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D E D IC A T IO N

T o  th e  g e n e ra l p r a c t i t io n e r  in  T ro o n , S c o tla n d  w ho  

m a d e  m e d ic in e  sound e x c it in g  to  a  sch o o lb o y  and  to  th e  m a n y  d o c to rs  

s in c e  w ho  h a v e  sh ow n  h o w  e x c it in g  m e d ic in e  r e a l l y  is .
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T H E S IS

T h a t  h o s t fa c to rs  p la y  a  la r g e  p a r t  in  th e  e v e n tu a l o u tc o m e  

o f s ta p h y lo c o c c a l in fe c t io n s  c a u s e d  b y  " v i r u le n t "  o r  " a v ir u le n t "  c o c c i.  

S U M M A R Y  O F  D IS S E R T A T IO N

T h e  h o s t re s p o n s e  to  in fe c t io n  b y  s ta p h y lo c o c c i has b e e n  

s tu d ie d  b y  d e a th  r a te s ,  h is to lo g ic a l s tu d ie s  and  th e  fa te  o f th e  c o c c i in  th e  

t is s u e s . D i f f e r e n t  s t r a in s  o f s ta p h y lo c o c c i h a v e  show n a s p e c tru m  of 

v ir u le n c e  d e te c te d  b y  q u a n t ita t iv e  d if fe re n c e s  in  t h e i r  m u lt ip l ic a t io n  in  

th e  k id n e y . W h e n  the h o s t m e ta b o lis m  is  d is tu rb e d  b y  fa s t in g , fa s t in g  

w ith  g lu co se  s o lu tio n s  to  d r in k  o r  b y  in c r e a s e d  m e ta b o lic  a c t iv i t y  cau sed  

b y  th y r o id  h o rm o n e  o r d in itro p h e n o l th e n  th e  a n im a ls  a r e  m o r e  s u s c e p tib le  

to  s ta p h y lo c o c c a l in fe c t io n . L a c ta te  s o lu t io n  g iv e n  by m o u th  to  fa s te d  

a n im a ls  is  b e n e f ic ia l  in  c o r r e c t in g  th e  s u s c e p t ib i l i ty  to  in fe c t io n  cau sed  

b y  fa s t in g . U n d e r n u t r i t io n ,  the  r e s u l t  o f p r o te in  o r  c a lo r ic  r e s t r ic t io n , ,  

does n o t a f fe c t  th e  s u s c e p t ib i l i ty  o f m ic e  to  s ta p h y lo c o c c a l in fe c t io n .

R e n a l d is e a s e  is  r e la te d  to d e a th  in  h u m a n  cases  o f 

s ta p h y lo c o c c a l in fe c t io n . I t  is  p o s s ib le  th a t  a m o u s e  v ir u le n c e  te s t  fo r  

s ta p h y lo c o c c i can  be d e v e lo p e d .
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IN T R  O D U C T IO N

ff th e  p re s e n c e  o r  a b s e n c e  o f v ir u le n c e  w as  c o n s id e re d  to

be a  w e l l  d e fin e d  o r  in t r in s ic  q u a lity  o f the  m ic r o b ia l  s p e c ie s  

u n d e r c o n s id e ra t io n . T h e  p r o b le m  in  r e a l i t y  is  m u c h  m o re  

c o m p le x . ”

R . J. D ubos ’’T h e  B a c t e r ia l  C e l l ” 1 9 4 6  (1)

C le a r ly  th e  c o n ta c t o f a p a th o g e n  and its  h o s t does n o t 

o f i t s e l f  c o n s titu te  s ic k n e s s . In  o th e r  w o rd s  in fe c t io n  is  n o t syn o n ym o u s  

w ith  d is e a s e . I t  is  w e l l  k n o w n  th a t m a n y  p e o p le  h a rb o r  v i r u le n t  s ta p h y ­

lo c o c c i in  t h e i r  nose b u t i t  is  u n u su a l fo r  th e m  to  f a l l  i l l  w ith  a s ta p h y ­

lo c o c c a l d is e a s e . W ith  m a n y  r e p o r ts  n o w  m a d e  f r o m  a l l  o v e r  th e  w o r ld  

o f in c r e a s in g  re s is ta n c e  o f s ta p h y lo c o c c i to  a n t ib io t ic s  th e  t im e  is  r ip e  

fo r  a b e t te r  u n d e rs ta n d in g  o f th e  n a tu r a l  d e fe n c e s  a g a in s t th is  o rg a n is m .

T h e  D is e a s e s  due to S ta p h y lo c o c c i

S ta p h y lo c o c c a l in fe c t io n s  (2-4)a s s u m e  a v a r ie t y  o f c l in ic a l  

p ic tu r e s  b u t by  f a r  th e  c o m m o n e s t o c c u r re n c e , e i th e r  a lo n e  o r in  

c o m b in a tio n  w ith  o th e r  d is e a s e , is  th e  p re s e n c e  and  m u lt ip l ic a t io n  

o f s ta p h y lo c o c c i in  th e  n o se . T h is  o rg a n is m  cau ses  a v a r ie t y  o f s k in  

d is e a s e s  n a m e ly  fu ru n c u lo s is , c a rb u n c le s , p e m p h ig u s  n e o n a to ru m  

and  im p e t ig o . R a r e ly ,  i t  m a y  be th e  cause  o f a v a r ie t y  o f s c a r le t  

f e v e r .  (5- 6) I f  th e  b r e a s t  is  c o n s id e re d  to  be a s p e c ia l iz e d  s k in  o rg a n  

th e n  b r e a s t  a b s c e s s  b e lo n g s  in  th is  c a te g o ry .



S ta p h y lo c o c c a l to n s i l l i t is  is  a f a i r l y  c o m m o n  a i lm e n t  

an d  its  d ia g n o s is  is  b e c o m in g  m o r e  f re q u e n t  now  th a t  t h r o a t  c u ltu re s  

a r e  ta k e n  r o u t in e ly  in  t o n s i l l i t is .  M o s t  c o m m o n  o f th e  s e r io u s  s ta p h y ­

lo c o c c a l d is e a s e s  is  p n e u m o n ia . T h is  is  p a r t ic u la r ly  p r e v a le n t  in  

yo u n g  c h i ld r e n  and  in  a d u lts  a f t e r  in f lu e n z a .

S e p t ic e m ia  is  a r a r e  d is e a s e  c o m p r is in g  so m e 21%  (7 )  

o f a l l  s e p t ic e m ia s . B y  fa r  th e  c o m m o n e s t c o m p lic a t io n  is  k id n e y  

© r p e r i r e n a l  a b s c e s s e s . O th e r  c o m p lic a t io n s  in c lu d e  in v o lv e m e n t  

of th e  h e a r t ,  l i v e r ,  s p le e n , p e r ito n e u m , and c e n tr a l  n e rv o u s  s y s te m .

O s te o m y e lit is  is  u n d o u b te d ly  a c o m p lic a t io n  o f s e p t ic e m ia  

o r  b a c te r e m ia  b u t due to  its  d is t in c t iv e  c h a r a c te r is t ic s  i t  is  u s u a lly  

c o n s id e re d  s e p a r a te ly .

S ta p h y lo c o c c a l in fe c t io n s  a r e  p r e - e m in e n t ly  in fe c t io n s  o f 

m a n . In fe c t io n s  in  a n im a ls  do o c c u r  b u t a r e  r a r e  and  m a y  in d e e d  o n ly  

r e p r e s e n t  a d is e a s e  o f m a n  t r a n s m is s a b le  to  a n im a ls .  T h e s e  d is e a s e s  

in c lu d e  b o v in e  m a s t i t is ,  b o try o m y c o s is  in  h o rs e s , p u ru le n t  s y n o v it is  

in  tu rk e y s  and  a d is e a s e  o f the  u d d e rs  o f s w in e  c l in ic a l ly  r e s e m b lin g  

a c t in o m y c o s is . (8 ) T h e r e  is  a ls o  a s e p t ic e m ia  o f n e w b o rn  t ic k  

in fe s te d  la m b s . ( 9 )

T e s ts  fo r  th e  P a th o g e n ic ity  o f S ta p h y lo c o c c i

C r i t e r i a  h ave  b e e n  e s ta b lis h e d  to  d is t in g u is h  b e tw e e n  

" v i r u le n t ” and " a v ir u le n t"  s ta p h y lo c o c c i. G r e a te r  o r  le s s e r  d e g re e s  

o f c o n fid e n c e  a r e  p la c e d  in  the  p ro d u c tio n  o f p ig m e n t, c o a g u la s e ,



h e m o ly s in s  and  h y a lu ro n id a s e ,p h o s p h a ta s e  and  f ib r in o ly s in .  

O th e r  c r i t e r i a  u sed  a r e  m a n n ito l fe r m e n ta t io n ,  s e r o lo g ic a l  g ro u p in g , 

p h a g e  ty p in g  and  p r e c ip i t in  r e a c t io n .  T h e s e  h a v e  b e e n  c la im e d  to  b e , 

to  a v a ry in g  d e g re e , s u c c e s s fu lly  c o r r e la te d  w ith  v ir u le n c e .  (1 0 -1 3 )  

C le a r ly ,  h o w e v e r , v ir u le n c e  m u s t in c lu d e  a c o n s id e ra t io n  o f h o s t 

d e fe n c e s  and  h o s t s u s c e p t ib i l i ty .  On a th e o r e t ic a l  b a s is , th e r e fo r e ,  

te s ts  fo r  le u c o c id in  anddermonecrosLs sh o u ld  be b e t te r .  I t  is  u n fo r ­

tu n a te ly  t r u e  th a t  th e s e  te s ts  a r e  n o t m o r e  s u c c e s s fu l th a n  th e  in -  

v i t r o  o n es . T h e  te s ts  fo r  e n te ro to x in  do n o t c o m e  in  to th e  p r e s e n t  

d is c u s  s io n .

V ir u le n c e  as C o n d it io n e d  b y  th e  H o s t

A  s tudy  o f th e  h u m a n  d is e a s e  show s th a t in  c e r ta in  cases  

h o s t s u s c e p t ib i l i ty  e x is ts .  In  so m e  cases  i t  m a y  e v e n  be m o r e  im p o r ­

ta n t  th a n  th e  b a c t e r ia l  c r i t e r i a  o f p a th o g e n ic ity . In  fu ru n c u lo s is ,  

M o n tg o m e ry  (14) has d is c u s s e d  th e  im p o r ta n c e  o f d ie t  in  th e  p a t ie n t  

w ith  b o ils .  T h e  n a m e  o f p e m p h ig u s  n e o n a to ru m  in d ic a te s  th a t  h o s t  

s p e c if ic i ty  is  im p o r ta n t .  S m a llp o x  ow es so m e o f its  d e a d lin e s s  to  the  

s u s c e p t ib i l i ty  o f th e  pocks  to  s ta p h y lo c o c c a l in fe c t io n ,

A  p e c u l ia r ly  fu lm in a n t  f o r m  o f p n e u m o n ia  in  a d u lts  is  

due to  in fe c t io n  o f th e  lu n g  b y  s ta p h y lo c o c c i fo llo w in g  in f lu e n z a .  

E x p e r im e n ta l ly  i t  can  be show n th a t a t  le a s t  one v i r  us - - v a c c in ia - - 

w i l l  add to  th e  v ir u le n c e  o f s ta p h y lo c o c c i in  the lu n g s  o f r a b b its '  (1 5 )  

In  s e p t ic e m ia  the  age o f th e  h o s t is  im p o r ta n t  as m o s t



d ea th s  o c c u r  in  th e  v e r y  young  and in  th o s e  o v e r  fo r ty .  (7 ) T h e  

s o u rc e  o f th e  in fe c t io n  is  a ls o  im p o r ta n t  as th e  f a t a l i t y  r a te  in  

s e p t ic e m ia  fo llo w in g  s k in  in fe c t io n s  is  82%  w h e re a s  fo llo w in g  

o s te o m y e lit is  i t  is  5 6 % (l6 ) Is  i t  p o s s ib le  th a t  th e  b a c te r e m ic  o r ig in  

o f o s te o m y e lit is  has m a d e  th e  h o s t m u s te r  its  d e fe n c e s  and  b e c o m e  

m o r e  r e s is ta n t  to  a second  in v a s io n  o f th e  b lo o d  s t r e a m ?  T h e  

c o n d it io n  o f th e  h o s t m a y  a c c o u n t fo r  th e  fu lm in a t in g  s e p t ic e m ia s  

fo llo w in g  o p e ra t io n s  o r  c r im in a l  a b o r t io n s  o r  in  the  p u e r p e r iu m .  

A n o th e r  fa c t  d e m o n s tra t in g  th is  s u s c e p t ib i l i ty  is  th a t  s ta p h y lo c o c c a l  

s e p t ic e m ia s  a r e  m o r e  c o m m o n  in  a h o s p ita l fo r  c a n c e r  ( M e m o r ia l  

H o s p ita l ,  N e w  Y o r k  C ity )  th a n  in  a n e ig h b o r in g  g e n e ra l h o s p ita l  

(N e w  Y o r k  H o s p ita l ,  N e w  Y o r k  C ity )  (1 7 )

D ia b e te s  is  th e  b e s t k n o w n  d is e a s e  in  w h ic h  a change  

in  h o s t m e ta b o lis m  fa v o rs  the  o c c u r re n c e  o f in fe c t io n s . In  th e  

t r e a tm e n t  o f 2 6 8  c a ses  o f a c id o s is  o c c u r r in g  a m o n g s t 3 0 0 9  cases  o f  

d ia b e te s  117 cases  d ie d - - a  m o r t a l i t y  o f 4 3 . 7 % .  (18) S e v e n ty -s ix  

p e r  c e n t o f th e  c o m p lic a t io n s  w e re  due to  in fe c t io n . T h e  d a ta  o f 

th e s e  a u th o rs  has b e e n  s tu d ie d  and f r o m  th e  d ia g n o s is  g iv e n  i t  can  

be in f e r r e d  th a t  5. 9% o f cases  o f a c id o s is  d ie  f r o m  s ta p h y lo c o c c a l 

in fe c t io n . T h is  f ig u r e  m a y  be an u n d e re s t im a te  and 10. 4% m a y  be  

a m o r e  c o r r e c t  f ig u r e .  T h is  s tu d y  w a s , o f c o u rs e , m a d e  b e fo re  the  

e r a  o f a n t im ic r o b ia l  a g e n ts .
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T A B L E  I

M O R T A L IT Y  IN  T H E  T R E A T M E N T  O F  D IA B E T IC  A C ID O S IS

G ro u p
N o . o f 
C a s e s M o r t a l i t y  %

P r o b a b ly  due to  
s ta p h y lo c o c c u s  
M o r t a l i t y  %

P o s s ib ly  due to  
s ta p h y lo c o c c u s  
M o r t a l i t y  %

A c id o s is
a lo n e

129 24 . 8 - -

A c id o s is
w ith

c o m p lic a tio n s
81 33 . 3 6 . 2 12. 3

C o m p lic a t io n  
s u f f ic ie n t  to  
cau se  d e a th

58 1 0 0 . 0 19. 5 31 . 1

T o ta ls 2 6 8 4 3 . 7 5. 9 10. 4
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A p p ro a c h in g  th is  p r o b le m  f r o m  th e  o p p o s ite  p o in t  

o f v ie w  i t  is  in te r e s t in g  to  n o te  th a t  in  th e  t r e a tm e n t  o f 35 c ases  o f 

s ta p h y lo c o c c a l s e p t ic e m ia  29 d ie d  (83% ) s ix  o f w h ic h  w e re  d ia b e tic s  

(1 7 % ). (19 )

In d e e d  a l l  c r i t e r i a  o f s ta p h y lo c o c c a l v ir u le n c e  m a y  be

a b s e n t y e t  th e  i l ln e s s  can  be f a ta l .  T h e r e  a re  s e v e r a l  r e c o rd s  o f
(2 0 - 2 1 )

f a ta l  d is e a s e  due to  s ta p h y lo c o c c u s  a lb u s . M a th e w  has d e s c r ib e d  in  

d e ta i l  tw o  c a ses  w ith  s u b acu te  b a c te r ia l  e n d o c a rd it is  due to  c o a g u la s e  

n e g a t iv e  s ta p h y lo c o c c u s  a lb u s . B o th  c a ses  show ed  ty p ic a l  su b acu te  

b a c t e r ia l  e n d o c a rd it is  and  b o th  re s p o n d e d  to  p e n ic i l l in  b u t s u c c u m b e d  

l a t e r  to  m y o c a r d ia l  c o m p lic a t io n s . In  one case  th e  o rg a n is m  w as  

is o la te d  on s e v e n  d i f fe r e n t  o c c a s io n s  f r o m  b lo o d  c u ltu re ;  once f r o m  

m a r r o w  c u ltu re  and  once f r o m  c u ltu re  o f the p a tie n ts  a c n e . In  th is  

c ase  th e r e  w as  a ls o  s e r o lo g ic a l  e v id e n c e  o f th is  o rg a n is m s  e t io lo g ic a l  

r o le .  T h e  second  case  show ed  the  o rg a n is m  on f iv e  o c c a s io n s  f r o m  

b lo o d  c u ltu r e .  In  b o th  cases  th e  s a m e  o rg a n is m  w as r e c o v e r e d  f r o m  

th e  h e a r t  a t a u to p s y . I t  w as  b e lie v e d  th a t  c o - in c id e n t  a c u te  rh e u m a t ic  

f e v e r  m a y  h a v e  b e e n  a p re d is p o s in g  fa c to r  in  b o th  th e s e  c a s e s . (2 2 ) 

A n o th e r  d is e a s e  re p u te d  to  be as c o m m o n  in  c h ild re n  

as d ia b e te s  (23)in  w h ic h  s u s c e p t ib i l i ty  to  the s ta p h y lo c o c c u s  is  m a rk e d  

is  c y s t ic  f ib r o s is  o f the  p a n c re a s . T h e  cause o f d e a th  in  th e s e  c h ild re n  

is  s ta p h y lo c o c c a l p n e u m o n ia .
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P A R T  I .

S tu d ie s  o f S ta p h y lo c o c c a l In fe c t io n s  in  M ic e

In  th e  p a s t s tu d ie s  o f the p a th o g e n ic ity  o f th is  o rg a n is m  

h a v e  b e e n  m a d e  in  th e  r a b b it  and in  th e  m o u s e . F o r  re a s o n s  o f  

e c o n o m y  and c o n v e n ie n c e  th e  m o u s e  w as used  in  th is  s tu d y . O g s to n , 

o f A b e rd e e n , in  h is  o r ig in a l  in v e s t ig a t io n s  w h en  he c h a r a c te r iz e d  

an d  n a m e d  th e  s ta p h y lo c o c c u s  used  b o th  m ic e  and  c h ic k e n  eggs fo r  

th e  w o r k .  (2 4 ) S in ce  th a t  t im e  the o rg a n is m s  h ave  b e e n  g iv e n  

sub c u ta n e o u s ly , in t r a m u s c u la r ly ,  in t r a p e r i to n e a l ly ,  and  in t ra v e n o u s ly . ( 2 5 - 2 9 ) 

T h e  c h a r a c t e r is t ic  f in d in g  a t a u to p s y  is  a b s c e s s e s  o f th e  k id n e y . (2 5 )

D e a th  o n ly  fo llo w s  th e  use o f c o a g u la s e  p o s it iv e  o rg a n is m s  and i t  is  

b e lie v e d  to  be r e la te d  to  th e  a m o u n t o f^ ^ to x in  p ro d u c e d .

D e a th  and A u to p s y  S tu d ies

A  d e ta i le d  s tu d y  o f p a th o g e n ic ity  in  the m o u s e  w as c a r r ie d  

o u t. I t  w as  c o n s id e re d  im p o r ta n t  to e x c lu d e  v a r io u s  v a r ia b le  p e r ip h e r a l  

b a r r i e r s  in  th e  in o c u la t io n . A n  unknow n a m o u n t o f m u lt ip l ic a t io n  o f 

th e  in o c u la te d  dose ta k e s  p la c e  in  th e  a b d o m e n  a f te r  in t r a p e r i to n e a l  

in fe c t io n  b e fo re  a g e n e r a l iz e d  in fe c t io n  o c c u rs . S im i la r ly ,  the  

a b s o rp t io n  o f in t r a m u s c u la r  and  su b cu tan eo u s doses is  u n c e r ta in .

F o r  th e s e  re a s o n s  th e  in tra v e n o u s  ro u te  w as used.

M e th o d s

T h e  s ta p h y lo c o c c i used  w e re  o f v a ry in g  ty p e s  as show n  
in  T a b le  2. T h e y  w e re  m a in ta in e d  in  s to c k  c u ltu re  in  1% P fa n s t ie h l
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(P fa n s t ie h l C h e m ic a l C o m p a n y , W a u k e g a n , I l l in o is )  p ep to n e  m e a t  
in fu s io n  b ro th  ( P f  b ro th ) and w e re  t r a n s f e r r e d  to  n e w  b ro th  e v e r y  one  
to  tw o  m o n th s . A  lo o p fu l o f th e  s to c k  c u ltu re  w as  in o c u la te d  in to  7 cc . 
o f P f  b ro th  and in c u b a te d  a t 3 7 °  C o v e rn ig h t. T h e  n u m b e r  o f o rg a n is m s  
p r e s e n t  in  0 . 1 cc o f o v e rn ig h t  c u ltu re s  o f th e s e  o rg a n is m s  is  show n in  
T a b le  3. In  th is  in i t i a l  s tu d y  s ta p h y lo c o c c u s  S m ith  w as u sed .

T h e  m ic e  w e re  a p p r o x im a te ly  th re e  w e e k s  o f age and  
w e r e  a lb in o  m ic e  o f th e  R o c k e fe l le r  s t r a in .  T h e y  w e re  h o u sed  in  
m e ta l  cages on p in e  sh a v in g s  and w e re  fe d  p u r in a  chow (R a ls to n  
P u r in a  C o . , S t. L o u is ,  M o . ) p e lle ts  w ith  w a te r  ad  l ib .

In tra v e n o u s  In o c u la t io n
T h e  b ro th  c u ltu re  to  be in o c u la te d  w as d ilu te d  w ith  an  

e q u a l q u a n tity  o f s a lin e  to  in c re a s e  the  a c c u ra c y  o f m e a s u re m e n t .  
T u b e r c u l in  (1 m l.  ) s y r in g e s  w e re  used w ith  N o . 27 n e e d le s  
( B r i t is h  S ta n d a rd  N o . 27)

T h e  m o u s e  w as a llo w e d  to  w a lk  in to  a g la s s  c y lin d e r  
w ith  a  v e n t i la te d  o p en in g . H is  t a i l  w as  h e ld  w ith  th e  le f t  h an d  and  
f ix e d  in  p la c e  b y  a ru b b e r  c o rk  w ith  a le n g th w is e  V -n o tc h  cu t in  its  
s id e . T a p p in g  the  t a i l  w ith  th e  r ig h t  fo r e f in g e r  and  w ip in g  w ith  70%  
a lc o h o l m a d e  th e  v e in s  o f the  t a i l  p ro m in e n t .  T h e  v e in s  w h ic h  a re  
e a s ie s t  to  e n te r  a re  th e  tw o  l a t e r a l  o n es . T h e  t a i l  w as  s u p p o rte d  o v e r  
th e  in d e x  f in g e r  o f the  le f t  hand  and w as  f ix e d  th e r e  b y  the  th u m b . T h e  
n e e d le  p e n e tra te s  the  s k in  and v e in  a t th e  s h a llo w e s t an g le  p o s s ib le .
A  s u c c e s s fu l in je c t io n  is  show n b y  th e  ease  o f in je c t io n , a p in k  "n e o n "  
l ik e  l ig h t in g  up o f th e  t a i l ,  and  a s m a ll  b le e d in g  p o in t on w ith d r a w a l.
A  w h e a l w i l l  d e v e lo p  i f  th e  v e in  has no t b e e n  e n te re d  and th e re  w i l l  
be c o n s id e ra b le  r e s is ta n c e  to  in je c t io n .

A u to p s y  P ro c e d u re
M ic e  w e re  k i l le d  w ith  c h lo r o fo r m . T h e  dead  a n im a ls  

w e r e  p in n e d  to  an  a u to p s y  b o a rd  c o v e re d  w ith  an  im p e rv io u s  d is p o s a b le  
p a p e r .  T h e  fu r  w as th o ro u g h ly  w e tte d  w ith  70% a lc o h o l and th e  s k in  
w as cu t and  s e p a ra te d  f r o m  the  c a rc a s s  f r o m  n e c k  to p u b is . S te r i le  
s c is s o rs  and  fo rc e p s  w e re  used  to  cu t the  s k in  o f a l l  a n im a ls  in  a 
given  b a tc h . F r e s h  s c is s o rs  and fo rc e p s  w e re  used  to  re m o v e  the  
o rg a n s  o f ea c h  in d iv id u a l m o u s e . H e a r t  b lo o d  w as  re m o v e d  by u s ing  
a P a s te u r  p ip e tte  and ru b b e r  te a t  a f te r  exp o s in g  th e  h e a r t  by  d is s e c tio n .

D e a t h  R a te s

I t  w as found th a t in  p r a c t ic a l ly  a l l  cases  d e a th  o c c u r re d  in  

g ro u p s  o f te n  m ic e  o b s e rv e d  fo r  fo u r te e n  days a f te r  in o c u la t io n  w ith
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0. 1 cc c o a g u la s e  p o s it iv e  s ta p h y lo c o c c i (see  T a b le  4 ) . I t  is  n o te ­

w o r th y , h o w e v e r , th a t  th e  d e a th  r a te  v a r ie d  f r o m  0 to  4 p e r  10 m ic e  

in  a n u m b e r  o f e x p e r im e n ts  w ith  th e  S m ith  s t r a in .  T h e r e  w a s  no  

e v id e n c e  th a t  th is  change w as  r e la te d  to  the seaso n .

U s in g  a s t r a in  o f c o a g u la s e  n e g a tiv e  o rg a n is m s  (J . A . B . ) 

w e  w e r e  no t a b le  to  p ro d u c e  d e a th  w ith  a s im i la r  dose . In d e e d  w h en  

th e  dose w as  in c r e a s e d  up to 6 t im e s  th a t g iv e n  to  p ro d u c e  d e a th  w ith  

th e  c o a g u la s e  p o s it iv e  o rg a n is m s , no d ea th s  o c c u r re d .

T h e  o rg a n is m  w h ic h  w as  a p o o r p ro d u c e r  o f c o a g u la s e  

(M . A . M . ) l ik e w is e  d id  not p ro d u c e  d e a th s .

A u to p s ie s

P o s tm o r te m  e x a m in a tio n s  w e re  m a d e  in  a g r e a t  n u m b e r  

o f a n im a ls .  In  c o a g u la s e  n e g a tiv e  in fe c tio n s  no le s io n s  w e re  found . 

W ith  S m ith  and O fH a r a  s tra in s  the  o n ly  a b n o r m a li ty  found  w as  

a b s c e s s e s  o f th e  k id n e y  o c c u r r in g  tw o  o r  m o r e  w e e k s  a f te r  in fe c t io n .  

F ig u r e  1 show s the k id n e y s  f r o m  a m o u s e  k i l le d  7 days a f te r  

in fe c t io n  w ith  0 .1  cc o f s ta p h y lo c o c c u s  S m ith  c u ltu re . S o m e , but 

n o t a l l ,  a n im a ls  in fe c te d  w ith  th e  G io rg io  s t r a in  a ls o  had  a b s c e s s e s  

p r e s e n t  in  th e  su b cu tan eo u s  t is s u e s  and  the h e a r t .  A n im a ls  in fe c te d  

w ith  th e  M A M  s t r a in  o f in te r m e d ia te d  v ir u le n c e  s o m e tim e s  show ed  

s m a l l  lo c a l iz e d  a b s c e s s e s  in  th e  k id n e y s .
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F i g u r e  1. K id n e y s  f r o m  a m o u s e  k i l l e d  s e v e n  d a y s  a f te r  i n t r a v e o u s  

in o c u la t io n  w ith  0. 1 c c .  S t a p h y lo c o c c u s  "Sm ith". A b s c e s s e s  a r e  p a r t i c u l a r ly  

p r o m in e n t  in  the upper  k id n e y .
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T A B L E  2

C h a r a c te r is t ic s  o f th e  S ta p h y lo c o c c i S tu d ie d

N a m e S o u rc e C o a g u la s e M a n n ito l P ig m e n t H e m o ly s is P h a g e

G io rg io C a s e  o f  
O s te o ­

m y e l i t is

+ + a u re u s + 7. 47 C

S m ith C a s e  o f 
O s te o ­

m y e l i t is

+ + a u re u s + 4 4 A  4 2 E

O 'H a r a C a s e  o f 
B ro n c h o  
P n e u m o n

+

ia

+ a u re u s +

M A M S k in * * a lb u s +

J A B S k in N e g a lb  us +

A IR A i r N e g ■ — a lb u s +

S T E R N S k in N eg
—

a lb u s +

1. A s  d e m o n s tra te d  b y  g ro w th  on  r a b b it  o r h u m a n  b lo o d  a g a r .

2 . T h is  w as  in i t i a l l y  a c o a g u la s e  n e g a tiv e  s t r a in  which ch an g ed  d u r in g  in - v i t r o  

t r a n s fe r '.
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T A B L E  3

L o g . N u m b e r  o f O rg a n is m s  in  0 . 1 cc O v e rn ig h t  C u ltu re .

S t r a in  T i t e r  E x p e r im e n t  No„
L o g . 18 h o u r c u ltu re

S m ith  8 . 3 7

S m ith  7 . 9 6

S m ith  8 .4 0

S m ith  8 .3 0

G io rg io  8 .3 3

G io r g io  8 .3 5

O 'H a r a  8 .4 8

M . A .  M .  7 . 90

M . A . M .  8 . 0 0

J . A . B . 7 .4 8

A i r  7 .4 8

S te rn  7 .3 3



T A B L E  4.

E f f e c t  o f V ir u le n c e  on th e  N u m b e r  o f D e a th s  in  G ro u p s  o f T e n  M ic e  
In fe c te d  In t r a v e n o u s ly  ___________________________________________________

D o s e  o f
O v e rn ig h t  C o a g u la s e  S tr a in  D e a t h s * / 10
C u ltu r e  N a m e

0 . 1 m l . + S m ith 3
0 . 1 m l . + S m ith , 2

0 . 1 m l . + S m ith 1
0 . 1 m l . + S m ith 4
0 . 1 m l . + S m ith 0

0 . 1 m l . + S m ith 2

0 . 1 m l . + S m ith 2
0 . 1 m l . + S m ith 4
0. I  m l . + S m ith 4
0 . 1 m l . + S m ith 5
0 . 1 m l . + G io rg io 9
0 . 1 m l . 4* G io r  gio 1 0
0 . 1 m l . + M A M 0
0 . 1 m l . + M A M 0
0 . 1 m l . + M A M 0
0 . 1 m l . - JA B 0
0 . 1 m l . - JA B 0
0 . 2  m l . JA B 0
0 . 6  m l . - JA B 0
0 . 1 m l . — S te rn 0
0 . 1 m l . A i r 0

*  a t  14  days a f t e r  in fe c t io n
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M e th o d s

A n im a ls  w e re  in fe c te d  in tra v e n o u s ly  w ith  0. I  cc . o f 
s ta p h y lo c o c c u s  S m ith . T w o  w e re  k i l le d  one day and tw o  w e re  k i l le d  
s e v e n  d ays  a f te r  in fe c t io n . A  s im i la r  n u m b e r o f c o n tro l a n im a ls  w e re  
k i l l e d  a t  the  s a m e  tim e . P o r t io n s  o f the  s p le e n , l i v e r ,  lu n g  and k id n e y  
w e r e  f ix e d  in  10%  n e u t r a l iz e d  fo r m a l in .  S ectio n s  w e re  m a d e  in  th e  
u s u a l fa s h io n s  and w e re  s ta in e d  w ith  h e m o to x y lin  and e o s in .

R e s u lts

T h e  s e c tio n s  o f the s p le e n  ta k e n  one day a f te r  in fe c t io n  

a lr e a d y  sh o w ed  a w e l l  m a r k e d  h y p e rp la s ia  o f the f o l l ic le s .  A t  th is  

t im e  in  th e  l i v e r  v e r y  s m a ll  fo c i o f m o n o n u c le a r  c e lls  w e re  s c a t te re d  

th ro u g h o u t th e  p a re n c h y m a . T h e re  w e re  no o th e r s ig n if ic a n t  changes in  

th e  o rg a n s . B y  s e v e n  days th e s e  fo c i had  gone. In  the  lu n g  s im i la r  

s m a l l  fo c i  o f ro u n d  m o n o n u c le a r  c e lls  w e re  p re s e n t  and had gone b y  

the end  o f a w e e k .

T h e  m o s t s t r ik in g  h is to lo g ic a l changes w e re  th o se  p re s e n t

in  th e  k id n e y . In  the  s e c tio n s  ta k e n  one d ay  a f te r  in fe c t io n , s m a ll

c e l lu la r  fo c i w e r e  p re s e n t  m a in ly  in  the  c o r te x  and u s u a lly  c lo s e ly

ju x ta p o s e d  to  g lo m e r u l i .  S m a ll ro u n d  c e lls  and p o ly m o rp h o n u c le a rs  w e re

(F ig . 2)
p r e s e n t  in  a b o u t e q u a l p ro p o r t io n s . B y  the end o f seven  days the fo c i w e re  

f r a n k ly  p u r u le n t .  T h e y  w e re  la r g e r  and w e re  m o re  n u m e ro u s . Som e o f 

th e  n e ig h b o r in g  ones had  c o a le s c e d . B y  th is  t im e  th e y  w e re  a ls o  p re s e n t  

in  th e  m e d u lla ,  b u t the  n u m b e r o f th ese  fo c i w as not q u ite  as g re a t  as the  

n u m b e r  in  th e  c o r te x . A  fu r th e r  change w as the p re s e n c e  o f w edge shaped  

in fa r c ts  w ith  t h e i r  b ase  a t the k id n e y  m a r g in .  O c c a s io n a lly  th ro m b o s e d  

v e s s e ls  co u ld  be s e e n  in  th e  n e ig h b o rh o o d  o f th e s e  in fa r c ts .  (F ig .  3)
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F ig u r e  2. H is to lo g y  of the k id n e y  le s io n  one d ay  a f te r  in tra v e n o u s  in fe c t io n .  

S m a ll  c e l lu la r  fo c i a re  p r e s e n t  in  the  c o r te x .



-28

V ** .v*» * V

> y 5 *^  ;•’ -* *jC.€ •:

«jS .KMXfc.

& m £ :

F ig u r e  3. H is to lo g y  o f th e  k id n e y  le s io n  one w e e k  a f te r  in tra v e n o u s  in je c t io n .  

A  p a le  a r e a  o f in fa r c t io n  is  p re s e n t  in  the u p p e r le f t  c o r n e r .



S tu d ie s  o f  th e  D is t r ib u t io n  o f S ta p h y lo c o c c i in  the  O rg a n s  o f M ic e

'In  o r d e r  to  o b ta in  a d e ta i le d  id e a  o f th e  fa te  o f s ta p h y lo ­

c o c c i in  m ic e  an  a d a p ta t io n  w as m a d e  o f a m e th o d  o r ig in a l ly  u sed  to  

s tu d y  th e  fa te  o f tu b e r c le  b a c i l l i  in  the t is s u e s .

M e th o d s

P r e p a r a t io n  o f T is s u e  E m u ls io n s

T h e  m e th o d  used  w as th a t o f F e n n e r ,  M a r te n  and P ie r c e  
(1 9 4 9 } and  o f P ie r c e ,  D ubos and S c h a e fe r  (1 9 5 3 ), w ith  c e r ta in  m o d i­
f ic a t io n s  w h ic h  a r e  d is c u s s e d  b e lo w . (3 0 , 31)

O rg a n s  re m o v e d  a t a u to p s y  w e re  g ro u n d  in  th e  p re s e n c e  
of 5 cc . o f E a r le * s  s o lu tio n ^ , a m o d if ie d  E in g e r Ts s o lu tio n . F u r t h e r  
te n fo ld  d ilu t io n s  w e r e  m a d e  in  0. 1% b o v in e  a lb u m in  w h ic h  s e rv e d  to  
p r o te c t  b a c i l l i  f r o m  to x ic  s u b s ta n c e s  r e le a s e d  by g r in d in g  o r  b y  
a u to ly s is  o f th e  t is s u e s .

T h e  g r in d in g  w as done b y  T e flo n ^  (a te t r a f lu o r o e th y le n e  
r e s in )  g r in d e r s  c a r e fu l ly  m a c h in e d  to  f i t  P y r e x  g lass  tubes  (6 1 / 4 M x 3 /4 " )  
w h ic h  c o n ta in e d  the 5 cc. o f E a r le * s  s o lu tio n . T h e  g r in d e rs ^  a re  f i t te d  
to  s ta in le s s  s te e l s h a fts  w h ic h  can  be m a d e  to  r e v o lv e  a t 1740 r . p . m .  
b y  a m o to r  o p e ra te d  b y  a fo o t c o n tro l 4 (F ig u r e  4 ). H o m o g e n iz a t io n
of t is s u e  w ith o u t  an  a b r a s iv e  can  be c a r r ie d  out in  30 seco n d s. M ic r o ­
s c o p ic  e x a m in a t io n  show s ru p tu re d  t is s u e  c e lls ,  in ta c t  n u c le i and  
b a c te r ia  w h ic h  a r e  w e l l  d is p e rs e d . T e n fo ld  d ilu t io n s  a r e  m a d e  d ir e c t ly  
f r o m  th e s e  e m u ls io n s  (0 . 2 m l .  in  1 . 8 m l .  d ilu t io n  b la n k s )

lE a r le * s  S o lu tio n :
N a C L  13. 6 g.
K C L  0 .8  g.
M g S 0 4  - 7 H 2 0 0. 2g.
N a H 2 P 0 4 . H 2 0 0. 29g .
10% C a C l2 sdn 0. 5 cc .
D is s o lv e  in  100 cc*s H 2 0 (d is t i l le d )
D ilu te  1 /2 0  b e fo re  u s ing  and a u to c la v e .

^ T e f lo n  D u P o n t t r a d e m a r k .

^ S c ie n t if ic  G la s s  A p p a ra tu s  C o. , 100 L a k e  w ood  T e r r a c e
B lo o m f ie ld ,  N . J.

4 p o lo  L a b o r a to r y  S u p p lie s , In c . , 81 R e a d e  S t. , N e w  Y o r k  7, N . Y .



F i g u r e  4.  a) T e f l o n  g r i n d e r  and  tube  6) A s s e m b l e d  for  u s e .
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D ilu t io n  B la n k s  and  C o u n tin g
i —'

0 . 1% a lb u m in  w as  m a d e  f r o m  5% a lb u m in  s to c k  s o lu tio n , 
w h ic h  w as  r e n d e r e d  s t e r i le  by  f i l t r a t io n .  1. 8 cc . w e r e  d is p e n s e d  in to  
s t e r i l e  W a s s e rm a n n  tu b es  u s in g  an  a u to m a tic  d e l iv e r y  2 cc . syringe  
(B e c to n , D ic k in s o n  and C o. , R u t te r fo r d ,  N . J. } in  a s t e r i le  in o c u la t in g  
r o o m .

T h e  t is s u e  e m u ls io n  t i t r a t io n  m a t e r ia l  w as p la c e d  on P f  
a g a r  p la te s  u s in g  one s ta n d a rd  p la t in u m  lo o p fu l fo r  ea c h  d ilu t io n .
C ounts  w e r e  m a d e  o f the r e s u lta n t  c o lo n ie s  a f te r  18 h o u rs  in c u b a tio n  
a t  3 7 0  C.

In  so m e  e x p e r im e n ts  counts w e re  m a d e  o f a l l  th e  c o c c i in  
th e  te n fo ld  d ilu t io n s  o f the  o rg a n  e x tra c ts  b y  a n e w ly  d e v e lo p e d  
te c h n iq u e . ( 32 ) A g a r  w as added  to P f  b ro th  (see  b e lo w ) to  a
c o n c e n tra t io n  o f  0 . 3%. A f te r  a u to c la v in g  and co o lin g  to 5 0 - 5 6 °  C 
a n  e q u a l q u a n t ity  (1 . 8 m l .  ) o f th is  a g a r  s o lu tio n  w as added  to  e a c h  o f 
th e  te n fo ld  d ilu t io n s . T h e  a g a r  w as ad d ed  w ith  an  a u to m a tic  d e l iv e r y  
2 cc . s y r in g e . In c u b a te d  in  th is  s o ft a g a r  each  s ta p h y lo c o c c u s  d e v e lo p ­
ed in to  a d is c r e te  c o lo n y . W h e n  the  n u m b e r  o f th e s e  w as le s s  th a n  20  
o r  30 c o u n tin g  w as  q u ite  e a s y . A e r a t io n  w as found to be a d eq u a te  to  
g iv e  u n ifo r m ity  in  the s iz e  o f the c o lo n ie s  f r o m  top  to  b o tto m  o f the tu b e . 
C ounts  o f th e  o rg a n is m s  p re s e n t  in  o rg a n s  o f in fe c te d  a n im a ls  w e re  m a d e  
u s in g  b o th  the  p la te  m e th o d  and the tube  m e th o d . T h e s e  s im u lta n e o u s  
counts  w e r e  found  to  g iv e  id e n t ic a l r e s u lts  w ith in  th e  l im i t s  o f e r r o r  o f  
th e  m e th o d s .

B a c te r io lo g ic a l  H o o d  fo r  M a n ip u la t io n  o f In fe c te d  M a te r ia ls

T h e  g r in d in g  o f m o u s e  o rg a n s  in fe c te d  w ith  s ta p h y lo c o c c i  
w a s  c a r r ie d  ou t in  hoods e s p e c ia l ly  d e s ig n e d  to  p r o te c t  w o rk e rs  a g a in s t  
in fe c t io n . T h e  hoods a re  c o m p le te ly  e n c lo s e d  e x c e p t fo r  a space  fo r  
th e  w o r k e r s  a r m s .  T h e y  w e re  k e p t u n d e r a s l ig h t ly  n e g a tiv e  p r e s s u r e  
b y  an  e x h a u s t m o to r  p u llin g  a i r  f r o m  th e  c h a m b e r  th ro u g h  a f i l t e r .
T h e  in t e r io r  o f th e  hood w as s t e r i l i z e d  b y  u l t r a v io le t  i r r a d ia t io n  b e fo re  
and a t  the  c o m p le t io n  o f e a c h  e x p e r im e n t .  I r r a d ia t io n  w as d is c o n tin u e d  
d u r in g  the  e x p e r im e n t .

D is t r ib u t io n  o f C o a g u la s e  P o s it iv e  S ta p h y lo c o c c i in  the D i f f e r e n t  O rg a n s  
of M ic e  F o llo w in g  In tra v e n o u s  In je c t io n .

In  th e  p r e l im in a r y  p h ase  o f th is  s tu d y , e x p e r im e n ts  w e re  

c a r r ie d  out to  d e te rm in e  w h a t dose o f s ta p h y lo c o c c i w o u ld  r e s u l t  in  the  

r e c o v e r y  o f the  c o c c i f r o m  so m e o r  a l l  o f the  o rg a n s  o f m ic e  o v e r  a tw o



T A B L E  5

N u m b e r  o f M ic e  w ith  R e c o v e ra b le  S ta p h y lo c o c c i in  T h e i r  O rg a n s . 

( L iv e r ,  S p le e n , L u n g  o r  K id n e y . )

D o s e  o f  
O v e rn ig h t
C u ltu r e  N u m b e r  o f M ic e  w ith  S ta p h y lo c o c c i / 4

1 h o u r ld a y  2 days 3 days 7 days 14 days  

. 002  m l .  4  4 2 1 0 0

02 m l .  4

05 m l .

1 m l .  4 4  4  4  4  4 *

*  In c lu d in g  2 d e a th s .



w eek  p e r io d .  C o a g u la s e  p o s it iv e  o rg a n is m s  o f th e  S m ith  s t r a in  w e re
i

used. I t  w as  fo u n d  as sh o w n  in  T a b le  5, th a t  0 . 1 cc . o f an  o v e rn ig h t  

peptone b r o th  c u ltu re  w as a s u ita b le  d o se .

1. S ta p h y lo c o c c u s  " S m ith ”

Mi.ce w e re  in fe c te d  in tra v e n o u s ly  w ith  0. 1 m l .  o f  

o v e rn ig h t p ep to n e  b ro th  c u ltu re  (S tap h . S m ith ) and  w e re  k i l le d  a t  in te r v a ls  a f t e r  

in fe c t io n . T h e s e  in te r v a ls  w e r e  one to  tw o  m in u te s , one h o u r , one, tw o  

th re e , s e v e n  and fo u r te e n  d a y s . E n u m e ra t io n  (T a b le  6) o f th e  s ta p h y lo c o c c i  

was c a r r ie d  o u t an d  th e s e  counts a r e  l is te d  in  T a b le  7. T h e  counts h a v e  

been  c a lc u la te d  as th e  to ta l  n u m b e r o f v ia b le  s ta p h y lo c o c c i p e r  o rg a n  ( in  

the case  o f th e  k id n e y s  th e  count is  fo r  b o th  o rg a n s ) and Ihese re s u lts  

a re  show n g r a p h ic a l ly  in  F ig u r e  5. T h e  l in e s  in  th is  f ig u re  a r e  t re n d  

l in e s . T h e  e f fe c t  o f a s m a l le r  dose is  show n  in  T a b le  7 E

2 . S ta p h y lo c o c c u s  " O 'H a r a "

T h e  s a m e  e x p e r im e n t  w as re p e a te d  w ith  a  d i f fe r e n t  

co ag u lase  p o s it iv e  s t r a in  w ith  la r g e ly  id e n t ic a l  r e s u lts .  T h e s e  a r e  d e ta ile d  in  

T a b le  8 .

3 . S tap h y lo c o c c u s  " G io r g io "

T h is  o rg a n is m  p ro v e d  to  be m o re  v i r u le n t  th a n  th e  

p re c e d in g  ones an d  i t  w as n o t p o s s ib le  to  s tu d y  i t  fo r  th e  fu l l  fo u r te e n  d a y  p e r io d  

due to  th e  d e a th  p f th e  a n im a ls .  T h e  r e c o v e r y  o f th e  o rg a n is m s  f r o m  t is s u e  

ho m o g en ates  is  d e ta ile d  in  T a b le  9. T h e  e f fe c t  o f a  s m a l le r  dose is  sh ow n  in  

T a b le  9B  and  9 C .

I  n  the  a n im a ls  in fe c te d  w ith  " S m ith "  and " O 'H a r a "  i t  is  s 

that the  o rg a n is m s  a r e  p r e s e n t  in  h ig h  t i t e r  in  th e  s p le e n  one h o u r a f te r
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TA B L E  6.

C a lc u la t io n  o f T i t e r  P la te  T e c h n iq u e

i
F in a l  t i t e r  e q u a ls  , O b s e rv e d  n u m b e r  p e r  lo o p fu l*  o f u n d ilu te d  o rg a n  h o m o g e n a te

x  1000  x  5 /3  

L o g a r i th m  o f ab o ve  to  B a s e  10 D it to  x  1 0 ^ .2 3

L o g  D it to  +■ 3 .2 3  

*o n e  lo o p fu l e q u a ls  . 0 0 3 c c .

Tube T e c h n iq u e

F in a l  t i t e r  e q u a ls  O b s e rv e d  n u m b e r  p e r  tu b e  o f u n d ilu te d  o rg a n  h o m o g e n a te

x  5 / 1 . 8  

D it to  x  2 . 8 

L o g  D it to  -f 0. 45

D ilu t io n  o f B lo o d

1 D ro p  P a s te u r  . 0 2 c c .  

x  50 e b io n ie s /c c .

. 02  cc in  1 .8  cc 1 /1 0 0 .
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T A B L E  7A  E X P T .  5.

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l.  I .  V .  C u ltu re  (S tap h  S m ith )

1 h o u r 1 day 2 days 3 days 7 days 4 days
L iv e r

7 . 12 5. 53 5. 28 0 0 0
7 . 00 5. 95 4. 43 4 . 18 0 3. 23

S p le e n

6. 18 5. 51 4. 49 4 . 18 0 0
4. 87 4. 90 3. 53 3. 23 0

L u n g

5. 18 3. 53 0 3. 53 3. 23 0
5. 55 0 3. 53 4 .8 8 3. 53 0

K id n ey

4. 08 7. 03 5. 34 4 . 55 9. 08
4 . 57 5 . 11 5. 34 9. 08 9. 08 6. 43



i T A B L E  7B E X P T . 7

C o u r se  of In fe c t io n  in  M ice  In fected  w ith  0. 1 m l.  I. V. C ulture (Staph Smith)

1 h o u r 1 d ay 2 days 3 days 7 days 14 days
L i  v e i

9. 08 6. 14 5 .8 3 4. 38 3. 23 0
9 . 08 6 .8 4 4. 57 3. 53 0
7. 22 6. 09 5. 53 4. 53 4. 99 D
9. 08 6. 34 5. 38 4 . 46 4. 31 D

S p le e r

6 .6 6 6. 02 4. 01 3. 23 0 0
6. 97 6. 04 4. 18 0 0
7. 19 6. 01 3 .7 1 4. 13 4 . 84 D
7. 23 6. 23 3. 23 3. 53 3. 71 D

L u n g

5. 43 4 . 46 3. 23 4. 08 5. 34 0
4 , 98 4 . 68 0 4 . 28 0
5. 68 4. 01 4 .8 7 4. 87 6. 38 D
5 ,2 8 6 .8 0 3. 93 3. 93 4 . 13 D

K id n e y

4 .8 7 6. 13 9. 08 7. 17 8 . 17 5. 95
4. 90 7. 23 8 . 38 5. 76 0
4 .8 4 7. 38 5. 08 8 . 34 8 . 95 D
5 .0 8 6. 34 3. 53 7.. 46 . - D ........
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T A B L E  7C E X P T .  27

C o u r se  of In fe c t io n  in  M ice  In fe c te d  w ith  1 m l .  I. V. C ulture (Staph Sm ith)

1 d ay  2 days_____ 3 days
L iv e r

5. 51 4 . 77 5. 53
5 .8 6 4. 38 3. 93
5. 57 4 . 95 4 . 79_

S p le e n

5. 94 3. 71 3. 23
6. 14 4 . 28 3. 83
5. 53 4 . 08 3. 71

L u n g

4 .8 7 3. 83 4 . 28
4 . 40 3. 71 5. 23
4 . 23 5. 83 5. 34

K id n e y

5. 51 3. 93 9. 99
7 . 14 8 . 09 8 . 55
6. 34 8 . 18 8 .8 1
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T A B L E  7D Expt. 115

i

C o u r se  of In fec t io n  in  M ice  In fected  w ith  0. 1 m l.  I. V. C ulture (Staph Smith)

2 m in . 2 h o u rs 1 day 5 days 15 days 21 davs 36 days.
H e a r t  B locld

5 .8 5 3. 70 0 0 0 0 0
6. 11 3. 70 0 0 2 . 30 0 0
6. 23 3. 70 0 0 0 0 0
6. 05 3. 70 1.' 70 0.... 0 _ 0 _ 0 .......

L i  v e r

8 . 28 7 . 95 7. 01 3. 71 0 3. 23 0
7. 99 7 . 63 6. 63 4 . 13 5. 16 0 0
8 . 08 7 . 63 5. 92 3. 23 0 0 0
8 . 31 7 . 65 6. 04 3. 93 3. 23 0 0

S p le e n

6. 96 6. 80 6. 03 0 0 0 0
6. 72 6. 23 6. 13 3. 23 3. 71 0 0
6. 13 6. 51 5. 83 0 0 0 0
5. 83 6. 01 5. 88 4. 13 _ _____0 0 0

L u n g

7. 09 0 3. 53 0 0 0 0
7 . 17 5. 23 4 . 28 3. 93 4. 77 0 0
7. 12 0 3. 93 5. 00 3. 23 3 . 71 0
7 . 31 5. 23 3. 71 4  31 4 . 59 0 .. 4 - 1 3 ____

K id n e y  _

6. 61 0 7 . 10 0 0 8 . 40 5. 93
6. 23 0 6. 07 9. 66 8 . 93 0 4 . 31
6 .8 3 5. 53 6. 23 9. 23 8 . 40 6. 61 0
6. 28 0 5 .2 8  . 9 . 69 . . „8,A9 .... 6 . 9 8 ____ 6. 68



T A B L E  7E Expt. 115

C o u r se  of In fe c t io n  in  M ice  In fected  with 0. 03 m l.  I. V. C ulture (Staph Sm ith)

2 m in s 2 h o u rs 1 day 5 days 15 days 21 days 36  days
H e a r t  B1 ood

5 . 30 3 . 70 1. 70 0 0 0 0
5. 54 3. 70 0 0 0 0 0
5. 78 3. 70 0 2. 00 0 0 0
5. 88 3 . 70 1. 70 0 0 0 0

L iv e r

7. 61 6. 80 5. 51 0 0 0 0
7 . 88 6. 69 4 .8 3 3. 93 0 3. 53 0
8 . 00 6. 31 6. 18 3. 83 3 .8 3 0 0
7. 61 7. 23 5. 87 0 0 ... n . . 0

S p le e n

6. 08 6. 23 5. 83 0 0 0 0
6. 71 5. 93 7 . 23 0 0 0 0
6. 13 6 .4 6 5 .8 2 0 0 0 0
6. 18 6. 72 5. 46 0 0 n... 0

L u n g

5. 83 5. 23 3. 23 0 0 0
6. 53 5. 23 3 . 93 3. 23 0 0 4 . 38
6. 4 6 5. 53 0 0 0 0
6. 13 5. 23 3. 93 3. 23 -  0... n . .... 3...7J.....-  ...

K id n e y

5 .2 3 5. 23 4 . 01 5. 23 0 0 0
5. 71 5. 23 4. 53 8 . 59 0 0 5. 93
6. 18 5. 23 5. 01 8 . 90 0 0 • 0
6. 23 5. 23 5 . 51 5. 23 ... - 0- ...._ ... A ------- ,5 ,9 3  ... -
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T A B L E  8A Expt. 5

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l .  I .  V . C u ltu re  (S tap h  O f H a r a )  

1 h o u r 1 day_______ 2 days______3 days______ 7 days 14 days
L iv e r

7 . 53 6. 09 5. 40 4 . 23 3 . 23 0
7 .1 1 6. 40 5. 34 4 . 34 3. 23

S plee n

6. 8 4 4. 23 4. 01 3. 53 0 0
6. 13 4 . 18 3. 23 0 0

L u n j r

6. 04 4 . 28 4 . 13 4 . 61 4 . 53 4 . 38
5. 46 5. 38 4 . 28 3. 53

K id i tev

5 . 05 5. 40 6. 23 6. 63 7 . 46 8 . 53
4 .8 9 5. 49 7 . 00 5. 72 3. 53
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T A B L E  8B Expt. 121

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0 . 1 m l .  I .  V . C u ltu re  (S taph  0 * H a r a )

2 m in s 1 h o u r 1 day 2 days 5 days 7 days 14 days

H p a r t  B lf

5. 48 3. 20 2. 17 2. 93 0 0 0
5. 17 3. 40 2. 98 1. 70 0 0 0

3. 83 0 2. 30 0 0 0
4 . 60 3. 71 2. 60 0 0 0 0

L iv e r

8 . 40 8 . 53 6. 14 5. 61 4 .0 1 3 .2 3 4. 08
8 . 43 8 . 49 6. 40 5. 97 0 5. 71 0
8 . 46 8 . 40 6. 66 6. 34 3. 23 5. 59 3. 53
8 . 46 8 . 08 6. 17 4. 77 3. 71 4. 40 0

S p leen

6. 40 6. 95 5. 53 3. 71 0 0 0
7 . 31 6. 63 5. 57 4 . 13 0 0 0
7. 40 7. 08 5. 63 4. 49 3. 23 3. 23 0
7. 49 6 .4 6 6 07 0 0 0 0

L u n g

7. 01 5. 57 4. 53 4. 46 3. 23 0 4. 34
6. 51 5. 99 4. 51 3. 53 0 0 0
6. 40 5. 57 4 . 23 4. 83 3. 83 4. 40 3. 53
6. 01 6 on A AD 3. 53 4 . 18 4. 34 3. 53

K id n e y

6. 40 4. 73 6. 05 5. 53 6. 18 7 ..80 6. 80
6. 28 4 . 76 5. 68 5. 61 6. 98 8 . 63 7 . 16
5. 73 5. 15 5. 34 6. 82 8 .8 9 6. 28
4 . 68 .-,5-1.6. . .3 .8 3  , 6, ,9,4__ ......7 , L9 ____ 5 .8 0  . . . . .
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T A B L E  9A Expt. 116

C o u r se  o f  In fec t io n  in  M ice  In fected  w ith  0, 1 m l.  I. V. C ulture (Staph G iorg io )

2 h o u rs 6 h o u rs 1 dav 4. davs
H e a r t  B lo o d

1. 90 2. 00 2. 30 0
1. 54 1. 63 2. 30 1 .8 5
1. 58 2. 30 2. 08 D
2. 60 1 40 2. 30 D

L r rer

7 . 61 7. 46 5. 73 5 .4 3
7 . 99 6. 75 6. 40 6. 38
7 . 18 6. 68 6. 63 D
6. 53 7 08 5. 92 D

SP Leen

6. 08 7 . 00 5. 71 6. 53
6. 53 ' 7 . 57 5. 34 5. 71
5. 96 6. 53 6. 11 D
7. 28 A 8 8 5. 61 D

L i .ng

6. 21 5. 80 5. 53 6. 28
5. 95 6. 05 5 .8 9 6. 43

5. 51 6. 38 5. 72 D
6 18 8 8 7 6. 77 D

K id n ey  .......... .

4 . 66 4 . 59 9. 12 10. 10
5. 12 6 .6 9 9. 43 9 .8 5

5. 04 6. 81 8 . 43 D

..5. 1 4 .......... .5 .28,.. ft,JL3.. . P  . .
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T A B L E  9B Expt. 116

C o u r se  of In fec t ion  in  M ice  In fected  w ith  0. 03 m l.  I. V. C ulture (Staph G iorg io )

2 h o u rs 6 h o u rs 1 day 4 days 21 days
. . H e a r t  B lo o d

2. 78 3. 42 4 . 00 0 0
2. 70 2 . 78 2 .8 8 0 0
3 .3 4 3. 74 3. 00 2. 65 P
3. 05 2. 88 3. 17 2. 17 D

L iv e r

6 .4 9 6. 55 5. 63 3. 23 0
6. 73 6. 73 5. 53 5. 00 0
6, 23 6. 63 5. 31 5. 75 0
5. 93 6. 34 5. 28 5. 12 D

S p le e n

5. 3 4 6. 08 6. 28 0 0
6. 3 4 6. 09 5. 00 3. 71 0
6. 53 6. 40 4. 71 4. 31 0
5 93 6. 28 5. 28 4 .2 8 D

L u n g

4 .8 4 4 . 81 5. 53 3. 23 3 . 23
5 .4 6 5. 13 5. 28 5. 53 4 . 34

5. 09 5. 20 4. 53 6. 34 4. 13
5 13 5 .6 6 4 .9 7 5. 49 D

K id n e v

4 . 55 6. 18 9. 77 8 . 38 5. 53

4 . 53 4 . 66 8 . 99 9. 16 7 . 40

4 . 69 4 . 73 5. 59 10. 01 6. 53
4 53 4 . 97 3. 83 9 .8 2 D
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T A B L E  9C  E x p t. 118 

C o u rs e , o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 03 m l.  I .  V . C u ltu re  (S tap h  G io rg io )

1 houy 1 day
H e a r t  B lo o d

3. 60 0 0 0 0
4. 00 2 . 00 0 0 0
3 . 17 1. 70 1. 70 0 0
3. 30 0 0 2. 00 0

L iv e r

7 . 51 5. 53 3. 71 4. 31 4 . 18
7. 49 5. 59 6. 71 3. 23 4 . 55
7. 68 5. 18 6. 34 4. 28 4. 18
7 7.8 5 .4 3 4. 51 4 .4 9 3. 53

S p leen

6. 21 5. 51 0 0 0
6. 40 5. 40 3. 83 3. 23 5. 53
5. 68 4. 71 3. 93 3. 23 0

_ .6., ] 8 5 1 6 3 71 3. 23 3 .8 3
L u n g

5. 01 4 .8 5 0 4. 94 3. 23

5. 46 4. 46 4. 65 4. 08 5. 71

5. 01 4. 43 3. 23 5. 40 5. 71
8 83 3. 83 4. 53 5 .8 2 4. 71

K id n e v

00 6. 66 7. 57 9. 31 7 . 71

4 . 98 7 . 14 8 . 46 8 .8 1 9. 13

5 . 13 7 . 46 8 . 69 9. 34 8 . 28
8 13 3 .8  3 7 .2 1  _ 9. 28 _ _ 8 .5 3



in fe c t io n . T h e r e a f te r  th e y  show  a s te a d y  d e c lin e  o v e r  a 7 - 1 4  d ay  

p e r ip d  u n t il  a t  14 days w e w e re  un ab le  to  r e c o v e r  v ia b le  o rg a n is m s  

b y  o u r te c h n iq u e . S ta r t in g  a t a s l ig h t ly  h ig h e r  t i t e r  th e  fa te  o f th e  

o rg a n is m s  in  th e  l i v e r  is  the  s a m e . In  b o th  th e s e  cases  th e  counts  

a r e  r e p ro d u c a b le  in  any  one e x p e r im e n t  and  a re  m o d e r a te ly  w e l l  

re p ro d u c e d  b e tw e e n  e x p e r im e n ts .

B y  c o n tra s t  th e  t i t e r  in  th e  lu n g  is  s u b s ta n t ia lly  lo w e r  b u t  

i t  m a in ta in s  th is  le v e l  w ith o u t v a r ia t io n  th ro u g h o u t th e  e x p e r im e n ta l  

p e r io d . W e  h ave  b e e n  a b le  to  c u ltu re  o rg a n is m s  f r o m  th e  lu n g  w eeks  

a f te r  in fe c t io n . T h e  tis s u e s  of the  lu n g  a re  m o re  f ib ro u s  and a re  

m o r e  d i f f ic u l t  to  g r in d  th a n  th o se  o f th e  s p le e n  o r l i v e r .  W e b e lie v e  

th is  m a y  be th e  cau se  o f the  g r e a te r  s p re a d  in  o u r re s u lts  w ith  th is  

o rg a n .

Q u ite  the  o p p o s ite  d e v e lo p m e n ts  ta k e  p la c e  in  the  k id n e y

c o m p a re d  w ith  th e  s p le e n  and l i v e r .  In i t ia l ly ,  th e  t i t e r  is  v e r y  lo w

b u t th e r e  is  a p r o g r e s s iv e  m u lt ip l ic a t io n  o f the  s ta p h y lo c o c c i. A

p e a k  t i t e r  is  re a c h e d  ab o u t th e  6th  day . M o s t o f th e  d ea th s  o c c u r

b e tw e e n  days  7 and 10 . T h o s e  a n im a ls  th a t re c o v e r  show  a f a l l  in

t i t e r  a f t e r  the  6-7ftiday w h ic h  m a y  be r e la te d  to  th e  d e v e lo p m e n t o f

an tib o d y . W e h ave  not te s te d  fo r  the  p re s e n c e  o f a n tib o d y . I t  is

n o t ic e a b le  th a t  th e  re s u lts  a t an y  one p e r io d  v a r y  th ro u g h  a m o d e r a te ly

w id e  ra n g e . T h is  is  g r e a te r  d u r in g  the  la t e r  p e r io d s . I t  is  f e l t  th a t

th e  d e v e lo p m e n t o f a b s c e s s e s  m u s t be a s s o c ia te d  w ith  th e  d e s tru c t io n

and d e a th  o f an  u n p re d ic ta b le  n u m b e r o f c o c c i n e a r  the  c e n te r  o f the

a b s c e s s e s . I t  a p p e a rs  re a s o n a b le  to  b e lie v e  th a t  th e  s e v e re  d is o r ­

g a n iz a t io n  in  the k id n e y  is  the im m e d ia te  cause o f d e a th .
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D is t r ib u t io n  o f C o a g u la s e  N e g a t iv e  S ta p h y lo c o c c i in  th e  D i f f e r e n t  O rg a n s  

o f  M ic e  F o llo w in g  In tra v e n o u s  In je c t io n

T h e s e  o rg a n is m s  g re w  r a t h e r  le s s  w e ll  in  P f  b ro th  th a n  d id  

th e  c o a g u la s e  p o s it iv e  ones . T o  c o m p e n s a te  fo r  the  s l ig h t  d if fe re n c e  

0. 2 cc . o f an  18 h o u r c u ltu re  w as used  in  m o s t c a s e s . A s  w i l l  be se e n  

f r o m  th e  d a ta  p re s e n te d  th is  re s u lte d  in  th e  r e c o v e r y  f r o m  th e  o rg a n s ,  

ju s t  a f t e r  in o c u la t io n , o f t i t e r s  v e r y  s im i la r  to  th o se  fou n d  w h en  the  

c o a g u la s e  p o s it iv e  o rg a n is m s  w e re  used.

1. S ta p h y lo c o c c u s  MJ A B M

T h is  o rg a n is m  w as in je c te d  in  the u s u a l fa s h io n  and  t i t e r s  

a t  v a r io u s  t im e s  a f te r  in o c u la t io n  a r e  show n in  T a b le  10

2. S tap h y lo co ccu s  f,S te r n H

T h e  d a ta  o b ta in e d  f r o m  th is  s tu d y  a r e  l is te d  in  T a b le  11.

3. S tap h y lo co ccu s  " A i r "

T a b le  12 co n ta in s  t i t e r s  a t  various in te r v a ls  a f t e r  

in o c u la t io n  w ith  th is  s t r a in .

T h e  c le a ra n c e  p a t te r n  fo r  th e s e  s tra in s  is  n o t u n lik e  th a t  

o f the  c o a g u la s e  p o s it iv e  o n es . A  d if fe re n c e  h o w e v e r  is  e v id e n t in  th e  

b e h a v io r  o f th e  c o c c i in  th e  k id n e y  in  th e  t im e  su b seq u en t to  th e  

c le a ra n c e  p e r io d .

D is t r ib u t io n  o f S ta p h y lo c o c c i o f In te r m e d ia te  C o a g u la s e  A c t iv i t y  in  the  

D if f e r e n t  O rg a n s  o f M ic e  F o llo w in g  In tra v e n o u s  In je c t io n

T h e  o rg a n is m  used  in  th is  s tu d y  has an  u n u su a l h is to r y .

W h en  in i t i a l l y  r e c e iv e d  i t  w as c o a g u la s e  n e g a tiv e  and  M a n n ito l n e g a tiv e .



T A B L E  10A Expt. 116

C o u r se  o f  In fec t io n  in  M ice  In fected  w ith  0. 2 m l.  I. V. C ulture (Staph TAR)

H e a r t  B lo o d

2 .7 0 2 . 17 0 0 0
2 . 40 3. 05 0 0 0
3 .0 0 2. 17 0 0 0

D I .  70 0 0 0
L iv e r

6. 92 3. 00 3 . 23 0 0
7. 63 6. 73 4. 43 0 0
7. 99 6. 57 4. 46 0 0

_ 7 . 69 6. 38 4. 63 0 0
S p le e n

5. 68 5. 79 3. 71 3. 23 0
5. 31 5. 75 4. 31 0 0
6. 65 5. 18 4 . 51 3. 23 0
5. 65 5. 59 4 . 13 3. 23 0

L u n g

4 . 72 4. 46 4. 18 0 0

5. 00 4 . 43 0 0

5. 18 4 .8 5 0 3. 53 0
4  9 4 4. 01 4 . 88 3. 23 0

K id n e v

4. 13 4 . 01 4 . 43 6. 04 3. 23

4 . 38 4 . 61 0 3. 71 0

4 . 46 3. 93 3. 53 0 4 . 13

-----4 „ 2 8 - 3. 32 5, 53 ........ 4..-6.L - . .  0 . ........... ....
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T A B L E  10B Expt. 110

C o u r se  o f  In fec t ion  in  M ice  In fected  with 0 .1  m l .  I. V. C ulture (Staph JAB)

1 h o u r 1 d ay 3 days

3 . 53
4 . 18

7 .8 3  
7 . 08 
6 .7 7 3. 71

4 . 31 
4 . 77 
4 .8 0  
4. 57

3 .8 3  
4. 34  
3. 53

5 .8 1  
6. 18 
5. 71 
2^-52

3. 235. 40  
5. 0 6  

4 . 23
4. 93 
4. 72 
3. 23

4 . 01 
3 .8 3 4. 55

K id n e y

6. 04
5. 93
6 . 22 
5 .8 5

3. 23 
3. 53

4 . 13 
3. 93
5 , 4 6  
,4. .02

3. 71 
5. 95 
5.1. 94 .
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T A B L E  11 Expt. 119
i

C o u r se  of In fec t ion  in  M ice  In fected  w ith  0. 2 m l.  I. V. C ulture (Staph Stern)

1 h o u r 1 d ay 2 days 4 days 7 days 14 days

H e a r t  B lo o d

2. 30 0 0 0 0 0
2 . 54 0 0 0 0 0

0 0 0 0 0 0
2 . 17 0 0 0 0 0

6. 69 0 0 0 0 0
6. 31 0 3 . 23 0 0 0
6. 46 0 0 0 0 0
6. 66 0 0 0 0 0

Spl p p i

5. 59 3. 23 0 0 0 0
4 .8 7 0 0 0 0 0
5. 43 4. 13 0 0 0 0
5. 49 0 3. 23 0 0 0

L u n g

4 . 53 3 . 23 3. 23 3 .8 3 4. 01 0
3. 23 3. 53 0 0 3. 71 0
3 . 23 0 3. 53 0 0 0
3 .2 3 0 0 0 0 0

K idn i jy

4 . 18 0 0 0 0 0
4 . 01 0 0 0 3. 23 0
4 . 53 0 0 0 0 0
4 . 38 0 0 0 0 1 0
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T A B L E  12 Expt. 119

C o u r se  of In fec t ion  in  M ice  In fected  w ith  0. 2 Ml. I. V. C ulture (Staph AIR)

1 h o u r 1 d av 2 davs 4 days 7 days 1 4 days

Hp.art R 1 nnd

2 . 6 0 0 0 0 0 0
2 .0 0 0 0 0 0 0
I .  70 0 0 0 2. 70 0

0 0 0 0 0 0
L iv e r

6. 57 0 0 3. 23 0 0
6 , 11 0 0 0 0 0
6. 38 3. 23 0 0 0 0
5. 71 0 0 0 0 0

S p le e n

5 .8 1 4. 69 3. 53 0 0 0
5. 28 3 . 93 3 .8 3 0 0 0
5. 59 3. 83 3. 53 0 0 0
5. 22 4. 66 3. 23 0 0 0

L u n g

3 .8 3  . 0 3 .8 3 3. 23 4 . 31 0
4 . 01 0 0 3 .8 3 0 0
3 .8 3 0 0 0 3. 71 0
4 . 01 0 5. 68 0 4. 01 0

K id n e v

4 .4 0 4 .8 9 6. 01 5. 49 3 . 93 0

4. 18 0 3. 53 0 0 4 .7 2

3 . 53 0 0 0 6. 31 4 . 53

-...... 0 ......... .......... 3. 23 5. 12 6. 01 5 .4 9 0
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A f t e r  n u m e ro u s  s u b c u ltu re s  in  P f  b ro th  i t  w as found  to  be s l ig h t ly
i

c o a g u la s e  p o s it iv e  and M a n n ito l p o s it iv e .  A s i t  has r e ta in e d  its  

a lb u s  c h a r a c te r  and  p hage typ e  c o n ta m in a tio n  can  p ro b a b ly  be  

r u le d  out. T h e  s t r a in  f r o m  w h ic h  i t  w as d e r iv e d  has m a in ta in e d  

i ts  c o a g u la s e  n e g a tiv e  c h a r a c te r .  T h e  e x p e r ie m e n ts  to  be d e s c r ib e d  

w e r e  c a r r ie d  ou t w ith  the  m i ld ly  c o a g u la s e  p o s it iv e  s u b -3 t r a in .  

S ta p h y lo c o c c u s  M A M

T h is  s t r a in  w h ic h  does n o t k i l l  m ic e  gave t i t e r s  n o t 

u n lik e  th o s e  w ith  th e  le th a l  S m ith  s t r a in .  T h e  t i t e r  in  th e  kidney  

h o w e v e r , f a i le d  to  r e a c h  the h e ig h ts  o f the  " S m ith "  in fe c te d  a n im a ls .  

T h e  t i t e iS a r e  d e ta i le d  in  T a b le  13.

T h e  a v e ra g e  t i t e r s  in  the  k id n e y  a r e  l is te d  in  T a b le  14 

fo r  th e  s e v e n  s tra in s  te s te d  and i t  is  e v id e n t th a t  w h ile  th e r e  is  a  

d if fe r e n c e  in  t i t e r  b e tw e e n  c o a g u la s e  p o s it iv e  and  n e g a tiv e  s tra in s  

th e r e  is  a ls o  a  s ig n if ic a n t  v a r ia t io n  p re s e n t  w ith in  th e s e  g ro u p s .
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T A B L E  13A Expt. 46

C o u r se  o f  In fec t io n  in  M ice  In fected  with 0. 1 m l.  I. V. C ulture (Staph MAM)

1 h o u r I  day 2 days 3 days
L iv e r

7. 49 4 . 38 3. 53 0
7 . 20 0 0
8 .0 0 3. 53 4. 08 0

Spl een

6. 03 3 .8 3 3. 23 0
6. 66 3 . 53 0 3. 23
6. 59 3 . 23 3. 23 .3. 23

Lu: ig

5. 28 0 0 0
4 . 66 ’ 0 5 .8 1 0
5.. 00 0 5. 61 0

K id ney

4 . 97 5 .4 0 0 4 .8 8
4 .9 8 4 . 34 8 . 46 5. 98
4 . 49 3. 23 0 5. 02
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T A B L E  13B  E x p t . 56

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l .  I .  V . C u ltu r e  (S taph  M A M )  

I  h o u r
L iv e r

6 .8 5 4. 68 3 . 30
6. 98 4 . 05 3. 35 0
6. 99 4  fi5 93 0

S plee en

5. 68 3. 10 2. 96 3 . 05

5 .8 9 2. 99 2. 62 1 ..56
6 .3 0 3 3n ?. 7 3 1. 45

L u n g

3. 90 2. 81 0. 75 3. 13
3. 40 2. 30 1. 35 2 . 35
4 .1 5 1 ,1 3  . 1. 93

K idne V

3. 60 2 .8 3 5. 07 0
3 . 35 2. 99 6. 53 4 . 60

___3... 4.5 -.3.^.6 2.______ -------2 ,.35------ 0
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T A B L E  13C Expt.  60

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0 . 1 m l .  I .  V .  C u ltu re  (S tap h  M A M )

1 m in ._______ 7 days______ 14 days_______ 28 days

T , ivp r

7. 75 0 1.45 0

7. 62 0 4. 53 0

7. 53 0 4. 60 0

sr1,1 1

5. 98 2. 40 0 0

6. 15 0 0

6. 15 1. 15 0 0

T ,i in a

6. 53 2. 93 1. 75 3. 97

6. 73 0 3. 30 4.81

6. 35 0 3. 05 1. 45

K i In e y

6. 23 4, 93 0 0

6. 20 4. 93 4. 68 4.85

6. 15 5 .85 4. 15 0
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T A B L E  13 C E x p t . 108 

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l.  I .  V . C u ltu re  (S tap h  M A M )

L iv e r

4 .8 2 3 . 93 3. 53 0 0
5. 80 5. 38 4. 80 0 0
5 .8 4 4 . 08 3 .7 1 0 3. 71
3 . 71 4 . 34 3. 23 0 0

S p le e n

3 . 53 0 0 0 0
3 .8 3 0 0 0
4 . 18 3 .7 1 0 0 0

0 3. 53 0 0 0
L u n g

0 3. 53 0 4. 40 4. 08
5. 16 0 0 4. 18 0
3. 23 0 6. 53 5. 01 3. 93

0 5. 18 0 3 . 23 0 -
K id n e v

3 . 53 6 .4 0 5. 40 6. 40 6. 31
4 .8 4 5 .8 7 6. 53 6. 23 6. 13
6. 20 5. 34 5. 68 6. 12 5. 95
5. 20 ... 6 . , 3 8 . ..... 6, 90 ,.. _ 3 .2 3
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T A B L E  1 3 E  E x p t . 105  

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0 .1 5  m l .  I .  V . C u ltu re  (S tap h  M A M )

2 M in . 2 H r s o D a y  1 D a y  5 D a y  15 D a y  21 D a v  36
H e a r t  B lo o d

7 . 57 4 , 70 0 0 0 0 0
7 . 05 4. 70 0 0 0 0 0
6. 85 4 . 70 0 0 0 0 0
7. 36 . 4 . 70 .... 0 0 o 0 0

L i  v'er
8 .0 1 7. 94 7. 06 3. 23 0 0 0
8 . 63 7. 46 6. 20 3. 53 0 0 0
8 .8 3 8 . 21 6. 87 3. 23 3 . 23 0 0
8 . 76 7. 95 7 1 ] 0 0 0 0

S p le e n

6. 23 6. 55 5. 38 0 0 0 0
7 . 13 6. 71 5. 88 0 0 0 0
6. 61 6. 43 5. 71 0 0 0 0
6. 72 6. 43 6 51 0 0 0 0

L u n g

7 .3 1 6. 81 3. 83 3. 93 0 0
7 . 18 6. 72 3. 83 0 3. 71 3 . 23 0
7 . 53 6. 23 4 . 23 0 4. 53 0
7. 57 6. 81 5 71 n A 53 .. ...... _Q ...... . 0.

K id n e y

7 . 22 5. 23 4 . 38 7. 11 6. 95 4 .8 9 5. 00
6. 65 5. 23 3. 53 5. 23 7 .4 3 7. 38 6. 11
6 .8 1 5. 23 5. 53 9. 03 0- 7 . 11 0
6. 90 5_2_3 ... 5 77 Q 0?. 6 . 5 3 . ..... ...5., 7 1 . . . .  . .._5< 7.3...........
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D is c u s s io n

1 F r o m  the  p re c e d in g  d a ta  i t  is  a p p a re n t  th a t th e  fa te  o f

the  a n im a l  is  d e p e n d e n t on  a s e r ie s  o f e v e n ts  a lm o s t  e n t i r e ly  c o n fin e d  

to  th e  k id n e y . T h e  m a in  p a r t  o f th is  c o n f l ic t  ta k e s  p la c e  a t a t im e  

s o m e w h a t r e m o te  f r o m  th e  in i t ia l  in fe c t io n , in  fa c t ,  a f te r  a v e r y  e f f ic ie n t  

c le a r a n c e  o f the  c o c c i f r o m  the  t is s u e s . I t  is  s t r ik in g  th a t  th e  v i r u le n t  and  

a v ir u le n t  c o c c i b o th  m u lt ip ly  in  th is  s p e c if ic  in -v iv o  e n v iro n m e n t. T h e  

d if fe r e n c e  is  show n o n ly  by the  t i t e r  re a c h e d  a t a p a r t ic u la r  t im e  in  th is  

o rg a n . I t  is  p o s s ib le  th a t  k id n e y  g ro w th  in h ib ito rs  o r  s t im u la n ts  fo r  

s ta p h y lo c o c c a ip a th o g e n ic ity  does p a r a l le l  the co a g u la s e  a c t iv i t y  o f th e s e  

o rg a n is m s , i t  is  d i f f ic u l t  to  be c o n v in c e d  th a t such c o r r e la t io n  is  m o r e  

th a n  fo r tu ito u s .  T h e  p re c e d in g  d a ta  p re s e n ts  new  ad van ces  o f a p p ro a c h  

to  th e  p r o b le m  o f  v ir u le n c e .

A  k n o w le d g e  o f th e  even ts  o c c u r r in g  in  th e  e x p e r im e n ta l  

d is e a s e  in  th e  m o u s e  w i l l  e n a b le  the  p h y s ic ia n  to  g ive  a p ro g n o s is  r e la te d  

to  the s ta g e  o f th e  h u m a n  d is e a s e - -s ta p h y lo c o c c a l  s e p t ic e m ia . A  k n o w ­

le d g e  o f th e  u n d e r ly in g  p ro c e s s  m a y  a ls o  im p ro v e  t r e a tm e n t .  In  p e r s is te n t  

s e p t ic e m ia  th e  f in d in g  and d ra in a g e  o f a k id n y  a b scess  m a y  w e l l  r e s u l t  in  

th e  c u re  o f th e  p a tie n t*s  d is e a s e .

D if fe r e n c e s  in  v ir u le n c e  fo r  v a r io u s  d is e a s e s  h a v e  b e e n  

a t t r ib u te d  to  v a r io u s  q u a lita t iv e  d if fe re n c e s  in  th e  in je c te d  b a c te r ia .

A t  t im e s  th is  has b e e n  c o n s id e re d  to  be th e  o n ly  fa c to r .  I t  has a ls o  

b e e n  in f e r r e d  th a t  th e  in i t i a l  fa te  o f the o rg a n is m s  is  th e  c a r d in a l  fa c to r  

in  th e ir  e v e n tu a l v ir u le n c e . V ir u le n c e  w as thought to  be due to  a c o m ­

b in a t io n  o f in v a s iv e n e s s  and to x ig e n ic ity .  In v a s iv e n e s s  w as u s u a lly  used
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in  a  p r o m p t  and  r e le n t le s s  sen se  and  th e  to x ic  e f fe c t  w as a ls o  th o u g h t  

to  be e a r ly  and  co n tin u o u s .

R e c e n t ly  c e r ta in  e x a m p le s  n o t u n lik e  th e  p r e s e n t  in v e s t ig a t io n  

h a v e  c o m e  to  l ig h t  and  a c e r ta in  u n ity  can  be d e te c te d  in  t h e i r  r e s u l t s .

OO
L u r ie  s tu d ie d  b o v in e  and  h u m a n  s tra in s  o f tu b e r c le  b a c i l l i  in  ra b b its .

H e  w as  s u r p r is e d  to  fin d  th a t  both s tra in s  g re w  in  th e  lu n g s . T h e  d i f fe r e n c e  

w as th a t  th e  b o v in e  s t r a in  w h ic h  k i l ls  th e  a n im a ls  m u lt ip l ie s  to  a  m uch h ig h e r  

t i t e r  in  th e  lu n g s . T h e i l e r ^  in  a s tu d y  o f v i r u le n t  and a v ir u le n t  y e llo w  

fe v e r  v ir u s  in  m ic e  sh o w ed  th a t  th e  v i r u le n t  s t r a in  d i f fe r e d  in  b e in g  a b le  to  

g ro w  to  a  m u c h  h ig h e r  t i t e r  in  the  b r a in  th a n  d id  the  a v ir u le n t  s t r a in .

In  th e  c ase  o f m o u s e  p o x  o r  e x t r o m e l ia  th e  p la c e  w h e re  th e  d if fe r e n c e  in  

t i t e r  is  a p p a re n t  is  th e  in te r n a l  o rg a n s . T h e  v i r u le n t  fo r m  m u lt ip l ie d  h e re  

m u c h  b e t te r  th a n  d id  th e  a v ir u le n t  fo r m  in  e x p e r im e n ta l  w o r k  c a r r ie d  o u t by  

F e n n e r ^ .  A v ir u le n t  fo r m s  o f p a s tu r e l la  p e s tis  s tu d ie d  b y  M e y e r 36  

in  m ic e  an d  g u in e a  p ig s  fa i le d  to  m u lt ip ly  in  the l i v e r  and  s p le e n , as w e l l  

as the  v i r u le n t  fo r m . K a r z o n  in  an  e x c e lle n t  s tu d y  o f v i r u le n t  an d  a v ir u le n t  

s t r a in s  o f N e w c a s t le  v ir u s  show ed  th a t  th e  v i r u le n t  fo rm  d if fe r e d  f r o m  its  

a tte n u a te d  r e la t iv e  in  its  a b i l i t y  to  m u lt ip ly  in  b r a in  t is s u e . ^  T o  th is  

g ro u p  w e can  now  add  th e  s ta p h y lo c o c c u s  in  r e la t io n  to  i t s  a b i l i t y  to  r e a c h  

a c r i t i c a l  t i t e r  in  th e  k id n e y .

A  h y p o th e s is  can  now be s ta te d  th a t  p a th o g e n ic  o rg a n is m s  

h a v e  a  t a r g e t  o rg a n  w h e re  th e y  g ro w  to a h ig h e r  t i t e r  th a n  e ls e w h e re  in  th e  

b o d y . A s  v a r ia n ts  o f th e s e  o rg a n is m s  e x is t  w h ic h  g ro w  in  th e  s a m e  o rg a n  

b u t no t to  su ch  a h ig h  t i t e r  and a r e  a ls o  a v ir u le n t  th e n  th e  in - v iv o  e n v iro n m e n t  

o f su ch  an  o rg a n  h o lds  the  k e y  to  the  p a th o g e n ic ity  o f th e  v i r u le n t  o rg a n is m s .
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P A R T  2.

P e r io d s  o f s t r i f e  a s s o c ia te d  w ith  d ie ta r y  l im ita t io n s  

a r e  a ls o  p e r io d s  o f p re v a le n c e  o f in fe c t io u s  d is e a s e  o fte n  in  e p id e m ic  

p ro p o r t io n s . In  in d iv id u a ls  s e v e re  w a s tin g  d is e a s e s  m a y  be c o m p lic a te d  

b y  in fe c t io u s  in c id e n ts . In  bo th  th e s e  cases  p e r io d s  o f c h ro n ic  and  

a c u te  d e p r iv a t io n  o f food  a r e  in e x t r ic a b ly  in te r m in g le d .  E x p e r im e n ts  

have b e e n  c a r r ie d  out w h e re  p r o te in  o r  c a lo r ic  l im i t a t io n  has b e e n  b ro u g h t  

ab o u t and  has b e e n  fo llo w e d  b y  in fe c t io n . T h is  p u re  ty p e  o f d e f ic ie n c y  is  

n o t c o m m o n  in  h u m a n  a f fa i r s  and i t  w as  th e r e fo r e  th o u g h t p r o f i ta b le  to  

r e - e x a m in e  th is  a r e a  and a ls o  r e la te d  a re a s  o f e x p e r im e n ta t io n  such

as re d u c e d  c a rb o h y d ra te  in ta k e  to  t r y  to  u n d e rs ta n d  the  n a tu re  o f the
/»

host re s p o n s e  to  in fe c t io n .

M e th o d s

T h e  c u ltu re s , m e d ia  and te c h n iq u e s  have  a lr e a d y  b e e n  
d e s c r ib e d . O ne change w as m a d e  in  the c ag in g  o f the  m ic e .  F o r  
th e s e  e x p e r im e n ts  a l l  m ic e  w e re  k e p t in  m e ta l  cages and w e re  
b e d d e d  on m e ta l  g r id s  to  a v o id  th e m  e a tin g  t h e ir  b ed d in g  to  g a in  
n o u r is h m e n t . T h is  a ls o  e f fe c t iv e ly  p re v e n te d  co ip ro p h a g y . W h en  
p e lle ts  w e re  g iv e n  th e y  w e re  k e p t in  m e ta l  b a s k e ts  w h ic h  m a d e  th e  
to ta l  r e m o v a l  o f food  e a s y .

D r in k in g  S o lu tio n s : C o n tro l m ic e  w e re  g iv e n  n o r m a l s a lin e
s o lu t io n  to  d r in k  (a  0 . 9% s o lu tio n  o f re a g e n t  g ra d e  o f s o d iu m  
c h lo r id e  in  tap  w a te r )  s in c e  o th e r  s o lu tio n s  w e re  a c id  in  n a tu re  
an d  r e q u ir e d  the  a d d it io n  o f s o d iu m  h y d ro x id e  to  b r in g  th e m  to  
an  a c c e p ta b le  p H  fo r  d r in k in g . A  1% s o lu tio n  o f la c t ic  a c id  w as  
a d ju s te d  to  a p H  o f 6 . 8 b y  th e  a d d it io n  o f 0 . I  o r  1 .0  N o r m a l  s o d iu m  
h y d ro x id e  s o lu tio n . S o d iu m  c it r a te  w as  s im i la r ly  m a d e  and a d ju s te d  
in  p H .

R e su its

E f fe c t  o f l im i t in g  th e  food in ta k e  o f m ic e

C h ro n ic  u n d e rn u tr it io n  o f m ic e  w as b ro u g h t a b o u t in  

tw o  w a y s . M ic e  w e re  fed  in  g ro u p s  o f f iv e  e ith e r  a d ie t  c o n ta in in g



only^4% o f s k im m e d  m i lk  (w ith  45%  w h ite  f lo u r ,  30%  c e re lo s e  and  20%  

p e a n u t o i l  w ith  1% s a lt  m ix tu r e )  o r  a w e ig h e d  a m o u n t o f s ta n d a rd  d ie t  

(see  p ag e  82  ) so th a t  ea c h  m o u s e  o b ta in e d  3 g ra m s  d a ily .  T h e  la t t e r

f ig u r e  w as d e c id e d  upon w h en  o b s e rv a t io n  show ed  th a t  h e a lth y  m ic e  in  

th is  age g ro u p  a te  on th e  a v e ra g e  8 g ra m s  d a ily .  M ic e  w e re  w e ig h e d  

in  g ro u p s  a t in te r v a ls  as show n in  T a b le  15. T h e  s e v e r a l  d ie ts  n o ted  

ab o ve  w e r e  c o n tin u e d  u n t il  s a c r i f ic e  on the seco n d  o r  t h i r d  o r  fo u r te e n th  

d a y  a f t e r  in fe c t io n .

In  T a b le  16 a r e  n o ted  the  days o f d e a th  o f th e  m ic e  in  th e  

c o n tro l g ro u p  and  m ic e  in  th e  g ro u p  re c e iv in g  the  d ie t  c o n ta in in g  4%  

m i k .  T h e  m ic e  w e re  in fe c te d  in tra v e n o u s ly  w ith  0. 1 m l .  o f th e  S m ith  

s t r a in  32 days  a f te r  th e  d ie t  w as s ta r te d  th e  d ie ta r y  re g m e n  b e in g  

c o n tin u e d  a f t e r  in fe c t io n . T h e  fa te  o f th e  s ta p h y lo c o c c i in  th e  l i v e r  

and s p le e n  w as  d e te rm in e d  48 and  72 h o u rs  a f te r  in fe c t io n . T h e  re s u lts  

a r e  p re s e n te d  in  T a b le  17.

In  a s im i la r  fa s h io n  th e  days o f d e a th  o f m ic e  in  the  c o n tro l  

g ro u p  and  in  th e  g ro u p  re c e iv in g  38%  b y  w e ig h t o f t h e i r  n o r m a l d ie t  a re  

r e c o r d e d  in  T a b le  18. T h e  fa te  o f the c o c c i in  th e  t is s u e s  in  the  

u n d e rn o u r is h e d  g ro u p  and th e  c o n tro l g ro u p  a re  show n in  T a b le  1 9 .

In  b o th  th e s e  te s ts  th e  a n im a ls  re c e iv in g  s u b o p tim a l fe e d in g  

s h o w ed  no in c re a s e d  s u s c e p t ib i l i ty  to  in fe c t io n . A ls o  th e  fa te  o f the  

c o c c i in  t h e i r  t is s u e s  w as s im i la r  to  th a t  in  th e  c o n tro ls .

E f fe c t  o f A c u te  F a s t in g

E a r ly  s tu d ie s  show ed th a t  m ic e  cou ld  w ith s ta n d  s ta r v a t io n
56

up to  /hours w ith o u t m o r t a l i t y .
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T A B L E  15 E x p t .  1.

W E IG H T  O F  G R O U P S  O F  M IC E

G ro u p D a y  1 D a y  5 D a y  14

C o n tro l 2 1 * 2 1 .8 26
2 1 .2 25 29
19 2 1 .2 2 6 .2
19 2 1 . 6 2 6 .2

3 g m s . 20 23 1 7 .4
d a i ly 20 2 2 . 6 1 7 .4

1 6 . 6 2 2 .2 1 6 .4
1 6 .6 2 2 . 6 1 8 .8

* E a c h  f ig u r e  is  a v e ra g e  w eigh t in  g ra m s  o f a  g i’oup o f 5 m ic e .  
D ie t  s ta r te d  D a y  1. In fe c t io n  D a y  3 2 .



j T A B L E  16 E x p t .  106

D A Y S  O F  D E A T H  O F  A N IM A L S

C o n tro l 7 9 11 11 14 S S S S S

D i e t  w ith
4%  m i lk .  S * S  S S S S S S S S

* S  S a c r i f ic e d  14 days a f t e r  in fe c t io n s .



! T A B L E  17

S u s c e p t ib i l i ty  to  S ta p h y lo c o c c u s  In fe c t io n  o f M ic e  F e d  a D ie t  L o w  in  
S k im  M i lk

M ic e  fe d  ad  l ib  d ie ts  ccon ta in ing
33%  s k im m i lk 4% s k im m i lk

W t. o f in d iv id u a l  m ic e * 25 25 24 2 3 . 5 22 19 17 1 6

S ta p h y lo c o c c i in  l i v e r * *  

S ta p h y lo c o c c i in  s p le e n  

S u rv iv o rs  a t 14 days

5. 5: 

4. 5]

i 4 .2 3  

3 .8 3  

5 out

4. 87  

3. 23 

of 10

5. 4$ 

4 . 7S

5. 40  

3 .8 3

]

4. 72

3. 93 

0 out

5. 31 

4 . 01 

o f 10

5. 63 

4 . 75

*  W e ig h t  in  g ra m s  a t  t im e  o f S a c r if ic e  fo r  B a c te r io lo g ic a l  S tu d ies  48 h o u rs  
a f te r  in fe c t io n .

* *  L o g a r i th m  to  b a s e  10 o f c a lc u la te d  n u m b e r o f c o lo n ie s  r e c o v e r e d  p e r  
w h o le  o rg a n .
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T A B L E  18 E x p  to 105  

D A Y S  O F  D E A T H  O F  A N IM A L S

C o n tro l 4 7 9  I 0 S * S S S S S

3 g ra m s  o f
d ie t  d a i ly  7 7 8 11 14 S S S S S

*S  S a c r i f ic e d  14 d ays  a f te r  in fe c t io n
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T A B L E  19

T h e  E f fe c t  o f F o o d  R e s t r ic t io n  on th e  S u s c e p t ib i l i ty  o f M ic e  to  S ta p h y lo c o c c i

'
M ic e  fe d  a t  l ib M ic e  fe d  3 . 5 g m . D a i ly

W e ig h t C h an g e^ p lu s  6. 8 gm . p lu s  0 . 8 g m .

S ta p h y lo c o c c i 
in  L i v e r ^ 5. 3 4 , 5 .2 3 ,  5. 69 , 5 .9 1 ,  3 . 93 5. 73 , 5 .08 , 5. 61 , 5. 4 9 ,

S ta p h y lo c o c c i 
in  S p le e n 4 . 08$ 4 . 94 , 4 . 96 , 4 . 4 9 , 0 4 .3 4 ,  4 . 99 , 4 .5 3 ,  4 . 13 ,

S u rv iv o rs  in  
14 days

6 out o f 10 5 out o f  10

♦ A v e r a g e  ( in  g ra m s )  p e r  m o u s e  o v e r  a p e r io d  o f 3 w eeks

i. 72  

5. 04

♦ ♦ L o g a r i t h m  to  b a s e  10 o f C a lc u la te d  n u m b e r  o f  c o lo n ie s  r e c o v e r e d  p e r  
w h o le  o rg a n  tw o  days  a f te r  in fe c t io n . T h e  f ig u re Q  c o rre s p o n d s  in  r e a l i t y  
to  L 3 .  2 3 .



I f  in fe c t io n  w ith  s ta p h y lo c o c c i is  p re c e d e d  by v a ry in g  

le n g th s  o f fa s tin g , m o r t a l i t y  is  in c re a s e d  w h en  th e  p e r io d  o f fa s t in g  

is  3 6 h o u rs  o r  lo n g e r .  No d eath s  o c c u r  in  fa s te d  u n in fe c te d  c o n tro ls .  

T h e  a n im a ls  w e re  in fe c te d , as in  p re v io u s  e x p e r im e n ts , w ith  0. 1 cc . 

of o v e rn ig h t  c u ltu re  o f S taph . S m ith . D e a th s  o c c u r r e d  in  th e  fa s te d  

group b o th  a t a n  e a r l i e r  t im e  and in  g r e a te r  q u a n tity  th a n  in  th e  u n fa s te d  

c o n tro ls .  T h is  is  w e l l  show n in  the g ra p h  of c u m u la t iv e  m o r t a l i t y  

(F ig u r e  6) D e ta i ls  o f th is  and s im i la r  e x p e r im e n ts  a re

show n  in  T a b le s  20 and 21 .

T h e  F a te  o f S ta p h y lo c o c c i in  th e  T is s u e s  o f F a s te d  A n im a ls

T h e  fa te  o f th e  c o c c i in  th e  s p le e n  and l i v e r  fo r  six days  

a f t e r  in fe c t io n  has b e e n  d e te rm in e d  b y  th e  g r in d in g  te c h n iq u e . I t  

w i l l  be s e e n  in  T a b le  22 th a t  an  in c re a s e d  n u m b e r  o f o rg a n is m s  

s u r v iv e  in  the o rg a n s  o f fa s te d  a n im a ls  d u r in g  th e  f i r s t  th re e  days  

and  in  s o m e  c ases  d u r in g  the  fo u r th  d ay  a f te r  in fe c t io n .

B y  s u ita b le  t im in g , m ic e  w e re  fa s te d  fo r  v a r y in g  in te r v a ls  

b e fo re  c o n c u r re n t  in tra v e n o u s  in fe c t io n  w ith  s ta p h y lo c o c c i. T h e  

a n im a ls  w e re  a l l  k i l le d  th r e e  days a f t e r  in fe c t io n  and  counts w e re  

m ad e b y  th e  u s u a l p ro c e d u re s  o f the  s u rv iv in g  c o c c i in  e a c h  c a s e .

T h e  in d iv id u a l counts and  th e  m e a n  counts fo r  e a c h  g ro u p  o f  s ix  a n im a ls  

is  show n  in  T a b le  23 I t  is  seen  th a t  m o re  th a n  18 h o u rs  and  le s s  th a n  

48 h o u rs  fa s t in g  is  r e q u ir e d  to  u n c o v e r th e  in c re a s e d  s u s c e p t ib i l i ty  to  

in fe c t io n  a f t e r  fa s t in g .
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T A B L E  20

F a s t in g  C u m u la t iv e  N u m b e r  S u rv iv o rs  on D a y  14
H o u rs  o f D e a th s  on D a y

0 I I 1 9 out o f 10
36 3 3 5 5 o u t o f 10

0 1 3 5 5 out o f 10
36 8 9 10 0 out o f 10

0 0 0 0 10 out o f 10
48t I 4 4 6 o u t o f 10

0 0 0 0 8 o u t o f 8
48 2 5 5 3 out o f 8

0 1 I 1 5 o u t o f 6
36 2 2 3 3 o u t o f 6

0 1 4 4 6 o u t o f 10
3 6 + 1 2 * 3 5 5 5 out o f 11

0 2 4 4 5 out o f 9
36+ 12 * 6 7 8 2 ou t o f 10

*  A n im a ls  d e p r iv e d  o f fo o d  36  h o u rs  b e fo re  in fe c t io n  and  12 h o u rs  a f t e r .
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T A B L E  21

E f fe c t  o f F a s t in g  on S u rv iv a l T im e  o f M ic e  In fe c te d  w ith  S ta p h y lo c o c c i

F a s t in g  (h o u rs ) D a y s  o f D e a th

0 6 * , 2 3 , - * ,  - ,  - , " ) " ) " > “ t "•

once 3 6 * * 7, 7 , 12 , 14, 18, 19 , - •

0 5, 9 , 9, 12 , 14, 27 , 2 8 , - ,  - ,  - .

tw ic e  3 6 * * 5, 5, 5, 5 , 5, 5, 7 , 7 , 9 , 11 .

* I n  th e  f i r s t  e x p e r im e n t  th e  m ic e  w e re  d e p r iv e d  o f food  fo r  36  h o u rs  
im m e d ia t e ly  p r io r  to  in fe c t io n , in  the  o th e r  e x p e r im e n t  the  a n im a ls  
w e r e  d e p r iv e d  o f fo o d  on tw o  o c c a s io n s , the second  t im e  b e in g  fo r  36  h o u rs  
1 w e e k  a f te r  in fe c t io n .

A l l  fa s te d  b u t n o n - in fe c te d  a n im a ls  w e re  a l iv e  and w e ll  a t  the  end  o f th e  
e x p e r im e n t .

* * T h e  n u m b e rs  in d ic a te  days a f te r  in fe c t io n  a t w h ic h  d e a th  o c c u r re d .
T h e  s ig n  -  in d ic a te s  s u r v iv a l ;  e x p e r im e n t  d is c o n tin u e d  30 days a f te r  in fe c t io n .
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T A B L E  23.
i

E f fe c t  o f L e n g th  o f F a s t in g  P e r io d  on F a te  o f S ta p h y lo c o c c i in  th e  L iv e r  
o f M ic e .

F a s t in g  B e fo r e  L o g . N u m b e r  o f S ta p h y lo c o c c u s  C o lo n ie s  f r o m
In fe c t io n  In d iv id u a l L iv e r s  3 days a f te r  In fe c t io n  M e a n

0 h o u rs 3 . 23 3 .8 3 4. 28 4 . 31 4. 38 4 . 73 4 . 13

3 h o u rs 3 .8 3 4. 08 4 . 18 4 . 34 4 . 51 4 .8 9 4 . 31

6 h o u rs 3 . 83 4 . 08 4 . 46 4 . 55 4 .8 0 4 .8 1 4 . 19

18 h o u rs 3 . 53 3. 93 4 . 01 4 . 01 4 .4 3 4 .8 2 4 . 12

48 h o u rs 4 . 01 4 . 43 4 .5 7 5. 14 5. 23 5 .8 9 4 .8 8



In  o r d e r  to  d e te rm in e  the  a m o u n t o f re fe e d in g  th a t  

i s ' r e q u i r e d  to  a b o lis h  th e  d e le te r io u s  e f fe c t  o f fas tin g , g ro u p s  o f  

m ic e  w e r e  r e fe d  fo r  v a ry in g  p e r io d s  a f te r  a 48 h o u r fa s t .  T h e  

t im in g  w as  such  th a t  a l l  m ic e  w e re  in fe c te d  a t th e  s a m e  t im e .  

F o llo w in g  2 4  h o u rs  o f fe e d in g  m ic e  w e re  a lm o s t  r e tu r n e d  to  th e ir  

n o r m a l  d e g re e  o f r e s is ta n c e  to  in fe c t io n . T h e  d e ta ils  o f th is  

e x p e r m e n t  a r e  show n in  T a b le  24 .

T h e  E f f e c t  o f G lu c o s e  to  D r in k  D u r in g  P e r io d s  o f F a s t in g  on  

S u s c e p t ib il i ty  to  In fe c tio n ..

In  an  a t te m p t to  r e s to r e  the s e v e r a l p a r ts  o f th e  

d ie t  one b y  one to  fa s te d  a n im a ls  g lu c o s e  w as f i r s t  used . I t  

w as g iv e n  in  th e  d r in k in g  w a te r  as a f iv e  p e rc e n t  s o lu t io n  in  

s a l in e .  T h is  p a r t ia l  r e p la c e m e n t  o f th e  d ie t  s u r p r is in g ly  d id  

n o t h e lp  r e s to r e  th e  a n im a ls  re s is ta n c e  b u t c a u sed  a fu r th e r  

d e t e r lo r a t io n d n  th e ir  s u s c e p t ib i l i ty .  In  F ig u r e  7 the  

c u m u la t iv e  m o r t a l i t y  o f m ic e  r e c e iv in g  s a lin e  to  d r in k  o r  

g lu c o s e  to  d r in k  is  show n. A g a in  i t  is  obvious th a t deaths  

o c c u r  s o o n e r and in  g r e a te r  q u a n tity  in  th e  s ta rv e d  as c o m p a re d  

w ith  th e  fe d  g ro u p  b u t th is  is  a ls o  t ru e  w h en  the  m ic e  r e c e iv in g  

g lu c o s e  to  d r in k  a r e  c o m p a re d  w ith  th o se  r e c e iv in g  s a lin e  w h en  

b o th  g ro u p s  a r e  fa s te d . T h e  d e ta ils  o f th is  and s im i la r  e x p e r im e n ts  

a r e  g iv e n  in  T a b le  25 . T h is  is  n o t t r u e  w h en  th e  a n im a ls  a r e  

fe d  and g iv e n  g lu co se  to  d r in k .  .The fa te  o f th e  c o c c i in  the  t is s u e s

is  show n in  T a b le  26 .
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T A B L E  24 .

E f fe c t  o f R e fe e d in g  on D e le te r io u s  R e s u lt  o f F a s t in g

R e fe e d in g  L o g  t i t e r  S ta p h y lo c o c c i in  l i v e r  2 days a f t e r  in fe c t io n
in  h o u rs  I .  V .  w ith  0 . 11 c c . S tap h  S m ith

A v e ra g e In d iv id u a l R e s u lts

0 5 . 4 6 5 .9 8 5 .4 0 5 .2 8 5 .2 3 5 . 14 4 .8 6

6 5 .8 7 6 .0 8 6. 05 5 .8 8 5 .8 2 5 .7 7 5 .2 1

12 5 . 7 6 6 . 17 5 . 68 5 .6 9 5. 61 5 . 53 5 .5 3

18 5 . 8 2 6. 15 5 .8 3 5 .6 1 5 .5 9 5 .5 9 -----

24 5 .  65 6 . 18 5. 53 5 . 51 5 .3 4 5 .2 8 4 .8 4
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TABIE 25
i

E f fe c t  o f G lu c o s e  and L a c ta te  on th e  S u rv iv a l T im e  o f F a s te d  M ic e  

In fe c te d  w ith  S ta p h y lo c o c c i.

F a s t in g
(h o u rs )

D r in k in g
F lu id

T im e  o f D e a th  a f te r  In fe c t io n  D a y s S u rv iv o rs  
a t 14 D a y s

0 S a lin e LD* 9 9 9 9 • 5 o u t o f 6

36 S a lin e 6 , 7 , 12 , 14 , - , 2 o u t o f 6

36 5% G lu c o s e 4 , 6, 9, 13 , - , 2 ou t o f 6

36 1% L a c ta te 6 , 10 , 13 , - ,  - , 3 o u t o f 6

0 S a lin e ~ 9 9 » “ ) > 9 9 8 o u t o f 8

36 S a lin e 6, 7 , 8 , 9, 10 , - ,  - , 3 o u t o f 8

36 5% G lu c o s e 2, 7 , 7 , 8 , 9, 10 , 11, 1 ou t o f 8

3 6 1% L a c ta te 8 , 9 , -> - , 6 o u t o f 8

0

48

48

Saline 8 ou t o f 8

S a lin e  7 , 7 , 10 , 10 , 10 , - ,  3 ou t o f 8

5% G lu c o s e  5, 7 , 7 , 10 , 10 , 10 , 12 , 1 ou t o f 8
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T h e  E f f e c t  o f L a c ta te  and o th e r  T is s u e  M e ta b o lite s  in  th e  D r in k in g  

F lu id  o f jT a s te d  A n im a ls  on t h e i r  S u s c e p t ib i l i ty  to  In fe c t io n .

W h e n  la c ta te  w as p re s e n t  in  the d r in k in g  f lu id  th e re  w as e v id e n c e  

o f p r o te c t io n  a g a in s t  th e  d e le te r io u s  e f fe c t  o f fa s t in g  in  r e g a r d  to  r e s is ta n c e  

to  in fe c t io n . T a b le  2 5 . T h e  fa te  o f the  c o c c i is  show n in  ta b le  26 .

O th e r  f lu id s  w e re  g iv e n  in  a s im i la r  fa s h io n  w ith o u t d e te c ta b le  

e f fe c t .  T h e s e  w e r e  s o d iu m  s u c c in a te , s o d iu m  c i t r a te  and  s o d iu m  

k e to g lu ta r a te .

D IS C U S S IO N

I t  is  e v id e n t  th a t  c h ro n ic  u n d e rn u tr it io n  p ro d u c e d  in  tw o  d i f f e r e n t  

w ays  does n o t a f fe c t  th e  s u s c e p t ib i l i ty  o f m ic e  to  s ta p h y lo c o c c a l in fe c t io n .

In  c o n tra s t  a c u te  fa s t in g  m a k e s  m ic e  m o r e  s u s c e p tib le . G lu c o s e  b y  m o u th  

e n h an ces  th is  s u s c e p t ib i l i ty  and la c ta te  d e c re a s e s  i t .  In  a l l  th e s e  cases  

in c r e a s e d  n u m b e rs  o f c o c c i can  be d e m o n s tra te d  in  th e  t is s u e s .

In  h u m a n  s ta r v a t io n  (38/) s c a r le t  f e v e r ,  d ip h th e r ia , d y s e n te ry ,  

ty p h o id , ty p h u s , c h o le ra  an d  tu b e rc u lo s is  a r e  th e  d is e a s e s  m o s t  o fte n  

in c r e a s e d  in  p r e v a le n c e .  T h e  e x p e r im e n ta l  e v id e n c e  re g a rd in g  s u s c e p t ib i l i ty  

to  in fe c t io n  has b e e n  re v ie w e d  (3 8 ). Its  obvious h e re  th a t  w e h ave  deaths  

in  a n  e a r ly  p e r io d  so th a t  a n tib o d y  fo r m a t io n  is  u n ab le  to  be c o n n e c te d  w ith  

th e  s u s c e p t ib i l i ty  w e h ave  found . T h e  fe w  s tu d ie s  done on a n im a ls  sh o w  

r e s u lts  w h ic h  a r e  n o t c o n s is te n t and a r e  d i f f ic u l t  to  e x p la in . In  s u m m a ry ,  

i t  m a y  be s a id  th a t  d e s p ite  a s tro n g  c l in ic a l  im p re s s io n  th a t  s ta r v e d  p a tie n ts  

a r e  m o r e  s u s c e p tib le  to  in fe c t io n  and do p o o r ly  w h en  th e y  get in fe c te d , th e re  

is  l i t t l e  d o c u m e n ta l e v id e n c e  to  b a c k  up the s ta te m e n t.

W h ile  th is  w o rk  w as in  p r o g r e s s ,  th e  a u th o r w as a p p ro a c h e d  b y  M a jo r
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P a u l T e s c h a n  r e g a r d in g  th e  d e a th  o f s e v e r e ly  w ounded  s o ld ie rs  in  K o re a  

w ho had  Ipeen so s e v e r e ly  wounded th a t sh o ck  had le d  to  a c u te  r e n a l  sh u t 

dow n. T h e  o n ly  n o u r is h m e n t  th e y  r e c e iv e d  w as in tra v e n o u s  g lu c o s e .

D e s p ite  h ig h  and  c o n tin u e d  doses o f a n t ib io t ic s  f r o m  t im e  o f th e  in i t i a l  

t r a u m a  th e s e  m e n  d ie d  o f s e v e re  and u n c o n tro lle d  s e p s is . H e  has s in c e  

p u b lis h e d  these o b s e rv a tio n s  (3 9) and  has s ta te d , " E v id e n c e  o f m a s s iv e  

in fe c t io n  w as  th e  p r o m in e n t  f in d in g  a t  a u to p s y  and  th o u g h t to  be  th e  m a in  

ca u s e  o f d e a th  in  th e  m a jo r i t y  o f fa ta l  cases a f te r  th e  a r t i f  i c ia l  k id n e y  

b e c a m e  a v a i la b le .  M

I t  is  p o s s ib le  th a t th is  w o r k  p ro v id e s  a c lu e  to  the  s u s c e p t ib i l i ty  

o f d ia b e t ic s  to  in fe c t io n , In  u n c o n tro lle d  d ia b e tic s  th e  d e p o s it io n  o f g ly c o g e n  

in  th e  l i v e r  and  o th e r  t is s u e s  is  b lo c k e d  and  g lu co se  a c c u m u la te s  in  the  

c ir c u la t in g  b lo o d  the d e v ic e s  d e s c r ib e d  in  th is  s e c tio n  i t  is  p o s s ib le  th a t  

a v e r y  s im i la r  b io c h e m ic a l " m i l ie u  in te r n e u x "  is  p ro d u c e d . T h e  r a t io  

o f g lu c o s e  Id  g ly c o g e n  m a y  w e ll  be th e  d e c is iv e  fa c to r  b u t m u c h  m o r e  

in v e s t ig a t iv e  w o r k  in  th is  f ie ld  is  r e q u ir e d .
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T h e  e x p e r im e n ts  r e g a r d in g  c a rb o h y d ra te  m e ta b o lis m  w e re  c o n tin u e d  

in  a s l ig h t ly  d i f f e r e n t  f ie ld .  I t  w as d e c id e d  to  fe e d  th y r o id  h o rm o n e  to  

in c r e a s e  th e  tu r n o v e r  o f c a rb o h y d ra te . T h e  re s u lts  o f th e s e  e x p e r im e n ts  

h a v e  b e e n  o f g r e a t  in t e r e s t .

M e th o d s

T h e  m ic e  w e re  in fe c te d  in tra v e n o u s ly  w ith  the S m ith  an d  M A M  

s tr a in s  as d e s c r ib e d  e a r l i e r .

D ie ts :  T h e  b a s ic  d ie t  used  c n n s is te d  o f 66% of w h ite  f lo u r ,  33%  o f p o w d e re d
s k im  m i lk  an d  1% o f s a lts .  T h e  s a lt  m ix tu r e  has th e  fo llo w in g  c o m p o s it io n :
K C L  4 2 . 5 g; N a 2 C 0 3  4 2 . 5; M g C C >3 14. 3; C aC C >3 25 . 0 g ; f e r r i c  a m m o n iu m  
c i t r a t e  5. 5g. T o  100 g ra m s  o f th is  d ie t  w e re  added  100 cc . o f 7 . 5 g e la t in ,
(d is s o lv e d  in  c o ld  and  th e n  w a r m  ta p  w a te r ) .  T h e  th y ro id  d ie t  w as p r e p a r e d  
b y  a d d in g  600 m g m . o f th y r o id  U . S. P . ( L i l l y ,  In d io n a p o lis , In d ia n a )  to  1000 g 
o f d r y  p o r t io n  o f th e  d ie t . T h e  d r y  p o r t io n s  of th e  d ie t  w ere  th o ro u g h ly  m ix e d  
and  s ie v e d  b e fo re  a d d in g  the  g e la t in . T h is  gave a f in a l  c o n c e n tra t io n  o f 300  
m g m . p e r  k i lo  o f d ie t .  T h is  w as the  s ta n d a rd  th y ro id  d ie t . O th e r  th y r o id  
d ie ts  c o n ta in e d  le s s  h o rm o n e  as in d ic a te d  in  the  te x t .  T h e  th y ro x in e  d ie t  
w as m a d e  b y  a d d in g  a  0. 1% s o lu tio n  o f th y r o x in  (E . R . Squibb and  Sons,
N e w  Y o r k )  in  0. 1% s o d iu m  c a rb o n a te  s o lu tio n  so th a t  th e r e  w as 1 m g m . o f 
th y ro x in e  p e r  k i lo  o f d ie t .  *

T h e  d i - io d o ty r o s in e  d ie t  was m a d e  b y  ad d in g  3 :5 ;d i- io d o ty r o s in e  
(N a t io n a l B io c h e m ic a l  C o rp o ra t io n , C le v e la n d  1, O h io ) to  the d ie t  in  th e  s o lid  
p h a s e . T h e  a m o u n ts  u sed  a r e  in d ic a te d  in  th e  te x t .

T h e  io d in e  d ie t  P o ta s s iu m  io d id e  (R e a g e n t g ra d e , M e r c k  an d  C o . ,
In c . , R a h w a y , N . J. ) w as added  so th a t the d ie t  c o n ta in e d  1 -3 0 0 0  m g m s /
K ilo  o f d ie t .

T h e  .m e th y l t h io u r a c i l  d ie t . T h is  c h e m ic a l ( f r o m  N a t io n a l B io c h e m ic a l  
C o r p o r a t io n ,  C le v e la n d , O h io ) w as added  to  the  d ie t  so th a t e a c h  k i lo  con ta ined
0 .8  g m .

T h e  e f fe c t  o f th y r o id  on u n in fe c te d  m ic e

M ic e  w e re  fe d  fo r  th re e  w eeks  on d ie ts  c o n ta in in g  f r o m  10 to  2 ,4 0 0  

m g m /K i lo  o f th y r o id  in  th e  d ie t .  T h e  dea th s  in  e a c h  g roup  a r e  r e c o r d e d  in  

T a b le  2 7 . A  dose o f 300  m g m . p e r  k i lo ,

( *  S o d iu m  c a rb o n a te  up to  and in c lu d in g  5 g m s /k i lo  has no e f fe c t  on n o r m a l o r  in fe c te c

m ic e .
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i
T A B L E  27 Expt.

E f f e c t  o f T h y r o id  b y  M o u th  on N o r m a l  M ic e

T h y r o id  in  D e a th s  a f t e r  21 days o f  d ie t ,
m g m /k i lo *  o f d ie t

2 4 0 0  1 0 /1 0

1200 6/10

600 4 /1 0

3 0 0  3 /1 0  0 /1 2  0 / 6  0 /1 0

100 0/12  0 /6

30 0 /1 2  0 /6

10 0/12  0 /6

♦ r e f e r s  to  to ta l  w e ig h t  o f s o lid  an d  l iq u id  p o r t io n s  o f d ie t .
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a lth o u g h  s l ig h t ly  to x ic  in  so m e  g ro u p s , w as f in a l ly  ch o sen  as th is  

has b e e n  sh ow n  b y  B u r n  { 40 ) to  p ro d u c e  m a x im u m  in c r e a s e  in

o x y g e n  u p take  in  m ic e .  W h en  th e  m ic e  w e re  fe d  and w a te re d  

r e g u la r ly  and  n o t c ro w d e d  in  the  cages d eath s  d id  n o t o c c u r .  T h is  

dose w as  s u f f ic ie n t  to  p re v e n t  the n o r m a l w e ig h t g a in  o f  u n in fe c te d  

a n im a ls .

T h e  e f fe c t  o f th y r o id  on in fe c te d  m ic e

1. C o a g u la s e  P o s it iv e  S ta p h y lo c o c c i

A n im a ls  w h ic h  had  b een  fe d  th y ro id  o r  c o n tro l d ie t  fo r  

a  p e r io d  o f a  w e e k  w e re  in fe c te d  in tra v e n o u s ly  w ith  0. I  cc . o f  

o v e rn ig h t  c u ltu re  o f S taph . S m ith . T h y r o id  fe e d in g  w as  c o n tin u e d  

th ro u g h o u t th e  e x p e r im e n t .  I t  w as e v id e n t th a t the  th y ro id  t r e a te d  

m ic e  d ie d  o f  th e ir  in fe c t io n  bo th  e a r l i e r  and to  a g r e a te r  e x te n t  

th a n  d id  th e  c o n tro l m ic e .  T h is  is  w e l l  show n in  F ig u r e  8 and  

d e ta ils  o f s e v e r a l  e x p e r im e n ts  a re  ta b u la te d  in  T a b le  28

T h a t  th is  en h an c in g  e ffe c t  o f th y ro id  can  be p ro d u c e d  

b y  lo w e r  doses c an  a ls o  be show n. (T a b le  29)

S tu d ies  o f th e  D is t r ib u t io n  o f S ta p h y lo c o c c i in  O rg an s  o f T h y r o id  

T r e a t e d  M ic e

A  m o re  th o ro u g h  s tu d y  o f the  e f fe c t  o f c o a g u la s e  p o s it iv e  

s ta p h y lo c o c c i on th y ro id  t r e a te d  m ic e  was m ad e  by th e  g r in d in g  m e th o d  

p r e v io u s ly  d e s c r ib e d . M ic e  w e re  fe d  a d ie t  c o n ta in in g  300 m g m /k i lo  

o f d e s s ic a te d  th y r o id  fo r  one w e e k  and th e n  w e re  in fe c te d  in tra v e n o u s ly  

w ith  0 .1  cc . o f o v e rn ig h t  c u ltu re  o f S taph. S m ith . T h y r o id  fe e d in g  was  

c o n tin u e d  u n t il the  end o f the  e x p e r im e n t .  T h e s e  w e re  c o m p a re d  w ith



T A B L E  28 E x p ts .  21 & 35

E f f e c t  o f  T h y r o id  b y  M o u th  on M ic e  In fe c te d  w ith  S ta p h y lo c o c c i

T h y r o id  D a y s  o f D e a th *  T o ta l  D e a th s ,
in  m g m s .

0 s s s s s s S S 5 11 2
300 sss 1 5 5 5 11 11 11 7

0 s s s s s S S S S S 0
30-0 s s s 1 5 5 5 7 9 9 7

0 s s s s s S S S S S 0
300 s s s s 1 5 5 7 8 9 6

* S  S u rv iv e d  u n t i l  14 days  a f t e r  in fe c tio n ,.
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i

T A B L E  2 9 E x p t .  21 

D o s e  R e s p o n s e  to  O r a l  T h y r o id  o f In fe c te d  M ic e

T h r o id  m g m /k i lo  D a y s  o f D e a th  T o ta l  D e a th s

0 S S S S S S S S 5 11 I

300  S S S 1 5 5 5 11 11 11 7

150 S S S S 5 5 5 6 7 11 6

75  S S S S 5 5 6  7  11 11 6

37 S S S S 5 5 5 5 6 11 6
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m ic e  s im i la r ly  t r e a te d  but re c e iv in g  a c o n tro l d ie t .

T h e  a n im a ls  w e re  k i l le d  one, tw o , th re e  and fo u r  days  

a f t e r  in fe c t io n  and the l i v e r ,  s p leen , lung  and k id n e y s  w e re  g ro u n d .

T h e  s u rv iv in g  c o c c i in  th ese  o rgans  w e re  t i t e r e d  as p r e v io u s ly  d e s c r ib e d .  

I t  w i l l  be se e n  f r o m  T a b le  30 th a t  the in i t ia l  d is t r ib u t io n  o f c o c c i in  the  

organs is  th e  s a m e  fo r  the tw o  g ro u p s . The  re s u lts  in  the  r e s t  o f the  

e a r ly  p h a s e  suggests  th a t the c le a r in g  o f the co cc i is  d e la y e d  in  the  

th y r o id  t r e a te d  a n im a ls .  In  the la t e r  phases o f the e x p e r im e n t ,  h o w e v e r ,  

th e r e  is  no d e te c ta b le  d if fe re n c e  in  the tw o g ro u p s .

2. W e a k ly  C o ag u lase  P o s it iv e  S ta p h y lo c o c c i  S t r a in  M A M

I t  has b een  p re v io u s ly  show n th a t th ese  s ta p h y lo c o c c i g iv e n  

in t r a v e n o u s ly  to  n o rm a l m ic e  do not cause the d ea th  o f the a n im a ls  e v e n  

w h en  th e y  a re  g iv e n  in  la r g e  dose . M ic e  w h ic h  had re c e iv e d  c o n tro l and  

th y r o id  d ie ts  fo r  one w e e k  w e re  g iven  an in tra v e n o u s  dose o f 0 . I  cc . o f  

o v e rn ig h t  c u ltu re  o f S taph. M . A . M . F iv e  deaths o c c u r re d  in  th e  t r e a te d  

a n im a ls  c o m p a re d  w ith  no deaths in  the c o n tro ls . (T a b le  31)

D is t r ib u t io n  o f W e a k ly  C o ag u lase  P o s it iv e  S ta p h y lo c o c c i in  the  O rg an s  

o f  T h y r o id  T r e a te d  M ic e

T h e  g r in d in g  tech n iq u e  has a lso  b een  used to  s tu d y  th is  

p h e n o m e n o n . T h e  s itu a t io n  found w as in d e n tic a l w ith  the e x p e r im e n ts  

w ith  the  S m ith  s t r a in .  In i t ia l  d is tr ib u t io n  was eq u a l in  b o th  th e  t re a te d  

and u n tre a te d  g roup  and a lthough  th e re  w as som e e v id e n c e  o f a  d e fe c t  

in  c le a ra n c e  la t e r  m u lt ip l ic a t io n  d id  no t a p p e a r o b v io u s ly  d if fe r e n t  

in  th e  tw o  g ro u p s . (T a b le  32)
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TA BLE 30A Expt. 75

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l.  I .  V . C u ltu re  (S tap h  S m ith )  
T u b e  T e c h n iq u e . R e s u lts  w ith  C o n tro l and T h y ro id  D ie ts .

1 H o u r  4>ay- 1 D a y 2 D ays
C on. T h v . Con. T h v . . Con. T h v .

L iv e r

7. 60 8 . 77 6. 97 5. 93 5. 15 4. 08
6. 50 7. 15 5. 26 5. 15 4. 56 5. 60
8 . 73 7. 12 5. 53 5. 15 5 .8 5 3. 68
7 . 75 7. 08 5. 71 6. 50 4. 15 5. 15
7 . 35 7. 30 5. 73 7. 05 3. 90 5. 06
8 .3 5 7. 50 4. 93 6. 05 5. 15 4. 75
7 . 75 7. 34 4. 68 5. 93 4. 05 4. 40
7. 75 8 . 10 5. 02 5. 05 5. 15 5. 56

7. 62 8 . 05 5. 15 4. 45 5. 05 4. 93
7 6 2 7. 97 4. 60 5. 15 4. 45 . 5 ,.15

Sple< :n

6. 62 7. 40 5. 45 5. 50 3. 97 5. 45

6. 62 7. 40 5. 91 5. 60 5. 04 5. 23

6. 85 8 . 05 5. 62 6. 05 4 .8 3 4. 53

8 . 20 7 . 77 6. 62 5. 53 4. 01 5. 68

7 . 20 7. 75 6. 19 5. 05 3. 53 4. 88

7 . 02 6. 60 6. 45 4. 75 3. 30 4. 77

7 . 11 7. 80 5. 93 5. 40 3. 15 4 .7 9

9. 71 7. 35 5 .8 8 5. 35 4 . 62 5. 93

8 . 10 7 . 75 4. 93 5. 40 3. 94 5. 62

7 . 40 5. 91 5. 62 4 .3 5 5 .4 5
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T A B L E 30B

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l.  I .  V . C u ltu re  (S taph  S m ith )  
R e s u lts  w ith  T h y r o id  and C o n tro l D ie ts

D a y D a y
Con

3
Con

D a y 4 D a y
Con

L L e r

5. 51 
5. 86  
5. 57

5. 55
5. 53
6. 84

4 . 77
4. 38 
4. 95

5. 91
6. 43 
5. 46

5. 49
3. 93
4. 79

5. 88
5 .8 8
5 .8 8

3. 53 
4 .8 5  
3. 23

6. 17
3. 23 

D

............. Sp Leen

5. 94
6. 14  
5. 53

5. 66 
5. 51 
5. 75

3. 71
4 . 28 
4. 08

5. 0 6  

5. 49 
5. 51

3. 23 
3 .8 3  
3. 71

5. 51 
5. 40 
5. 87

0
3. 71 
3. 23

3 .8 3
0

D

Lu: tig _  .......

4. 87
4 . 40  
4 . 23

0
3. 71 
5. 02

3. 83 
3. 71 
5 .8 3

4. 80
5. 43
6. 28

4. 28
5. 23 
5. 34

4 . 61 
4. 75

4. 87
5. 01 
4. 43

7. 31 
3. 53 

D

K i In e y

7 . 08 
7 . 14  
6. 34

6 . 1 6  

6 .4 9  
7. 59

3. 93 
8 . 09 
8. 18

8. 17 
9 .8 3  
8 .3 1

9 .9 9  
8 . 55 
8 .8 1

8 . 63 
12. 23 

5. 53

9. 28 
8. 49  

10. 34

9 .8 8  
7 . 95  

D
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TA BLE 30C

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l.  I .  V . C u ltu re  (S taph  S m ith )  
R e s u lts  w ith  C o n tro l and T h y ro id  D ie t

1 d ay  2 days 6 days
C on -T h v ... Con r T h y Cnr> T W

Live r

5 .8 2 5 .8 1 5. 01 5. 77 0 3. 93
6. 08 6. 11 4. 68 5-. 49 3. 23 4. 13
5. 55 5. 57 5. 04 6. 01 3 .7 1 3. 23
5. 68 6. 15 5. 23 5. 91 D 3. 23

Spl =;en

6. 31 6. 20 5. 13 5. 55 0
6. 34 6. 00 4. 01 6. 16 0 3. 23

6. 49 5. 31 4. 75 5. 40 0 0
5. 63 5. 98 3. 23 5. 57 D 0

L u i

4 . 38 4 . 28 0 4. 55 0
3 .8 3 3 .8 3 4. 01 4. 13 5. 53 5. 40

4 . 38 0 4 . 34 0 0 0

4 . 08 4 . 69 4. 01 4. 49 D 0

K id l e y

5 .8 6 5. 13 3. 71 8 . 0 6 0 10. 38

5. 16 4 . 55 6. 01 8. 31 10. 01 9. 23

5. 04 6 .4 0 8 . 12 4. 01 9. 90 9. 02

5. 57 5 .4 9 5. 43 7. 90 D 0
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T A B L E  31

E f fe c t  o f T h y r o id  F e e d in g  on M o r t a l i t y  in  M ic e  F o llo w in g  
In fe c t io n  w ith  S tap h y lo co ccu s  M A M

T h y r o id  D a y s  o f d ea th  a f te r  in fe c t io n . T o ta l  D e a th s
m g m /k i lo

0

30 0

s s s s s s s s s s

S S S S 6 8 12 14 14

0

5



TA B L E  32B

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l.  I .  V . C u ltu re  (S taph M A M )  
B e s u lts  w ith  T h y ro id  and C o n tro l D ie ts .

1

.C d i l

H o u r  

 T h y .

1

.C.QXL
D a y
-X h y . _Cqil

D ay  
X.hy_ Con_

D a y
■T h y.

IX.

7 . 49
7. 20
8 . 00

7 . 28 
7. 40  
7 . 43

4. 38 
0

3. 53

4. 55 
4. 92 
4. 76

3. 53

4. 08

3. 23
4. 63 
4. 69

0
3. 23 

D

6. 03 
6 . 66 
6. 59

5. 49
6. 31 
6. 72

3 .8 3  
3. 53 
3. 23

3. 71
5. 13
4. 49

3. 23 
0

3. 23

3. 23 
3. 71 

0

0
3. 23 
3. 23

3. 23 
3 . 23 

D

JLlUI

5. 28
4 . 66
5. 00

4 . 59 
4 . 71 
4 . 68

3. 71
0

5. 46

0
5 .8 1  
5. 61

0
3. 53 
6. 13

0
3. 23 

D

K id] la y

4 . 97 
4 . 98 
4 . 49

3 . 53
4 . 57
3 . 71

5. 40 
4 . 34  
3. 23

4 . 73 
0

3. 23

0
8 .4 6

0

0
5 .8 9
6 .6 9

4 .8 8  
5. 98 
5. 02

3 . 53 
0 

D
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TA B L E  32A

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0 .1 . -  m l.  I .  Y . .C u ltu re  (S taph  M A M )  
R e s u lts  w ith  C o n tro l and T h y ro id  D ie ts .

f*
1 h o u r  1 day 2 days 3 days

-C o n r.JT h.y , Con ... T h v Con T h v C on T h v
L iv e i

7 . 4.9 7 . 28 4. 38 4, 55 3. 53 3. 23 0 0

7 . 20 7 . 40 0 4. 91 4. 63 0 3 . 23

ccoc 7 . 43 3. 53 4 . 95 4. 08 4 . 69 0 D

Splee n

6. 03 5 .4 9 3 .8 3 3. 71 3. 23 3. 23 0 3. 23

6. 66 6. 31 3. 53 5. 13 0 3. 71 3. 23 3. 23

6 59 6 . 72 3. 23 4. 49 3. 23 0 3. 23 D

L u n y

5. 28 4 . 59 0 3. 71 0 0 0 0

4 . 66 0 0 0 3. 53 0 3. 23

A  00 4. 68 0 3. 23 5. 61 6. 13 0 D

K id t Lev

4 . 97 3 /5 3 5. 40 4. 73 0 0 4 .8 8 3 . 53

4 . 98 4 . 57 4 . 34 0 5 .8 9 5. 98 0

...4—4.9,.. 3. 71 3. 23 3 .2 3 5. 61 6. 69 5. 02 D
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T A B L E  3 2  c

!
C o u r se  of In fect ion  in  M ice Infected  with 0 .1  m l.  I .  V. C ulture (Staph MAM)
Tube T echn ique R e s u lt s  with C ontrol and Thyroid  D iets

1 m in  7 days 14 days 28 days
.C.QH Con

7. 65
7 .8 5
7 .8 5

1. 45 
4. 53 
4. 60

7 . 62  
7. 53

4. 45

S p leen

2. 406. 56
5. 93
6 . 60

5. 98
2. 91 
0. 45

L u ll;

6. 53 
6. 73 
6. 35

2. 936. 53 
6. 75  
6. 65

1. 75 
3. 30 
3. 05

3. 97 
4 .8 1  
1. 45

3. 45

K ic n e v

6. 23 
6 . 20

4. 93 
4. 93 
5 .8 5

6. 23 
6. 15 
6. 53

I .  75 
6. 93 4. 68 

4. 15
4 .8 5
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H is to lo g ic a l  S ec tio n s

Studies o f sec tio n s  o f the l i v e r ,  s p le e n , k id n e y  and  

lu n g  o f a n im a ls  r e c e iv i  ng th y ro id  diet w e re  m a d e . One day and s e v e n  days  

a f te r  in fe c t io n  these w e re  c o m p a re d  w ith  sec tio n s  m ad e  f r o m  a n im a ls  on  

c o n tro l d ie t .  A l l  the  le s io n s  found in  the c o n tro l a n im a ls  w ere  a ls o  found  

in  th e  th y r o id  a n im a ls ,  bu t th e y  w e re  p re s e n t  in  g r e a te r  ab u n d an ce . N o  

n e w  le s io n s  w e re  d e te c te d .
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E f f e c t  is  due to  th y ro x in

T h e  fa c t  th a t th is  e f fe c t  is  due to  th y ro x in  and not to  O th er  

m a t e r ia ls  p re s e n t  in  d e s s ic a te d  th y ro id  can  be show n b y  fe e d in g  the  

p u re  h o rm o n e . M ic e  r e c e iv e d  th y ro x in  c o n ta in in g  d ie ts  fo r  s e v e n  days  

b e fo re  b e in g  in fe c te d  w ith  s ta p h y lo c o c c i (S taph. S m ith ) in  the  u s u a l m a n n e r .  

M o r t a l i t y  d a ta  a re  show n in  T a b le  33 . F u r th e r m o r e ,  i t  w as p o s s ib le  to  

sh o w  that th e  p r e c u r s o r  o f t h y r o x in - - d i - io d o t y r o s in e - - d id  n o t p ro d u c e  

th e  s a m e  e f fe c t  (T a b le  34} n o r d id  io d in e  (T a b le  3 5 ).
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T A B L E  33 E x p t. 21 

E f fe c t  o f O r a l  T h y ro x in e  in  S ta p h y lo c o c c a l In fe c t io n  in  M ic e  

T h y r o x in e :  D ays  o f D e a th  D e a th s /1 0  m ic e

I m g m /k i lo 1 5 5 5 5 5 5 5 6 11 10

0 . 5 m g m /k i lo 5 5 6 6 6 11 11 11 s s 8

0 . 25  m g m /k i lo 5 6 11 S S S S S S s 3

0 . 125  m g m /k i lo 1 11 S S S S S S S s 2
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T A B L E  34  E x p t .

D IE T  D e a th s /  T o ta l  M ic e

B a s ic  1 /9

B a s ic  p lu s  D . I .  T . 4 m g m /k i lo  2 /8

B a s ic  p lu s  D . I .  T . I  m g m /k i lo  0 /1 0

B a s ic  p lu s  D . I .  T . 0. 25  m g m / k i lo  2 /1 0



TABLE 35 Expt.

D IE T  D E A T H S

B a s ic  1 / 9

B a s ic  p lu s  K I  3 , 000 m g m /k i lo  1 /1 0

B a s ic  p lu s  K I  100 m g m /k i lo  1 /1 0

B a s ic  p lu s  K I  1 m g m /k i lo  0 /1 0
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1 One o f the m a in  a c tio n s  o f th y ro id  h o rm o n e  is  to

in c r e a s e  th e  o xyg en  consum ption o f t is s u e s . T h is  can a ls o  be a c c o m p lis h e d  

b y  2 :4  d in itro p h e n o l. A c c o rd in g ly , th is  c h e m ic a l was a ls o  used  in  d ie t  

e x p e r im e n ts  w ith  m ic e  in fe c te d  w ith  s ta p h y lo c o c c i.

M e th o d s

2s4 D in it ro p h e n o l was added to  the s o lid  phase  of the b a s ic  d ie t  p r e v io u s ly  u sed . 
T h is  w as  th o ro u g h ly  m ix e d  and 7. 5% g e la t in  was ad d ed . In  m ost o f th e  e x p e r im e n ts  
500 m g m /k i lo  was used. O th e r s tre n g th s  a r e  in d ic a te d  in  the te x t .

T h e  E f fe c t  o f D in it r o p h eno l on n o rm a l m ic e .

T h is  c h e m ic a l was in c o rp o ra te d  in  v a ry in g  c o n c e n tra tio n s

in  th e  b a s ic  d ie t .  T h is  d ie t  was th e n  fed  to  groups o f te n  m ic e  fo r  a p e r io d

o f th r e e  w e e k s . T h e  re s u lts  of th is  e x p e r im e n t  a re  show n in  ta b le  3 6 . I t

w i l l  be s e e n  th a t no deaths o c c u rre d  in  the group  re c e iv in g  500 m g m /k i lo .

T h e  E f f e c t  o f D . N . P . on In fe c te d  M ic e .

W h en  th is  dose is  used added to  th e  b a s ic  d ie t  m o r e  m ic e

d ie  an d  th e s e  d eaths o c c u r e a r l i e r  th a n  in  the  c o n tro ls . T h is  is  ta b u la te d

in  ta b le  37 and  show n g ra p h ic a lly  in  f ig u re  8 . L o w e r  doses a r e  no t e f fe c t iv e

(ta b le  3 8 ).

B y  use o f th e  g r in d in g  te c h n ic  th e  fa te  o f the  c o c c i in  

D N P  t r e a te d  a n im a ls  w as fo llo w e d  o v e r a s ix  day p e r io d . T h e re  is  no obvious  

d if fe r e n c e  b e tw e e n  the  D N P  a n im a ls  and  th e  c o n tro ls . (T a b le  3 9 ).

E f f e c t  o f D N P  on S ta p h y lo c o c c i in  v i t r o

T h is  c h e m ic a l has an opposite  o r in h ib ito r y  a c t io n  on th e  

g ro w th  o f s ta p h y lo c o c c i in  v i t r o .  H a lf  a cc. o f an  18 h o u r c u ltu re  o f S taph. S m ith  

w as a d d ed  to  5 cc . v o lu m e s  o f P f  b ro th  w ith  o r  w ith o u t d in itro p h e n o l as show n  

in  ta b le  4 0 . T h e  tubes w e re  in c u b a te d  o v e rn ig h t and p la te d  on P f  a g a r, c o lo n y
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T A B L E  36

T h e  E f fe c t  o f D in itro p h e n o l on N o rm a l M ic e

C o n te n t o f D N P  A p p ro x . D o se  D a y  o f D e a th *
p e r  K i lo  o f D ie t  /m o u s e /d a y

M G M 6________________ M G M »__________________________________________

500  4  S S S S S S S S S S

1000  8 6 1 3 S S S S S S S S

2 0 0 0  16 1 5 5 5 5 6 6 7 7 9

4 0 0 0  32 1 5 5 5 5 5 5 6 6 8

* S  S u rv iv e d  th r e e  w eeks  a f t e r  s ta r t  o f e x p e r ie m e n t.



TA BLE 37

E f fe c t  o f D . N . P . F e e d in g  on M o r t a l i t y  o f M ic e  In fe c te d  w ith  S tap h y lo co c  

D N P
M g m /K lo  C u m u la t iv e  N o . o f D ea th s  a t D a y  S u rv iv o rs
o f d ie t  5- 7 10 12 14

500 2 2 5 5 5 5 /1 0

- - 0 4 5 5 5 5 /1 0

500 I 4 4 4 5 4 /9

- - 2 3 3 3 3 6 /9

500 6 6 6 7 7 5 /1 0

0 0 I 2 3 1 0 /1 0
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T A B L E  38 E x p t. 30  

D o se  B esp o n se  o f D . N . P . in  In fe c te d  M ic e

D ie t  . D e a th s

B a s ic  3 / 9

B a s ic  p lu s  500 m g m . p e r  k i lo  5 /9

B a s ic  p lu s  250  m g m . p e r  k i lo  2 /1 0

B a s ic  p lu s  125 m g m . p e r  k i lo  2 /1 0

B a s ic  p lu s  62 m g m . p e r  k i lo  2 /1 0

B a s ic  p lu s  30 m g m . p e r  k i lo  2 /1 0
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TA BLE 3 9

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0. 1 m l.  I .  V .  C u ltu re  (S tap h  S m ith )  
R e s u lts  w ith  C o n tro l and D N P  d ie ts .

I  d ay  
C on D N P

2 days 
Con

3
D N P

6 day  
Con

s
D N P

L iv e r

5 .8 2 5. 79 5. 01 5. 31 0 0
6. 08 5. 40 4. 68 5 .4 1 3. 23 3 . 23
5. 55 5. 38 5. 04 4 . 31 3. 71 3 .8 3
5 68 6, 31 5 23 5 , 3  8 D D

S p le e n
6. 31 6. 05 5. 13 4 . 95 0
6. 34 5. 69 4. 01 4. 93 0 0

. 6 .4 9 5. 65 4. 75 0 0 3 . 71
5. 63 8 53 3 ?3 5.-38 Y) D ........

1jung
4 . 38 5. 22 0 0 0 4 .4 0
3 .8 3 4. 18 4. 01 5. 76 5. 53 3. 53
4 . 38 3. 23 4. 34 3. 23 0 4. 01
4 . 08 5. 71 4. 0 1 ...... 3. 71.. n  . ............Dl .

I [idney

5 .8 6 8 . 23 3. 71 7. 43 0 9. 55
5. 16 5. 01 6. 01 7 .8 6 10. 01 0
5. 04 5. 63 8 . 12 0 9. 90 9 .0 4
5. 57 6. 40 5 .4 3  ... 6,...68„ , n.... .... . .E L ........
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counts w e re  m a d e  a f te r  a fu r th e r  o v e rn ig h t in c u b a tio n . A  m a rk e d  in h ib it io n

s
o f g ro w th  is  n o ted .

I t  is  th e r e fo r e  e v id e n t th a t  D . N . P . ac ts  th e  b e s t an d  as 

i t s  in fe c t io n  en h an c in g  a c tio n  is  co m m o n  to b o th  th y ro id  and th is  com pound , 

i t  is  p ro b a b le  that i t  is  b ro u g h t about by  the p r o p e r ty  o f in c re a s in g  o xyg en  

c o n s u m p tio n  c o m m o n  to the tw o  com pounds.

T h e  E f fe c t  o f an  a n t i - - t h y r o id com pound

N o r m a l m ic e  w e re  fed  m e th y l th io u r a c i l  in  am o u n ts  ra n g in g  

f r o m  50 to  1600  m g m /k i lo  in  b a s ic  d ie t  w ith o u t d e le te r io u s  e f fe c t . (T a b le  41 )

A n im a ls  th a t  w e re  fed  800  m g m s /k i lo  d ie t  fo r  s e v e n  days  

p r io r  to  in fe c t io n  w e re  c o m p a re d  w ith  n o rm a l m ic e  re g a rd in g  th e ir  s u s c e p t ib i l i ty  

to  I .  V . S taph . S m ith  in fe c t io n . (T a b le  42 A  and B )

T h e  E f f e c t  o f T h y r o id  and D N P  F e e d in g  on the  S u s c e p t ib ility  o f M ic e  to  o th e r  

In fe c tio n s .

G roups o f a n im a ls  w e re  in fe c te d  w ith  v a r io u s  t i t e r s  o f  

o v e rn ig h t  c u ltu re s  e ith e r  in tra v e n o u s ly  o r in t r a p e r i to n e a l ly .  L .  D . 50%  

t i t e r s  w e re  c a lc u la te d  u s ing  the R e e d  and M u en ch  m eth o d  (4 1 ), a n d  th e s e  

a r e  r e c o r d e d  as lo g a r ith m s  to  the base  10 in  T a b le  43 . F r o m  th is  in fo r m a t io n  

a  s u ita b le  t i t e r  to  in je c t  I .  V . was chosen and g iv e n  to  groups o f co n tro l m ic e  

and  g ro u p s o f m ic e  th a t  had re c e iv e d  the s ta n d a rd  dose o f th y ro id  o r  o f D . N . P .  

fo r  s e v e n  days b e fo re  in fe c t io n . T h e  enh an cin g  e ffe c t  o f th e s e  c h e m ic a ls  is  

show n b y  th e  m o r t a l i t y  d a ta  in  T a b le  44 .

D IS C U S S IO N

P e r la  and M a r m o r s to n  (42 ) d iscu ss  the re la t io n s h ip  o f 

th e  th y r o id  to  r e s is ta n c e . T h e y  conclude that a m o d e ra te  in c re a s e  in  r e s is ta n c e



TA BLE 40

T h e  G ro w th  o f S ta p h y lo c o c c i in  V i t r o  w ith  D . N .  P .

D . N .  P .  ad d ed  M e d ia  a u to c la v e d  N o t a u to c la v e d
T i t e r / c c .  T i t e r / c c .

N IL *  1 0 . 3 7

S a tu ra te d
A p p r o x  0 . 5% 0 . 0 0  0 . 0 0

0 . 2 5 %  0 . 0 0  0 . 0 0

0 . 1 2 5 %  .0 ,00  7 . 3 1

0 . 0 6 %  8 . 8 3  8 . 7 0

0 . 0 3 %  8 . 5 3  8 . 8 7

0 . 0 1 5 %  8 . 8 3  8 . 8 3
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T A B L E  41 E x p t . 59

T o x ic ity  o f M e th y l T h io u r a c i l  in  N o r m a l M ic e

M e th y l  T h io u r a c i l  D e a th s  a f te r
in  m g m /k i lo  d ie t .  21 days o f d ie t

1600 0

8 0 0  0

200 0

50 0

i
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T A B L E  4 2 A  E x p t . 107

D A Y S  O F  D E A T H  

C o n tro l D ie t  10 S * 8 S S S S S S S

M e th y l
T h io u r a c i l  D ie t  10 1 3 S S S S S S S S

S *  S a c r if ic e d  14 days a f te r  in fe c t io n .
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TABLE 42B

C o u rs e  o f In fe c t io n  in  M ic e  In fe c te d  w ith  0 . 1 m l .  I .  V .  C u ltu re  (S tap h  S m ith )  
K e s u lts  w ith  C o n tro l and M e th y l T h io u r a c i l  D ie ts

1 D a y  2 Days

C o n M . T . C on. M .  T .

6 . 6 9 7 . 11

L iv e r

5 . 6 1 4 . 5 9

6 . 7 9 6 . 8 0 5 . 8 5 5.  63

6 . 2 3 6 . 6 3 6 . 0 2 5 . 5 3

7 . 0 8 6 . 2 8 5 . 6 8 5 . 0 1

7 . 0 8 6 . 72 5 . 8 9 6 . 2 3

5 . 9 9 5.  55
S~pleen

5 . 11 4 . 13

5 . 8 1 6 . 51 5 . 0 6 5 . 0 5

6 . 1 6 6 . 2 2 4.  43 4 . 6 1

5 . 9 1 5 . 8 5 5 . 2 8 4.  38

6 . 13 5 . 7 3 4 . 4 3 5 . 2 3
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T A B L E  43

S ta n d a rd is a t io n  o f M is c e lla n e o u s  In fe c tio n s

O r g a n is m  I .  V . L . D .  50 I .  P .  L .  D . 50

2 . P n e u m o c o c c u s - 1 .  00 - 3 .  50

I .  F r ie d la n d e r  C . -2 .  75 - 3 .0 0

2 . S tre p to c o c c u s  C . -5 .  50 - -

3 . C a n d id a - 1 .  74 u n d il.

1. S h ig e lla  D y s . sonne -0 .  25 - 1 . 2 5

4 . S tre p to b a c il lu s  and  -2 .  00
P le u ro p n e u m o n ia  l ik e  o rg a n is m s  L . I .

- 0 .  37

1. C o r y n e b a c te r iu m  
p se u d o tb .

- 3 .  00

ooi—i i

1. P ro te u s u n d il. u n d il.

C u ltu r e s  m a d e  in :
1. P f  B r o th
2. 2% b lo o d  P f  b ro th
J . S a b o u ra u d *s  l iq u id  m e d iu m  
4 . 20%  s e r u m  P f  b ro th .
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i

TA B L E  44

T h y r o id  & D N P  F e e d in g  w ith  M is c e lla n e o u s  In fe c tio n s

T i t e r  I .  V . D e a th
C o n tro l

p e r  10 m ic e  
T h y ro id D N P

P n e m o  I I I -5 1 1 1

F r ie d .  C . -3 1 1 7

S tre p . C . -7 1 10 1

C a n d id a -3 0 7 1

S h ig e lla -1 0 1 0 * 3

C o ry n e b . p seu d o . - 4 0 2 1

P ro te u s N e a t 1 4

i

0

*A11 on d ay  1.
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to  in fe c t io n  and to a n a p h y la x is  re s u lts  f r o m  the re m o v a l o f the th y ro id  w h e re a s  

th y r o id  th e ra p y  in  a n im a ls , and in  G ra v e s  d is e a s e  in  m a n , i f  f r e q u e n t ly  

a s s o c ia te d  w ith  an im p a ir m e n t  o f the d efen se  m e c h a n is m  to to x in s , d ru g s , 

a n e s th e tic s  and to  c e r ta in  in fe c tio u s  and o p e ra t iv e  p ro c e d u re s .

R e m o v a l o f the th y ro id  in  ch icks  has no e ffe c t  on in fe c t io n  

w ith  S p iro c h o a ta  g a llin c o w n  (43 , 4 4 ). In  ra b b its , h o w e v e r, enhanced  

r e s is ta n c e  to  B a c te r iu m  d y s e n te r ia  (Sh iga) is  p re s e n t a f te r  th y ro id e c to m y .

(4 5 , 4 6 ) A  d if fe re n c e  o f o p in io n  e x is ts  on the e ffe c t  o f d e c re a s e d  th y ro id  

fu n c tio n  on in fe c t io n  w ith  M y c o b a c te r iu m  tu b e rc u lo s is . W ebb (47 ) found  

in  g u in e a  p ig s  th a t  3 /4  o r  to ta l th y ro id e c to m y  p r io r  to in fe c t io n  had no e f fe c t  

on th e  in fe c tio n  w h e re a s  e a r l ie r  d ea th  and g re a te r  d is e a s e  th an  in  c o n tro ls  r e s u lte d  

i f  th e  o p e ra t io n  w as done a f te r  in fe c tio n . W o rk in g  w ith  a lb in o  r a ts  w h ic h  had  

b e e n  th y ro id p a ra th y ro id e c to m is e d , S te in b ach  (4&) found m o re  d is e a s e  in  the  

t r e a te d  a n im a ls  th a n  in  the c o n tro ls  both  w ith  bov ine  and h u m an  b a c i l l i .  K o ch  

and  S c h a fe r  used  th y ro x in e  and m e th y l th io u ra c il  in  gu inea p ig s  w ith  e x p e r im e n ta l  

tu b e r c u lo s is .  (4 9 ) T h e y  found th y ro x in e  had a s lig h t ly  b e n e f ic ia l e f fe c t  and  

m e th y l t h io u r a c i l ,  an  u n fa v o ra b le  e ffe c t  on gu inea p igs  in fe c te d  w ith  tu b e rc le  

b a c i l l i .  G o d eke  and Jacobs show ed th a t M e th y l th io u ra c il  g iv e n 'tc rg u in e a  p ig s  

in d u c e d  w o rs e  d is e a s e  and caused  e a r l ie r  d eath  f r o m  tu b e rc u lo s is  th a n  in  

c o n tro ls . T h e s e  a u th o rs  no ted  lo n g e r  s u rv iv a l both  in  the  c o n tro l a n im a ls  and  

in  the  te s te d  ones in  the w in te r  c o m p a re d  w ith  the s u m m e r  ( )

T h y ro id  fee d in g  in  gu inea p igs caused  fa ta l r e s u lts  f r o m  

in t r a p e r i to n e a l  in je c t io n s  o f typ h o id  b a c i l l i  in  am ounts  not le th a l to  c o n tro ls  

(5 L ). T h is  w as c o n f irm e d  by R o c c h in i (42 ). A ls o  th y ro id  fe e d in g  p re v e n te d  

th e  c u ra t iv e  e f fe c t  o f a n t is e ru m  a g a in s t P a s tu r e l la  p e s tis  in  g u in ea  p ig s  (5 2 ).
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In fe c t io n s  o f th y ro x in e  u n fa v o ra b ly  in flu e n c e d  the re s is ta n c e  o f m ic e  and. 

ra b b its  to  th e  to x in  o f the Shiga d y s e n te ry  b a c illu s  (42 ). F r o m  v e r y  in a d e q u a te  

d a ta  H anns (53y con c lu d ed  th a t th y ro id  had no e ffe c t  on e x p e r im e n ta l tu b e rc u lo s is  

in  g u in e a  p ig s .

In  young and a d u lt  m ic e  in je c te d  th y ro x in  and th io u r a c i l  

h ad  no e f fe c t  on the L .  D . ^  fo llo w in g  in t r a c e r e b r a l  m e n in g o -p n e u m o n itis  

v ir u s .  L ik e w is e ,  in  ra ts  no p ro n o u n ced  e ffe c t  on m o r ta l i t y  was no ted  in  

a n im a ls  tre a te d  w ith  th ese  d rugs  w hen c o m p a re d  w ith  c o n tro ls  w ith  the  

e x c e p tio n  o f a p o s s ib le  e ffe c t  w hen th y ro x in  was used a t  n e a r  to x ic  le v e ls  

in  young  r a t s .  S u s c e p t ib ility  o f young ra ts  was in c re a s e d  by the  

a d m in is t r a t io n  o f 2 . 4 d in itro p h e n o l bu t th is  was in e ffe c t iv e  w ith  a d u lts  (5 4 ).

T h e  p h a g o c y tic  a c t iv ity  o f le u k o c y te s  and the opso n ic  

in d e x  o f the s e ru m  a r e  s ta te d  to be lo w e re d  in  p a tie n ts  w ith  G ra v e s  d is e a s e  (5 5 ).

T h e  fa c t  th a t  p a tie n ts  w ith  th y ro to x ic o s is  a re  m o re  

s u s c e p tib le  to  in fe c tio n s  is  w e ll  a p p re c ia te d  by c lin ic ia n s  (3, 5 6 ), bu t a  

r e v ie w  o f th e  l i t e r a t u r e  shows th a t th is  has not b een  w e ll  d o cu m en ted . A ls o  

i t  is  w e l l  kn o w n  th a t e a r ly  in  m a n y  in fe c tio n s  a s w e llin g  o f the th y ro id  o c c u rs  

and  m a y  be a c c o m p a n ie d  by sym p to m s  of th y ro to x ic o s is .

The  e ffe c ts  o f th yro to x ico s is  in  m a n  a r e  c o n s id e re d  to  

be due e n t i r e ly  o r  in  la r g e  p a r t  to  an o v e r p ro d u c tio n  o f th y ro id  h o rm o n e .

I t  is  k n o w n  th a t  s e v e re  w a s tin g  fo llo w s  e x c e s s iv e  d e s tru c tio n  o f p r o te in  w ith  

a m o r e  o r  le s s  co n s tan t lo ss  o f n itro g e n , th a t th e re  is  a n e g a tiv e  c a lc iu m  and  

p h o s p h o ru s  b a la n c e  le a d in g  in  s e v e re  cases to  a d e m in e ra lis a t io n  o f the s k e le to n  

th a t  th e r e  is  a spontaneous c r e a t in u r ia  on a c re a tin e -fre e  d ie t , th a t th e re  m a y
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be a m in o r  re d u c tio n  in  the b lood  c h o le s te ro l and a spontaneous g ly c o s u r ia
!

w ith  v a r ia b le  d e g re e s  o f h y p e rg ly c e m ia  in  m a n y  cases . O th e r fin d in g s  o f 

in te re s t  a r e  fa t ty  in f i l t r a t io n  o f m u s c le  and l i v e r ,  p ig m e n ta ry  a tro p h y  o f 

th e  l i v e r  o r  h e p a t it is ,  d iffu s e  ly m p h o id  h y p e rp la s ia  w ith  e n la rg e m e n t o f  

th e  th y m u s , and  in c re a s e  in  the  m o n o n u c le a r  c e lls  o f the b lo o d . P ro b a b ly  

th e  m o s t  o bv ious  e f fe c t  is  th e  e le v a tio n  in  the b a s a l m e ta b o lic  r a te .
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T A B L E  4 5 .

T h e  R e la t io n s h ip  o f S y s te m  In v o lv e m e n t to  F a t a l i t y  in  S ta p h y lo c o c c a l S e p t ic e m ia

S y s te m  In v o lv e d  N u m b er of cases P e r c e n t  F a t a l

C . V . S ;  1 3  85

B .S .  3 1  7 7

G I .S .  13 77

G U . S . 30 7 3

C . N . S .  ■ 13 6 9

S K IN  29 4  1

B O N E  34 2 9
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TABLE 46.

P r im a r y  F o c u s  and F a t a l i t y  in  S ta p h y lo c o c c a l S e p tic e m ia

P r i m a r y  F o c u s C ases F a t a l  %

N e u ro 4 75

R e s p ir a t o r y 3 6 6

G U 25 56

S k in 35 46

S u rg e ry 4 50

T h r o a t 5 20

B o n e 15 20

G I 3 0

E N T 2 0

U n kn o w n 4 0
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P A R T  IV.

A t th is  p o in t in  the in v e s tig a t io n  i t  was d e c id e d  to  

r e - e v a lu a t e  th e  h u m an  d is e a s e  w ith  re g a r d  to  p re d is p o s in g  fa c to rs  

and  a ls o  in  r e g a r d  to  th e  p o s s ib il i ty  th a t the g ro w th  o f s ta p h y lo c o c c i 

in  th e  k id n e y  m ig h t  be r e la te d  to  v iru le n c e  in  the h u m a n  patient,,

M E T H O D S

T h e  re c o rd s  o f the f i r s t  100 p a tie n ts  d iag n o sed  as h av in g  
s ta p h y lo c o c c a l s e p t ic e m ia  during the y e a rs  1936 to 1951 in c lu s iv e  have  
b e e n  e x a m in e d . A l l  the  p a tie n ts  w e re  seen  in  th is  h o s p ita l and a l l  w ere  
n a t iv e  Io w a n s . A d d it io n a l in fo rm a t io n  was o b ta in ed  f ro m  the au to p sy  
r e c o r d s .

T h e  s a lie n t  po in ts  of the case w e re  re c o rd e d  on m a r g in a l  
p u n ch  c a rd s  and th is  s o r t in g  m ethod w as used fo r  the subsequent a n a ly s is . (58 )

A g e  and S ex  D is t r ib u t io n

T h e  yo u n g est tw o  cases w e re  im p e tig e n o u s  n ew  b o rn  in fa n ts ,  

one the c h ild  o f a d ia b e tic  m o th er and the o ld e s t case  w as an  85 y e a r  o ld  w hite  

m a le  w ho d ie d  a f te r  a p ro s ta te c to m y . M o s t cases o c c u r in  the f i r s t  tw o  

d e c a d e s  th e  seco n d  decade in  m a le s  b e ing  p a r t ic u la r ly  co m m o n . T h e  th i r d  

m o s t c o m m o n  g ro u p  is  m a le s  aged 70 to  8 0 . The d is e a s e  o c c u rs  in  m a le s

m o r e  th a n  fe m a le s :  the r a t io  b e in g  m o re  than  tw o to  one.

The  m o r ta l i t y  o f the w ho le  group was 41% and i t  w as id e n t ic a l  

fo r  th e  tw o  s e x e s . T h e  u n tre a te d  cases show ed a m o r ta l i t y  o f 48% . The  age  

g ro u p  3 0 -5 0  w as n o ta b le  b ecau se  o f the s m a ll n u m b e r o f cases and b ecau se  of 

a lo w  m o r t a l i t y  25% . The h ig h e s t m o r ta l i t y  o f 80% was in  the m a le s  o v e r  70 .

A l l  the cases w e re  w h ite . T h is  is not s u rp r is in g  as th is

h o s p ita l o n ly  t r e a ts  a s m a ll  num ber o f c o lo re d  p a tie n ts .
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A u to p s ie s
i

A u to p s ie s  w e re  c a r r ie d  out on 14 m a le s  and 8 fe m a le s . The  

lu n g s  and k id n e y s  w e re  m o s t o fte n  a ffe c te d . In  w o m en  the  r e s p ir a to r y  d is e a s e  

w as c o m m o n e r  and  in  m e n  k id n e y  d is e a s e  was m o s t f re q u e n t. In  m o s t cases  

a b s c e s s e s  w e re  p re s e n t  in  th e  lung  in  som e lo b u la r  p n e u m o n ia  and  so m e had  s e p tic  

in f a r c t s .  In  m o s t cases  the k id n e y s  w e re  p e p p e re d  w ith  a b s c e s s e s . S om e  

show ed p e r in e p h r ic  ab scess  and others acu te  p y e lo n e p h r it is . T h e re  w ere  

fo u r  c a s e s  o f m y o c a r d ia l  a b s c e s s e s , th re e  o f e n d o c a rd it is  and th re e  o f 

p e r ic a r d i t i s .  T h e  c e n tra l n e rv o u s  s y s te m  was in v o lv e d  in  on ly  5 bu t th is  

m a y  be th e  r e s u lt  o f au to p sy  p ro c e d u re  as som e autopsies w e re  r e s is t r ic t e d  

in  e x te n t. A  s e p tic  s p le e n  was co m m o n .

T h e  C au se  o f D e a th

A  c o m p a r is o n  has b een  m ad e o f the in v o lv e m e n t o f th e  d i f fe r e n t  

s y s te m s  o f th e  body in  fa ta l  and n o n -fa ta l  c a s e s . I t  was found th a t le s io n s  

o f th e  c a rd io v a s c u la r  s y s te m , lu n g s , G I t r a c t  and k id n eys  w e re  m o s t o fte n  

a s s o c ia te d  w ith  a fa ta l  end . (T a b le  45 ) T h e  sp leen  is  open to doubt as i t  m a y ,  

due to  i ts  s o ftn e s s , o n ly  be d is c o v e re d  to  be a ffe c te d  a t au to p s y .

I  n  an  a tte m p t to in v e s tig a te  the p o s s ib le  p re s e n c e  o f r e n a l  

f a i lu r e ,  c re a t in in e s  w e re  e x a m in e d . In  12 s u rv iv in g  cases 2 o r 17% w e re  a b n o rm a l  

w h e re a s  in  25 fa ta l  c a s e s , 10 o r 40%  w e re  abnorm al. S im i la r ly  the b lo o d  u re a  

w as  a b n o rm a l in  20%  of s u rv iv in g  cases and i t  was a b n o rm a l in  6 l%  o f the  fa ta l  

c a s e s . I t  is  p ro b a b le  th a t k id n e y  m a lfu n c tio n  c o n tr ib u te s  to  d e a th .

F r o m  the  p re v io u s ly  p re s e n te d  au to p sy  fin d in g s , i t  is  p o s s ib le  

th a t  r e s p i r a t o r y  e m b a r ra s s m e n t  is  an  a d d it io n a l cause of d ea th  bu t we have no 

w a y  of m e a s u r in g  th is .  T h e  s tap h y lo co ccu s  p ro d u ces  s e v e ra l p o te n t e x o to s in s .
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T h e s e  to x in s  m u s t in f lu e n c e  th e  le th a l  e f fe c t  o f s ta p h y lo c o c c a l s e p t ic e m ia ,
t

b u t e x a c t ly  h o w  is  n o t y e t  c e r ta in .

S om e U n u s u a l O c c u r r e n c es

T h e  a s s o c ia tio n  o f s c a r le t  fe v e r  w ith  s ta p h y lo c o c c a l d is e a s e  

is  d e c id e d ly  r a r e .  T h e r e  a r e  o n ly  th r e e  r e p o r ts  in  the l i t e r a t u r e .  A  3 - j  y e a r  

o ld  fe m a le  had v o m it in g  and  d ia r r h e a  15 days b e fo re  a d m is s io n . T e n  days  

p r io r  to  a d m is s io n  she d e v e lo p e d  c o n v u ls io n s , a fe v e r ,  a s o re  th o r a t  and  a 

s c a r la t in a - fo r m  r a s h .  She w e n t into c o m a  and  la t e r  had  a lo c a l s k in  a b s c e s s .

She w as  t r e a te d  w ith  b o th  s u lp h a d ia z in e  and p e n ic i l l in  and  m a d e  a good r e c o v e r y .  

A n  11 y e a r  o ld  sc h o o lb o y  c o m p la in e d  o f p a in  b e lo w  h is  le f t  k n e e . T h e  n e x t d ay  

he d e v e lo p e d  a r a s h  and  tw o  days la t e r  he w as a d m itte d  to  th e  S. U . I  . H o s p ita l.

A t  th is  t im e  he w as a c u te ly  i l l  and had  on h is  t r u n k  and  e x t r e m it ie s  a  f in e ,  

b r ig h t  r e d ,  c o n flu e n t r a s h  w h ic h  s p a re d  h is  fa c e . H e  had  a n te r io r  an d  p o s te r io r  

c e r v ic a l  ly m p h a d e n o p a th y  and  a s t r a w b e r r y  to n g u e . H e  a ls o  had a c u te  o s te o ­

m y e l i t is  and  w as t r e a te d  w ith  s u lp h a th io z o le  c o n v a le s c e n t s e ru m , b lo o d  

t r a n s fu s io n  and  s u r g e r y .  H e had h e m o ly t ic  s ta p h y lo c o c c u s  a u re u s  in  h is  b lo o d  

an d  in  th e  pus f r o m  h is  o s teo  b u t u n fo r tu n a te ly  he had  a B  h e m o ly t ic  s tre p to c o c c u s  

in  h is  th r o a t !  T h is  i l lu s t r a t e s  th e  d if f ic u l ty  o f a t t r ib u t in g  s c a r le t  fe v e r  to t f ie  

s ta p h y lo c o c c u s .

T h e re  a r e  ftiree cases  o f s ta p h y lo c o c c u s  a lb u s  s e p t ic e m ia .

In  one fa ta l  c ase  in  a young  g i r l  i t  fo llo w e d  a f r o n ta l  lo b e  a b s c e s s  and  th e  

o rg a n is m  w as is o la te d  b o th  f r o m  the pus and  th e  b lo o d . In  a seco n d  c a s e , 

a m a le  o f 68 who s u rv iv e d , th e  o rg a n is m  w as is o la te d  tw ic e  f r o m  th e  b lo o d  

w ith  17 days b e tw e e n  e a c h  is o la t io n .  T h e  p a t ie n t  w as the  one who la t e r  d e v e lo p e d  

d ia b e te s . T h e  s e p t ic e m ia  fo llo w e d  d ra in a g e  o f a g a llb la d d e r  a b s c e s s . T h e re
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w as a t h i r d  s ta p h  a lb u s  c a s e , in  a 58 y e a r  o ld  m a le  w ith  c o m p le x  G I p ro b le m s  

w ho d e v e lo p e d  a c h i l l  a f t e r  I V  f lu id s .  T h e  s a m e  o rg a n is m  w as a g a in  is o la te d  

f iv e  y e a rs  la t e r  a f t e r  a p n e u m o n ic  i l ln e s s .

J a u n d ic e  o c c u r re d  in  tw o  fa ta l  c a s e s . In  a 41 y e a r  o ld  

p r o s t i tu te  th e  l i v e r  w as e n la rg e d  4 f in g e rb re a d th s  b u t a t a u to p s y  no a b s c e s s e s  

w e re  fo u n d . T h e  v a n  den  B e rg h  d ir e c t  r e a c t io n  w as 26  u n its . T h is  w as  

a s s o c ia te d  w ith  an  e x t r a o r d in a r y  h e a v y  g ro w th  in  th e  b lo o d  c u ltu re  (3 , 500  

o r g a n is m s /c c .  ) A  12 y e a r  o ld  w h ite  fe m a le  b e c a m e  ja u n d ic e d  a f te r  a n  

o p e ra t io n  fo r  o s te o m y e li t is .  A t  a u to p s y  m u lt ip le  s e p tic  in fa r c ts  o f th e  lu n g s  

w e re  fo u n d . T h e  l i v e r  w as n o r m a l .  T h e  v a n  d en  B e rg h  w as  2 5 . A 3  m o n th s  

o ld  b a b y  w ith  m u lt ip le  a b s c e s s e s , s ta p h y lo c o c c a l p n e u m o n ia  and o s te o m y e lit is  

w as a ls o  ja u n d ic e d  w ith  a b i l i r u b in  o f 1 .5  m g . %, an  ic t e r is  in d e x  o f 25  u n its .

A g ra n u lo c y to s is  o c c u r r e d  in  a 62 y e a r  o ld  fe m a le  w ho a ls o - -  

p o o r  w o m a n - -h a d  a b la d d e r  tu m o r ,  m u lt ip le  G U  o p e ra t io n s  and d ia b e te s .

T h e  a g ra n u lo c y to s is  m a y  have  b e e n  s e c o n d a ry  to  s u lfa d ia z in e .

A n  18 y e a r  o ld  b o y  d e v e lo p e d  o s te o m y e lit is  in v o lv in g  h is  

l e f t  fe m u r  and r ig h t  fo o t in  1 9 3 5 . In  1938 he had  b i la t e r a l  e m p y e m a  and  

f u r th e r  in v o lv e m e n t o f th e  le f t  u ln a , th e  r ig h t  ra d iu s  an d  th e  d o rs a l s p in e .

W h e n  he d ie d  in  1940 a f te r  a w ound  h e m o rrh a g e  he h ad  a m y lo id  d is e a s e  p r e s e n t  

in  th e  l i v e r ,  s p le e n , k id n e y s  and  in te s t in e s .

One c h ild  had v a c c in ia  c o m p lic a t in g  s ta p h y lo c o c c a l s k in  

d is e a s e  an d  s e p t ic e m ia  and an o th er p o s s ib ly  had  d ip h th e r ia  as w e l l  as  

s ta p h y lo c o c c a l s e p t ic e m ia  and a c u te  ly m p h a t ic  le u k e m ia .

P re d is p o s in g  F a c to r s

T h e r e  w e re  9% d ia b e tic s  in  th is  s e r ie s  and  f iv e  o f these n in e
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c a s e s  d ie d . A n o th e r  c ase  d e v e lo p e d  d ia b e te s  fo u r  y e a rs  a f t e r  h is  s e p t ic e m ia .

F iv e  a d d it io n a l cases  had  one p a r e n t  w ho w as a d ia b e t ic .

S ix  cases  had c a n c e r  o r  le u k e m ia .

N o  le s s  th a n  18 o f th e s e  cases  fo llo w e d  a p r o s ta te c to m y  o p e ra t io n .  

I t  a c c o u n ts  fo r  o v e r  70%  o f the m a le  c ases  o v e r  60 y e a rs  o f a g e . T h is  b r in g s  

up th e  q u e s tio n  as to  w h e th e r  s ta p h y lo c o c c i a r e  c o m m o n  in  o ld  m e n  o r  in  the  

n o ses  o f u ro lo g is ts .

A  n in e te e n  y e a r  o ld  g i r l  w ho d ie d  had  n u rs e d  h e r  fa th e r  fo r  

p n e u m o n ia  and  d e v e lo p e d  p n e u m o n ia  h e r s e l f  the  d a y  a f t e r  h is  fu n e r a l .  T h e  

o n ly  o th e r  p o s s ib le  case  o f c o n ta c t w ith  in fe c t io n  w as in  tw o  m a le  c ases  w h ic h  

w e re  on th e  u ro lo g y  w a rd  a t  th e  s a m e  t im e .

In  e ig h t cases  t r a u m a  p re c e d e d  the  o n s e t and f iv e  o f th e s e  

d e v e lo p e d  o s te o m y e li t is .

T h e  P r i m a r y  F o c u s

T h e  n o r m a l h a b ita t  o f th e  s ta p h y lo c o c c u s  is  th e  h u m a n  n o s e .

I t  is  t r a n s f e r r e d  f r o m  t h e r e t o  o th e r  p la c e s  b y  th e  hands o r  p o s s ib ly  in  a  fe w  

c a s e s  b y  d ir e c t  e x te n s io n  in  th e  r e s p i r a t o r y  t r a c t .  I f  i t  le a v e s  one in d iv id u a l  

i t  m a y  p e r s is t  in  a n o th e r  m e m b e r  o f th e  f a m i ly  and " e n tre n c h e d 11 fa m i ly  

in fe c t io n s  a r e  n o t u n c o m m o n .

A n  a t te m p t  has b e e n  m a d e  to  d e fin e  th e  " p o r ta l  o f e n t r y "  

o r  m o r e  c o r r e c t ly  th e  a r e a  o f o r ig in  o f th e  d is s e m in a te d  d is e a s e . A  m o r t a l i t y  

f ig u r e  has b e e n  c a lc u la te d  fo r  e a c h  g ro u p  and  is  show n in  the n e x t ta b le ,  n u m b e r  

4 6 .

D ia g n o s is

A l l  th e  cases  ch o sen  h e re  had  a p o s it iv e  b lo o d  c u ltu re  b u t i t  is
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im p o r ta n t  to  r e m e m b e r  th a t  in  a n u m b e r  the  c u ltu re  w as o n ly  in t e r m i t t e n t ly
i

p o s it iv e .  In  th e  p re s e n t  p e r io d  m a n y  cases  a r e  t r e a te d  b e fo re  e n te r in g  

th e  h o s p ita l .  In  th e s e  cases  i t  m a y  be h a rd  to  fin d  th e  o rg a n is m  in  th e  b lo o d  and  

i t  is  w is e  to  ta k e  a  n a s a l s m e a r  and te s t  a n y  s ta p h y lo c o c c i found  t h e i r  fo r  t h e i r  

a n t ib io t ic  s e n s it iv i t ie s .

A s th e  lu n g  is  a c o m m o n  fo c u s , a c h e s t f i lm  sh o u ld  be ta k e n .

In  f iv e  o f o u r c ases  I .  V .  P .  's show ed  r e n a l  a b s c e s s e s . T h is  te s t  s h o u ld  be  

c o n s id e re d  p a r t ic u la r ly  i f  th e  B U N  o r c r e a t in in e  is  e le v a te d .

T h e r e  a r e  u n fo r tu n a te ly  no a v a i la b le  s e r o lo g ic a l  te s ts  fo r  

s ta p h y lo c o c c a l in fe c t io n .

P ro g n o s t ic  S igns

I  n e ig h t cases  w h e re  th e  b lo o d  c u ltu re  w as  s ta te d  to  show  

m a n y  s ta p h y lo c o c c i s e v e n  d ie d . I t  has a lr e a d y  b e e n  s ta te d  th a t  th e  p ro g n o s is  

is  v e r y  p o o r in  th e  o ld e r  age g ro u p  o f m a le s .

A n e m ia  w as e q u a lly  p re s e n t  in  fa ta l  and s u rv iv in g  c a s e s - -  

ab o u t 20%  o f e a c h . In fo r m a t io n  r e g a r d in g  th e  m a x im u m  w h ite  c e l l  co u n t w as  

a v a i la b le  in  83 c a s e s . T h e  counts w e re  d iv id e d  in to  th o se  o v e r  2 0 , 000  th o s e  

b e tw e e n  10 and 2 0 , 000  and  th o s e  u n d e r 10, 0 0 0 . A  lo w  co u n t w as m o r e  o fte n  

a s s o c ia te d  w ith  a fa ta l  o u tco m e  th a n  w as a n o rm a l o r  h ig h  ccunt. 18% o f  

f a ta l  c a ses  as a g a in s  2% o f n o n - fa ta l  c a ses  had  a w h ite  c e l l  co u n t le s s  th a n  

1 0 ,0 0 0  p e r  cu b ic  m m . T h is  w as  n o t c o n fin e d  to  an y  age g ro u p . T h e  m a x im u m  

te m p e r a tu r e  w as a v a i la b le  in  89 c a s e s . A  te m p e r a tu r e  o f le s s  th a n  1 0 0 °  is  a  

good p ro g n o s t ic  s ig n .

T r e a tm e n t

T h is  is  n a tu r a l ly  d e p e n d e n t on e a r ly  d ia g n o s is . A s  fo r  m o s t
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s e p t ic e m ia  s ix  blood, c u ltu re s  in  tw o days o ffe rs  the  b e s t hope o f ^Success.

T h e  p a t ie n t  has to  be in  b e d . S m a ll b lo o d  tra n s fu s io n s  a r e  th o u g h t to  be  

h e lp fu l.  S u r g e r y  is  c e r ta in ly  h e lp fu l in  o s te o m y e li t is .  I t  m a y  w e l l  be  

h e lp fu l i f  a p e r in e p h r ic  a b s c e s s  is  s u s p e c te d . O ther a b s c e s s e s  sh o u ld  be 

d ra in e d  w h e re  p r a c t ic a l .  E v e r y  e f f o r t  m u s t  be m a d e  to  f in d  fo c i o f 

pus as th e  s e p t ic e m ia  can n o t be m a in ta in e d  w ith o u t such  a fo c u s .

T a b le  47 show s th e  e ffe c ts  o f t r e a tm e n t .

P e n ic i l l in  shou ld  be g iv e n  in  la r g e  doses w h e th e r  th e  o rg a n is m  

is  s e n s it iv e  in  v i t r o  o r  n o t. F is h e r  (59 ) has show n th a t  the  o n ly  s in g le  fa c to r  

r e la te d  to  s u r v iv a l  in  s ta p h y lo c o c c a l e n d o c a rd it is  is  th e  use o f m a s s iv e  doses  

o f  p e n ic i l l in  w h e th e r  th e  o rg a n is m  is  s e n s it iv e  o r  n o t. M c C u n e  has show n th a t  

m ic e  can  be p ro te c te d  a g a in s t a le th a l  dose o f p e n ic i l l in  r e s is ta n t  s ta p h y lo c o c c i  

b y  th e  use o f p e n ic i l l in .

M E T H O D S

O rg a n is m s ^ w e re  c o lle c te d  f r o m  th e  s k in  , sp u tu m  o r  
lu n g , b lood, th r o a t ,  bone and e a r .  T h e y  w e re  g ro w n  in  a w a y  s im i la r  to  th e  
o th e r  e x p e r im e n ts  and a ls o  in je c te d  in  0 . 1 c c . v o lu m e  o f c u ltu r e .  In  e a c h  
case  15 fo u r  w e e k  o ld  m ic e  w e re  in je c te d :  10 fo r  m o r t a l i t y  s tu d ie s  and  5
fo r  th e  k id n e y  t i t e r .

F ig u r e  9 show s th e  e ffe c ts  seen  w ith  these d i f fe r e n t  o rg a n is m s .
I t  is  a t  once e v id e n t th a t  a lth o u g h  th is  dose is  s u ita b le  fo r  la b o r a to r y  c u ltu r e s ,  
i t  a p p e a rs  to  be to o  h ig h  fo r  the c u ltu re s  n e w ly  is o la te d  f r o m  p a t ie n ts . In  a  
la r g e  n u m b e r  o f cases  a l l  the te n  a n im a ls  in je c te d  fo r  m o r t a l i t y  s tu d ie s  d ie d .
T h e  o rg a n is m s  is o la te d  f r o m  o s te o m y e lit is  cases  do n o t k i l l  as m a n y  m ic e  
as do o rg a n is m s  fro m  o th e r  s o u rc e s . I t  is  o f in te r e s t  in  th is  c o n n e c tio n  th a t  in  s u rv e y  
o f h u m a n  c ases  o f s e p t ic e m ia  th e  d ea th  r a te  in  cases  fo llo w in g  o s te o m y e lit is  
is  lo w e r  th a n  th e  d e a th  r a te  in  cases  a r is in g  f r o m  o th e r  fo c i.  D ue  to  the h ig h  
m o r t a l i t y  th e r e  a re  r a t h e r  fe w  s u r v iv o r s  in  w hich  to  te s t  th e  k id n e y  t i t e r .
T h o s e  w h ic h  w e h ave  b e e n  a b le  to  te s t  a re  show n in  the  b o tto m  s e c tio n  o f the  
s lid e . I t  is  p o s s ib le  th a t th is  te s t  m a y  be u s e fu l in  d i f fe r e n t ia t in g  ty p e s  o f 
s ta p h y lo c o c c i. H o w e v e r ,  in  its  p re s e n t  f o r m  i t  is  n o t as u s e fu l as i t  m a y  y e t  b e .

*  K in d ly  c o lle c te d  b y  m e m b e rs  o f the  D e p a r tm e n t  o f B a c te r io lo g y ,  S ta te  
U n iv e r s i ty  o f Io w a , f r o m  ro u t in e  c u ltu r e s .
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D IS C U S S IO N

In  a l l  in fe c t io u s  d is e a s e s  th e re  is  a b a la n c e  b e tw e e n  the  

d e s tr u c t iv e  p o w e r o f the  in v a d e r  and  the  r e s is ta n c e  o f th e  h o s t. A  very - 

d e s tr u c t iv e  o rg a n is m  is  s e lf  d e s tru c t iv e  as th e  h o s t does not s u r v iv e .  In  

s ta p h y lo c o c c a l d is e a s e  w e h ave  a n ic e  b a la n c e . T h is  b a la n c e  is  

e a s ily  u p s e t in  d e c re a s in g  the re s is ta n c e  o f th e  h o s t. T h is  w i l l  h ap p en  

m o r e  o fte n  in  the  fu tu re  due to  the  ag in g  o f th e  populatisQn and th e  lo n g e r  

s u r v iv a l  o f p a t ie n ts  w ith  c h ro n ic  d is e a s e . Som e o f th e s e  p ro b le m s  h ave  

b e e n  i l lu s t r a t e d  h e re  e x p e r im e n ta lly .

I  n  the fu tu re  i t  is  th o u g h t th a t  t re a tm e n t  o f s ta p h y lo c o c c a l  

d is e a s e  w i l l  be im p ro v e d  b y  a d h e re n c e  to  m a s s iv e  p e n ic i l l in  t re a tm e n t  

w ith  added  a n t ib io t ic s  i f  in d ic a te d  ,̂by the  m a in te n a n c e  o f r e n a l  fu n c tio n  

by a l l  a v a i la b le  m e a n s  and by th e  ju d ic io u s  use o f s u rg e ry . E x p e r im e n ta l ly  

m o r e  m u s t be kn o w n  a b o u t th e  g ro w th  o f th e  o rg a n is m s  in  th e  k id n e y .

W e h ave  s ta r te d  to  s tu d y  th is  in  h u m a n  k id n e y  t is s u e  c u ltu r e .  M o r e  m u s t  

be found  out a b o u t th e  d if fe re n c e s  b e tw e e n  th e  h u m a n  and  e x p e r im e n ta l  

d is e a s e s . W h y  is  th e  lu n g  r e la t iv e ly  s p a re d  in  m ic e ?  W e a r e  t r y in g  th e  

e f fe c t  o f s u p e r ad d ed  v ir u s  in fe c t io n s  w ith  P .  V .  M , P . R . 8  and  v a c c in ia  v i r u s e s .  

W h a t happens in  the  f i r s t  h o u r when th e re  is  r a p id  k i l l in g  o f th e  in je c te d  

b a c te r ia .?  T h is  is  b e in g  s tu d ie d  by o th e rs  in  r e la t io n  to  the l i v e r  and  w e a re  

s tu d y in g  i t  in  r e la t io n  to  l iv in g  p re p a ra t io n s  o f h u m a n  p o ly m o rp h s  w h ic h  

we can  s tu d y  u n d er th e  m ic ro s c o p e . A r e  th e r e  a n y  in t r a c e l lu la r  c h e m ic a ls  

in v o lv e d ?

T h e  n e x t ad v a n c e  in  die c o n tro l o f in fe c t io n s  is  u n lik e ly  to



o c c u r  in  the  a n t ib io t ic  f ie ld .  W e fe e l  th a t  th e  n e x t a d v a n c e  w i l l
i

c o n c e rn  n e w  h o s t m e c h a n is m s  o f p r o te c t io n  and  th is  m a y  w e l l  d e v e lo p  

out o f s tu d ie s  such  as th is .
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M Je p en se  que le s  re c h e rc h e s  de l 'a v e n i r  en  m a t ie r e  d 'in fe c t io n

\  A  /  A  /
a  s ta p h y lo c o q u e s  d o iv e n t s 'o r ie n t e r  p lu s  du co te  de l 'h o m m e  que du co te  du  

m ic r o b e  e t  de ses s o i-d is a n t  v a r ia t io n s  de v ir u le n c e ,  que nous ne pouvons

g u e re  a n a ly s e r .................. . . . N o u s  ne p r o g r e s s e r o n s ,  je  c r o is ,  au  s u je t  des

m a la d ie s  s ta p b y lo c o c c iq u e s  que quand nous a u ro n s  su d e f in ir  le s  d e f ic ie n c e s  

t is s u la i r e s  ou h u m o r a le s  q u i cond i t io n n e n t l ' im m u n ite ^  ou 1'in v e r s e .  ,

E t ,  s i p u is s a n te  que d e v ie n n e  la  c h im io th e r a p ie ,  i l  e s t  a  

c r a in d r e  que s i nous n e g lig e o n s  1 'e tu d e  du t e r r a in ,  nous a u ro n s , la  e n c o re ,  

q u e lq u e s  d e b o ire s . "

R e n e  L e r ic h e  (5 7 )
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C o n c lu s io n s

1 . I t  has b e e n  c o n f irm e d  th a t  n o rm a l m ic e  d ie  fo llo w in g  

th e  in tra v e n o u s  in je c t io n  o f c o a g u la s e  p o s it iv e  s ta p h y lo c o c c i and  do 

n o t d ie  a f t e r  th e  in je c t io n  o f c o a g u la s e  n e g a tiv e  o rg a n is m s .

2. D e a th  fo llo w s  th e  p r o g r e s s iv e  d e v e lo p m e n t o f a b s c e s s e s  

in  th e  k id n e y s .

3. H is to lo g ic a l s tu d ie s  have  b e e n  m a d e  o f th e  s ta p h y lo c o c c a l 

in fe c t io n  and c o n f ir m  th a t th e  d am ag e  due to  in fe c t io n  is  la r g e ly  c o n fin e d  

to  th e  k id n e y .

4 . A  n e w  b a c te r io lo g ic a l  m e th o d  o f fo llo w in g  th e  fa te  o f 

b a c t e r ia  in  the  t is s u e s  has b e e n  s u c c e s s fu lly  u sed  to  s tu d y  s ta p h y lo c o c c a l  

in fe c t io n s  in  m ic e .

5 . I t  is  a p p a re n t, c o n t r a r y  to  w h a t m ig h t  have  b e e n  

e x p e c te d  f r o m  in v i t r o  s tu d ie s , th a t  the  m e c h a n is m  o f c le a r in g  c o a g u la s e  

p o s it iv e  and n e g a tiv e  o rg a n is m s  f r o m  th e  t is s u e s  is  v e r y  s im i la r .

6 . D if fe r e n c e s  in  su b seq u en t m u lt ip l ic a t io n  a f te r  th e  

e a r ly  c le a r in g  p h ase  acco u n t fo r  the  d if fe r e n t  u lt im a te  e ffe c ts  o f  

c o a g u la s e  p o s it iv e  and n e g a tiv e  o rg a n is m s . T h is  d if fe re n c e  is  se e n  

in  th e  k id n e y  w h e re  th e  co a g u la s e  p o s it iv e  c o c c i do so to a g r e a te r  

e x te n t. I t  m a y  be s ta te d  th a t  th e  d if fe re n c e  b e tw e e n  c o a g u la s e  p o s it iv e  

and n e g a tiv e  s ta p h y lo c o c c i in -v iv o  is  q u a n t ita t iv e  r a th e r  th a n  q u a l i ta t iv e .  

F u r t h e r m o r e ,  w ith in  th e s e  tw o  g ro u p s fu r th e r  q u a n t ita t iv e  d if fe re n c e s  

can  be d e fin e d  so th a t  a c o m p le te  s p e c tru m  o f v ir u le n c e  o r  p a th o g e n ic ity  

can  be d e m o n s tra te d .
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i 7 . A g a in  in  d is t in c t io n  to  e a r l i e r  in - v i t r o  s tu d ie s  i t

c an  be sh ow n  th a t  c o a g u la s e  n e g a tiv e  o rg a n is m s  can  s u rv iv e  o v e r  a lo n g  

p e r io d  in  m o u s e  t is s u e s .

8 . S h o rt p e r io d s  o f fa s t in g  have  an  en h a n c in g  e f fe c t  

on s ta p h y lo c o c c a l in fe c t io n  in  th e  m o u s e . T h e  a m o u n t o f fa s t in g  

r e q u i r e d  an d  th e  a m o u n t o f re fe e d in g  n e c e s s a ry  to  a b o lis h  th is  e f fe c t  

h a v e  b e e n  s tu d ie d .

9. T h is  in fe c t io n  e n h a n c in g  e f fe c t  o f fa s t in g  has b e e n  

show n to  cause  g r e a te r  m u lt ip lic a t io n  o f s ta p h y lo c o c c i in  th e  t is s u e s  

p a r t ic u la r ly  in  th e  l i v e r .  L iv e r  fu n c tio n  as m e a s u re d  b y  B . S. P . e x c r e t io n  

is  re d u c e d  in  fa s t in g .

10. G lu c o s e  in  the  d r in k in g  w a te r  o f m ic e  d u r in g  th e  

fa s t in g  p e r io d  cau ses  a fu r th e r  in c r e a s e  in  s u s c e p t ib i l i ty  to  in fe c t io n  

w h e re a s  la c ta te  p a r t ia l l y  a l le v ia te s  th e  fa s t in g  e ffe c t . O th e r  s u b s tan ces  

w e r e  s tu d ie d  and found  to  be in a c t iv e .  In c r e a s e  in  c o c c i in  th e  t is s u e s  

can  a g a in  be show n b u t i t  is  found a t  an  e a r l i e r  s ta g e  th a n  in  th e  c ase  o f 

fa s t in g  w ifliout g lu co se  to  d r in k .

11. B y  tw o  d i f fe r e n t  m e th o d s  i t  w as p o s s ib le  to  p r e v e n t  

m ic e  g a in in g  w e ig h t and p ro d u c e  a s ta te  o f u n d e r n u t r i t io n .  T h e s e  a n im a ls  

w e r e  n o t m o r e  s u s c e p tib le  to  th e  le th a l  e ffe c ts  o f s ta p h y lo c o c c a l in fe c t io n  

th a n  w e r e  c o rre s p o n d in g , c o n tro ls . T h e  fa te  and  m u lt ip l ic a t io n  o f s ta p h y ­

lo c o c c i in  the tis s u e s  w as not s ig n if ic a n t ly  d i f fe r e n t  in  the tw o  g ro u p s .

12. A n im a ls  g iv e n  th y r o id  o r  d in itro p h e n o l in  t h e ir  

d r in k in g  w a te r  o r  in  t h e ir  fo o d  d id  n o t g a in  w e ig h t. T h e s e  a n im a ls  w e re  found
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to  show  e a r l i e r  d eath s  and in c re a s e d  n u m b e rs  o f deaths  f r o m  s ta p h y lo c o c c a l
i

in fe c t io n  w h en  c o m p a re d  w ith  c o n tro ls .  T h e re  was no c le a r  cu t d if fe r e n c e  

in  1he s u r v iv a l  and m u lt ip l ic a t io n  o f the c o c c i in  th e s e  a n im a ls  f r o m  th a t  

in  n o rm a l a n im a ls .

13 . T h is  e f fe c t  w as n o t p ro d u c e d  by io d in e  o r  d i - io d o t y r o s in e . 

I t  w as c a u s e d  by th e  fe e d in g  o f th y r o x in e .

14 . A  s e r ie s  o f h u m a n  cases  o f s ta p h y lo c o c c a l s e p t ic e m ia  

h a v e  b e e n  e x a m in e d  f r o m  the  p o in t o f v ie w  o f h o s t r e s is ta n c e  and  th e  n a tu re  

of s ta p h y lo c o c c a l v ir u le n c e .

1 5. S ta p h y lo c o c c i o f h u m a n  o r ig in  h ave  b e e n  s tu d ie d  fo r  t h e i r  

v ir u le n c e  in  m ic e .

1 6 . T h e s e  fin d in g s  h a v e  b e e n  d is c u s s e d  in  th e ir  r e la t io n s h ip  

to  c l in ic a l  m e d ic in e . C e r ta in  a re a s  o f fu r th e r  in v e s t ig a t io n  h a v e  b e e n  d e fin e d .
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