПНОЙ ВОДЫ НА ФОРМУ КЛЕТОК И НА КИНЕ
ТИКУ РАЗМНОЖЕНИЯ ШТАММА SACCH. CEREVISIAE VAR. ELLIPSOIDEUS

К. ВАШ и Г. ПРОСТ

Авторы исследовали распределение частоты объели клеток, происходящих из одно
клеточной культуры. (Объем исчислялся в знании короткого и длинного диаметров 120 
клеток формулой объема эллипсоида вращения). Авторы выявили, что данное распреде
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ление — ненормальное. Почти все кривые распределения частоты были ассимметричными 
и ввиду присутствия клеток, гораздо более больших среднего объема, показали сильно по
ложительную кривизну. Авторы исследовали тип этих распределений частоты пробит- 
трансформацией и х2-пробой прилегания первоначальных и пробитданных к нормаль
ным кривым. Они пришли к тому заключению, что распределение частоты объема клеток 
в большинстве случаев имел log нормальный характер. Авторы того мнения, что данное 
установление предоставляет возможность критического пересмотра таксономии дрожжей, 
основанной на размерах клеток, далее для статистической оценки циторритического, 
сморщивающего действия отдельных средств, осмотически действующих на клетки.

При взвешивании клеток в растворах поваренной соли или же глицерина различ
ной концентрации, средняя величина клеточных объемов довольно внезапно снизилась, 
в осмотическом отношении до концентраций, соответствующих приблизительно 1% хло
ристому натрию. В случае более высоких концентраций снижение объема было меньшего 
размера. В противоположность этому, скорость размножения и общий рост показали, 
начиная с наименьших концентраций, беспрерывное, равномерное уменьшение.

Значит, повышение концентрации вначале вызывает сравнительно сильные изме
нения в степени набухания клеточной плазмы, повидимому без того, чтобы повлиять на 
клеточное строение и на размножение. Однако, после достижения снижения набухания 
определенной степени (что соответствует прибл. 15%-ому среднему уменьшению объема), 
дальнейшее удаление воды уже сравнительно сильно снижает интенсивность жизненных 
процессов. Данное критическое сморщивание клеток может сопровождаться более силь
ным снижением гидратуры клеток, и последнее явление может быть непосредственной 
причиной замедления размножения клеток.

Два плазмолитических вещества, столь различных по своей химической природе и 
по своим вещественным свойствам —  хлористый натрий и глицерин — оказали подобное 
действие на клетки. Оба вещества действовали повидимому только путем повышения 
осмотического давления. Специфических действий (например действия соли) не удалось 
выявить.

СВЯЗЬ МЕЖДУ ПОВЕРХНОСТНЫМИ СВОЙСТВАМИ ШТАММОВ STAPHYLO
COCCUS AUREUS И ИХ РЕЗИСТЕНТНОСТИ К АНТИБИОТИКАМ

II. Фагоцитоз чувствительных и устойчивых к антибиотикам штаммов Staphylococcus
aureus

Л. ВАЦИ, ДЬ. ХАДХАЗИ и М. КАТОНА

Авторы исследовали фагоцитоз лейкоцитами крыс чувствительных, и резистентных 
К нескольким антибиотикам, так наз. ПОЛИреЗИСТентных штаммов Staphylococcus aureus. 
Было установлено, что

1. полирезистентные штаммы менее подвергаются фагоцитозу, чем чувствительные 
(как правило 34%),

2. фагоцитоз штаммов, устойчивость которых была вызвана iu  v itro  оказался по 
сравнению с чувствительными штаммами на 71% выше,

3. трипсиновое переваривание стафилококков не меняет существенно их пожирае-
мости,

4. на действие предварительной обработки перйодатом калия пожираемость чув
ствительных, как и устойчивых стафилококков значительно повышается (69, или же 
53%),

5. на действие анионактивного вещества (дуодецилбензолсульфокислый натрии) 
фагоцитоз резистентных штаммов Staphylococcus aureus значительно повышается (+82% ), 
в то время как фагоцитоз чувствительных штаммов остается неизменным,

6. повышающее фагоцитоз действие дуодецилбензолсульфокислого натрия на 
резистентные клетки оказалось соразмерным концентрации активного вещества,

7. предварительная обработка катион-активным веществом не изменяет фагоцитоз 
ни чувствительных, ни резистентных клеток,

8. после предварительной обработки устойчивых клеток липазой поджелудочной 
железы, повышающее фагоцитоз действие анион-активного вещества не имеет место, а 
у обработанных инактивизированной липазой клеток это действие сохраняется,
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9. авторы указывают на значение веществ, входящих в состав клеточной поверх
ности стафилококков, в частности на значение липоидов, в отношении биологических 
функций, и свойств клеток (пожираемость, чувствительность к антибиотикам).

ИССЛЕДОВАНИЕ СВЯЗИ МЕЖДУ ИММУННЫМИ ВЕЩЕСТВАМИ И БЕЛКОВЫМИ
ФРАКЦИЯМИ

Л. ГОРЕЦКИ

Относительно связи между иммунными веществами и белковыми фракциями про
являются у отдельных авторов противоречия в отношении роли глобулинов, как носителей 
антител, перемещающихся со скоростью выше скорости перемещения гамма-глобулина. 
Причину расхождений следует искать в количестве применяемой сыворотки.

Автор проводил опыты, в которых он при совершенно одинаковых эксперимен
тальных условиях менял количество применяемой для электрофореза сыворотки. В каче
стве экспериментального метода он применял комбинацию разработанного раньше метода 
бумажного электрофореза с агарной диффузией. В случае гемолизинов, применяя коли
чество в 40, 60 или же 80 ц \ было установлено, что параллельно с повышением количества 
сыворотки повышается также распространение иммунных веществ на компоненты с боль
шей скоростью перемещения. Относительно антистрептолизинов было при электрофорезе 
20, 40 и 60 /il сыворотки то же самое установлено, однако, действие иммунного вещества 
в этом случае не распространялось в такой степени на компоненты большей скорости 
перемещения, чем в случае гемолизинов. В то время как при применении больших коли
честв сыворотки гемолизинов, действие иммунного вещества показалось даже в альфа- 
глобулинах, то антистрептолизины были выявлены только в бета-глобулинах. Таким 
образом, первоначально локализованное только на гамма-глобулины действие иммун
ного вещества проявлялось в случае применения больших количеств также и вне послед
них.

На взаимосвязь распределения иммунных веществ в фракциях и количества при
меняемой сыворотки указывают также те дальнейшие эксперименты, в которых автор 
после однократной элюции из фильтровальной бумаги нанесенной сыворотки проводил с 
последней второе извлечение. В данном случае расстилающиеся при первой элюции иммун
ные вещества проявлялись при второй элюции только в гамма-глобулинах. Вышеописан
ные опыты дали совпадающие результаты, как в случае применения сывороток более низ
кого, так и более высокого титров. Принимая степень растворения соразмерной с перво
начальной концентрацией антител, то и из этого можно сделать выводы относительно 
максимума антител в ферограммах. Итак, очевидно, что носителем иммунных веществ 
был в случае исследованных автором гемолизинов и антистрептолизинов —  гамма-гло
булин.

При исследовании локализации антител, согласно результатам опытов, следует 
применять только такое количество сыворотки, при котором распределение не распрос
траняется на несколько фракций. Наблюдаемое в случае применения большого количе
ства сыворотки расстилание иммунного вещества приводит к неправильным выводам 
относительно локализации.

Проведенные эксперименты делают понятным имеющиеся в литературе противо
речия, которые по всей вероятности обусловливались неправильным подбором количе
ства сыворотки. При данном методе следует применять по возможности меньшее коли
чество, благодаря чему эти противоречия устраняются. При исследовании локализации 
иммунных веществ следует стремиться проводить эксперименты при низкой белковой 
концентрации.

КОМБИНИРОВАННАЯ ФЕРМЕНТАЦИЯ : I. ФЕРМЕНТАЦИЯ 
TRICHOTHECIUM-PENICILLIUM

Б. ЙОХАН, И. САБО и И. КЕРЕСТЕШИ

Авторы выявили, что при засевании штамма P én ic illiu m  sp . (Р2) на встряхивае
мую культуру штамма T richoihecium  roseum  (Tr) (комбинированная ферментация) коли
чество полученного антибиотика трихотецин в 2—5 раза больше, чем в случае фермен
тации только штаммом Тг. Штамм Тг сам по себе дал выход трихотецина в среднем 200—
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300 г/л. Штамм Р2 принадлежит к группе a ssy m m e tr ic a -v e lu tin a  и продуцирует только 
.мало пенициллина. Если постепенно повысить количество Р2, засеянного на культуру Тг, 
то выход трихотецина также постепенно повышается, вплоть до достижения критической 
точки. Если повысить количество Р2 выше этой точки, то производство трихотецина пре
кращается. Чтобы получить максимальный выход трихотецина, количество Р2, засевае
мого на культуру Тг должно быть в определенной пропорции с количеством посева Тг. 
В случае соблюдения этого соотношения посева Тг/Р2 при повышении или снижении коли
чества обоих посевов выход трихотецина остался неизменным. Вегетативный посев Р2 
следует засеить на 24 часовую, а споровый посев на О часовую культуру Тг. Засеваемый 
на 42 час или позже вегетативный посев Р2 оказался неэффективным.

Другие, применяемые в производстве пенициллина штаммы P én icillium  также 
вызывают вышеописанное действие. Убитыми культурами P én icilliu m  или экстрактом 
мицелия, как и пенициллином не удалось повысить выхода трихотецина.

Штамм Р2 задерживал на пластинке агара рост Тг но не убивал его. Тг не задержал 
роста Р2. В ферментациях, дающих высокий выход трихотецина, нити Тг показали на дей
ствие Р2 своеобразное морфологическое изменение. Полученный при комбинированной 
Тг—Р2 ферментации антибиотик в отношении биологического и бумажнохроматографи
ческого поведения, кристаллической формы и точки плавления совпадал со свойствами 
трихотецина, полученного из штамма Тг.

Вышеописанное явление нельзя приписать действию, возможно, вызванного штам
мами P én icillium  «фактора роста». В комбинированных ферментациях — по сравнению 
с контролями —  при более высоком выходе трихотецина вес мицелия был меньшим. Быть 
может, что наблюдаемый в таких случаях повышенных выход трихотецина является 
следствием патологического метаболизма, связанного с наблюдаемым в микроскопе пато
логическим изменением нитей гриба Тг. Однако, пока нельзя исключить возможность, 
что P én icillium  продуцирует какой-нибудь прекурзор, или что он с точки зрения произ
водства трихотецина играет роль «фактора активности».

О МЕГАЦИНАХ
Э. НАДЬ, Л. АЛФЁЛЬДИ и ДЬ. ИВАНОВИЧ

Антибактериальные начала с изо-антигонистическими свойствами различных 
штаммов B acillus megaterium  представляют из себя подобные, или подобного действия 
вещества. На основе сказанного вполне обосновано обозначение этих веществ бактерио- 
цидной природы общим названием мегацины. Далее это обосновывается также совер
шенно узким, почти одинаковым спектром их антибактериального действия. Их действие 
направляется против мембраны цитоплазмы чувствительных бактерий, разрушая после
днюю, уничтожая этим осмотический барьер бактерий. Несмотря на эти идентичные 
свойства, между мегацинами отдельных штаммов наблюдаются также иммуннобиологи
ческие разницы, проявляющиеся в их антигенной природе и иммунноспецифичности.

ЛИЗОГЕНЕЗ И БАКТЕРИОЦИНОГЕНЕЗ В. MEGATERIUM
э. НАДЬ

Автор исследовал применением метода «rep lica-p lating»  100 различных, недавно 
изолированных штаммов В . m egaterium  с точки зрения их лизогенного и мегациноген- 
ного свойства. Было установлено, что 34% штаммов лизогенны, а 53% ■— мегациногенны. 
Два летальных биосинтеза встречались совместно в случае 19 штаммов. На основе полу
ченных результатов не удалось доказать генетической связи между двумя явлениями. 
Наличие двух свойств повидимому совершенно независимо друг от друга. Не удалось 
выявить перекрестного иммунитета между двумя летальными биосинтезами.
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ПРОЕКТИРОВАНИЕ И ОЦЕНКА ИММУНОЛОГИЧЕСКИХ ЭКСПЕРИМЕНТОВ
д. й . ФИННИ

Автор дает краткое описание важнейших статистических показателей иммунологи
ческих оценок, при которых сила действия двух вакцин сравнивается на той основе, до 
какой степени они защищают подопытных животных против стандартной дозы заражаю
щего организма. Для статистического анализа и определения относительной эффектив
ности было предложено много различных методов исчисления, среди которых автор при
водит более важные методы на конкретном примере. Среди этих методов ныне уже боль
шинство нельзя предлагать и некоторые —  например популярный метод Рид— Мюнха — 
даже следует отвергнуть.

Для быстрого приближенного определения относительной эффективности наиболее 
удовлетворяющим кажется метод Шпирман— Кербера и еще несколько графических 
методов. Первый применим прежде всего в случаях, когда определение было поставлено 
на одинаковом количестве подопытного материала и различными дозами, причем эти 
дозы должны быть близкими друг другу и создать геометрический ряд, но важнее всего, 
чтобы применяемые дозы распространялись от уверенно положительного до уверенно 
отрицательного ответа.

Эти требования неблагоприятны с точки зрения проведения опыта, если учесть, 
что быть может предварительная информация делает возможным применять только не
сколько доз, близких к 50% ответу. Поэтому метод Шпирман—Кербера для анализа пра
вильно поставленного опыта не является достаточно эффективным и надежным.

В общем оценка «m axim um  likelihood» является лучше всего осуществимым методом, 
либо путем N E D  («norm al eq u iv a len t deviate»), либо путем log it трансформации. На 
практике редко оправдывается придавать преимущество одному из этих методов, перед 
другими. Вместо метода «m axim um  likelihood» можно применять также метод «m in im u m  x 2i) 
хотя последний, быть может, является менее удовлетворяющим.

НЕКОТОРЫЕ ПРАКТИЧЕСКИЕ НАБЛЮДЕНИЯ ПРИ БИОЛОГИЧЕСКОЙ ОЦЕНКЕ
Г. БАРШИ

Автор дает обзор о проведенных за последние годы в Государственном институте 
гигиены более важных работ по биологической оценке.

В связи с испытанием новых четвертичных соединений аммония проводились био
логические исследования дезинфицирующих средств. Было установлено, что для опре
деления эффективности дезинфицирующих средств коэффициент фенола не является 
достаточным, ибо много свойств отдельных дезинфицирующих средств отклоняются друг 
от друга. С помощью простых средств были кроме коэффициента фенола также устано
влены коэффициенты температуры и концентрации дезинфицирующих средств. В случае 
бактериальных спор не удалось на основе действия формалина доказать зависимости 
Чик-V атсона, вместо этого, между концентрацией и успешным временем проникновения 
была установлена простая лог-арит-линейная связь.

В целях исследования эффективности вакцин поставленные согласно принципам 
стандартизации экспериментальные модели показали более точно защитные величины, 
чем применяемые до сих пор модели. При разработке новых моделей правильность экспе
риментальных условий проверялась на основе осуществления ими log-нормального 
распределения.

Автор дает краткое описание эпидемиологического испытания противококлюш- 
ной вакцины, далее исследования эффективности обязательной вакцинации против кок
люша, и он вкпатце излагает те трудности, которые часто препятствуют однозначной 
оценке эффективности вакцин при эпидемиологическом исследовании.

Согласно статистическому исследованию данных о чувствительности к антибио
тикам бактериальных штаммов, происходящих из рутинных исследований 1953—56 гг., 
нельзя наблюдать перекрестной резистенции. В противоположность этому была устано
влена связь между чувствительностью болезнетворных агентов к различным антибио
тикам.
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