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I n t r o d u c t io n

S ine©  th e  d is c o v e r y  o f  th e  e t i o lo g y  o f  Jo h n e , s d is e a s e  

some 40 y e a rs  ago b y  Jo h ne  and F ro th in g h a m , much h a s  been  

added t o  th e  kn o w le d g e  o f  t h i s  p e r p le x in g  d is e a s e *  B u t ,  i n  

s p i t e  o f  re s e a rc h e s  c o n d u c te d  b y  many w o rk e rs  b o th  i n  t h i s  

c o u n t r y  and a b ro a d , c o m p a r a t iv e ly  l i t t l e  i s  known a b o u t th e  

t r u e  n a tu re  o f  th e  o rg a n is m  and th e  r e s u l t i n g  d is e a s e *  The 

s lo w n e s s  o f  g ro w th  on la b o r a t o r y  m e d ia  i s  a  g r e a t  h a n d ic a p  to  

th e  s tu d y  o f  th e  b io lo g y  o f  M y c o b a c te r iu m  p a r a tu b e r e u lo s is ;  

l i k e w is e ,  th e  f a i l u r e  o f  a l l  a t te m p ts  to  p ro d u c e  i n  th e  

common la b o r a t o r y  a n im a ls  a n y  d is e a s e  re s e m b lin g  i n  th e  le a s t  

J o h n e 's  d is e a s e  o f  c a t t l e  and th e  s lo w n e s s  w i t h  w h ic h  th e  

d is e a s e  d e v e lo p s  i n  b o v in e s  have  g r e a t l y  l im i t e d  e x p e r im e n ta l 

w o rk  s im i l a r  t o  t h a t  f r u i t f u l  o f  such  r e v e a l in g  r e s u l t s  i n  

o th e r  d is e a s e s  o f  a n im a ls  and hum ans*

S in c e  H a r r is o n  (1 )  f i r s t  succeeded  in  g ro w in g  t i s s u e  i n  

v i t r o  i n  1 9 0 7 , many w o rk e rs  have  u t i l i z e d  t h i s  m ethod o f  p r o ­

c e d u re  f o r  th e  s tu d y  o f  th e  r e a c t io n  to  o rg a n is m s  o f  t i s s u e  

g row n  i n  v i t r o *  I t  h a s  been to  th e  e x p e r im e n te r  w h a t th e  

ro e n tg e n  ra y s  w ere  to  th e  d ia g n o s t ic ia n ,  a means o f  p e e r in g  

i n t o  th e  v i t a l  p ro c e s s e s  o f  th e  b o d y , a k e y  to  a h i t h e r t o  

unopened g a te w a y , g iv in g  e n tra n c e  to  th e  s e c r e ts  o f  v i t a l  

c y t o lo g ic  p ro c e s s e s *  I t  i s  p a r t i c u l a r l y  f i t t i n g  t h a t  t is s u e  

c u l t u r e  m e thods  be a p p l ie d  t o  th e  s tu d y  o f  th e  b io lo g y  o f  

J o h n e f s b a c i l l u s ,  n o t o n ly  b ecause  o f  d i f f i c u l t i e s  e n co u n ­

te r e d  i n  o th e r  m e thods  b u t  b e ca u se  o f  th e  s lo w  r a te  o f  g ro w th  

o f  t h e  o rg a n is m  and i t s  lo w  t o x i c i t y  f o r  c e l l s  i n  v i t r o  and 

i n  v iv o *
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The p r e s e n t  w o rk  h e r e in  r e p o r te d  was in a u g u ra te d  w i t h  

th e  id e a  o f  g ro w in g ,  i f  p o s s ib le ,  J o h n e f s b a c i l l i  i n  v i t r o  i n  

c u l t u r e s  o f  a n im a l t i s s u e  and o f  s tu d y in g  u n d e r  th e s e  c a re ­

f u l l y  c o n t r o l le d  c o n d i t io n s ,  f r e e  f r o m  th e  g e n e ra l s y s te m ic  

in f lu e n c e s  o f  th e  b o d y , th e  r e a c t io n  o f  i n d i v i d u a l  c e l l s  t o  

th e  p re s e n c e  o f  th e  o rg a n is m *  I t  i s  r e a l i z e d  t h a t  th e  r e p o r t  

i s  in c o m p le te  and t h a t  th e  p ro b le m  i s  w o r th y  o f  more p r o ­

lo n g e d  and d e t a i le d  i n v e s t i g a t i o n ,  b u t  th e  t im e  a l l o t t e d  does 

n o t  p e rm it  o f  su ch  d e t a i l *  U n d o u b te d ly  w o r th y  r e s u l t s  c o u ld  

have  been  o b ta in e d  b y  s tu d y in g  c u l t u r e s  o f  lo n g e r  g r o w th ,  

c u l t u r e s  in o c u la te d  a f t e r  g ro w th  was w e l l  commenced, and p a r ­

t i c u l a r l y  c u l t u r e s  o f  b o v in e  t is s u e *  I t  i s  hoped t h a t  a 

r e p o r t  on  th e s e  s tu d ie s  can  be made a t  a l a t e r  d a te *

R ev iew  o f  L i t e r a t u r e

I t  i s  g e n e r a l ly  a c c e p te d  t h a t  th e  c u l t i v a t i o n  o f  t i s s u e  

o u ts id e  o f  th e  o rg a n is m  w as s u c c e s s f u l ly  a c c o m p lis h e d  f o r  th e  

f i r s t  t im e  b y  H a r r is o n  (1 )  i n  1 9 07 , w o rk in g  i n  th e  A natom y 

D e p a rtm e n t o f  Johns  H o p k in s  U n iv e r s i t y *  P re v io u s  t o  t h i s  Leo 

Loeb (2 )  s ta te d  t h a t  he had c u l t i v a t e d  c e l l s  o u ts id e  as w e l l  

as in s id e  o f  th e  bo d y  b u t  d id  n o t  p u b l is h  h is  m e th od * I n  

1902 he p u b l is h e d  a m ethod o f  c u l t i v a t i n g  t i s s u e  in s id e  o f  

th e  b o d y  b y  p la c in g  f ra g m e n ts  o f  the s k in  o f  g u in e a  p ig  em­

b ry o  i n  a g a r  and c o a g u la b le  se rum  and in s e r t i n g  th e m  in t o  

a d u l t  g u in e a  p ig s  ( 3 ) *  H a r r is o n f s m e th o d , p u b l is h e d  i n  1 9 0 7 , 

c o n s is te d  o f  p la c in g  e m b ry o n ic  t i s s u e  ( i *  e * ,  c e n t r a l  n e rv e  

t i s s u e )  o f  th e  f r o g  i n  c o a g u la b le  lym p h * G row th  o f  n e rv e
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f i b e r s  was o b s e rv e d *  L a t e r  B u rro w s  ( 4 ) ,  w o r k in g  u n d e r  H a r r is o n ,  

im p ro v e d  th e  te c h n iq u e ,  s u b s t i t u t i n g  b lo o d  p la sm a  f o r  ly m p h , 

and a d a p te d  i t  t o  c u l t i v a t i o n  o f  c h ic k  e m b ry o n ic  t i s s u e *

B o rro w s  and C a r r e l  (5 )  th e n  succeeded  i n  g ro w in g  a d u l t  mam­

m a lia n  t i s s u e ,  and C a r r e l  ( 6 ) ,  b y  a d d in g  c h ic k  e m b ry o n ic  

e x t r a c t ,  o b ta in e d  a p e rm a n e n t and u n in t e r r u p te d  m u l t i p l i c a ­

t i o n  o f  f i b r o b l a s t s *  Such s t r a in s  o f  f i b r o b l a s t s  have  b e e n  

m a in ta in e d  f o r  many y e a rs  ( 7 ) *

The changes u n d e rg o n e  b y  ly m p h o id  t i s s u e  when c u l t i v a t e d  

i n  v i t r o  i n  m edium  composed o f  b lo o d  p lasm a  and t is s u e  e x t r a c t  

a re  d e s c r ib e d  b y  Maximow (8 )  i n  a s e r ie s  o f  a r t i c l e s ,  and i t  

i s  shown t h a t  th e  t r a n s fo r m a t io n  o f  th e  v a r io u s  c e l l  ty p e s  

ca n  be f o l lo w e d  w i t h  g r e a t  a c c u ra c y *  "T h e  c e l l  ty p e s  a r e :

1 * F ib r o b la s t s *  They p r o l i f e r a t e ,  g row  r a d i a l l y  as s p in d le -  

shaped c e l l s  i n t o  th e  p la sm a  and fo rm  th e  fra m e w o rk  o f  th e  

new t is s u e  z o n e , s u r ro u n d in g  th e  e x p la n t *  2 .  E n d o th e liu m  o f  

b lo o d  v e s s e ls *  I t  p a r t l y  p ro d u c e s  new c a p i l l a r y  s p r o u ts ,  

p a r t l y  becomes t ra n s fo rm e d  i n t o  f i b r o b l a s t s *  3 * B e t ie u la r  

c e l l s *  They a re  m o b i l iz e d  as la r g e ,  p r o l i f e r a t i n g ,  am eboid  

and p h a g o c y t ic ,  som etim es e p i t h e l i o i d  p o ly b la s t s  o r  m a cro ­

p h a g e s , s t o r i n g  d y e s , fo r m in g ,  i n  th e  p re s e n c e  o f  f o r e ig n  

b o d ie s ,  th ro u g h  f u s io n ,  m u lt in u c le a te d  g ia n t  c e l l s ,  and some­

t im e s  a c c u m u la t in g  i n  la r g e  num bers i n  th e  l i q u i d  on th e  s u r ­

fa c e  o f  th e  e x p la n t *  They a re  e a s i l y  d is t in g u is h e d  b y  t h e i r  

p a le ,  i r r e g u l a r  n u c le u s ,  t h e i r  am eboid p r o to p la s m  and th e  

t y p i c a l  p ig m e n t g r a n u le s ,  s t a in in g  g re e n  w i t h  e o s in -a z u r e *

4 *  L ym p h o cy te s *  A p a r t  o f them  m ig ra te  i n t o  th e  s u r ro u n d in g  

m edium  and them  d e g e n e ra te ;  a p a r t  re m a in  i n  t h e  e x p la n t  and
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i n  th e  lo o s e  new t is s u e  zone and h e re  c o n t in u e  t o  p r o l i f e r a t e  

and  t r a n s fo r m  th e m s e lv e s  in t o  p lasm a  c e l l s ,  in t o  am eboid  

p h a g o c y t ic  p o ly b la s t s  o r  in t o  g r a n u lo c y te s . "

A lth o u g h  t is s u e  c u l t u r e  m e thods  w ere  u t i l i z e d  b y  C a r r e l  

and o th e r s  f o r  th e  s tu d y  o f  c e l l  p h y s io lo g y ,  p a t h o lo g is t s  

w e re  s lo w  to  g ra s p  th e  o p p o r t u n i t y  o f f e r e d  t o  s tu d y  a c t io n  o f  

o rg a n is m s  upon is o la t e d  c e l l s .  I n  1920 L e w is  (9 )  o b s e rv e d  

t h a t  v a c u o le s  w e re  fo rm e d  i n  th e  c e l l s  o f  t i s s u e  c u l t u r e s  as 

th e  r e s u l t  o f  in o c u la t io n  w i t h  E b e r t h e l la  t y p h i .  P r e v io u s ly  

Sm yth (1 0 ) s tu d ie d  th e  a c t io n  o f  s e v e r a l  fo rm s  o f  o rg a n is m s  

upon  th e  c e l l s  o f  c h ic k  em bryos i n  v i t r o ,  among w h ic h  was th e  

tu b e r c le  b a c i l l u s .  He o b s e rv e d  a c lu s t e r i n g  o f  s m a ll ro u n d  

c e l l s  in t e r p r e t e d  as ly m p h o c y te s  a round  c o lo n ie s  o f  th e  

b a c i l l i  a f t e r  th e  t h i r d  day o f  g ro w th  w i t h  th e  b a c i l l i .  He 

r e p o r te d  p h a g o c y to s is  o f  th e  o rg a n is m s  b y  c o n n e c t iv e  t i s s u e  

and e p i t h e l i a l  c e l l s .  G -iant c e l l  f o r m a t io n  was o b s e rv e d .

S m ith ,  W i l l i s ,  and M. R . L e w is  (1 1 )  c o n f irm e d  some o f  th e  

f in d in g s  o f  S m y th . T h e ir  r e s u l t s  w ere  n o t i d e n t i c a l  f o r  th e y  

s u b s t i t u t e d  th e  a r t i f i c i a l  L e w is  m edium  f o r  b lo o d  p la sm a  

medium  and c u l t i v a t e d  c h ic k  e m b ryo n ic  t i s s u e  in o c u la te d  w i t h  

a v ia n  t u b e r c le  b a c i l l i .  They c o u ld  n o t d e te rm in e  a n y  g ro w th  

o f  tu b e r c le  b a c i l l i  i n  th e  m edium  u s e d . P h a g o c y to s is  was v e r y  

s l i g h t ,  and o n ly  a c c id e n ta l  e n g u l f in g  o f  s in g le  b a c i l l i  was 

o b s e rv e d . They em phas ized  th e  f a c t  t h a t  th e  c e l l s  w ere  n o t  

a t t r a c t e d  b y  th e  b a c i l l i  i n  any d e g re e . No change in d u c e d  b y  

th e  p re s e n c e  o f  th e  b a c i l l i  i n  th e  c u l t u r e s  c o u ld  be d is c e r n e d .

A m ost e x c e l le n t  w o rk  on  th e  r e a c t io n  o f  t is s u e  o f  t h e  

r a b b i t  i n  v i t r o  t o  tu b e r c le  b a c i l l i  was r e p o r te d  by  Maximow
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( 1 2 ) *  Lym ph o id  t is s u e  f ro m  th e  m e s e n te r ic  lym p h  n o d e s , 

t i s s u e  f r o m  th e  om entum , and th e  common c o n n e c t iv e  t i s s u e  

w e re  g ro w n  and in o c u la te d  w i t h  t u b e r c le  b a c i l l i #  Two s t r a i n s  

o f  human type w e re  u se d * One w as r e c e n t ly  i s o la t e d  f ro m  

spu tum  and h ig h l y  v i r u l e n t ;  a n o th e r  was o f  v e r y  lew  v i r u le n c e  

and g re w  w e l l  o n  a r t i f i c i a l  m edium . He o b s e rv e d  t h a t  th e  

t u b e r c le  b a c i l l i  g re w  w e l l  i n  t h e  c u l t u r e s  and w ere a c t i v e l y  

e n g u lfe d  b y  c e r t a in  c e l l s *  The c u l t u r e s  were g e n e r a l ly  a b le  

to  overcom e th e  v i r u l e n t  s t r a i n  so t h a t  in  se ve n  t o  e ig h t  d a ys  

a f t e r  i n o c u la t io n  o n ly  t r a c e s  o f  them c o u ld  be d is c o v e re d  i n  

th e  c u l t u r e s ,  b u t  n o t  so th e  a v i r u l e n t  b a c i l l i *  They m u l t i ­

p l i e d  f r e e l y  and c o m p le te ly  o v e rg re w  th e  c u l t u r e s  a f t e r  th r e e  

w eeks o f  l i f e  i n  v i t r o *  He em phas ized  th e  f a c t  t h a t ,  e ve n  i n  

th o s e  c u l t u r e s  c o n ta in in g  g r e a t  q u a n t i t i e s  o f  t u b e r c le  b a c i l l i ,  

th e  c e l l s  o f  th e  t is s u e  d id  n o t p e r is h  b u t  d is p la y e d  a  s e r ie s  

o f  r e a c t iv e  changes w h ic h  d u p l ic a te d  c lo s e ly  th e  tu b e rc u lo u s  

p ro c e s s  as i t  i s  fo u n d  i n  th e  o rg a n is m *  T h is  i s  i n  m arked 

c o n t r a s t  t o  th e  b e h a v io r  o f  t h e  c e l l s  to  o th e r  m ic ro o rg a n is m s  

f o r  i n  cases w here  v a r io u s  ones w ere in o c u la te d  in t o  c u l t u r e s  

(S m y th , L e w is )  th e  c e l l s  and th e  b a c t e r ia  c o u ld  n o t be k e p t 

a l i v e  t o g e th e r  f o r  a n y  a p p re c ia b le  le n g th  o f  t im e *  L ik e w is e ,  

when t is s u e  c u l t  lo res become a c c id e n t a l ly  c o n ta m in a te d  w i th  

s a p r o p h y t ic  o rg a n is m s , th e  c e l l s  a re  a b s o lu t e ly  u n a b le  to  

r e s i s t  th e  in t r u d e r s  and a re  soon k i l l e d .

Maximow c o n c lu d e d  t h a t  th e  c h ie f  r o le  i n  th e  c u l t u r e s  o f  

ly m p h o id  t i s s u e  was p la y e d  b y  th e  r e t i c u l a r  c e l l s *  They w ere 

u s u a l l y  m o b i l iz e d  and fo rm e d  a c t iv e  w a n d e r in g  c e l l s ,  p o ly ­

b la s t s  (m acrophages), and m ig ra te d  i n t o  th e  s u r ro u n d in g  m edium
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and r e a d i l y  e n g u lfe d  th e  t u b e r c le  b a c i l l i  w h e re v e r  th e y  

e n c o u n te re d  th e m . Those r e t i c u l a r  c e l l s  w h ic h  w ere  c o n c e r te d  

i n t o  p o ly b la s t s  i n  ly m p h o id  t is s u e  and r e m in e d  i n  th e  e x ­

p la n t  a ls o  e n g u lfe d  th e  b a c i l l i  w h ic h  p e n e t ra te d  e v e ry w h e re  

b e tw e e n  th e  c e l l s .  Many r e t i c u l a r  c e l l s  e n g u lfe d  b a c i l l i  

w h i le  s t i l l  m a in ta in in g  t h e i r  f i x e d  p o s i t i o n  w i t h  r e fe r e n c e  

to  th e  r e t i c u lu m *  E p i t h e l i o i d  and g ia n t  c e l l s  w e re  fo rm e d  as 

a r e s u l t  o f  p h a g o c y to s is  o f  b a c i l l i  and a ls o  b y  c e l l s  n o t  i n  

c o n ta c t  w i t h  o rg a n is m s . T h is  l a t t e r  r e a c t io n  was c o n c lu d e d  

to  be th e  r e s u l t  o f  d i f f u s i b l e  t o x in s .  M i t o s is  and a p e c u l ia r  

h y p e r t r o p h y  o f  r e t i c u l a r  c e l l s  were o b s e rv e d  t o  be d i r e c t  

r e s u l t s  o f  th e  c h e m ic a l s t im u la t i o n  i n  in o c u la te d  c u l t u r e s .

I n  in o c u la te d  c u l t u r e s  o f  ly m p h o id  t i s s u e ,  ly m p h o c y te s  

showed a re m a rk a b le  d is p o s i t i o n  t o  c lum p  to g e th e r ,  n o t  

o b s e rv e d  i n  c o n t r o ls .  Some o f  them  m ig ra te d  i n t o  th e  m edium  

and p e r is h e d ;  o th e rs  t ra n s fo rm e d  th e m s e lv e s  in t o  p o ly b la s t s  

w h ic h  behaved  e x a c t ly  a s  th o s e  o f  r e t i c u l a r  o r i g i n  and c o u ld  

n o t  b e  d is t in g u is h e d  f r o m  th e  l a t t e r  e x c e p t  i n  ca se s  where 

th o s e  o f  r e t i c u l a r  o r i g i n  r e ta in e d  a t y p i c a l  g re e n is h  p ig m e n t 

a f t e r  th e  e o s in -a z u re  s t a i n .

A g o ld e n  y e l lo w  p ig m e n t was o b s e rv e d  i n  e p i t h e l i o i d  and 

g ia n t  c e l l s  as a re s id u e  fro m  th e  i n t r a c e l l u l a r  d ig e s t io n  o f  

tu b e r c le  b a c i l l i .  Maximow f u r t h e r  s ta te s  t h a t  th e  i n t r a ­

c e l l u l a r  d ig e s t io n  o f  b a c i l l i  was c o n t in u e d  and p ro b a b ly  

h ig h ly  in c re a s e d  w i t h i n  th e  g ia n t  c e l l .  I n  o th e r  cases 

b a c i l l i  were n o t d e s tro y e d  w i t h i n  th e  e p i t h e l i o i d  c e l l s ,  b u t  

m u l t i p l i e d  r a p i d l y .  Such c e l l s  f u l l  o f  b a c i l l i  w ere  o b s e rv e d  

t o  r e t a i n  t h e i r  v i t a l i t y  f o r  a lo n g  t im e ,  move a b o u t as u s u a l ,
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and e ve n  d iv id e  m i t o t i c a l l y .  B a c i l l i  d id  n o t  m u l t i p l y  so 

r a p i d l y  w i t h i n  th e  g ia n t  c e l l s  f o r  th e  d ig e s t iv e  p o w e rs  o f  

th e  l a t t e r  w ere  p r o b a b ly  f a r  g r e a t e r  th a n  th o s e  o f  th e  m a c ro ­

ph a ge * The p r i n c i p l e  mode o f  f o r m a t io n  o f  g ia n t  c e l l s  w as b y  

f u s io n  o f  m o n o n u c le a r c e l l s *  T h is  phenomenon was lo o k e d  upon  

as a f u r t h e r  s te p  i n  th e  p ro c e s s  o f  t h e  c lu s t e r i n g  o f  c e l l s  

p r e v io u s ly  m e n tio n e d *  I n  a fe w  in s ta n c e s  g ia n t  c e l l s  w i t h  

c o n s t r ic t e d  and  fra g m e n te d  n u c le i  w ere o b s e rv e d  and i n t e r ­

p r e te d  a s  b e in g  th e  r e s u l t s  o f  a m i t o t i c  d i v i s i o n *  They w ere  

n o t  o f  common o c c u r re n c e *  I n  some ca se s  th e  fo r m a t io n  o f  

g ia n t  c e l l s  w as b e l ie v e d  t o  be  due to  th e  d i r e c t  f u s io n  and 

h y p e r t r o p h y  o f  ly m p h o c y te s *  I n  th e s e  in s ta n c e s  th e  p o ly -  

b l a s t i c  s ta g e  was o m it te d *

Maximow made no r e fe r e n c e  t o  a n y  im p o r ta n t  p a r t  p la y e d  

b y  g r a n u lo c y te s  i n  th e  tu b e rc u lo u s  p ro c e s s  i n  v i t r o .  He men­

t io n e d  t h a t  th e y  a re  o f  common o c c u r re n c e  i n  th e  c u l t u r e s ,  

b u t  as th e  tu b e rc u lo u s  p ic t u r e  d e v e lo p s  th e y  m o s t ly  d e g e n e ra te *  

a p p a r e n t ly  b e in g  s e n s i t i v e  t o  th e  p re s e n c e  o f  th e  b a c i l l i *

The g r e a te r  num ber o f  h is  c u l t u r e s  w e re  n o t  in o c u la te d  u n t i l  

a f t e r  f o u r  o r  f i v e  d a ys  g ro w th  in  v i t r o  a f t e r  th e  g ra n u lo c y te s  

had  l o s t  much o f  t h e i r  i n i t i a l  a c t i v i t y .

A fe w  t u b e r c le  b a c i l l i  w ere  seen  to  e n te r  th e  p ro to p la s m  

o f  ly m p h o c y te s  i n  a  p a s s iv e  w a y . L a te r  when th e y  w e re  t r a n s ­

fo rm e d  in t o  e p i t h e l i o i d  c e l l s ,  a c t iv e  p h a g o c y to s is  to o k  p la c e .

The l i t e r a t u r e  o n  Jo h n e f s d is e a s e  i s  much le s s  v o lu m in o u s  

th a n  t h a t  on t u b e r c u lo s is .  I t s  s lo w ly  p r o g r e s s iv e  an d  n o n ­

s p e c ta c u la r  f e a tu r e s  have c u rb e d  th e  in t e r e s t  o f  a l l  b u t  a  few  

w o rk e rs  i n  t h i s  c o u n t r y  (H a llm a n  and  W i t t e r ,  I B ) .  No a t te m p t
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w i l l  be made t o  r e v ie w  c o m p le te ly  th e  r e s u l t s  o f  re s e a rc h e s  on 

J o h n e t s d is e a s e  n o r  t o  d e s c r ib e  i n  d e t a i l  th e  r e s u l t i n g  symp­

tom s and le s io n s • F o r a v e r y  c o m p re h e n s iv e  b ib l io g r a p h y  and 

r e v ie w  th e  r e a d e r  i s  r e f e r r e d  to  th e  e x c e l le n t  b u l l e t i n  o f 

H a s t in g s ,  B e a c h , and M a n s f ie ld ,  o f  th e  W is c o n s in  E x p e r im e n t 

S t a t io n  ( 1 3 ) .  A ls o  H a llm a n  and  W i t t e r  have r e c e n t ly  r e p o r te d  

th e  r e s u l t s  o f  a  d e t a i le d  s tu d y  o f  th e  p a th o lo g y  o f  J o h n e 's  

d is e a s e •

The d is e a s e  i s  c h a r a c te r iz e d  b y  a p a tc h y  and  d i f f u s e  

t h ic k e n in g  o f  th e  i n t e s t i n a l  w a l l  and in v o lv e m e n t o f  th e  

m e s e n te r ic  lym p h  n o d e s* I n  th e  i n i t i a l  s ta g e s  th e  i n t e s t i n a l  

le s io n s  o f  Jo h n e *s  d is e a s e  have a  h is t o lo g y  i d e n t i c a l  w i t h  

t h a t  o f  t u b e r c u lo s is  ( 1 3 ) *  L a te r  th e  n e c ro s is  and c a s e a t io n ,  

as  w e l l  as f i b r o s i s  and r e s u l t i n g  f o c a l  n a tu r e  o f  t u b e r c u lo s is ,  

a re  a b s e n t♦ E x tre m e  in f e c t io n s  g iv e  a p ic t u r e  o f  an  i n t e s t i n a l  

m ucosa d i f f u s e l y  th ic k e n e d  b y  enorm ous num bers o f  m acrophages 

and a v a r ia b le  num ber o f  g ia n t  c e l l s  w h ic h  i n  many ca se s  c o n ­

t a i n  g r e a t  q u a n t i t i e s  o f  a c id - f a s t  ro d s *  There  i s  a p p a r e n t ly  

a t o t a l  ab sence  o f  a n y  f i b r o t i c  o r  d e g e n e ra t iv e  changes*

I n  a r e c e n t  p u b l i c a t io n  T h e o b a ld  S m ith  (1 4 ) s t a t e s  t h a t  

i n  h is  e x p e r ie n c e  e p i t h e l i o i d  c e l l s  a lw a y s  c o n ta in  a c id - f a s t  

ro d s  and c o n c lu d e s  t h a t  no d i f f u s i b l e  t o x in  i s  fo rm e d , b u t  

th e  r e s u l t i n g  fo r m a t io n  o f  e p i t h e l i o i d  c e l l s  i s  th e  d i r e c t  

r e s u l t  o f  p h a g o c y to s is  o f o rg a n is m s *  He a ls o  o b s e rv e s , "A n y  

a s s o c ia t io n  o f  m acrophages w i t h  th e  lo c a l  f o r m a t io n  o r  d i s i n ­

t e g r a t io n  o f  t u b e r c le s  o r  i n  t h e  e x p a n d in g  p r o l i f e r a t i o n  o f  

e p i t h e l i o i d  c e l l s  i n  p a r a tu b e r c u lo s is  was n o t  o b s e rv e d  a t  any  

t im e * "  T h is  fo rm e r  o b s e r v a t io n  i s  i n  d i r e c t  c o n t r a d ic t io n  to
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t h a t  o f  H a llm a n  and W i t t e r ,  who fo u n d  e a r l y  cases i n  w h ic h ,  

a lth o u g h  t y p i c a l  c o l l e c t i o n s  o f  m acrophages  and g ia n t  c e l l s  

w e re  f a i r l y  n u m e ro u s , a c id - f a s t  r o d s  w e re  r e l a t i v e l y  i n f r e ­

q u e n t#  S m ith  a ls o  made th e  o b s e rv a t io n  t h a t  t h e r e  is  an e n ­

g u l f i n g  o f  e r y th r o c y te s  b y  p h a g o c y te s  i n  th e  s p le e n *

G la ss w a re  * P y re x  g la s s w a re  was used  w h e re v e r  f e a s ib le #

I t  was th o ro u g h ly  s c ru b b e d  w i t h  a w a s h in g  p o w d e r, r in s e d ,  and 

p la c e d  i n  an a c id  c le a n in g  s o lu t i o n  f o r  24 h o u rs  t o  rem ove  

e xc e ss  a l k a l i #  I t  was th e n  washed i n  r u n n in g  w a te r  f o r  two 

h o u rs  and i n  two ch a ng e s  o f  d i s t i l l e d  w a te r#  P ip e t t e s  w e re  

d r ie d  i n  a lc o h o l  and  th e n  i n  e th e r  and w ra pped  i n  p a p e r o r  

in c lo s e d  in  la r g e  g la s s  tu b e s  o r  c o p p e r  c o n ta in e rs #  A l l  

g la s s w a re  was s t e r i l i z e d  i n  th e  h o t a i r  oven a t  a  te m p e ra tu re  

n o t e x c e e d in g  140° C# f o r  one hou r#

T y ro d e  * s s o lu t i o n #- T h is  s o lu t i o n  was made up i n  a 

s t e r i l e ,  tw o  l i t r e  P y re x  v o lu m e t r ic  f l a s k .  The w a te r  w as 

t r i p l e  d i s t i l l e d  i n  P y re x  and a u to c la v e d  im m e d ia te ly  b e fo re  

u s in g .  A l l  c h e m ic a ls  were o f  th e  p u re s t  o b ta in a b le #  The com­

p o s i t i o n  i s  a s  f o l l o w s :

T e c h n iq u e

NaO l 8 #000 gram s

KC1 0 . 2 0 0  "

C a d e  a n h yd ro u s 0 .2 0 0

M gCls #6HsO 

NaHgPO* *Hg0

0 .100 rt

0 .0 5 0  "

NaHC0a 1.000 "
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G lu c o s e  1 *0 0 0  gram s

HjbO 1 l i t r e

The in g r e d ie n t s  w e re  added t o  a b o u t o n e - h a l f  o f  th e  w a te r  i n  

th e  o r d e r  g iv e n ,  and th e n  th e  re m a in d e r  o f  th e  w a te r  w as 

a d d e d . I t  i s  recommended t h a t  th e  s o lu t io n  be f i l t e r e d  

th ro u g h  a B e r k e fe ld  f i l t e r  w i t h  a  m in im um  o f  m e ta l f i t t i n g s  

a lth o u g h  a Z e i t z  f i l t e r  was used  w i t h  good s u c c e s s  i n  t h i s  

w o rk *  The s t e r i l e  s o lu t i o n  was s to r e d  i n  P y re x  t e s t  tu b e s  i n  

th e  r e f r i g e r a t o r  u n t i l  u se d *

P la s m a * B o th  c h ic k e n  and g u in e a  p ig  p la sm a  w ere u s e d *  

The c h ic k e n  p la sm a  gave b e t t e r  r e s u l t s  and r e s is t e d  l i q u e f a c ­

t i o n  b y  c e l l s  b e t t e r  th a n  t h a t  o f  th e  g u in e a  p ig *  H e p a r in  

was added t o  th e  b lo o d  im m e d ia te ly  a f t e r  d ra w in g  a t  th e  r a te  

o f  1 mg to  20 c c *  f o r  c h ic k e n  b lo o d *  S l i g h t l y  m ore th a n  - th is  

was used  f o r  g u in e a  p ig  b lo o d *  The b lo o d  was d raw n  unde r 

s t e r i l e  p r e c a u t io n s  f ro m  th e  h e a r t  and p la c e d  i n  an ic e d ,  

p a r a f f in e d  tu b e  w h ic h  c o n ta in e d  th e  h e p a r in  s o lu t io n  (10  mg* 

o f  h e p a r in  p e r  1 c c *  o f  *85% H a G l) .  I t  was th e n  c e n t r i f u g e d  

a t  h ig h  speed  f o r  f i v e  m in u te s  in  c o o le d  c e n t r i f u g e  b u c k e ts *  

The p la sm a  was p ip e t t e d  o f f  and s to r e d  in  t h e  r e f r i g e r a t o r  i n  

p a r a f f in e d  tu b e s *

E m b ryo n ic  e x t r a c t  * E m b ryo n ic  e x t r a c t  was o b ta in e d  f ro m  

n in e  d a y  c h ic k  e m bryo s* The e g g s  were opened  by c a r e f u l l y  

c r a c k in g  th e  s h e l l  a t  the  la r g e  e n d , b e in g  c a r e f u l  n o t t o  

b re a k  th e  o u te r  m embrane. The s h e l l  was c a r e f u l l y  l i f t e d  o f f  

w i t h  s m a ll f o r c e p s  and th e  o u te r  membrane c u t  aw ay w i t h  s m a l l9 

s t e r i l e  s c is s o r s *  The in n e r  membrane was th e n  c u t  away in  

th e  same m a n n e r, e x p o s in g  th e  e m b ry o , w h ic h  was l i f t e d  o u t
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and p la c e d  i n  a la r g e ,  s h o r t  t e s t  tu b e  and m in ce d  i n t o  f i n e  

p ie c e s  w i t h  s c is s o r s *  A L a ta p ie  t is s u e  c ru s h e r  w c u ld  be u s e ­

f u l  h e re ,  b u t  none w as a v a i la b le *  Two p a r t s  o f  T y ro d e f s 

s o lu t io n  w ere  th e n  added  to  one o f  m in ce d  em bryo* T h is  m ix ­

t u r e  w as f r o z e n  u n t i l  s o l i d  i n  s a l t e d ,  c ra c k e d  ic e  to  d e s t r o y  

th e  e m b ry o n ic  c e l l s .  I f  t h i s  p r e c a u t io n  i s  n e g le c te d ,  th e  

c h ic k  c e l l s  a re  l i k e l y  t o  g e t  in t o  th e  c u l t u r e ,  w here  th e y  

grow  w i th  g r e a t  v i g o r .  A f t e r  f r e e z in g ,  the  e x t r a c t  was 

p la c e d  i n  th e  57°C * in c u b a to r  f o r  one h o u r ,  c e n t r i f u g e d ,  and 

th e  s u p e rn a te n t  f l u i d  p ip e t t e d  o f f *  T h is  w as d i l u t e d  w i t h  an 

e q u a l p a r t  o f  T y ro d e ’ s s o lu t io n  b e fo re  u s in g *

S erum * T h is  c o n s is te d  o f  0 *7 5  c c *  o f  30 p e r  c e n t  g u in e a  

p ig  serum  i n  T y ro d e *s  s o lu t io n  and 0 .0 5  c c *  o f  a 0 *1  p e r  c e n t 

h e p a r in  s o lu t io n *  T h is  m ix tu r e  composed th e  f l u i d  phase o f  

th e  m edium * The h e p a r in  h a s  a s l i g h t l y  i n h i b i t o r y  e f f e c t  on 

th e  c e l l  g ro w th  and e f f e c t i v e l y  p re v e n ts  l i q u e f a c t i o n  o f  th e  

m edium  b y  a to o  r a p id  g ro w th  o f  c e l l s  and co n se q u e n t accum u­

l a t i o n  o f  m e ta b o l i t e s  ( 1 6 ) *  I n  some in s ta n c e s  a f t e r  th e  

f i r s t  t r a n s f e r  th e  h e p a r in  w as o m it te d  f ro m  th e  f l u i d  p h a se * 

A l l  m a te r ia l  f o r  m edium  was s to re d  i n  th e  r e f r i g e r a t o r  

i n  a c lo s e d  j a r  c o n ta in in g  a b o u t f i v e  p e r  c e n t  C0s>. T h is  

h e lp e d  t o  m a in ta in  th e  pH a t  th e  p ro p e r  l e v e l *  A l l  m a te r ia ls  

w e re  c u l t u r e d  i n  v e a l  i n f u s io n  b ro th  b e fo re  u s in g *

B a c t e r ia l  c u l t u r e s * Two s t r a in s  o f  J o h n e 's  b a c i l l i  w ere  

use d  i n  t h i s  s tu d y .  B o th  ha d  been g row n  on la b o r a to r y  m e d ia  

f o r  some t im e .  They g re w  v e ry  s lo w ly ,  s e v e ra l m onths e la p s in g  

b e fo re  th e  c o lo n ie s  re a c h e d  a p p r e c ia b le  s iz e *  B o th  re fu s e d  

t o  g row  on m edium  c o n ta in in g  no M y c o b a c te r iu m  p h le i .  Bach
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s t r a i n  had  p r e v io u s ly  been  use d  f o r  th e  p r o d u c t io n  o f  J o h n in *

I n o c u la t io n  o f  th e  t is s u e  c u l t u r e s  was made b y  e m u ls i f y in g  

a l o o p f u l  o f  the  g ro w th  f ro m  s o l i d  m edium  i n  2 c c *  o f  T y ro d e r s 

s o lu t io n  and p la c in g  a s m a ll  d ro p  o f  t h i s  e m u ls io n  i n t o  each 

c u l t u r e *  An e q u a l num ber o f  c u l t u r e s  w as l e f t  u n in o c u la te d  

f o r  c o n t r o ls *  T h is  m ethod g a ve  a  r a th e r  h e a vy  in o c u la t io n  and 

d i s t r i b u t e d  th e  o rg a n is m s  th ro u g h o u t  th e  c u l t u r e  m edium  and 

made p o s s ib le  a s tu d y  o f  o rg a n is m s  b o th  in  c o n ta c t  w i t h  

g ro w in g  c e l l s  and th o s e  a t  some d is ta n c e  f ro m  th e  e x p la n t *  

T is s u e  c u l t u r e s * The c u l t u r e s  w e re  made upon  a ro u n d  

c o v e r s l ip  i n  a s o l id  p la sm a  c l o t  a f t e r  th e  m ethod  o f Maximcw 

( 8 ) .  The m edium  c o n s is te d  o f  e q u a l p a r t s  o f  d i l u t e d  p la sm a  

(one p a r t  o f  p la sm a  to  two p a r t s  o f  T y ro d e ’ s s o lu t i o n ) ,

T y ro d e 's  s o lu t io n ,  se rum , and e m b ry o n ic  e x t r a c t *

A l l  o p e r a t io n s  w e re  c a r r ie d  on i n  a  c lo s e d  c u l t u r e  room  

i n  w h ic h  th e  b e nch  had been  th o ro u g h ly  w ashed down f i f t e e n  

m in u te s  p r e v io u s ly  and th e  room  c lo s e d  t i g h t l y  u n t i l  o p e ra ­

t io n s  w ere com menced. The g u in e a  p ig  f r o m  w h ic h  th e  t is s u e  

was o b ta in e d  w as a n e s th e t iz e d ,  the  abdomen sh a ve d , and th e  

s k in  s u r fa c e  c le a n s e d  and d is in f e c t e d  f i r s t  w i t h  70 p e r  c e n t 

a lc o h o l  and th e n  w i t h  t i n c t u r e  o f  io d in e *  The t is s u e  was 

rem oved w i t h  s t e r i l e  in s t r u m e n ts  and p la c e  i n  wana T y ro d e ’ s 

s o lu t io n  and ta k e n  im m e d ia te ly  to  th e  c u l t u r e  ro o m . I t  was 

th e n  c u t  i n t o  s n a i l  c u b e s , le s s  th a n  1 mm. s q u a re , w i th  tw o  

v e r y  sh a rp  k n iv e s ,  t a k in g  c a re  t h a t  a t  n o  tim e  i t  be exposed 

to  d e s s i c a t io n *

L a rg e  c o v e r g la s s e s , 50 x  44 mm., were th e n  p la c e d  upon 

s t e r i l e ,  b la c k  t i l e s  and  c o v e re d  w i t h  one h a l f  o f  a s t e r i l e
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p e t r i  d is h *  A d ro p  o f  T y r o d e 's  s o lu t io n  was p la c e d  i n  th e  

c e n te r  o f  each s l i p  and a ro u n d  c o v e r  s i  ip  l i g h t l y  p la c e d  on  

t h i s  d ro p *  The c o v e r s l ip  a d h e re d  t i g h t l y  i f  the  d ro p  was n o t  

to o  la r g e ,  and t h e  t is s u e  m s  p la c e d  on t h i s  and im m e d ia te ly  

c o v e re d  w i t h  one o r  two d ro p s  o f  th e  m edium  m ix tu re *  T h is  

c lo t t e d  i n  a  s h o r t  t im e ,  a f t e r  w h ic h  a d ro p  o f  th e  f l u i d  

phase  was p la c e d  on th e  c u l t u r e *  The c o v e rg la s s  was immed­

i a t e l y  in v e r te d  o v e r  a la r g e ,  h o l lo w  g la s s  s l i d e  w h ic h  had  a 

37 mm* c o n c a v i t y *  P r e v io u s ly  a d ro p  o f  s t e r i l e ,  m e lte d  

p e t r o la tu m  was p la c e d  a t  each  c o rn e r  t o  make i t  a d h e re  to  th e  

s l id e *  The p r e p a r a t io n  th u s  made was s e a le d  w i t h  m e lte d  

p a r a f f i n  t o  p re v e n t  e v a p o ra t io n  o f  f l u i d  and p la c e d  i n  th e  

in c u b a to r *  I t  i s  im p o r ta n t  t h a t  a l l  o p e ra t io n s  he c a r r ie d  

on as s p e e d i ly  a s  p o s s ib le  and t h a t  th e  t is s u e  a t n o  t im e  be 

exposed  t o  d r y in g *

The c u l t u r e s  w ere  t r a n s f e r r e d  e v e ry  f o u r t h  o r  f i f t h  day 

b y  o p e n in g  th e  p r e p a r a t io n ,  re m o v in g  t h e  ro u n d  c o v e r s l ip  and 

c u l t u r e ,  w a sh in g  i n  T y ro d e *s  s o lu t io n  f o r  a  p e r io d  o f  20 

m in u te s ,  r e t u r n in g  to  a  c le a n ,  la r g e  c o v e r s l ip ,  p la c in g  a 

f r e s h  d ro p  o f  th e  f l u i d  m edium  on th e  c u l t u r e ,  and a g a in  

in v e r t i n g  o v e r  a h o l lo w  s l i d e *

G u in e a  p ig  s p le e n  m s  s e le c te d  a s  the  t is s u e  to  be u s e d , 

n o t  b e ca u se  i t  was c o n s id e re d  more p r e fe r a b le  th a n  b o v in e  

ly m p h o id  t i s s u e  b u t  b eca u se  th e  l a t t e r  was n o t e a s i l y  

o b ta in a b le .  H o w e ve r, i t  had  th e  a d v a n ta g e  o f  b e in g  f r o m  an 

a n im a l c o n s id e re d  r e s is t a n t  to  J o h n e ’ s d is e a s e ,  v h ic h  a llo w e d  

a s tu d y  o f  th e  m echanism  o f  such  r e s is ta n c e *

A l l  c u l t u r e s  w e re  in c u b a te d  a t  a te m p e ra tu re  o f  39° C*
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T hey  w e re  o b s e rv e d  tw ic e  d a i l y  u n d e r  a m ic ro s c o p e  w i t h  a warm 

s ta g e *  I n  a d d i t i o n ,  one c u l t u r e  was K e p t u n d e r c o n s ta n t  

o b s e r v a t io n  i n  a  m ic ro s c o p e  in c u b a to r *

C u ltu r e s  w e re  f i x e d  a t  v a r io u s  age s  f o r  15 to  20 m in u te s  

i n  M axim ow’ s m o d i f i c a t io n  o f  Z e n k e r ’ s s o lu t io n ,  i n  w h ic h  te n  

p e r  c e n t n e u t r a l  f o r m a l  i s  s u b s t i t u t e d  f o r  f i v e  p e r  c e n t 

g l a c i a l  a c e t ic  a c id #  T h is  w as a c c o m p lis h e d  b y  re m o v in g  th e  

ro u n d  c o v e r s l ip  b e a r in g  th e  c u l t u r e  and f l o a t i n g  i t  f a c e  down 

upon  th e  f i x i n g  f l u i d .  I t  w as n e x t  washed i n  f r e q u e n t  changes 

o f  d i s t i l l e d  w a te r  f o r  24 h o u rs  and d e h y d ra te d  i n  a s c e n d in g  

s t r e n g th s  o f  a lc o h o l  fo l lo w e d  toy a b s o lu te  a lc o h o l  f o r  24 h o u rs *  

I n  th e  a b s o lu te  a lc o h o l  th e  c u l t u r e  m s  remo-ved f r o m  th e  

c o v e r s l ip  b y  s h a v in g  o f f  w i t h  a s h a rp  r a z o r  b la d e  w h ic h  was 

w e t w i t h  a lc o h o l*  I t  was th e n  p la c e d  i n  c e d a r  o i l  f o r  f o u r  

t o  s i x  h o u rs ,  i n f i l t r a t e d  i n  an oven in  p a r a f f i n  h a v in g  a 

m e l t in g  p o in t  o f  52° C#, embedded i n  p a r a f f i n ,  and s e c t io n e d *  

Some o f  th e  c u l t u r e s  w ere  f i x e d  i n  te n  p e r  c e n t n e u t r a l  f o r ­

m a l in  and  s ta in e d  i n  t o t o  f o r  b lo o d  p ig m e n ts  o r  f a t s *

M ost o f  th e  c u l t u r e s  were s e c t io n e d  s e r i a l l y  on th e  

m ic ro to m e  a t  a  th ic k n e s s  o f  7 u * ,  s ta in e d  i n  Z ie h l-N e e ls e n  

c a r b o l f u c h s in  a t  room  te m p e ra tu re  f o r  10 t o  15 m in u te s ,  and 

d e c o lo r iz e d  f o r  30 seco n d s  to  one m in u te  i n  70 p e r  c e n t 

a lc o h o l  c o n ta in in g  one p e r  c e n t HC1* T h is  d e c o lo r iz e d  th e  

s u r ro u n d in g  t is s u e  and f i b r i n  c l o t  to  a f a i n t  p in k *  H a r r i s ’ s 

h e m a to x y l in  was use d  as a c o u n te r s ta in *  Some o f  the  c u l t u r e s  

w ere  embedded i n  c o l l o i d i n  and s ta in e d  i n  Z ie h l-N e e ls e n  c a r b o l ­

f u c h s in  and e o z in -a z u re  a f t e r  ih e  m ethod o f  Maximow* T h is  

m ethod w as a f te r w a r d  abandoned f o r  p a r a f f i n  s e c t io n s *
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D e s c r ip t io n  o f  L iv in g  C u ltu r e s

I n  a l l ,  a b o u t 200 c u l t u r e s  w e re  g row n  and o b s e rv e d , and 

a b o u t 70 w e re  f i x e d  and s e c t io n e d #  The m edium  used  was fo u n d  

s u i t a b le  f o r  th e  g ro w th  o f  g u in e a  p ig  s p le e n #

A lm o s t im m e d ia te ly  a f t e r  e x p la n t a t io n  c e l l s  began  to  

m ig ra te  in t o  th e  s u r ro u n d in g  medium# These c o n s is te d  m a in ly  

o f  le u c o c y te s ,  c h ie f  among w h ic h  was th e  p o ly m o rp h #  W it h in  

tw o h o u rs  each  e x p la n t  was s u rro u n d e d  b y  a dense zon e  o f  such  

m ig ra te d  c e l ls #  The m ig r a t io n  ra n g e  was upw a rd  t o  2 mm#

They showed a re m a rk a b le  a f f i n i t y  f o r  th e  Jo h n e f s b a c i l l i ,  a n d , 

w here  c lu m p s  o f  th e  o rg a n is m s  w e re  w i t h i n  m ig r a t io n  ra n g e  o f  

th e  e x p la n t ,  th e y  w e re  s u rro u n d e d  by  dense  m asses o f  le u c o ­

c y te s #  The c e l l s  a r ra n g e d  th e m s e lv e s  a b o u t each c lu m p  i n  an 

a lm o s t s o l id  w a l l ,  c o m p le te ly  o b s c u r in g  t h e  c lu m p  o f  o rg a n ism s#  

No s i m i l a r  c lu m p in g  was se e n  i n  u n in o c u la te d  c u l t u r e s  a lth o u g h  

a f t e r  a  g r e a te r  la p s e  o f  t im e  a  fe w  c e l l s  w e re  seen  to  be 

a d h e r in g  t o  each o th e r#  I t  was n o t ic e d  t h a t  th e  g r a n u le s  i n  

many o f  th e  le u c o c y te s  s u r ro u n d in g  s u c h  c lu m p s  e x h ib i t e d  a 

v e r y  p ro n o u n c e d  B ro w n ia n  movement n o t  o b s e rv a b le  i n  th e  same 

ty p e  o f  c e l l  a t  some d is ta n c e  f ro m  th e  c lu m p  n o r  b y  c e l l s  i n  

th e  c o n t r o l  c u l tu r e s #  A t  th e  same t im e  i t  was seen  t h a t  many 

o f  th e s e  c e l l s  w ere  s w o lle n  and more v e s ic u la r  th a n  o th e rs #  

Those i n  c lo s e s t  p r o x im i t y  to  th e  o rg a n is m s  so o n  l o s t  t h e i r  

am ebo id  movement and w e re  a p p a r e n t ly  d e a d . There  is  l i t t l e  

d o u b t b u t  t h a t  th e s e  changes c o n s is te d  o f  c lo u d y  s w e l l in g  and 

an acco m pa n y in g  h y d ro p ic  d e g e n e ra t io n ,  and th e  a c c e le r a te d  

movement o f  th e  g ra n u le s  was due to  th e  f a c t  t h a t  th e  c y t o -
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p la s m s  o f  th e  c e l l s  w e re  o f  le s s e r  d e n s i t y  due  t o  th e  i n h i b i ­

t i o n  o f  w a te r *

T h is  a c t iv e  m ig r a t io n  o f  le u e o c y te s  was o b s e rv a b le  d u r in g  

th e  f i r s t  24 to  36 h o u rs ,  a f t e r  w h ic h  th e s e  c e l l s ,  a lth o u g h  

s t i l l  p re s e n t  i n  th e  c u l t u r e ,  d e g e n e ra te d  r a p i d l y ,  l o s t  m ost 

o f  t h e i r  a c t i v i t y ,  and w e re  o b s c u re d  b y  an a c t iv e  m ig r a t io n  

o f  m acrophages f ro m  th e  e x p la n t .  The l a t t e r  a r i s e  b o th  

th ro u g h  th e  t r a n s fo r m a t io n  o f  ly m p h o c y te s  and f r o m  th e  r e t i ­

c u la r  t i s s u e *  These c e l l s  a t  f i r s t  m ig ra te d  f o r t h  f ro m  th e  

e x p la n t  a t  a somewhat s lo w e r  r a t e  th a n  th e  p o ly m o rp h o n u c le a r  

le u c o c y te s .  They i n  t u r n  s u r ro u n d e d  a n y  c lu m p  o f  o rg a n is m s  

w i t h in  t h e i r  f i e l d  o f  m ig r a t io n  and a p p a r e n t ly  in g e s te d  th e  

dead le u c o c y te s  and  c e l l  d e b r is  as w e l l  as o rg a n is m s  w h ich  

th e y  e n c o u n te re d . T h ey  c o u ld  be seen  a c c u m u la te d  in  la r g e  

num bers a ro u n d  c lu m p s  o f  b a c t e r ia ,  and o f t t im e s  i t  was o b ­

s e rv e d  i n  th e  l i v e  c u l t u r e  t h a t  t h e i r  c y to p la s m s  fu s e d ,  

fo rm in g  a m u l t in u c le a te d  o r  g ia n t  c e l l .  T h is  phenomenon o f  

c e l l  f u s io n  w as seen m ore f r e q u e n t ly  i n  th e  f l u i d  c o v e r in g  

th e  c u l t u r e  o r  i n  a re a s  in  w h ic h  th e  s o l id  f i b r i n  c l o t  had 

been  d ig e s te d .  O f t t im e s  v e r y  la r g e  c e l l s  c o n ta in in g  30 o r  40 

n u c le i  w e re  seen c lo s e ly  a d h e r in g  to  th e  c o v e r g la s s  i n  such  

l i q u e f i e d  a re a s .  The l a t t e r  ty p e  o f  c e l l  was seen n o t  o n ly  

i n  th e  in o c u la te d  c u l t u r e s  b u t  a ls o  i n  th e  c o n t r o ls .

W h e reve r m acrophages e n c o u n te re d  a c lu m p  o f  b a c i l l i ,  th e y  

paused  to  p h a g o c y to s e  th e m , w o rk in g  th e m s e lv e s  i n t o  th e  c lum p 

and g r a d u a l ly  b re a k in g  i t  up and in g e s t in g  a l l  o f  th e  o rg a n is m s , 

p r o v id in g  th e  c lu m p  w ere n o t to o  la r g e  ( F ig s  11 and 1 6 ) .  

W h e reve r such  c lum ps w ere  e n c o u n te re d , th e  m acrophages seemed
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t o  lo s e  much o f  t h e i r  m o t i l i t y ,  r e t r a c t  t h e i r  many p se u d o p o d s , 

and becom e, f o r  th e  t im e  b e in g  a t  l e a s t ,  ro u n d , d a rk  c e l l s  

( F ig s  6 , 9 , 1 0 , and 1 1 ) • Many o f  th e s e  c lu m p s  upw ard  to  50 

o r  100 u# i n  d ia m e te r  may be  seen i n  a h e a v i ly  in o c u la te d  

c u l t u r e •

A t  th e  same t im e  th e  m acrophages were m ig r a t in g  f o r t h ,  

f i b r o b la s t s  s e n t  o u t  t h e i r  s p e a r - l ik e  p ro c e s s e s  in t o  th e  

s u r ro u n d in g  medium# These d id  n o t  m ig r a te ,  n o r  d id  th e y  b e ­

come is o la t e d  f ro m  th e  m a in  e x p la n t  b u t a lw a y s  g re w  o u t i n  a 

dense mass and seemed to  r e t a in  t h e i r  c o n n e c t io n  w i t h  t h e  

m a in  e x p la n t#  No s i g n i f i c a n t  r e a c t io n  on th e  p a r t  o f  th e  

f i b r o b la s t s  was o b s e rv e d  i n  th e  in o c u la te d  c u l tu r e s #  T h e ir  

g ro w th  seemed t o  be  som ewhat more p ro fu s e  i n  th e  c o n t r o ls #  

H o w eve r, i t  m ay be t h a t  th e r e  w as a s t im u la t i o n  o f  th e  g ro w th  

and m ig r a t io n  o f  m acrophages w h ich  made th e  f i b r o b l a s t i c  

g ro w th  seem le s s  b y  co m pa riso n #

D e s c r ip t io n  o f  F ix e d  C u ltu r e s

An e x a m in a t io n  o f  f i x e d ,  s e c t io n e d ,  and s ta in e d  c u l t u r e s  

d is c lo s e s  t h a t  th e  polymorphonuclear le u c o c y te  i s  th e  f i r s t  

c e l l  t o  m eet th e  o rg a n is m s #  In  c u l t u r e s  o f  a fe w  h o u rs  

g ro w th  i t  may be seen  t h a t  le u c o c y te s  i n  la rg e  num bers, among 

w h ic h  th e  p o lym o rp h  p re d o m in a te s ,  have s u r ro u n d e d  th e  c lu m p s  

o f  o rg a n is m s #  I t  i s  e v id e n t  t h a t  such c o n ta c t  so on  d e s t ro y s  

th e  p o ly m o rp h s  f o r  i t  i s  d i f f i c u l t  to  f i n d  any a round  th e  

c lu m p s  t h a t  a re  n o t  a l r e a d y  d is in t e g r a t e d  i n  f i v e  h o u r c u l ­

t u r e s  t O c c a s io n a l ly  i n t a c t  p o ly m o rp h s  a re  seen n e a r  t h e
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p e r ip h e r y  o f  su ch  g ro u p s , and som etim es  o rg a n is m s  a re  seen 

w i t h i n  t h e i r  c y to p la s m s .  I t  w o u ld  seem th a t  i t  i s  n o t  n e c e s ­

s a r y  f o r  th e  p o ly m o rp h  t o  e n g u l f  r o d s  t o  d e s t r o y  them * Some 

c lu m p s  a re  seen w here i t  i s  o b s e rv a b le  t h a t  th o s e  r o d s  n e a r  

th e  p e r ip h e r y  o f  th e  c lu m p  h a ve  l o s t  t h e i r  a c id - f a s t  s t a in in g  

q u a l i t y  w h i le  th o s e  i n  th e  c e n te r  s t i l l  r e t a i n  i t *  I t  i s  

b e l ie v e d  t h a t  such  d ig e s t io n  is  th e  r e s u l t  o f  l y t i c  fe rm e n ts  

r e le a s e d  b y  th e  d i s i n t e g r a t i n g  c e l l s *  H ow ever, when th e  

p o ly m o rp h o n u c le a r  le u c o c y te  e n c o u n te rs  i s o la t e d  o rg a n is m s  o r  

s m a ll  c lu m p s , th e  ro d s  a re  d ig e s te d  and may be seen  i n  c o n ­

s id e r a b le  num bers w i t h i n  an a p p a r e n t ly  i n t a c t  c e l l *  O c c a s io n ­

a l l y  a c id - f a s t  g ra n u le s  a re  a ls o  seen w i t h i n  such  is o la t e d  

c e l l s *

The p o ly m o rp h o n u c le a r  le u c o c y te s  i n  c o n ta c t  w i t h  o rg a n is m s  

soon d is in t e g r a t e *  Those a t  some d is ta n c e  f ro m  any la r g e  

c lum p r e t a i n  l i f e  som ewhat lo n g e r  b u t  soon lo s e  t h e i r  m o t i l i t y  

and w ith  i t  p r o b a b ly  t h e i r  p h a g o c y t ic  a c t i v i t i e s *  Lym ph o cy tes  

i n  s m a ll  num bers a re  seen s u r ro u n d in g  c lu m p s , and changes 

in d i c a t i n g  t h a t  th e y  become t ra n s fo rm e d  i n t o  m acrophages a re  

see n * Some a ls o  a re  d e g e n e ra te d *  M acrophages t h a t  a re  i n  

th e  t is s u e  as such  b e fo r e  t r a n s p la n t a t io n  a ls o  m ig ra te  f o r t h  

and e x h ib i t  an a f f i n i t y  f o r  Jo h n e #s b a c i l l i  s im i l a r  to  th e  

p o ly m o rp h *  They g e n e r a l ly  in g e s t  b a c i l l i  w h e re v e r th e y  a re  

e n c o u n te re d *

R e t ic u la r  c e l l s  a re  t ra n s fo rm e d  i n t o  m acrophages and 

b e g in  t o  m ig r a te  f o r t h  a f t e r  a b o u t 36 t o  48  h o u rs ;  ly m p h o ­

c y te s  w h ic h  have a lr e a d y  m ig ra te d  f ro m  th e  e x p la n t  a re  a ls o  

t ra n s fo rm e d  i n t o  m a cro p h a g e s* T h e y  in g e s t  th e  dead le u c o -
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c y te s  and c e l l  d e b r is  and o f t e n  c o n ta in  g ra n u le s  o f  p ig m e n t 

i n  t h e i r  c y to p la s m s *  They q u ic k ly  in g e s t  and r e p la c e  th e  

dead p o ly m o rp h s  a ro u n d  th e  c lu m p s  o f  b a c i l l i  ( F ig *  1 3 ) *  T h e ir  

c y to p la s m s  o f t e n  fu s e  w ith  th o s e  o f  a d ja c e n t  m acrophages and 

fo rm  a c o m p le te  e n c i r c l i n g  b a r r i e r  a ro u n d  ih e  c lu m p s* On th e  

in n e r  s u r fa c e  o f  th e  s p h e re  th u s  fo rm e d  t h e i r  c y to p la s m s  a re  

b le n d e d  in t o  th e  c o lo n y  so t h a t  i t  is  d i f f i c u l t  t o  d i s t i n ­

g u is h  b e tw e e n  th e  c e l l u l a r  c y to p la s m  and b a c t e r i a l  c lu m p *

These m acrophages  in g e s t  b a c i l l i  w i t h  g r e a t  v o r a c i t y  a s  do 

a ls o  s c a t te r e d  m acrophages as th e y  e n c o u n te r  i s o la t e d  b a c i l l i *  

The c e l l s  f o r c e  t h e i r  ws^y in t o  th e  c lum p u n t i l  th e  e n t i r e  

c o lo n y  i s  i n t r a c e l l u l a r ,  and th e  c y to p la s m s  o f  th e  c e l l s  meet 

and fu s e  i n  th e  i n t e r i o r  o f  th e  m ass, fo rm in g  a t y p i c a l  m u l t i ­

n u c le a te d  c e l l  w i th  a p e r ip h e r a l  d i s t r i b u t i o n  o f  n u c le i  

s im i la r  t o  t h a t  seen  i n  th e  b o v in e  d is e a s e *

The o rg a n is m s  a p p e a r b o th  i n  th e  c lum ps a nd  i n t r a c e l l u l a r l y  

as s in g le  r o d s  o r  a s  c h a in s  u p  to  12 u *  i n  le n g th *  A lth o u g h  

an o c c a s io n a l a c id - f a s t  g ra n u le  o r  c h a in  w ith  a beaded  

a p p e a ra n ce  i s  seen w i t h i n  th e  m acro phages as  w i t h i n  p o ly m o rp h s , 

i t  i s  d i f f i c u l t  t o  s a y  t h a t  th e r e  i s  p o s i t i v e  e v id e n c e  o f  

d ig e s t io n  o r  d e s t r u c t io n  o f  o rg a n ism s  w i t h i n  th e s e  c e l l s *  A 

co m p a ris o n  o f  c u l t u r e s  f i v e  days o ld  and t h i r t e e n  days o ld  

shows no f u r t h e r  e v id e n c e  o f  d ig e s t io n  i n  th e  o ld e r  c u l t u r e s ;  

on  th e  c o n t r a r y ,  o rg a n is m s  in  th e  l a t t e r  show a la r g e r  num ber 

o f  lo n g  c h a in s  and  d e e p e r s t a in in g  q u a l i t i e s *  So i t  i s  

b e l ie v e d  t h a t  th e  o rg a n is m s  s u f f e r  l i t t l e  harm  w i t h in  th e  

m acrophages b u t m u l t i p l y  w i t h i n  th e  c e l l  i n  many c a se s *  I t  

m ig h t be t h a t  th e  h e a v y  in o c u la t io n  has overcome th e  n a t u r a l
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r e s is t a n c e  o f  t l ie  c e l l s  i n  many in s ta n c e s *  I n  some o f  th e  

c u l t u r e s  w here  o rg a n is m s  w ere d i r e c t l y  a d ja c e n t  t o  th e  e x ­

p la n t ,  r a p id  m u l t i p l i c a t i o n  to o k  p la c e  a lm o s t im m e d ia te ly ,  

and i n  19 h o u r  c u l t u r e s  (T 7 0 ) th e y  may be  seen  g ro w in g  in t o  

th e  e x p la n t  so t h a t  dense  m asses a re  seen b e tw e e n  th e  s p le n ic  

c e l l s ,  w h ic h  e x h ib i t  o n ly  a f e e b le  r e a c t io n  on th e  p a r t  o f  

a d ja c e n t  m a cro p h a g e s* H ow ever, p o ly m o rp h s  a re  g a th e re d  a ro u n d  

th e  edge o f  t h e  e x p la n t  i n  t h i s  lo c a t io n *  They have e v id e n t ly  

been  a t t r a c t e d  f r o m  th e  s u r ro u n d in g  p la sm a * A g o o d ly  number 

o f  ly m p h o c y te s  a re  a ls o  seen i n  such lo c a t io n s ,  b u t th e y  

e x h ib i t  a b s o lu te ly  no p h a g o c y t ic  p o w e rs * Many o f  them  d e g e n ­

e r a te ,  and o th e r s  a re  a p p a r e n t ly  t ra n s fo rm e d  in t o  m acrophages 

and th e n  e x h ib i t  th e  same p h a g o c y t ic  a c t i v i t i e s  a s  th o s e  f r o m  

o th e r  s o u rc e s *

A t  no t im e  w as a y e l lo w  p ig m e n t s im i l a r  to  t h a t  d e s c r ib e d  

b y  Maximow (1 2 )  a s  a  r e s id u e  o f  th e  d ig e s t io n  o f  tu b e r c le  

b a c i l l i  se e n  w i t h i n  th e  m acrophages * P e rha p s  i f  th e  c u l t u r e s  

w ere a llo w e d  to  g row  f o r  a lo n g e r  p e r io d ,  s im i l a r  d ig e s t io n  

m ig h t ta k e  p la c e *

As p r e v io u s ly  m e n tio n e d , g ia n t  c e l l s  a re  com m only seen 

i n  th e  in o c u la te d  c u l t u r e s  and u n d e r c e r t a in  s ta te d  c o n d i t io n s  

i n  c o n t r o l  c u l t u r e s *  Many o f  th e s e  c e l l s  i n  th e  fo rm e r  con ­

t a i n  o rg a n is m s , b u t  such i s  n o t  a lw a ys  th e  c a s e . I n  in o c u ­

la t e d  c u l t u r e s  many g ia n t  c e l l s  c o n ta in in g  upw ard  to  18 o r  20 

n u c le i  a re  seen  w h ic h  c o n ta in  no a c id - f a s t  o rg a n is m s  o r  

m a t e r ia l *  N e i th e r  a re  th e y  i n  th e  v i c i n i t y  c t a  g ro u p  o f  

o rg a n is m s  o f  a p p r e c ia b le  s iz e *

F ib r o b la s t s  and e n d o t h e l ia l  c e l l s  grow  f o r t h  f r o m  th e
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o r i g i n a l  e x p la n t ,  and th e  l a t t e r  o f t e n  fo rm  new c a p i l l a r y  

s p r o u ts  o r  become t r a n s fo rm e d  in t o  c e l l s  a p p a r e n t ly  i d e n t i c a l  

w i t h  th e  f i b r o b l a s t s .  Ho s i g n i f i c a n t  a c t io n  on  t h e i r  p a r t  i s  

seen  i n  in o c u la te d  c u l t u r e s .  I n  some c u l t u r e s  b a c i l l i  up  to  

f i v e  o r  s i x  i n  num ber a re  o c c a s io n a l ly  seen  i n  th e  c y to p la s m  

o f  f i b r o b l a s t s ,  h o w e v e r, no p a r t i c u l a r  s ig n i f i c a n c e  i s  

a t ta c h e d  t o  t h i s  f i n d in g  f o r  i t  i s  o b s e rv e d  in  o n ly  a fe w  

c e l l s  a n d , t h e r e f o r e ,  i s  p r o b a b ly  a c c id e n t a l .

T h e re  f o l l o w s  a d e s c r ip t io n  o f a fe w  t y p i c a l ,  f i x e d  c u l ­

t u r e s  w h ic h  w e re  a l lo w e d  to  g ro w  f o r  v a r io u s  le n g th s  o f  t im e .

C u ltu r e  T 4 1 . In o c u la te d  a t  t im e  o f  t r a n s p la n t a t io n .

F ix e d  i n  m o d i f ie d  Z e n k e r 's  fo r m o l a f t e r  f i v e  and a h a l f  h o u rs  

g ro w th .  T h is  c u l t u r e  shows many p o ly m o rp h o n u c le a r  le u c o c y te s  

t h a t  h a ve  m ig ra te d  f ro m  th e  e x p la n te d  t i s s u e .  They show 

m arked  a f f i n i t y  f o r  the  c lum ps o f o rg a n ism s  i n  th e  s u r ro u n d in g  

m edium  and a re  c o l le c t e d  a ro u n d  such  c lu m p s  i n  la r g e  num bers 

w h e re v e r  th e y  a re  n e a r  th e  e x p la n t *  The p o ly m o rp h s  s u r ro u n d in g  

th e  c lum ps a re  in  v a r io u s  s ta g e s  o f  d i s i n t e g r a t i o n ,  w i t h  

fra g m e n te d  and p y k n o t ic  n u c le i *  They fo rm  a dense  e n c i r c l i n g  

mass a b o u t th e  c lu m p s , and an o c c a s io n a l c e l l  may be seen  to  

have p e n e t ra te d  to  i t s  v e ry  c e n te r *  An o c c a s io n a l p o ly m o rp h  

n e a r  th e  p e r ip h e r y  o f  th e  e n c i r c l i n g  c e l ls  seems to  be u n in ­

ju r e d ,  and a  fe w  o f  such  c e l l s  c o n ta in  p h a g o c y to s e d  o rg a n is m s  

and a c id - f a s t  g r a n u le s *  One la r g e  clum p o f  J o h n e 's  b a c i l l i  

s u rro u n d e d  b y  many p o ly m o rp h s  shows a  d i s t i n c t  p e r ip h e r a l  

r i n g  c o n ta in in g  no o b s e rv a b le  o rg a n is m s  and v e ry  l i t t l e  a c id -  

f a s t  m a t e r ia l  w h i le  th e  c e n te r  o f  th e  c lum p shows th e  u s u a l 

a c id - f a s t  r o d s *  I t  a p p e a rs  t h a t  th e  o rg a n ism s  i n  H i s  p e r i ­
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p h e r a l  aone lia v e  ‘been  ly z e d  b y  th e  fe rm e n ts  l i b e r a t e d  fro m  

tb e  d is in t e g r a t i n g  p o ly m o rp h s • O th e r  c lu m p s  i l l u s t r a t e  t h i s  

le s s  d i s t i n c t l y *  The same phenomenon i s  n o t seen in  c lum ps 

o f  o rg a n is m s  u n s u rro u n & e d  b y  le u c o c y te s *  The l y s i s  i s  m ost 

o b s e rv a b le  i n  c lu m p s  n e a r  th e  e x p la n t ,  a roun d  ■which th e  m o s t 

le u c o c y te s  have  c o l le c t e d *

L ym p h o cy te s  and  m o n o n u c le a rs  have a ls o  m ig ra te d  f ro m  th e  

e x p la n t  b u t  a t  a  som ewhat s lo w e r  r a t e  th a n  th e  p o ly m o rp h s *  

T hey  a re  o c c a s io n a l ly  seen among th e  c e l l s  c o l le c t e d  a b o u t 

th e  g ro u p s  o f  o rg a n is m s *  The ly m p h o c y te s  do n o t c o n ta in  

o rg a n is m s , b u t  th e  m o n o n u c le a rs  have  a c t i v e l y  p h a g o c y to s e d  

J o h n e 's  b a c i l l i *  T h e re  a re  s e v e ra l g ia n t  c e l l s ,  th e  n u c le i  

o f  w h ic h  re s e m b le  th o s e  o f  s m a l l  ly m p h o c y te s *  They c o n ta in  

no o rg a n is m s . The o r i g i n a l  e x p la n t  shows a  h y p e r t r o p h y  o f  

f i b r o b l a s t s  and an a c c u m u la t io n  o f  ly m p h o c y te s  a t  th e  edge*

No a c tu a l  g ro w th  o f  o rg a n is m s  i s  o b s e rv e d  i n  th e  c u l t u r e *

C u ltu r e  T70* In o c u la te d  a t  t im e  o f  t r a n s p la n t a t io n  and 

f i x e d  i n  m o d i f ie d  Z e n k e r 's  fo r m o l a f t e r  19 h o u rs  g ro w th *

T h is  c u l t u r e  d is p la y s  a t t r a c t i o n  o f  c e l l s  t o  th e  c lum ps o f  

J o h n e 's  b a c i l l i  s im i l a r  t o  t h a t  d e s c r ib e d  i n  T41* The p o ly ­

m orph i s  s t i l l  t h e  p re d o m in a t in g  c e l l  a round  such c lu m p s , b u t  

ly m p h o c y te s  and  a ls o  la r g e  m o n o n u c le a r c e l l s  w i t h  s m a l l ,  

d e n s e , e c c e n t r i c a l l y  lo c a te d  n u c le i  a re  seen in  s m a l le r  num­

b e rs *  C e l ls  o f  r e t i c u l a r  o r i g i n  a re  seen  a ro u n d  s e v e r a l  

g ro u p s  o f  o rg a n is m s  lo c a te d  a t  th e  v e r y  edge o f  1he e x p la n t ,  

f ro m  w h ic h  th e re  i s  a n  e x te n s io n  b y  g ro w th  in t o  th e  e x p la n t *  

The J o h n e 's  b a c i l l i  o f  th e s e  c lu m p s  have a p p a r e n t ly  e x c i t e d  

as y e t  v e r y  l i t t l e  r e a c t io n  on th e  p a c t  o f  th e  c e l l s  e x c e p t
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s l i g h t  p o ly m o rp h  and m o n o n u c le a r a t t r a c t i o n  a t  th e  b o rd e r  o f 

th e  c o lo n y  f a r t h e s t  f r o m  th e  e x p la n t *  O n ly  r a r e l y  ca n  o r ­

g a n ism s  be seen w i t h i n  th o s e  p o ly m o rp h s  t h a t  a re  c o l le c t e d  

a ro u n d  th e  la r g e r  c lu m p s  o f  o rg a n is m s *  I n  such lo c a t io n s  

ro d s  can  be  se en  m ore f r e q u e n t ly  w i t h i n  th e  r a t h e r  la r g e ,  

v e s ic u la r  m o n o n u c le a r c e l l s *  H ow ever, th o s e  i s o la t e d  p o ly ­

m orphs  t h a t  a p p e a r  th ro u g h o u t th e  m edium  can f r e q u e n t ly  be 

seen to  c o n ta in  J o h n e 's  b a c i l l i .  S l id e  13 shows many b e a u t i ­

f u l  e xa m p le s  o f  p h a g o c y to s is  b y  p o ly m o rp h s , and as many as 

f i v e  t o  se ve n  o rg a n is m s  a re  seen w i t h i n  one c e l l *  Many o f  

th e s e  c e l l s  show b u t  l i t t l e  e v id e n c e  o f  d e g e n e r a t io n *  O th e rs ,  

h o w e v e r, show a f r a g m e n ta t io n  o f  th e  n u c le u s  i n t o  f i v e  o r  s ix  

d i s t i n c t  d a r k - s t a in in g  c h ro m a t in  g r a n u le s *  The o rg a n ism s  i n  

th o s e  c lum ps a t  some d is ta n c e  f r o m  th e  e x p la n t ,  s u rro u n d e d  by  

le u c o c y te s ,  m a in ly  p o ly m o rp h s , d i f f e r  g r e a t l y  f r o m  th o s e  i n  

s e v e ra l c o lo n ie s  o c c u r r in g  a t  th e  v e r y  edge o f ,  and e x te n d in g  

i n t o  th e  e x p la n t ,  a ro u n d  w h ic h  a re  a fe w  m acrophages and a  

num ber o f  f i b r o b l a s t s  and ly m p h o c y te s *  The fo rm e r  c lum ps 

show o n ly  s c a t te r e d  a c id - f a s t  r o d s  o c c u r r in g  i n  s h o r t  le n g th s  

and beaded  c h a in s ,  and th e s e  m a in ly  i n  th e  c e n te r  w here  th e y  

a re  le s s  exp ose d  to  le u c o c y t ic  fe rm e n ts *  The ro d s  o f  th e  

l a t t e r  d e s c r ib e d  c o lo n ie s ,  h o w e v e r, o c c u r  i n  dense m asses 

n e a r  th e  p e r ip h e r y  o f  th e  e x p la n t  and ta k e  a deep a c id - f a s t  

s t a i n .  As th e y  e x te n d  in t o  th e  e x p la n t ,  th e y  become more 

s c a t t e r e d .  I n  s h o r t ,  i t  a p p e a rs  t h a t  th o se  a t  some d is ta n c e  

f ro m  th e  e x p la n t  a re  b e in g  r a p i d l y  ly z e d  b y  th e  s u r ro u n d in g  

le u c o c y te s  w h i le  th o s e  o c c u r r in g  n e a r th e  e x p la n t  f i n d  c o n d i­

t io n s  fa v o r a b le  f o r  g ro w th  and a r e  m u l t i p l y in g  u n ch e cke d  by
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c e l l u l a r  r e a c t io n s • An o c c a s io n a l m acrophage c o n ta in in g  b a c ­

t e r i a  i s  se e n * The maximum m ig r a t io n  ra n g e  f o r  t is s u e  c e l l s  

i n  t h i s  c u l t u r e  i s  a b o u t 1 l / 4  mm* An o c c a s io n a l m i t o t i c  

f i g u r e  i s  seen*

C u ltu r e s  T73 and T 7 6 . In o c u la te d  a t  t im e  o f  t r a n s p la n ­

t a t i o n  and f i x e d  i n  m o d i f ie d  Z e n k e r ’ s fo r m o l a f t e r  96 h o u rs  

g ro w th *  B o th  c u l t u r e s  d is p la y  many s c a t te r e d  m acrophages 

w h ic h  a re  p a cke d  w i t h  a c id - f a s t  o rg a n is m s  o c c u r r in g  i n  c h a in s  

up to  10 u *  i n  le n g th *  M ost o f  ih e s e  m acrophages a re  w e l l  

ro u n d e d  o f f ,  and th e  n u c le u s  I s  lo c a te d  a t  one s id e ,  a p p a r e n t ly  

crow ded  th e r e  b y  th e  la r g e  q u a n t i t y  o f  o rg a n ism s  w i t h i n  th e  

c y to p la s m *  The p e r ip h e r y  o f  th e  e x p la n t  w here  new c e l l s  a re  

j u s t  g ro w in g  o u t  seems to  be th e  s e le c te d  p la c e  o f g ro w th  f o r  

J o h n e ’ s b a c i l l i  and o f f e r s  t h e  b e s t  p ic t u r e  o f  th e  p a th o lo g y  

o f  J o h n e ’ s d is e a s e  i n  v i t r o *  A f t e r  a  c lo s e  e x a m in a t io n  o f  

th e  i n t r a c e l l u l a r  o ig a n is m s , i t  i s  d i f f i c u l t  t o  say t h a t  t h e r e  

i s  p o s i t i v e  e v id e n c e  o f  d e s t r u c t io n  o f  o rg a n is m s  w i t h i n  th e  

m acrophage and g ia n t  c e l l *  On t h e  c o n t r a r y ,  one g s ts  th e  

im p re s s io n  t h a t  th e y  a re  m u l t i p l y in g *  S c a t te r e d  p o ly m o rp h o ­

n u c le a r  le u c o c y te s  c o n ta in in g  r o d s  a r e  s t i l l  t o  be se e n * M ost 

o f  such  c e l l s  show d e g e n e ra t iv e  ch anges* The o rg a n is m s  in  

many o f  th e m  ta k e  a v e ry  f a i n t  s t a in ,  and  some a c id - f a s t  

g ra n u le s  ca n  be se e n * M o n o n u c le a rs  w i t h  s m a l l ,  dense n u c le i  

a ls o  c o n ta in  o rg a n is e s  o f  s im i l a r  a p p e a ra n ce * There a re  a few  

m i t o t i c  f i g u r e s .  P h a g o c y to s is  o f  p o ly m o rp h o n u c le a r  le u c o c y te s  

hy  m acrophages i s  w e l l  i l l u s t r a t e d  i n  s l id e  T73—8 ( F ig *  2 4 ) *  

C u l tu r e  T56* In o c u la te d  a t  t im e  o f  e x p la n ta t io n  and 

f i x e d  i n  m o d if ie d  Z e n k e r ’ s fo r m o l a f t e r  132 h o u rs  g ro w th *
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The m acrophages  i n  t h i s  c u l t u r e  have been  v e ry  a c t i v e .  They 

have  m ig ra te d  w id e ly  in t o  th e  m edium  and p h a g o c y to s e d  p r a c t i ­

c a l l y  a l l  o f  th e  Jo h n e ’ s b a c i l l i  w i t h i n  m ig r a t io n  r a n g e .

Many m u l t in u c le a r  c e l l s  c o n ta in in g  la rg e  num bers o f  b a c te r ia  

a re  se e n  ( F ig .  1 5 } •  The g r e a te s t  num ber o f  m u l t in u c le a te d  

c e l l s  o c c u r  e i t h e r  i n  th e  l i q u i d  o r  i n  th e  f i b r i n  a t  th e  p e r i ­

p h e ry  o f  an a re a  i n  w h ic h  th e  f i b r i n  has b e e n  l i q u e f i e d .

G ia n t  c e l l s  c o n ta in in g  no o rg a n is m s  a re  a ls o  p r e s e n t .  The 

s c a t te r e d  ly m p h o c y te s  re m a in in g  i n  th e  c e n te r  o f  th e  e x p la n te d  

t is s u e  a re  p r a c t i c a l l y  a l l  n e c r o t i c .  T h is  c u l t u r e  i l l u s t r a t e s  

w e l l  th e  g r e a t e r  te n d e n c y  f o r  f u s io n  o f  c e l l s  i n t o  g ia n t  c e l l s  

i n  th e  l i q u i d  p o r t io n s  o f  th e  m e d ia . The g ro w th  o f  f i b r o b la s t s  

i s  v e r y  s c a n t .

C u l tu r e  T 7 9 * In o c u la te d  a t  t im e  o f  t r a n s p la n t a t io n  and 

f i x e d  i n  m o d if ie d  Z e n k e r ’ s f o r m o l  a f t e r  12 days  g ro w th  (288  

h o u r s ) .  I n  many p la c e s  th ro u g h o u t th e  medium c o lo n ie s  o f 

Jo h n e ’ s b a c i l l i  up  t o  l / 2  mm. i n  d ia m e te r  a re  s e e n . H ods, 

q u i t e  t h i c k  and t a k in g  a dense  a c id - f a s t  s t a in ,  may be seen 

as c h a in s  up to  ab o u t 12 u .  i n  le n g t h .  T h is  i s  i n  m arked  

c o n t r a s t  to  a n o th e r  c u l t u r e  o f  th e  same age (T 7 7 ) ,  i n  w h ic h  

th e  o r i g i n a l  eXumps t h a t  w e re  in o c u la te d  in t o  th e  c u l t u r e  can 

be se e n , b u t  o n ly  a fe w  r o d s  s u r v iv e  o u t o f  th e  r a th e r  la r g e  

m ass . A t th e  b o rd e r s  o f  th e  e x p la n t  s e v e r a l  g ro u p s  o f  m a cro ­

phages and many s c a t te r e d  ones may be fo u n d  c o n ta in in g  r o d s ,  

w h ic h  l ik e w is e  fo r m  c h a in s  up t o  10 o r  12 u .  and ta k e  a dense 

s t a i n .  T h e re  a re  many m i t o t i c  f ig u r e s  i n  t h is  c u l t u r e ,  i n d i ­

c a t in g  a r a p id  m u l t i p l i c a t i o n  o f  c e l l s .
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D is c u s s io n

The re m a rk a b le  a f f i n i t y  o f  th e  p o ly m o rp h o n u c le a r  le u c o ­

c y te  f o r  J o h n e *s  b a c i l l i  i n  t is s u e  c u l t u r e s  i s  to  o u r know­

le d g e  a phenom enon p r e v io u s ly  u n re c o rd e d  b y  any o b s e rv e r#

S m ith  (1 4 )  s ta te s  t h a t  p o ly n u c le a r  c e l l  in v a s io n  i s  n o t ob ­

s e rv e d  i n  a ny  s ta g e  o f  the  d is e a s e *  I n  w o rk  p r e v io u s ly  done 

a t  t h i s  i n s t i t u t i o n  (1 5 )  i t  was o b se rve d  "that p o ly m o rp h s  w e re  

f r e q u e n t ly  a s s o c ia te d  w i t h  m acrophages c o n ta in in g  b a c i l l i ,  

p a r t i c u l a r l y  i n  th e  g la n d u la r  tu b u le s  o f  th e  i n t e s t i n a l  m ucosa, 

a l th o u g h  p h a g o c y to s is  o f  b a c i l l i  b y  p o lym o rp h s  was n e v e r  ob­

s e rv e d .  P h a g o c y to s is  i n  t i s s u e  c u l t u r e s  may be  e x p la in e d  in  

s e v e ra l w ays* I t  m u s t be rem em bered t h a t  th e  t is s u e  was f r o m  

th e  g u in e a  p ig ,  a r e s is t a n t  a n im a l i n  w h ic h  th e  d is e a s e  has  

n o t  been s tu d ie d  e x t e n s iv e ly ,  a n d , t h e r e f o r e ,  i t  may be 

a rg u e d  t h a t  1he same c o n d i t io n  m ig h t n o t  p r e v a i l  i n  th e  

b o v in e  o r  c u l t u r e s  o f  b o v in e  t i s s u e .  I t  i s  t ru e  t h a t  i n  

t is s u e  c u l t u r e s  th e  p o ly m o rp h o n u c le a r  c e l l s  m ig ra te d  in t o  th e  

p la s m a , s u rro u n d e d  th e  c lu m p s , and in g e s te d  o rg a n is m s  some 

t im e  b e fo r e  th e  m acrophage a r r iv e d  on th e  s c e n e , b u t ,  even  i n  

th o s e  c u l t u r e s  w here  o rg a n is m s  w e re  d i r e c t l y  a d ja c e n t to  th e  

e x p la n te d  t i s s u e ,  th e  m acrophages f a i l e d  to  r e a c t  t o  th e  p r e ­

sence o f  th e  o rg a n is m s  u n t i l  many h o u rs  a f t e r  th e  p o ly m o rp h o ­

n u c le a r  c e l l s  had  done s o *  The q u e s t io n  may be r a is e d  as to  

w h e th e r  o r  n o t  th e  p o ly m o rp h o n u c le a r  le u c o c y te  i s  c a p a b le  o f  

d e s t r o y in g  J o h n e 's  b a c i l l u s  o r  w h e th e r ,  on th e  c o n t r a r y ,  th e  

o rg a n is m s  do n o t soon  d e s t r o y  th e  c e l l s  and are  a g a in  l i b e r a t e d ,  

t o  be  e n g u lfe d  b y  m a cro p h a g e s . O b s e rv a t io n  o f  c e l l s  c o n -
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t a i n i n g  " b a c i l l i  d is c lo s e d  t h a t  many p o ly m o rp h s , p a r t i c u l a r l y  

th o s e  i s o la t e d  ones w h ic h  had e n c o u n te re d  and p h a g o e y to s e d  

s c a t te r e d  o rg a n is m s , a p p a re n t ly  d id  d ig e s t  them; i n  some i n ­

s ta n c e s  a t  l e a s t ,  f o r  o f t t im e s  o rg a n ism s  w ere seen w i t h in  

th e s e  le u c o c y te s  th a t  s ta in e d  v e r y  f a i n t l y • O th e rs  showed a 

beaded  a p p e a ra n ce  and a c id - f a s t  g ra n u le s  w ere  f a i r l y  common*

On th e  o th e r  h a n d , w here  p o ly m o rp h s  had  s u r ro u n d e d  la r g e r  

c lum ps o f  o rg a n is m s , i t  was d i f f i c u l t  t o  f i n d  o rg a n is m s  w i t h i n  

c e l l s *  T h is ,  I  b e l ie v e ,  was due to  th e  f a c t  t h a t  th e  c o n ce n ­

t r a t i o n  o f  t o x in s  a b o u t s u c h  c lu m p s  o f  o rg a n is m s  was so g re a t  

t h a t  th e  c e l l  c o u ld  n o t  lo n g  r e s i s t  them  and soon d ie d  and 

d is in t e g r a t e d  b e fo r e  i t  had a n  o p p o r tu n i t y  to  p h a g o c y to s e  

ro d s *  T h is  i s  s u b s ta n t ia te d  b y  th e  i n j u r y  and d e a th  o f  the  

c e l l s  accom pan ied  b y  th e  h y d ro p ic  changes seen i n  p r e v io u s ly  

d e s c r ib e d  l i v i n g  c u l t u r e s *  H ow ever, w here  le u c o c y te s  w ere 

seen g a th e re d  a b o u t c lum ps i n  la r g e  num bers , i t  was o b s e rv e d  

t h a t  th o s e  o rg a n is m s  n e a r th e  p e r ip h e r y  o f  t h e  c lum p and 

n e a re s t  to  t h e  le u c o c y te s  h a d  a p p a re n t ly  b een  ly z e d  b y  th e  

fe rm e n ts  l ib e r a t e d  f ro m  t h e  d i s in t e g r a t i n g  c e l l s *  The r e s u l t  

was a r a t h e r  s h a rp ly  l im i t e d  p e r ip h e r a l  zone c o n ta in in g  no 

s ta in e d  o rg a n is m s  and a  c e n t r a l  zone w here  o rg a n is m s  had n o t  

y e t  been (d e s tro y e d  b u t  showed i n j u r y  as e v id e n c e d  b y  beaded 

a p p e a ra n ce  and p re s e n c e  o f  some a c id - f a s t  g ra n u le s *  T h is  i s  

w e l l  i l l u s t r a t e d  b y  th e  cam era  lu c id a  d ra w in g  ( F ig *  23) and 

le s s  d i s t i n c t l y  by th e  p h o to m ic ro g ra p h  ( F ig *  2 2 ) .

A lth o u g h  ca re  s h o u ld  be used  in  d ra w in g  p a r a l le l i s m s  

b e tw e e n  th e  r e a c t io n  o f  c e l l s  a s  s e e n  i n  c u l t u r e s  o f  g u in e a  

p ig  t is s u e  and t h e  d is e a s e  a s  i t  e x is t s  i n  th e  b o v in e ,  i t
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does  n o t  seem u n re a s o n a b le  to  assume t h a t  th e  p o ly m o rp h o n u c le a r  

c e l l s  o f  th e  b o v in e ,  i n  th e  e a r l y  s ta g e s  o f  th e  d is e a s e  a t  

l e a s t ,  p o s s e s s  i d e n t i c a l  pow er to  ly z e  th e  o rg a n is m s *  I f  t h i s  

be th e  c a s e , why th e n  do n o t the  p o lym o rp h s  d e s t r o y  th e  

b a c i l l i  and p r e v e n t  th e  ad va nce  o f  th e  in f e c t io n ?

F o r an a n sw e r t o  t h i s  q u e s t io n  we s h o u ld  t u r n  o u r  a t t e n ­

t i o n  t o  th e  m acrophage o r  e p i t h e l i o i d  e e l l *  Maximow and 

o th e r s  have  shown t h a t  i n  t u b e r c u lo s is  th e s e  c e l l s  a ro s e  f ro m  

ly m p h o c y te s  and m o no cy te s  on  th e  f i e l d  o f  in f la m m a t io n  and 

a ls o  f ro m  th e  r e t i c u l a r  c e l ls #  When th e y  came in  c o n ta c t  

w i t h  t u b e r c le  b a c i l l i ,  th e y  im m e d ia te ly  in g e s te d  th e  o rg a n is m s *  

D i f f u s i b l e  t o x in s  a ls o  a f f e c te d  t h e i r  p r o g e n i t o r s ,  c a u s in g  a 

t r a n s fo r m a t io n  in t o  e p i t h e l i o i d  © e l l s *  P r a c t i c a l l y  i d e n t i c a l  

c o n d i t io n s  p r e v a i le d  i n  t i s s u e  c u l t u r e s  in o c u la te d  w i ih  

J o h n e 's  b a c i l l i *  H o w eve r, i n  c u l t u r e s  u p  to  two weeks o ld  i t  

was n o t  p o s s ib le  to  say t h a t  th e  o rg a n is m s  w ere  d ig e s te d  

w i t h i n  th e  m acrophages  w h ile  i n  M axim ow*s c u l t u r e s ,  c o n ta in in g  

t u b e r c le  b a c i l l i ,  d ig e s t io n  w as w e l l  adva n ced  i n  e ig h t  days*- 

No r e s id u a l  y e l lo w  p ig m e n t s i m i l a r  to  t h a t  r e s u l t i n g  f ro m  

d ig e s t io n  o f  t u b e r c le  b a c i l l i  w as se e n * As s ta te d  b e fo r e ,  

th e  o rg a n is m s  seemed to  f in d  th e  c y to p la s m  o f  th e  m acrophages 

fa v o r a b le  to  t h e i r  c o n t in u e d  g ro w th  and i n  some c u l t u r e s  

a p p a r e n t ly  m u l t i p l i e d  f r e e l y *  S in c e , h o w e v e r, th e  d is e a s e  

c a n n o t be  p ro d u c e d  i n  th e  g u in e a  p ig ,  i t  i s  re a s o n a b le  to  

assume t h a t  i t  i s  th e  p o ly m o rp h o n u c le a r  le u c o c y te  and i t s  

fe rm e n ts  t h a t  p la y  an im p o r ta n t  p a r t  i n  th e  d e s t r u c t io n  o f 

th e  o rg a n is m *  I n  t is s u e  c u l t u r e s  th e  number o f  such le u c o ­

c y te s  i s  b e l ie v e d  to  be l im i t e d  to  th o s e  t h a t  a re  i n  th e
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t is s u e  a t  th e  t im e  o f  t r a n s p la n t a t io n ,  a n d , s in c e  th e y  a re  

s h o r t  l i v e d ,  i t  ca n  he seen th a t  th e  s u p p ly  i s  soon e x h a u s te d , 

and t h e i r  e f f e c t  upon th e  o rg a n is m s  i s  t r a n s i t o r y *

T h e o b a ld  S m ith  (1 4 )  i n  a c o m p a r is o n  o f  b o v in e  tu b e r c u ­

l o s i s  w i t h  p a r a tu b e r c u lo s is  s ta te s  t h a t  th e  e v id e n c e  p o in t s  

to  th e  absence o f  a n y  d i f f u s i b l e  t o x i n ,  and th e  d is e a s e  p r o ­

g re s s e s  b y  c o n ta c t  o f  b a c i l l i ,  w h ic h  h a ve  esca p e d  fro m  in f e c t e d  

c e l l s ,  w i t h  f r e s h  t is s u e  c e l l s *  N e ith e r  c e l l  n e c ro s is  n o r  

f i b r o s i s  s im i l a r  t o  t h a t  o f  t u b e r c u lo s is  i s  s e e n , and i t  has 

been  s u g g e s te d  (1 7 )  t h a t  th e  r e s u l t i n g  se v e re  c l i n i c a l  d i s ­

tu rb a n c e  i s  th e  r e s u l t  o f  in t e r f e r e n c e  w ith  a b s o r p t io n  f ro m  

th e  i n t e s t i n e  by th e  h y p e r p la s t ic  t is s u e  o r  to  causes unknow n 

( 1 5 ) *  A p p a r e n t ly  th e r e  i s  no  t o x in  ca p a b le  o f  k i l l i n g  th e  

m acrophages p ro d u c e d  e i t h e r  b y  t h e  e x t r a c e l l u l a r  o r  i n t r a ­

c e l l u l a r  g ro w th  o f  th e  o rg a n is m s *  H ow eve r, in  v i t r o  i t  i s  

e v id e n t  t h a t  some d i f f u s i b l e  s u b s ta n c e  ca p a b le  o f  a t t r a c t i n g  

le u c o c y te s  and o f  g r e a t l y  dam ag ing  c e r t a in  c e l l s  in  th e  

v i c i n i t y  o f  th e  c o lo n ie s  d i f f u s e d  f o r t h  fro m  d ie  la r g e r  

b un ch es  o f  b a c i l l i *  I t  i s  d i f f i c u l t  t o  a c c o u n t f o r  th e  

s t r o n g  p o s i t i v e  c h e m o ta x is  e x e r te d  on th e  p o ly m o rp h s  and th e  

d e a th  o f  th e s e  c e l ls  i n  th e  v i c i n i t y  o f  th e  c o lo n ie s  on  a n y  

o th e r  b a s is *  I t  h a s  a ls o  been o b s e rv e d  (1 4 )  i n  th e  b o v in e  

t h a t ,  tfT h e re  i s  an  e x te n s iv e  p h a g o c y to s is  o f  r e d  c e l l s  i n  th e  

s p le e n  and a g r a d u a l  c o n v e rs io n  o f  d ie  in c lu s io n s  in t o  p ig ­

m e n t*  E v id e n t ly  th e  r e d  c e l l s  a re  damaged w h ile  c i r c u l a t i n g  

i n  th e  c a p i l l a r i e s  o f  th e  i n t e s t i n a l  v i l l i * w T h is  a ls o  p o in t s  

to  th e  p r o d u c t io n  o f  a  t o x i c  s u b s ta n c e *

S m ith  (1 4 )  s t a t e s  t h a t  i n  h is  e x p e r ie n c e  a l l  e p i t h e l i o i d
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c e l l s  c o n ta in e d  b a c i l l i *  H a llm a n  and W i t t e r  ( 1 5 ) ,  h o w e v e r, 

fo u n d  some e a r l y  ca se s  i n  w h ic h ,  a lth o u g h  an abundance  o f  

e p i t h e l i o i d  and g ia n t  c e l l s  was fo u n d ,  th e  m a jo r i t y  o f  them 

c o n ta in e d  no a c id - f a s t  o rg a n is m s *  Many g ia n t  c e l l s  and , o f  

c o u rs e ,  m acrophages w ere fo u n d  i n  in o c u la te d  c u l t u r e s  w h ic h  

c o n ta in e d  no o rg a n is m s .

I t  was o b s e rv e d  t h a t  g ia n t  c e l l  f o m a t i o n  to o k  p la c e  i n  

many ca se s  w here  m acrophages  s u rro u n d e d  and in g e s te d  o rg a n is m s  

as th e  r e s u l t  o f  the  f u s io n  o f  c y to p la s m  o f  a d ja c e n t  m a c ro ­

p hages  ( F ig s  11 and 1 8 ) *  As p r e v io u s ly  s ta te d  t h i s  phenomenon 

ta k e s  p la c e  w i t h  m ore f re q u e n c y  i n  l i q u i d  m e d ia  w here  th e  

c e l l s  a re  d e p r iv e d  o f  a n y  s u p p o r t in g  fra m e w o rk  o f  f i b r i n *

T h is  may be due t o  th e  f a c t  t h a t  i n  such  m edium  th e  m acrophage 

becomes a  ro u n d e d  c e l l ,  r e t r a c t i n g  i t s  many p se u d o po d s , 

a ssu m ing  a  n o n - m o t i le  s t a t e ,  and p o s s ib ly  a t  th e  same t im e  

lo s in g  i t s  u n d u la t in g  membrane ( 1 9 ) ,  Tidiieh i s  p ro b a b ly  an 

e f f e c t i v e  o b s ta c le  to  c e l l  f u s io n .  There  may a ls o  be a n  

a cco m pa n y in g  change  i n  s u r fa c e  te n s io n .  Some o b s e rv e rs  have  

advanced  th e  t h e o r y  t h a t  c e l l  f u s io n  i s  th e  m a n i fe s ta t io n  o f  

a m i ld  c e l l  i n j u r y  r e s u l t i n g  i n  a f u s io n  o f  c y to p la s m  f o r  

m u tu a l p r o t e c t io n *  O th e rs  b e l ie v e  th a t  th e  p ro c e s s  o f  g ia n t  

c e l l  f o r m a t io n  i s  e s s e n t ia l l y  one o f  in c o m p le te  d i v i s i o n .  I n  

th e  c u l t u r e s  h e r e in  d e s c r ib e d  a p p a r e n t ly  i n  m ost in s ta n c e s  

m u l t in u c le a te d  c e l l s  w ere th e  r e s u l t  o f  c e l l  f u s io n  f o r  t h i s  

p ro c e s s  c o u ld  be o b s e rv e d  i n  th e  l i v i n g  c u l t u r e s .  H ow eve r, 

i n  some f i x e d  c u l t u r e s ,  eve n  a f t e r  as l i t t l e  as 24 h o u rs  

g ro w th ,  m u l t in u c le a te d  c e l l s  o f  a p e c u l ia r  ty p e  c o n ta in in g  as 

many as e ig h t  n u c le i  w ere s e e n . I n  s e v e r a l  in s ta n c e s  a  d is —
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t i n e t  L in k  o r  f i la m e n t  c o n n e c t in g  tw o n u c le i  was seen i n  

th e s e  c e l l s *  T h is  m ig h t be in t e r p r e t e d  as n u c le i  i n  th e  a c t  

o f  a m i t o t i c  d i v i s i o n *  These c e l l s  a re  p r a c t i c a l l y  i d e n t i c a l  

w i t h  some o b s e rv e d  b y  Maximow in  th e  tu b e rc u lo u s  p ro c e s s  i n  

v i t r o *  I n  l i q u e f i e d  p o r t io n s  o f  c u l t u r e s  la r g e  n u l t in u c le a t e d  

c e l l s  w i t h  as m any as 40 n u c le i ,  c o n ta in in g  b a c i l l i  and e n ­

g u l f e d  b lo o d  p ig m e n t,  w ere seen  c lo s e ly  a d h e re n t t o  th e  c o v e r -  

s l i p *  Such c e l l s  a re  n o t  s p e c i f i c ,  h o w e v e r, h a v in g  been  

o b s e rv e d  u n d e r s im i l a r  c o n d i t io n s  i n  u n in o c u la te d  c u l t u r e s *  

L a m b e rt (1 8 )  and o th e rs  o b s e rv e d  th e  same ty p e  o f  c e l l  i n  

t is s u e  c u l t u r e s  o f  s p le e n *

D e t a i le d  e x a m in a t io n  c o n v in c e s  u s  t h a t  m u l t i p l i c a t i o n  o f  

J o h n e 's  b a c i l l i  t o o k  p la c e  w i t h i n  th e  c u l t u r e s *  C u ltu r e s  o f  

tw o weeks g ro w th  show i n  a lm o s t e v e ry  case  many d e e p - s ta in in g  

ro d s  b o th  i n t r a -  and e x t r a c e l l u l a r *  M ost o f  th e s e  o c c u r  a t  

th e  b o rd e r  o f  th e  e x p la n te d  t is s u e  among and  w i t h i n  th e  new 

g ro w th  o f  c e l l s *  The m anner i n  w h ic h  th e  o rg a n is m s  p e n e t ra te d  

i n t o  th e  e x p la n t  i n  19 h o u r  c u l t u r e s  a ls o  d e m o n s tra te s  g ro w th *  

D ense m asses o f  th e  o rg a n is m s  a re  seen b e tw e e n  th e  c e l l s ,  and 

many s c a t te r e d  o rg a n ism s  a re  o b s e rv e d  a roun d  th e  p e r ip h e r y  o f 

su ch  m asses* The o rg a n is m s  a p p e a r as  r o d s  as s h o r t  as 0 *5  u *  

i n  le n g th  o r  a s  a p p a r e n t ly  u n b ro ke n  c h a in s  as  lo n g  a s  10 t o  

12  u *  L o n g e r ,  u n b ro ke n  c h a in s  a re  n o t o b s e rv e d *  A c o m p a r i­

son o f  t h r i f t y  in o c u la te d  c u l t u r e s  w i th  th o s e  i n  w h ich  g ro w th  

o f  th e  e x p la n te d  t i s s u e  was s c a n ty ,  because o f  undue e x p o s u re  

d u r in g  m a n ip u la t io n  o r  l i q u e f a c t i o n  o f  th e  p la sm a  m edium  due 

to  a c c u m u la t io n  o f  m e ta b o l i t e s ,  shows t h a t  the  c o lo n ie s  o f 

Jo h n e f s b a c i l l i  i n  th e  l a t t e r  d id  n o t in c re a s e  in  s iz e  o r  in
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num ber o f  b a c t e r ia *  I n  such  c u l t u r e s  a f t e r  te n  days i n  v i t r o ,  

o n ly  a fe w  ro d s  r e t a in e d  t h e i r  p r o p e r t y  o f  a c id - f a s t  s t a in in g  

o u t  o f  r e l a t i v e l y  la r g e  c lu m p s  in o c u la te d  in t o  th e  c u l t u r e #  

T h is  w o u ld  in d ic a t e  t h a t  g ro w th  o f  J o h n e f s b a c i l l i  depends 

upon  th e  a c t i v e  g ro w th  o f  c e l l s  w i t h i n  th e  c u l t u r e  i n  the  

im m e d ia te  n e ig h b o rh o o d  o f  th e  o rg a n is m s *  E x t r a c e l l u la r  g ro w th  

i s  n o t p ro m in e n t  i n  c u l t u r e s  o ld e r  th a n  e i g i t  to  te n  days 

b e c a u s e , when c o lo n ie s  o f  o rg a n is m s  o c c u r re d  i n  lo c a t io n s  

fa v o r a b le  to  g ro w th ,  i * e * ,  th e  zone o f  new c e l l s  a ro u n d  the  

e x p la n t ,  th e y  w e re  soon s u rro u n d e d  and  in g e s te d  b y  m a cro p h a g e s .

N o th in g  was o b s e rv e d  i n  a n y  in o c u la te d  c u l t u r e s  t o  i n d i ­

c a te  t h a t  e p i t h e l i o i d  c e l l s  and th e  o r d in a r y  m acrophages a re  

s e p a ra te  and d i s t i n c t  c e l l s *  They d i f f e r  o n ly  in  c e r t a in  

a d a p ta t io n s  and a h y p e r t r o p h y  b r o u g h t  a b o u t b y  in g e s t io n  o f  

o rg a n is m s  o r  a c h e m ic a l s t im u la t io n  due t o  th e  p re s e n c e  o f  

d i f f u s i b l e  s u b s ta n c e s  i n  th e  in o c u la te d  c u l tu r e s #  Many m a cro ­

p ha g es  c o n ta in in g  e n g u lfe d  b a c i l l i  ca n n o t be  d i f f e r e n t i a t e d  

i n  fo rm  o r  s t a in in g  c h a r a c t e r i s t i c s  f ro m  l i k e  c e l l s  co n ­

t a in in g  no Jo h n e f s b a c i l l i  o r  f r o m  th o s e  i n  u n in o c u la te d  c u l ­

tu re s #  Those w i t h  and w ith o u t  b a c i l l i  a p p a r e n t ly  a re  s ta in e d  

s u p ra  v i t a l l y  b y  n e u t r a l  r e d  w ith  e q u a l f a c i l i t y *  The m u l t i -  

n u c le a te d  c e l l s  a re  s ta in e d  a ls o  s u p ra  v i t a l l y  t o  a b o u t th e  

same d e g re e *

The s u g g e s t io n  t h a t  th e  e x tre m e  e m a c ia t io n  o f  Johne *s 

d is e a s e  i s  d u e  t o  a  s im p le  m e c h a n ic a l in t e r f e r e n c e  w i t h  a b ­

s o r p t io n  h a s  n o t r e c e iv e d  w id e  s u p p o r t*  H ow eve r, th e  a p p a re n t 

absence  o f  p o s i t i v e  e v id e n c e  o f  a n y  d e g e n e ra t iv e  changes has  

le d  many to  d is b e l ie v e  i n  th e  fo r m a t io n  o f  a t o x in  b y  th e
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o rg a n is m *  A m o s t im p re s s iv e  o b s e r v a t io n  i s  th e  f a c t  t h a t  

m acrophages and  g ia n t  c e l l s  i n  v i t r o ,  c o n ta in in g  g r e a t  quan­

t i t i e s  o f  J o h n e r s b a c i l l i ,  show: a b s o lu te ly  n o  e v id e n c e  o f  

i n j u r y  e x c e p t p o s s ib ly  a te m p o ra ry  lo s s  o f  m o t i l i t y *  N e ith e r  

i s  th e re  a n y  e v id e n c e  o f  i n j u r y  t o ,  o r  d ig e s t io n  o f  the  c o n ­

ta in e d  ro d s *  H e re , th e n ,  i s  w ha t a p p e a rs  t o  be an  e x c e l le n t  

exam p le  o f  s y m b io s is ,  th e  o rg a n is m  l i v i n g  and m u l t i p l y in g  

w i t h i n  th e  c e l l ,  w h ic h  seems to  have a d a p te d  i t s e l f  p e r f e c t l y  

to  th e  p re s e n c e  o f  th e  in v a d e r ,  and p o s s ib ly  s e n d in g  f o r t h  

d i f f u s i b l e  t o x in s  w h ich  a re  i n j u r i o u s  to  o th e r  c e l l s ,  th e  m ost 

s u s c e p t ib le  o f  w h ic h  a re  c e r t a in  b lo o d  le u c o c y te s  and e r y t h r o ­

c y te s *  These o b s e rv a t io n s  i n  th e  c u l t u r e s  g row n i n  v i t r o  a re  

i n  p e r f e c t  ha rm ony w i t h  th e  p a th o lo g y  as seen i n  the  b o v in e  

d is e a s e *  I t  i s  b e l ie v e d  t h a t  p o ly m o rp h o n u c le a r  le u c o c y te s  a re  

a t t r a c t e d  to  th e  s i t e  o f  i n f e c t i o n  and a re  soon  d e s tro y e d  b y  

th e  t o x in s  com ing f ro m  th e  i n t r a c e l l u l a r  o rg a n is m s *  T hey  d is ­

in t e g r a t e  and. e v id e n t ly  l i b e r a t e  fe rm e n ts  h ig h ly  l y t i c  f o r  th e  

in v a d in g  o rg a n is m s *  H o w e ve r, a p p a re n t ly  th e s e  l y t i c  fe rm e n ts  

se ld o m , i f  e v e r ,  r e a c h  th e  o rg a n is m s . T h e re fo re ,  i t  w o u ld  

seem t h a t  th e y  a re  p r o te c te d  b y  th e  c y to p la s m  o f  t h e i r  h o s t ,  

th e  m acrophage o r  g ia n t  c e l l *  I t  i s  p o s s ib le  t h a t  e r y t h r o ­

c y te s  c i r c u l a t i n g  th ro u g h  th e  c a p i l l a r i e s  o f  the  i n t e s t i n a l  

m ucosa and m e s e n te r ic  lym ph g la n d s  e n c o u n te r  th e se  same t o x in s  

and a re  g r a v e ly  in ju r e d  b y  th e m , so much so t h a t  the  i r  u s e ­

fu ln e s s  i s  im p a ire d  a n d  th e y  a re  c o n s e q u e n t ly  e n g u lfe d  b y  th e  

p h a g o c y to s in g  c e l l s  o f  the s p le e n  when th e y  re a c h  t h a t  o rg a n *  

S in c e  a b s o r p t io n  i n  t h e  i n t e s t i n a l  t r a c t  i s  i n  a l l  p r o ­

b a b i l i t y  a v i t a l  p ro c e s s  c a r r ie d  on by c e l l s  o f  th e  i n t e s ­
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t i n a l  e p i t h e l iu m ,  i t  may b e  t h a t  t h i s  f u n c t io n  i s  l ik e w is e  

i n t e r f e r e d  w i t h  b y  th e  same t o x in *  I f  th e  above h y p o th e s is  

i s  c o r r e c t ,  t h i s ,  to g e th e r  w i th  th e  i n j u r y  to  b lo o d  le u c o ­

c y te s  and e r y th r o c y te s ,  w o u ld  s e rv e  to  e x p la in  th e  e x tre m e  

e m a c ia t io n  o b s e rv e d  in  many b o v in e  c a s e s . T h is  h y p o th e s is  

assumes th e  a b i l i t y  o f  th e  t o x in  to  d i f f u s e  f o r t h  f ro m  th e  

m acrophage and th e  i n a b i l i t y  o f  th e  l y t i c  fe rm e n ts  to  p e n e - 

t r a t e  in t o  th e  same c e l l ,  a n o t  u n re a s o n a b le  c o n c lu s io n  i n  

v ie w  o f  th e  f a c t  th a t  u n in ju r e d  c e l l s  w i t h in  th e  body a re  a b le  

to  p r o t e c t  th e m s e lv e s  fro m  h e t e r o l y t i c  fe rm e n ts  l ib e r a t e d  fro m  

o th e r  c e l l s  o f  th e  o rg a n is m .

S in c e  J o h n e *s  b a c i l l i  were a p p a re n t ly  a b le  to  m u l t i p l y  

w i t h i n  th e  m acrophages o f  g u in e a  p ig  t is s u e  i n  v i t r o ,  we may 

c o n c lu d e  t h a t  th e  r e s is ta n c e  o f  th e  g u in e a  p ig  m ust depend 

upon some s y s te m ic ,  u n d e te rm in e d  f a c t o r  n o t  o p e ra b le  i n  th e  

c u l t u r e s  g ro w n  i n  v i t r o  o r ,  as s ta te d  b e fo r e ,  t o  a more 

e f f i c i e n t  p h a g o c y to s is  on th e  p a r t  o f  th e  p o ly m o rp h o n u c le a r  

le u c o c y te *
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Summary

1 *  M y c o b a c te r iu m  p a ra tu b e r c u lo s  is  was in o c u la te d  in t o  c u l ­

t u r e s  i n  v i t r o  o f  g u in e a  p ig  s p le e n *  H ie  o rg a n is m s  s u r ­

v iv e d  and a p p a r e n t ly  g re w  b o th  i n t r a c e l l u l a r l y  and e x t r a -  

c e l l u l a r l y  i n  su ch  c u l t u r e s *

2 * E v id e n c e  i s  p re s e n te d  w h ic h  in d ic a t e s  t h a t  th e  p o ly m o r­

p h o n u c le a r  le u c o c y te  i s  c a p a b le  o f  p h a g o c y to s in g  a n d  d i ­

g e s t in g  th e  o rg a n is m  i n t r a c e l l u l a r l y  and t h a t  fe rm e n ts  

l i b e r a t e d  b y  th e  d i s in t e g r a t i n g  p o ly m o rp h o n u c le a r  le u c o ­

c y te s  a p p a r e n t ly  ly z e  n e a rb y  J o h n e f s b a c i l l i *

3 .  A d i f f u s i b l e  s u b s ta n c e , s t r o n g ly  c h e m o ta x ic  f o r  and t o x i c  

to  p o ly m o rp h o n u c le a r  le u c o c y te s ,  was l i b e r a t e d  b y  th e  

J o h n e 's  b a c i l l u s *

4 *  M acrophages and g ia n t  c e l l s  e n g u lfe d  th e  o rg a n is m s  w h e re v e r 

th e y  e n c o u n te re d  th e m  b u t  a p p a r e n t ly  had l i t t l e  power o f  

l y z in g  th e  e n g u lfe d  ro d s *  On th e  c o n t r a r y ,  th e  J o h n e 's  

b a c i l l i  seemed to  f i n d  th e  c y to p la s m  o f  such c e l l s  a 

fa v o r a b le  m edium  o f  g ro w th *

5* I n  th e  c u l t u r e s  h e r e in  d e s c r ib e d  g ia n t  c e l l  f o r m a t io n  to o k  

p la c e  b y  c e l l  f u s io n  a n d , in  some fe w  in s ta n c e s ,  a p p a r e n t ly  

b y  n u c le a r  d i v i s i o n *  Such c e l l  f u s io n  to o k  p la c e  w ith  

g r e a te r  f re q u e n c y  i n  l i q u i d  medium *
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F ig *  1 * (a b o v e ) T is s u e  c u l t u r e  o f  5 days g ro w th , in o c u la te d

w i t h  J o h n e 's  b a c i l l i  a t  t im e  o f  t r a n s p la n t a t io n *  ( x l6 )

F ig *  2 .  (b e lo w )  A 5 day u n in o c u la te d  t i s s u e  c u l t u r e  sho w ing  

p r o fu s e  g ro w th  o f  f i b r o b la s t s *  ( x l6 0 )
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F ig .

F ig .

%r
X

m

• (a b o v e ) I l l u s t r a t i n g  a g ro u p  o f  m acrophages (a )  mo­

b i l i z e d  a ro u n d  a c lum p o f  Jo h n e f s b a c i l l i ,  a ls o  (b )  

s c a t te r e d  m a c ro p h a g e s . ( x l6 0 )

• (b e lo w ) G ia n t  c e l l  fo r m a t io n  (a )  i n  an in o c u la te d  

t is s u e  c u l t u r e .  ( x l6 0 )
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F ig *  5 .  (a b o v e ) G ia n t  c e l l  f o r m a t io n  (a )  i n  an in o c u la te d  

t is s u e  c u l t u r e *  (x 2 3 0 )

F ig *  6* (b e lo w )  C lu m p in g  o f  m acrophages a ro u n d  o rg a n is m s

( a ) ,  th e  f i r s t  s te p  i n  th e  fo r m a t io n  o f  g ia n t  c e l l s *  

Compare th e s e  c lum ped c e l l s  w i t h  th e  s c a t te r e d  

m acrophage s (b ) .  ( x l6 0 )
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F ig *  7 * (a b o v e ) M acrophages  ( e p i t h e l i o i d  c e l l s )  w i t h  lo n g  

pseu d opo d s  in  an  in o c u la te d  c u l t u r e *  (x 2 3 0 )

F ig .  8 .  (b e lo w )  E p i t h e l i o i d  and g ia n t  c e l l s  w h ic h  ha ve

a t ta c h e d  th e m s e lv e s  t o  s u r fa c e  o f  c o v e r s l ip  o f  th e  

c u l t u r e *  (x 2 3 0 )
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F ig *  9 * (a b o v e ) M o b i l i z a t io n  o f  m acrophages a ro u n d  g ro u p s  

o f  o rg a n is m s  a t  p e r ip h e r y  o f  e x p la n t  i n  in o c u la te d  

c u l t u r e  ( a ) *  ( x l6 0 )

F ig *  10 * (b e lo w )  A t  ( a )  m acrophages a re  m o b i l iz in g  a ro u n d

c lum p s  o f  o rg a n is m s  a t  p e r ip h e r y  o f  e x p la n t ,  i l l u s ­

t r a t i n g  th e  a t t r a c t i o n  o f  m acrophages t o  th e  o rg a n ism s#  

(x 2 3 0 )
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F ig .  1 1 .  (a b o v e ) H ig h  pow er v ie w  o f  th e  m o b i l i z a t io n  o f  

m a cro p h a g e s  a ro u n d  a c o lo n y  o f  o rg a n is m s . G ia n t  

c e l l s  may r e s u l t  f ro m  th e  f u s io n  o f  such m o b i l iz e d  

c e l l s .  (x43Q )

F ig .  1 2 . (b e lo w )  P a r a f f i n  s e c t io n  o f  t is s u e  c u l t u r e .  M a c ro ­

phages  (a )  c o n ta in in g  o rg a n is m s . One o f  them  ( a * )  

i s  i n  a c t  o f  m i t o s is .  A c id - f a s t  s t a in ,  h e m a to x y lin  

c o u n t e r s t a in .  (x 9 3 0 )
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F ig .  1 3 . (a b o v e ) P a r a f f i n  s e c t io n  o f  t is s u e  c u l t u r e  a f t e r  6 

d a ys  g ro w th  i n  v i t r o .  P h a g o c y to s is  o f  d e g e n e ra te d  

p o ly m o rp h o n u c le a r  c e l l s  b y  a m a c ro p h a g e . A c id - f a s t  

s t a i n ,  h e m a to x y l in  c o u n te r s t a in .  (x 9 3 0 )

F ig .  1 4 . (b e lo w )  P a r a f f i n  s e c t io n  o f  t is s u e  c u l t u r e .  A

g ia n t  c e l l  c o n ta in in g  la r g e  m asses o f  p r o l i f e r a t i n g  

J o h n e #s b a c i l l i .  A c id - f a s t  s t a in ,  h e m a to x y lin  

c o u n t e r s t a in .  (x 9 3 0 )
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F ig .  1 5 *  (a b o v e ) P a r a f f i n  s e c t io n  o f  t is s u e  c u l t u r e *  A
g ia n t  c e l l  a t  t h e  edge o f  a l i q u e f i e d  a re a  o f  the
f i b r i n  c l o t *  I t  c o n ta in s  a fe w  a c id - f a s t  ro d s  w h ic h
do n o t  show i n  th e  p h o to m ic ro g ra p h *  A c id - f a s t  s t a in ,  
h e m a to x y l in  c o u n t e r s t a in .  (x 9 3 0 )

F ig *  1 6 . (b e lo w )  P a r a f f i n  s e c t io n  o f  t is s u e  c u l t u r e .  M o b i­
l i z a t i o n  o f  m acrophages (a )  a ro u n d  a c lum p o f  
b a c i l l i  a t  p e r ip h e r y  o f  e x p la n t .  T h e  c y to p la s m s  o f  
th e  c e l l s  b le n d  w i t h  th e  mass o f  o rg a n is m s , and c e l l  
f u s io n  o f t e n  ta k e s  p la c e  t o  fo rm  g ia n t  c e l l s .  A c id -  
f a s t  s t a in ,  h e m a to x y lin  c o u n t e r s t a in .  (x 9 3 0 )
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F ig *  17# (a b o v e )  P a r a f f i n  s e c t io n  o f  t is s u e  c u l t u r e *  M acro ­
ph ag e s  i n  a c t  o f  p h a g o c y to s in g  J o h n e 's  b a c i l l i .
N o te  b a c i l l i  w i t h i n  c y to p la s m  o f  m acrophages (m) ;  
f i b r o b l a s t s  ( f ) *  A c id - f a s t  s t a in ,  h e m a to x y lin  
c o u n t e r s t a in .  (x 9 3 0 )

F ig *  1 8 . (b e lo w )  P a r a f f i n  s e c t io n  o f  t is s u e  e u l t u r e *  Phago­
c y t o s is  o f  b a c i l l i  b y  m acrophages ( a ) .  C y to p la sm s  
o f  some o f  th e  m acrophages have  fu s e d ,  fo rm in g  a 
g ia n t  c e l l  ( b ) .  F ib r o b la s t s  ( f ) *  A c id - f a s t  s t a in ,  
h e m a to x y l in  e o u n te r s ta in *  (x 9 3 0 )
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F ig *  1 9 . (a b o v e ) P a r a f f i n  s e c t io n  o f  t is s u e  c u l t u r e .  C e l l  

g ro w th  i n  new t is s u e  zone a ro u n d  e x p la n t .  F ib r o ­
b la s t s  ( f ) ;  m i t o t i c  f i g u r e  ( a ) ;  and m acrophages 
(m) c o n ta in in g  b a c i l l i .  A c id - f a s t  s t a in ,  hema­
t o x y l i n  c o u n te r  s t a i n • ( x 9 3 0 )

F ig .  2 0 . (b e lo w )  P a r a f f i n  s e c t io n  o f  t i s s u e  c u l t u r e .
F ib r o b la s t s  ( f )  i n  zone o f  new t is s u e  a t  p e r ip h e r y  
o f  e x p la n t .  F ib ro b L a s ts  ( f f ) w i t h  J o h n e f s b a c i l l i  
w i t h i n  c y to p la s m . H e m a to x y lin  s t a in ,  h e m a to x y lin  
c o u n t e r s t a in .  (x 9 3 0 )
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F ig .  E l .  (a b o v e ) P a r a f f i n  s e c t io n  o f  a 5 l / 2  h o u r  t i s s u e  
c u l t u r e ,  i l l u s t r a t i n g  a c lum p o f  J o h n e 's  b a c i l l i  
s u r ro u n d e d  by  p o ly m o rp h o n u c le a r  le u c o c y te s .  A c id -  
f a s t  s t a in ,  h e m a to x y l in  c o u n te r s ta in .  (x 9 3 0 )

F ig .  2 2 .  (b e lo w )  P a r a f f i n  s e c t io n  o f  a 19 h o u r  t is s u e  c u l ­
t u r e ,  i l l u s t r a t i n g  a c lum p o f  J o h n e 's  b a c i l l i  s u r ­
ro u n d e d  by  p o ly m o rp h o n u c le a r  le u c o c y te s .  B a c i l l i  
a t  edge o f  c lum p have been  ly z e d  b y  fe rm e n ts  
l i b e r a t e d  b y  d i s in t e g r a t i n g  p o ly m o rp h s . A c id - f a s t  
s t a in ,  h e m a to x y l in  c o u n t e r s t a in .  (x 6 2 0 )
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F ig #  23# (a b o v e ) Camera lu c id a  d ra w in g  o f  F ig #  2 2 , sh ow in g  
p e r ip h e r a l  a re a  i n  w h ic h  o rg a n is m s  have been ly z e d #  
(app# xlOOO)

F ig #  24# (b e lo w ) Camera lu c id a  d ra w in g  o f  a p a r a f f i n  se c ­
t i o n ,  i l l u s t r a t i n g  p h a g o c y to s is  o f  Jo h n e *s  b a c i l l i  
b y  p o ly m o rp h o n u c le a r  le u c o c y te s .
(a )  P o ly m o rp h o n u c le a r  le u c o c y te  c o n ta in in g  J o h n e 's  

b a c i l l i •
(b )  E x t r a c e l l u l a r  J o h n e r s b a c i l l i .
( c )  I n t r a c e l l u l a r  o rg a n is m s .
(d )  D is in t e g r a t in g  p o ly m o rp h o n u c le a rs  s u rro u n d e d  by  

a fe w  J o h n e fs  b a c i l l i .
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I t  i s  w i t h  g r e a t  p le a s u re  t h a t  I  e x p re s s  my 

deep a p p r e c ia t io n  o f  1iLe re a d y  a s s is ta n c e  and k in d  

e n co u ra g e m e n t o f  D r*  E* T* H a llm a n  i n  t h i s  w o rk *  

C r e d i t  i s  a ls o  due to  D r*  E* G-* H a s t in g s ,  o f  The 

U n iv e r s i t y  o f  W is c o n s in ,  D r*  W* A* H agen, o f  C o r n e l l  
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b a c i l l u s ;  a ls o  t o  M r* F * N* B a r r e t ,  D e p a rtm e n t o f  

P o u l t r y  H u sb a n d ry  o f  t h i s  i n s t i t u t i o n ,  f o r  a id  in  

in c u b a t io n  o f  eggs*


