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Abstract:
Eighteen strains of micrococci, ten of which had "been isolated from cases of food-ooiscning, were
studied as to their physiological reactions and the ability of their boiled filtrates to invoke
entero-toxlcity in cats uoon Intravenous injection.

All but one of the strains gave the same physiological reactions and morphological characteristics listed
for Micrococcus pyogenes var. aureus in the sixth edition of Sergey’s Manual, except that none of them
was observed to produce hydrogen sulfide.

Incubation at 30°C brought about a more rapid liquefaction of gelatin by the strains than incubation at
37° C. The length of time the tubes were cooled after each incubation Influenced the observable
liquefaction in some of the tubes.

Three of the strains were found enterotoxic to cats. In addition to having all the physiological
characteristics of Micrococcus pyogenes van aureus, these three strains were coagulytic, hemolytic,
fibrinolytic, and gave a positive Stone reaction in 48 hours. Pour strains not enterotoxic to cats gave
these same reactions. No visible serological reaction was observed between homologous enterotoxin
and rabbit serum.

The results of these experiments lead one to the same conclusion reached by most of the other workers
on food-poisoning micrococci, namely, that at present there is no physiological characteristic
successful in separating enterotoxic from non-enterotoxic micrococci. 
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ABSTRACT

E ig h te e n  s t r a i n s  o f  m ic ro c o c c i ,  t e n  o f  w hich had "been i s o l a t e d  

fro m  c a s e s  o f  f o o d -n o ls o n in g ,  w ere s tu d i e d  a s  to  t h e i r  p h y s io l o g i c a l  

r e a c t i o n s  and th e  a b i l i t y  o f  t h e i r  b o i l e d  f i l t r a t e s  t o  in v o k e  e n t e r o -  

t o x l c l t y  i n  c a t s  uoon in t r a v e n o u s  i n j e c t i o n .

A l l  b u t  one o f  th e  s t r a i n s  gave th e  same p h y s io l o g i c a l  r e a c t io n s  

and m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  l i s t e d  f o r  M icrococcu s  -pyogenes van . 

a u re u s  i n  th e  s i x t h  e d i t i o n  o f  S e rg e y ’ s M anual, e x c e p t t h a t  none o f  

them  was o b s e rv e d  to  p ro d u ce  h y d ro g en  s u l f i d e .

I n c u b a t io n  a t  JO0 C b ro u g h t a b o u t a  more r a p id  l i q u e f a c t i o n  o f  

g e l a t i n  by th e  s t r a i n s  th a n  in c u b a t io n  a t  37° C. The l e n g t h  o f  tim e 

th e  tu b e s  w ere c o o le d  a f t e r  e a c h  in c u b a t io n  in f lu e n c e d  th e  o b s e rv a b le  

l i q u e f a c t i o n  i n  some o f th e  t u b e s .

T h ree  o f  th e  s t r a i n s  w ere fo u n d  e n t e r o to x i c  to  c a t s .  I n  a d d i t io n  

t o  h a v in g  a l l  th e  p h y s io l o g i c a l  c h a r a c t e r i s t i c s  o f  M icro co ccu s pyogenes 

v a n  a u r e u s ,  th e s e  t h r e e  s t r a i n s  w ere c o a g u ly t i c ,  h e m o ly t ic ,  f i b r i n o l y t i c ,  

a n d  gav e  a  p o s i t i v e  S tone  r e a c t i o n  i n  48 h o u r s . F o u r s t r a i n s  n o t  

e n te r o to x i c  to  c a t s  gave th e s e  same r e a c t i o n s .  No v i s i b l e  s e r o l o g ic a l  

r e a c t i o n  was o b s e rv e d  be tw een  hom ologous e n te r o to x in  and  r a b b i t  serum .

The r e s u l t s  o f  th e s e  e x p e r im e n ts  l e a d  one to  th e  same c o n c lu s io n  

r e a c h e d  by m ost o f  th e  o th e r  w o rk e rs  on fo o d -p o is o n in g  m ic r o c o c c i ,  n am ely , 

t h a t  a t  p r e s e n t  th e r e  i s  no p h y s io l o g i c a l  c h a r a c t e r i s t i c  s u c c e s s f u l  in  

s e p a r a t i n g  e n te r o to x i c  from  n o n - e n te r o to x ic  m ic ro c o c c i .



INTEODUCTIOB

E ig h te e n  s t r a i n s  o f  m ic ro c o c c i ,  some o f  w hich h ad  b een  i s o l a t e d  from  

c a s e s  o f  f o o d - p o is o n in g ,  w ere s tu d i e d .  An a t te m p t  was made t o  d e te rm in e  

w h e th e r  o r  n o t  th o s e  m ic ro c o c c i fo u n d  t o  e l a b o r a t e  e n t e r o to x i n  c o u ld  be 

d i f f e r e n t i a t e d  from  ones fo u n d  to  be n o n - e n te r o to x ig e n ic  by  t h e i r  s e ro ­

l o g i c a l  and  p h y s io l o g i c a l  p r o p e r t i e s  and  th u s  be p la c e d  i n  a  c a te g o ry  

by th e m s e lv e s .

HISTORICAL BACKGROUND

Food p o is o n in g  by m ic ro c o c c i  h a s  come t o  be r e c o g n is e d  an d  common­

l y  a c c e p te d  a s  su c h  o n ly  w i th in  th e  l a s t  tw e n ty  y e a r s . M ic ro co ccu s fo o d  

p o is o n in g  i s  p ro d u c e d  by  an  e n te r o to x i n  fo rm ed  by o rg an ism s  w h ich  w ere 

fo rm e r ly  c l a s s i f i e d  a s  S ta p h y lo c o c c u s  a u re u s  an d  Si  a lb u s  (D o lo an  and 

W ilso n , 1938) b u t  a r e  now c l a s s i f i e d  a s  M icrococcus pyo g en es v a r .  a u re u s  

an d  Mi  py o g en es v a r .  a lb u s  i n  th e  s i x t h  e d i t i o n  o f  " B e rg e y 's  M anual o f  

D e te rm in a t iv e  B a c te r io lo g y "  (1 9 4 8 ) . S in c e  i t s  common r e c o g n i t i o n ,  a  l a r g e  

num ber o f  o u tb re a k s  o f  m ic ro co c c u s  fo o d  p o is o n in g  have b e e n  r e p o r te d  i n  

c u r r e n t  s c i e n t i f i c  l i t e r a t u r e .  A c c o rd in g  t o  Dack (1 9 4 3 ) , i t  i s  p ro b a b ly  

th e  m ost common o f  a l l  ty p e s  o f  fo o d  p o is o n in g ,  and th e  num ber o f  c a s e s  

c i t e d  i s  b u t  a  s m a l l  p r o p o r t io n  o f  th e  a t t a c k s  o c c u r r in g .  T h is  i s  

p r o b a b ly  b e c a u se  i t  f o l lo w s  a  r a p i d  and n o n - f a t a l  c o u r s e ,  u s u a l l y  among 

s u s c e p t ib l e  members o f  a  s i n g l e  f a m i ly ,  and  i s  p a s s e d  o f f  a s  a  " s l i g h t  

i n t e s t i n a l  d i s t u r b a n c e . " As t h i s  s ic k n e s s  i s  o f  s h o r t  d u r a t i o n ,  i s  

n o n - f a t a l ,  an d  a f f e c t s  m ost i n d iv i d u a l s  a t  v a r io u s  t im e s  d u r in g  t h e i r  

l i v e s ,  i t  i s  n o t  g iv e n  a t t e n t i o n  and  i s  so o n  f o r g o t t e n .  I t  i s  when la r g e
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o u fb re s k e  o c c u r  i n  s  c o m m n lty  t h a t  th e  c a u s a t iv e  a g e n t  i s  t r a c k e d  down 

and  th e  c a s e  r e p o r t e d .

The eynotO Ba o f  m ic ro c o c c u s  fo o d  p o is o n in g  g e n e r a l ly  a p p e a r  in  

two t o  f o u r  h o u r s  a f t e r  th e  i n g e s t i o n  o f  fo o d  c o n ta in in g  a  l a r g e  num ber 

o f  e n te r o to x in - p r o d u c in g  m ic ro c o c c i  ( J o r d a n  an d  B u rro u g h s , 1 9 ^ 5 )•

U s u a l ly ,  C r e a a w f l l l e d  b a k e ry  goods h ig h  i n  s t a r c h  c o n te n t  a r e  th e  r e s p o n ­

s i b l e  I te m s , a l th o u g h  many o t h e r  fo o d s  su c h  a# c h e e s e , m ilk ,  c h ic k e n  

g ra v y , ham, to n g u e , c h ip p e d  b e e f ,  f i s h  s a u s a g e ,  and l i v e r  s a u s a g e  have  

b e e n  fo u n d  to  h av e  c a r r i e d  th e  c o n ta m in a t in g  o rg an ism s i n  t h e  r e p o r te d  

e a s e s .  In  s e v e r a l  i n s t a n c e s ,  m ilk  from  cows s u f f e r i n g ,  o r  h a v in g  

s u f f e r e d ,  w i th  m a s t i t i s  h a s  b e e n  p ro v e d  t o  be  t h e  fo o d  in v o lv e d  

( S haughneeey  and O rubb, 1936; M in e t t , 1 9 3 8 ) . However, Daek ( 19U3 ) 

p o i n t s  o u t t h a t  th e  m eet common mode o f  I n f e c t i o n  h a s  r e s u l t e d  from  th e  

h a n d l in g  o f  t h e  fo o d s  by I n d iv id u a l#  i n f e c t e d  w i th  m ic ro c o c c i  and th e  

s u b s e q u e n t  s to r a g e  o f  t h e s e  f e e d s  u n d e r  c o n d i t io n s  f a v o r a b le  f o r  th e  

grow th  o f  th e  e n te r o to x in - o r o d u e in g  o rg a n is m s . The tim e  i n t e r v a l  be tw een  

th e  i n g e s t i o n  o f  th e  c o n ta m in a te d  fo o d  a n d  th e  a p p e a ra n c e  o f  th e  f i r s t  

symptom 1# in f lu e n c e d  by  th e  am ount o f  t h e  e n t e r o to x in  consum ed and th e  

e u e c e o t i b i l i t y  o f  th e  i n d i v i d u a l .  The f i r s t  symptom i s  t h a t  o f  s a l i v a ­

t i o n ,  and  i s  fo llo w e d  by  n a u s e a ,  r e t c h in g ,  abdom ina l c ram p in g  e f  v a ry in g  

s e v e r i t y ,  and  d i a r r h e a .  Some o f  t h e s e  symptoms may n o t  be p r e s e n t  in  

m i ld e r  c a s e s .  I n  s e v e r e  c a s e s  b lo o d  and m ucus may be o b s e rv e d  i n  th e  

• t o o l s  and t h e  v o a i t u e .  In  t h e  l a t t e r  came# th e  te m p e ra tu re  o f  th e  

i n d i v i d u a l  may be h ig h e r  o r  lo w e r  th a n  th e  norm , and  h i e  b lo o d  p r e s s u r e



may l ik e w is e  v a r y .  R ecovery  u s u a l l y  ta k e s  p la c e  in  from  one to  th r e e  

d a y s , a l th o u g h  som etim es i t  i s  a s  lo n g  a s  one o r  two w eeks u n t i l  t o t a l  

r e c o v e ry  i s  o b ta in e d .  T h is  v a r i e s  w ith  th e  s u s c e p t i b i l i t y  an d  p h y s ic a l  

f i t n e s s  o f  th e  p e r s o n  a t t a c k e d ,  and  th e  am ount o f  e n te r o to x i n  In g e s te d  

(D ack , 19U3 ) .

The c a u s a t iv e  a g e n t o f  m ic ro co c c u s  fo o d  p o is o n in g  was " d is c o v e re d ” 

f o u r  t im e s  b e fo r e  i t  was commonly r e c o g n iz e d  a s  su c h . T hese f o u r  

d i s c o v e r i e s  w ere  by  Denys i n  1894 , by R. V. G. Owen in  1906, by M. A. 

B a rb e r  i n  1914 , an d  by D ack, C a rry , W o o lp e r t, and  W iggere i n  1930.

T hese  r e s u l t e d  i n  o u tb re a k s  o c c u r r in g  i n  B elg ium ; K alam azoo, M ich igan ; 

th e  P h i l i p p in e  I s l a n d s ;  and C h icag o , r e s p e c t i v e l y .  The c o n ta m in a te d  

fo o d  was fo u n d  to  be f r e s h  b e e f ,  d r i e d  b e e f ,  m ilk  from  a  cow w h ich  had  

m a s t i t i s ,  and  a  t h r e e - l a y e r  sponge c a k e . S in c e  1930 a  l a r g e  num ber o f  

s i m i l a r  o u tb re a k s  have  "been r e p o r t e d  i n  th e  l i t e r a t u r e .

The d ia g n o s i s  o f  m ic ro c o c c u s  fo o d  p o is o n in g  i s  u s u a l l y  re a c h e d  

by  f i r r - t  f e e d in g  th e  s u s p e c te d  fo o d  to  human v o lu n te e r s  to  t e s t  i t s  

t o x i c i t y ,  hy  e x a m in in g  i t  f o r  l a r g e  num bers o f  m ic ro c o c c i ,  a n d  by 

c u l t u r i n g  th e  p re d o m in a n t o rg an ism s  and  th e n  f e e d in g  th e  c u l t u r e  f i l t r a t e s  

t o  human v o l u n te e r s .  The a p p e a ra n c e  o f  c l i n i c a l  symptoms i n d i c a t i v e  o f  

m ic ro co c c u s  fo o d  p o is o n in g  i s  c a r e f u l l y  o b s e rv e d . The u se  o f  monkeys 

(D ack jet £ l ,  1930) end k i t t e n s  (Dolman and  W ilso n , 1938) i n  p la c e  o f  

human v o lu n te e r s  h a s  b een  g iv e n  a  g r e a t  d e a l  o f  a t t e n t i o n .  B oth  have 

t h e i r  d i s a d v a n ta g e s :  th e  monkeys a r e  e x p e n s iv e  to  keep  and  u s e ,  and  th e  

k i t t e n s  a r e  d i f f i c u l t  to  o b t a in  th e  y e a r  a ro u n d . Hammon ( l 9 4 l )  i n j e c t e d  

b o th  k i t t e n s  and  c a t s  I n t r a v e n o u s ly  w ith  e n te r o to x i n  an d  fo u n d  t h a t  by

- 5 -
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h ie  method Ie e e  emounte were needed. Ie  ca te  were found as su sc e p t ib le  

as k lt te n e  and are e a s i l y  ob ta in ed , the problem o f  procuring and keeping  

n ecessary  anim als was co n sid era b ly  le s se n e d . However, as Hamaon poin ted  

o u t, k it t e n s  end c a ts  lo s e  t h e ir  s u s c e p t ib i l i t y  to  the e n te r o to x ln  a f te r  

bavin  had four or f iv e  a tta ck s  o f  th e  d is e a s e .  Other experim ental 

an im als. In c lu d in g  th e dog (Jordan and Burroughs, 1933i M inett, 1938; 

Higdon, 1938) and rodents (Jordan and McBroom1 1931; Corpening end 

F ex h a ll, 1935) have been t r ie d ,  but w ithout a comparable amount o f  

su c c e s s . Hopkins and Poland (Back, 19%3) rep orted  th a t young p ig s  are 

good t e s t  an im als, but o th er  workers have n ot used  them in  order to  

confirm  t h i s .

There have been numerous attem pts to  e f f e c t  a lab o ra to ry  d ia g n o sis  

by f in d in g  some c o n s is te n t  c h a r a c te r is t ic  s e t t in g  th ese  organisms apart 

from the r e s t  o f  th e  m icrococci group. Stone (1935) developed  a  c u ltu r a l  

method fo r  the c l a s s i f i c a t io n  o f  fo o d -p o iso n in g  m icrococci by th e ir  

production  o f  l iq u e fa c t io n  in  h is  medium co n ta in in g  g e la t in  when incubated  

a t  37° C fo r  24 hou rs. Any degree o f  l iq u e fa c t io n  was con sid ered  as 

in d ic a t in g  a fo o d -p o iso n in g  s tr a in ;  th e  converse being tru e i f  no 

l iq u e fa c t io n  occurred . Chin (1936) and KPpchik (1937) cou ld  not c o r r e la te  

t h e ir  f in d in g s  w ith  th ose  o f  Stone; whereas Chapman e t  a l  (1937) found 

tiv ;t the Stone r e a c tio n  ( g e la t in  l iq u e fa c t io n )  was p o s it iv e  in  75*5 P®* 

cen t o f  ty p ic a l  food  p o iso n in g  m icrococci and p o s it iv e  in  2 7 .6  per cent 

o f  s t r a in s  w ith  s im ila r  p r o p e r tie s  but i s o la t e d  from n on -food -p o ison in g

sou rces



Chapman * t a l  (19?4) found th a t  a  h ig h  c o r r e la t io n  e x is t#  between 

th e  m ic ro co cc i'#  a b i l i t y  to  produce coagulase  and hem olysin and t h e i r  

p a th o g e n ic ity . Crulckehank (1937) surm orted the  r e la t io n s h ip  between 

p a th o g e n ic ity  and p ro d u c tio n  of coagu lase , whereas S t r a l t e r  and Jordan  

(1935) f QTiud th a t  fo o d -p o iso n in g  s t r a in s  d id  not c o n s t i tu te  a  c le a r ly  

marked d iv is io n  ^ 'i th  any homogeneity In  biochem ical* h em oly tic , or 

a g g lu tin a t iv e  c h a ra c te r s .  Kupchik (1937) went a  s te p  f a r th e r  and 

found in  h is  experim ents th a t  th e re  was no d i s t in c t iv e  re a c t io n  which 

would se p a ra te  e n te ro to x lc  from non-ent e r o t o x ic -p roducing s t r a in s  by 

pigm ent p ro d u c tio n , a c t io n  on m ilk , l iq u e fa c t io n  o f  n u t r ie n t  g e la t in ,  

as w e ll ae the  b iochem ica l, a g g lu t in a t iv e ,  and o o ag u la tiv e  c h a ra c te rs  

s tu d ie d  by C rulokshank, and S t r a l t e r  and Jo rd an . Dolman and Wilson 

(1938), Haynes and Bucker ( I 9W)) and Bueseman and Tanner (19^9) were 

a leo  o f th e  o p in io n  th a t  any c u l tu r a l  c h a r a c te r i s t i c  I s  u n s a t i s f a c to ry  

f o r  d ia g n o s is . Thygeson (1938) b e lie v ed  th a t  th e  m annito l fe rm en ta tio n  

t e s t  i s  a  r e l i a b l e  In d ic a to r  o f the  to x ig e n ic  powers o f  m icrococc i. 

T oxigenic ones are p o s i t iv e  f o r  th e  most p a r t ;  n o n -to x lg en lc  ones a re  

n e g a tiv e . Ohapman (1938) has remained c o n fid e n t throughout h is  s tu d ie s  

th a t  th e  fo o d -p o iso n in g  m icrococci can be s e p a ra te d  as a  d i s t i n c t  group 

by d i f f e r e n t i a l  c h a r a c te r i s t i c s .  Thus, acco rd in g  to  him, th ey  posses#  

a l l  o r a  m a jo rity  o f  th e  fo llo w in g  c h a r a c te r i s t i c s :  ( I )  p ig m en ta tio n ,

(2 ) c o a g u ly tlc , ( 9 ) g e la t in o l y t i c ,  (4 ) f i b r i n o l y t i c ,  ($ ) la c to s e  

fe rm e n ta tiv e , (6 ) m ann ito l fe rm e n ta tiv e , end (7 ) hem oly tic  powers. 

Through th e se , he b e lie v e s  th a t  the organism can be tho rough ly  diagnosed
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c u l t u r a l l y  and  h a s  d e s ig n e d  s e v e r a l  c u l t u r e  m ed ia  f o r  th e  d i f f e r e n t i a t i o n  

o f  th e  fo o d  o o le o n ln g  m ic ro c o c c i .

Dolman and V lle o n  (1 9 3 8 ) fo u n d  t h a t  e n t e r o t e x l n  I s  a  s p e c i f i c  

a n t i g e n .  K i t t e n s  g iv e n  a  s e r i e s  o f  i n j e c t i o n s  o f  f i l t r a t e s  c o n ta in in g  

e n te r o to x l n  a c q u i r e  a c t i v e  im m un ity . Immune r a b b i t  end  h o r s e  serum  

c o n fe r  a a s s iv e  p r o t e c t i o n  a g a in s t  th e  e n t e r o to x l n  upon n o rm a l k i t t e n s .

By a  r e c i p r o c a l  a b s o r p t io n  m ethod , in v o lv in g  t o x i c  f i l t r a t e s  p r e p a re d  

from  two s e l e c t e d  s t r a i n s  o f  m ic ro c o c c i  ( o n ly  one o f  them  e n te r o to x i g e n ic ) ,  

and t h e i r  r e s p e c t i v e  a n t i e e r a ,  a  s p e c i f i c  f l o c u l a t i o n  r e a c t i o n  was d e m o n s tra te d  

b e tw een  th e  e n t e r o to x l n  and i t s  c o r r e s p o n d in g  a n t ib o d y .  H ow ever, no o th e r  

w o rk e r  i n  t h i s  f i e l d  h a s  been  a b le  to  o b t a in  th e  same r e s u l t s .

PHYSIOLOGICAL STUDY

M a te r ia l s  and m ethods

The e ig h t e e n  s t r a i n s  o f  m ic ro c o c c i u s e d  I n  t h i s  e x p e r im e n t a r e  

l i s t e d  i n  T a b le  I .  To a s s u r e  th e  n u r l t y  o f  th e  c u l t u r e s  u s e d  i n  t h i s  

e x p e r im e n t , t h e s e  s t r a i n s  w ere s t re  ek ed  on p l a t e s  c o n ta in in g  th e  Chapman- 

S to n e  medium, w h ic h  Chapman (1 9 4 8 ) had  d e v is e d  to  p rom o te  t h e  more o u t­

s ta n d in g  q u a l i t i e s  o f  s t r a i n s  b e l i e v e d  t o  o ro d u c e  e n t e r o to x l n .  T h is  

medium lies th e  f o l lo w in g  c o m p o s itio n :

W a t e r ...............................................   1 ,0 0 0 .0  ml
d -M a n n ito l  ( D l f c o ) . . . . .  ................................................  1 0 .0  g
B a c to  t r y p t o n e .................................................................................. 1 0 .0  g
Bacto agar........................................................................................ 15.0  g
Sodium c h lo r id e , Merck r ea g e n t......................   5 5 .0  g
B acto  y e a s t  e x tr a c t  .................................................................  2 .5  g
KgHPOU, a n h y d ro u s , M erck r e a g e n t .......................................  5 .0  g
B ac to  g e l a t i n ..................................................................................  3 0 .0  g
Ammonium s u l f a t e ,  B ak e r a n a ly s e d ,

A .C .S. p y r ld in e - fr e e ........................................................ 7 5 .0  g
Sodium hydroxide, 10 per c e n t .......................................... 6 .0  ml
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TABLE I .

SOURCE AHD HISTORY OF MICROCOCCUS STRAINS

S t r a i n  Ho. S o u rce  o f  I s o l a t i o n  and H is to r y

I 72a C hipped  b e e f ,  1938 . T o x ic  to  m onkeys, 1938.

17 Sa Ham, 1939 . T ox ic  to  m onkeys, 1939 . 1944.

196s Ham, 1948. T ox ic  t o  monkeys on num erous t e s t s .

s - l 6b Ham, 1934 . C o a g u la se  4, S to n e  r e a c t i o n  - ,  1948 .

S-31B15 E c l a i r ,  1935• C o ag u laee  4* S to n e  r e a c t i o n  4* 1948 .

5.290% T u rk e y , 1942 . C o ag u la se  / ,  S to n e  r e a c t i o n  4* 1948 .

3-295%

3 -2 9 6 ^

Ham, 1945 . C o agu laee  S to n e  r e a c t i o n  4* 1948 .

H e ,  1945 . C o ag u la se  4* S to n e  r e a c t i o n  </, 1948.

s - 325% Lamb, 1948 . C o ag u la se  4* S to n e  r e a c t i o n  •/, 1948 .

9664 Case o f  fo o d —o o ls o n ln g , A m erican  Type C u l tu re  C o l l e c t io n

M -I S to c k  c u l t u r e , D epartm en t o f  B o tany  and B a c te r io lo g y ,  
M ontana S t a t e  C o lle g e

M-2 n

M-3 n

M-4 H

m-5 U r in e  o f  a d u l t  w i th  u r o s t a t i c  i n f e c t i o n ,  1943. M ontana 
S t a t e  C o l le g e .

2220-18® M ilk , 1943.

2 8 2 2 -2 ° M ilk  o f  m a e t i t i c  cow, 1946. H e m o ly tic , 1946.

2908° Combined m ilk  o f  m a e t i t i c  h e rd  o f  cows, 1947.

C u l tu r e s  o b ta in e d  from
a )  "Dr. G. M. D ack, D ep t, o f  B a c te r io lo g y ,  U n iv e r s i ty  o f  C h icag o .
b )  D r. R. V. S to n e , D i r e c to r  o f  P u b l ic  H e a l th  L a b o r a to r i e s ,  Loe A ngelas C o ., C a l i f ,  
c > .  E. A. T u n n i c l i f f , D e p t, o f  V e te r in a r y  S c ie n c e , M ontana S t a te  C o lle g e .
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An i s o l a t e d  c o lo n y  was rem oved from  e a c h  o f  t h e  f i r s t  s e t  o f  p l a t e s  and 

s t r e a k e d  on a  se co n d  s e t .  From th e  seco n d  s e t  o f  p l a t e s  a  c o lo n y  was 

rem oved from  e a ch  and s t r e a k e d  on a  t h i r d  s e t .  A ll  p l a t e s  w ere  in c u b a te d  

f o r  42 h o u rs  a t  30° C "before c o lo n ie s  w ere p ic k e d .  An i s o l a t e d  co lo n y  

fro m  e ach  o f  th e  t h i r d  s e t  o f  p l a t e s  was p ic k e d  i n to  n u t r i e n t  b r o th .  A l l  

m ed ia  u s e d  i n  t e s t i n g  th e  p h y s io l o g i c a l  r e a c t i o n s  o f  t h e s e  e ig h te e n  

s t r a i n s  w ere  i n o c u la te d  from  2U h o u r  n u t r i e n t  b r o th  c u l t u r e s  and  w ere 

in c u b a te d  a t  3 0 °  C f o r  a  p e r io d  o f  one w eek, u n l e s s  o th e r w is e  s p e c i f i e d .

The S to n e  R e a c tio n  and  p ig m e n ta t io n  w ere o b se rv e d  on e l a t e s  

c o n ta in in g  th e  C hapm an-Stone medium, a f t e r  42 h o u rs  in c u b a t io n .  The S tone  

R e a c t io n  i s  e s s e n t i a l l y  t h a t  o f  l i q u e f a c t i o n  o f  g e l a t i n  w i th in  th e  medium 

and  i s  d e te rm in e d  by  th e  c l e a r e d  a r e a s  im m e d ia te ly  s u r ro u n d in g  th e  

c o lo n i e s .  The p ig m e n t c o lo r  o f  th e  s t r a i n s  was com pared w i th  th e  c o lo r s  

g iv e n  on P l a t e  IV o f  " C o lo r  S ta n d a rd s  and  N om en c la tu re"  by R o b e rt 

Ridgway (1 9 1 2 ) .

F e rm e n ta t io n  s tu d i e s  w ere  c a r r i e d  o u t on th e  f o l lo w in g  ca rb o h y ­

d r a t e s !  g lu c o s e ,  f r u c t o s e ,  x y lo s e ,  g a l a c to s e ,  1 - a r a b in o s e ,  d - a r a b in o s e ,  

s u c r o s e ,  t r e h a l o s e ,  l a c t o s e ,  m a l to s e ,  e e l l o b io e e ,  m e l lb io s e ,  r a f f i n o s e ,  

g l y c e r o l ,  m a n n i to l ,  d u l e i t o l ,  i n o s i t o l ,  and e a l i c i n .  Sach c a rb o h y d ra te  

was made up  i n  f i v e  p e r  c e n t  aqueous s o l u t i o n ,  s t e r i l i z e d  by  f i l t r a t i o n  

th ro u g h  p y re x  b ra n d  f r i t t e d  d i s c s  o f  u l t r a - f i n e  p o r o s i t y ,  and  s to r e d  a t  

IOc C u n t i l  u s e d .  F iv e  days b e fo r e  u s e ,  one ml o f  e a ch  c a rb o h y d ra te  was 

t r a n s f e r r e d  a e e p t i c a l l y  t o  t e s t  tu b e s  w h ich  c o n ta in e d  Durham f e r m e n ta t io n  

tu b e s  and  f o u r  ml o f  n u t r i e n t  b r o th  w ith  brom  e r e s o l  p u r p le  a s  an

♦
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I n d i c a t o r .  The tu b e s  w ere s u b s e q u e n t ly  h e ld  a t  room te m p e ra tu re  to  

c h e ck  f o r  any  c o n ta m in a t io n . They w ere th e n  in o c u la te d  and  o b se rv e d  

a t  v a r io u s  i n t e r v a l s  f o r  a c id  and g a s  p r o d u c t io n .

K i t r a t e  r e d u c t io n ,  p r o d u c t io n  o f  i n d o l ,  hy d ro g en  s u l f i d e ,  ammonia 

fro m  p e p to n e , m o t i l i t y ,  s t a r c h  h y d r o ly s i s ,  g e l a t i n  l i q u e f a c t i o n ,  g row th  

on !'THltHpPOi4., and  r e a c t i o n s  on l i tm u s  m ilk  an d  brom c r e s o l  p u r p le  m ilk  

w ere  s tu d i e d  on s ta n d a r d  m ed ia  and  t e s t e d  a c c o rd in g  t o  th e  m ethods 

p r e s e n te d  i n  th e  "M anual o f  M ethods f o r  P u re  C u ltu re  S tu d y  o f  B a c te r ia "  

(1 9 4 8 -1 9 4 9 ) .

H em olysis  o f  sh e ep  e r y th r o c y te s  was t e s t e d  on p l a t e s  u s in g  b a c to  

b lo o d  a g a r  b a se  and  f i v e  p e r  c e n t  s t e r i l e ,  d e f l b r i n a t e d  b lo o d .

The c o a g u la s e  t e s t  was ru n  a c c o r d in g  t o  Chapm an's p ro c e d u re  

(1 9 4 6 ) , v i s . : "Mix a  lo o p f u l  o f  c u l t u r e ,  grown e x a c t ly  42 h o u rs  on th e

s p e c i a l  medium ( Chapm an-Stone a g a r )  w i th  0 .1  ml o f  b a c to  b r a i n - h e a r t  

i n f u s i o n ;  shake  v i o l e n t l y  a t  f r e q u e n t  i n t e r v a l s  f o r  e x a c t ly  15 m in u tes  

and  add  0 .2  ml o f  t e s t e d  b lo o d  ( p r e v io u s ly  0T a in te d ) .  I n c u b a te  th e  

m ix tu re ,  p r e f e r a b l y  i n  a  w a te r  b a th ,  a t  37° C and ln s n e c t  i n  e x a c t ly  

one h o u r ."  C o a g u la tio n  o f  th e  b lo o d  i s  i n d i c a t i v e  o f  a  p o s i t i v e  t e s t .

The t e s t  f o r  f l b r i n o l y s l n  p r o d u c t io n  was ra n  a c c o r d in g  to  th e  

t e c h n ic  o f  T i l l e t t  and G a rn e r  (1 9 3 3 ) .  The p la sm a  u s e d  f o r  th e  d e te rm in a ­

t i o n  was p r e p a r e d  by m ix in g  20 ml o f  human b lo o d  w ith  one ml o f a  two 

p e r  c e n t  p o ta s s iu m  o x a la te  s o l u t i o n .  The b lo o d  was sh a k en  th o ro u g h ly  

and  c e n t r i f u g e d .  O n e -h a lf  o f  th e  s u p e r n a ta n t  o f  e ach  c u l t u r e d  s t r a i n ,  

grown i n  n u t r i e n t  b r o th  f o r  tw e n ty - f o u r  h o u r s ,  was m ixed w i th  one ml



o f  1 :5  d i l u t i o n  o f  p la sm a ; th e n  0.25  ” 1 o f  an  0 .25  Pe r  c e n t  c a lc iu m  

c h lo r id e  s o l u t i o n  I n  n o rm al s a l i n e  was a d d e d ; th e  tu b e s  w ere sh ak en  

th o ro u g h ly  and  k e p t  a t  37° C t o  he o b s e rv e d  a t  th e  end  o f  24 h o u rs  f o r  

l y s i s  o f  th e  p la sm a  c l o t .

R esu l t s

F e rm e n ta t iv e  a b i l i t i e s  o f  t h e  e ig h te e n  s t r a i n s  o f  m ic ro c o c c i 

a r e  g iv e n  i n  T a b le  I I .  W ith  t h e  e x c e p t io n  o f  s t r a i n  M -I, a l l  o rg an ism s 

p ro d u c e d  a c id  w i th o u t  g a s  from  g lu c o s e ,  f r u c t o s e ,  g a l a c to s e ,  s u c ro s e ,  

t r e h a l o s e ,  l a c t o s e ,  m a l to s e ,  g l y c e r o l ,  and m a n n i to l ,  w h e reas  th e y  

p ro d u c e d  n e i t h e r  a c id  n o r  g a s  from  x y lo s e ,  1 - a r a b in o s e ,  d - a r a h ln o s e ,  

c e l l o b io e e ,  m e l ib io s e ,  r a f f i n o s e ,  d u l c i t o l ,  i n o s i t o l ,  and  s a l i c i n .  S t r a i n  

M -I d i f f e r e d  from  th e  r e s t  i n  n o t  f e r m e n t in g  s u c ro s e ,  g a la c to s e ,  l a c t o s e ,  

o r  m a n n i to l .  T hese f e r m e n ta t io n s  w e re , f o r  th e  m ost p a r t ,  con ro le te  a t  

th e  end o f  a  4 g -h o u r  in c u b a t io n .  How ever, th e  tu b e s  w ere r e t a i n e d  f o r  

t h r e e  w eeks an d  o b s e r v a t io n s  w ere made p e r i o d i c a l l y .  T hese r e s u l t s  a r e  

in  ag reem en t w i th  th o s e  o b ta in e d  Tyr Chapman (1940 ) and o th e r s  in  t h e i r  

s t u d i e s  on th e  c a rb o h y d ra te  f e r m e n ta t io n  r e a c t i o n s  o f  s t a o h y lo c o c c l .

T hygeson (1938 ) fo u n d  t h a t  m a n n i to l  f e r m e n ta t io n  i s  a  r e l i a b l e  

i n d i c a t o r  o f  th e  t o x ig e n ic  pow ers o f  s ta p h y lo c o c c i .  S t r a l t e r  (1935) and 

Chapman (1 9 4 0 ) b e l i e v e d  th e  f e r m e n ta t io n  o f  l a c t o s e  and  m a n n i to l  h as  

some d i f f e r e n t i a l  v a lu e  i n  s e t t i n g  a p a r t  e n te r o to x in ~ o r e d u c in g  m ic ro c o c c i.  

S t r a i n  9664 f a i l e d  to  fe rm e n t m a n n ito l  w i th in  24 h o u rs  ( t h e  o th e r  s t r a i n s ,  

w i th  th e  e x c e p t io n  o f  s t r a i n  M -I, d i d ) .  S t r a i n  S - l6  p ro d u c e d  much l e s s  

a c id  i n  l a c t o s e  w i th in  24 h o u rs  th a n  d id  th e  r e s t  o f t h e  s t r a i n s .

-1 2 -
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TXBLB I I .

S t r a i n  No.

-•  mm O e
S « o

s
5

H  I

Wto

I
toto

I S
E

I

atoO

-it.

H  H
5 S 3
- H - H O
O t o - H

I  3 I

172 * + - + - - + + + 4 - - «e» 4 4 - - -
17« + + - + - - + ♦ + 4 „ - - 4 4 tom - „
196 + + - + - - + ♦ + 4 - - — 4 4 ■to to. tm
s -16 + •9- - + - - + + + 4 - - - 4 4 - - m.
s -3 1 3 + + - + • — + + + 4 - to. - 4 4 — - ..
s -290 * + + - — + + + 4 - - 4 4 - •to
s -295 + + + to. • ♦ + + 4 - * - 4 4 m •to ••
s -296 4- + + - + + * 4 - - 4 + - -
s-3 2 5 + + W + - • + ♦ + 4 •to W • 4 4 «>
9664 ♦ + - + - - + + + 4 - - to. 4 4 c -
M -I + + - - * - •to + - 4 - - •to 4 - W ■to C
M-2 + + W + **» - + + + 4 - * • 4 4 to «m •

K
+ - + ~ - + * + 4 - - - 4 4 - m. -
+ + W ♦ to. + •S’ 4 4 - - — 4 4 to. to. •to

M-5 + ♦ - - + + ♦ 4 Uto to# 4 4 to. <m to.
2220 -18 + + - + - - + 4 4 - m - 4 4 mt m W

2 8 82 -2 ♦ - + m - + + 4 4 - - - 4 4 - e» to
2908 + + + * + 4 4

'

4 4
‘

NM. pyogenes + + + - 4 4 to

•F e rm e n ta t iv e  c h a r a c t e r i s t i c *  f o r  M icrococcus -ojogenes v e r .  a u re u e  ae 
g iv e n  In  th e  e l x t h  e d i t i o n  o f  BeTgeyr S- M m u a l.
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O th e r p h y s io l o g i c a l  r e a c t i o n s ,  n i t r a t e  r e d u c t io n ,  in d o l  u red u c ­

t i o n ,  h y d ro g en  s u l f i d e  p r o d u c t io n ,  p r o d u c t io n  o f  ammonia fro m  p e p to n e , 

m o t i l i t y ,  h y d r o ly s i s  o f  s t a r c h ,  l i q u e f a c t i o n  o f  g e l a t i n ,  g ro w th  on

r e a c t i o n s  on l i tm u s  m ilk  and  brom c r e s o l  p u r p le  m ilk ,  p ig m en ta ­

t i o n ,  l i q u e f a c t i o n  o f  g e l a t i n  and th e  S to n e  r e a c t i o n  a r e  g iv e n  in  T ab le  

I I I .

I t  was o b s e rv e d  a f t e r  one w eek’ s  in c u b a t io n  t h a t  a l l  s t r a i n s  

r e d u c e d  n i t r a t e  to  n i t r i t e ,  p ro d u c e d  ammonia from  p e o to n e , p ro d u c e d  a c id  

i n  l i t m s  an d  brom  c r e s o l  p u r p le  m ilk  ( w i th  th e  e x c e p t io n  o f  s t r a i n  M -l) , 

r e d u c e d  l i tm u s  m ilk ,  an d  p ro d u c e d  p ig m e n ts— from  l i g h t  y e llo w  to  deep 

o ra n g e . A l l  s t r a i n s  gave n e g a t iv e  r e s u l t s  when t e s t e d  f o r  h y d ro g en  

s u l f i d e ,  i n d o l ,  s t a r c h  h y d r o ly s i s ,  g row th  on ammonium a c id  p h o s p h a te  

a g a r ,  and  m o t i l i t y .  T hese a r e ,  w i th  one e x c e p t io n ,  th e  c h a r a c t e r i s t i c s  

l i s t e d  f o r  Micrococcus?, pyogenes v a r .  a u re u s  a s  g iv e n  i n  th e  s i x t h  e d i t i o n  

o f  S e r g e y 's  M anual, i n  w h ich  g ro u p  e n te r o to x in - p r o d u c ln g  m ic ro c o c c i a re  

i n c lu d e d .  The one g e n e r a l  e x c e p t io n  i s  t h a t  none o f  th e  e ig h te e n  s t r a i n s  

p ro d u c e d  h y d ro g en  s u l f i d e  on th e  medium c o n ta in in g  p e p to n e , m eat e x t r a c t ,  

sodium  s u l f i t e ,  f e r r o u s  s u l f a t e ,  and  a g a r ,  w h e re as  S e r g e y 's  M anual l i s t s  

a  e l i c i t  am ount o f  h y d ro g en  s u l f i d e  a s  a  c h a r a c t e r i s t i c .

The l i q u e f a c t i o n  o f  g e l a t i n  and  th e  S tone  r e a c t i o n ,  a s  o b se rv e d  

a f t e r  v a r io u s  l e n g th s  o f  in c u b a t io n , a r e  g iv e n  i n  T ab le  IT . Tw elve o f  

th e  e ig h te e n  s t r a i n s  gave a  S to n e  r e a c t i o n  w i t h in  a  4 8 -h o u r  in c u b a t io n  

p e r i o d .  T h ree  s t r a i n s  (S -31B , 9664 , and 2809) l a t e r  showed th e  S tone 

r e a c t i o n  a t  96 h o u r s ,  an d  one s t r a i n  (M -l) was c o n s id e re d  p o s i t i v e  a t  

th e  end  o f  n in e  d a y s . Two s t r a i n s  ( S - l 6 ,  M-2) f a i l e d  to  g iv e  any
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S t r a i n  No. % 4=
Cf.! g Stiu g JS 4»« 0e •HH £ 8 Pigm ent

172 + + + + mm _ AR A l i g h t  cp.dmium
178 + + + - + - - - - AR A a n i l i n e  y e llo w
196 + + + - + - - - - ABC AC a n i l i n e  y e llo w
S -l6 - - + - + - - - - AR A l i g h t  cadmium
S-31B - - + - + - - - - AR A m aize  y e llo w
S-290 + + + - + - - - - AR A a p r i c o t  y e llo w
S-295 + + + - + - - - - ARC AC M artu s  y e llo w
s -296 + + + - + - - - - AR A a n i l i n e  y e llo w
s -325 + + + - + - ” - - ARC AC Martua y e llo w
9664 + + + - + - - - *» ARC AC lem on y e llo w
M-I + + + - + - - . - BCV B m aize  y e llo w
M-2 + - + W + - - - - ARC AC a n i l i n e  y e llo w
M-3 + + + - + - - - - AR A p in n a r d  y e llo w
M-U + 4* + - + - - - - AR A a p r i c o t  y e llo w
M-5 + + ♦ + - - - ARCV ACV M artu s y e llo w
2 2 20-18 + + + - + ■ - - - AR A a p r i c o t  y e llo w
2882-2 + + + mm ♦ - • • ARC AC l i g h t  cadmium
2908 + + + mm + 0 mm * * ARC AC m aize  y e llo w

uyogenes + + + + - - - - AC AC yellow  to orange

• P h y s io lo g ic a l  c h a r a c t e r i s t i c s  f o r  M icrococcus pyogenes v a r .  a u re u s  a s  
g iv e n  I n  th e  s i x t h  e d i t i o n  o f  S e r g e y 's  M anual.

A, a c i d i c ;  B1 b a s ic ;  C, c u rd ;  R, r e d u c t io n ;  W, whey.



TABLE IT,

LIQUEFACTION OF GELATIN AND THE STONE HBACTION

S t r a i n  No.

G e la t in  L iq u e f a c t io n The S tone  H e a c tio n
Days Days

4 “ - S 2 U $

172 + + + + + +
178 + + + + +
196 + + + + +
S - l6 - - - - - -
S-31B - - - - - -
S -290 - + + + + +
S-295 + + + + + +
S-296 ♦ + + + + +
S-325 + + + + + +
9664 - + + M + +
M-I + + + - - +
M-2 - + ♦ - - -
M-3 - + + + ♦ +
M-U + + ♦ + + +
M-5 + + + + + +
2220-18 + + + + + +
2908 - + + - + +



ln d lc a t lo n  o f  the Stone r e a c t io n . The Stone re a c tio n  was very  d i f f i c u l t  

to  a sc e r ta in  fo r  th e most p a r t . Many o f  th e  s tr a in s  which were 

con sid ered  p o s i t iv e  m erely showed a very narrow zone o f  decreased  

o p a c ity  ad jacen t to  growth on th e p la t e s .

Two s tr a in s  ( S - l6 ,  S-31B ) did  not l iq u e fy  g e la t in  a f t e r  a f iv e -d a y  

in cu b ation  p eriod  a t 30° C. Moat o f  the s tr a in s  l iq u e f ie d  g e la t in  w ith in  

a 72-hour in cu b ation ; however, l iq u e fa c t io n  became obvious w ith  f iv e  of 

them (M-2 , M~3, 9 6 6 4 , 2908 , and S -290 ) on ly  a f t e r  a f iv e -d a y  in cu b ation . 

I t  was found th a t in cu b ation  a t 30° C brought about a more rap id  liq u e ­

fa c t io n  o f  g e la t in  by the organisms than in cu b ation  a t 37° C. The len g th  

o f tim e the tubes were h e ld  in  the r e fr ig e r a to r  a f t e r  each in cu b ation  

( in  order to  determ ine which s tr a in s  a c tu a lly  l iq u e f ie d  the g e la t in )  

in flu en ce d  the observab le l iq u e fa c t io n  in  some o f  the tu b es. When h eld  

a t 8° C fo r  a. p er io d  o f  two hours, e ig h t  o f  the e ig h teen  tubes became 

s o l id  and any p o s s ib le  l iq u e fa c t io n  in  them was u n d isc e r n ih le . When 

h e ld  a t  S0 C fo r  a p eriod  o f 4$ m inutes, on ly  two o f the tubes showed 

no l iq u e fa c t io n .  The u n in ocu la ted  c o n tr o l tubes were s o l id  a f t e r  each o f  

the d if f e r e n t  c o o lin g  p e r io d s .

Table V g iv e s  the r e s u l t s  o f th e  c o a g u ly t ic , f ib r i n o l y t i c ,  and 

h em olytic  a b i l i t i e s  o f the c u ltu r e s . A ll but four s tr a in s  (M-3, M-4,

2 o 8 2 -2 , S - l 6 ) show ed some f i b r i n o l y t i c  a c t i o n  on c o a g u la te d  human b lo o d  

p la s m a , f i v e  s t r a i n s  (M -l, M-4, 2908, S - 16 , S-31B) d id  n o t  hem olyze sheep  

e r y t h r o c y t e s ,  and a l l  e ig h te e n  s t r a i n s  c o a g u la te d  d e f i b r i n a t e d  r a b b i t  

w ho le  b lo o d  to  a  c e r t a i n  e x t e n t .  Chapman a t  a l  (1934) fo u n d  t h a t  a  h ig h  

c o r r e l a t i o n  e x i s t s  be tw een  th e  m ic r o c o c c i 's  a b i l i t y  to  p ro d u c e  c o a g u la s e
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TABLB 7 .

MICROCOCCUS REACTIOITS WITH BLOOD

S t r a i n  Ho. H em o ly tic C o a g u ly t ic F i b r i n o l y t i c

172 4+ 3+ 3+
178 1+ 5+ 3+
196 4+ 2+ 2+
s - l6 - 1+ •
S -31B - 4+ 2+
s-290 2+ 3+ 3+
s -2 9 5 2+ 3+ *»

s-296 3+ 4+ 4+
s-325 3+ 4+ 4+
9664 1+ 4+ 1+
M-I - 3+ 4+
M-2 3+ 3+ 3+

5
2+ 3+

3+
-

M-5 4 + 3+ 4+
2220-18 4+ 3+ 3+
2882—2 3+ 4+
2908 - 2+ 3+

1+ s l i g h t  
to

4+ co m p le te

no r e a c t i o n



and  h e m o ly s in  find t h e i r  p a th o g e n i c i t y .  C ru lc k sh a n k  (1 9 3 7 ) s u p p o r te d  

th e  r e l a t i o n s h i p  b e tw een  p a th o g e n ic i t y  end p r o d u c t io n  o f  c o a g u la s e ,  

w h e re as  J o rd a n  and B urrow s (1 9 3 5 ) . K upch ik  (1 9 3 7 ) . Dolman and  W ilson  

(1 9 3 9 ) .  «ucL Hussem ann and T an n e r (1 9 ^ 9 ) c o u ld  n o t  f in d  th e  c o a g u la s e  

t e s t  o r  an y  o th e r  p h y s io l o g i c a l  c h a r a c t e r i s t i c  w h o lly  s u c c e s s f u l  i n  

s e p a r a t i n g  th e  e n te r o to x ln - f o r m in g  from  th e  n o n - e n te ro to x in - f o rm in g  

m ic r o c o c c i .

BIOLOGICAL STUDY

The b i o l o g i c a l  s tu d y  o f  th e  e ig h te e n  s t r a i n s  o f  m ic ro c o c c i  

c o n s i s t e d  o f  t e s t i n g  c u l t u r e  f i l t r a t e s  f o r  e n te r o to x l n  th ro u g h  c a t  

i n o c u l a t i o n .

M ethods and m a t e r i a l s

F a v o r i t e  and  Hammon (19%1) d e v is e d  th e  fo l lo w in g  medium f o r  

e n t e r o to x l n  p r o d u c t io n  from  m ic ro co c c u s  f o o d -p o is o n in g  s t r a i n s :
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C a se in  h y d r o ly s a te  ................................................  15 g
D i s t i l l e d  w a t e r ........................................................ 9OO ml
P h e n o l r e d  ( 0 . 2$ ) ................................................  U ml
T h iam in  c h lo r id e  .............................  . . . . .  5 gamma
H i c o t i n l c  a c i d ..........................................................  1200 gamma

The pH o f  t h i s  medium was a d ju s t e d  to  7*6 w i th  Uo p e r  c e n t  NaCH and th e  

volum e b ro u g h t to  990 m l. S i x ty  ml p o r t i o n s  o f  t h i s  medium w ere  p la c e d  

i n  K o lle  f l a s k s  and  s t e r i l i z e d .  The r a t i o  o f  s u r f a c e  a r e a  i n  c o n ta c t  

w i th  a tm o sp h e re  to  th e  volum e o f  c u l tu r e  medium i s  h ig h  in  K o lle  f l a s k s ;  

t h u s ,  more g ro w th  and  g r e a t e r  am ounts o f  t o x i c  s u b s ta n c e s  i n  a  g iv en  

am ount o f  medium a re  o b ta in e d .  A f te r  a u to c l a v in g ,  one ml o f  a  25 p e r  

c e n t  aqueous s o l u t i o n  o f  s t e r i l e  g lu c o s e  was add ed  to  th e  medium o f  e a c h
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f la s k .  They were then In ocu la ted  w ith  one ml o f 24-hour "broth cu ltu res  

and incubated  a t 30° C fo r  72 hours In a pyrex brand 5000 ml vacuum 

d e e s ic a to r  ja r  under a ten s io n  o f  3° per cen t carbon d io x id e  and JO per 

cen t oxygen. At the end o f t h is  period  the cu ltu res  were f i l t e r e d  

through pyrex brand f r i t t e d  d is c s  o f u lt r a f in e  p o r o s ity  and the f i l t r a t e s  

tra n sferred  to  vaccin e  b o t t le s .  The b o t t le s  were then immersed in  b o ilin g  

w ater fo r  30 m inutes to  d estroy  alpha snd b eta  hem olysins and any other  

t h e n o la b i l e  to x in s  e lab ora ted  by the organism s.

I t  was im p o s s ib le  t o  o b t a in  a  s u f f i c i e n t  number o f  k i t t e n s  upon 

w h ic h  to  t e s t  th e  f i l t r a t e s ,  a s  t h i s  p a r t  o f  th e  e x p e rim e n t was c a r r i e d  

o u t b e fo re  th e  k i t t e n i n g  se a s o n  o c c u r r in g  i n  l a t e  s p r in g  and  e a r l y  summer. 

T h e r e f o r e ,  i t  was n e c e s s a r y  t o  t e s t  th e  e n t e r o t o x i c i t y  o f  t h e  c u l t u r e s  by 

c a t  i n o c u l a t i o n .  N ine c a t s ,  an d  two k i t t e n s  o f  one o f  th e  c a t s ,  w ere u s e d  

to  t e s t  th e  p r e s e n c e  o f  e n te r o to x i n  i n  th e  c u l t u r e  f i l t r a t e s .  Sach  c a t  

was i n j e c t e d  w i th  f o u r  d i f f e r e n t  f i l t r a t e s ,  t h r e e  day s to  a  week a llo w e d  

b e tw een  i n j e c t i o n s .  T hree  ml o f  each  f i l t r a t e  w ere f i r s t  i n j e c t e d  i n t r a ­

m u s c u la r ly  b e h in d  th e  s h o u ld e r  b la d e s  o f  t h e  c a t s  i n  o r d e r  t o  se e  w h e th e r  

i n j e c t i o n s  u s in g  t h i s  r o u te  w ould  e l i c i t  f o o d -p o is o n in g  sym ptom s. As no 

e n t e r o t o x ic  symptoms w ere o b s e rv e d  upon in t r a m u s c u la r  i n j e c t i o n s  o f  th e  

f i l t r a t e s ,  in t r a v e n o u s  i n j e c t i o n s ,  i n  a c c o rd a n c e  w ith  th e  Hammon im proved  

c a t  t e s t  ( ig U l)  w ere  u s e d .  The i n n e r  s u r f a c e s  o f  th e  c a t ' s  t h ig h s  w ere 

c l ip p e d  o f  h a i r .  Then p r e s s u r e  was a p p l i e d  i n  t h e  in g u in a l  r e g io n  to  make 

th e  v e in s  " s ta n d  o u t"  and  th e  n e e d le  i n s e r t e d  i n t o  th e  sa o h en o u s  v e in .

T h is  v e in ,  a l th o u g h  s m a l l ,  i s  th e  e a s i e s t  v e in  to  w ork w i th  i n  th e  c a t .

I t  was fo und  n e c e s s a r y  to  hav e  th e  h e lp  o f  a n o th e r  p e r s o n  i n  o r d e r  to  h o ld



.21.

the ca t p e r f e c t ly  s t i l l  w h ile  in s e r t in g  the n eed le n rooerly  in to  the  

v e in  to  prevent i t s  d e s tr u c tio n  through sudden movement. The two k it te n s  

were each g iven  th ree  ml o f  a f i l t r a t e  p r e v io u s ly  showing p o s i t iv e  reac­

t io n s  on a c a t .  This was in  accordance w ith  the Dolman k i t t e n  t e s t  (1 9 3 8 ). 

A ctual vom iting  was considered  a p o s it iv e  r e a c t io n .

R e s u l ts

None o f th e  f i l t r a t e s  from the e ig h te e n  s tr a in s  was found to  

invoke fo o d -p o iso n in g  symptoms upon in tram uscular in je c t io n  o f th e  c a t s .  

However, upon in travenous in o c u la t io n , c a ts  in je c te d  w ith  the f i l t r a t e s  

o f  th ree  s tr a in s  (IJ S , M-5, S-325) showed ty p ic a l  fo o d -p o iso n in g  symptoms 

w ith  vom iting . The two k i t t e n s ,  each about three weeks o ld , were in o cu la te d  

ln tr a p e r lto n e a lly  w ith  th ree  ml amounts o f  the e n te r o to x ig e n ic  s tr a in  S-325  

and a ls o  showed ty p ic a l  fo o d -p o iso n in g  symptoms w ith  vom itin g .

The fo llo w in g  are d e sc r ip tio n s  o f  th e  symptoms o f  fo o d -p o iso n in g  

dem onstrated "by each ca t upon intravenous in o c u la tio n  w ith th ree  ml o f  

each f i l t r a t e  proving e n te r o to x ig e n ic .

Male c a t ,  age one year:

UjOO p.m. In je c ted  w ith  f i l t r a t e  from s tr a in  S -325 . UjlO 

appeared nauseated  and d ejec ted . Uj12 showed r e tc h in g  m otions.

Uj20 vom ited. Uj20-U j30 vom ited tw ice  more. This ca t refu sed  

to  ea t during the next two or three days and became much th in n er .

At the com pletion  o f the experiment some J>0 days l a t e r ,  i t  had 

not y e t  f u l l y  recovered  in  w eight or s p i r i t .
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Fem ale c a t ,  age two y e a r s :

4 :0 5  p .m . I n j e c t e d  w ith  f i l t r a t e  fro m  s t r a i n  S -3 2 5 .

4 :2 0  show ed d e j e c t i o n ,  n a u s e a ,  and s a l i v a t i o n ,  f o l lo w e d  by 

r e s t l e s s n e s s  and  r e t c h in g  m o tio n s . 4 :4 0  v o m ite d . 4 ; 4 l  

v o m ite d . D u rin g  th e  n e x t  30 m in u te s  i t  d id  n o t  v o m it a g a in ,  

b u t e x h ib i t e d  d e j e c t i o n  and l a s s i t u d e .  The n e x t  day  i t  

a p p e a re d  t o  be e a t i n g  n o rm a lly  a n d  none th e  w orse  f o r  h a v in g  

had  an  a t t a c k  o f  f o o d -p o is o n in g .

M ale c a t ,  ag e  t h r e e  y e a r s :

3 :1 0  p .m . I n j e c t e d  w ith  f i l t r a t e  from  s t r a i n  I J S .

3:30  showed d e j e c t i o n  and  e x c e s s iv e  s a l i v a t i o n .  3:35  r e t c h in g  

m o tio n s  o b s e rv e d . 4 :0 5 , 4 :0 8 ,  4 ;1 0  v o m ite d . T h is  was fo llo w e d  

by  d e j e c t i o n  b u t  no a d d i t i o n a l  s ig n s  o f  n a u s e a  o r  r e t c h i n g .

The n e x t  d a y  i t  a t e  n o rm a lly  and show ed no v i s i b l e  s ig n s  o f  

l o s s  o f  w e ig h t o r  w eak n e ss .

Fem ale c a t ,  ag e  one y e a r :

3:05  p .m . I n j e c t e d  w ith  f i l t r a t e  fro m  s t r a i n  M-5» 3$30  ap­

p e a re d  n a u s e a te d  and d e je c te d .  3$35 showed heav y  sw a llo w in g  

m ovem ents, l i c k i n g  o f  l i n e ,  and u n r e s t .  3 $36 , 3 $37 , 3$^5 

v o m ite d . An h o u r  a f t e r  i n j e c t i o n  o f  th e  f i l t r a t e  i t  s t i l l  

a p p e a re d  d e je c te d ,  b u t  th e  n e x t  d ay  i t  a t e  n o rm a lly .

The two k i t t e n s  showed s i m i l a r  eymotoms when i n j e c t e d  i n t r a p e r i t o n e a l l y  

w i th  t h r e e  ml am ounts o f  th e  f i l t r a t e  from  s t r a i n  S -3 2 5 , b u t  n u rse d  

n o rm a l ly  th e  n e x t  d ay  and a p p e a re d  to  lo s e  l i t t l e ,  i f  a n y , w e ig h t .
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Of the ten  s tr a in s  used  in  t h is  experim ent which were is o la te d  

from a ctu a l ca se s  o f  m icrococci fo o d -p o iso n in g , only two, s t r a in  1J8 

and s tr a in  S -325 . proved to  invoke vom iting when in je c te d  in traven ou sly  

in to  c a ts .  E v id en tly  the other s t r a in s ,  i f  they were a c tu a lly  the  

source o f  the fo o d -p o iso n in g  ca ses  from which they were i s o la t e d ,  had 

l o s t  t h e ir  a b i l i t y  to  produce en tero to x in  a f t e r  being cu ltu red  on 

a r t i f i c i a l  media (some as lon g  as f i f t e e n  y e a r s ) ,  whereas th o se  invoking  

fo o d -p o iso n in g  symptoms in  the ca te  had not l o s t  th is  a b i l i t y .  I t  i s  

p o s s ib le  th a t the te c h n ic  fo llo w ed  to  ob ta in  en tero to x in  f i l t r a t e s  was 

a t f a u l t ,  but as each  f i l t r a t e  was ob tained  in  the same way, and as two 

o f  them a c tu a lly  produced vom iting  in  c a t s ,  th is  does not seem to be the  

cau se .

S tra in  M-5, which a ls o  invoked vom iting  in  a c a t ,  was not I so la te d  

from a case o f  fo o d -p o iso n in g  but was ob tained  from the u r in e  o f  an 

in d iv id u a l s u f fe r in g  w ith  a p r o s ta t ic  in f e c t io n .

The Hammon Cat T est and the Dolman K itten  Test are con sid ered  by 

most workers in  t h is  f i e l d  as b ein g  the most r e l ia b le  means o f  determ ining  

th e e n te r o to x ic ity  of a m icrococcus s tr a in .

SEROLOGICAL STUDY

Woolpert and Dack (1933) were th e f i r s t  In v e s t ig a to r s  to  dem onstrate 

th e  a n t ig e n ic ity  o f  e n te r o to x in . They accom plished a c t iv e  immunization 

in  monkeys w ithout d i f f i c u l t y ,  but were unable to  immunize them p a s s iv e ly .  

Although Dolman, W ilson, and Cockcroft (1936) reported  th a t prelim inary  

experim ents in d ic a te d  th at en tero to x in  was a n t ig e n ic , s u f f i c i e n t  confirma­

t io n  o f  th is  f a c t  was not forthcom ing u n t i l  Dolman and W ilson (1938 ) and



M inett (1938) p u b lish ed  t h e ir  o b serv a tio n s . Dolman and W ilson demonstrated  

a f lo c c u la t io n  r e a c tio n  In v o lv in g  the en te r o to x in  and the s p e c i f i c  antibody. 

However, no other author has been ab le  to  confirm  t h i s .

Methods and M ateria ls

In t h is  experim ent, two ra b b its  were g iven  a s e r ie s  o f  in je c t io n s  

fo llo w in g  a sch ed u le su ggested  by Boyd ( 19U7 ) .  One rab b it was in je c te d  

w ith  a f i l t r a t e  from s tr a in  S-325  which had showed a p o s i t iv e  ca t t e s t ,  

the o th er w ith  a f i l t r a t e  from s tr a in  S-295 which had showed n egative  

r e s u l t s  in  th e ca t t e s t .  P receding each s e r ie s  o f in j e c t io n s ,  blood  

was obtained  from the r a b b its ' e a r s . S e r o lo g ic a l t e s t s  were run w ith  

the serum o f  t h is  b lood in  order to determ ine whether th ere  were any

a n tib o d ie s  p resen t d ir e c te d  a g a in st  the en tero to x in  which would g ive

a v i s ib l e  s e r o lo g ic a l  r e a c tio n . The fo llo w in g  immunization schedule

was used  fo r  both ra b b its :

Dgr Bled Dosage Mode o f In o cu la tio n

I 5 ml 1 .5  ml Intravenous
2 1 .5  ml Intravenous
3 1 .5  ml Intravenous

7 5 ml 4 .5  ml ln tr a p e r lto n e a l
8 - 1 .5  ml Intravenous
9 - 1 .5  ml Intravenous

13 5 ml 4 .5  ml ln tr a p e r lto n e a l
lU - 1 .5  ml Intravenous
15 - 1 .5  ml Intravenous

23 5 ml

The ln tr a p e r lto n e a l in je c t io n  preceding the second and th ir d  s e r ie s  

o f  in travenous in o c u la tio n s  prevented  the p o s s ib le  occurrence o f  

a n ap h y lactic  shock.
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The serum  o b ta in e d  from  th e  above r a b b i t  b le e d in g s  was 

t e s t e d  f o r  th e  p r e s e n c e  o f  p r e c i p i t a t i n g  a n t ib o d ie s  d i r e c t e d  a g a in s t  

th e  f i l t r a t e  a c c o r d in g  t o  th e  p ro c e d u re  o u t l i n e d  i n  th e  "M anual o f  

M ethods f o r  P u re  C u l tu re  S tu d y  o f  B a c te r ia "  (1 9 4 8 -1 9 4 9 ) . P r o g r e s s iv e ly  

d o u b le d  s e r i a l  d i l u t i o n s  o f  a n t ig e n  w ere p r e p a r e d  in  s a l i n e  b e g in n in g  

w ith . 1 :1 0 0  and e x te n d in g  th ro u g h  1 :2 5 ,0 0 0 . O n e - te n th  ml o f  th e  serum  

wav t r a n s f e r r e d  t o  th e  b o ttom  o f  s m a ll  tu b e s  and  an e q u a l  am ount 

( 0 .1  m l) o f  e a c h  d i l u t i o n  o f  th e  a n t ig e n  ( f i l t r a t e )  wae l a y e r e d  on to  

th e  se ru m . The tu b e s  w ere In c u b a te d  a t  37° 0 f o r  two h o u rs  and 

o b s e rv e d  a t  3® m in u te  i n t e r v a l e  f o r  p r e c i p i t a t e  a t  t h e  j u n c t u r e  o f  

th e  serum  and  a n t i g e n .  They were th e n  sh a k en  and  in c u b a te d  o v e rn ig h t  

a t  4 °  C. Py t h i s  t im e  th e  p r e c i p i t a t e  s h o u ld  have  s e t t l e d  o u t  so  t h a t  

i t  c o u ld  be  r e a d  by  a  g e n t l e  sh a k in g  o f  th e  t u b e s .  C o n tro ls  o f  a n t ig e n  

w i th  s a l i n e  and  serum  w i th  s a l i n e  w ere in c lu d e d .

B e s u l t s

A lth o u g h  Dolman and W ilso n  (1 9 3 8 ) d e m o n s tra te d  a  s p e c i f i c  

f i o c u l a t i o n  r e a c t i o n  be tw een  e n te r o to x in  and  i t s  c o r r e s p o n d in g  a n tib o d y  

o b ta in e d  from  r a b b i t  im m u n iz a tio n , no v i s i b l e  s e r o l o g i c a l  r e a c t i o n  was 

o b s e rv e d  i n  t h i s  e x p e r im e n t . A f t e r  a  f o u r  w e e k s ' im m u n iz a tio n  p e r io d ,  

no  r e a c t i o n  w h a ts o e v e r  was o b se rv e d  betw een  v a r io u s  am ounts o f  a n a lo g o u s  

e n t e r o to x i n  and r a b b i t  serum  ru n  i n  th e  p r e c i p i t a t i o n  t e s t .

G-ENSKAl DISCUSSION

A ll  h u t  one o f  th e  e ig h te e n  s t r a i n s  s tu d i e d  gave  th e  same 

p h y s io l o g i c a l  r e a c t i o n s  and  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  a s  th o s e  l i s t e d  

f o r  mic ro c o c c u s  py o g en es v a r .  a u re u s  i n  th e  s i x t h  e d i t i o n  o f  S e r g e y 's
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M anual. S t r a i n  M -I was th e  i n t e r e s t i n g  ex cep tio n  to  t h i s .  I t  gave a  

b a s ic  r e a c t i o n  i n  l i tm u s  and  brom c r e e o l  m r p l e  m ilk , f a i l e d  to  fe rm en t 

s u c r o s e ,  g a l a c to s e ,  l a c t o s e ,  an d  m a n n i to l ,  and p ro v e d  t o  h av e  c e l l s  o f  

tw ic e  th e  d ia m e te r  o f  th e  o t h e r  s t r a i n s .  No o th e r  o rg an ism  l i s t e d  u n d e r  

th e  g en u s  M ic ro co ccn : i n  S e r g e y 's  M anual i s  c h a r a c t e r i s e d  by a  b a s ic  

r e a c t i o n  i n  l i tm u s  m ilk . Sven w ith  th e s e  d i s c r e p a n c i e s ,  s t r a i n  M-I i s  

c l o s e r  to  th e  e n e c ie s  o f  M icro c o c c u s  pyogenes v a r .  o u reug th a n  i t  i s  to  

any o th e r  o rg an ism  c l a s s i f i e d  i n  S e r g e y 's  M anual. A p o s s ib l e  e x p la n a t io n  

i s  t h a t  s t r a i n  M -I i s  a  v a r i a n t  o f  t h e  s p e c i e s  t o  w hich  th e  o th e r  s t r a i n s  

b e lo n g . V a r ia t io n  som etim es o c c u rs  among b a c t e r i a  b e c a u se  o f  t h e i r  h ig h  

g e n e r a t i o n  r a t e  and th e  tre m e n d o u s ly  d i f f e r e n t  e n v iro n m e n ta l  changes to  

w h ic h  th e y  a r e  c o n s t a n t ly  b e in g  s u b je c t e d .

I t  was fo u n d  t h a t  I n c u b a t io n  a t  30° C b ro u g h t a b o u t a  more r a p id  

l i q u e f a c t i o n  o f  g e l a t i n  by th e  o rg an ism s th a n  in c u b a t io n  a t  3 7 °  C. The 

l e n g th  o f  t im e  th e  tu b e s  w ere h e ld  i n  th e  r e f r i g e r a t o r  a f t e r  e a c h  incuba ,- 

t i o n  ( i n  o r d e r  t o  d e te rm in e  w h ic h  s t r a i n s  a c t u a l l y  l i q u e f i e d  th e  g e l a t i n )  

in f lu e n c e d  th e  o b s e rv a b le  l i q u e f a c t i o n  i n  some o f  th e  t u b e s .  When h e ld  

a t  S0 C f o r  e p e r i o d  o f  two h o u r s ,  th e  g e l a t i n  i n  e ig h t  o f  th e  e ig h te e n  

tu b e s  became s o l i d  and any  p o s s ib l e  l i q u e f a c t i o n  in  them  was u n d ie c e r n ib l e .  

When h e ld  a t  8°  C f o r  a  p e r io d  o f  U5 m in u te s , o n ly  two o f  th e  tu b e s  showed 

no l i q u e f a c t i o n .  The u n in o c u la te d  c o n t r o l  tu b e s  were s o l i d  a f t e r  e ach  o f  

th e  d i f f e r e n t  c o o l in g  p e r i o d s .  Most o f  t h e  s t r a i n s  l i q u e f i e d  g e l a t i n  w i th in  

a  72- h o u r  i n c u b a t io n ;  how ever, l i q u e f a c t i o n  becam e o b v io u s  w ith  f i v e  o f 

them  ( S - 29O, 966U, 2908 , M-2, M-3) o n ly  a f t e r  a  f iv e - d a y  in c u b a t io n .

G e la t in  i s  g e n e r a l l y  n o t l i q u e f i e d  r a p i d l y  i n  th e  g roup  t o  w h ich  th e s e
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e tr # . in e  b e lo n g . Two a t r a i n s  ( S * l6 ,  S-31B) f a i l e d  to  l i q n e f y  g e l a t i n  

a t  th e  an d  o f  f i v e  d a y * .

The S to n e  r e a c t i o n ,  t h e  H o n e f a c t io n  o f  g e l a t i n  l a  t h e  C h am an - 

S to n e  m ed ia* , *fne n o e lfc lv e  f o r  tw e lv e  o f  th e  e ig h te e n  e t r a i n *  w i th in  

US h o u r* . T h is  r e a c t i o n  was v e ry  d i f f i c u l t  to  a s c e r t a i n  f o r  th e  m ost 

O R rt.  Many o f  th e  a t r a l n e  w h ich  w ere c o n s id e r e d  o o e l t l v e  m e re ly  showed 

a  v e r y  n a rro w  eo n s o f  d e c re a s e d  o p a c i ty  a d j a c e n t  to  g row th  on th e  p l a t e s .  

O nly  two o f  th e  s t r a i n s  (H -5 , 3 -2 9 0 ) b ro u g h t a b o u t a  o ro n o n n ce d  c l e a r i n g  

( t r a n s lu c e n c y ) o f  th e  medium. T h ree  s t r a i n s  C966U, 2908 , M-1) o u t  o f  

th e  s i s  w h ich  showed no d i s c e r n i b l e  S to n e  r e a c t i o n  w i th in  UR h o u rs  d id  

s o  when o b s e rv e d  a t  96 h o u rs  and n in e  d a y s .  Of th e  t h r e e  s t r a i n s  w hich  

f a i l e d  t o  g iv e  th e  S to n e  r e a c t i o n ,  S - l6 ,  and  S-31B d id  n o t  l i q u e f y  

g e l a t i n ,  mad M»2 v a e  a  s lo w  l l q u e f l e r . 1

A ll  e ig h t e e n  s t r a i n s  c o e ,g a le te d  d e f ib r tn & te d  r a b b i t  w ho le  b lo o d  

t o  a  c e r t a i n  e x t e n t .  F o r  th e  m ost p a r t  i t  c a n  be assum ed t h a t  a l l  

s t r a i n s  w ere i s o l a t e d  from  p a th o l o g ic a l  s o u rc e s  ( s t r a i n s  M -I, M-P, M-3, 

rn d  M-U *mre o b ta in e d  from  s to c k  c u l t u r e s  w h ich  had no h i s t o r y  o f  i s o l a ­

t i o n  s o u r c e ) .  Chapman ( 193U) <md C ru lck a h a n k  (1937 ) fo u n d  t h a t  a  h ig h  

c o r r e l a t i o n  e x i s t s  be tw een  th e  a b i l i t y  o f  m ic ro c o c c i  t o  p ro d u c e  

o o a g u la e e  and t h e i r  p a th o g e n i c i t y ,  b u t  s u b s e q u e n t e x p e r im e n ts  c a r r i e d  

o u t  by  o t h e r  w o rk e rs  ( J o r d a n  and B urrow s, 1935? Kvrochlk, 1937$ 1Jo la a a  

and b i l e o n ,  1939? end Hussemnnn and T e n n e r, I 9U9) c o u ld  n o t  s u b s t a n t i a t e

t h i s



T ab le  TI com pares th e  e n t e r o t o r l c l t y  on c a t s  o f  th e  e ig h te e n  

s t r a i n s  w i th  th e  p h y s io l o g i c a l  r e a c t i o n s  w h ich  v a r io u s  w o rk e rs  have 

th o u g h t  a t  one tim e  o r  a n o th e r  t o  he s i g n i f i c a n t  in  r e g a r d  to  f o o d -  

o o is o n in g  m ic r o c o c c i .  The t h r e e  s t r a i n s  fo u n d  e n te r o to x i c  t o  c a te  

( 172, «325. »4-5) l i o n e f l e d  g e l a t i n ,  fe rm e n te d  l a c t o s e  and m a n n i to l ,

w ere  c o r .g u ly t ic ,  f i b r i n o l y t i c ,  m d h e m o ly t ic ,  and p ro d u c e d  a  p o s i t i v e  

S to a e  r e a c t i o n  w i t h in  43 h o u r s .

Tour s t r a i n s  (1 7 2 , 19*5, 3 -2 9 5 , 2 2 2 0 -1 3 ) o f  th e  re m a in in g  

f i f t e e n  w h ich  w ere  a o n - e n te r o to x ig e n ic  to  c a t s  p ro d u ce d  th e  same 

p h y s io l o g i c a l  r e a c t i o n s .  The re m a in d e r  o f  t h e  s t r a i n s  d i f f e r e d  by 

b e in g  n e g a t iv e  i n  one o r  more o f  th e  u h y s io l o g i c a l  r e a c t i o n s .  I f  

th e se  s t r a i n s  h a d  o r i g i n a l l y  b een  a b le  t o  p ro d u c e  th e s e  r e a c t i o n s ,  

th e y  had a p p a r e n t ly  l o s t  t h i s  a b i l i t y  a f t e r  b e in g  c u l tu r e d  on a r t i f i c i a l  

m ed ia  f o r  f a i r l y  lo n g  p e r io d s  o f  tim e  s in c e  t h e i r  o r i g i n a l  i s o l a t i o n .

I t  i s  t o  be n o te d  t h a t  th e  t h r e e  s t r a i n s  w h ich  p ro d u ce d  fo o d -p o is o n in g  

symptoms i:i c a t s  had  b e e n  c u l t u r e d  on a r t i f i c i a l  m edia  f o r  a  s h o r t e r  

tim e  th a n  m ost o f  th e  r e s t  o f  th o s e  i s o l a t e d  from  fo o d -n o le o n in g  c a s e s .

The s i x  e t r a i n s  f u r n i s h e d  by S tone  (1 9 ^ 9 )  were a l l  fo u n d  t o  be 

co & galaee  p o s i t i v e  when t e s t e d  in  h i e  l a b o r a to r y  i n  1942. Our r e s u l t s  

c o n firm e d  t h i s  r e a c t i o n .  The S to n e  r e a c t i o n  he fo u n d  f o r  t h e  s i x  s t r a i n s  

c o rre s p o n d e d  w i th  o u rs  w i th  one e x c e p t io n .  Ee had  fo u n d  s t r a i n  S -J lB  to  

g iv e  s. p o s i t i v e  S to n e  r e a c t i o n  w h ereas  i t  g av e  a  n e g a t iv e  S to n e  r e a c t i o n  

i n  t h i s  s tu d y .  B ack (1 9 4 8 ) had fo und  M s  t h r e e  s t r a i n s  (1 7 2 . 178, IS 6) 

to  be t o x i c  to  monkey® s h o r t l y  a f t e r  i s o l a t i o n .  However, i n  th e  o r e s e n t  

e x o e rim e n t we fo u n d  o n ly  s t r a i n  1J8 t o  be e n te r o to x i c  to  c a t e .
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Cate are presumably as s e n s i t iv e  to  en te r o to x ln  am are aonkeye, so the 

e n te r e to x lo  a b i l i t y  o f  th e  o ther two s tr a in e  (which produced no rea c tio n  

in  c a te )  m e t  have been l o s t .

-he only  co n c lu s iv e  t e s t  fo r  en te r o to x ln  would have to  be carr ied  

out u s in g  human v o lu n te e r s . However, as Hueeemann and Tanner (19^9) 

brought ou t, the whole f i l t r a t e s  o f  m icrococci thought to  be the source 

o f fo o d -p o iso n in g  should be u sed  to  t e s t  t h e ir  p a th o g e n ic ity , an a l l  the 

m etab o lic  product;; o f the m icrococci are in g e s te d  w ith  the contam inated  

fo o d . Seme m icrococci produce le th a l  to x in , derm atoxin, sad homolysine 

as w e ll as e n te r o to x ln , and th e se  cou ld  be f a t a l  i f  in g e s te d . T herefore, 

experim ental anim als must of n e c e s s ity  be u sed , even i f  the e l i c i t i n g  o f  

fo o d -o o ieo n in g  symptoms w ith in  them cannot be considered  as co n c lu s iv e  to  

e n te r o to x ln . At the p resen t tim e c a ts  are the moot commonly used animal 

to  t e s t  for e n te r o to x ln . I t  would be o f advantage to f in d  a more su ita b le  

and a l ,  however, fo r  c a ts  are d i f f i c u l t  to  m aintain  end handle, and they 

develop  an In crea s in g  to ler a n c e  to  en te r o to x ln  a f te r  s e v e r a l a tta ck s  o f  

fo o d -p o iso n in g .

Although Bolinan and W ilson (1938) demonstrated & s p e c i f i c  f l e c u la -  

t io v  r : a c t io n  between en tero to x ln  and i t s  corresponding antibody obtained  

from rabb it im m unization, no v i s ib l e  s e r o lo g ic a l  rea c tio n  was observed in  

t h is  experim ent. A fter  a four weeks' immunization p er io d , no rea c tio n  

w hatsoever was observed between variou s amounts o f homologous en tero to x ln  

and rab b it serum run in  the p r e c ip ita t io n  t e s t .  M. Hammon (19^1) was 

a ls o  unable to  ob ta in  any v i s ib l e  s e r o lo g ic a l  r ea c tio n  between homologous

-3 0 -
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en tero to x ln  and e e r w .

Workers at variou s tim es have th o u ^ it th a t  some p h y s io lo g ic a l  

r e a c tio n s  ch a r a c te r ise d  food—p o iso n in g  m icro co cc i. However, subsequent 

experim ents by oth er workers on th ese  have n ot le d  to  con firm ation .

Jordan and Barrows (1 9 3 5 ) , Chinn (1 9 3 6 ), Kupchik (1 9 3 7 ), Dolman and Wil­

son (1 9 3 8 ), Hamaon (19%1), Haynes and Stacker ( I 9U6) ,  Stone (1 9^ 9). and 

Huseemann and Tazmer (19^9) could  not f in d  any p h y s io lo g ic a l c h a r a c te r is t ic  

w holly  su c c e s s fu l in  sep a ra tin g  the en tero to x in -fo n a in g  from the non- 

a n tero tox in -form in g  m icro co cc i. The r e s u lt s  o f  the p resen t experiment 

in d ic a te  the same co n c lu s io n .

SUMMARY
E ighteen  s tr a in s  o f  m icro co cc i, te n  o f  which had been I so la te d  

fr o  1 ca ses  o f  fo o d -p o iso n in g , were s tu d ied  as to  th e ir  p h y s io lo g ic a l  

r e a c t io n s  and the a b i l i t y  o f  t h e ir  b o ile d  f i l t r a t e s  to  invoke en tero -  

t o x i c i t y  in  c a ts  upon in travenous in j e c t io n .  An attempt was made to  

o b ta in  a v i s ib l e  s e r o lo g ic a l  rea c tio n  between one o f  the s tr a in s  (S -3?5) 

found to  e l i c i t  vom iting  in  c a t s ,  and i t s  homologous serum obtained  by 

ra b b it im m unization.

A ll but one o f the s tr a in s  gave the same p h y s io lo g ic a l rea c tio n s  

and m orphological c h a r a c te r is t ic s  as l i s t e d  fo r  M icrococcus pyogenes 

v a r . aureus in  the s ix t h  e d it io n  of S erg ey 's  Manual, except th a t none 

o f  them was observed to  produce hydrogen s u l f id e .  The s t r a in  (M -l) 

d if f e r in g  from the r e s t  gave a b a s ic  in s te a d  o f  a c id ic  r e a c tio n  on litm us  

and brom c r e s o l  purple m ilk , f a i l e d  to  ferm ent su crose , g a la c to s e , la c to s e ,  

and m annitol, and proved to  have c e l l s  o f  tw ice  the diam eter o f the other



e t r a i a e .  B ren  w ith  t h e s e  d i s c r e p a n c i e s ,  s t r a i n  M-I i s  c l o s e r  to  th e  

s-oec iee  o f  M ic ro co ccn s  pyo--enee f a r .  a u re n s  th a n  to  any o th e r  

o rg an ism  c l a s s i f i e d  i n  S e r g e y 's  M anual.

T hree  o f  th e  s t r a i n s  (1 7 8 , 8-325» M-5) w ere fo u n d  to  he  e n t e r o t o r l c  

t o  c a t s .  Two o f  t h e s e  (1 7 8 , S -325) w ere i s o l a t e d  from  c a s e s  o f  fo o d -  

o o is o n in g ,  w h e re as  s t r a i n  M-5 was i s o l a t e d  from  th e  u r in e  o f  an a d u l t  

w i th  a  p r o s t a t i c  i n f e c t i o n .  T hese t h r e e  s t r a i n s ,  i n  a d d i t i o n  to  h a v in g  

a l l  t h e  p h y s io l o g i c a l  c h a r a c t e r i s t i c s  l i s t e d  f o r  M icrococcus pyogenes 

v a r .  a u r e u s , w ere c o a g u ly t i c ,  f i b r i n o l y t i c ,  h e m o ly t ic ,  and gave  a  

p o s i t i v e  S to n e  r e a c t i o n  i n  Hg h o u r s .  F o u r o t h e r  s t r a i n s  (1 7 2 , 196,

S -296 , 2 2 2 0 -1 8 ) gave th e s e  same c h a r a c t e r i s t i c s  h u t w ere n o t  e n te r o to x lc  

to  c a t s .  The re m a in in g  e le v e n  s t r a i n s  d i f f e r e d  hy n o t g iv in g  one o r  

m ore o f  t h e s e  r e a c t i o n s .

No v i s i b l e  s e r o l o g i c a l  r e a c t i o n  was o b se rv e d  be tw een  v a r io u s  

am ounts o f  e n te r o to x l c  f i l t r a t e  and  hom ologous r a b b i t  serum  ru n  i n  th e  

p r e c i p i t a t i o n  t e s t .

I t  was fo u n d  t h a t  in c u b a t io n  a t  3 0 °  C b ro u g h t a b o u t a  more r a p id  

l i q u e f a c t i o n  o f  g e l a t i n  by th e  o rg a n ism s  th a n  in c u b a t io n  a t  3 7 °  C. I t  

was a l s o  o b s e rv e d  t h a t  th e  l e n g t h  o f  tim e  th e  tu b e s  o f  g e l a t i n  w ere h e ld  

i n  th e  r e f r i g e r a t o r  a f t e r  e a c h  in c u b a t io n  in f lu e n c e d  th e  o b s e rv a b le  

l i q u e f a c t i o n  i n  some o f  t h e  t u b e s .

The S to n e  r e a c t i o n  was v e ry  d i f f i c u l t  to  a s c e r t a i n  f o r  th e  m ost 

p a r t .  Many o f  th e  s t r a i n s  w h ich  w ere c o n s id e r e d  p o s i t i v e  m e re ly  showed 

a  v e r y  n a rro w  gone o f  d e c re a s e d  o p a c i ty  a d ja c e n t  to  g ro w th  on th e  p l a t e s ,  

o n ly  two o f  th e  s t r a i n s  b ro u g h t a b o u t a  p ro n o u n ce d  c l e a r i n g .  Some o f  th e  

s t r a i n s  w hich  show ed no d i s c e r n i b l e  S to n e  r e a c t i o n  w i th in  Ug h o u rs  d id  so

- 3 2 -
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when o b s e r r s d  a t  96 h o u rs  and n in e  days.

The r e s u l t s  o f  th e s e  e x p e r im e n ts  l e a d  one to  th e  same c o n c lu s io n  

r e a c h e d  by m ost o f  th e  o th e r  w o rk e rs  on f o o d -p o is o n in g  m ic r o c o c c i ,  

n am e ly , t h a t  a t  p r e s e n t  th e r e  i s  no p h y s io l o g i c a l  c h a r a c t e r i s t i c  w h o lly  

s u c c e s s f u l  i n  s e p a r a t i n g  th e  e n te r o to x in - f o r m in g  from  th e  n o n - e n te r o -  

to x in - f o r m in g  m ic r o c o c c i .
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