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ROLE OF MACROPHAGES IN IMMUNITY AND 

PATHOGENESIS OF EXPERIMENTAL CRYPTOCOCCOSIS 

INDUCED BY THE AIRBORNE ROUTE

CHAPTER I  

INTRODUCTION

C r y p to c o c c o s i s  i s  a  s y s te m ic  m y c o t ic  i n f e c t i o n  c a u se d  b y  t h e  

y e a s t - l i k e  f u n g u s ,  C ry p to c o c c u s  n e o fo r m a n s . The o rg an ism  h a s  b e e n  

found  i n  s o i l s  c o n ta m in a te d  w i t h  b i r d  and  a n im a l  e x c re m e n t  w h ich  s u p p o r t  

t h e  g row th  o f  C. n e o fo rm a n s . The o rg a n is m  r e p r o d u c e s  when c l i m a t i c  c o n 

d i t i o n s  a r e  s a t i s f a c t o r y ,  fo l lo w e d  b y  r e l e a s e  and d i s s e m i n a t i o n  o f  

i n f e c t i o u s  a e r o s o l s  w h ich  g a i n  e n t r a n c e  i n t o  t h e  r e s p i r a t o r y  t r a c t  

th ro u g h  i n h a l a t i o n  (2j ) .  Ĉ . n eo fo rm ans  p r o d u c e s  a p o l y s a c c h a r i d e  c a p 

s u l e  and  may c a u s e  s u b a c u te  o r  c h r o n i c  i n f e c t i o n  i n  humans and a n i m a l s .  

C r y p to c o c c o s i s  f r e q u e n t l y  i n v o lv e s  t h e  lu n g s  w i t h  o c c a s i o n a l  d i s s e m i n a 

t i o n  t o  t h e  b r a i n ,  m e n in g e s ,  k i d n e y s ,  s k i n  and  b o n e s .  D i s s e m i n a t io n  

o c c u rs  a l t h o u g h  r e s i s t a n c e  f a c t o r s  t o  g row th  o f  C ry p to co c c u s  h a v e  b een  

d e s c r i b e d  i n  human serum , s a l i v a ,  and  c e r e b r o s p i n a l  f l u i d  ( 2 6 ) .

P a th o g e n e s is  o f  C ryptococcu s neoform ans has been  e lu c id a t e d  by  

s tu d ie s  conducted  in  e x p er im en ta l an im als through th e  u se  o f  v a r io u s  

r o u te s  o f  i n f e c t io n .  Kong and L evin e (28 )  found th a t  LD^g fo r
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Ç . neofo rm ans  i n  i n o c u l a t e d  m ice  i n c r e a s e d  i n  t h e  f o l l o w in g  o r d e r :  i n t r a -

c e r e b r a l l y ,  i n t r a v e n o u s l y ,  and  i n t r a p e r i t o n e a l l y . P a p p a g ia n i s  ( 4 9 ) ,  

h o w e v e r ,  d e m o n s t ra te d  t h a t  t h e  p r e v i o u s  t h r e e  r o u t e s  o f  i n f e c t i o n  a l lo w e d  

r a p i d  d i s s e m i n a t i o n  o f  C. n eo fo rm ans  t o  t h e  i n t e r n a l  o r g a n s .  When t h e  

lu n g s  w ere  t h e  p o r t a l  o f  e n t r y ,  p r im a ry  pulm onary  d i s e a s e  was i n i t i a t e d  

and  d i s s e m i n a t i o n  t o  i n t e r n a l  o rg a n s  was d e la y e d .  I n t r a n a s a l  i n s t i l l a t i o n  

t e c h n i q u e ,  a l s o ,  h a s  b e e n  u s e d  t o  in d u c e  c r y p t o c o c c o s i s .  The inocu lum  i n  

t h i s  t e c h n iq u e  m ust b e  a d m i n i s t e r e d  i n  a  f l u i d  s u s p e n s io n  d i r e c t l y  i n t o  

t h e  n o s t r i l s  o f  a n e s t h e t i z e d  a n im a ls  ( 5 4 ) .  Extrem e c a r e  m ust be  f o l lo w e d  

i n  i n t r a n a s a l  i n s t i l l a t i o n  i n v e s t i g a t i o n s  t o  p r e v e n t  a n im a ls  from  c o n 

t r a c t i n g  f l u i d  pneumonia n o t  d i r e c t l y  a t t r i b u t a b l e  t o  t h e  y e a s t - l i k e  f u n 

g u s ;  and  t o  p r e v e n t  c o n ta m in a t io n  o f  t h e  e n v iro n m en t  by a e r o s o l s  g e n e r a t e d  

by in d u c e d  s n e e z in g  o f  i n o c u l a t e d  a n im a l s .  R i t t e r  and L a r s h  i n t r o d u c e d  

two d ro p s  o f  inocu lum  c o n t a i n i n g  10,000 v i a b l e  y e a s t  c e l l s  i n t o  one 

n o s t r i l  o f  m ale  w h i t e  m ice  ( 5 4 ) .  A f t e r  t h i s  i n t r a n a s a l  i n s t i l l a t i o n  o f  

t h e  ino cu lu m , 50% o f  m ice  d i e d  w i t h i n  a 12 week p e r i o d .  The f i r s t  m or

t a l i t y ,  m ac ro sc o p ic  l e s i o n s ,  and  d i s s e m i n a t i o n  o c c u r r e d  d u r in g  t h e  f o u r t h  

week a f t e r  e x p o s u re .  T hese  r e s u l t s  s u p p o r te d  t h e  t h e o r y  t h a t  t h e  r e s p i r 

a t o r y  t r a c t  was p r o b a b ly  t h e  n a t u r a l  p o r t a l  o f  e n t r y  o f  £ .  neo form ans  

i n t o  t h e  h o s t .

Sm ith  e t  a l .  (59 )  h a v e  o b s e rv e d  t h a t  m ice  i n f e c t e d  by  t h e  a e r o s o l  

r o u t e  w ere  p o s i t i v e  t o  c r y p t o c o c c i  i n  a l l  o rg an s  c u l t u r e d .  The d i s e a s e  

was p r o g r e s s i v e  and a n a lo g o u s  t o  t h a t  o f  t h e  d i s e a s e  p r o g r e s s i o n  i n  human 

c r y p t o c o c c o s i s .  L a r s h  (29 )  p ro v ed  t h a t  in b re d  m ice (BALE c / j )  w e re  s u s 

c e p t i b l e  t o  C ry p to c o c c u s  n e o fo rm ans  184 by th e  a i r b o r n e  r o u t e  o f
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i n o c u l a t i o n .  E x p é r im e n ta l  r e s u l t s  o b t a i n e d  i n  t h i s  s tu d y  i n d i c a t e d  t h a t  

C. neo fo rm ans  was i s o l a t e d  m ost f r e q u e n t l y  from  th e  l u n g s ,  fo l lo w e d  by 

t h e  l i v e r ,  s p l e e n ,  b r a i n  and  h e a r t .  A l l  t i s s u e s  w ere  n e g a t i v e  from  

a n im a ls  s a c r i f i c e d  a t  2 4 ,  4 8 ,  72 h o u r s  and a t  1 and  2 w e e k s ,  w i t h  t h e  

e x c e p t i o n  t h a t  i n  t h e  l a t t e r  p e r i o d s ,  67% o f  t h e  lu n g s  w ere  i n f e c t e d  w i t h  

£ .  n e o fo r m a n s .

S t u d i e s  by  M ackaness ( 3 3 ) ,  E lb e r g  (18 )  and M i t s u h a s h i  (4 1 )  h a v e  

d e m o n s t r a te d  t h a t  c e l l u l a r  f a c t o r s  p l a y  t h e  d e c i s i v e  r o l e  i n  a c q u i r e d  r e 

s i s t a n c e  t o  f a c u l t a t i v e  i n t r a c e l l u l a r  b a c t e r i a l  i n f e c t i o n s  su c h  as 

t u b e r c u l o s i s ,  b r u c e l l o s i s ,  l i s t e r i o s i s  and  s a l m o n e l l o s i s .  A p p r o p r i a t e  

s t i m u l a t i o n  o f  t h e s e  h o s t  f a c t o r s  b y  a g i v e n  i n t r a c e l l u l a r  b a c t e r i u m  a l s o  

p r o t e c t e d  e x p e r i m e n t a l  an im a ls  a g a i n s t  s u b s e q u e n t  c h a l l e n g e  w i t h  d i f f e r e n t  

s t r a i n s  o f  hom ologous o rg an ism  ( 11) ,  a s  w e l l  a s  a g a i n s t  c h a l l e n g e  w i t h  

u n r e l a t e d  i n t r a c e l l u l a r  b a c t e r i a l  s p e c i e s  ( 1 7 ) .  G e n t ry ,  R em in g to n ,  and  

R u s k in  ( 2 0 ,  53 ,  55 , 56) p ro v ed  t h a t  c r o s s - p r o t e c t i o n  among i n t r a c e l l u l a r  

o rg a n is m s  e x te n d s  beyond p h y l o g e n e t i c  l i n e s  t o  i n c l u d e  n o t  o n ly  b a c t e r i a ,  

b u t  a  number o f  d i v e r s e  i n t r a c e l l u l a r  o rg a n is m  s u c h  a s  p r o t o z o a ,  v i r u s e s ,  

and  f u n g i .

The d e f e n s e  mechanism o f  man i n  s y s te m ic  m y c o t ic  i n f e c t i o n s  h a s  

n o t  b e e n  w e l l  d e f i n e d .  A n t i b o d i e s ,  a r i s i n g  d u r in g  th e  c o u r s e  o f  t h e  

d i s e a s e ,  h av e  h i g h  d i a g n o s t i c  and  p r o g n o s t i c  v a l u e s ,  b u t  t h e i r  p r o t e c 

t i v e  r o l e  h a s  n o t  b een  d e m o n s t ra te d  ( 2 8 ) .  Many s t u d i e s ,  h o w e v e r ,  h a v e  

i n d i c a t e d  t h a t  c e l l  m e d ia te d  immune r e s p o n s e s  p l a y  a m ajo r  r o l e  i n  r e 

s i s t a n c e  a g a i n s t  t h e  m yco tic  i n f e c t i o n s .  C h i l g r e n  e t  a l .  (9 )  h a s  

d e s c r i b e d  p a t i e n t s  w i t h  c h r o n i c  m ucocu taneous  c a n d i d i a s i s  due  t o
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Im pairm ent o f  lym phocy te  f u n c t i o n  a s s o c i a t e d  w i t h  c e l l  m e d ia te d  im m unity . 

Miya and  M arcus, 1961, (42 )  r e p o r t e d  t h a t  p r i o r  v a c c i n a t i o n  o f  m ice w i th

H. c a p su la tu m  i n c r e a s e d  th e  f u n g i c i d a l  c a p a c i t y  o f  m a c ro p h a g e s .  I n  o t h e r  

s t u d i e s ,  Howard e t  a l . ,  1971, (25 )  have  shown t h a t  thymus d e p e n d e n t  

lym phocytes  m e d ia te  m acrophage s u p p r e s s io n  o f  i n t r a c e l l u l a r  g ro w th  o f  

t h e  o rg an ism  v i t r o . Adamson and Cozad (1) o b s e rv e d  t h a t  g u in e a  p ig s  

t r e a t e d  w i th  a n t i - l y m p h o c y t e  se rum  were more s u s c e p t i b l e  t o  d eve lopm en t 

o f  f a t a l  i n f e c t i o n  w i th  H. c a p s u l a tu m . C o c c i d io i d a l  a r t h r o s p o r e s  and 

s p h e r u l e s  w ere found  i n  lu n g  m acrophages d u r in g  th e  f i r s t  two days  a f t e r  

i n f e c t i o n  o f  n o n v a c c in a te d  and  v a c c i n a t e d  m ice w i t h  C o c c i d io i d e s  i m m i t i s . 

S u b s e q u e n t ly ,  th e  numbers o f  i n g e s t e d  and e x t r a c e l l u l a r  o rg a n ism s  d e 

c l i n e d  more r a p i d l y  i n  t h e  v a c c i n a t e d  th a n  i n  t h e  c o n t r o l  a n i m a l s ,  b u t  

a c t u a l  i n t r a c e l l u l a r  k i l l i n g  o f  s p h e r u l e s  by p h a g o c y te s  was n o t  a s c e r 

t a i n e d  (2 7 ) .  S p e n c e r  and Cozad r e p o r t e d  t h a t  m ice w i t h  d e la y e d  h y p e r 

s e n s i t i v i t y  t o  B la s to m y ce s  d e r m a t i t i d i s  w ere p r o t e c t e d  from  a l e t h a l

i . p .  c h a l l e n g e  w i t h  v i a b l e  y e a s t  c e l l s  o f  th e  o rg a n is m  ( 6 0 ) .  M i t c h e l l  

and F riedm an ( 4 0 ) ,  Bulmer and Sans ( 5 ) ,  have  o b s e rv e d  t h a t  C ry p to co c c u s  

neoform ans c e l l s  w i t h  s m a l l  c a p s u l e s  were more e a s i l y  p h a g o c y t i z e d  th a n  

th o s e  w i th  l a r g e  c a p s u l e s .  Adamson and Cozad (1 )  a l s o  p ro v e d  t h a t  t r e a t 

m ent o f  m ice w i t h  a n t i - l y m p h o c y t e  serum c a u s e s  an  i n c r e a s e d  f a t a l i t y  i n  

m ice i n f e c t e d  w i t h  th e  o r g a n i s m ,  and in  t h e s e  a n im a ls  more t h a n  150 t im es  

a s  many p a r a s i t e s  w ere  p r e s e n t  i n  t h e  s p l e e n .  Diamond and  B e n n e t t ,  1973, 

(14 )  found d e c r e a s e d  lym phocy te  t r a n s f o r m a t i o n  i n  p a t i e n t s  w i t h  d is s e m 

i n a t e d  c r y p t o c o c c o s i s .
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M etch n ik o ff (39)  su g g e s te d  th a t  th e  m acrophage was th e  h o s t ' s  

main d e fe n se  a g a in s t  p a r t ic u la t e  fo r e ig n  m a tter  and many c h r o n ic  i n f e c 

t i o n s .  O ther s t u d ie s  have dem onstrated  th a t  th e  macrophage resp onds to  

c e r t a in  in f e c t io n s  w ith  an a d a p tiv e  in c r e a s e  in  i t s  d e fe n s iv e  c a p a c i t i e s  

(3 7 ,  4 8 ) .  M ackaness has shown th a t  th e  enhancem ent o f  macrophage a n t i 

m ic r o b ia l f u n c t io n  during in f e c t io n  has an im m unologic b a s is  (34 )  w hich  

in v o lv e s  th e  s e n s i t i v e  lym phocyte ( 3 5 ) .  The mechanism o f  in t e r a c t io n  

betw een m acrophage and lym phocyte during  th e  e x p r e s s io n  o f  c e l l u l a r  

immunity has n o t been  w e l l  d e f in e d . H owever, th e  a n t ig e n  a c t iv a t e d  

thym us-dependent lym phocyte has been shown to  be th e  im m u n o log ica lly  

s p e c i f i c  c e l l  w hich produces a number o f  s o lu b le  m ed ia tors c a l l e d  lympho- 

k in e s  (4 6 ,  4 7 ) .  These lym phokines in c lu d e  macrophage a c t iv a t in g  fa c to r  

w hich may ind u ce th e  a c t iv a t io n  o f  th e  macrophage w hich le a d s  to  th e  d eg 

ra d a tio n  o f  in t r a c e l lu la r  p a r a s it e s  due to  in c r e a se d  s y n th e s is  o f  l y s o 

som al enzymes (1 9 ,  4 6 ,  4 7 ) .  Mackaness d e sc r ib e d  th e  c h a r a c t e r i s t ic s  o f  

th e  " a c t iv a te d  macrophages" o b ta in ed  from an im als during  a c e r t a in  s ta g e  

o f  in f e c t io n  a s  in c r e a se d  sp rea d in g  on g la s s  s u r f a c e s ,  more h e a v i ly  en 

dowed w ith  m itoch on d ria  and ly so so m e s, as w e l l  a s d is p la y in g  h ig h e r  phago

c y t i c  and m ic r o b ic id a l  a c t i v i t i e s  than norm al m acrophages ( 3 6 ) .  The 

e x a c t  rea so n s  fo r  t h is  d i f f e r e n c e  betw een c e l l s  o f  normal and in fe c t e d  

anim als have n o t been  c l e a r ly  docum ented, n e v e r t h e le s s ,  e v id e n c e  does 

su p p ort th e  assum p tion  th a t  th e  d i f f e r e n c e  does n o t l i e  in  s p e c i f i c  

a n t ib a c t e r ia l  a n t ib o d ie s  ( 4 ) .

As c e l l u l a r  imm unity d e c r e a s e s  w i t h  t i m e ,  i t  c a n  be r e c a l l e d  i n  

a n  a c c e l e r a t e d  manner o n ly  by  r e p e a t e d  p r e s e n t a t i o n  o f  th e  o r i g i n a l  a n t i 

g e n ic  s t i m u l u s  ( 3 4 ) .  The c a p a c i t y  t o  d e v e lo p  a c t i v a t e d  m acrophages  c a n
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be tr a n s fe r r e d  w ith  s e n s i t i z e d  lym phocytes ( 3 5 ) ,  and a n ti- ly m p h o c y te  

serum w i l l  p r e v e n t such  t r a n s fe r  ( 3 8 ) .  When s p le e n  lym phocytes from  

B C G -resis ta n t m ice w ere t r a n s fe r r e d  in t o  normal m ic e , th e  an im als  

d ev e lo p ed  r e s i s t a n c e  to  BCG but n o t  t o  L i s t e r ia  m on ocytogen es. Thus, 

th e  tr a n s fe r r e d  r e s i s t a n c e  appears to  be s p e c i f i c .  However, i f  a sm a ll 

number o f  BCG organism s w ere p r e s e n t  w ith  th e  lym phocytes tr a n s fe r r e d  

to  norm al m ic e , th e  an im als became r e s i s t a n t  to  su b seq u en t c h a lle n g e  

w ith  L. m o n o cy to g en es. T h is s u g g e s ts  t h a t  th e  lym phocytes must be 

s t im u la te d  w ith  th e  s p e c i f i c  organism  b e fo r e  n o n - s p e c if ic  m a n ife s ta t io n s  

can b e  ob serv ed  ( 3 5 ) .

The i n c r e a s e d  m o r b i d i t y  and  m o r t a l i t y  due t o  i n f e c t i o n  w i t h  

C. n e o fo rm an s  among im m u n o lo g ic a l ly  com prom ised  p a t i e n t s  w ere  w e l l  docu

m ented  ( 8 , 4 5 ) .  A l s o ,  i t  was o b s e rv e d  t h a t  a m p h o t e r i c in  B and 5 - 

f l u o r o c y t o s i n e  f a i l  t o  c u r e  p a t i e n t s  w i t h  c r y p t o c o c c a l  i n f e c t i o n s  

d e s p i t e  t h e  p r e s e n c e  o f  s e n s i t i v e  o rg a n is m s  and  r e l a t i v e l y  h i g h  l e v e l s  

o f  d ru g  i n  b lo o d  and  c e r e b r a l - s p i n a l  f l u i d  ( 6 3 ) .  T h e r e f o r e ,  d i s s e m in a 

t i o n  o f  t h e  o rg a n is m  and d e a th  o f  im m u n o lo g ic a l ly  d i f f i c i e n t  p a t i e n t s  

o c c u r r e d  d e s p i t e  a d m i n i s t r a t i o n  o f  t h e r a p e u t i c  m ea su res  w h ich  p ro v e  

a d e q u a te  i n  s i m i l a r  p a t i e n t s .  T h is  i n e f f e c t i v e n e s s  o f  d ru g  t h e r a p y  may 

be  du e  t o  a  f a i l u r e  o f  h o s t  d e f e n s e  m echanism  a g a i n s t  C ry p to co c c u s  

n e o f o r m a n s .

I t  h a s  b e e n  s u g g e s t e d  t h a t  s u s c e p t i b i l i t y  t o  c r y p t o c o c c a l  i n f e c 

t i o n s  was a s s o c i a t e d  w i t h  im p a i r e d  im m unologic  d e f e n s e s ,  p a r t i c u l a r l y  

o f  t h e  c e l l - m e d i a t e d  ty p e  (38)  . A bout 50% o f  p a t i e n t s  w i t h  c r y p t o c o c 

c o s i s  h a v e  u n d e r l y i n g  i l l n e s s ,  s u c h  a s  m a l ig n a n c y  o r  d i s o r d e r s  r e q u i r 

in g  c h e m o th e ra p y  w hich  im p a ir s  c e l l - m e d i a t e d  immune f u n c t i o n s  (3 0 ,  6 1 ) .
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Y e t , l i t t l e  i s  known ab ou t th e  lym ph ocyte-m ed iated  immune r e sp o n ses  to  

C ryptococcu s neoform ans. T h is  p a u c ity  o f  know ledge has been  engendered  

in  p a r t  by th e  need o f  fu n g a l a n t ig e n s  s u i t a b le  fo r  t e s t i n g  c e l l -  

m ed iated  immune fu n c t io n s .

The s t r o n g  a s s o c i a t i o n  o f  c r y p t o c o c c o s i s  w i t h  u n d e r l y i n g  d i s 

o r d e r s  o f  c e l l - m e d i a t e d  im m unity  h a s  p rom oted  e f f o r t s  t o  i d e n t i f y  

c e l l u l a r  immune r e a c t i o n s  t o  c r y p t o c o c c i  ( 2 ) .  I n i t i a l  w ork  w i th  p r o 

t e i n  c o n t a i n i n g  e x t r a c t  o f  c r y p t o c o c c i  p roduced  p o s i t i v e  s k i n  t e s t  

r e a c t i o n s  i n  o v e r  o n e - h a l f  o f  p a t i e n t s  w i t h  c r y p t o c o c c o s i s .  The d i a g 

n o s t i c  v a lu e  o f  t h i s  e x t r a c t  was l i m i t e d  by  e x t e n s i v e  c r o s s - r e a c t i o n  i n  

p a t i e n t s  w i t h  h i s t o p l a s m o s i s  and  c o c c i d io i d o m y c o s i s ,  and  f a i l u r e  t o  p r o 

d u c e  i n  v i t r o  lym phocy te  b l a s t o g e n e s i s . The l a t t e r  p ro b le m ,  how ever, 

w as s o lv e d  by th e  u s e  o f  w ho le  c r y p t o c o c c a l  c e l l  s u s p e n s i o n s ,  b u t  t h e s e  

p r e p a r a t i o n s  p ro d u ce d  s t r o n g  t r a n s f o r m a t i o n  c r o s s - r e a c t i o n s  i n  c r y p t o -  

c o c c i n  s k i n  t e s t  n e g a t i v e  s u b j e c t s  ( 1 4 ) .  G r a y b e l l  (2 2 )  p r e p a r e d  

c r y p t o c o c c a l  a n t i g e n  c o n t a i n i n g  m o s t ly  p o l y s a c c h a r i d e  and  s m a l l  amounts 

o f  p r o t e i n s  o r  p o l y p e p t i d e s .  T h is  c r y p t o c o c c i n  was p o t e n t  and  a n t i -  

g e n i c a l l y  s p e c i f i c  f o r  c e l l - m e d i a t e d  immune a s s a y s .  S t r o n g l y  p o s i t i v e  

and  s p e c i f i c  lym phocy te  t r a n s f o r m a t i o n  o c c u r r e d  i n  t h e  p r e s e n c e  o f  t h i s  

c r y p t o c o c c i n  i n  o n e - h a l f  o f  p a t i e n t s  who h a d  r e c o v e r e d  from  c r y p to c o c 

c o s i s .  I n  c o n t r a s t ,  few h e a l t h y  s u b j e c t s  h a d  p o s i t i v e  t r a n s f o r m a t i o n  

r e s p o n s e s  t o  c r y p t o c o c c i n .  B a te s  (3 )  o b s e rv e d  t h e  d e v e lo p m en t  o f  d e 

l a y e d  h y p e r s e n s i t i v i t y  t o  c r y p t o c o c c i n  C -  184 a s  d e te r m in e d  by 

f o o tp a d  t e s t i n g .  H y p e r s e n s i t i v i t y  r e a c t i o n s  w ere  f i r s t  d e t e c t e d  a t  

25 days  f o l l o w i n g  r e s p i r a t o r y  i n f e c t i o n  o f  BAL3/cj m ice  w i t h  3 .2  x 10^
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v i a b l e  Ç. n e o fo rm ans  c e l l s  ( i s o l a t e  1 8 4 ) .  F o o tp a d  t h i c k n e s s  s t e a d i l y  

i n c r e a s e d  a n d  t h e  mean re m a in e d  a t  a s u b s t a n t i a l l y  h i g h  l e v e l  th ro u g h  

t h e  t e r m i n a t i o n  o f  t h e  e x p e r im e n t  o f  94 d a y s .

An a w a re n e ss  i n  r e c e n t  y e a r s  o f  t h e  p r e v a l e n c e  o f  a i r - b o r n e  

f u n g i  and  t h e i r  h i g h  f r e q u e n c y  a s  e t i o l o g i c a l  a g e n t s  o f  pu lm onary  

d i s e a s e s  w i t h  p o t e n t i a l  d i s s e m i n a t i o n  t o  d i f f e r e n t  o rg an s  o f  t h e  b o d y ,  

h a s  s t i m u l a t e d  a n  i n t e r e s t  i n  t h e i r  p a th o g e n e s i s  and im m unity . In  

v i t r o  s t u d i e s  on  r e s i s t a n c e  t o  £ .  neo form ans  h a v e  s u g g e s t e d  t h e  im por

t a n c e  o f  m acrophages  i n t e r a c t i n g  w i t h  lym phocy te s  i n  t h i s  i n f e c t i o n  (20 ) .  

However, t h e  r o l e  o f  a l v e o l a r  and  p e r i t o n e a l  m acrophages  i n  p a th o g e n e s i s  

and im m unity  o f  C ry p to c o c c u s  neo fo rm ans  h a s  n e v e r  been  s t u d i e d  d u r in g  

d i f f e r e n t  s t a g e s  o f  c r y p t o c o c c a l  i n f e c t i o n .  T h e r e f o r e ,  t h e  p u r p o s e  o f  

t h i s  i n v e s t i g a t i o n  w as:

1 .  To d e te r m in e  t h e  e f f e c t  o f  s u b c l i n i c a l  r e s p i r a t o r y  i n f e c t i o n  

w i t h  C ry p to c o c c u s  neo fo rm ans  on t h e  h o s t  d e f e n s e  m echan ism , when t h i s  

h o s t  was e x p o sed  t o  a  l e t h a l  c h a l l e n g e  w i t h  t h e  o rg an ism .

2 .  To e l u c i d a t e  t h e  p a th o g e n e s i s  o f  C ry p to c o c c u s  n e o fo rm ans  

and  i t s  r a t e  o f  d i s s e m i n a t i o n  t o  d i f f e r e n t  o rg a n s  o f  i n f e c t e d  a n im a ls  

f o l l o w i n g  r e s p i r a t o r y  i n f e c t i o n .

3 .  To d e te r m in e  th e  e x t e n t  o f  p h a g o c y to s i s  and th e  i n t r a 

c e l l u l a r  f a t e  o f  C. n eo fo rm ans  by a l v e o l a r  and p e r i t o n e a l  m ac rophages  

i s o l a t e d  from  c r y p t o c o c c a l  i n f e c t e d  a n im a ls  d u r i n g  d i f f e r e n t  s t a g e s  o f  

i n f e c t i o n .



CHAPTER I I  

MATERIALS AND METHODS

R e s p i r a t o r y  E xposu re  o f  Mice t o  C ry p to c o c c u s  n e o fo rm a n s . The 

H enderson  A p p a r a tu s ,  a  m o d i f i c a t i o n  o f  t h a t  a p p a r a tu s  d e s c r i b e d  by Hen

d e r s o n  in  1952 (24 )  was u sed  t o  expose th e  m ice to  a e r o s o l s  g e n e r a te d  

by a c o l l i s O n  n e b u l i z e r .  The t o t a l ,  n o n - c i r c u l a t i n g  a i r  f low  th ro u g h  

th e  a p p a r a tu s  was 8 l i t e r s / m i n u t e  o f  a i r b o r n  p a r t i c l e s  o f  10 m ic rons  

o r  l e s s .  The c lo u d  was a s s a y e d  by sam pling  w i th  p o r t o n  a l l  g l a s s  s h o r t  

im p in g e r s  (12 l i t e r s / m i n u t e )  t h a t  c o n ta in e d  10 ml o f  n u t r i e n t  b u f f e r e d  

g e l a t i n .  T h is  medium c o n s i s t e d  o f  2 g g e l a t i n ,  4 g Na2 HPO^ a n h y d ro u s ,  

and  37 g B r a in  H e a r t  i n f u s i o n  (D ifc o )  d i s s o l v e d  i n  one l i t e r  o f  d i s 

t i l l e d  w a t e r ,  pH = 7 .0  +  0 . 2 ,  to  which had  b een  added  4 d ro p s  o f  s t e r i l e  

o l i v e  o i l  ( 3 ) .  The a e r o s o l  sa m p lin g  p e r i o d  was two m in u te s  i n  a l l  e x 

p e r i m e n t s .  The a n im a ls  w ere  exposed  f o r  10 m in u te s  f o l lo w e d  by one 

m in u te  s t e r i l e  a i r  w a sh .  The am bien t a i r  t e m p e r a t u r e  i n  th e  e x p o su re  

cham ber was 76 -  86°  F . and th e  r e l a t i v e  h u m id i ty  was m a in ta in e d  a t  82%.

The fo rm u lae  f o r  d e t e r m i n a t i o n  o f  s p r a y  f a c t o r  and i n f e c t i v e  

d o se  w ere  th o se  e l a b o r a t e d  b y  E lb e rg  and H e n d e rso n ,  1948 ( 1 6 ) .  T hree  

im p in g e rs  w ere  u se d  t o  sam p le  t h e  a e r o s o l  b e f o r e  and  a f t e r  each  expo

s u r e  p e r i o d .  Q u a n t i t a t i o n  o f  v i a b l e  c e l l s / m l  was done by p l a t i n g  0 .1  ml

9



10

a l i q u o t s  o f  d i l u t i o n  o f  im p in g e r  f l u i d  on  S a b o u r a u d 's  D e x t ro s e  Agar

p l a t e s  w i t h  100 u n i t s / m l  o f  p e n i c i l l i n  and  100 mg/ml o f  s t r e p to m y c in .

Sam ples f rom  t h e  n e b u l i z e r  w h ich  c o n t a i n e d  p h y s i o l o g i c a l  s t e r i l e  s a l i n e

(PSS) a s  a  s u s p e n d in g  f l u i d  a l s o  w e re  p l a t e d  f o r  q u a n t i t a t i o n  o f  v i a b l e

c e l l s  i n  t h e  same manner a s  t h e  im p in g e r  f l u i d .  The c o n c e n t r a t i o n  o f

8c e l l s  i n  t h e  n e b u l i z e r  was 3 .3  x  10 and t h e  i n f e c t i n g  do se  was 1 .6  x  

10^ v i a b l e  c e l l s  p e r  mouse.

E x p e r im e n ta l  A n im a ls . Fem ale  i n b r e d  BALB/cj m ic e ,  s i x  t o  e i g h t  

weeks o f  a g e  and  w e ig h in g  a p p r o x im a te ly  25 -  30 grams w ere  t h e  e x p e r i 

m e n ta l  a n im a ls  u se d  th ro u g h o u t  t h e  i n v e s t i g a t i o n .  The a n im a ls  w ere  

h o u se d  10 p e r  c a g e  on a u to c l a v e d  l i t t e r  and  r e c e i v e d  w a te r  and  mouse 

chow ad  l i b i t u m .

O r g a n is m s . C ry p to co ccu s  n eo fo rm ans  ( i s o l a t e  1 8 4 ) ,  a w eak ly  

e n c a p s u l a t e d  y e a s t ,  was u se d  f o r  i n f e c t i o n  and  c h a l l e n g e .  The c u l t u r e  

was o r i g i n a l l y  o b t a i n e d  from  a p a t i e n t  a t  C h a r i t y  H o s p i t a l  i n  New 

O r l e a n s ,  L o u i s i a n a  by D r. L o r r a i n e  F r ie d m a n .  I n  1961 , o u r  l a b o r a t o r y  

o b t a i n e d  t h i s  w eak ly  e n c a p s u l a t e d  i s o l a t e  and  h a s  m a i n ta i n e d  i t  s i n c e  

on S a b o u r a u d 's  D e x tro s e  A g ar .

P r e p a r a t i o n  o f  C ry p to c o c c u s  neo fo rm ans  Y e a s t  C e l l  Suspens  i o n s . 

Y e a s t  c e l l s  o f  C. neoform ans 184 w ere  grown on S a b o u r a u d 's  D e x tro s e  

A gar s l a n t s  f o r  72 h r s  a t  30° C. The c e l l s  w ere  w ashed  from  t h e  a g a r  

s l a n t s  w i t h  p h y s i o l o g i c a l  s t e r i l e  s a l i n e  (PSS, 0.85% N a C l) .  The s u s 

p e n s io n  was c e n t r i f u g e d  a t  200 x  g f o r  10 min a t  4 °  C, and  t h e  r e s u l t 

i n g  s e d im e n t s  w ere  washed t h r e e  t i m e s ,  c o u n te d  by  a h e m acy to m e te r  and 

t h e n  r e s u s p e n d e d  and d i l u t e d  i n  PSS t o  t h e  c o n c e n t r a t i o n s  w h ich  w ere
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u se d  i n  i n f e c t i o n ,  c h a l l e n g e ,  LD50 d e t e r m i n a t i o n  and  i n  t h e  JLn v i t r o  

p h a g o c y t i c  s t u d i e s .  V i a b i l i t y  o f  C. neo fo rm ans  was d e te r m in e d  as  i n  

th e  LD^q s t u d i e s .

T i s s u e  C u l t u r e s . Hanks B a la n c e d  S a l t  S o l u t i o n  (HBSS) c o n 

t a i n i n g  5 u n i t s  h e p a r i n ,  100 u n i t s / m l  o f  p e n i c i l l i n  and  100 mg/ml 

o f  s t r e p t o m y c i n  was u s e d  t o  c o l l e c t  t h e  a l v e o l a r  and  p e r i t o n e a l  m acro 

p h a g e s .  E a g l e ' s  m in im a l  e s s e n t i a l  medium (MEM) c o n t a i n i n g  20% f e t a l  

c a l f  s e ru m , 1% L - g lu t a m i n e ,  100 u n i t s / m l  o f  p e n i c i l l i n  and  100 mg/ml 

o f  s t r e p t o m y c i n  was u se d  t o  m a i n t a i n  t h e  m acrophage c u l t u r e s .

D e t e r m in a t io n  o f  LD^q f o r  I n t r a v e n o u s  C h a l le n g e  w i t h  C r y p to 

coccus  n e o f o r m a n s . The in o cu lu m  f o r  LD^q d e t e r m i n a t i o n  was y e a s t  c e l l s  

p r e p a r e d  as  b e f o r e .  A s u s p e n s i o n  o f  C. neo fo rm ans  y e a s t  c e l l s  c o n t a i n -
Q

in g  1 .7  X 10 c e l l s / m l  was s e r i a l l y  d i l u t e d  t o  d e te r m in e  v i a b i l i t y  o f  

t h e  o r g a n i s m .  The LD^q s t u d i e s  c o n s i s t e d  o f  e l e v e n  g ro u p s  o f  t e n  m ice  

e a c h .  A nim als  i n  t e n  o f  t h e  g ro u p s  w ere  i n o c u l a t e d  i n t r a v e n o u s l y  i n  t h e  

t a i l  v e i n  w i t h  0 .1  ml o f  y e a s t  c e l l s  i n  c o n c e n t r a t i o n s  r a n g i n g  from  1 .7
1 O

X 10 t o  1 .7  X 10 . One g ro u p  was u se d  as  c o n t r o l  and e a c h  a n im a l  was 

i n n o c u l a t e d  IV w i t h  0 .1  ml PSS. D eaths  w ere  r e c o r d e d  f o r  e a c h  d i l u t i o n  a s  

t h e  number d e a d / t o t a l  e a c h  day  f o r  21 d a y s .  LD50 was c a l c u l a t e d  a c c o r d 

in g  to  t h e  m ethod  o f  Reed and  Meunch ( 5 2 ) .  The 21 day LD^q was d e 

t e r m in e d  to  b e  8 .5  X  10^ v i a b l e  C. neo fo rm ans  c e l l s / m l .  Two LD50 

( 1 .7  X  10^ C. n eo fo rm an s  c e l l s / m l )  w ere  u se d  t o  c h a l l e n g e  t h e  a n im a ls  

i n  t h e  m o r t a l i t y  s t u d i e s .

M o r t a l i t y  S t u d i e s . To d e te r m in e  th e  e f f e c t  o f  s u b c l i n i c a l  i n 

f e c t i o n  w i t h  C ry p to c o c c u s  n e o fo rm ans  on th e  r e s i s t a n c e  o f  m ice  to  a
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l e t h a l  c h a l l e n g e  w i t h  t h e  same o r g a n i s m ,  9 g ro u p s  o f  10 m ice  each  w ere  

i n f e c t e d  w i t h  1 .6  x  10^ v i a b l e  y e a s t  c e l l s .  The i n f e c t e d  a n im a ls  o f  

e a c h  g ro u p  w e re  t h e n  c h a l l e n g e d  i n t r a v e n o u s l y  w i t h  21D$Q (1*7 x 10&) 

o f  v i a b l e  C. n eo fo rm an s /m l a t  d i f f e r e n t  days ( i . e .  1 ,  3 ,  7 ,  14, 2 1 ,  28 ,  

4 2 ,  56 ,  a n d  84 d a y s )  f o l l o w i n g  p r im a ry  a e r o s o l  e x p o s u r e .  F i f t y  no rm al  

m ice  w e re  c h a l l e n g e d  w i t h  2LD^q and u sed  as a c h a l l e n g e  c o n t r o l .

M ice w ere  o b s e rv e d  d a i l y  u n t i l  t h e  e x p e r im e n t  was t e r m i n a t e d .  

D ea th s  w e re  r e c o r d e d  and a u t o p s i e s  w ere  p e rfo rm e d  t o  c o n f i r m  th e  c a u s e  

o f  d e a t h .  Enhanced im m unity  a g a i n s t  c h a l l e n g e  w i t h  C. neo fo rm ans  was 

d e te r m in e d  b o th  by low er  r a t e  o f  m o r t a l i t y  and  p r o l o n g a t i o n  t im e  o f  

s u r v i v a l .

P a t h o g e n e s i s  S t u d i e s . The e n u m e ra t io n  o f  v i a b l e  i n f e c t i n g  

C. n eo fo rm an s  c e l l s  i n  d i f f e r e n t  o rg a n s  o f  m ice  was u s e d  t o  f o l l o w  t h e  

p a t h o g e n e s i s  o f  th e  o rg a n is m  and  i t s  r a t e  o f  d i s s e m i n a t i o n  as  a  r e s u l t  

o f  a c t i v a t e d  o r  s u p p re s s e d  c e l l u l a r  immune r e s p o n s e .  S i x  m ice  w ere  

a u t o p s i e d  on  days 1 , 3 ,  7 ,  14 ,  2 1 ,  2 8 ,  4 2 ,  56 , and 84 p o s t  e x p o s u re  t o  

a e r o s o l i z e d  £ .  n e o fo rm a n s . L u n g s ,  l i v e r s ,  s p l e e n s  and  b r a i n s  w e re  r e 

moved a s e p t i c a l l y  from  e a c h  mouse and hom ogenized i n  t i s s u e  g r i n d e r  

t u b e s  (A. H. Thomas C o . ,  P h i l a d e l p h i a ,  P a . )  c o n t a i n i n g  9 ml o f  PSS.

One ml o f  o rg an  horaogenate f rom  e a c h  g r i n d e r  tu b e  was d i l u t e d  s e r i a l l y  

and  p l a t e d  i n  t r i p l i c a t e  on  S a b o u r a u d 's  d e x t r o s e  a g a r  p l a t e s  c o n t a i n i n g  

100 u n i t s / m l  o f  p e n i c i l l i n  and 100 mg/ml o f  s t r e p t o m y c i n .  A l l  p l a t e s  

w e re  q u a n t i t a t e d  a f t e r  i n c u b a t i o n  f o r  t h r e e  days a t  3 0 °  C by  enum era

t i o n  o f  v i a b l e  C. neo fo rm ans  c o l o n i e s  from  each  o r g a n  hom ogena te .
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I n  v i t r o  P h a g o c y t ic  S t u d i e s . To s tu d y  th e  r o l e  o f  m acrophages  

i n  im m unity  and  p a th o g e n e s i s  o f  Ç. n e o fo rm a n s , a l v e o l a r  and  p e r i t o n e a l  

m acrophages t o  b e  u s e d  i n  t h e  i n  v i t r o  p h a g o c y t i c  s t u d i e s  w e re  i s o 

l a t e d  from  th e  same g roups  o f  a n im a ls  u se d  i n  p a th o g e n e s i s  s t u d i e s  

w hich  w ere  a u t o p s i e d  on days 1, 3 ,  7 ,  14 , 2 1 ,  2 8 ,  4 2 ,  5 6 ,  and  84 p o s t  

e x p o s u re .  Immune p e r i t o n e a l  and  a l v e o l a r  m acrophages w e re  i s o l a t e d  

from  immune m ic e  ( I . e .  m ice  i n f e c t e d  w i t h  1 .6  x  10^ C. n eo fo rm an s  and 

h a d  s u r v i v e d  th e  l e t h a l  c h a l l e n g e  w i t h  1 .7  x  10^ v i a b l e  C. n e o fo rm a n s ) 

The m acrophage m o n o la y e rs  w ere  p a r a s i t i z e d  i n  v i t r o  w i t h  £ .  neoform ans 

o r  H is to p la s m a  c a p s u la tu m  t o  d e te r m in e  i f  a c t i v a t e d  m acrophages  c o u ld  

d i s p l a y  b o th  immune s p e c i f i c  and n o n s p e c i f i c  a c t i v i t y  a g a i n s t  t h e  homo

logous  and  h e t e r o l o g o u s  o rg a n is m s .

1 .  I s o l a t i o n  o f  a l v e o l a r  m a c ro p h a g e s . A l v e o la r  m acrophages  

w e re  c o l l e c t e d  by  a  m o d i f i c a t i o n  o f  t h e  method d e s c r i b e d  b y  R u s s e l l  

and R o se r  ( 5 7 ) .  The s k i n  was c u t  o v e r  th e  neck  a r e a ,  t h e  p r e t r a c h e a l  

m usc le s  w ere  d i s s e c t e d  away and  t h e  t r a c h e a  was c le a n e d  f ro m  c o n n e c te d  

t i s s u e s . An a p e r t u r e  was made i n  t h e  t r a c h e a  below  th e  l a r y n x  w i t h  

26 G n e e d l e ,  and a p l a s t i c  c a n u la  c o n n e c te d  t o  a 22 G n e e d l e  was i n 

s e r t e d  i n t o  t h e  t r a c h e a  th ro u g h  t h e  a p e r t u r e  and  was t i g h t l y  t i e d  t o  

th e  t r a c h e a  by  serum  and m o i s t u r e  p r o o f  s i l k  t h r e a d s  o b t a i n e d  from 

E th ic o n  I n c .  S o m e r v i l l e ,  N . J .  One ml o f  H ank 's  b a la n c e d  s a l t  s o l u 

t i o n  (HBSS) c o n t a i n i n g  5 u n i t s  o f  h e p a r i n ,  100 u n i t s / m l  o f  p e n i c i l l i n  

and 100 mg/ml o f  s t r e p t o m y c i n  was i n j e c t e d  i n t o  t h e  lu n g  from  a  1 ml 

s y r i n g e .  A f t e r  a  few s e co n d s  t h e  w a sh in g  f l u i d  was w i th d ra w n  i n t o  th e  

s y r i n g e ,  i n j e c t e d  a g a i n  i n t o  t h e  lu n g s  and w ith d ra w n  w i t h o u t  m assag ing
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th e  l u n g s . The w a sh in g  was r e p e a t e d  t h r e e  t i m e s . The lung  l a v a g e  was 

c e n t r i f u g e d  a t  200 x g f o r  10 min a t  4 °  C and  th e  s u p e r n a t a n t  was d i s 

c a r d e d .  A l l  p e l l e t s  w e re  washed t h r e e  t im e s  w i t h  HBSS w i t h o u t  h e p a r i n  

and a d j u s t e d  w i t h  MEM t o  an  a p p r o p r i a t e  c o n c e n t r a t i o n .

2 .  I s o l a t i o n  o f  p e r i t o n e a l  m acrophages  . P e r i t o n e a l  m acrophages  

w ere  o b t a i n e d  f ro m  i n f e c t e d  and  n o rm a l  m ice  w i t h o u t  t h e  u s e  o f  an  e x u 

d a t e  i n d u c in g  a g e n t .  A sm a l l  v e n t r a l  m i d l i n e  i n c i s i o n  was made i n  t h e  

p e r i t o n e a l  w a l l .  The v i s c e r a  and p e r i t o n e a l  c a v i t y  w ere  w ashed tw ic e  

w i t h  4 ml o f  HBSS c o n t a i n i n g  5 u n i t s  o f  h e p a r i n / m l ,  100 u n i t s / m l  

p e n i c i l l i n ,  a n d  100 mg/ml o f  s t r e p t o m y c i n .  The p e r i t o n e a l  w a sh i i  j  was 

f o l lo w e d  b y  c e n t r i f u g i n g  a t  200 g a t  4 °  C f o r  10 min and th e  s u p e r n a t a n t  

was d i s c a r d e d .  A l l  p e l l e t s  w ere  w ashed  t h r e e  t im e s  w i th  HBSS w i t h o u t  

h e p a r i n  an d  a d j u s t e d  w i t h  MEM t o  an  a p p r o p r i a t e  c o n c e n t r a t i o n .  D i f 

f e r e n t i a l  c e l l  c o u n t s  w ere  done on b o t h  a l v e o l a r  and p e r i t o n e a l  c e l l  

s u s p e n s io n s  u s in g  W rig h t  s t a i n  and v i a b i l i t y  o f  a l l  c e l l s  was d e te rm in e d  

by  t h e  T ry p a n  B lu e  e x c l u s i o n  t e s t .

3 .  E x p e r im e n ta l  app ro ach  to  i n  v i t r o  p h a g o c y t i c  s t u d i e s .

A . E x t e n t  o f  p h a g o c y to s i s .  A m o d i f i c a t i o n  o f  t h e  p ro c e d u re  

r e p o r t e d  by  M i t c h e l l  and F r iedm an  (40 )  was u s e d .  A l v e o la r  and p e r i t o n e a l  

m ac ro p h ag es  from  n o rm al o r  i n f e c t e d  m ice  w e re  re s u s p e n d e d  a t  a c o n c e n 

t r a t i o n  o f  1 X 10^ c e l l s / m l  and 1 x  10^ c e l l s / m l  r e s p e c t i v e l y  i n  MEM 

c o n t a i n i n g  20% f e t a l  c a l f  serum  (PCS), 1% L. g lu ta m in e ,  100 u n i t s / m l  

o f  p e n i c i l l i n  and  100 mg/ml o f  s t r e p t o m y c i n .  The m acrophage s u s p e n 

s i o n s  was d i s t r i b u t e d  t o  a s e r i e s  o f  16 x  85 ram r u b b e r - s t o p p e d  l e i g h t o n  

tu b e s  c o n t a i n i n g  10 x  50 mm c o v e r s l i p s  (1 ml o f  m acrophage s u s p e n s i o n /  

t u b e ) .  The tu b e s  w ere  in c u b a te d  a t  37°  C f o r  4 h r s  t o  a l l o w  a t t a c h m e n t
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o f  m acrophages  t o  c o v e r s l i p s .  The n o n a t t a c h e d  c e l l s  w ere  d i s c a r d e d  by  

r e p l a c i n g  th e  medium w i t h  f r e s h  MEM and t h e  c e l l  c u l t u r e s  w e re  r e i n c u 

b a te d  f o r  24 h r s . C ry p to c o c c u s  neo form ans  w ere  w ashed  w i t h  MEM from 

th e  s u r f a c e  o f  S a b o u r a u d 's  d e x t r o s e  a g a r  s l a n t s  a f t e r  g ro w in g  f o r  72 

h r s  a t  30° C. H is to p la s m a  c a p s u la tu m  y e a s t  c e l l s  w e re  w ashed  w i t h  MEM 

from th e  s u r f a c e  o f  b r a i n  h e a r t  i n f u s i o n  s l a n t s  w i t h  5% human b lo o d  

a f t e r  g row ing  a t  37° C f o r  72 h r s .  C ry p to co c c u s  n eo fo rm an s  and  H. c a p 

s u la tu m  w a sh in g s  w ere  c e n t r i f u g e d  a t  200 x g f o r  10 m in a t  4 °  C; t h e  

p e l l e t s  w e re  w ashed t h r e e  t im e s  w i t h  MEM. H em acy tom eter  c o u n t  was done 

and th e  c e l l s  w ere  r e s u s p e n d e d  i n  MEM w i t h  ECS, L -g lu ta m in e  and  a n t i 

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

M ono laye rs  o f  a l v e o l a r  m acrophages from  i n f e c t e d  and  norm al 

a n im a ls  w ere  p a r a s i t i z e d  iri v i t r o  w i t h  1 x 10^ C. n eo fo rm an s  o r  H. c a p 

s u l a t u m , w h i l e  t h e  m o n o lay e rs  o f  p e r i t o n e a l  m acrophages  w ere  c h a l l e n g e d  

w i th  1 X 10^ C. neo fo rm ans  o r  H. c a p s u l a tu m . The i n f e c t i v e  o rg a n ism s  

w ere  s u sp en d e d  i n  1 ml o f  MEM c o n t a i n i n g  20% PCS and  added  t o  th e  m acro

phage m o n o la y e rs  i n  1 ml q u a n t i t i e s  t o  g iv e  a m a c ro p h a g e -o rg a n is m  

(C. neo fo rm ans  o r  H. c a p s u la tu m ) r a t i o  o f  a p p r o x im a te ly  1 :1 0 .  C o n t r o l  

t u b e s  c o n ta i n e d  o n ly  MEM. A f t e r  3 h r s  o f  i n c u b a t i o n  a t  37° C t o  p e rm i t  

p h a g o c y t o s i s ,  e x t r a c e l l u l a r  o rg an ism s  w ere  e l i m i n a t e d  from  a l l  th e  tu b e s  

by t h r e e  w ashes  w i t h  warm MEM w i t h o u t  PCS. At t h i s  t im e  two c o v e r s l i p s  

w ere  removed from  two random ly  s e l e c t e d  t u b e s ,  f i x e d  i n  m e th a n o l  and 

s t a i n e d  w i th  W r i g h t ' s  s t a i n .  The r e m a in in g  tu b e s  w e re  r e p l e n i s h e d  w i th  

warm MEM c o n t a i n i n g  PCS and  r e i n c u b a t e d  f o r  24 and 48 h r s ,  a t  w hich  

t im e two c o v e r s l i p s  w e re  removed and s t a i n e d .  Two h u n d re d  m acrophages
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w ere  exam ined  p e r  c o v e r s  l i p .  Both t h e  p e r c e n ta g e  o f  m acrophages  t h a t  

c o n t a i n e d  i n t r a c e l l u l a r  y e a s t  and  t h e  t o t a l  num ber o f  i n t r a c e l l u l a r  

y e a s t s  w ere  d e te r m in e d .

B. I n t r a c e l l u l a r  f a t e  o f  C ry p to c o c c u s  n e o fo r m a n s . A m o d i f i c a 

t i o n  o f  t h e  p r o c e d u r e  r e p o r t e d  by  Simmons and  Kom o v s k y  (58 )  was u se d  

f o r  d i s r u p t i o n  o f  m acrophages  t o  d e te r m in e  t h e  q u a n t i t a t i v e  r e c o v e r y  

o f  v i a b l e  i n t r a c e l l u l a r  C. neoform ans c e l l s .  Two c o v e r s l i p s  from  two 

c o r r e s p o n d in g  tu b e s  w ere  t r a n s f e r r e d  t o  s t e r i l e  l e i g h t o n  tu b e s  w h ich  

w ere  c h i l l e d  on i c e .  The c o v e r s l i p s  w e re  w ashed  t h r e e  t im es  w i t h  MEM 

and t h e n  1 ml p o r t i o n s  o f  s t e r i l e  0.5% T r i t o n  X-100 (Rohm and Haas C o . ,  

P h i l a d e l p h i a ,  P a . )  i n  85% NaCl w e re  added  t o  e a c h  t u b e .  The m o n o la y e rs  

w ere  t h e n  s u sp en d e d  and ly s e d  by  r a p i d  p i p e t t i n g  w i t h  s t e r i l e  p a s t e u r  

p i p e t s  and G . l  ml sam p les  w ere  s e r i a l l y  d i l u t e d  f o r  p l a t i n g  i n  s t e r i l e  

0.85% N aC l. T re a tm e n t  .of m acrophage  m o n o la y e rs  w i t h  t h i s  c o n c e n t r a t i o n  

o f  T r i t o n  X-100 d i d  n o t  a f f e c t  t h e  v i a b i l i t y  o f  C ry p to c o c c u s  n e o fo rm ans  

w h ereas  i t  p rom oted  t h e  r e l e a s e  o f  m acrophages  f rom  c o v e r s l i p s  a n d  r e 

s u l t e d  i n  90 -  95% l y s i s  o f  m acrophages  as  r e v e a l e d  by  m ic r o s c o p ic  

e x a m in a t io n  o f  t h e  t r e a t e d  m o n o la y e rs .  The v i a b i l i t y  o f  C. n e o fo rm ans  

i n  t h e  T r i t o n  c o n t a i n i n g  medium was d e te r m in e d  i n  e a c h  e x p e r im e n t .

A f t e r  t h e  m acrophage m ono laye rs  w ere  l y s e d  an d  d i l u t e d ,  th e  sam p les  

w ere  p l a t e d  on  S a b o u r a u d 's  d e x t r o s e  a g a r  p l a t e s  c o n t a i n i n g  100 u n i t / m l  

o f  p e n i c i l l i n  and  100 mg/ml o f  s t r e p t o m y c i n .  The p l a t e s  w e re  in c u b a te d  

a t  30° C and v i a b l e  o rg an ism s  w ere  c o u n te d  a f t e r  72 h r s  o f  i n c u b a t i o n .

S t a t i s t i c a l  A n a l y s i s . M eans, s t a n d a r d  e r r o r ,  and u n p a i r e d  

t .  t e s t  programmed on th e  H e w le t t - P a c k a r d  c a l c u l a t o r  model 9810A w e re  

u se d  i n  a n a l y s i s  o f  d a t a .



.CHAPTER III

RESULTS

P a t h o g e n e s i s  S tu d ie s  

Groups o f  s i x  B a l b / c j  i n f e c t e d  m ice  w ere  s a c r i f i c e d  a t  days 1 , 

3 ,  7 ,  14 , 21 ,  2 8 ,  4 2 ,  5 6 ,  84 p o s t  r e s p i r a t o r y  i n f e c t i o n  w i th  1 .6  x  10^ 

v i a b l e  C. n e o fo rm a n s . The numbers o f  o rg an ism s  i n  t h e  l u n g s , l i v e r s , 

s p l e e n s ,  and b r a i n s  w ere  q u a n t i t a t e d  f o r  each  m ouse. The mean number 

o f  v i a b l e  C. neo fo rm ans  i s o l a t e d  from  d i f f e r e n t  o rg a n  hom ogenates  f o r  

e a c h  sam p le  g ro u p  was d e te r m in e d  by th e  sum t o t a l  number o f  o rg an ism s  

r e c o v e r e d  f rom  i n f e c t e d  m ice  i n  e a ch  g roup  d i v i d e d  by  t h e  t o t a l  number 

o f  m ice  in  t h a t  g r o u p .

■ The r e s u l t s  i n  T a b le  I  i n d i c a t e  t h a t  t h e  lu n g s  w ere t h e  p r im a ry  

s i t e  o f  i n f e c t i o n  w i t h  C. n e o fo r m a n s . However, i n f e c t i o n  was n o t  e s t a 

b l i s h e d  i n  t h e  lu n g s  u n t i l  t h e  s e v e n th  day  f o l l o w i n g  r e s p i r a t o r y  expo

s u r e .  The o rg a n is m  rem a in e d  i n  t h e  lungs  a t  l e a s t  14 d ays  p o s t  i n f e c 

t i o n .  T h is  o b s e r v a t i o n  s u g g e s t s  t h a t  C. neo fo rm ans  may i n i t i a l l y  

c o l o n i z e  c e r t a i n  f o c i  i n  t h e  u p p e r  r e s p i r a t o r y  t r a c t  su c h  as  mucous 

membranes o r  lym phoid  t i s s u e s ,  p r i o r  to  f u r t h e r  m u l t i p l i c a t i o n  and 

d i s s e m i n a t i o n ,  w h ich  l e a d s  t o  t h e  e s t a b l i s h m e n t  o f  a  p r im a ry  fo c u s  

o f  i n f e c t i o n  i n  t h e  a l v e o l i  o f  t h e  lu n g s .  Pu lm onary  c r y p t o c o c c a l
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Table 1

P er ce n ta g e  o f  i s o l a t i o n  o f  C ryptococcu s neoform ans 

from organs o f  m ice exposed  to  1 .6  x  10^ v ia b le  y e a s t  c e l l s

Days p o s t  
E xposure

Lung L iv e r S p le en B r a in

1 0 0 0 0

3 0 0 0 0

7 8 3 .3 3 0 0 0

14 8 3 .3 3 0 0 0

21 100 3 3 .3 3 0 0

28 100 3 3 .3 3 0 0

42 100 83 .33 3 3 .33 3 3 .3 3

56 100 16 .66
*

16 .66
*

3 3 .3 3
**

84 100 3 3 .3 3 3 3 .3 3 3 3 .3 3

C o n t r o l 0 0 0 0

* M ice had no d is s e m in a t io n  o f  C. neoform ans to  th e  b r a in .

** M ice had c le a r e d  s p le e n s  and l i v e r s  but lu n gs and b ra in s were p o s i t i v e  to
C. n eoform an s.
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i n f e c t i o n  a p p e a r s  t o  p r o v id e  t h e  p r im a ry  s o u rc e  o f  y e a s t  f o r  s u b s e q u e n t  

d i s s e m i n a t i o n  t o  o t h e r  o rg a n s  l a t e r  i n  t h e  i n f e c t i v e  p r o c e s s .  These 

r e s u l t s  i n d i c a t e  t h a t  t h e  pa thw ay  o f  d i s s e m i n a t i o n  o f  c r y p t o c o c c o s i s  i s  

from  t h e  p r im a ry  pulm onary  i n f e c t i o n  t o  t h e  l i v e r ,  s p l e e n ,  and f i n a l l y  

t o  t h e  b r a i n  i n  s e l e c t e d  a n im a l s .

Anim als s a c r i f i c e d  a t  days 7 and  14 p o s t  i n f e c t i o n  showed i n s i g 

n i f i c a n t  i n c r e a s e  i n  number o f  v i a b l e  C. n eo fo rm ans  i n  t h e  lungs  

( F i g .  1 ) ,  e v en though  83% o f  t h e  i n f e c t e d  a n im a ls  w ere  found  t o  have  

v i a b l e  y e a s t  i n  t h e i r  lu n g s  (T a b le  1 ) .  The d a t a  i n  T a b le  I  shows t h a t  

d i s s e m i n a t i o n  o f  C. neo fo rm ans  t o  th e  l i v e r  s t a r t e d  a t  day  21 p o s t  i n 

f e c t i o n  and  th e  o rg a n ism  was r e s t r i c t e d  to  t h i s  o r g a n  u n t i l  day  28 p o s t  

i n f e c t i o n  w i t h  v e ry  low r a t e  o f  fungus m u l t i p l i c a t i o n  ( F ig .  2 ) .  D i s 

s e m in a t io n  o f  t h e  o rg a n is m  t o  t h e  s p l e e n  and b r a i n  was n o t  o b se rv ed  

u n t i l  day  42 p o s t  i n f e c t i o n  ( F i g .  3 ,  F ig .  4 ) .  A t t h i s  t im e ,  t h e r e  was 

a  p r o g r e s s i v e  i n c r e a s e  i n  number o f  v i a b l e  C. n e o fo rm ans  i n  b o th  lu n g s  

and l i v e r s  ( F ig .  1 , F ig .  2 ) .  On day 56 p o s t  i n f e c t i o n ,  th e  lungs w ere  

100% p o s i t i v e  t o  C. neo fo rm ans  w i t h  r a p i d  p r o l i f e r a t i o n  o f  t h e  o rg an ism  

i n  t h i s  o r g a n .  The l i v e r s  and  s p le e n s  w ere  p o s i t i v e  o n ly  i n  16.66% o f  

t h e s e  a n im a ls  w i th  no d i s s e m i n a t i o n  t o  t h e  b r a i n  (T a b le  1 ) .  The l i v e r s  

and s p l e e n s  o f  t h e  r e m a in in g  m ice  i n  t h e  same g ro u p  w ere  c l e a r e d  from  

i n f e c t i o n  w i t h  C. neo fo rm ans  b u t  33.33% o f  t h e s e  a n im a ls  had  d i s s e m in a 

t i o n  t o  t h e  b r a i n .  T h is  u n u s u a l  c o u r s e  o f  d i s s e m i n a t i o n  r e s u l t e d  i n  a 

r e m a rk a b le  d e c r e a s e  in  th e  number o f  v i a b l e  C. neo fo rm ans  r e c o v e r e d  from 

l i v e r  and s p l e e n  hom ogenates  ( F ig .  2 ,  F i g .  3 ) ,  and a c o r r e s p o n d in g  i n 

c r e a s e  i n  t h e  number r e c o v e r e d  from  b r a i n  hom ogenates  ( F ig .  4 ) .  On
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F i g u r e  1 . Q u a n t i t a t i v e  a s s a y  o f  v i a b l e  C ry p to c o c c u s  n e o f o r 
mans from  lu n g s  i s o l a t e d  from i n f e c t e d  m ice  a t  d i f f e r e n t  
i n t e r v a l s  p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  C. n e o fo rm a n s .
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F i g u r e  2 .  Q u a n t i t a t i v e  a s s a y  o f  v i a b l e  C r y p to c c u s  n e o f o r 
mans from  l i v e r s  i s o l a t e d  from i n f e c t e d  m ice  a t  d i f f e r e n t  
i n t e r v a l s  p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  C. n e o f o r m a n s .
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F i g u r e  3 .  Q u a n t i t a t i v e  a s s a y  o f  v i a b l e  C ry p to co ccu s  n e o f o r 
mans from s p l e e n s  i s o l a t e d  from  i n f e c t e d  m ice a t  d i f f e r e n t  
i n t e r v a l s  p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  C. n e o fo rm a n s .
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F i g u r e  4 .  Q u a n t i t a t i v e  a s s a y  o f  v i a b l e  C ry p to c o c c u s  n e o f o r 
mans from  b r a i n s  i s o l a t e d  from  i n f e c t e d  m ice  a t  d i f f e r e n t  
i n t e r v a l s  p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  C. n e o fo rm a n s .
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d a y  84 p o s t  i n f e c t i o n ,  t h e  same p a t t e r n  o f  o rg a n ism  p r o l i f e r a t i o n  was 

o b s e rv e d  i n  lu n g s  and b r a i n s  ( F ig .  1 ,  F i g .  4 ) ,  b u t  i n  c o n t r a s t ,

Ç. n eo fo rm ans  was i s o l a t e d  from  l i v e r s  and  s p l e e n s  in  33.3% o f  t h e  

a n im a ls  a f t e r  a te m p o ra ry  p e r i o d  o f  c l e a r a n c e  w hich  had  b e e n  o b s e rv e d  

56 d ay s  p o s t  i n f e c t i o n  (T a b le  1 ) .  The number o f  v i a b l e  C. neo fo rm ans  

was a l s o  s i g n i f i c a n t l y  i n c r e a s e d  a t  day  84 p o s t  i n f e c t i o n  as  s e e n  i n  

F i g .  2 and F i g .  3 .

Normal c o n t r o l s  c o n s i s t e d  o f  g ro u p s  o f  3 n o n i n f e c t e d  B a l b / c j  

m ice  w h ic h  w ere  s a c r i f i c e d  a t  each  t im e  p e r i o d .  A l l  o rg a n  hom ogenates  

from  t h e s e  a n im a ls  w ere  c u l t u r a l l y  n e g a t i v e  t o  Ĉ . n eo fo rm ans  a t  a l l  t im e  

p e r i o d s  s t u d i e d .

M o r t a l i t y  S t u d i e s . Groups o f  10 m ice  s u b l e t h a l l y  i n f e c t e d  by 

th e  a e r o s o l  r o u t e  w i th  1.6 x  10^ v i a b l e  y e a s t  c e l l s  w ere  c h a l l e n g e d  

i n t r a v e n o u s l y  w i t h  1 .7  x  10^ (2LD$Q) v i a b l e  C. neo fo rm ans  a t  days  1 ,

3 ,  7 ,  1 4 ,  2 1 ,  2 8 ,  4 2 ,  5 6 ,  and 84 p o s t  i n f e c t i o n .  Mice w ere  o b s e rv e d  

d a i l y  and  d e a th s  w ere  r e c o r d e d .  Enhanced  im m unity  a g a i n s t  l e t h a l  c h a l 

l e n g e  w i t h  Ĉ . n eo fo rm ans  was d e te r m in e d  by  low er r a t e  o f  m o r t a l i t y  and 

p r o l o n g a t i o n  t im e  o f  s u r v i v a l .  The r e s u l t s  in  F i g .  5 show a h i g h  r a t e  

o f  m o r t a l i t y  a t  d ay  1 p o s t  i n f e c t i o n  w h ich  p r o g r e s s i v e l y  d e c r e a s e d  a s  

im m unity  i n c r e a s e d  u n t i l  d ay  28 p o s t  i n f e c t i o n .  However, a c u r i o u s  r e 

v e r s a l  i n  immune p r o t e c t i o n  o c c u r r e d  a s  t h e  r a t e  o f  m o r t a l i t y  b eg an  t o  

i n c r e a s e  a g a i n  a t  day 42 p o s t  i n f e c t i o n  and  c o n t in u e d  to  i n c r e a s e  u n t i l  

day  56 when i t  was m a in ta in e d  a t  th e  same l e v e l  u n t i l  day  84 p o s t  i n f e c 

t i o n .

The s u r v iv a l  tim e v a r ie d  from one group to  a n o th e r . Anim als



29

F i g u r e  5 .  C u m u la t iv e  3 w eeks m o r t a l i t i e s  o f  10 m ice  c h a l l e n g e d  
i n t r a v e n o u s l y  w i t h  1 .7  x  10^ v i a b l e  C. neoform ans a t  d i f f e r e n t  
i n t e r v a l s  p o s t  r e s p i r a t o r y  i n f e c t i o n  w i th  th e  o r g a n is m .
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c h a l l e n g e d  a t  d a y s  1 and  3 p o s t  i n f e c t i o n  showed 100% and 90% d e a th  a t  

th e  end  o f  o b s e r v a t i o n  p e r i o d  w h ich  was t h r e e  weeks p o s t  c h a l l e n g e  . 

N o n in f e c te d  c o n t r o l  m ic e  r e a c h e d  100% m o r t a l i t y  d u r in g  t h e  same o b s e r 

v a t i o n  p e r i o d .  A nim als  c h a l l e n g e d  on days 7 ,  14 p o s t  i n f e c t i o n  showed 

70% and 50% m o r t a l i t y  t h r e e  weeks p o s t  c h a l l e n g e ;  and t h e  s u r v i v i n g  

a n im a ls  l a s t e d  one w eek lo n g e r  and th e n  d i e d .  A nim als  c h a l l e n g e d  a t  

days 21 and 28 p o s t  i n f e c t i o n  showed 10% m o r t a l i t y  t h r e e  weeks p o s t  

c h a l l e n g e .  The s u r v i v i n g  a n im a ls  from day  21 s u r v i v e d  two w eeks lo n g e r  

and th e n  a l l  succum bed . In  c o n t r a s t ,  t h e  s u r v i v i n g  a n im a ls  from  day  28 

s u r v i v e d  u n t i l  t h e  end  o f  t h e  e x p e r im e n t  w i t h  a  v e r y  low m o r t a l i t y  r a t e ;  

b u t  a l l  d i e d  by  77 days  p o s t  c h a l l e n g e .  A n im als  c h a l l e n g e d  on  d ays  4 2 ,  

56 , 84 p o s t  i n f e c t i o n  showed 30%, 40%, and 40% m o r t a l i t y  r e s p e c t i v e l y  

t h r e e  weeks p o s t  c h a l l e n g e .  Hmvever, a n im a ls  from  t h e  t h r e e  g ro u p s  

s u r v i v e d  o n ly  one week l o n g e r .

A l l  c h a l l e n g e d ,  n o n i n f e c t e d  c o n t r o l  m ice  showed 100% m o r t a l i t y  

a t  t h e  end o f  o b s e r v a t i o n  p e r i o d  w hich  was t h r e e  weeks p o s t  c h a l l e n g e .

I s o l a t i o n  o f  M a c ro p h a g e s . The i s o l a t i o n  t e c h n i q u e s  p r o v id e d  an  

a d e q u a te  y i e l d  o f  a l v e o l a r  (AM) and p e r i t o n e a l  m acrophage  (PM) . The 

c e l l  y i e l d s  i n c r e a s e d  w i t h  t h e  p r o g r e s s i o n  o f  c r y p t o c o c c a l  i n f e c t i o n .  

M ic ro s c o p ic  e x a m in a t io n  o f  W r i g h t ' s  s t a i n e d  sm ears  from  t h e  p e r i to n e u m  

and lung  e x u d a te s  o f  n o rm a l  and i n f e c t e d  m ice  showed a p p r o x i m a t e ly  90% 

o f  t h e  c e l l s  w e re  m a c ro p h a g e s ,  7% ly m p h o c y te s , and 3% p o ly m o rp h o n u c le a r  

c e l l s .

T rypan  B lue  e x c l u s i o n  t e s t  f o r  a l v e o l a r  and p e r i t o n e a l  m acro 

phages  from i n f e c t e d  and  n o n i n f e c t e d  a n im a ls  r e v e a l e d  a  v i a b i l i t y  o f
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90 - 95%.

In  v i t r o  P h a g o c y t i c  S t u d i e s . The e v e n t s  o f  p h a g o c y to s i s  o f  

C. neo fo rm ans  by a l v e o l a r  and p e r i t o n e a l  m ac rophages  i s o l a t e d  from  i n 

f e c t e d  m ice d u r in g  d i f f e r e n t  s t a g e s  o f  p r o g r e s s i v e  c r y p t o c o c c o s i s ,  was 

a s s e s s e d  ^  v i t r o . A l s o ,  th e  f u n g i c i d a l  o r  f u n g i s t a t i c  a c t i v i t y  o f  a l 

v e o l a r  and p e r i t o n e a l  m acrophages  w ere  e v a l u a t e d  w i t h  r e g a r d  t o  t h e i r  

c a p a c i t y  t o  k i l l  i n t r a c e l l u l a r  C. n eo fo rm ans  o r  i n h i b i t  i n t r a c e l l u l a r  

m u l t i p l i c a t i o n .  A l l  m acrophage m o n o la y e rs  from  i n f e c t e d  and n o n i n f e c t e d  

a n im a ls  w ere  p a r a s i t i z e d  i ^  v i t r o  w i t h  C. n e o f o r m a n s . M onolayers  o f  im

mune m acrophages ( i . e .  p e r i t o n e a l  and a l v e o l a r  m acrophages i s o l a t e d  from  

m ice  i n f e c t e d  w i t h  1.6 x  10^ Ĉ . n eo fo rm ans  and  had  s u r v iv e d  th e  l e t h a l  

c h a l l e n g e  w i t h  1 .7  x  10^ v i a b l e  C. n e o fo rm a n s ) w ere  p a r a s i t i z e d  ^  v i t r o  

w i t h  C ry p to co c c u s  neo form ans  o r  H i s to p l a s m a  c a p s u l a t u m . The i ^  v i t r o  

i n f e c t i o n  o f  m acrophage m o n o lay e rs  w i t h  t h e s e  two o rg an ism s  was aim ed t o  

d e te r m in e  i f  a c t i v a t e d  m acrophages  c o u ld  d i s p l a y  b o th  s p e c i f i c  and  n o n 

s p e c i f i c  immune a c t i v i t y  a g a i n s t  t h e  hom ologous and h e te r o lo g o u s  o r g a n 

i s m s .  V ia b le  p l a t e  c o u n ts  on m acrophage  l y s a t e s  t a k e n  a t  d i f f e r e n t  t im e  

i n t e r v a l s  p o s t  i ^  v i t r o  i n f e c t i o n  o f  m o n o la y e rs  w i t h  C, neoform ans o r  

H. c a p s u l a tu m , w ere  p e rfo rm e d  t o  a s s e s s  t h e  e x t e n t  o f  f u n g i c i d a l  a c t i v 

i t y  o r  i n t r a c e l l u l a r  m u l t i p l i c a t i o n  o f  e i t h e r  o rg a n is m .

F u n c t io n a l  A c t i v i t y  o f  A l v e o l a r  M a c ro p h a g e s . The d a ta  in  

T a b le  I I  sum m arize th e  r e s u l t s  o f  t h e  p h a g o c y t i c  a c t i v i t y  d i s p l a y e d  

by  a l v e o l a r  m ac ro p h a g e s .  These m acrophages  showed no p h a g o c y t ic  a c t i v 

i t y  a t  day  1 and  3 p o s t  r e s p i r a t o r y  e x p o s u r e  t o  C. n e o fo rm a n s . How

e v e r ,  a l v e o l a r  m acrophages c o l l e c t e d  a t  d a y  7 a f t e r  i n f e c t i o n  d i s p l a y e d
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a  s i g n i f i c a n t  r a t e  o f  p h a g o c y to s i s  o f  15% (0 .0 0 5  < P <  0 .0 0 1 )  w h ic h  i n 

c r e a s e d  t o  17% ( 0 . 0 0 5 < P < 0 .0 0 1 )  a t  day 14 , and th e n  d i s s i p a t e d  a t  day 

•21 t o  7% (0 .0 2 5  < P < 0 . 01) and a t  d a y  28 t o  5% p h a g o c y to s i s  

(0 .0 2 5  < P  < 0 . 0 1 .  On day 42 p o s t  i n f e c t i o n  t h e r e  was a n  8% i n c r e a s e  

( 0 .0 0 5  < P  < 0 .0 0 1 )  i n  t h e  p h a g o c y t i c  a c t i v i t y  o f  a l v e o l a r  m ac ro p h a g e s .  

T h is  i n c r e a s e ,  h o w e v e r ,  does  n o t  a c c u r a t e l y  r e f l e c t  i n c r e a s e d  p h a g o c y t ic  

a c t i v i t y  s i n c e  i t  was accom pan ied  b y  i n c r e a s e d  m u l t i p l i c a t i o n  o f  t h e  

o rg a n is m  w i t h i n  t h e  m a c ro p h a g e s . A m arked i n c r e a s e  i n  t h e  num ber o f  

v i a b l e  i n t r a c e l l u l a r  C. n eo fo rm ans  was o b s e rv e d  when d e t e r m i n a t i o n  were 

made by  v i a b l e  p l a t e  c o u n ts  o f  l y s a t e s  from  t h e s e  d i s r u p t e d  m acrophages 

( F i g .  8 ) .  F u r t h e r  e v id e n c e  from  t h e  m ic r o s c o p ic  o b s e r v a t i o n  o f  th e  

d i s i n t e g r a t e d  i n f e c t e d  m o n o la y e rs  i n d i c a t e d  t h a t  t h e  i n c r e a s e d  numbers 

o f  i n t r a c e l l u l a r  v i a b l e  y e a s t  r e s u l t e d  from  im p a ir e d  f u n g i c i d a l  a c t i v i t y  

r a t h e r  t h a n  i n c r e a s e d  p h a g o c y t i c  a c t i v i t y  o f  th e  a l v e o l a r  c e l l s .  Com

p l e t e  im p a irm en t  o f  p h a g o c y t i c  a c t i v i t y  by  a l v e o l a r  m ac rophages  o c 

c u r r e d  a t  day 56 and c o n t i n u e d  u n t i l  d a y  84 p o s t  i n f e c t i o n .  A l v e o la r  

m acrophages  i s o l a t e d  from  n o n i n f e c t e d  c o n t r o l  a n im a l s ,  a l s o  w ere  t o t a l l y  

i n e f f e c t i v e  i n  p h a g o c y t i z i n g  C. n e o fo r m a n s .

A l v e o la r  m acrophages  i s o l a t e d  f rom  i n f e c t e d  a n im a ls  on days 7 ,  

2 1 ,  28 and 42 p o s t  i n f e c t i o n  p r o v id e d  a f a v o r a b l e  e n v i ro n m e n t  f o r  the  

i n t r a c e l l u l a r  g row th  o f  C. n e o f o r m a n s . However, t h e  r a t e  o f  i n t r a 

c e l l u l a r  m u l t i p l i c a t i o n  was v e r y  low w i t h i n  m acrophages  i s o l a t e d  on 

d ay s  7 and 14 ( F i g .  6 ) ,  b u t  much h i g h e r  w i t h i n  t h o s e  m ac rophages  i s o 

l a t e d  on days 2 1 ,  2 8 ,  and 42 ( F i g .  7 ,  F i g .  8 ) .  A l v e o l a r  m acrophages  

i s o l a t e d  from i n f e c t e d  m ice  on  d ay  14 p o s t  i n f e c t i o n  d i s p l a y e d  a



T able I I

E x ten t o f  p h a g o c y to s is  o f  C ryp tococcu s neoform ans by a lv e o la r  m acrophages 

i s o l a t e d  from m ice  a t  d i f f e r e n t  in t e r v a l s  p o s t  

r e s p ir a t o r y  ex p o su re  to  th e  o r g a n ism .

Sam ple t im e  

o f

p h a g o c y t o s i s

P e r c e n t  o f  m ac ro p h ag es  w i t h  i n g e s t e d  y e a s t  

c e l l s  (d ay s  p o s t  e x p o s u r e )

Number o f  y e a s t  c e l l s  

m ac ro p h ag e s  (d a y s  p o s t

p e r

expo.

100

s u re )

1 3 7 14 21 28 42 56 84
Con
t r o l 1 3 7 14 21 28 42 56 84

Con
t r o l

3 h r s 0 0 5 8 2 0 2 0 0 0 0 0 5 9 5 0 3 0 0 0

24 h r s 0 0 13 14 6 4 3 0 0 0 0 0 19 21 9 6 5 0 0 0

48 h r s 0 0 15 17 7 5 13
*

0 0 0 0 0 23 28 12 9 39
*

0 0 0

*  D is in t e g r a t io n  o f  m acrophage-m onolayers was o b se r v ed .
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F i g u r e  6 . I n t r a c e l l u l a r  f a t e  o f  C. neo fo rm ans  i n  v i t r o  w i t h i n  
a l v e o l a r  m acrophage  m o n o lay e rs  i s o l a t e d  from  i n f e c t e d  m ice  on 
days  7 and 14 p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  C. n e o fo rm an s
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F i g u r e  7 .  I n t r a c e l l u l a r  f a t e  o f  C. neo fo rm ans  i n  v i t r o  w i t h i n  
a l v e o l a r  m acrophage  m o n o la y e rs  i s o l a t e d  from  i n f e c t e d  m ice on 
days  21 and  28 p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  C. n e o fo rm a n s .
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F ig u r e  8 . I n t r a c e l l u l a r  f a t e  o f  C. neo fo rm ans  i n  v i t r o  w i t h i n  
a l v e o l a r  m acrophage  m ono laye rs  i s o l a t e d  from  i n f e c t e d  m ice  on 
day  42 p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  C. n e o fo rm a n s .
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F i g u r e  H .  I n t r a c e l l u l a r  f a t e  o f  C. neo fo rm ans  i n  v i t r o  w i t h i n  
p e r i t o n e a l  m acrophages  i s o l a t e d  from  i n f e c t e d  m ice  on d ays  2 1 , 
28 p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  t h e  o rg a n is m .



Ci.

X
u
k-
<
(/)
>

fie
n ifi.
U
U
O
Uoh»
CL
>
ce
U

fil
mJ
09
<
>
fi.
P

ce
tu
CQ
X
3
Z

14

12

10

8

^ DAYS P O S T  I NFE CTI ON  
o o e  2 8
■ ■ ■ ■ n a  CONTROL

2 4 4 8

h o u r s  OF INCUBATION



49

F i g u r e  12. I n t r a c e l l u l a r  f a t e  o f  C. neoform ans i n  v i t r o  w i t h i n  
p e r i t o n e a l  m acrophages  i s o l a t e d  from  i n f e c t e d  m ice  on days 4 2 ,  
5 6 ,  84 p o s t  r e s p i r a t o r y  i n f e c t i o n  w i t h  th e  o rg a n is m .
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and 10% r e s p e c t i v e l y  ( 0 .0 5  < 0 . 0 2 5 ) ,  b u t  w i t h o u t  d i s p l a y i n g  any

f u n g i c i d a l  e f f e c t  on  t h e  o rg a n is m  as shown by th e  i n c r e a s e d  r a t e  o f  

i n t r a c e l l u l a r  g ro w th  o f  C. neo form ans  w i t h i n  t h e s e  m acrophages  and th e  

d e s t r u c t i o n  o f  t h e  m acrophage m ono layers  a f t e r  48 h r s  i n c u b a t i o n  

( F i g .  1 2 ) .

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

and a l v e o l a r  m acrophages  o b t a i n e d  from  immune m ice  ( i . e .  m ice t h a t  w ere  

i n f e c t e d  w i t h  1 .6  x 10^ £ .  neo form ans  and had  s u r v i v e d  t h e  l e t h a l  c h a l 

le n g e  w i th  1 .7  X 10^ v i a b l e  c e l l s  o f  t h e  same o rg a n is m )  a r e  p r e s e n t e d  

i n  T a b le  IV. P e r i t o n e a l  m acrophages  from immune d o n o rs  d i s p l a y e d  i n 

c r e a s e d  p h a g o c y t i c  a c t i v i t y  and r e s i s t a n c e  t o  d e s t r u c t i o n  by  c r y p t o c o c -  

c a l  c e l l s  as  com pared t o  non-immune c o n t r o l s .  H ow ever, b o t h  immune and 

n o rm a l a l v e o l a r  m acrophages  w ere  t o t a l l y  i n e f f e c t i v e  i n  p h a g o c y t i z i n g  

th e  v i a b l e  y e a s t  c e l l s .  Immune p e r i t o n e a l  m a c ro p h a g e s ,  a l s o ,  showed 

marked f u n g i c i d a l  a c t i v i t y  a g a i n s t  C. neo fo rm ans  a s  com pared  t o  n on -  

immune c e l l s  ( F i g .  1 3 ) .  T hese  r e s u l t s  a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  i n  

p r e v io u s  s tu d y  w i t h  p e r i t o n e a l  m acrophages a s s a y e d  21 d ays  p o s t  p r im a ry  

i n f e c t i o n  (T a b le  I I I ,  F i g .  1 1 ) .  Immune p e r i t o n e a l  m ac rophages  from  t h e  

same d o n o rs  e x h i b i t e d  h i g h e r  i n i t i a l  p h a g o c y t i c  a c t i v i t y  by  98% t o  

H. c a p s u la  turn w h ich  was s i g n i f i c a n t  a t  0 ,1  < P  < 0 . 0 5 .  Such p h a g o c y t i c  

a c t i v i t y ,  h o w e v e r ,  was n o t  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  p h a g o c y t i c  

a c t i v i t y  o f  n o rm a l  p e r i t o n e a l  m acrophages w h ich  p ro d u c e d  95% phago 

c y t o s i s  (T a b le  V ) .  On t h e  o t h e r  h a n d ,  a l v e o l a r  m ac rophages  from  t h e  

same immune d o n o r s  showed s i g n i f i c a n t  p h a g o c y to s i s  o f  H. c a p s u l a turn 

(0 .0 1  < P  < 0 .0 0 5 )  as  com pared t o  t h e  t o t a l l y  i n e f f e c t i v e  non-immune
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c o n t r o l  c e l l s ,  e v e n th o u g h  th e y  w ere  n o t  r e s i s t a n t  t o  d e s t r u c t i o n  by 

t h e  h e t e r o l o g o u s  fungus  a f t e r  48 h r s  o f  i n c u b a t i o n  ( T a b le  V ) .  A l v e o la r  

and  p e r i t o n e a l  m acrophages  from  immune and n o n i n f e c t e d  c o n t r o l  m ice  

w e re  fo u n d  t o  p r o v id e  a f a v o r a b l e  e n v iro n m e n t  f o r  th e  e a r l y  i n t r a 

c e l l u l a r  g ro w th  o f  H. c a p s u la tu m  w h ich  l e d  t o  n e c r o s i s  an d  d i s i n t e g r a 

t i o n  o f  t h e  m o n o la y e rs  by 48 h r s  p o s t  i ^  v i t r o  i n f e c t i o n  ( F i g .  1 4 ) .



Table IV
E x t e n t  o f  p h a g o c y t o s i s  o f  C r y p to c o c c u s  n eo fo rm an s  by  p e r i t o n e a l  and  a l v e o l a r  m ac ro p h ag es

I s o l a t e d  f rom n o rm a l  and  Immune m ice*  t h r e e  w eeks p o s t  c h a l l e n g e .

The Immune m ice  w ere  i n f e c t e d  w i t h  1 .6  X 10^ C. n e o fo rm a n s  and c h a l l e n g e d  

t h r e e  w eeks  p o s t  I n f e c t i o n  w i t h  1 .7  X 10^ C. n e o fo rm an s  y e a s t  c e l l s .

Sam ple  t im e  

o f

p h a g o c y t o s i s

P e r i t o n e a l  m ac ro p h ag es A l v e o l a r  m ac ro p h ag e s

P e r c e n t  o f  m ac rophages  
w /  i n g e s t e d  y e a s t  c e l l s

Number o f  y e a s t  c e l l s  
p e r  100 m ac ro p h ag es

P e r c e n t  o f  m ac ro p h ag es  
w /  I n g e s t e d  y e a s t  c e l l s

Number o f  y e a s t  c e l l s  
p e r  100 m ac ro p h ag e s

Immune C o n t r o l Immune C o n t r o l Immune C o n t r o l Immune C o n t r o l

3 h r s 19 7 19 8 0 0 0 0

24 h r s 30 30 45 58 0 0 0 0

48 h r s 43 30
*Yf

60 80
**

0 0 0 0

* In fected  mice th a t survived  the le th a l  ch a llen ge  w ith  C. neoformans were considered Immune.

** D is in teg ra tio n  of macrophage monolayers was observed.



Table V

E x t e n t  o f  p h a g o c y to s i s  o f  II. c a p s u ln t i im  by p e r i t o n e a l  and a l v e o l a r  m ac ro p h ag es  

I s o l a t e d  from  n o rm a l  and  Immune^' m ice  t h r o e  w eeks p o s t  c h a l l e n g e .

The Immune m ice  w e re  I n f e c t e d  w i t h  1 .6  X 10^ C. n e o fo rm an s  and  c h a l l e n g e d  

t h r e e  w eeks p o s t  i n f e c t i o n  w i t h  1 .7  X 10^ C. n e o fo rm an s  y e a s t  c e l l s .

Sam ple  t im e  

o f

p h a g o c y t o s i s

P e r i t o n e a l  m ac ro p h ag es A l v e o l a r  m ac ro p h ag es

P e r c e n t  o f  m ac ro p h ag es  
w / i n g e s t e d  y e a s t  c e l l s

Number o f  y e a s t  c e l l s  
p e r  100 m ac ro p h ag es

P e r c e n t  o f  m ac ro p h ag es  
w /  i n g e s t e d  y e a s t  c e l l s

Number o f  y e a s t  c e l l s  
p e r  100 m ac ro p h ag e s

Immune C o n t r o l Immune C o n t r o l Immune C o n t r o l Immune C o n t r o l

3 h r s 98 95 487 472 8 0 62 0

24 h r s 85
**

79
**

344 326 15 Ü 77 0

48 h r s ** 66 **  62 176 153 **  11 0 ** 45 0

* In fected  mice th at survived  the le th a l  ch allen ge w ith  C. neoformans were considered "immune m ice",

** D is in te g r a tio n  o f  macrophage monolayers was observed.
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F i g u r e  13. I n t r a c e l l u l a r  f a t e  o f  C. neo fo rm ans  i n  v i t r o  w i t h i n  
"immune" p e r i t o n e a l  m acrophages i s o l a t e d  from  i n f e c t e d  m ice 
2 1 j^ a y s  p o s t  i v  c h a l l e n g e  w i th  1 .7  x  10^ n e o fo rm a n s .
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F i g u r e  14 . I n t r a c e l l u l a r  f a t e  o f  H is to p la s m a  c a p s u la tu m  i n  v i t r o  
w i t h i n  a l v e o l a r  and  p e r i t o n e a l  m acrophages  i s o l a t e d  from  "immune 
m ic e "  21 d a y s  p o s t  i v  c h a l l e n g e  w i t h  1 .7  x  10^ Ç. n e o fo r m a n s . The 
m ice  w e re  c h a l l e n g e d  21 d ay s  p o s t  r e s p i r a t o r y  i n f e c t i o n  w i th  
1 .6  X 104 C. n e o fo rm a n s .
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T ab le  V I. S t a t i s t i c a l  a n a l y s i s  comparing e x t e n t  o f  p h a g o c y to s is  o f  C ryptococcu s  
neoform ans by a l v e o l a r  macrophages i s o l a t e d  from m ice  a t  d i f f e r e n t  i n t e r v a l s  p o s t  
r e s p i r a t o r y  e x p o su r e  t o  th e  organ ism .

n . s .  = n o t  s i g n i f i c a n t

Days

P o s t

E x p o su re

t  -  v a l u e  a t  d i f f e r e n t  
i n t e r v a l s  o f  p h a g o c y to s i s

p -  v a l u e  a t  d i f f e r e n t  
i n t e r v a l s  o f  p h a g o c y to s i s

3 h r s 24 h r s 48 h r s 3 h r s 24 h r s 48 h r s

I 0.0000 0.0000 0.0000 n . s . n . s . n . s .

3 0.0000 0.0000 0.0000 n . s . n . s . n . s .

7 5 .0 0 0 0 1 3 .0 0 0 0 1 5 .0000 0.025<^P<p.01 0 .0 0 5 (P ^ .0 0 1 0.005<P<^.001

14 8.0000 14 .0 0 0 0 1 7 .0 0 0 0 0 . 0 1 ^  <0.005 0 .005(X p .001 0 .0 0 5 ^ ^ ,0 0 1

21 2.0000 6.0000 7 .0 0 0 0 0 .1 < P < 0 .0 5 0 .0 2 5 ^ ( 0 .0 1 0 .0 2 5 ( ^ 6 .0 1

?.8 0.0000 4 .0 0 0 0 5 .0 0 0 0 n . s . 0 .0 5 < P ^ .2 5 0 .0 2 5 ^ < p .m .

42 2.0000 3 .0 0 0 0 1 3 .0 0 0 0 0 .1 < P < b .0 5 0,05<P(6.025 0.005<P<f).001

56 0.0000 0.0000 0.0000 n . s  . n . s  . n . s .

84 0.0000 0.0000 0.0000 n . s . n . s . n . s .



T a b le  V I I .  S t a t i s t i c a l  a n a l y s i s  c o m p a r in g  e x t e n t  o f  p h a g o c y t o s i s  o f  C r y p to c o c c u s  
n e o fo rm an s  by p e r i t o n e a l  m ac ro p h ag es  i s o l a t e d  f rom  m ice  a t  d i f f e r e n t  i n t e r v a l s  
p o s t  r e s p i r a t o r y  e x p o s u re  t o  t h e  o r g a n i s m .

n . s .  = n o t  s i g n i f i c a n t

Days

P o s t

E x p o su re

t  -  v a l u e  a t  d i f f e r e n t  
I n t e r v a l s  o f  p h a g o c y to s i s

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

3 h r s 24 h r s 48  h r s 3 h r s 24 h r s 48 h r s

1 0.0000 9 .3 9 1 5 4 .0 2 4 9 n . s . 0 .0 1 ^ < f) .0 0 5 0 .0 5 ^ ^ 6 .0 2 5

3 0 .3 1 6 2 5 .3 6 6 6 3 .1 3 0 5 n . s . a025<p(0 .01 0 . 0 5 ^ ^ . 0 2 5

7 0.0000 1 3 .4 3 5 0 3 .5 7 7 7 n . s . 0.005<p (6 .001 0 .05^?<^.025

14 0 .6 3 2 5 6 .3 6 4 0 2 .2 3 6 1 n . s . 0 . 025^ ( 0.01 0.1<&<&.05

21 5 .0 5 9 6 0 .5 0 0 0 6 .7 0 0 2 0 .0 2 5 < P < 0 .0 1 n . s  . 0.025<^<^.01

28 6 .6 4 0 8 0 .3 1 6 2 3 .6 0 5 6 0.025<(P<0.01 n . s . 0 . 0 5 ^ ^ . 0 2 5

42 2 .4 9 6 2 0.0000 6 .3 5 4 0 0.1<(P<(0.05 n . s . 0 . 0 2 5 ^ ^ . 0 1

56 4 .1 1 1 0 4 .4 7 2 1 0 .4 4 7 2 0 .05< f< & .025 0 . 025(^^01 n . s .

84 3 .1 6 2 3 2 .6 8 3 3 1 .3 4 1 6 0 .05^P< J).025 0 .1 < p < b .0 5 n . s .



T a b le  V I I I .  S t a t i s t i c a l  a n a l y s i s  c o m p a r in g  e x t e n t  o f  p h a g o c y t o s i s  o f  
C ry p to c o c c u s  n e o fo rm an s  and  H i s to p l a s m a  c a p s u la tu m  by a l v e o l a r  and 
p e r i t o n e a l  m ac ro p h ag e s  i s o l a t e d  f rom  immune m a c ro p h a g e s .

n . s .  = n o t  s i g n i f i c a n t

Sam ple Time 

o f

P h a g o c y to s i s

A l v e o l a r  M acrophages P e r i t o n e a l  M acrophages

C. n e o fo rm an s H. c a p s u la tu m C. n eo fo rm an s H. c a p s u la tu m

t .  v a l u e p .  v a l u e t .  v a lu e p .  v a l u e t .  v a l u e p .  v a lu e t .  v a l u e p .  v a l u e

3 h r s 0.0000 n . s . 8.0000 0 .0 1 < P < 0 '0 0 5 8 .4 8 5 3 0 . 0 1 ( ^ . 0 0 5 2 .1213 , 0 .1 < P ( 0 .0 5

24 h r s 0.0000 ■ n . s . 1 5 .0 0 0 0 0 . 0 0 5 ^ . 0 0 1 0.0000 n . s . 2 .6 8 3 3 0 . l ( P < b . 0 5

48 h r s 0.0000 n . s . 11.0000 0 . 0 0 5 ( ^ . 0 0 ] 5 .8 1 3 8 D.025(^><0.01 1 .4 1 4 2 n . s .



CHAPTER IV

DISCUSSION

E x p e r im e n ta l  r e s u l t s  o b t a i n e d  from  t h i s  i n v e s t i g a t i o n  demon

s t r a t e d  t h a t  s u b l e t h a l  r e s p i r a t o r y  i n f e c t i o n  w i t h  1.6 x  10^  C. n e o f o r 

mans c o n f e r r e d  im m unity  on  m ic e  a g a i n s t  a l e t h a l  c h a l l e n g e  w i t h  1 .7  x  

10^ v i a b l e  C. n e o fo r m a n s . T h is  a c q u i r e d  imm unity was f i r s t  d e t e c t e d  a t  

day  7,  p ea k ed  a t  day  2 1 , and  re m a in e d  a t  t h i s  peak  u n t i l  d a y  2 8 ,  and 

s t a r t e d  to  s u b s i d e  on day  4 2 .  An i n c r e a s e  r a t e  o f  m o r t a l i t y  o c c u r r e d  

a t  t h i s  p e r i o d  and  c o n t in u e d  t o  i n c r e a s e  a t  days  56 and  84 p o s t  i n f e c 

t i o n  w i t h  a  s h o r t e r  s u r v i v a l  t im e  o f  a n im a ls  c h a l l e n g e d  a t  t h e s e  p e r i o d s ,

P e r c e v a l ,  1965, (51 )  p ro v e d  t h a t  a n im a ls  e x p o se d  t o  v i a b l e

C. n eo fo rm ans  d e v e lo p e d  more i n t e n s e  im m unity  o f  l o n g e r  d u r a t i o n  th a n

t h e  a c q u i r e d  im m unity  in d u c e d  b y  k i l l e d  c r y p t o c o c c i .  L o u r i a  (31) 

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

p r o lo n g e d  s t i m u l a t i o n  o f  h o s t  d e f e n s e  m echanism , w h i l e  k i l l e d  c e l l s  do 

n o t  p o s s e s s  t h i s  p r o p e r t y .  L o u r i a ' s  o b s e r v a t i o n  was d e m o n s t r a te d  in  

t h i s  s t u d y  by t h e  b e h a v io r  o f  a l v e o l a r  m a c ro p h ag e s .  T hese  c e l l s  w ere  

n o t  a c t i v a t e d  i n  t h e  e a r l y  s t a g e s  o f  i n f e c t i o n  ( i . e .  a t  one  and  t h r e e  

days  p o s t  e x p o s u re  t o  C. n e o fo rm a n s ) a t  w hich  t im e  a l l  t i s s u e s  from  

ex p o sed  a n im a ls  w ere  c u l t u r a l l y  n e g a t i v e .  A c t i v a t i o n  o f  a l v e o l a r

62
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m acrophages  o c c u r r e d ,  h o w e v e r ,  a t  day  7 p o s t  e x p o s u re  when C. n e o f o r 

mans was f i r s t  i s o l a t e d  from  t h e  l u n g s .  I t  was e v i d e n t ,  t h e r e f o r e ,  

t h a t  t h e  p r e s e n c e  o f  a s t i m u lu s  was r e q u i r e d  t o  in d u c e  a c t i v a t i o n  o f  

h o s t  c e l l u l a r  r e s p o n s e s .  The o rg a n is m  was c o n t a i n e d  i n  t h e  lu ngs  

u n t i l  d ay  14 p o s t  i n f e c t i o n  w i t h  low r a t e  o f  m u l t i p l i c a t i o n .  T h is  

o b s e r v a t i o n  c o r r e l a t e s  w i t h  th e  a c t i v i t y  o f  a l v e o l a r  m acrophages  a t  

days 7 and 14 i n  ou r  s tu d y  when t h e s e  c e l l s  showed en h an ced  p h a g o c y t i c  

a c t i v i t y  and  f u n g i s t a t i c  e f f e c t  on C. n e o fo rm a n s . When a c t i v a t i o n  o f  

a l v e o l a r  m acrophages  d i s s i p a t e d  a t  day  21 p o s t  i n f e c t i o n ,  t h e  o rg an ism  

was a b l e  t o  d i s s e m in a t e  t o  t h e  l i v e r  and i t  was c o n t a i n e d  i n  t h i s  o r g a n ,  

w i th  v e r y  low r a t e  o f  m u l t i p l i c a t i o n  u n t i l  day  28 p o s t  i n f e c t i o n .  At 

th e s e  two p e r i o d s  a c q u i r e d  im m unity  was a l s o  a t  i t s  p e a k .  I n f e c t e d  

a n im a ls  showed h i g h  l e v e l  o f  p r o t e c t i o n  a g a i n s t  t h e  l e t h a l  c h a l l e n g e ,  

and s u r v i v a l  t im e  o f  t h e s e  a n im a ls  was o f  l o n g e r  d u r a t i o n .  T hese  ob 

s e r v a t i o n s  on th e  s t a t u s  o f  in d u c e d  a c q u i r e d  im m un ity ,  and  t h e  r e s t r i c 

t i o n  on t h e  p r o l i f e r a t i o n  and d i s s e m i n a t i o n  o f  C. n eo fo rm ans  c o r r e l a t e  

w i t h  t h e  en h an ced  p h a g o c y t i c  a c t i v i t y  o f  p e r i t o n e a l  m acrophages  w h ich  

e x h i b i t e d  a  f u n g i c i d a l  e f f e c t  on th e  o rg a n ism .  A t d a y  42 p o s t  i n f e c 

t i o n ,  h o w e v e r ,  th e  o rg an ism  was a b l e  to  p r o l i f e r a t e  r a p i d l y  i n  many 

a n i m a l s ,  and  d i s s e m in a t e d  to  a l l  o rg a n s  i n c l u d in g  t h e  c e n t r a l  n e rv o u s  

s y s te m .

P h a g o c y to s i s  o f  C. n e o fo rm an s  by human c e l l s  h a s  b e e n  known to  

o c c u r  i n  v i t r o  ( 6 , 1 0 ) .  Diamond, 1972, (13) h a s  shown t h a t  n e u t r o p h i l s  

and m onocy tes  from  p a t i e n t s  w i t h  c r y p t o c o c c o s i s  h a d  no d e f e c t  i n  i n t r a 

c e l l u l a r  k i l l i n g  o f  C. n eo fo rm ans  when compared w i t h  l e u k o c y t e s  from
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norm al v o l u n t e e r s .  G e n try  and R em ington  (20) have  o b s e rv e d  t h a t  

m o n o lay e rs  o f  mouse p e r i t o n e a l  m acrophages  i n f e c t e d  i n  v i t r o  w i t h  

C. n e o fo r m a n s , r e s i s t e d  d e s t r u c t i o n  by t h e  o rg a n is m .  T hese  m a c ro 

phages w e re  i s o l a t e d  from  m ice  i n f e c t e d  w i t h  o b l i g a t e  i n t r a c e l l u l a r  

p r o to z o a .  H ow ever, t h e  i n t r a c e l l u l a r  f a t e  o f  C. neo fo rm ans  w i t h i n  

p e r i t o n e a l  m ac ro p h ag es  was n o t  s t u d i e d .  M i t c h e l l  and F r ied m an  have  

n o te d  k i l l i n g  o f  C. neoform ans  by  r a t  p e r i t o n e a l  m acrophages ( 4 0 ) ,  

b u t  i n t r a c e l l u l a r  k i l l i n g  was v e ry  low and m ost  y e a s t  c e l l s  r e g a r d l e s s  

o f  s t r a i n  o r  c a p s u l a r  s i z e ,  rem a in e d  v i a b l e  a f t e r  i n g e s t i o n .

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  d e m o n s t ra te d  t h a t  a l v e o l a r  

and p e r i t o n e a l  m acrophages  p l a y  a  s i g n i f i c a n t  r o l e  i n  c a l l u l a r  immune 

r e s p o n s e  i n  c e r t a i n  s t a g e s  o f  c r y p t o c o c c a l  i n f e c t i o n .  T h is  r o l e  was 

e x p re s s e d  i n  r e t a r d i n g  th e  p r o g r e s s i o n  o f  i n f e c t i o n ,  l i m i t i n g  m u l t i p l i 

c a t i o n  and d i s s e m i n a t i o n  o f  Ç. n eo fo rm an s  t o  d i f f e r e n t  o r g a n s .  A ls o  

by e x h i b i t i n g  f u n g i s t a t i c  e f f e c t  o f  a l v e o l a r  m acrophages a t  day 14 and 

f u n g i c i d a l  e f f e c t  by  p e r i t o n e a l  m acrophages  a t  days 21 and 2 8 ,  on  th e  

o rg a n is m .  T hese  e f f e c t s ,  h o w e v e r , w e re  t r a n s i e n t  and b o th  m acrophage  

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

g row th  o f  C. n eo fo rm ans  on days  4 2 ,  56 and 84 p o s t  i n f e c t i o n .  Diamond 

and B e n n e t t  o b s e r v e d  t h a t  C. n eo fo rm an s  was a b l e  t o  grow w i t h i n  human 

m acrophages  ( 1 5 ) .  They found  t h a t  t h e  o rg a n is m  was a c t i v e l y  i n g e s t e d  

by  m acrophages  c u l t u r e d  from human p e r i p h e r a l  b lo o d  m o n o cy te s ;  b u t  

t h e s e  m acrophages  d id  n o t  a c q u i r e  t h e  a b i l i t y  t o  k i l l  o r  i n h i b i t  i n t r a 

c e l l u l a r  g row th  o f  C. n e o fo rm a n s . A l s o ,  t h e y  n o te d  t h a t  t h e r e  w ere  no 

d e t e c t a b l e  d i f f e r e n c e s  be tw een  m acrophages  from  norm al s u b j e c t s  and
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t h o s e  f rom  p a t i e n t s  w i t h  c r y p t o c o c c o s i s .  The s y s te m  f o r  o b t a i n i n g  

m acrophage  p o p u l a t i o n s  and th e  m e th o d o lo g y  th e y  u s e d  w ere  d i f f e r e n t  

f rom  t h o s e  used  i n  t h i s  i n v e s t i g a t i o n  w h ere  a l l  a l v e o l a r  and p e r i 

t o n e a l  m acrophages  w ere  i s o l a t e d  from  m ic e  a t  d i f f e r e n t  s t a g e s  o f  

c r y p t o c o c c o s i s .  N e v e r t h e l e s s ,  t h e r e  was s u p p o r t i v e  e v id e n c e  p r e s e n t e d  

t h a t  t h e s e  c e l l s  w ere  n o t  a b l e  t o  k i l l  C. n eo fo rm ans  o r  i n h i b i t  i t s  

i n t r a c e l l u l a r  m u l t i p l i c a t i o n  a t  c e r t a i n  s t a g e s  o f  p r o g r e s s i v e  c r y p t o 

c o c c o s i s  w h ic h  was e v i d e n t  on days  4 2 ,  56 and 84 p o s t  i n f e c t i o n .  T h is  

o b s e r v a t i o n  r a i s e s  t h e  p o s s i b i l i t y  t h a t  m acrophages  may have  a n o n - p r o -  . 

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

p l a y e d  a  s i g n i f i c a n t  r o l e  i n  p r o t e c t i n g  m ice  on day s  21 and 28 p o s t  i n 

f e c t i o n .  T h e r e f o r e ,  r a t h e r  b e in g  t h e  m ain  e f f e c t o r  arm o f  a c q u i r e d  

im m unity  a g a i n s t  p r o g r e s s i v e  c r y p t o c o c c o s i s ;  t h e  m acrophages  may c o n t r i 

b u t e  t o  t h e  p a th o g e n e s i s  o f  C. n e o fo rm a n s . T h is  was e x p re s s e d  on days  

4 2 ,  5 6 ,  and  84 p o s t  i n f e c t i o n ,  by t h e  d i s s e m i n a t i o n  o f  t h e  o rg a n ism  t o  

t h e  c e n t r a l  n e rvous  s y s te m ,  i t s  r a p i d  p r o l i f e r a t i o n  to  a l l  i n t e r n a l  

o rg a n s  and th e  i n c r e a s e d  r a t e  o f  m o r t a l i t i e s  among i n f e c t e d  a n im a ls  

c h a l l e n g e d  a t  t h e s e  p e r i o d s ,  l o u r i a  and B r a y to n  ( 3 2 ) ,  o b se rv e d  t h a t  

g e r m i n a t i o n  o f  Candida  y e a s t  c e l l s  o c c u r r e d  w i t h i n  p h a g o c y te s  and  f i l a 

m en ts  grew  from  th e  c e l l s .  S t a n l e y  and H u r ly  (6 2 )  n o te d  t h a t  C a n d id a  

was c a p a b l e  o f  i n t r a c e l l u l a r  g row th  w i t h i n  mouse p e r i t o n e a l  m acro

p h ag es  and p ro p o se d  t h a t  such  p h a g o c y t i c  c e l l s  m ig h t  prom ote p r o g r e s 

s i v e  c a n d i d i a s i s  b y  a c t i n g  a s  v e c t o r s  f o r  t h e  m u l t i p l y i n g  C a n d id a .

A t day 56 p o s t  i n f e c t i o n ,  t h e  i s o l a t i o n  o f  C. neoform ans f rom  

lu n g s  and  b r a i n s  o f  33.33% o f  a n im a ls  s a c r i f i c e d  a t  t h i s  p e r i o d ,  w h i l e
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s p l e e n s  and l i v e r s  o f  t h e s e  a n im a ls  w ere  c u l t u r a l l y  n e g a t i v e  t o  

C. n e o fo rm a n s ; s u g g e s t s  t h a t  t h e r e  i s  a n o th e r  l i n e  o f  d i s s e m i n a t i o n  

b e s i d e s  t h e  h em atogeneous  s p r e a d  w h ich  was p o s t u l a t e d  by W ilso n  ( 6 4 ) .  

R i t t e r  and L a r s h  (54 )  o b s e rv e d  t h a t  C. n eo fo rm ans  was r e c o v e r e d  from  

a l l  o rg a n s  o f  m ice  i n f e c t e d  by  i n t r a n a s a l  i n s t i l l a t i o n  o f  th e  o rg a n ism  

a t  t h e  f o u r t h  and s i x t h  w eeks p o s t  i n f e c t i o n .  H ow ever, a t  t h e  e i g h t h  

week t h e  lu n g s  a p p e a r e d  as  a s o l e  s i t e  o f  i n f e c t i o n  and  a f t e r  12 weeks 

p o s t  i n f e c t i o n  5% o f  i n f e c t e d  m ice  had  t h e  o rg a n is m  o n l y  i n  t h e  lungs  

and b r a i n s .  I n  t h e  p r e s e n t  s t u d y ,  enhanced  p h a g o c y t i c  a c t i v i t y  o f  

p e r i t o n e a l  m acrophages  t o  C. neo fo rm ans  o c c u r r e d  a t  day  56 p o s t  i n f e c 

t i o n .  T h is  e n h a n ce m en t ,  h o w e v e r ,  was accom pan ied  w i t h  i n t r a c e l l u l a r  

m u l t i p l i c a t i o n  o f  t h e  o rg a n is m  w h ich  a t  48 h r s  p o s t  i n  v i t r o  i n f e c t i o n  

o f  m o n o la y e rs  c a u s e d  n e c r o s i s  and d i s i n t e g r a t i o n  o f  m a c ro p h ag e s .  These  

o b s e r v a t i o n s  s u g g e s t  t h a t  p e r i t o n e a l  m acrophages  m ig h t .h a v e  c r o s s e d  

t h e  b l o o d - b r a i n  b a r r i e r  and  a c te d  a s  m e d ia to r  f o r  t h e  d i s s e m i n a t i o n  

o f  C. neo fo rm ans  t o  t h e  c e n t r a l  n e rv o u s  s y s te m .

I t  h a s  been  p o s t u l a t e d  t h a t  a c t i v a t i o n  o f  m acrophages  r e s u l t s  

f rom  t h e  i n t e r a c t i o n  o f  m acrophages w i t h  im m u n o lo g ic a l ly  com m itted  

lym phocy tes  w h ic h  u n d e rg o  b l a s t o g e n e s i s  a s  a  r e s u l t  o f  t h e i r  c o n t a c t  

w i t h  s p e c i f i c  a n t i g e n  ( 3 5 ,  4 6 ,  4 7 ) .  T h e r e f o r e ,  i t  i s  p o s s i b l e  t h a t  

C. neoform ans was a b l e  t o  s t i m u l a t e  lym phocy te s  a t  c e r t a i n  s t a g e s  o f  

i n f e c t i o n  t o  p ro d u c e  t h e  s o l u b l e  m e d ia to r s  ( ly m p h o k in e s ) w hich 

u l t i m a t e l y  may h a v e  c a u s e d  t h e  a c t i v a t i o n  o f  m ac ro p h ag es  a t  t h e s e  

s t a g e s  o f  c r y p t o c o c c a l  i n f e c t i o n .  The r e s u l t s  showed t h a t  p e r i t o n e a l  

m acrophages e x h i b i t e d  a  t r a n s i e n t  f u n g i c i d a l  e f f e c t  on C. neo fo rm ans
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a t  21 and  28 days  p o s t  i n f e c t i o n ,  w h i l e  a l v e o l a r  m ac rophages  e x h i b i t e d  

a  t r a n s i e n t  f u n g i s t a t i c  e f f e c t  on t h e  o rg a n ism  a t  d ay  14 p o s t  i n f e c 

t i o n .  B oth  m acrophage p o p u l a t i o n s  i s o l a t e d  a t  t h e s e  p e r i o d s  w ere  

r e s i s t a n t  t o  d e s t r u c t i o n  by C. n e o fo rm an s  upon v i t r o  i n f e c t i o n  o f  

t h e i r  m o n o la y e r s .  As t h e  c r y p t o c o c c a l  i n f e c t i o n  p r o g r e s s e d ,  h o w e v e r ,  

a  s t a t e  o f  im m u nosupp ress ion  m ig h t  h a v e  b e e n  p ro d u ce d  a s  a r e s u l t  o f  

r e n d e r i n g  th e  lym phocytes  u n r e s p o n s i v e  t o  Ç . n e o fo r m a n s . T h i s  immuno

s u p p r e s s i v e  s t a t e  was e x p r e s s e d  i n  t h e  f o l lo w in g  e v e n t s :  ( a )  c o m p le te

im p a irm en t  o f  p h a g o c y t i c  a c t i v i t y  b y  a l v e o l a r  m acrophages  a t  days  56 

and 84 p o s t  i n f e c t i o n ,  and  by  immune a l v e o l a r  m ac ro p h ag es  i s o l a t e d  

3 weeks a f t e r  t h e  l e t h a l  c h a l l e n g e ,  (b )  d i s s i p a t i o n  o f  m acrophage  

a c t i v a t i o n  and c o n s e q u e n t ly  t h e  c o n v e r s i o n  o f  p e r i t o n e a l  and  a l v e o l a r  

m acrophages  on days 4 2 ,  5 6 ,  and  84 t o  f a v o r  i n t r a c e l l u l a r  g ro w th  o f  

C. n eo fo rm ans  and u l t i m a t e l y  t h e  s u s c e p t i b i l i t y  f o r  d e s t r u c t i o n  by  t h e  

f u n g u s ,  ( c )  t h e  i n c r e a s e d  r a t e  o f  m o r t a l i t y  among i n f e c t e d  m ice  c h a l 

le n g e d  on day 4 2 ,  56 and 84 p o s t  i n f e c t i o n ;  and t h e  s h o r t e r  s u r v i v a l  

t im e  o f  t h e s e  a n im a l s ,  (d )  t h e  r a p i d  p r o l i f e r a t i o n  o f  C. n eo fo rm ans  

a t  day  42 and c o n s e q u e n t ly  i t s  d i s s e m i n a t i o n  t o  t h e  c e n t r a l  n e rv o u s  

sy s te m .

Many e x p e r i m e n t a l  s t u d i e s  h a v e  s u g g e s te d  t h a t  c r y p t o c o c c a l  

c a p s u l a r  p o l y s a c c h a r i d e  c o u l d  in d u c e  an  im m u n o lo g ic a l  p a r a l y s i s  i n  

t h e  i n f e c t e d  h o s t .  Goodman ( 2 1 ) ,  h a s  found  t h a t  c r y p t o c o c c a l  p o l y 

s a c c h a r i d e  i s  p r e s e n t  i n  t h e  se rum  a n d /o r  c e r e b r o s p i n a l  f l u i d  o f  many 

p a t i e n t s  w i t h  c r y p t o c o c c a l  m e n i n g i t i s .  Murphy and Cozad ( 4 4 ) ,  by 

em p lo y in g  t h e  h e m o ly t i c  p l a q u e  t e c h n i q u e  n o te d  t h a t  h i g h  c o n c e n t r a t i o n
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o f  c r y p t o c o c c a l  c a p s u l a r  p o l y s a c c h a r i d e  in d u c e d  im m u n o lo g ica l  u n 

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

and  i n h i b i t i o n  o f  a n t i b o d y  s y n t h e s i s .  Bulm er and Sans ( 7 ) ,  h a v e  o b 

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

p h a g o c y to s i s  o f  C. n eo fo rm ans  by  human l e u k o c y te s  and t h a t  p h a g o c y 

t o s i s  o f  t h e  o rg a n ism  i n  p a t i e n t s  w i t h  c r y p t o c o c c a l  m e n i n g i t i s  was 

d e p r e s s e d .  T hese  i n v e s t i g a t o r s  s u g g e s t e d  t h a t  c r y p t o c o c c a l  p o l y 

s a c c h a r i d e  may p l a y  a r o l e  i n  t h e  p a t h o g e n e s i s  o f  c r y p t o c o c c o s i s .  

Diamond, R o o t ,  and  B e n n e t t  (13)  d e m o n s t r a t e d  t h a t  i n h i b i t i o n  o f  p h a g o 

c y t o s i s  o f  C. n eo fo rm ans  o c c u r r e d  o n l y  a t  e x t r e m e ly  h i g h  c o n c e n t r a t i o n s  

o f  p o l y s a c c h a r i d e  r a r e l y  s e e n  in  se rum  o r  s p i n a l  f l u i d  o f  c r y p t o c o c c a l  

p a t i e n t s .  They p o s t u l a t e d  t h a t  t h e  s i z e  o f  c r y p t o c o c c a l  c a p s u l e  was 

a v e r y  im p o r ta n t  f a c t o r  i n  a f f e c t i n g  t h e  i n g e s t i o n  o f  C. n eo fo rm an s  

by  n e u t r o p h i l s ,  w h e re a s  o t h e r  f a c t o r s  such  a s  f r e e  c a p s u l a r  p o l y 

s a c c h a r i d e  and s p e c i f i c  a n t i b o d y  t o  C. n e o fo rm a n s , may have  l e s s  

i m p o r ta n t  i n f l u e n c e s  on t h e  p h a g o c y t i c  a c t i v i t y  o f  n e u t r o p h i l s  i n  

human c r y p t o c o c c o s i s .  W hether  t h e  s t a t e  o f  im m unosupp ress ion  w h ich  

was in d u c e d  i n  m ice  d u r in g  p r o g r e s s i v e  s t a g e s  o f  c r y p t o c o c c o s i s ,  was a 

r e s u l t  o f  p r o d u c t i o n  and  a c c u m u la t io n  o f  c r y p t o c o c c a l  p o l y s a c c h a r i d e  

d u r in g  t h e s e  s t a g e s ,  was n o t  d e te r m in e d  in  o u r  i n v e s t i g a t i o n .

I n  a n t i m i c r o b i a l  c e l l u l a r  im m u n ity ,  m acrophage a c t i v a t i o n  and 

i n c r e a s e d  r e s i s t a n c e  a p p e a r  t o  r e s u l t  from  t h e  s t i m u l i  p r o v id e d  by 

s p e c i f i c  im m u n o lo g ic a l  e v e n t s  i n  c o m b in a t io n  w i t h  n o n - s p e c i f i c  s t i m u l i  

( 5 0 ) .  N e v e r t h e l e s s ,  t h e  c a p a c i t y  o f  d i f f e r e n t  m acrophages t o  s u p p r e s s  

i n g e s t e d  m ic ro b e s  i s  d e te r m in e d  by  t h e  d e g r e e  o f  t h e  c e l l  a c t i v a t i o n
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a t  th e  t im e  o f  e n c o u n te r  w i t h  t h e  m ic r o b e ,  i . e .  t h e  h i g h e r  l e v e l s  o f  

enzymes i n  a c t i v a t e d ,  a s  com pared  w i t h  n o n - a c t i v a t e d ,  m ac rophages  (23 , 

4 3 ) .  The r e s u l t s  i n  t h i s  s t u d y  i n d i c a t e  t h a t  n o n s p e c i f i c  a c t i v a t i o n  

o f  a l v e o l a r  m acrophages i s o l a t e d  f ro m  immune m ice  was m a n i f e s t e d  by 

t h e  e n h a n ce d  p h a g o c y t ic  a c t i v i t y  t o  H is to p la s m a  c a p s u la tu m  b u t  n o t  t o  

C r y p to c o c c u s  n e o fo rm a n s . T h i s  n o n s p e c i f i c  a c t i v a t i o n  was n o t  accom

p a n ie d  b y  i n t r a c e l l u l a r  k i l l i n g  o f  H. c a p su la tu m  n e i t h e r  b y  immune 

a l v e o l a r  m acrophages  o r  immune p e r i t o n e a l  m ac ro p h ag e s . T h ese  o b s e r v a 

t i o n s  s u g g e s t  t h a t  C. n e o fo rm ans  m ig h t  have  p roduced  a s p e c i f i c  immuno

s u p p r e s s i o n  on t h e  p h a g o c y t i c  a c t i v i t y  o f  immune a l v e o l a r  m acrophages  

b u t  n o t  on  th e  p e r i t o n e a l  m a c ro p h a g e s .  The l a t t e r  e x h i b i t e d  a  f u n g i 

c i d a l  e f f e c t  and  a s i m i l a r  p a t t e r n  o f  p h a g o c y t ic  a c t i v i t y  on C. n eo 

fo rm ans a s  d id  t h e  p e r i t o n e a l  m acrophages  i s o l a t e d  from  i n f e c t e d  m ice 

on day  21 p o s t  i n f e c t i o n .  I n t r a c e l l u l a r  g row th  o f  H. c a p s u la tu m  w i t h i n  

immune a l v e o l a r  and p e r i t o n e a l  m acrophages  and c o n s e q u e n t ly  t h e i r  

n e c r o s i s  and d e s t r u c t i o n  may be  r e l a t e d  t o  t h e  a b s e n c e  o f  s p e c i f i c  

c r y p t o c o c c a l  a n t i g e n  in  t h e  i n c u b a t i o n  medium o f  t h e s e  c e l l s .  On th e  

o t h e r  h a n d ,  i t  may be due t o  n o n - s p e c i f i c  m a n i f e s t a t i o n  o f  t h e  immuno

s u p p r e s s i o n  w hich  was in d u c e d  by C. neoform ans on m acrophage  p o p u l a t i o n  

and c o u ld  h a v e  b e e n  e x te n d e d  t o  a f f e c t  th e  b e h a v io r  o f  H. c a p s u la tu m  

w i t h i n  t h e  p h a g o c y t i c  c e l l s .

S in c e  a l v e o l a r  and p e r i t o n e a l  m acrophages e x h i b i t e d  a l t e r n a 

t i o n s  i n  t h e i r  f u n c t i o n a l  a c t i v i t y  a s  was d e m o n s t ra te d  by  t h e i r  b e 

h a v i o r  ^  v i t r o  and t h e  c o r r e l a t i o n  o f  t h i s  b e h a v io r  t o  t h e i r  r o l e  

i n  v i v o  ; i t  would  be b e n e f i c i a l  t o  c o n t i n u e  i n v e s t i g a t i o n s  a lo n g  th e
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f o l l o w in g  l i n e s  :

1. To s t u d y  t h e  im m uno log ica l  f u n c t i o n  o f  b o th  T - ly m p h o c y te s  

and B - lym phocy te s  a t  d i f f e r e n t  s t a g e s  o f  c r y p t o c o c c o s i s

and  t o  c o r r e l a t e  t h i s  f u n c t i o n  w i th  t h e  b e h a v i o r  o f  a l v e o l a r  

and p e r i t o n e a l  m acrophages v i t r o  and t h e i r  p r o t e c t i v e  

and n o n - p r o t e c t i v e  r o l e s  v i v o .

2 .  To d e te r m in e  t h e  l e v e l  o f  c r y p t o c o c c a l  c a p s u l a r  p o l y s a c 

c h a r i d e  a t  d i f f e r e n t  s t a g e s  o f  c r y p t o c o c c a l  i n f e c t i o n  and 

t o  c o r r e l a t e  t h i s  l e v e l  w i t h  t h e  a c t i v i t y  o f  m acrophages  

and  lym phocy tes  v i t r o  and  v i v o .

3 .  To p e r f o r m  a c o m p a ra t iv e  s t u d y  on t h e  e n z y m a tic  c o n t e n t s  o f  

a l v e o l a r  and p e r i t o n e a l  m acrophages i s o l a t e d  from  i n f e c t e d  

m ice  a t  d i f f e r e n t  s t a g e s  o f  c r y p t o c o c c o s i s  and  c o r r e l a t e  t h e  

l e v e l  o f  t h e s e  enzymes t o  t h e  f u n c t i o n a l  a c t i v i t y  o f  m ac ro 

p hages  ^  v i t r o  and ^  v i v o .

4 .  To p e r fo rm  a u t o - r a d i o g r a p h i c  s tu d y  on m acrophages  i s o l a t e d  

a t  c e r t a i n  s t a g e s  o f  p r o g r e s s i v e  c r y p t o c o c c o s i s ,  when t h e  

s t a t e  o f  im m unosupp ress ion  h a s  been  in d u c e d .  T h is  s t u d y  

may in v o lv e ;  i n f e c t i n g  m acrophage m ono laye rs  v i t r o  w i t h  

l a b e l l e d  n e o fo rm a n s , a l l o w in g  d i f f e r e n t  t im e s  f o r  phag o 

c y t o s i s ,  w ash in g  e x t r a c e l l u l a r  c r y p t o c o c c i ,  d e t a c h i n g  t h e  

m acrophages  from m o n o la y e rs ,  i n j e c t i n g  t h e  p a r a s i t i z e d  

m acrophage  s u s p e n s io n  i n  no rm al a n im a ls  i n t r a p e r i t o n e a l l y ,  

and  f i n a l l y  t r a c i n g  t h e i r  d i s t r i b u t i o n  t o  o b s e rv e  i f  t h e y  

a r e  a b l e  o f  c r o s s i n g  t h e  b l o o d - b r a i n  b a r r i e r  and e s t a b l i s h 

in g  i n f e c t i o n  o f  t h e  c e n t r a l  n e rv o u s  s y s te m .



CHAPTER V

SUMMARY AND CONCLUSIONS

F em ale  i n b r e d  B a l b / c j  m ice  w e re  i n f e c t e d  w i t h  1 .6  x  10^ 

C ry p to c o c c u s  neo fo rm ans  v i a  t h e  a i r b o r n e  r o u t e .  Groups o f  m ice  w ere  

a u t o p s i e d  o r  c h a l l e n g e d  i n t r a v e n o u s l y  w i t h  1.7  x  10^ v i a b l e  C. n e o f o r 

mans a t  d a y s  1 ,  3 ,  7 ,  14 , 2 1 ,  2 8 ,  4 2 ,  5 6 ,  and 84 p o s t  i n f e c t i o n  f o r  

p a t h o g e n e s i s  and  m o r t a l i t y  s t u d i e s .  A l v e o l a r  and p e r i t o n e a l  m acrophages 

w e re  i s o l a t e d  from  i n f e c t e d  and  n o n i n f e c t e d  m ice a t  t h e  same p e r i o d s  o f  

a u t o p s y ,  and u sed  i n  th e  i n  v i t r o  p h a g o c y t i c  s t u d i e s .

The r e s u l t s  i n d i c a t e  t h a t  t h e  pathw ay o f  d i s s e m i n a t i o n  o f  c r y p 

t o c o c c o s i s  i s  from  th e  p r im a ry  pu lm onary  i n f e c t i o n  t o  t h e  l i v e r ,  s p l e e n ,  

and  f i n a l l y  t o  t h e  b r a i n .  Pu lm onary  c r y p t o c o c c o s i s ,  h o w e v e r ,  was n o t  

e s t a b l i s h e d  u n t i l  day  7 p o s t  r e s p i r a t o r y  e x p o s u re  t o  t h e  o rg a n is m .

T h is  o b s e r v a t i o n  r a i s e s  th e  p o s s i b i l i t y  t h a t  C ry p to c o c c u s  neoform ans 

may i n i t i a l l y  c o l o n i z e  c e r t a i n  f o c i  i n  t h e  upper  r e s p i r a t o r y  t r a c t  su ch  

a s  mucous membranes o r  lym phoid  t i s s u e s ,  p r i o r  t o  f u r t h e r  m u l t i p l i c a t i o n  

and  d i s s e m i n a t i o n  w h ich  l e a d s  t o  t h e  e s t a b l i s h m e n t  o f  a p r im a ry  fo cu s  

o f  i n f e c t i o n  i n  t h e  a l v e o l i  o f  t h e  l u n g s ,

S u b c l i n i c a l  r e s p i r a t o r y  i n f e c t i o n  w i th  1 .6  x  10^ C^ neoform ans 

c o n f e r r e d  im m unity  on m ice  a g a i n s t  a l e t h a l  c h a l l e n g e  w i t h  1 .7  x  10^

71



72

v i a b l e  C. n e o f  orm ans. T h is  a c q u i r e d  immunity was d e t e c t e d  a t  day  7 ,  

peaked  a t  d a y  21 and 2 8 ,  t h e n  i t  s t a r t e d  t o  s u b s i d e  on day 42 p o s t  

i n f e c t i o n ,  a t  w hich  t im e  an  i n c r e a s e  r a t e  o f  m o r t a l i t y  o c c u r r e d  and 

c o n t i n u e d  t o  i n c r e a s e  u n t i l  day  56 when i t  was m a i n t a i n e d  a t  t h e  same 

l e v e l  u n t i l  d ay  84 p o s t  i n f e c t i o n .

A l v e o l a r  m acrophages e x h i b i t e d  a f u n g i s t a t i c  e f f e c t  on 

C. n eo fo rm ans  a t  day 14 , w hereas  p e r i t o n e a l  m acrophages  e x h i b i t e d  

f u n g i c i d a l  e f f e c t  on t h e  o rg an ism  a t  days  21 and 28 p o s t  i n f e c t i o n .

In  v i t r o  f u n c t i o n a l  a c t i v i t i e s  o f  a l v e o l a r  and p e r i t o n e a l  m acrophages  

w ere  e x p r e s s e d  ^  v iv o  by  r e t a r d i n g  p r o g r e s s i o n  o f  i n f e c t i o n ,  i n h i b i 

t i n g  m u l t i p l i c a t i o n  and p r o l i f e r a t i o n  o f  C. n e o fo r m a n s , and f i n a l l y  

e x te n d i n g  t h e  s u r v i v a l  t im e  o f  im m u n iz e d -c h a l le n g e d  a n im a ls  a t  t h e s e  

p e r i o d s .  How ever, t h i s  p r o t e c t i v e  r o l e  o f  b o t h  m acrophage  p o p u l a t i o n s  

was a  t r a n s i e n t  o n e ,  and  bo th  c e l l s  p ro v id e d  a f a v o r a b l e  e n v iro n m e n t  

f o r  t h e  i n t r a c e l l u l a r  g ro w th  o f  C. neo fo rm ans  a s  a r e s u l t  o f  a n  immuno

s u p p r e s s i v e  s t a t e  w h ich  was in d u c e d  i n  t h e  h o s t  i n  more p r o g r e s s i v e  

s t a g e s  o f  i n f e c t i o n .  T h e r e f o r e ,  r a t h e r  b e in g  t h e  m ain  e f f e c t o r  arm 

o f  a c q u i r e d  im m unity  a g a i n s t  p r o g r e s s i v e  c r y p t o c o c c o s i s ,  t h e  m ac ro 

phages  may c o n t r i b u t e  t o  t h e  p a t h o g e n e s i s  o f  C. neoform ans  by  a c t i n g  

a s  a  m e d i a t o r  f o r  t h e  d i s s e m i n a t i o n  o f  t h e  o rg a n is m  t o  t h e  c e n t r a l  

n e r vous s y s te m .

A l v e o l a r  and  p e r i t o n e a l  m acrophages  i s o l a t e d  from  immune m ice  

w ere  a b l e  t o  p h a g o c y t i z e  H is to p la s m a  c a p s u l a tu m , b u t  t h e y  f a i l e d  t o  

r e s i s t  d e s t r u c t i o n  by t h e  o rg a n is m  48 h r s  p o s t  i n  v i t r o  i n f e c t i o n  o f  

th e  m o n o la y e r s .
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