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ABSTRACT

T h is  t h e s i s  p r e s e n t s  t h e  r e s u l t s  o f  a  s t u d y  o f  t h e  
im m u n o p a th o lo g ic a l  e v e n t s  t a k i n g  p l a c e  in  t h e  c u t a n e o u s  l e s i o n s  
a n d  d r a i n i n g  ly m p h  n o d e s  o f  B A L B /c  a n d  C B A /c a  m ic e  i n f e c t e d  
w i th  Leishmania major  a n d  L, mexicana ,  a t  v a r i o u s  
i n t e r v a l s  a f t e r  t h e  i n o c u l a t i o n  o f  t h e  p a r a s i t e s .

F o u r  c o m b i n a t i o n s  o f  p a r a s i t e  a n d  m ic e  s t r a i n s  w e r e  u s e d :
C B A /c a  m ic e  i n f e c t e d  w i th  L. major ; C B A /ca  m ic e  

i n f e c t e d  w i th  mexicanas B A L B /c m ic e  i n f e c t e d  w i th  L. 

majors B A L B /c m ic e  i n f e c t e d  w i th  L. mexicana

In  e a c h  o f  th e m , t h e  c l i n i c a l  c o u r s e  o f  t h e  i n f e c t i o n  a n d  
t h e  im m u n o p a th o lo g ic a l  a p p e a r a n c e  o f  t h e  l e s i o n s  a n d  t h e i r  
d r a i n i n g  ly m p h  n o d e s  w e r e  f a l l o w e d  f o r  18 w e e k s ,  a t t e m p t i n g  t o  
c o r r e l a t e  th e m  w i th  t h e  c h a n g e s  i n  t h e  h u m o r a l  a n d  c e l l u l a r  
im m une r e s p o n s e s  t o  t h e  p a r a s i t e .

T h e  i n f e c t i o n  o f  C B A /c a  m ic e  w i th  L. major , r e s u l t e d  in  
s e l f - h e a l i n g  c u t a n e o u s  l e s i o n s ,  w h i le  t h e  i n f e c t i o n  w i th  L, 
mexicana  l e d  t o  t h e  d e v e l o p m e n t  o f  n o n —h e a l i n g  l e s i o n s .

B A L B /c m ic e  d e v e l o p e d  n o n - h e a l i n g  l e s i o n s  i n  r e s p o n s e  t o  t h e  
i n f e c t i o n  w i th  e i t h e r  p a r a s i t e .

T h e  h i s t o p a t h o l o g i c a l  a p p e a r a n c e  o f  t h e  s k i n  l e s i o n s  w a s  
d i f f e r e n t  f o r  e a c h  h o s t —p a r a s i t e  c o m b in a t io n ,  c h a n g in g  
c o n t i n u o u s l y  d u r i n g  t h e  c o u r s e  o f  i n f e c t i o n ,  a s s u m in g  p a t t e r n s  
c o n f o r m in g  t o  t h o s e  d e s c r i b e d  i n  BRYCESON's h i s t o l o g i c a l  
s p e c t r u m  o f  l e i s h m a n i a s i s .

T h e  c h a n g e s  i n  t h e  c o r t i c a l  a n d  p a r a c o r t i c a l  a r e a s  o f  t h e  
ly m p h  n o d e s  a n d  t h e i r  i n f i l t r a t i o n  b y  c e l l s  o f  t h e  p h a g o c y t i c
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s y s t e m  a r e  d e s c r i b e d  a n d  c o r r e l a t e d  w i th  t h e  c l i n i c a l  c o u r s e  o f  
t h e  i n f e c t i o n  a n d  t h e  h u m o r a l  a n d  c e l l u l a r  im m une r e s p o n s e s .

T h e  im m u n o p a th o lo g ic a l  s t u d i e s  c o m p r i s e d  a  s e a r c h  f o r  G a n d  
M im m u n o g lo b u l in s  (IgG  a n d  Ig li)  a n d  C 3  c o m p le m e n t  f a c t o r  b y  
im m u n o f lu o r e s c e n c e  t e c h n i q u e s  a p p l i e d  t o  c r y o s t a t  t i s s u e  
s e c t i o n s  o f  b o t h  s k i n  l e s i o n s  a n d  ly m p h  n o d e s ,  a n d  t h e  
i d e n t i f i c a t i o n  o f  s u b p o p u l a t i o n s  a m o n g  l y m p h o c y t e s  i n  t i s s u e  
s e c t i o n s  a n d  d i s a g g r e g a t e s  o f  c e l l s ,  b y  d e t e r m i n i n g  t h e  
p r e s e n c e  o f  IgG , IgM, a n d  L y t l  a n d  L y t 2  s u r f a c e  m a r k e r s  in  
t h e i r  c e l l  s u r f a c e s .  T h e  a t t e m p t  w a s  m a d e  t o  a s s e s s  t h e  
s p e c i f i c i t y  o f  t h e  s t a i n i n g  b y  t h e  u s e  o f  F I T C - t .  
mexicana  a n t i g e n  a n d  t h e  F (a b ) '2  f r a c t i o n  o f  L. 

mexicana  a n t i b o d y .
O v e r a l l  t h e  s a m e  t i s s u e  s t r u c t u r e s  a n d  c e l l s  w e r e  s t a i n e d  in  

a l l  i n f e c t i o n  m o d e ls ,  b u t  t h e r e  w e r e  d i f f e r e n c e s  i n  t h e  
p a t t e r n  a n d  i n t e n s i t y  o f  t h e  f l u o r e s c e n c e  o f  Ig  a n d  C 3 d e p o s i t s  
b o t h  am o n g  i n f e c t i o n  m o d e ls ,  a n d  w i th in  t h e  s i n g l e  i n f e c t i o n  
m o d e ls  a s  i n f e c t i o n  e v o l v e d .  D e p o s i t s  o f  IgG  a n d  IgM w e r e  
c o n s i s t e n t l y  d e t e c t e d  in  c u t a n e o u s  l e s i o n s  a l o n g  t h e  
d e r m i s - e p i d e r m i s  j u n c t i o n ,  v a s c u l a r  w a l l s  a n d  m u s c l e s .
G e n e r a l l y  t h e i r  t e m p o r a l  p a t t e r n  o f  a p p e a r a n c e  c o r r e s p o n d e d  t o  
t h o s e  o f  C 3 d e p o s i t s  a n d  o f  a n t i g e n  d e t e c t e d  b y  a n t i —/L. 
mexicana  a n t i b o d y .  T h e  p o s s i b l e  n a t u r e  a n d  o r i g i n  o f  t h e s e  
d e p o s i t s  i s  d i s c u s s e d  s u g g e s t i n g  t h a t  t h e y  c o u l d  b e  im m une 
c o m p le x e s .

R e g a r d in g  t h e  c e l l s  i n f i l t r a t i n g  t h e  s k i n  l e s i o n s ,  a n t i g e n ,  
a n t i b o d y  a n d  C 3  w e r e  d e t e c t e d  o n  t h e  s u r f a c e  o f  m a c r o p h a g e s  a n d  
r e t i c u l a r  s h a p e d  c e l l s ,  s u g g e s t i n g  t h a t  t h e s e  c e l l s  m ay b e  
p r e s e n t i n g  a n t i g e n s .  A n t ig e n  p r e s e n t i n g  c e l l s  w e r e  d e t e c t e d  in



s k i n  t i s s u e  f r o m  a l l  h o s t —p a r a s i t e  c o m b i n a t i o n s  w i th  t h e  
e x c e p t i o n  o f  B A L B /c  m ic e  i n f e c t e d  w i th  mexicana*

P o ly m o r p h o n u c l e a r  e o s i n o p h i l s  w i th  t h e i r  c y t o p l a s m  s t a i n e d  
b y  FIT C  L. mexicana  a n t i g e n  a n d  b y  a n t i —IgG s e r a  w e r e  
e s p e c i a l l y  a b u n d a n t  in  m ic e  e x h i b i t i n g  n o n —h e a l i n g  l e s i o n s ,  t h e  
p o s s i b l e  r o l e  o f  t h e s e  c e l l s  i n  p h a g o c y t o s i n g  im m une c o m p le x e s ,  
a n d  t h e i r  p a s s i b l e  p a r t i c i p a t i o n  i n  l e i s h m a n i c i d a l  m e c h a n is m s  
i s  d i s c u s s e d .

A n t ig e n ,  Leishmania  a n t i b o d y  a n d  C 3 c o e x i s t e d  i n  
i n t e r c e l l u l a r  d e p o s i t s  i n  c o r t i c a l  a n d  p a r a c o r t i c a l  a r e a s  o f  
ly m p h  n o d e s .  T h e s e  d e p o s i t s  s e e m  t o  b e  a s s o c i a t e d  w i th  
f o l l i c u l a r  d e n d r i t i c  c e l l s  a n d  i n t e r d i g i t a t i n g  c e l l s  i n  t h e s e  
a r e a s .  T h e  s i n u s  s y s t e m  w a s  d e t e c t e d  s t a i n e d  b y  t h e  
i m m u n o r e a g e n t s  m e n t io n e d  e a r l i e r  p l u s  a n t i - I g M  a n d  a n t i —IgG , 
t h i s  i s  i n t e r p r e t e d  a s  t h e  r e s u l t  o f  t h e  s t a i n i n g  o f  
m a c r o p h a g e s  l i n i n g  t h e  s i n u s e s .

A n ti- Ig M  a n d  a n t i - I g G  a l s o  s t a i n e d  t h e  s u r f a c e  o f  s m a l l  
l y m p h o c y t e s  a n d  t h e  c y t o p l a s m  o f  im m u n o b la s t s  a n d  p la s m a  c e l l s  
in  f o l l i c u l a r  a n d  m e d u l l a r y  a r e a s  o f  C B A /c a  m ic e  i n f e c t e d  w i th  
L, major o r  L. mexicana .

In  b o t h ,  t h e  s k i n  l e s i o n s  a n d  t h e  ly m p h  n o d e s ,  B c e l l s  
b o r e  p r e d o m i n a n t l y  IgG  a n d  s t a i n e d  w i th  FIT C -Z .. wexicana 

a n t i g e n .  T c e l l s  e x h i b i t e d  t h e  L y t l +  p h e n o t y p e .
T h e  c e l l u l a r  r e s p o n s e  w a s  m e a s u r e d  b y  t h e  d e l a y e d  

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

C B A /c a  i n f e c t e d  w i th  L.major p r o d u c e d  a  r e s p o n s e  o f  t h e  
t u b e r c u l i n —t y p e  w h en  t e s t e d  w i th  b o t h  h o m o lo g o u s  a n d  
h e t e r o l o g o u s  a n t i g e n s .



C B A /c a  a n d  B A L B /c m ic e  i n f e c t e d  w i th  L.  Mexicans  p r o d u c e  
a  DHR t o  h o m o lo g o u s  a n t i g e n s  o n l y  b u t  t h e  k i n e t i c s  o f  t h e  
r e s p o n s e  w a s  o f  t h e  JO N E S -M O T E -ty p e .

B A L B /c m ic e  i n f e c t e d  w i th  L.wajor d id  n o t  d e v e l o p  DHR 
w h en  c h a l l e n g e d  w i th  t h e  h o m o lo g o u s  a n t i g e n ,  a l t h o u g h  w h en  t h e y  
w e r e  c h a l l e n g e d  w i th  t h e  h e t e r o l g o u s  a n t i g e n  a  r e s p o n s e  o f  
l e s s e r  m a g n i tu d e  t o  t h e s e  o b s e r v e d  in  m ic e  f r o m  t h e  r e s t  o f  t h e  
e x p e r i m e n t a l  g r o u p s  w a s  o b s e r v e d .

F i n a l l y  t h e  h u m o r a l  r e s p o n s e  w a s  m e a s u r e d  b y  d e t e r m i n i n g  
c i r c u l a t i n g  a n t i b o d i e s  b y  d i r e c t  a g g l u t i n a t i o n  a n d  i n d i r e c t  
i m m u n o f l u o r e s c e n t  t e c h n i q u e s ,  u s i n g  h o m o lo g o u s  a n d  h e t e r o l o g o u s  
a n t i g e n s .  T h e  k i n e t i c s  o f  t h e  r e s p o n s e  u s i n g  t h e  a g g l u t i n a t i o n  
t e c h n i q u e  s h o w e d  a n  e a r l y  r i s e  o f  t h e  a n t i b o d y  t i t r e s ,  r e a c h i n g  
h ig h  l e v e l s  a f t e r  t h e  f i r s t  w e e k  a n d  o s c i l l a t i n g  t h e r e a f t e r  
a l w a y s  a t  h ig h  v a l u e s  f o r  t h e  o b s e r v e d  p e r i o d ;  t h e  
im m u n o f l u o r e s c e n t  t e c h n i q u e  d id  n o t  d e t e c t  s i g n i f i c a n t  l e v e l s  
o f  Ig S  a n t i b o d i e s  b e f o r e  t h e  f o u r t h  w e e k  a n d  t h e n  o n ly  a t  lo w  
t i t r e s ,  b u t  i n c r e a s e d  s t e a d i l y  t h e r e a f t e r  r e a c h i n g  l e v e l s  
c o m p a r a b le  t o  t h o s e  s e e n  w i th  t h e  a g g l u t i n a t i o n  t e c h n i q u e  b y  
t h e  1 6 th  w e e k . A n ti^ Ig M  a n t i b o d y  o s c i l l a t e d  a t  lo w  l e v e l s  
d u r i n g  t h e  w h o le  p e r i o d  o f  t h e  o b s e r v a t i o n s .



ACKNOWLEDGEMENTS

T h e  w o rk  r e p o r t e d  i n  t h i s  t h e s i s  w a s  f i n a n c e d  b y  t h e  
U n i v e r s i d a d  D e L o s  A n d e s .

T h e  p r o j e c t  w a s  c o n c e i v e d  b y  a n d  c a r r i e d  o u t  u n d e r  t h e  
s u p e r v i s i o n  o f  D r . R . S . B r a y  t o  whom I  am  f u r t h e r  in d e b t f c / f o r  
p r o v i d i n g  i r r e s t r i c t e d  a c c e s s  t o  t h e  f a c i l i t i e s  o f  h i s  
l a b o r a t o r y  a n d  p a t i e n t  a n d  c a r e f u l  r e v i s i o n  o f  t h e  m a n u s c r i p t .

D r . J a m e s  A le x a n d e r  w a s  a  c o n s t a n t  s o u r c e  o f  e n c o u r a g e m e n t .  
I  t h a n k  him  f o r  m an y  h o u r s  o f  s t i m u l a t i n g  a n d  u s e f u l  d i s c u s s i o n  
a n d  f o r  c a r e f u l y  r e a d i n g  t h e  m a n u s c r i p t  m a k in g  m an y  u s e f u l  
s u g g e s t i o n s .

D r. M. W. S t e w a r d  o f  t h e  L o n d o n  S c h o o l  o f  T r o p i c a l  M e d ic in e  
a n d  H y g ie n e  o f f e r e d  g u i a d a n c e  w h e n  I  m o s t  n e e d e d  i t  a n d  w e n t  
o u t  o f  h i s  w a y  t o  m ak e  t h e  f a c i l i t i e s  o f  h i s  l a b o r a t o r y  
a v a i l a b l e  f o r  my w o rk .

M rs . C a r o l  B r o a d l e y  a n d  M rs . J i l l  N i c h o l a s ,  c o m p e n s a t e d  f o r  
my l i m i t e d  com m and  o f  t h e  e n g l i s h  l a n g u a g e  w i th  p a t i e n c e  a n d  
u n d e r s t a n d i n g  a n d  h e l p e d  e n o r m o u s l y  i n  g e t t i n g  t h i n g s  a c r o s s  t o  
o t h e r  p e o p l e .  T h a n k s  t o  th e m  my l i f e  w a s  c o n s i d e r a b l y  e a s i e r .

D r . N e s t o r  A n e z  m a d e  a l l  s o r t s  o f  a r r a n g e m e n t s  t o  f a c i l i t a t e  
o u r  s e t t l e m e n t  i n  t h i s  c o u n t r y ,  h e  a n d  h i s  f a m i ly  p r o v i d e d  
i n v a l u a b l e  s u p p o r t  a n d  f r i e n d s h i p  t h r o u g h  n o t  s o  h a p p y  t i m e s .

My t h a n k s  t o  D r . K e i t h  W a lb a n k s , D r .  M a r ia  A n to n io u ,  D r . G a y  
G ib s o n  a n d  C r i s t o u s  K o u r o u n i o t i s  f o r  b e i n g  s u c h  g o o d  f r i e n d s .

I  m u s t  a l s o  t h a n k  D r . C e c i l i a  d e  S c o r z a  f o r  p r o v i d i n g  m uch  
n e e d e d  s u p p o r t ,  h o p e  a n d  c o n s u e l e  t h r o u g h  h e r  m an y  t i m e s
r e r e a d  l e t t e r s .



I  am  m a s t, g r a t e f u l  t o  M rs . B e t t y  H i l l s ,  f o r  h e r  e f f o r t s  t o  
im p r o v e  my e n g l i s h  a n d  m an y  h o u r s  o f  d e l i g h t f u l  c o n v e r s a t i o n  
i n  s p i t e  o f  t h e  w ro n g  t e n s e s .

My s p e c i a l  g r a t i t u d e  t o  my s i s t e r  B e a t r i z  w ho d e d i c a t e d  tw o  
y e a r s  o f  h e r  l i f e  t o  u s .  A nd t o  my m o t h e r  w ho m alie  i t  p o s s i b l e  
f o r  u s  t o  f i n i s h  o u r  w o rk  b y  t a k i n g  u p o n  h e r s e l f  t h e  
r e s p o n s i b i l i t y  o f  l o o k in g  a f t e r  o u r  c h i l d r e n .  My s i s t e r  Y u b i r i  
o u r  b e l o v e d  " l e g a l  r e p r e s e n t a t i v e "  b a t t l e d  w i th  t h e  m an y  
p r o b le m s  w e  l e f t  u n a t t e n d e d  d u r i n g  o u r  a b s e n c e .

F i n a l l y  t o  t h o s e  w ho c o m e  f i r s t  i n  my l i f e :  O sm a n , M o n ic a , 
S e r g i o  a n d  R o b e r t o  f o r  f i l l i n g  i t  w i th  j o y .



<8

TABLE OF CONTENTS

ABSTRACT .......................................................................................................................................  2

ACNOWLEDGEMENTS ..........................................................................................................  6

CONTENTS ................................................................................................................................  g

L IS T  OF FIG U R E S AND TABLES ...............................................................................  1lf

CHAPTER I
L E IS H M A N IA S IS , AN OVERVIEW ...............................................................................  24

1 . 1  -  INTRODUCTION .........................................................................  24

1 . 2  -  HUMAN L E IS H M A N IA S IS . C L IN IC A L  AND
IMMUNOLOGICAL C H A R A C TER ISTIC S .........................  26

1 . 2 . 1  -  CUTANEOUS L E IS H M A N IA S IS  ...........................................  26
1 . 2 . 2  -  MUCOCUTANEOUS L E IS H M A N IA S IS  ..................................  29
1 . 2 . 3  -  V ISCERA L L E IS H M A N IA S IS  ................................................  29

1 . 3  -  LABORATORY MODELS OF HUMAN L E IS H M A N IA S IS  30

1 . 3 . 1  — L e i s h m a n i a
e n r i e t t i i  GUINEA P IG  MODEL .............................   30

1 . 3 . 2  — L e i s h m a n i a  MOUSE MODEL .................    32

1 . 4  — MECHANISMS OF E L IM IN A T IO N  OF THE PA R A SIT E  38

1 . 4 . 1  -  CELL MEDIATED PR O C ESSES ...........................................  38
1 . 4 . 2  -  ROLE OF THE HUMORAL RESPONSE IN  THE

E L IM IN A T IO N  OF THE PA R A SIT E  ............................... 44

1 . 5  -  EXPERIMENTAL MODELS AND O U TLIN E OF THE
PR O JEC T   46

1 . 6  -  EXPERIMENTAL D ESIG N  .........................................................  48



CHAPTER I I
C L IN IC A L  EVOLUTION AND HISTOPATHOLOGY OF SK IN  L E S IO N S
AND D RAINING LYMPH NODE IN  C B A /c a  AND B A L B /c  M ICE INFECTED
WITH L e i s h m a n i a  m a j o r  a n d  L - m e x i c a n a  ...................................................  30

I I - 1 -  INTRODUCTION ................................................................................  50

1 1 . 2  -  MATERIALS AND METHODS ................................................ .. 53
1 1 - 2 . 1  -  PA R A SIT E S   53
1 1 . 2 . 2  -  M ICE .....................................................................................................  53
1 1 . 2 . 3  -  IN FE C T IO N  ........................................................................................... 53

1 1 . 2 . 4  -  C L IN IC A L  EVALUATION ..........................................   34
1 1 . 2 . 5  -  T IS S U E  EMBEDDING, SE C T IO N IN G  AND ST A IN IN G  . .  55

1 1 - 3  -  RESULTS ...............................................................................................  36
1 1 . 3 . 1  -  C L IN IC A L  EVOLUTION ...............................................................  56
1 1 . 3 . 2  -  H ISTO LO G ICA L S T U D IE S  ...............................................................  61
1 1 . 3 . 2 . 1  ~  C B A /c a  M ICE IN FECTED  WITH L .  m a j o r  .....................  61
1 1 . 3 . 2 . 2  -  C B A /c a  M ICE IN FECTED  WITH L .  m e x i c a n a  ..............  67
1 1 . 3 . 2 . 3  -  B A L B /c  M ICE IN FECTED  WITH L . m a j o r  .....................  73
1 1 . 3 . 2 . 4  -  B A L B /c  M ICE IN FECTED  WITH L .  m e x i c a n a  ............ 79

1 1 . 4  -  D IS C U S S IO N     100

1 1 . 5  -  CONCLUSIONS ............................    113

CHAPTER I I I
IMMUNOPATHOLOGICAL STUDY OF S K IN  L E S IO N S  AND DRAINING 
LYMPH NODES IN  C B A /c a  AND B A L B /c  M ICE INFECTED
WITH L . m a j o r  AND L . m e x i c a n a .  ........................................................................ 116

1 1 1 . 1  -  INTRODUCTION ....................................................................................  117

1 1 1 . 2  -  MATERIALS AND METHODS ........................................................  119

I I I . 2 . 1  -  TEMPERATURE ......................................................................................  119

9



10

I I I . 2 . 2  -  PREPARATION OF L e i s h m a n i a  ANTIGENS
FOR THE IMMUNOFLUORESCENT TECHNIQUE ...............119

I I I - 2 - 2 - 1  -  ORGANISM AND A N T IG E N IC  EXTRACTS .........................  119
I I I - 2 - 2 - 2  -  PREPARATION OF AN TISERA  TO L e i s h m a n i a

ANTIGEN   120
1 1 1 . 2 . 2 -  2 - 1  -  PREPARATION AND INOCULATION OF THE

ANTIGEN   120
1 1 1 . 2 . 2 -  2 - 2  -  DETERMINATION OF A N T I - L e i s h m a n i a  IMMUNO

GLOBULIN LEVEL IN  THE IMMUNE RA BBIT SERUM . 121
1 1 1 . 2 . 2 . 2 -  3  -  PREPARATION OF SERUM IMMUNOGLOBULINS .......... 121
I I I - 2 - 2 - 2 - 4  -  DESALTING OF THE IMMUNOGLOBULIN

P R E C IP IT A T E  ...............................................................................  122
I I I - 2 - 2 . 2 . 5  -  SAMPLE CONCENTRATION ........................................................  123
I I I - 2 - 2 - 2 - 6  -  P U R IF IC A T IO N  OF IMMUNOGLOBULIN G ...................... 124
1 1 1 . 2 . 2 -  2 . 7  -  PREPARATION OF THE F l a b ) ' 2  FRACTION

OF Ig G  .............................................................................................. 125
1 1 1 . 2 . 2 -  2 - G -  ISO LA TIO N  OF Ig G  FRAGMENTS ..........................................  126
1 1 1 . 2 -  2 - 2 - 9  -  IMMUNOLOGICAL A N A LY SIS OF THE FRAGMENTS . . .  126
1 1 1 . 3 -  3 - 3 - 1 0  -  IMMUNOABSORPTION OF THE F < a b ) ' 2  FRACTION

OF RA BBIT A N T I—L - m e x i c a n a  Ig G  WITH MOUSE
ANTIGENS    130

I I 1 - 2 - 2 - 3  -  PREPARATION OF FLU O RESCEIN  IS O T H IO 
CYANATE ( F IT C )  CONJUGATE ............................................  132

I I I - 2 . 2 - 3 - 1  -  EVALUATION OF THE S P E C IF IC IT Y  AND 
A C T IV IT Y  OF THE SUBSTANCES TO BE 
CONJUGATED ......................................................................................  132

1 1 1 . 2 . 2 -  3 . 2  -  PROCEDURE OF CONJUGATION ............................................  135

I I I - 2 - 2 . 3 . 4  -  DETERMINATION OF F IT C  IN  THE CONJUGATE . . .  136
1 1 1 . 2 -  2 . 3 . 5  ~  PR O T E IN  DETERM INATION OF THE CONJUGATE BY

THE B IU R E T  METHOD ..............................................................  139
1 1 1 . 2 . 2 . 3 .6  -  CALCULATION OF THE F / P  R A TIO  .............................. 142
1 1 1 . 2 . 2 . 3 -  7  -  DETERMINATION OF THE CONJUGATE

S P E C IF IC IT Y  AND T IT R A T IO N  ..............................  143
I I 1 - 2 - 2 - 4  -  PREPARATION OF T IS S U E S  FOR IMMUNO

FLUORESCENT TECHNIQUE.................................................................. 145
1 1 1 . 2 -  2 - 4 . 1  -  T IS S U E S  EMPLOYED .................................................................... 145
1 1 1 . 2 . 2 -  4 - 2  -  SE C T IO N IN G  FROZEN T IS S U E S  ..............................  145
1 1 1 . 2 . 2 -  4 - 3  -  IMMUNOFLUORESCENT S T A IN IN G  PROCEDURES . . .  146
1 1 1 . 2 . 2 -  4 - 4  -  T IS S U E  EXAMINATION ................................   147



1 1

I I I . 2 - 2 . 4 . 5  -  REAGENTS USED IN  THE IMMUNOFLUORESCENT
TECHNIQUE   1^7
I I I - 2 . 2 . 4 . 6  -  P U R IF IC A T IO N  OF F IT C  CONJUGATES BY

ABSORPTION WITH L IV E R  POWDER ............................  150
I I I . 2 . 3 . 4  -  CONTROLS USED IN  THE IMMUNOFLUORESCENCE . .  151
1 1 1 . 2 . 3 . 4 . 1  -  NORMAL CONTROL ................................................................. 151
1 1 1 . 2 . 3 . 4 . 2  -  P O S IT IV E  CONTROL ................................................................  151
1 1 1 . 2 . 3 . 4 . 3  -  P B S  CONTROL ............................................................................  151
1 1 1 . 2 . 3 . 4 . 4  -  CONTROLS USED IN  D IF T  .................................................... 151

1 1 1 . 2 . 3 . 4 . 5  -  CONTROLS USED IN  I I F T  ........................................  153
1 1 1 . 2 . 3 . 5  -  OTHER REACTIONS USED TO A ID  THE

IN TERPRETA TIO N  OF THE FLUORESCENCE RESULTS 15^
1 1 1 . 2 . 3 . 5 . 1  -  O f NAPHTYL ACETATE REACTION FOR NON

S P E C IF IC  STER A SE........................................................................... 15*f
1 1 1 . 2 . 3 . 5 . 2  -  S T U D IE S  ON E O S IN O P H IL S  ...............................................  15^
I I I . 2 . 3 . 5 . 3  -  S T U D IE S  ON MUSCLES ........................................................  156

I I I . 3 RESULTS 158

1 1 1 . 3 . 1
111.3.2
111.3.3

SK IN  L E S IO N S  
LYMPH NODES 
CONTROLS . .

158
181

191

I I I . 4 D IS C U S S IO N 192

111.4.1
111.4.2
111.4.3
111.4.4

S K IN  L E SIO N S 
LYMPH NODES 
REMARKS 
CONCLUSIONS

192
210

219
221

CHAPTER IV
ISO LA TIO N  AND CHARACTERIZATION OF THE LYMPHOCYTE 
SUBPOPULATIONS FROM S K IN  L E S IO N S  AND DRA IN IN G  LYMPH 
NODES IN  C B A /c a  AND B A L B /c  M ICE INFECTED WITH
L . m a j o r  AND L .  M e x i c a n a  ....................................................................................  223



12
IV . 1 -  INTRODUCTION .................................................................................  223

I V - 2  -  MATERIALS AND METHODS ...................................................... 224

I V . 2 . 1  -  PREPARATION OF CELL SU SPE N SIO N S ...........................  224
I V . 2 . 1 . 1  -  PREPARATION OF CELL SU SPE N SIO N S FROM

S K IN  IN F IL T R A T E S    225
I V . 2 . 1 . 1 . 1 .  -  GLASS WOOL F IL T R A T IO N  ......................................................  226
I V . 2 . 1 . 1 . 2  -  PERCOLL D EN SITY  GRADIENTS ............................................  226
I V . 2 . 1 . 2  -  PREPARATION OF CELL SU SPE N SIO N S FROM

LYMPH NODES    227
I V . 2 . 1 . 2 . 1  -  NYLON WOOL F IL T R A T IO N  ......................................................  228
I V . 2 . 1 . 3  -  CELL COUNTING AND V IA B IL IT Y  IN  THE CELL

SU SPE N SIO N S   229
I V . 2 . 1 . 4  — CYTOLOGY   229
I V . 2 . 1 . 5  -  GLASSWARE ...................................................................................... 229
I V . 2 . 1 . 6  -  CHARACTERIZATION OF B CELLS ................................  229
I V . 2 . 1 . 6 . 1  -  REAGENTS   230
I V . 2 . 1 . 6 . 2  -  PROCEDURE   230
I V . 2 . 1 . 7  -  CHARACTERIZATION OF T CELLS ................................... 231
I V . 2 . 1 . 7 . 1  -  REAGENTS    231
I V . 2 . 1 . 7 . 2  -  CELL CULTURES SECR ETIN G  A N T I—L y t 2  .................... 232

MONOCLONAL ANTIBODY
I V . 2 . 1 . 7 . 2 . 1  -  MAINTENANCE ...............................................................................  232
I V . 2 . 1 . 7 . 2 . 2  -  CRYOPRESERVATION OF C ELLS ......................   233
I V . 2 . 1 . 7 . 2 . 3  -  ESTIM A TIO N  OF THE V IA B IL IT Y  OF

CELL CULTURES ..............................................    233
I V . 2 . 1 . 7 . 2 . 4  -  ANTIBODY COLLECTION   234
I V . 2 .  1 . 7 . 3  -  CONTROLS USED IN  THE I I F T  ..........................................  234
I V . 2 . 1 . 7 . 4  -  CELL COUNTING OF STA IN ED  CELLS   235

I V . 3  -  RESU LTS     235

I V . 3 . 1  -  CYTOLOGY FROM GIEMSA STA IN ED  SMEARS ...............  235
I V . 3 . 1 . 1  -  LYMPH NODE SU SPE N SIO N S ....................................................  235
I V . 3 .  1 . 2  -  S K IN  SU SPE N SIO N S ................................................................... 236
I V . 3 . 2  -  ESTIM A TIO N  OF CELL NUMBERS AND PERCENTAGE

OF V IA B IL IT Y  ..........................................................................  236
I V . 3 . 3  -  CHARACTERIZATION OF FLUORESCENT CELLS . . .  237



I V -  3 . 4  -  CONTROLS   237
I V . 3 . 5  -  CHARACTERIZATION OF B AND T C ELLS ...........  238

I V .  4  -  D IS C U S S IO N    248

I V . 5  -  CONCLUSIONS   253

CHAPTER V
IMMUNE RESPONSE IN  C B A /c a  AND B A L B /c  M ICE
IN FECTED  WITH L .  m a j o r  AND L - m e x i c a n a  ........................................ 255

V . 1 — INTRODUCTION ....................................................................  255

V .2  — M ATERIALS AND METHODS   258

V . 2 . 1 -  S K IN  T E ST IN G    258
V . 2 . 2  -  PREPARATION OF T IS S U E S  FOR HISTOLOGY . .  259
V . 2 . 3  -  ANTIBODY ASSAYS .............................................................  259
V . 2 . 3 . 1  -  AGGLUTINATION TECHNIQUE .........................................  260
V . 2 . 3 . 2  -  IMMUNOFLUORESCENCE TECHNIQUE ...........................  261

V .3  — RESU LTS   263

V .3 . 1  -  DELAYED H Y P E R S E N S IT IV IT Y  .................................  263
V . 3 . 1 . 1  -  HISTOLOGY     274
V . 3 . 1 . 1 . 1  -  INOCULATION S I T E    274
V . 3 . 1 . 1 . 2  -  LYMPH NODE    282
V . 3 . 2  -  ANTIBODY RESPONSE ......................................................  283

V- 4  — D IS C U S S IO N    291

V . 5  — CONCLUSIONS   301

CHAPTER V I
CONCLUDING REMARKS ................................................................................................  303

REFERENCES   310



1 4

L IS T  OF FIG U R E S AND TABLES PER  CHAPTERS

CHAPTER I I  

TABLES

TABLE 1 D I F F E R E N C E  IN S I Z E  BETWEEN INOCULATED AND 
NON—INOCULATED FOOT PAD IN  C B A /c a  AND 
B A L B /c  IC E  IN FECTED  WITH L .  m a j o r  AND 
L . m e x i c a n a  ..................................................................... . . . .  58

FIG U R E S

FIG U R E 1 COURSE OF THE IN FE C T IO N  IN  C B A /c a  a n d  B A L B /c  
M ICE IN FECTED  IN  THE FOOT PAD WITH 
AMASTIGOTES OF L .  m a j o r  OR L . m e x i c a n a .  . . .  60

PLATE I S K IN  L E S IO N S . DERMAL IN F IL T R A T E  IN  C B A /c a  
AND B A L B /c  M ICE IN FECTED  WITH L .  m a j o r  
AND L . m e x i c a n a

FIG U R E 1 D ERM ALlNFILTRATE IN  C B A /c a  MOUSE INFECTED 
WITH L . m a j o r ............................ .......................................................  84

FIG U R E 2 DERMAL IN F IL T R A T E  IN  C B A /c a  MOUSE 
INFECTED WITH L . m e x i c a n a  SHOWING HEAVILY 
P A R A S IT IZ E D  MACROPHAGES. ........................................  85

FIG U R E 3 DERMAL IN F IL T R A T E  IN  B A L B /c  MOUSE INFECTED 
WITH L . m a j o r  SHOWING MUSCULAR DEGENERATION 
AND OEDEMATOUS COLLAGEN, ........................................  87

FIG U R E 4 S K IN  SEC TIO N  FROM B A L B /c  MOUSE INFECTED 
WITH L . m a j o r  SHOWING LYMPHOCYTES 
IN F IL T R A T IN G  IN  DEEP D ERM IS............................................ 87

FIG U R E 5 S K IN  SEC TIO N  FROM B A L B /c  MOUSE INFECTED



WITH L . m a j o r  SHOWING IN F IL T R A T IO N  OF BLOOD 
V ESSELS AND NERVES BY CELLS OF THE 
IN FIL T R A T E

FIG U R E 6 S K IN  SEC TIO N  FROM B A L B /c  MOUSE INFECTED 
WITH L . m e x i c a n a  SHOWING A HISTIOCYTOM A.

FIG U R E 7 S K IN  SEC TIO N  FROM B A L B /c  MOUSE INFECTED 
WITH L . m e x i c a n a ,  SHOWING BLOOD 
V ESSELS SURROUNDED BY POLYMORPHONUCLEARS

PLATE I I DRA IN IN G  LYMPH NODES. HISTOPATHOLOGY IN  
C B A /c a  AND B A L B /c  M ICE IN FECTED  WITH 
L .  m a j o r  AND L .  m e x i c a n a

FIG U R E  1 LYMPH NODE SE C T IO N  FROM C B A /c a  MOUSE 8 
WEEKS AFTER IN FE C T IO N  WITH L .  m a j o r  
SHOWING DEVELOPMENT OF THE PARACORTICAL 
AREA. .............................................................................

F IG U R E 2 LYMPH NODE SE C T IO N  FROM B A L B /c  MOUSE 
4  WEEKS AFTER IN F E C T IO N  WITH L .  m a j o r  
SHOWING GERMINAL CEN TERS................................................

FIG U R E 3 LYMPH NODE SE C T IO N  FROM B A L B /c  MOUSE 
IN FECTED  WITH L .  m a j o r  SHOWING HEAVILY 
DILATED MEDULLARY S IN U S E S  ..............................

F IG U R E 4 LYMPH NODE SE C T IO N  FROM C B A /c a  MOUSE 
IN FECTED  WITH L .  m a j o r  SHOWING CLUSTERS 
OF H IS T IO C Y T E S  WITH E P IT H E L IO D  APPEARANCE 
IN  THE PARACORTICAL AREA. .................................

FIG U R E 5 LYMPH NODE SE C T IO N  FROM B A L B /c  MOUSE 
IN FECTED  WITH L .  m a j o r  SHOWING CLUSTERS



I S

OF C ELLS OF INTERM EDIATE,FOAM Y AND 
S Y N C IT IA L  APPEARANCE ............................................. 95

FIG U R E  6 LYMPH NODE SE C T IO N  FROM B A L B /c  M ICE
IN FECTED  WITH L .  m a j o r  SHOWING ZONES OF 
HAEMORRHAGES AND G IANT C E L L S . ..................  97

FIG U R E  7  LYMPH NODE SE C T IO N  FROM C B A /c a  MOUSE
IN FECTED  WITH L . MEXICANA SHOWING GIANT 
C E L L S . ...............................................................................  97

FIG U R E 8 LYMPH NODE SE C T IO N  FROM C B A /c a  MOUSE
IN FECTED  WITH L .  m e x i c a n a  SHOWING 
IN F IL T R A T IO N  BY HEAVILY P A R A S IT IZ E D  
MACROPHAGES ...................................................................  99

FIG U R E 9  LYMPH NODE SE C T IO N  FROM B A L B /c  MOUSE
IN FECTED  WITH L .  m e x i c a n a  SHOWING 
REPLACEMENT OF THE LYMPHOID STRUCTURE BY 
A HISTIOCYTOM A ................................................................  9 9

CHAPTER I I I  

TABLES

TABLE 1 PROCEDURES USED IN  THE PREPARATION OF
F ( a b ) ' 2  FRACTION OF Ig G  RA B B IT A N T I—
L e i s h m a n i a  ANTIBODY ................................................  -131

TABLE 2  DUAL DETERMINATION OF S E R IA L  PR O TEIN
D IL U T IO N S OF BSA FOR A B IU RET STANDARD 
CURVE PREPA RA TIO N ...........................................................................140

TABLE 3  CHARACTERIZATION OF F I T C - L .  m e x i c a n a
ANTIGEN AND ANTIMOUSE Ig G  F ( a b )  F I T C .  . . . 1 4 4



1 7

TABLE 4

TABLE 5

TABLE 6

FIG U R E 1

FIG U R E 2

FIG U R E 3

FIG U R E 4

FIG U R E 5

D IS T R IB U T IO N  OF IMMUNOFLOURESCENT ST A IN IN G  
IN  STRUCTURES OF THE S K IN  IN  THE D IFFER EN T 
EXPERIMENTAL MODELS ....................................................  159

T IT R A T IO N  OF ANTIMUSCULAR ANTIBODY IN  
SERA FROM M ICE IN FECTED  WITH L .  m a j o r  
AND L . n i e x i c a n a .  ..........................................................   161

D IS T R IB U T IO N  OF IMMUNOFLUORESCENT ST A IN IN G  
IN  THE C ELLS OF THE S K IN  IN F IL T R A T E  FROM 
THE D IFFER EN T IN FE C T IO N  MODELS..............................  162

FIG U R E S

(A AND B) IMMUNODIFFUSION OF FRA CTIO N S 
FROM DEAE CELLULOSE CHROMATOGRAPHY OF 
P E P S IN  D IG ESTED  OF RA B B IT A N T I—L . m e x i c a n a  
Ig B  AND OF UNDIGESTED R A B B IT A N T I—L . 
m e x i c a n a  AND R A B B IT  A N T I—L . m a j o r  I g G . . . .  129

(A AND B ) IM M UNDIFFUSIQN FOR T E ST IN G  THE 
S P E C IF IC IT Y  AND POTENCY OF ANTIMOUSE Ig G  
< F < a b ) ) BEFORE (A ) AND AFTER <B>

CONJUGATION TO F IT C  ............................................................ 13^

(A AND B) IMMUNODIFFUSION FOR T E ST IN G  THE 
S P E C IF IC IT Y  AND A C T IV IT Y  OF L .  m e x i c a n a  
ANTIGEN BEFORE (A ) AND AFTER (B )
CONJUGATION TO F IT C  ..............................................................  132*

FDA REFERENCE CURVE FOR DETERM INATION
OF THE F IT C  CONCENTRATION IN  CONJUGATES. . 138

REFERENCE CURVE FOR PR O TEIN  DETERMINATION 
BY THE B IU R ET METHOD. ...............................................  141



18

FIGURE

FIG U R E

FIG U RE

FIG U RE

FIG U R E

FIGURE

6 D IR E C T  IMMUNOFLUORESCENCE ON S K IN  L E SIO N  
SEC TIO N  FROM C B A /c a  MOUSE IN FECTED  WITH 
L . f l i e x i c a n a  SHOWING D E P O S IT S  OF C 3  AT
THE DERMAL-EPIDERMAL JU N C T IO N . .........................  ^ 7

7  IN D IR E C T  IMMUNOFLUORESCENCE ON S K IN  L E SIO N  
SE C T IO N S FROM B A L B /c  MOUSE IN FECTED WITH 
L . m a j o r  SHOWING BLOOD V ESSELS STA IN ED  
AFTER TREATMENT WITH THE F ( a b ) ' 2  FRACTION
OF RA BBIT A N T I—L . m e x i c a n a  Ig G  ..................... 167

8 IN D IR E C T  IMMUNOFLUORESCENCE ON S K IN  
L E S IO N  SEC TIO N  FROM C B A /c a  MOUSE IN  
FECTED WITH L . m e x i c a n a  SHOWING S T A IN IN G

OF MUSCULAR STRUCTURES AFTER TREATMENT 
WITH THE F ( a b ) ' 2  FRACTION OF RA BBIT 
A N T I-L . m e x i c a n a  I g G . ............... * .......................... .. ^70

9  IN D IR E C T  IMMUNOFLUORESCENCE ON HEART FROM
NORMAL C B A /c a  MOUSE, SHOWING S T A IN IN G  IN  
PERICARDIUM  AND IN T E R S T IT IU M  AFTER 
TREATMENT WITH SERUM FROM C B A /c a  MOUSE 
INFECTED WITH L .  m a j o r .  ...................................  170

1 0  IN D IR E C T  IMMUNOFLUORESCENCE ON S K IN
FROM B A L B /c  MOUSE, SHOWING FLUORESCENT 
S T A IN IN G  ON THE SURFACE OF MACROPHAGES 
AFTER TREATMENT OF THE SEC TIO N  W ITH A N T I-
L .  m e x i c a n a  I g G .  .......................................... .. 172

11 IN D IR E C T  IMMUNOFLUORESCENCE ON S K IN
L E S IO N  FROM C B A /c a  MOUSE, 4  WEEKS INFECTED 
WITH L .  m e x i c a n a  SHOWING S T A IN IN G  OF 
RETICULAR SHAPED CELL AFTER TREATMENT OF 
THE SE C T IO N  WITH THE F ( a b ) ' 2  FRACTION OF



19

FIGURE

FIG U R E

FIG U R E

FIG U R E

FIG U R E

FIGURE

OF RA BBIT A N T I—L . m e x i c a n a ............................................ 176

1 2  RETICULAR SHAPED C ELLS G IV IN G  P O S IT IV E  
S T A IN IN G  FOR THE N O N -S P E C IF IC  ESTERA SE 
T E S T . C B A /c a  MOUSE INFECTED WITH
L . m e x i c a n a .  ...................................................................   176

1 3  E O S IN O P H IL S  STA IN ED  BY F I T C - L .  m e x i c a n a
CONJUGATE. D IR E C T  IMMUNOFLUORESCENCE 
TECHNIQUE.   179

1 4  FLUORESCENT AM ASTIGOTES IN S ID E  MACROPHAGE. 
S K IN  SEC TIO N  TREATED WITH THE F ( a b ) ' 2  
FRACTION OF R A B B IT  A N T I—L . m e x i c a n a
I g G .C B A /c a  MOUSE IN FECTED  WITH
L . m e x i c a n a .  .........................................................................  179

1 5  LYMPH NODE SE C T IO N  FROM C B A /c a  MOUSE IN  
FECTED WITH WITH L .  m a j o r .  SHOWING TH ICK  
INTERCELLULAR PATTERN OF D E P O S IT IO N
IN  GERMINAL C EN TER S, AFTER TREATMENT 
WITH F < a b > '2  FRACTION OF
A N T I—L . m e x i c a n a  I g G .     188

1 6  FLUORESCENT ST A IN IN G  OF THE MARGINAL S IN U S ,
AND LONG INTERCELULAR D E P O S IT S  IN  CORTICAL 
AREAS AFTER I I F T  U SIN G  THE F ( a b ) ' 2  
FRACTION OF L .  m e x i c a n a .  B A L B /c  MOUSE 
IN FECTED  WITH L .  m e x i c a n a .    188

1 7  INTERCELLULAR ST A IN IN G  IN  THE PARACORTEX
LYMPH NODE SE C T IO N  FROM C B A /c a  MOUSE 
IN FECTED  WITH L .  m a j o r ,  TREATED WITH 
A NTI-M OUSE C 3 .    189



CHAPTER IV

TABLE 1

TABLE 2

TABLE 3

TABLE 4

FIGURE 1

TABLES

COUNTS AND V IA B IL IT Y  OF LYMPHOCYTES IN
CELL SU SPE N SIO N S FROM LYMPH NODES OF
C B A /c a  AND B A L B /c  M ICE IN FECTED WITH
L . m a j o r  AND L .  m e x i c a n a .  .......................................... 241

CHARACTERIZATION OF B AND T LYMPHOCYTE 
POPULATIONS IN  LYMPH NODES CELL 
SU SPE N SIO N S FROM C B A /c a  AND B A L B /c  M ICE 
IN FECTED  WITH L .  m a j o r  OR L .  m e x i c a n a ,
6 AND 1 2  WEEKS AFTER IN F E C T IO N ..................................  243

COUNTS AND V IA B IL IT Y  OF LYMPHOCYTES IN  
S K IN  CELL SU SPE N SIO N S PREPARED FROM C B A /c a  
AND B A L B /c  M ICE IN FECTED  WITH L .  m a j o r  
OR L . m e x i c a n a  6 AND 1 2  WEEKS AFTER 
IN FE C T IO N  .................................................................................. 244

CHARACTERIZATION OF B AND T LYMPHOCYTE 
POPULATIONS IN  S K IN  CELL SU SPE N SIO N S FROM 
C B A /c a  AND B A L B /c  M ICE IN FECTED WITH 
L .  m a j o r  OR L . m e x i c a n a  6 AND 1 2  WEEKS 
AFTER IN FE C T IO N  ...................................................................  245

FIG U R E S

D IR EC T IMMUNOFLUORESCENCE TECHNIQUE ON 
LYMPH NODE CELL SU SPE N SIO N S FIL T E R E D  
THROUGH GLASS WOOL AND TREATED WITH A N T I
MOUSE I g G ,  CONJUGATED TO F I T C .  SU SPEN SIO N  
PREPARED FROM C B A /c a  M ICE 6 WEEKS AFTER 
BEIN G  INFECTED WITH L .  m a j o r .  ....................... 247



21

FIGURE 2

TABLE 1

TABLE 2  

TABLE 3

TABLE 4

TABLE 5 A , 

TABLE 6

TABLE 7

IN D IR E C T  IMMUNOFLUORESCENCE ON LYMPH NODE 
SU SPEN SIO N  F IL T E R E D  THROUGH NYLON WOOL 
AND TREATED W ITH MONOCLONAL MOUSE A N T I-  
MOUSE L y t l .  SU SPE N SIO N S PREPARED FROM 
C B A /c a  M IC E , 6 WEEKS AFTER B EIN G  INFECTED 
W ITH L .  major. ........................ 247

CHAPTER V 

TABLES

DHR TO HOMOLOGOUS AND HETEROLOGOUS
ANTIGENS IN  C B A /c a  M ICE IN FECTED  WITH
L . m a j o r .  ...............................................................................  264

DHR TO HOMOLOGOUS AND 
HETEROLOGOUS ANTIGEN IN  C B A /c a  M ICE 
INFECTED WITH L .  m e x i c a n a ........................................   265

DHR TO HOMOLOGOUS AND HETEROLOGOUS 
ANTIGENS IN  B A L B /c  M ICE INFECTED WITH 
L . m a j o r .  ......................................................................   266

DHR TO HOMOLOGOUS AND HETEROLOGOUS ANTIGEN 
IN  B A L B /c  M ICE IN FECTED  WITH L .  m e x i c a n a  . .  267

5B  DHR CONTROL T E ST  ...................................................................... 268

ANTIBODY RESPONSE MEASURED BY D IR E C T  
AGGLUTINATION IN  SERA FROM B A L B /c  AND 
C B A /c a  M ICE IN FECTED  WITH L .  m a j o r  AND 
L . m e x i c a n a .      284

T IT R E S  OF IgM  AND Ig G  MEASURED BY I I F T  
IN  SERA FROM THE FOUR MODELS OF



TABLE 8

FIG U R E  1

FIG U R E 2

FIG U R E 3

FIG U R E 4

FIG U R E 5

FIGURE 6

IN F E C T IO N ............................................................................................. 285

SPEA RM A N 'S RANK CORRELATION C O E F F IC IE N T S  
FOR THE CORRELATION BETWEEN ANTIBODY 
T IT R E S  AND DHR IN  THE FOUR MODELS OF 
IN FE C T IO N  ............................................................................. 287

FIG U R E S

FOOT PAD DHR OF C B A /c a  M ICE IN FECTED  WITH 
L .  m a j o r  AND TESTED WITH (A ) L .  m e x i c a n a  
AND (B ) L .  m a j o r  ANTIGENS .................................  271

FOOT PAD DHR OF C B A /caM IC E  IN FECTED  WITH 
L .  m e x i c a n a  AND TESTED WITH (A ) L .  
m e x i c a n a  AND <B) L - m a j o r  A N TIG EN . . ; .......... 271

FOOT PAD OF B A L B /c  M ICE IN FECTED  WITH L .
m a j o r  AND TESTED WITH <A) L .  m e x i c a n a
AND <B) L .  m a j o r  A N TIG EN S.............................................. 273

FOOT PAD DHR OF B A L B /c  M ICE IN FECTED  WITH
L . m e x i c a n a  AND TESTED  WITH <A) L .
m e x i c a n a  AND (B ) L .  m a j o r  A NTIGENS . . . . . .  273

MONONUCLEAR IN F IL T R A T IO N  AT THE S I T E  OF 
DHR TESTING IN A CBA/ca MOUSEf 8  WEEKS 
AFTER B EIN G  IN FECTED  WITH L .  m a j o r .
FOLLOWING T E ST IN G  WITH L . m a j o r  ANTIGEN . 277

MONONUCLEAR IN F IL T R A T IO N  OF THE S I T E  OF 
DHR T E ST IN G  IN  A C B A /c a  MOUSE 1 2  WEEKS 
AFTER BEIN G  IN FECTED  WITH L .  m a j o r ,
FOLLOWING T E ST IN G  WITH L .  m a j o r  ..................  277
A N TIG EN .



2 3
FIG U R E 7 NODULAR GRANULOMA AT THE S IT E  OF DHR 

T E ST IN G  IN  A C B A /c a  MOUSE, 8  WEEKS AFTER 
BEIN G  INFECTED WITH L .  m a j o r .  FOLLOWING 
T E ST IN G  WITH L . m e x i c a n a  ANTIGEN _ _ T P^Q

FIG U R E 8 DERMAL IN F IL T R A T E  AT THE S IT E  OF DHR 
T E ST IN G  IN  A C B A /c a  MOUSE IN FECTED  WITH 
L . m e x i c a n a  AND TESTED WITH ANTIGEN 
DERIVED FROM THE SAME S P E C IE S , THE 
IN F IL T R A T E  SHOWS ABUNDANT E O S IN O P H IL S  . .  281

FIG U R E 9 DERMAL IN F IL T R A T E  SHOWING M A ST-CELLS AT 
THE S IT E  OF DHR T E S T IN G  IN  A C B A /c a  
M ICE INFECTED WITH L .  m e x i c a n a  AND TESTED 
WITH ANTIGEN DERIVED FROM THE SAME
S P E C IE S  .......................................................................... .. 281

FIG U R E 1 0 IN D IR E C T  IMMUNOFLUORESCENCE ON L . m a j o r  
PROM ASTIGOTES U SIN G  SERA FROM B A L B /c  M ICE 
INFECTED WITH L .  m a j o r .  .......................................  289

FIG U R E  11 IN D IR E C T  IMMUNOFLUORESCENCE ON L .  m e x i c a n a  
PROM ASTIGOTES U SIN G  SERA FROM C B A /c a  M ICE 
1 2  WEEKS AFTER IN FE C T IO N  WITH 
L .  m e x i c a n a  ............... ..................................................  289



2 4
CHAPTER I

L E IS M A N IA S IS , AN OVERVIEW

1 - 1  INTRODUCTION

L e i s h m a n i a s i s  i s  a  p a r a s i t i c  i n f e c t i o n  o f  a n i m a l s  a n d  
m a n , w h ic h  o c c u r s  i n  m a n y  t r o p i c a l  a n d  s u b t r o p i c a l  a r e a s  o f  
t h e  w o r l d  (M AEKELT, 1 9 7 2 ) .  A s  a  d i s e a s e  i t  i s ,  e v e n  t o d a y ,  
a  p e r s i s t e n t  p u b l i c  h e a l t h  p r o b l e m  a n d  t h e r e  a r e  p r o p h e c i e s  
o f  i t s  e x t e n s i o n  i n  f u t u r e  y e a r s  (W ILLIAM S & COELHO, 1 9 7 8 ) .

L e i s h m a n i a s i s  c o m p r i s e s  a  g r o u p  o f  d i s e a s e s  c a u s e d  b y  
d i f f e r e n t  s p e c i e s  o f  t h e  g e n u s  Leishmania  (R O SS 1 9 0 3 )  
( P h y lu m —P r o t o z o a :  O r d e r —K i n e t o p l a s t i d  a :

F a m i l y —T r y p a n o s o m a t i d a e ) .  T h e  i n f e c t i o n  i s  t r a n s m i t t e d  
b e t w e e n  v e r t e b r a t e  h o s t s  b y  t h e  b i t e  o f  a  p h l e b o t o m i n e  
s a n d f l y  v e c t o r .

T h e  o r g a n i s m  i n  t h e  m a m m a lia n  h o s t  i s  a n  o b l i g a t e  
i n t r a c e l l u l a r  p a r a s i t e ;  i t  l i v e s  i n s i d e  m a c r o p h a g e s  a s  a n  
a m a s t i g o t e  l a c k i n g  a  f r e e  f l a g e l l u m .  W hen s a n d f l i e s  i n g e s t  
t h e  a m a s t i g o t e s  f r o m  i n f e c t e d  a n i m a l  o r  h u m a n  t i s s u e s ,  t h e  
p a r a s i t e s  f i r s t  t r a n s f o r m  i n t o  p r o m a s t i g o t e s  
( m o n o f l a g e l l a t e  f o r m s )  i n  t h e  i n s e c t  m i d g u t .  T h e  

p r o m a s t i g o t e s  t h e n  u n d e r g o  a  s e r i e s  o f  m o r p h o l o g i c a l  
v a r i a t i o n s  i n  t h e  s a n d f l y ' s  g u t ,  w h e r e  t h e y  m u l t i p l y  a n d  
m i g r a t e  i n t o  t h e  p r o b o s c i s .  F ro m  t h e r e ,  t h e y  a r e  i n j e c t e d  
i n t o  t h e  s k i n  o f  t h e  v e r t e b r a t e  h o s t  w h e n  t h e  f l y  t a k e s  i t s  
b l o o d  m e a l .  A f t e r  i n o c u l a t i o n  i n t o  t h e  m a m m a lia n  h o s t ,



p r o s b o c i s - f o r m  p r o m a s t i g o t e s  a r e  e n g u l f e d  b y  m a c r o p h a g e s  
w h e r e  t h e y  r o u n d  u p ,  l o s e  t h e i r  e x t e r n a l  f l a g e l l u m  a n d  
b e c a m e  a m a s t i g a t e s .

A l l  s p e c i e s  o f  t h e  g e n u s  Leishman ia  a r e  b a r e l y  
d i s t i n g u i s h a b l e  m o r p h o l o g i c a l l y  b y  l i g h t  m i c r o s c o p y  i n  
e i t h e r  t h e  a m a s t i g o t e  o r  t h e  p r o m a s t i g o t e  d e v e l o p m e n t  
s t a g e s ,  w i t h  t h e  e x c e p t i o n  o f  L.enriettii  w h i c h  h a s  a  
l a r g e r  a m a s t i g o t e  f o r m  t h a n  t h e  o t h e r  s p e c i e s  (A D LER,
1 9 6 4 ) .  H o w e v e r ,  Leishwania  s p e c i e s  c a n  b e  

d i f f e r e n t i a t e d  b y  a  c o m b i n a t i o n  o f :
1 -  G e o g r a p h i c a l  d i s t r i b u t i o n  a n d  e p i d e m i o l o g i c a l  

f e a t u r e s  o f  t h e  i n f e c t i o n .
2 -  D i s t i n c t  c l i n i c a l  p i c t u r e s  p r o d u c e d  i n  m an b y  

d i f f e r e n t  s p e c i e s .
3 -  C h a r a c t e r i s t i c s  i n  c u l t u r e  a n d  l a b o r a t o r y  a n i m a l s .
4 -  S e r o l o g i c a l  a n d  c r o s s  i m m u n i t y  t e s t s  ( r e v i e w e d  b y  

BRAY, 1 9 7 4 ;  ZUCKERMAN, 1 9 7 5 ) .
5 -  D e o x y r i b o n u c l e i c  a c i d  (DNA) b o u y a n t  d e n s i t y  (CHANCE 

e t  a l .  1 9 7 4 ,  1 9 7 8 ;  BARKER & BUTCHER, 1 9 8 3 ) .
6-  I s o - e n z y m e  i d e n t i f i c a t i o n  (CHANCE e t  a l . 1 9 7 8 ;

ALJEBOORI & EVANS, 1 9 8 0  a , 1 9 8 0  b ;  M IL E S e t  a l .  1 9 8 0 ;

LAINSON e t  a l . 1 9 8 2 ) .
7 -  S p e c i f i c  l e c t i n  b i n d i n g  (DWYER, 1 9 7 7 ) .
8-  M o n o c l o n a l  a n t i b o d y  s p e c i f i c i t y  (MCMAHON & D A V ID ,

25

1981).



1 . 2  HUMAN L E IS H M A N IA S IS . C L IN IC A L
AND IMMUNOLOGICAL C H A R A C TER ISTIC S

C l i n i c a l l y  l e i s h m a n i a s i s  i n  m an c a n  b e  d i v i d e d  i n t o  
t h r e e  m a j o r  g r o u p s :

1 -  C u t a n e o u s  l e i s h m a n i a s i s ,  c a u s e d  b y :  L.tropics

( s y n :  L.tropica m i n o r } r L. major  ( s y n :  L.tropica 

major)  a n d  6 .  aethiopica  i n  t h e  O ld  w o r l d ,  a n d
L . braziliensis g u y a n e n s i s w L .  braziliensis 

p a n a m e n s i s , L ,mexicana m e x i c a n a f L. mexicana a m a z o n e n s i s ,

L, mexicana pi-fanoi, L - peruviana  a n d  L . garnhami  i n  
t h e  K/ew w o r l d .

2 -  C u t a n e o u s ,  l e a d i n g  t o  m u c o c u t a n e o u s  l e i s h m a n i a s i s ,  
c a u s e d  b y :  L. braziliensis b r a z i l i e n s i s .

3 -  V i s c e r a l  l e i s h m a n i a s i s ,  c a u s e d  b y :  L .  donovani 

d o n o v a n i „ L - donovani infantum  a n d  L. donovani 

c h a g a s i .

1 . 2 . 1  CUTANEOUS L E IS H M A N IA S IS  <a d i s e a s e  s p e c t r u m ?
T h e  c o n c e p t  o f  l e i s h m a n i a s i s  a s  a  p o l a r  o r  s p e c t r a l  

d i s e a s e ,  l i k e  l e p r o s y ,  w a s  p r o p o s e d  b y  DESTOMBES ( 1 9 6 0 )  w ho 
p o i n t e d  o u t  t h a t  i t  w a s  u n n e c e s s a r y  t o  c o n s i d e r  t h e  
c o n d i t i o n  o f  d i f f u s e  c u t a n e o u s  l e i s h m a n i a s i s  d e s c r i b e d  i n  
V e n e z u e l a  (C O N V IT , 1 9 5 8 )  a n d  E t h i o p i a  (BALZER e t  a l . 1 9 6 0 )  
a s  a  s e p a r a t e  d i s e a s e  e n t i t y ,  b u t  r a t h e r  a s  o n e  p o l a r  f o r m  
o f  c u t a n e o u s  l e i s h m a n i a s i s ,  t h e  f e a t u r e s  o f  w h i c h  d e p e n d e d  
u p o n  t h e  h o s t ' s  r e s p o n s e  t o  t h e  p a r a s i t e .
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H o w e v e r ,  t h e  c l i n i c a l  s p e c t r a ,  o f  l e p r o s y  a n d
l e i s h m a n i a s i s  d i f f e r  m a r k e d l y  f r o m  e a c h  o t h e r :  w h i l e  i n
l e p r o s y  c l i n i c a l  f o r m s  c a n  b e  o r d e r e d  i n  a  l i n e a r
a r r a n g e m e n t  o f  i n c r e a s i n g  s e v e r i t y ,  c o r r e s p o n d i n g  t o  a n
s p e c t r u m  o f  h o s t  r e s p o n s e s  r a n g i n g  f r o m  h i g h  t o  lo w
r e s i s t a n c e .  I n  l e i s h m a n i a s i s  r e l a t i v e l y  b e n i g n  i n f e c t i o n s
p r o d u c i n g  l e s i o n s  w h i c h  c u r e  e i t h e r  s p o n t a n e o u s l y  o r  i n
r e s p o n s e  t o  c h e m o t h e r a p y  a r e  p l a c e d  i n  t h e  m i d d l e  o f  a n
a r r a n g e m e n t  o f  c l i n i c a l  f o r m s  w h i c h  i n c r e a s e  i n  s e v e r i t y
t o w a r d s  d i f u s e  c u t a n e o u s  l e i s h m a n i a s i s  (D CL) i n  o n e
d i r e c t i o n  a n d  t o w a r d s  l u p o i d  o r  r e c i d i v a n s  l e i s h m a n i a s i s  i n
o t h e r .  B e n ig n  ; f o r m s  c u r e  a n d  d e v e l o p  d e l a y e d

(ft**)h y p e r s e n s i t i v i t y  r e s p o n s e  a n d  i m m u n i t y .  D i f f u s e  c u t a n e o u s  
l e i s h m a n i a s i s  (DCL) i s  a  c o n d i t i o n  c h a r a c t e r i z e d  b y  t h e  
p r e s e n c e  o f  a b u n d a n t  l e s i o n s  r i c h  i n  p a r a s i t e s  a n d  
a s s o c i a t e d  w i t h  a  p o o r  o r  n e g a t i v e  DHR t o  p a r a s i t e  
a n t i g e n s .  L u p o i d  o r  r e c i d i v a n s  l e i s h m a n i a s i s ,  c h a r a c t e r i z e d  
b y  a  u n i q u e  l e s i o n  t h a t  n e v e r  q u i t e  h e a l s ,  o r  h e a l s  a n d  
r e l a p s e s ,  a n d  i s  a s s o c i a t e d  w i t h  a n  e x a c e r b a t i o n  o f  t h e  DHR 
t o  p a r a s i t e  a n t i g e n s .  I t  w o u ld  a p p e a r  t h a t  t h i s  d i s p a r i t y  
i n  t h e  c l i n i c a l  s p e c t r a .  o f  t h e  tw o  d i s e a s e s  r e s u l t s  f r o m  
t h e  f a c t  t h a t  i n U w y  t h e  s p e c t r u m  i s  t h e  r e s u l t a n t  f r o m  
t h e  i n t e r a c t i o n  o f  a n  u n i q u e  s p e c i e s  o f  p a r a s i t e  a n d  a  
r a n g e  o f  h o s t  r e s p o n s e s ,  w h i l e  i n  l e i s h m a n i a s i s  t h e  
m u l t i p l i c i t y  o f  p a r a s i t e  s p e c i e s  c o m p l i c a t e s  t h e  
i n t e r a c t i o n  g e n e r a t i n g  s e v e r a l  c l i n i c a l  s p e c t r a .

S e v e r a l  l i n e s  o f  e v i d e n c e  s u p p o r t  t h e  s u g g e s t i o n  o f  
DESTQMBES ( 1 9 6 0 )  t h a t  t h e  h o s t  r e s p o n s e  t o  t h e  p a r a s i t e  m ay



affect the outcome o-f the disease. The Ethiopian strains o-f

L. tropica  (n o w  c a l l e d  L. a e t h i o p i c a ) ,  i s o l a t e d  
f r o m  p a t i e n t s  w i t h  e i t h e r  s e l f - h e a l i n g  l e s i o n s  o r  D C L, w e r e  
i n d i s t i n g u i s h a b l e  b y  h a e m a g g l u t i n a t i o n  (BRAY & BRYCESON, 
1 9 6 9 ) .

CONVIT a n d  c o w o r k e r s  ( 1 9 7 2 )  i n  V e n e z u e l a  s h o w e d :  1— T h a t
t h e  p a r a s i t e  i s o l a t e d  f r o m  DCL c a s e s  d i d  n o t  c a u s e  DCL w h e n  
i n o c u l a t e d  i n t o  v o l u n t e e r s .  2 — E p i d e m i o l o g i c a l l y ,  DCL 
a p p e a r e d  a s  i s o l a t e d  c a s e s  i n  a r e a s  w h e r e  A m e r i c a n  
c u t a n e o u s  l e i s h m a n i a s i s  c a u s e d  b y  L .  b r a z i 1 iensis  o r  
L .  mexicana s p p .  i s  e n d e m i c .  3 — A c a s e  o c c u r e d  i n  w h i c h  
tw o  p a t i e n t s  w e r e  l i v i n g  i n  t h e  s a m e  h o u s e ,  o n e  o f  whom h a d  
DCL a n d  t h e  o t h e r  n o r m a l  A m e r i c a n  c u t a n e o u s  l e i s h m a n i a s i s .

On t h e  o t h e r  h a n d ,  BRYCESON ( 1 9 7 0  a )  s u g g e s t e d  t h a t  t h e  
e x t r e m e  e n d s  o f  t h e  s p e c t r u m  a r e  n o t  a s  com m on a s  i n  
l e p r o s y  a n d  a r e  o n l y  s e e n  i n  c e r t a i n  g e o g r a p h i c a l  a r e a s  
( A m a z o n ia n  a r e a  a n d  E t h i o p i a ) ,  w h i c h  s u g g e s t s  t h a t  
d i f f e r e n c e s  i n  h o s t  g e n e t i c s ,  p a r a s i t e  s t r a i n s  a n d  
e p i d e m i o l o g i c a l  e v e n t s  i n f l u e n c i n g  h o s t  p a r a s i t e  c o n t a c t  
m ay  a f f e c t  c l i n i c a l  p a t t e r n s  o f  t h e  d i s e a s e .

P r o t e c t i v e  i m m u n i t y  i n  m a n y  f o r m s  o f  c u t a n e o u s  
l e i s h m a n i a s i s  s e e m s  t o  b e  p r e d o m i n a n t l y  o f  t h e  c e l l  
m e d i a t e d  t y p e  (BRYCESON, 1 9 7 0  a ;  MAEKELT, 1 9 7 2 ;  PRESTON & 
DUMQNDE, 1 9 7 5 ) ,  a s  s u g g e s t e d  b y  t h e  e a r l y  d e v e l o p m e n t  o f  a  
s t r o n g  a n d  l o n g  l a s t i n g  DHR i n  s e l f —c u r i n g  c u t a n e o u s  
d i s e a s e  p a t t e r n s  a n d  lo w  l e v e l s  o f  c i r c u l a t i n g  a n t i b o d i e s  
a s s o c i a t e d  w i t h  a  r e s i d u a l  i m m u n i t y .  T h e  n o n —h e a l i n g  f o r m s  
o f  c u t a n e o u s  l e i s h m a n i a s i s  a r e  a c c o m p a n i e d  b y  a  d e f e c t i v e  
i m m u n o l o g i c a l  r e s p o n s e  w h ic h  m ay  b e  e i t h e r  s t i m u l a t e d



<" a l l e r g i c " ) ,  s u g g e s t e d  b y  e x a c e r b a t i o n  o f  DHR t o  p a r a s i t e  
a n t i g e n s  ( l u p o i d  l e i s h m a n i a s i s ) ,  o r  s u p p r e s s e d  <“ a n e r g i c " ) 
i n  w h ic h  p o o r  o r  n e g a t i v e  DHR t o  t h e  a n t i g e n s  i s  o b s e r v e d  
(D C L ).

1 . 2 . 2  MUCOCUTANEOUS L E IS H M A N IA S IS
T h i s  c o n d i t i o n  i s  c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  o f  a n  

u l c e r a t i v e  s k i n  l e s i o n ,  w h ic h m a y  c u r e  o r  b e  c u r e d ,  
f o l l o w e d ,  p e r h a p s  m a n y  y e a r s  l a t e r ,  b y  a  m e t a s t a s i s  t o  t h e  
m u c o u s  m e m b ra n e  a n d  c a r t i l a g e s  o f  t h e  n a s a l  s e p t u m  a n d  s o f t  
p a l a t e  r e s u l t i n g  i n  s e v e r e  d i s f i g u r e m e n t  ( e s p u n d i a ) . T h e s e  
d e s t r u c t i v e  l e s i o n s  a r e  f o u n d  i n  t h e  p r e s e n c e  o f  b o t h  a  
m a r k e d  c e l l  m e d i a t e d  r e a c t i o n  (DHR) a n d  h u m o r a l  a n t i b o d i e s  
(MAEKELT, 1 9 7 2 *  PRESTON & DUMONDE> 1 9 7 5 ) .

1 . 2 . 3  V ISCERA L L E IS H M A N IA S IS  OR KALA-AZAfi
T h i s  d i s e a s e  i s  c h a r a c t e r i z e d  b y  g r o s s  p a r a s i t i z a t i o n  o f  

s y s t e m i c  m a c r o p h a g e s ,  n o t a b l y  i n  t h e  b o n e - m a r r o w ,  s p l e e n  
a n d  l i v e r ,  a n d  i s  f a t a l  i f  n o t  t r e a t e d .  DHR i n  t h i s  
c o n d i t i o n  i s  a b s e n t  u n t i l  c u r e .  I m m u n o g l o b u l i n s  a r e  
m a r k e d l y  e l e v a t e d ,  p r o b a b l y  d u e  t o  n o n - s p e c i f i c  B c e l l  
s t i m u l a t i o n .  S p e c i f i c  a n t i b o d i e s  a r e  p r e s e n t ,  b u t  t h e y  
r e p r e s e n t  o n l y  a  s m a l l  p r o p o r t i o n  o f  t h e  t o t a l  
i m m u n o g l o b u l i n .  T h e r a p e u t i c  t r e a t m e n t  o f  K a l a —a z a r  r e s u l t s  
i n  t h e  a b i l i t y  t o  p r o d u c e  DHR a n d  a  f a l l  i n  a n t i b o d y  t i t e r s
(BRYCESON, 1 9 7 0  a ;  MAEKELT, 1 9 7 2 ;  PRESTON & DUMONDE, 1 9 7 5 ) .
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1 . 3  LABQRftTQRY MODELS QF HUMAN L E IS H M A N IA S IS
G u i n e a - p i g s  a n d  m i c e  h a v e  p r o v e d  t o  b e  u s e f u l  

e x p e r i m e n t a l  m o d e l s  f o r  h u m a n  c u t a n e o u s  i n f e c t i o n s .
L. enrietti  p r o d u c e s  i n  g u i n e a  p i g s ,  a n d  o n l y  i n  

g u i n e a  p i g s ,  c u t a n e o u s  l e s i o n s  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  
l o c a l i z e d  h u m a n  l e i s h m a n i a s i s  (BRYCESON e t  a l . 1 9 7 0 ,  1 9 7 4 ) .

M ic e  i n f e c t e d  w i t h  L .  major  o r  L.mexicana  a n d  
d e p e n d i n g  o n  t h e i r  g e n e t i c  b a c k g r o u n d  e x h i b i t  t h e  
s e l f - h e a l i n g  a n d  n o n - h e a l i n g  f o r m s  o f  t h e  d i s e a s e  f o u n d  i n  
h u m a n  c u t a n e o u s  l e i s h m a n i a s i s  (PRESTON e t  a l . 1 9 7 8 ;  PEREZ 
e t  a l .  1 9 7 9 ;  HANDMAN e t  a l . 1 9 7 9 ;  HOWARD e t  a l . 1 9 8 0  a ,  b ) . 
M ic e  a n d  h a m s t e r s  i n f e c t e d  w i t h  L f donovani  h a v e  b e e n  
u s e d  a s  m o d e l s  o f  v i s c e r a l  l e i s h m a n i a s i s  ( BRADLEY & 
K IR K LEY , 1 9 7 1 ,  1 9 7 7 ;  BRADLEY e t  a l .  1 9 7 9 ;  BLACKWELL e t  a l . 
1 9 8 0 ;  BLACKWELL 1 9 8 2 ) .

1 . 3 . 1  Leishman ia enr ietti i GUINEA P IG  MODEL
A s t h e  p a t t e r n  o f  i n f e c t i o n  i n  t h e  g u i n e a  p i g  s o  c l o s e l y  

f o l l o w s  s i m p l e  s o r e  i n f e c t i o n s  i n  m a n ,  i t  h a s  b e e n  u s e d  a s  
a  m o d e l  f o r  t h e  s t u d y  o f  t h e  im m u n o lo g y  a n d  p a t h o l o g y  o f  
c u t a n e o u s  l e i s h m a n i a s i s .  T h e  e x p e r i m e n t s  c a r r i e d  o u t  i n  
t h i s  m o d e l  d e m o n s t r a t e  t h e  i m p o r t a n c e  o f  c e l l  m e d i a t e d  
i m m u n i t y  i n  t h e  h o s t  r e s p o n s e  a g a i n s t  t h e  p a r a s i t e  a s  
i n d i c a t e d  b y  t h e  a p p e a r a n c e  o f  DHR a n d  t h e  s y n t h e s i s  o f  
m a c r o p h a g e  i n h i b i t i o n  f a c t o r  (M IF ) a n d  m i t o g e n i c  f a c t o r  b y  
im m u n e  l y m p h o c y t e s  i n  t h e  p r e s e n c e  o f  Leishman ia 

a n t i g e n  (BRYCESON e t  a l . 1 9 7 0 ) .
On t h e  o t h e r  h a n d ,  m a n i p u l a t i o n s  d e s i g n e d  t o  s u p p r e s s



the development or expression of C M I, s u c h  as treatment 
w i t h  a n t i —l y m p h o c y t i c  s e r u m  ( A L S ) , i n f e c t i o n  w i t h  h e a v y  
i n o c u l a  o f  a m a s t i g o t e s  o f  t h e  p a r a s i t e  a n d  i n j e c t i o n  o f  
s o l u b l e  Leishmania  a n t i g e n  (P S A ) d u r i n g  f o e t a l  l i f e ,  
i n c r e a s e d  t h e  s e v e r i t y  o f  t h e  d i s e a s e  (TURK & BRYCESON 
1 9 7 1 ;  BRYCESON e t  a l - 1 9 7 0 ;  1 9 7 4 ) .  I n  t h e s e  s i t u a t i o n s  t h e  
p a t t e r n  o f  i n f e c t i o n  i n  t h e  g u i n e a  p i g  r e s e m b l e d  t h a t  o f  
DCL.

S t i m u l a t i o n  o f  t h e  im m u n e  r e s p o n s e  i n  i n f e c t e d  a n i m a l s ,  
a s  d e t e r m i n e d  b y  a n  i n c r e a s e  o f  DHR t o  Leishmania 

a n t i g e n s  a n d  a n  i n c r e a s e  o f  s p e c i f i c  p a r a s i t e  
h a e m a g g l u t i n a t i n g  a n t i b o d y  p r o d u c t i o n ,  c o u l d  b e  p r o d u c e d  b y  
p r i o r  r e g i o n a l  i n j e c t i o n s  o f  n o n - r e l a t e d  a n t i g e n s  i n  
a d j u v a n t  (Mycobacterium tuberculosis  a n d  
Corynebacter ium p a r v u m ) (BRYCESQN e t  a l .  1 9 7 2 ) .
H o w e v e r ,  t h e  a n i m a l s  s o  t r e a t e d  w e r e  m o r e  s u s c e p t i b l e  t o  
L . enr ietti i i n f e c t i o n ,  a s  j u d g e d  b y  t h e  m o r e  f l o r i d  
a p p e a r a n c e  o f  l e s i o n s  a n d  t h e  i n c r e a s e d  i n c i d e n c e  o f  
m e t a s t a s i s .  A n i m a l s  g i v e n  Mycobacterium tuberculosis 

a d j u v a n t  p r i o r  t o  Leishmania  i n f e c t i o n  h a d  i n c r e a s e d  
DHR t o  Leishmania  a n t i g e n s ,  w h i l e  t h o s e  g i v e n  
Corynebacter ium parvum  h a d  a n  i n c r e a s e d  s p e c i f i c  
a n t i —p r o m a s t i g a t e  h a e m a g g l u t i n a t i n g  a n t i b o d y  l e v e l .  T h e  
p a t t e r n  o f  i n f e c t i o n  a f t e r  t r e a t m e n t  w i t h  t h e s e  a d j u v a n t s  
b o r e  c e r t a i n  r e s e m b l a n c e s  t o  l e i s h m a n i a s i s  r e c i d i v a  o r  
m u c o c u t a n e o u s  l e i s h m a n i a s i s  i n  t h o s e  a n i m a l s  g i v e n  M .  
tuberculosis  a n d  t o  DCL i n  t h o s e  t r e a t e d  w i t h  C . 
p a r v u m . S t i m u l a t i o n  b y  t h e  h o m o l o g o u s  l e i s h m a n i a l  a n t i g e n  
i n  F r e u n d  c o m p l e t e  a d j u v a n t  p r o t e c t e d  g u i n e a  p i g s  a g a i n s t



c o n s e q u e n t ,  i n f e c t i o n  w i t h  L. enrietti  (BRYCESON e t  a l .
1 9 7 0 ) .

C i r c u l a t i n g  a n t i b o d y ,  d e t e c t e d  b y  p a s s i v e  c u t a n e o u s  
a n a p h y l a x i s ,  i n d i r e c t  h a e m a g g l u t i n a t i o n  (BRYCESON e t  a l . 
1 9 7 0 ,  1 9 7 2  a n d  b y  i n d i r e c t  i m m u n o f l u o r e s c e n c e  (RADWANSKI 
e t  a l . 1 9 7 4 )  h a s  b e e n  d e t e r m i n e d  i n  t h i s  m o d e l ,  b u t  n o  c l e a r  
a s s o c i a t i o n  h a s  a s  y e t  b e e n  f o u n d  b e t w e e n  
a n t i -Leishvtania  a n t i b o d y  t i t e r  a n d  t h e  c o u r s e  o f  t h e  
i n f e c t i o n  (RADWANSKI e t  a l - 1 9 7 4 ) .

H u m o ra l  i m m u n i t y ,  h o w e v e r ,  c a n n o t  b e  c o m p l e t e l y  r u l e d  
o u t  a s  h a v i n g  a  r o l e  i n  p r o t e c t i v e  i m m u n i t y  a s  BRYCESON a n d  
c o w o r k e r s  ( 1 9 7 4 )  h a v e  d e m o n s t r a t e d  t h a t  a n  i m m e d i a t e  
h y p e r s e n s i t i v i t y  d e v e l o p s  i n  i n f e c t e d  g u i n e a  p i g s  a t  t i m e s  
c o r r e s p o n d i n g  t o  t h e  h e a l i n g  o f  p r i m a r y  l e s i o n s .  POULTER
( 1 9 8 0 ) ,  o n  t h e  o t h e r  h a n d ,  s h o w e d  t h a t  i n  t h e  L. 

e n r iettii  g u i n e a - p i g  m o d e l  a n t i b o d y  l e v e l s  i n c r e a s e d  a s  
h e a l i n g  c o m m e n c e d ,  b e i n g  h i g h e s t  i n  c o n v a l e s c e n t  a n i m a l s  
a n d  s e r u m  t a k e n  f r o m  r e c e n t l y  c h a l l e n g e d  c o n v a l e s c e n t  
g u i n e a - p i g s  w a s  c a p a b l e  o f  t r a n s f e r r i n g  s o m e  r e s i s t a n c e  t o  
n a i v e  r e c i p i e n t s .

1 . 3 . 2  Leishmania  MOUSE MODEL
I n b r e d  m o u s e  l i n e s ,  f o l l o w i n g  i n f e c t i o n  w i t h  

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

LmWtajor ,  w h e n  i n o c u l a t e d  i n t o  CBA, C 3 H , a n d  C 5 7  
b r o w n  s t r a i n s  o f  m i c e ,  p r o d u c e d  s e l f - h e a l i n g  l e s i o n s  
r e s u l t i n g  i n  i m m u n i t y  t o  r e i n f e c t i o n  (PRESTON e t  a l . 1 9 7 8 ) ,  
b u t  w h e n  i n o c u l a t e d  i n t o  DBA, C 5 7  b l a c k  (PRESTON e t



a l . 1 9 7 8 )  a n d  B A L B /c  (HANDMAN e t  a l - 1 9 7 9 ;  N A SSER I &
MODABBER, 1 9 7 9 )  p r o d u c e d  n o n - h e a l i n g  p e r s i s t e n t  c u t a n e o u s  
l e s i o n s  w i t h  e v e n t u a l  v i s c e r a l i z a t i o n  a n d  d e a t h .

I n  Leishmanial mexicana  i n f e c t e d  m i c e ,  s t r a i n s  o f  
m i c e  l i k e  B A L B /c  (PER EZ e t  a l . 1 9 7 9 ;  ARREDONDO & P E R E Z ,
1 9 7 9 )  a n d  CBA (ALEXANDER & P H I L L I P S ,  1 9 7 8 ) ,  w h e n  i n o c u l a t e d  
w i t h  t h i s  p a r a s i t e ,  d e v e l o p e d  p e r s i s t e n t  c u t a n e o u s  l e s i o n s ,  
w h e r e a s  m i c e  s t r a i n s  l i k e  AKR a n d  C 5 7 B 1 /6  p r o d u c e d  
s e l f - h e a l i n g  l e s i o n s  ( P e r e z  e t  a l . 1 9 7 9 ) .  I n  L * 
donovani  i n f e c t i o n  o f  m i c e  BRADLEY & KIRKLEY ( 1 9 7 7 )  a n d  
BRADLEY ( 1 9 7 7 )  s h o w e d  t h a t  s t r a i n s  o f  m i c e  v a r i e d  i n  t h e i r  
r e s p o n s e  a f t e r  i n t r a v e n o u s  i n o c u l a t i o n  o f  t h e  p a r a s i t e .
T h e y  f e l l  i n t o  tw o  c a t e g o r i e s :  1 .  t h o s e  i n  w h i c h  L. 

donovani  m u l t i p l i e d  i n  t h e  l i v e r  a  100  f o l d  d u r i n g  t h e  
f i r s t  1 5  d a y s  o f  i n f e c t i o n  ( N iiR I ,  B 1 0 .D 2  i n —b r e d ,  a n d  PO 
o u t b r e d ) , c a l l e d  s u s c e p t i b l e ,  2 .  t h o s e  i n  w h i c h  p a r a s i t e  
m u l t i p l i c a t i o n  w a s  a b o u t  5  f o l d  (C 3H  i n —b r e d ,  a n d  A sh  
o u t b r e d ) , c a l l e d  r e s i s t a n t .  T h e  a c u t e  s u s c e p t i b l e  m i c e  
v a r i e d  i n  t h e i r  r e s p o n s e .  B o th  NMR1 a n d  B 1 0 .D 2  r e c o v e r e d  
a f t e r  t h r e e  m o n t h s  o f  i n f e c t i o n ,  w h i l e  PO m a n t a i n e d  a n  
im m e n s e  p a r a s i t i c  l o a d  f o r  u p  t o  tw o  y e a r s .

T h e  g e n e t i c  s t u d i e s  o f  BRADLEY a n d  c o w o r k e r s  ( 1 9 7 7 ) ,  i n  
L ,  donovani  i n f e c t i o n  o f  m i c e ,  d e m o n s t r a t e  t h a t  i n n a t e  
s u s c e p t i b i l i t y  t o  t h e  p a r a s i t e  ( m e a s u r e d  o v e r  2  t o  4  w e e k s )  
i s  u n d e r  t h e  c o n t r o l  o f  a  s i n g l e  a u t o s o m a l  g e n e  
iLsh ) s e g r e g a t i n g  f o r  i n c o m p l e t e l y  d o m i n a n t  r e s i s t a n t  
( r )  a n d  s u s c e p t i b l e  ( s )  a l l e l e s .  T h i s  l o c u s  m a p s  (BRADLEY 

e t  a l . 1 9 7 9 )  t o  a  p o s i t i o n  b e t w e e n  t h e  c e n t r o m e r e  a n d  I d —1 
o n  c h r o m o s o m e  1 o f  t h e  m o u s e .  T h e  g e n e  a c t s  a t  t h e  l e v e l  o f



t h e  r e s i d e n t  t i s s u e  m a c r o p h a g e  a n d  d o e s  n o t  a p p e a r  t o  
i n v o l v e  c l a s s i c a l  T c e l l  m e d i a t e d  im m u n e  m e c h a n i s m s  
(BRADLEY, 1 9 8 0 ) .

G e n e t i c  s t u d i e s  o n  l o n g  t e r m  r e s p o n s e s  (BLACKWELL e t  a l « 
1 9 8 0 ;  BLACKWELL, 1 9 8 2 )  i n  c o n g e n e i c  s t r a i n s  o f  m i c e  
s u s c e p t i b l e  t o  L. donovani  i n f e c t i o n  d e m o n s t r a t e d  t h a t  *r*V  

l a r g e l y  c o n t r o l l e d  b y  a  g e n e  o r  g e n e s  i n  t h e  K e n d  o f  
t h e  H—2  h i s t o c o m p a t i b i l i t y  c o m p l e x .  T h r e e  p h e n o t y p e  
p a t t e r n s  o f  r e c o v e r y  h a v e  b e e n  d e s c r i b e d :  e a r l y  c u r e  
(H—2 * ’ r~) , c u r e  (H—2 to) , a n d  n o n —c u r e  (H—2 C|* ^  * ) , 
w i t h  c u r e  b e h a v i n g  a s  a  r e c e s i v e  t r a i t  i n  H - 2 t,y' cl. T h e  
e x p e r i m e n t s  o f  DE TOLLA e t  a l . ( 1 9 8 0 )  i n  s e v e r a l  s t r a i n s  o f
m i c e  s u p p o r t  t h o s e  o f  BLACKWELL, a n d  a l s o  s u g g e s t  t h a t  
o t h e r  n o n  H -2  l i n k e d  g e n e s  ( I r - 2  a n d  H - l 1 ) i n f l u e n c e  t h e  
a c q u i s i t i o n  o f  t h e  im m u n e  r e s p o n s e .  T h e  a b i l i t y  o f  s o m e  
s u s c e p t i b l e  s t r a i n s  o f  m i c e  t o  e f f e c t  s e l f —c u r e  o n  t h e  
o t h e r  h a n d ,  i s  T c e l l  m e d i a t e d  (SKQV AND TWOHY, 1 9 7 4 )  a n d  
c o r r e l a t e s  w i t h  DHR (DE TOLLA e t  a l . 1 9 8 0 ) .

G e n e t i c  s t u d i e s  i n  L . major  i n f e c t i o n ,  (HOWARD, 1 9 8 0  
b ,  a n d  DE TOLLA e t  a l . 1 9 8 1 )  s h o w e d  t h a t  r e s i s t a n c e  i s  
c o n t r o l l e d  b y  a  s i n g l e  n o n  H—2  l i n k e d  g e n e .  R e c e n t  
e x p e r i m e n t s  o f  BLACKWELL e t  a l .  ( 1 9 8 3 )  u n p u b l i s h e d ,  q u o t e d
b y  BLACKWELL & ALEXANDER ( 1 9 8 3 )  i n d i c a t e d  t h a t  t h i s  g e n e  
m a p s  o n  c h r o m o s o m e  8 .

A l t h o u g h  c e r t a i n  s t r a i n s  o f  m i c e  h a v e  b e e n  c l a s s i f i e d  b y  
v a r i o u s  w o r k e r s  a s  b e i n g  r e s i s t a n t  o r  s u s c e p t i b l e ,  i t  h a s  
b e e n  s h o w n  t h a t ,  i n d i v i d u a l l y ,  t h e y  c a n  b e  m a n i p u l a t e d  t o  
d i s p l a y  t h e  e n t i r e  s p e c t r u m  o f  c u t a n e o u s  l e i s h m a n i a s i s .
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t h a t  L-major  i n f e c t i o n s  o f  CBA m i c e  c a n  b e  m a n i p u l a t e d  
( v a r y i n g  t h e  i n f e c t i n g  i n o c u l u m  o r  b y  t r e a t m e n t  w i t h  

c y c l o s p h o s p h a m i d e ( C Y ) ) ,  t o  p r o v i d e  p a t t e r n s  o f  h o s t  
r e s p o n s e  w h i c h  m im ic  t h e  s u b - c l i n i c a l ,  s e l f - h e a l i n g  a n d  
a l l e r g i c  a n d  a n e r g i c  n o n - h e a l i n g  c u t a n e o u s  f o r m s  o f  
l e i s h m a n i a s i s  i n  m a n .

T h e  v a r i a t i o n s  i n  t h e  i n o c u l u m  s i z e  i n  CBA m i c e  g a v e  
r i s e  t o  d i f f e r e n t  c l i n i c a l  f o r m s  o f  t h e  d i s e a s e ;
10 a  t o  10 *  a m a s t i g o t e s  p r o d u c e d  s u b c l i n i c a l  
i n f e c t i o n s ,  10® t o  10 *  s e l f - h e a l i n g  l e s i o n s  a n d  
i n o c u l u m  o v e r  lO '7' a n e r g i c  n o n - h e a l i n g  l e s i o n s .

P r e t r e a t m e n t  o f  CBA m i c e  w i t h  CY t h r e e  w e e k s  b e f o r e  
i n f e c t i o n  w i t h  10 ® p a r a s i t e s  r e s u l t e d  i n  t h e  
d e v e l o p m e n t  o f  a l l e r g i c  n o n —h e a l i n g  l e s i o n s .

PEREZ ( 1 9 8 0 )  h a s  d e s c r i b e d  s i m i l a r  r e s u l t s  i n  L . 

mexicana  i n f e c t e d  m i c e .  I n o c u l u m  o f  1 0 s2 t o  
10 *  a m a s t i g o t e s  o f  L- mexican a w h e n  i n j e c t e d  i n  
C 5 7 B 1 /6  p r o d u c e d  s e l f  h e a l i n g  l e s i o n s ,  w h i l e  
lO *  a m a s t i g o t e s  i n  t h e  s a m e  s t r a i n  l e d  t o  t h e  
d e v e l o p m e n t  o f  c h r o n i c  l e s i o n s  a n d  10 '7’ a m a s t i g o t e s  
c a u s e d  a n  u n c o n t r o l l e d  a n d  f a t a l  d i s e a s e .

HOWARD e t  a l .  ( 1 9 8 0  a ,  1 9 8 1 ) ,  i n  e x p e r i m e n t s  u s i n g
B A L B /c  L- major  i n f e c t i o n  m o d e l ,  h o w e v e r ,  s h o w e d  t h a t  
a d u l t  t h y m e c t o m y ,  X i r r a d i a t i o n  a n d  b o n e  m a r r o w  
r e c o n s t i t u t i o n  o r  p r e t r e a t m e n t  o f  t h e  m i c e  w i t h  a  s u b l e t h a l  
d o s e  o f  i r r a d i a t i o n  r e s u l t e d  i n  r e s i s t a n c e  t o  t h e  
i n f e c t i o n .

I n  a l l  t h e s e  r e p o r t s ,  c e l l  m e d i a t e d  i m m u n i t y  i s



i m p l i c a t e d  a n d  a s s o c i a t e d  w i t h  t h e  d e v e l o p m e n t  o f  DHR.
PRESTON e t  a l . ( 1 9 7 2 ) ,  i n  L-major  i n f e c t e d  CBA m i c e ,

h a v e  d e m o n s t r a t e d  t h a t  a  t h y m u s  d e p e n d e n t  c e l l  p o p u l a t i o n  
m o s t  p r o b a b l y  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  d e v e l o p m e n t  o f  
r e s i s t a n c e  t o  i n f e c t i o n .  T h y m e c to m y  o f  y o u n g  m i c e  p r o d u c e d  
i m m u n o s u p p r e s s i o n  r e v e a l e d  b y  d e p r e s s i o n  o f  c e l l  m e d i a t e d  
r e a c t i o n s  a s  m e a s u r e d  b y  DHR a n d  d e p r e s s e d  b l a s t  c e l l  
r e a c t i v i t y  i n  t h e  p a r a c o r t i c a l  a r e a  o f  ly m p h  n o d e s ;  t h e s e  
c h a n g e s  w e r e  i n  t u r n  r e f l e c t e d  i n  t h e  s l o w e r  h e a l i n g  o f  t h e  
p r i m a r y  l e s i o n .  T h e s e  e x p e r i m e n t s  o f  PRESTON e t  a l . ( 1 9 7 2 )
w e r e  s u p p o r t e d  b y  t h e  o b s e r v a t i o n s  o f  HANDMAN e t  a l . ( 1 9 7 9 )
i n  w h i c h  a t h y m i c  n u d e  m i c e  o f  a  g e n e t i c  b a c k g r o u n d  
i d e n t i c a l  t o  t h a t  o f  r e s i s t a n t  m i c e  w e r e  h i g h l y  s u s c e p t i b l e  
t o  t h e  d i s e a s e .  T r a n s f e r  o f  s y n g e n e i c  T l y m p h o c y t e s ,  o n  t h e  
o t h e r  h a n d ,  c o n f e r s  r e s i s t a n c e  t o  i n f e c t i o n  i n  t h e s e  
h i g h l y  s u s c e p t i b l e  m i c e  (M ITCHELL e t  a l . 1 9 8 0 ) .

I n  o r d e r  t o  a s s e s s  d i r e c t l y  t h e  r o l e  o f  T c e l l s  i n  t h e  
r e s o l u t i o n  o f  c u t a n e o u s  l e s i o n s  i n d u c e d  b y  L „ m a j o r ,
L O U IS e t  a l .  ( 1 9 7 9 ,  1 9 8 1 ,  1 9 8 2 ,  1 9 8 3 )  u s i n g  e n r i c h e d ,  
h o m o g e n e o u s  p o p u l a t i o n s  a n d  c l o n e s  o f  T l y m p h o c y t e s  
s p e c i f i c  f o r  L. major  a n t i g e n s  h a v e  d e m o n s t r a t e d . t h a t  
t h i s  p o p u l a t i o n  o f  c e l l s  w h i c h  e x h i b i t e d  t h e  
L y t l " ^ -  p h e n o t y p e  w e r e  c a p a b l e  o f s  a .  s p e c i f i c  
p r o l i f e r a t i v e  r e s p o n s e s  u p o n  c h a l l e n g e  i n  vitro  w i t h  
p a r a s i t e  a n t i g e n s ,  b .  s p e c i f i c  h e l p e r  a c t i v i t y  f o r  a n  i n  
vitro  a n t i b o d y  r e s p o n s e  i n  a  h a p t e n - c a r r i e r  (D P N -L . 
m a j o r ) s y s t e m ,  c .  t r a n s f e r r i n g  a n t i g e n  s p e c i f i c  DHR t o  
n o r m a l  m i c e  a n d  s p e c i f i c  a c t i v a t i o n  o f  p a r a s i t i z e d
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m a c r o p h a g e s  r e s u l t i n g  i n  t h e  d e s t r u c t i o n  o f  i n t r a c e l l u l a r  
p a r a s i t e s .

S t u d i e s  b y  HOWARD e t  a l . ( 1 9 8 0  a ) ,  i n  B A L B /c  m i c e
i n f e c t e d  w i t h  L. m a j o r , i n d i c a t e d  t h a t  t h e  
s u s c e p t i b i l i t y  e x h i b i t e d  b y  t h i s  s t r a i n  o f  m o u s e  t o  t h e  
p a r a s i t e  i s  c o r r e l a t e d  w i t h  s p e c i f i c  s u p p r e s s i o n  o f  DHR t o  
p a r a s i t e  a n t i g e n s  d u r i n g  t h e  c o u r s e  o f  e x p e r i m e n t a l  
i n f e c t i o n .  T h i s  i m p a i r m e n t  o f  p a r a s i t i c  s p e c i f i c  DHR w a s  
a c c o m p a n i e d  b y  t h e  e m e r g e n c e  o f  a  T s u p p r e s s o r  c e l l  
p o p u l a t i o n  w h i c h ,  w h e n  t r a n s f e r r e d  t o  n o r m a l  s y n g e n e i c  
m i c e ,  i m p a i r e d  t h e  i n d u c t i o n  o f  DHR t o  l e i s h m a n i a l  a n t i g e n .  
C e l l s  m e d i a t i n g  s u p p r e s s i o n  w e r e  c h a r a c t e r i z e d  a s  b e i n g  T 
l y m p h o c y t e s  e x p r e s s i n g  t h e  L y t l ^ 2 ~  p h e n o t y p e  
(LIEW  e t  a l .  1 9 8 2 ) .  I t  h a s  b e e n  p o s t u l a t e d  ( HOWARD e t  a l . 
1 9 8 0  a )  t h a t  t h e  e m e r g e n c e  o f  t h i s  T s u p p r e s s o r  c e l l  
p o p u l a t i o n  c o u l d  b e  d u e  t o  a  r a p i d  a m a s t i g o t e  ( a n t i g e n )  
a c c u m u l a t i o n  i n  m a c r o p h a g e s  e x p r e s s i n g  a  p r i m a r y  g e n e t i c  
d e f e c t .  V e r y  r e c e n t l y  LIEW  ( 1 9 8 3 )  i s o l a t e d  a  c l o n e  o f  
L y t  1 "*"2-  I —J “* T s u p p r e s s o r  c e l l s  f r o m  B A L B /c  
m i c e .  T h i s  c l o n e  i n t e n s i f i e d  t h e  i n f e c t i o n  o f  L. major 

i n  B A L B /c  m i c e  in v i v o , s u p p r e s s e d  T c e l l  i n d u c e d  
m a c r o p h a g e  k i l l i n g  o f  L. major in vitro  a n d  
s u p p r e s s e d  t h e  c e l l —t r a n s f e r  o f  DHR.

I n v o l v e m e n t  o f  a n t i b o d y  i n  p r o t e c t i o n  i n  t h i s  m o d e l  w a s  
s u g g e s t e d  b y  e n h a n c e m e n t  o f  t h e  p r o t e c t i v e  c a p a c i t y  o f
t h e  im m u n e —p e r i t o n e a l  c e l l s  b y  im m u n e —s e r u m  i n

t r a n s f e r  e x p e r i m e n t s  (PRESTON & DUMONDE, 1 9 7 6 ) .



38

1 - 4  MECHANISMS OF E L IM IN A TIO N  OF THE PA R A SIT E  

I -  4 . 1  CELL MEDIATED PRO CESSES

R e g a r d i n g  t h e  m e c h a n i s m s  i n v o l v e d  i n  t h e  e l i m i n a t i o n  o f  
t h e  p a r a s i t e ,  tw o  c e l l  m e d i a t e d  p r o c e s s e s  h a v e  b e e n  
s u g g e s t e d :

1— L y m p h o c y te  c y t o t o x i c i t y  a g a i n s t  p a r a s i t i z e d  
m a c r o p h a g e s ,  a n d

2 -  M a c r o p h a g e  a c t i v a t i o n  l e a d i n g  t o  d i g e s t i o n  o f  t h e  
p a r a s i t e .

I n  r e l a t i o n  t o  t h e  c y t o t o x i c i t y  m e c h a n i s m ,  BRAY & 
BRYCESQN ( 1 9 6 8 )  a n d  BRYCESON e t  a l . ( 1 9 7 0 ) ,  h a v e  s u g g e s t e d
t h a t  im m u n e  g u i n e a - p i g  ly m p h  n o d e  c e l l s  s e n s i t i z e d  t o  
Leishman ia  a n t i g e n  m ay  b e  e n d o w e d  w i t h  a c t i v i t y  a g a i n s t  
g u i n e a - p i g  L. enriettii  i n f e c t e d  m a c r o p h a g e s .  H o w e v e r ,  
(MAUEL e t  a l .  1 9 7 5 )  f a i l e d  t o  c o r r o b o r a t e  t h e  f i n d i n g s  o f  

t h e  p r e v i o u s  w o r k e r s ,  c o n c l u d i n g  t h a t  t h e  e v i d e n c e  p r o v i d e d  
b y  t h e m  c o u l d  b e  t h e  r e s u l t  o f  m e t h o d o l o g i c a l  a r t e f a c t s . .  
M o re  r e c e n t l y ,  h o w e v e r ,  t h e  s a m e  g r o u p  o f  w o r k e r s  (MAUEL e t  
a l . 1 9 8 1 )  h a v e  r e p o r t e d  l y s i s  o f  m o u s e  m a c r o p h a g e s  i n f e c t e d  
w i t h  L. enriettii  a f t e r  c u l t u r i n g  t h e m  w i t h  
Leishmania  im m u n e  s y n g e n i c  s p l e e n  c e l l s  i n d i c a t i n g  t h a t  
t h e  d i r e c t  c y t o l y s i s  o f  p a r a s i t i z e d  m a c r o p h a g e s  b y  im m u n e  
l y m p h o c y t e s  c a n n o t  b e  e x c l u d e d  a s  a  p o s s i b l e  m e c h a n i s m  i n  
t h e  e l i m i n a t i o n  o f  t h e  p a r a s i t e .

M a c r o p h a g e  a c t i v a t i o n  i s  d e f i n e d  a s  a  p r o c e s s  w h e r e b y  
t h e  p h a g o c y t e s  a c q u i r e  a n  e n h a n c e d  c a p a c i t y  t o  p h a g o c y t0 4 » 4



k i l l  a n d  d i g e s t  m i c r o o r g a n i s m s .  A t  t h e  b i o c h e m i c a l  l e v e l ,  
a c t i v a t i o n  i s  c h a r a c t e r i z e d  b y  t h e  p r o d u c t i o n  o-f a  w a v e  o t  
m e t a b o l i t e s  o-f o x y g e n  t h a t  a r e  t o x i c  t o r  b o t h  i n t r a c e l l u l a r  
p a t h o g e n s  (BUCHMULLER & MAUEL, 1 9 7 9 ;  MURRAY, 1 9 8 1 ,  1 9 8 2 )  
a n d  t o r  e x t r a c e l l u l a r  t a r g e t s  (NATHAN e t  a l . 1 9 7 9 ) .  T h e s e
m e t a b o l i t e s  a p p e a r  t o  i n c l u d e  t h e  s u p e r o x i d e  a n i o n  
( 0 ~ 2 ) ,  h y d r o g e n  p e r o x i d e  (H 2 0 2 ) , s i n g l e t  

o x y g e n  ( l 0 2 ) a n d  t h e  h y d r o x y l  r a d i c a l  (H O ).
T h e  a c t i v a t i o n  i s  t h o u g h t  t o  b e  p r o d u c e d  b y  s e n s i t i z e d  

T - l y m p h o c y t e s  i n  t h e  p r e s e n c e  o t  t h e  s e n s i t i z i n g  a n t i g e n  
(NORTH, 1 9 7 3 ) ,  t h i s  r e s u l t s  i n  t h e  e l a b o r a t i o n  o t  s o l u b l e  
t a c t o r s  ( l y m p h o k i n e s  ) e n d o w e d  w i t h  m a c r o p h a g e  a c t i v a t i n g  
p r o p e r t i e s  (BUCHMULLER & MAUEL, 1 9 7 9 ;  NACY e t  a l .  1 9 8 1 )

T h e  p o s s i b l e  r o l e  o t  m a c r o p h a g e  a c t i v a t i o n  i n  t h e  
d e s t r u c t i o n  o t  i n t r a c e l l u l a r  Leishmania  h a s  b e e n  
i n v e s t i g a t e d  b y  s e v e r a l  w o r k e r s  u s i n g  d i t t e r e n t  i n t e c t i o n  
m o d e l s .  N o n - s p e c i t i c  s t i m u l a t i o n  o t  t h e  m o n o n u c l e a r  
p h a g o c y t e  s y s t e m  b y  BCG (WEINTRAUfi & WEINBAUM, 1 9 7 7 )  a n d  
g l u c a n  (COOK e t  a l . 1 9 8 0 )  h a s  b e e n  s h o w n  t o  i n c r e a s e  t h e  
r e s i s t a n c e  a t  m i c e  a g a i n s t  i n t e c t i o n  b y  L . major  a n d  

donovani  . H o w e v e r ,  in vitro  s t u d i e s  h a v e  
a d d u c e d  t h e  b e s t  e v i d e n c e  t o r  t h e  r o l e  a t  a c t i v a t e d  
m a c r o p h a g e s  i n  t h e  e l i m i n a t i o n  o t  t h e  p a r a s i t e .  F o r  
i n s t a n c e ,  M ILLER & TWOHY ( 1 9 6 9 )  t o u n d  t h a t  m a c r o p h a g e s  f r o m  
m i c e  i n  t h e  a c t i v e  p e r i o d  o t  i n t e c t i o n  w i t h  L. 

d o n o v a n i , w e r e  a b l e  in vitro  t o  i n h i b i t  t h e  g r o w t h  o t  
t h e  p a r a s i t e  a n d  k i l l  i n t r a c e l l u l a r  Leishman ia.

I n  L. enriettii  i n t e c t e d  g u i n e a  p i g s  a n d  
major  i n t e c t e d  m i c e ,  MAUEL a n d  h i s  c o w o r k e r s  ( 1 9 7 4 ,  1 9 7 8 ,



1 9 8 0 )  a n d  BEH IN  e t  a l . ( 1 9 7 9 )  d e m o n s t r a t e d ,  t h a t  t h e
i n c u b a t i o n  o f  Leishman ia  p a r a s i t i z e d  m a c r o p h a g e s  w i t h  
s p e c i f i c a l l y  o r  n o n —s p e c i f i c a l l y  s e n s i t i z e d  l y m p h o i d  c e l l s  
w a s  r e q u i r e d  f o r  t h e  a c t i v a t i o n  o f  m a c r o p h a g e s  a n d  
c o n s e q u e n t  k i l l i n g  o f  t h e  p a r a s i t e .  I n  t h e s e  e x p e r i m e n t s  
m a c r o p h a g e s ,  w e r e  a b l e  t o  d e s t r o y  Listeria 

monocytogenes  a n d  t h e  Leishmania  s p e c i e s  n o t  n o r m a l l y  
i n f e c t i v e  f o r  t h e  m a c r o p h a g e  d o n o r .  M o r e o v e r ,  m a c r o p h a g e s  
f r o m  m i c e  e x h i b i t i n g  d i f f e r e n t  s u s c e p t i b i l i t i e s  t o  L .  
m a j o r ,  d i f f e r e d  i n  t h e i r  a b i l i t y  t o  s u p p o r t  p a r a s i t e  
g r o w t h  (HANDMAN e t  a l .  1 9 7 9 ;  B EH IN  e t  a l .  1 9 7 9 ) .  A c t i v a t e d  
m a c r o p h a g e s  f r o m  s t r a i n s  o f  m i c e  r e s i s t a n t  t o  i n f e c t i o n  
w i t h  L ,major  w e r e  a b l e  t o  d e s t r o y  in vitro  i n g e s t e d  
Leishmania  . I n  c o n t r a s t ,  a c t i v a t e d  m a c r o p h a g e s  
o b t a i n e d  f r o m  a  s u s c e p t i b l e  s t r a i n  o f  m i c e  w e r e  u n a b l e  t o  
k i l l  t h e  p a r a s i t e .  H o w e v e r ,  t h e s e  m a c r o p h a g e s  w e r e  a b l e  t o
d e s t r o y  t h e  p a r a s i t e  in vitro  i f  t h e y  w e r e  a c t i v a t e d

(

f o r  a  s u s t a i n e d  p e r i o d ,  s u g g e s t i n g  t h a t  t h e  t h r e s h o l d  f o r  
a c t i v a t i o n  n e c e s s a r y  t o  k i l l  L. major  i s  h i g h e r  i n  
m a c r o p h a g e s  o f  s u s c e p t i b l e  m i c e  (B EH IN  e t  a l . 1 9 7 9 ) .

□ n t h e  o t h e r  h a n d ,  t h e  e x p e r i m e n t s  o f  G O RZIN SK I St MACRAE 
( 1 9 8 2 ) ,  h a v e  s u g g e s t e d  t h a t  t h e  d i f f e r e n c e s  i n  t h e  a b i l i t y  

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

T h e  d i f f e r e n t  a b i l i t y  o f  m a c r o p h a g e s  f r o m  v a r i o u s  
s t r a i n s  o f  m i c e  t o  d e s t r o y  i n g e s t e d  Leishman ia 

o r g a n i s m s  m ay b e  g e n e t i c a l l y  d e t e r m i n e d .  HOWARD e t  a l ,
( 1 9 8 0  c )  s h o w e d  t h a t  i r r a d i a t e d  a n d  b o n e  m a r r o w



r e c o n s t i t u t e d  c h i m e r a s ,  r e s i s t a n c e  a n d  s u s c e p t i b i l i t y  w a s  
t r a n s f e r r e d  w i t h  t h e  d o n o r  b o n e  m a r r o w ,  s u g g e s t i n g  t h a t  
t h i s  m ay b e  a  m a c r o p h a g e  c o n t r o l l e d  r e s p o n s e .

T h e  i m p l i c a t i o n  o f  l y m p h o k i n e s  i n  t h e  m a c r o p h a g e  
a c t i v a t i o n  m e c h a n i s m  h a s  b e e n  s u g g e s t e d  a s  s o l u b l e  p r o d u c t s  
f r o m  s e n s i t i z e d  l y m p h o c y t e s  a c t i v a t e d  i n  v a r i o u s  w a y s  c a n  
a c t i v a t e  m a c r o p h a g e s ,  r e s u l t i n g  i n  t h e  d e s t r u c t i o n  o f  
i n t r a c e l l u l a r  Leishmania  (BUCHMULLER & MAUEL, 1 9 7 9 ?
NACY e t  a l .  1 9 8 1 ) .

T h a t  m a c r o p h a g e  a c t i v a t i o n  r e s u l t i n g  f r o m  a  c e l l  
m e d i a t e d  r e s p o n s e  a g a i n s t  p a r a s i t e  a n t i g e n ,  m ay  b e  a n  
e f f e c t o r  m e c h a n i s m  o f  p r o t e c t i o n  a g a i n s t  l e i s h m a n i a l  
i n f e c t i o n  i n  t h e  r e c o v e r i n g  h o s t  i s  f u r t h e r  s u p p o r t e d  b y  
t h e  d e m o n s t r a t i o n  t h a t  s p e c i f i c  a c t i v a t i o n  c a n  b e  o b t a i n e d  
i n  v i t r o  b y  i n c u b a t i o n  o f  p a r a s i t i z e d  m a c r o p h a g e s  w i t h  
l y m p h o c y t e s  f r o m  ly m p h  n o d e s  a n d  s p l e e n  f r o m  r e c o v e r e d  o r  
im m u n iz e d  a n i m a l  < L O U IS  e t  a l . 1 9 8 1 ,  1 9 8 2 ;  MAUEL e t  a l .
1 9 8 1 ) .  S u c h  a c t i v a t i o n  m ay  l e a d  t o  d e s t r u c t i o n  o f  t h e  
i n t r a c e l l u l a r  m i c r o o r g a n i s m s ,  a n d  f u r t h e r  i t  i s  s p e c i f i c  a s  
s h o w n  b y  t h e  f a c t  t h a t  i n c u b a t i o n  o f  p a r a s i t i z e d  
m a c r o p h a g e s  w i t h  l y m p h o c y t e s  s e n s i t i z e d  a g a i n s t  a n o t h e r  
a n t i g e n ,  s u c h  a s  o v a l b u m i n ,  d o e s  n o t  i n d u c e  a c t i v a t i o n  o f  
t h e  p a r a s i t i z e d  m a c r o p h a g e s .

S u s c e p t i b i l i t y  o f  Leishmania  a n d  o t h e r  p a r a s i t e s  t o  
o x y g e n  m e t a b o l i t e s  h a s  r e c e n t l y  b e e n  r e v i e w e d  b y  NATHAN 
( 1 9 8 3 ) .  Leishmania  p r o m a s t i g o t e s  iL. major  a n d  L - 
d o n o v a n i ) a r e  h i g l y  s u s c e p t i b l e  t o  l y s i s  b y  
H2 0 2  (MURRAY, 1 9 8 1 ) .  P r o m a s t i g o t e s  e f f e c t i v e l y  
t r i g g e r  t h e  p r o d u c t i o n  o f  o x y g e n  i n t e r m e d i a t e  m e t a b o l i t e s



w h e n  t h e y  a r e  i n g e s t e d  b y  m a c r o p h a g e s  a n d  a r e  r e a d i l y  
d e s t r o y e d  n o t  o n l y  b y  a c t i v a t e d  m a c r o p h a g e s  b u t  e v e n  b y  
n o n - a c t i v a t e d l  r e s i d e n t  p e r i t o n e a l  m a c r o p h a g e s  (MURRAY* 

1 9 8 1 ) .  U n l i k e  p r o m a s t i g o t e s ,  a m a s t i g o t e s  w e r e  i n g e s t e d  
w i t h o u t  t r i g g e r i n g  s u b s t a n t i a l  o x y g e n  i n t e r m e d i a t e  
m e t a b o l i t e s  i n  r e s i d e n t  m a c r o p h a g e s  o r  e v e n  m a c r o p h a g e s  
n o n —s p e c i f i c a l l y  a c t i v a t e d -  I n  c o n t r a s t ,  l y m p h o k i n e  
a c t i v a t e d  m a c r o p h a g e s  s i m u l t a n e o u s l y  a c q u i r e  t h e  c a p a c i t y  
t o  r e s p o n d  t o  i n g e s t i o n  o f  a m a s t i g o t e s  b y  s e c r e t i n g  o x y g e n  
i n t e r m e d i a t e  m e t a b o l i t e s  a n d  e l i m i n a t i n g  t h e  p a r a s i t e  
(MURRAY, 1 9 8 2 ) .

I n  a d d i t i o n  t o  t h e i r  m i c r o b i c i d a l  a n d  d e g r a d a t i v e  
f u n c t i o n s ,  m a c r o p h a g e s  a l s o  p l a y  a  v e r y  i m p o r t a n t  r o l e  i n  
t h e  i n i t i a t i o n  a n d  r e g u l a t i o n  o f  l y m p h o c y t e  p r o l i f e r a t i o n  ( 
r e v i e w e d  b y  UNANUE, 1 9 8 1 ) .

F o r e i g n  a n t i g e n s  a r e  p r e s e n t e d  i n  a s s o c i a t i o n  w i t h  
h i s t o c o m p a t i b i l i t y  a n t i g e n s  c o d e d  f o r  b y  t h e  m a j o r  
h i s t o c o m p a t i b i l i t y  c o m p l e x -  S u c c e s s f u l  a n t i g e n  p r e s e n t a t i o n  
i s  t h e r e f o r e  a  f u n c t i o n  o n l y  o f  t h o s e  m a c r o p h a g e  
s u b p a p u l a t i o n s  w h ic h  b e a r  l a  a n t i g e n s .

T h e  i n t e r a c t i o n  b e t w e e n  Leishmania  a n t i g e n  
p r e s e n t i n g  c e l l s  a n d  T l y m p h o c y t e s  w a s  s t u d i e d  i n  
vitro  b y  L O U IS  a n d  c o w o r k e r s  ( 1 9 7 9 ,  1 9 8 1 ) .  T h e s e  a u t h o r s  
f o u n d ,  t h a t  L .  major  a n t i g e n s  i n d u c e d  a  s p e c i f i c  T c e l l  
p r o l i f e r a t i v e  r e s p o n s e  w h i c h  w a s  t o t a l l y  d e p e n d e n t  o n  t h e  
p r e s e n c e  o f  a d h e r e n t  c e l l s  b e a r i n g  t h e  l a  a n t i g e n .

T h e r e  a r e  tw o  m a j o r  p a t h w a y s  w h i c h  m ay  b e  i m p o r t a n t  i n  
d e t e r m i n i n g  w h e t h e r  o r  n o t  m a c r o p h a g e s  b e c o m e  a c t i v a t e d  t o  
k i l l  p a r a s i t e s  (BLACKWELL & ALEXANDER, 1 9 8 3 )  , ;



1— Presentation of antigen in association with the

a p p r o p r i a t e  l a  a n t i g e n  i n d u c i n g  t h e  p r o l i f e r a t i o n  o f  t h o s e  
l y m p h o c y t e s  T Dh  a s s o c i a t e d  w i t h  b o t h  d e l a y e d  
h y p e r s e n s i t i v i t y  a n d  t h e  r e l e a s e  o f  l y m p h o k i n e s .

2 — P r e s e n t a t i o n  o f  a  p a r a s i t e  a n t i g e n  i n a p p r o p r i a t e l y  i n  
a s s o c i a t i o n  w i t h  t h e  s a m e  o r  d i f f e r e n t  l a  a n t i g e n s  m ay  l e a d  
t o  t h e  g e n e r a t i o n  o f  s u p p r e s s o r  T c e l l s  w h ic h  c a n  s u p p r e s s  
l y m p h o k i n e  p r o d u c t i o n  a n d  s u p p r e s s  m a c r o p h a g e  a c t i v a t i o n .

E x p r e s s i o n  o f  Leisbman ia  a n t i g e n s  o n  t h e  s u r f a c e  
m e m b ra n e  o f  i n f e c t e d  m a c r o p h a g e s  i n  vitro  h a s  b e e n  
r e p o r t e d  b y  BERMAN & DWYER ( 1 9 8 1 )  a n d  HANDMAN e t  a l .
( 1 9 7 9 ) .  T h e  l a t t e r  a u t h o r s  f o u n d  t h a t  m a c r o p h a g e s  f r o m  
m i c e  e x h i b i t i n g  d i f f e r e n t  s u s c e p t i b i l i t i e s  t o  L .  
major  d i d  n o t  e x h i b i t  d i f f e r e n c e s  i n  t h e i r  a b i l i t y  t o  
p r e s e n t  a n t i g e n  a s  d e t e c t e d  b y  t h e  i m m u n o f l u o r e s c e n c e  
t e c h n i q u e .  H o w e v e r ,  f r o m  t h e  f u n c t i o n a l  p o i n t  o f  v i e w ,  
Leishman ia  i n f e c t e d  B A L B /c  m a c r o p h a g e s  d i f f e r e d  f r o m  
i n f e c t e d  CBA m a c r o p h a g e s  i n  b e i n g  u n a b l e  t o  s e n s i t i z e  
s y n g e n e i c  r e c i p i e n t s  f o r  a  d e l a y e d  t y p e  h y p e r s e n s i t i v i t y  t o  
t h a t  a n t i g e n .  T h e  a u t h o r s  a s s o c i a t e d  t h i s  f u n c t i o n a l  
i m p a i r m e n t  o f  a n t i g e n  p r e s e n t a t i o n  w i t h  a  d i m i n i s h e d  
e x p r e s s i o n  o f  H -2  e x o - a n t i g e n s  i n  t h e  L . major  B A L B /c  
i n f e c t e d  m a c r o p h a g e s ,  w h ic h  s u g g e s t e d  t h a t  t h e  p a r a s i t e  
i n d u c e d  d e f e c t  i n  a n t i g e n  p r e s e n t a t i o n  i s  a l l o w e d  b y  t h e  
g e n e t i c  c o n s t i t u t i o n  o f  t h e  B A L B /c  m a c r o p h a g e s  . 
t h i s  s u g g e s t i o n  h a s  b e e n  c h a l l e n g e d  b y  MAUEL a n d  c o w o r k e r s  
( p e r s o n a l  c o m m u n i c a t i o n ) .

GORZYNSKY & MACRAE ( 1 9 8 2 )  s t u d i e d  m a c r o p h a g e  
s u b p o p u l a t i o n s  f r o m  t h e  s k i n  o f  s t r a i n s  o f  m i c e  e x h i b i t i n g



d i f f e r e n t  s u s c e p t i b i l i t i e s  t o  L .  m a j o r . T h e y  s h o w e d  
t h a t  t h e  s a m e  p o p u l a t i o n  o f  s k i n  a d h e r e n t  c e l l s  f r o m  t h e  
r e l a t i v e l y  r e s i s t a n t  CBA a n d  t h e  h i g h l y  s u s c e p t i b l e  B A L B /c  
m i c e  d i f f e r e d  i n  t h e i r  a b i l i t y  t o  s t i m u l a t e  l y m p h o c y t e  
p r o l i f e r a t i o n .  P a r a s i t i z e d  s k i n  a d h e r e n t  c e l l s  f r o m  B A L B /c  
m i c e  f a i l e d  t o  s t i m u l a t e  s e n s i t i z e d  l y m p h o c y t e s  w h i l e  
p a r a s i t i z e d  c e l l s  f r o m  CBA m i c e  d i d .  H o w e v e r ,  t h e  s a m e  
m a c r o p h a g e  s u b p o p u l a t i o n  o f  c e l l s  f r o m  B A L B /c  m i c e  w h e n  
i n c u b a t e d  w i t h  £ .  major  e x c r e t e d  f a c t o r  r a t h e r  t h a n  
l i v e  p a r a s i t e s ,  i n d u c e d  p r o l i f e r a t i o n  o f  s e n s i t i z e d  
l y m p h o c y t e s ,  s u g g e s t i n g  t h a t  t h e  d e f e c t  l a y  s o m e w h e r e  i n  
t h e  p r o c e s s i n g  a n d  p r e s e n t a t i o n  o f  t h e  a p p r o p r i a t e  a n t i g e n  
f r o m  t h e  l i v e  p a r a s i t e  (BLACKWELL & ALEXANDER, 1 9 8 3 ) .  A s 
s u g g e s t e d  b y  GORZYNSKY & MACRAE ( 1 9 8 2 ) ,  a  d i f f e r e n c e  i n  t h e  
e x p r e s s i o n  o f  a n t i g e n  t o  t h e  s u r f a c e  o f  p a r a s i t i z e d  
r e s i s t a n t  a n d  s u s c e p t i b l e  m a c r o p h a g e s  c o u l d  a c c o u n t  f o r  t h e  
d i f f e r e n t i a l  t r i g g e r i n g  o f  T c e l l  s u b s e t s .

I - 4 - 2  ROLE OF THE HUMORAL RESPONSE IN  THE ELIM IN A T IO N  
OF THE PA R A SIT E

T h e r e  a r e  s e v e r a l  o b s e r v a t i o n s  t h a t  i n d i c a t e d  t h e  
p a r t i c i p a t i o n  o f  h u m o r a l  m e c h a n i s m s  i n  t h e  e l i m i n a t i o n  o f  
t h e  p a r a s i t e .  1 . —BRAY ( u n p u b l i s h e d )  o b s e r v e d  t h a t ,  i n  t h e  
g u i n e a  p i g  i n f e c t e d  w i t h  L .  e n r i e t t i i ,  t h e  c y t o t o x i c  
e f f e c t  o f  s e n s i t i z e d  l y m p h o c y t e s  w a s  e n h a n c e d  b y  t h e  
a d d i t i o n  o f  a n t i b o d i e s  o r  im m u n e —c o m p l e x e s .  2 . — MAUEL 
( 1 9 7 3 )  i n  p e r s o n a l  c o m m u n i c a t i o n  t o  PRESTON St DUMONDE 
( 1 9 7 5 ) ,  s t a t e d  t h a t  t h e  c o a t i n g  o f  L .  enriettii

a m a s t i g o t e s  w i t h  im m u n e  g u i n e a  p i g  s e r u m ,  i n  t h e  p r e s e n c e



o f  c o m p l e m e n t ,  r e n d e r e d  t h e  o r g a n i s m  s u s c e p t i b l e  t o  
d e s t r u c t i o n  b y  n o r m a l  g u i n e a  p i g  m a c r o p h a g e s  i n  
v i t r o . 3 . -  E x p e r i m e n t s  b y  HERMAN, ( 1 9 8 0 )  a n d  BRAY ( 1 9 8 3 )  
h a v e  s h o w n  t h a t  t h e  p r e s e n c e  o f  c y t o p h i l i c  a n d  o p s o n i s i n g  
a n t i b o d y  i n  m o u s e  a n t i — donovani  a n d  a n t i —L .
Mexicans  s e r a  i m p r o v e d  t h e  b i n d i n g  a n d  s u b s e q u e n t  
p h a g o c y t o s i s  b y  m a c r o p h a g e s .  I t  m ay  b e ,  t h a t  s u c h  
e n h a n c e m e n t  o f  i n t r a c e l l u l a r  p a r a s i t i z a t i o n  in vitro 

m ay b e  t h e  p r e l u d e  t o  t h e  d e s t r u c t i o n  o f  t h e  p a r a s i t e  t h a t  
m ay o c c u r  t h r o u g h  a n  a n t i b o d y  d e p e n d e n t  c y t o t o x i c i t y  
m e c h a n i s m  (HERMAN, 1 9 8 0 ) .  I n  c o n t r a s t ,  FARAH e t  a l  ( 1 9 7 5 ) ,  
r e p o r t e d  i n  a n t i - t .  major  s e r a  t h e  p r e s e n c e  o f  a n  
a n t i b o d y  w i t h  c y t o p h i l i c ,  b u t  n o t  o p s o n i s i n g  p r o p e r t i e s  i n  
r e l a t i o n  t o  m o u s e  a n d  g u i n e a  p i g  m a c r o p h a g e s .  T h e  l a t t e r  
a u t h o r s  s p e c u l a t e d  t h a t  c y t o p h i l i c  a n t i b o d y  m i g h t  
i m m o b i l i z e  t h e  p a r a s i t e s  o n  m a c r o p h a g e  c e l l  s u r f a c e s ,  
r e n d e r i n g  th e m  s u s c e p t i b l e  t o  t h e  a c t i o n  o f  a n t i b o d i e s  o r  
t o  s e n s i t i z e d  l y m p h o c y t e s .

I n  c o n c l u s i o n ,  t h e  e v i d e n c e  p r e s e n t e d  b y  p r e v i o u s  
s t u d i e s  s h o w s  t h a t  t h e  p r i n c i p a l  f e a t u r e s  o f  s e l f - h e a l i n g ,  
" a l l e r g i c ” ,  a n d  " a n e r g i c ” l e i s h m a n i a s i s  i n  m an c o u l d  b e  
r e p r o d u c e d  i n  m o u s e  a n d  g u i n e a - p i g  m o d e l s .  A n a l y s i s  o f  
t h e s e  e x p e r i m e n t a l  i m m u n o l o g i c a l  m o d e l s  i n d i c a t e s  t h a t  a n  
i n t e g r a t e d  s y s t e m  o f  b o t h  c e l l u l a r  a n d  h u m o r a l  r e s p o n s e  
w e r e  p r o b a b l y  e s s e n t i a l  i n  t h e  e l i m i n a t i o n  o f  t h e  p a r a s i t e s  
i n  Leishmania  i n f e c t i o n s .  H o w e v e r ,  a  T c e l l  r e s p o n s e  
a p p e a r e d  t o  b e  t h e  f i r s t  a n d  m o s t  i m p o r t a n t  d e f e n c e  
m e c h a n i s m ,  a n d  t h i s  r e s p o n s e  i s  c o r r e l a t e d  w i t h  DHR 
d e v e l o p m e n t .



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

1 . 5  EXPERIMENTAL MODELS AND O U TLIN E OF THE FRPYECT

T h i s  t h e s i s  p r e s e n t s  t h e  p r o g r e s s i v e  i m m u n o p a t h o l o g i c a l  
e v e n t s  w h ic h  t a k e  p l a c e  i n  c u t a n e o u s  l e s i o n s  a n d  d r a i n i n g  
ly m p h  n o d e s ,  a s  w e l l  a s  t h e  d e v e l o p m e n 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  r e s p o n s e  (DHR) a n d  t h e  p r o d u c t i o n  o f  
a n t i b o d y  i n  B A L B /c  a n d  C B A /c a  m i c e  i n f e c t e d  w i t h  L. major 

a n d  L .  mexicana.  F o u r  d i f f e r e n t  e x p e r i m e n t a l  m o d e l s  
w e r e  o b t a i n e d  a s  a  r e s u l t  o f  i n f e c t i n g  tw o  s t r a i n s  o f  m i c e  
(B A L B /c  a n d  C B A /c a )  w i t h  tw o  s p e c i e s  o f  Leishmania 

p a r a s i t e s :
L - m a jor-C B A /c a  
L ,  ro e x i c a n a - C B A / c a  
L , major—B A L B /c  
L , maxi c a n a -B A L B /c
T h e  i m m u n o p a t h o l o g i c a l  s t u d i e s  c o m p r i s e  a  d e t a i l e d  

h i s t o p a t h o l o g i c a l  s t u d y  u s i n g  r o u t i n e  h i s t o l o g i c a l  
t e c h n i q u e s .  T h e  p r e s e n c e  o f  i m m u n o g l o b u l i n s  (M a n d  G) a n d  
C 3  c o m p le m e n t  f a c t o r  w a s  d e t e r m i n e d  b y  i m m u n o f l u o r e s c e n c e  
a p p l i e d  t o  c r y o s t a t  c u t  t i s s u e  s e c t i o n s  o f  s k i n  l e s i o n s  a n d  
d r a i n i n g  ly m p h  n o d e s .
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L y m p h o c y te  s u b p o p u l a t i o n s  w e r e  i d e n t i f i e d  b y  
d e t e r m i n i n g  t h e  p r e s e n c e  o f  6 a n d  M i m m u n o g l o b u l i n s  o n  
t h e i r  c e l l  s u r f a c e s  a n d  i d e n t i f y i n g  t h e  p r e s e n c e  o f  L y t l  
a n d  L y t 2  s u r f a c e  m a r k e r s  o n  c r y o s t a t  c u t  s e c t i o n s  a n d  
c e l l u l a r  s u s p e n s i o n s  f r o m  t h e  s a m e  t i s s u e s .

An a t t e m p t  w a s  m a d e  t o  a s s e s s  t h e  s p e c i f i c i t y  o f  t h e  
s t a i n i n g  b y  u s i n g  L. mexicana  a n t i g e n  c o n j u g a t e d  t o  
f l u o r e s c e i n  i s o t h i o c y a n a t e  (F IT C )  a n d  t h e  F ( a b )  
f r a c t i o n  o f  a n t i - £ .  mexicana  I g B .

T h e  c e l l u l a r  r e s p o n s e  t o  p a r a s i t i c  i n f e c t i o n  w a s  
d e t e r m i n e d  b y  m e a s u r i n g  t h e  a b i l i t y  o f  t h e  d i f f e r e n t  
e x p e r i m e n t a l  g r o u p s  o f  m i c e  t o  p r o d u c e  DHR w h e n  c h a l l e n g e d  
w i t h  t h e  h o m o l o g o u s  a n d  h e t e r o l o g o u s  p a r a s i t e  a n t i g e n s .  T h e  
h u m o r a l  r e s p o n s e  w a s  m e a s u r e d  b y  d e t e r m i n i n g  c i r c u l a t i n g  
a n t i b o d i e s  b y  d i r e c t  a g g l u t i n a t i o n  a n d  i m m u n o f l u o r e s c e n c e  
t e c h n i q u e s  u s i n g  p r o m a s t i g a t e s  o f  L. major  a n d  £„  
mexicana  a s  a n t i g e n s .

A s a  r e s u l t  o f  t h e  i m m u n o p a t h o l o g i c a l  s t u d i e s ,  a  m o re  
d e t a i l e d  a c c o u n t  t h a n  h e r e t o f o r e  p u b l i s h e d  o f  t h e  c e l l u l a r  
d e v e l o p m e n t  i n  t h e  l e s i o n  o f  c u t a n e o u s  l e i s h m a n i a s i s  i n  
h e a l i n g  a n d  n o n —h e a l i n g  i n f e c t i o n s  i s  p r e s e n t e d .

An a t t e m p t  t o  d i s c u s s  t h e  i m m u n o p a t h o l o g i c a l  f i n d i n g s  i n  
r e l a t i o n  t o  t h e  im m u n e  r e s p o n s e ,  i n  t h e  c o n t e x t  o f  r e c e n t  
i m m u n o l o g i c a l  k n o w l e d g e ,  h a s  b e e n  a t t e m p t e d .

I t  i s  i m p o r t a n t  t o  p o i n t  o u t  t h a t  m a n y  a u t h o r s  
e r r o n e o u s l y  n a m e  t h e i r  p a r a s i t e  L - tropica  w h e n  t h e y  
a r e  w o r k i n g  w i t h  L. m a j o r - BRAY e t  a l . ( 1 9 7 3 )  h a v e  p u t
f o r w a r d  r e a s o n s  f o r  t r e a t i n g  tropica major  a s  a  f u l l



s p e c i e s  d i f f e r e n t  f r o m  6 .  tropica  a n d  t h i s  h a s  b e e n
v e r y  a d e q u a t e l y  c o n f i r m e d  b y  i s o —e n z y m e  a n a l y s i s  (CHANCE e t
a l . 1 9 7 8 ) .  T h e r e f o r e ,  t h r o u g h o u t  t h i s  t h e s i s  I  h a v e
s u b s t i t u t e d  L . major  f o r  L . tropica  ( w i t h
a p o l o g i e s  t o  t h e  a u t h o r s )  w h e r e  a p p r o p r i a t e  i n  o r d e r  t o
s t a n d a r d i s e  t h e  t e r m i n o l o g y .

1 . 6  EXPERIMENTAL DESIGN

1 2 0  f e m a l e  C B A /c a  m i c e  a n d  1 2 0  f e m a l e  B A L B /c  m i c e ,  8 t o  
1 0  w e e k s  o l d ,  w e r e  u s e d  f o r  t h e  e x p e r i m e n t s .  6 0  C B A /c a  m i c e  
w e r e  i n f e c t e d  w i t h  L . major  a n d  6 0  C B A /c a  m i c e  w i t h  L. 

mexicana  „ S i m i l a r l y  6 0  B A L B /c  m i c e  w e r e  i n f e c t e d  w i t h  
L , major  a n d  t h e  o t h e r  6 0  w i t h  L . mexicana  .

A f t e r  i n o c u l a t i o n  o f  1 0 *  a m a s t i g o t e s  i n  t h e  f o o t  
p a d ,  t h e  s t a t e  o f  t h e  l e s i o n s  w a s  a s s e s s e d  b y  t h e i r  
a p p e a r a n c e  a n d  b y  m e a s u r i n g  t h e i r  t h i c k n e s s  w e e k l y  u p  t o  
t h e  s i x t e e n t h  w e e k  a f t e r  t h e  i n o c u l a t i o n  o f  t h e  p a r a s i t e .

T h r e e  a n i m a l s  f r o m  e a c h  g r o u p  w e r e  b l e d  a n d  s a c r i f i c e d  
w e e k l y  u n t i l  t h e  s i x t h  w e e k  a n d  t h e n  e v e r y  o t h e r  w e e k  u p  t o  
t h e  e i g h t e e n t h  w e e k  a f t e r  t h e  i n o c u l a t i o n  o f  t h e  p a r a s i t e .

S k i n  l e s i o n s  a n d  d r a i n i n g  ly m p h  n o d e s  w e r e  r e m o v e d .  T h e  
b i o p s i e d  t i s s u e s  w e r e  t h e n  d i v i d e d  i n t o  tw o  s a m p l e s ;  o n e  
s a m p l e  w a s  f i x e d  i n  C a r n o y ' s  a n d  t h e  o t h e r  f r o z e n  i n  l i q u i d  
n i t r o g e n .

T h e  t i s s u e s  f i x e d  i n  C a r n o y ' s  w e r e  e m b e d d e d  i n  w ax a n d  
s e c t i o n s  c u t  f o r  h i s t o p a t h o l o g y  s t u d i e s  b y  c o n v e n t i o n a l  
t e c h n i q u e s  ( h a e m a t o x y l i n  a n d  e o s i n ,  m e t h y l —g r e e n  p y r o n i n ,  
G ie m s a  c o l p h o n i u m  a n d  V an  S i e s o n  s t a i n i n g ) .  T h e  f r o z e n



t i s s u e s  o n  t h e  o t h e r  h a n d ,  a f t e r  c r y o s t a t  s e c t i o n i n g ,  w e r e  
u s e d  i n  t h e  d e t e r m i n a t i o n  o-f - f a t  d e p o s i t s  b y  o i l —r e d  
s t a i n i n g ,  n o n —s p e c i f i c  e s t e r a s e  d e t e r m i n a t i o n s  a n d  
i m m u n o f l u o r e s c e n c e  s t u d i e s  ( o u t l i n e d  a b o v e ) .
H i s t o p a t h o l o g i c  s t u d i e s  w e r e  d o n e  i n  s a m p l e s  t a k e n  w e e k l y  
u p  t o  t h e  s i x t h  w e e k  a n d  t h e n  b i w e e k l y  u p  t o  t h e  e i g h t e e n t h  
w e e k  a f t e r  i n f e c t i o n .  T h e  i m m u n o f l u o r e s c e n c e  s t u d i e s  w e r e  
p e r f o r m e d  o n  s a m p l e s  t a k e n  a t  b i w e e k l y  i n t e r v a l s  u p  t o  t h e  
e i g h t e e n t h  w e e k  a f t e r  i n f e c t i o n .

E x p e r i m e n t s  u s i n g  c e l l u l a r  d i s a g g r e g a t e s  f r o m  s k i n  
l e s i o n s  a n d  ly m p h  n o d e s  i n  o r d e r  t o  c h a r a c t e r i z e  B a n d  T 
l y m p h o c y t e  p o p u l a t i o n s  w e r e  p e r f o r m e d  a t  s i x  a n d  t w e l v e  
w e e k s  a f t e r  i n f e c t i o n .  Two s e p a r a t e  e x p e r i m e n t s  e m p l o y i n g  
t h r e e  m i c e  f r o m  e a c h  e x p e r i m e n t a l  g r o u p  a t  e a c h  t i m e  w e r e  
m a d e .

T h e  c e l l u l a r  im m u n e  r e s p o n s e  w a s  e s t i m a t e d  b y  m e a s u r i n g  
t h e  DHR t o  L .  major  a n d  L ,  mexicana  a n t i g e n s  i n  
t h r e e  t o  s i x  a n i m a l s  f r o m  e a c h  e x p e r i m e n t a l  g r o u p  a t  2 ,  4 ,
8 ,  12  a n d  1 6  w e e k s  a f t e r  i n f e c t i o n .

T h e  p r e s e n c e  a n d  t i t r e  o f  c i r c u l a t i n g  a n t i b o d i e s  w a s  
determined in the sera of three mice from each experimental 

g r o u p  o f  m i c e  b y  d i r e c t  a g g l u t i n a t i o n  a n d  
i m m u n o f l u o r e s c e n c e  t e c h n i q u e  a t  2 ,  4 ,  8 ,  1 2 ,  1 6  a n d  
s o m e t i m e s  1 8  w e e k s  a f t e r  i n f e c t i o n  u s i n g  L. major  a n d  
L.mexicana  p r o m a s t i g o t e s  a s  a n t i g e n .
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CHAPTER II

CLINICAL EVOLUTION AND HISTOPATHOLOGY 

OF SKIN LESIONS AND DRAINING LYMPH NODES IN 

CBA/ca AND BALB/c MICE INFECTED WITH 

L. major AND L. mexicana

I I . 1 INTRODUCTION

A s h a s  b e e n  s a i d ,  c u t a n e o u s  l e i s h m a n i a s i s  c a n  b e  t h o u g h t  
o f  a s  a  s p e c t r u m  o f  d i s e a s e  p r e s e n t a t i o n  s i m i l a r  t o  t h a t  
s e e n  i n  l e p r o s y  (TURK & BRYCESON, 1 9 7 1 ) ,  r a n g i n g  f r o m  t h e  
h y p e r s e n s i t i v e  t o  t h e  a n e r g i c  f o r m s ,  b u t  u n l i k e  l e p r o s y ,  i n  
w h ic h  t h e  s p e c t r u m  g o e s  f r o m  h i g h  t o  lo w  r e s i s t a n c e  f o r m s ,  
i n  l e i s h m a n i a s i s  t h e  h e a l i n g  f o r m s  o f  t h e  d i s e a s e  o c c u p y  
t h e  m i d d l e  o f  t h e  s p e c t r u m  a n d  t h e  n o n - h e a l i n g  f o r m s  a r e  
l o c a t e d  a t  t h e  e x t r e m e s  ( s e e  C h a p t e r  I ) .  T h e  e v i d e n c e  s h o w s  
t h a t  t h e  c l i n i c a l  f e a t u r e s  o f  t h e  d i s e a s e  a r e  i n f l u e n c e d  
n o t  o n l y  b y  t h e  s p e c i e s  o f  p a r a s i t e ,  b u t  a l s o  b y  t h e  
i m m u n o l o g i c a l  r e s p o n s e  o f  t h e  h o s t  ( B r y c e s o n , 1 9 7 0  a ) .  T h e r e  
i s  i n  f a c t  a  p r e c i s e  p a r a l l e l  b e t w e e n  t h e  h i s t o l o g i c a l  
s p e c t r u m s  i n  l e p r o s y  a n d  l e i s h m a n i a s i s  w h i c h  l e d  BRYCESON 
( 1 9 6 9 )  t o  p r o p o s e  a  c l a s s i f i c a t i o n  o f  l e i s h m a n i a s i s  f o r m s  

b a s e d ,  a s  i n  l e p r o s y ,  o n  h i s t o p a t h o l o g i c a l  f e a t u r e s  a n d  
l i k e w i s e  a s s o c i a t e d  t o  v a r y i n g  c e l l u l a r  im m u n e  
r e s p o n s i v e n e s s  t o  t h e  p a r a s i t e .
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T h i s  c l a s s i f i c a t i o n  i n c l u d e s :
MM; m a c r o p h a g e  f o r m ,  a n  a n e r g i c  -fo rm  s i m i l a r  t o  

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

M I; m a c r o p h a g e - i n t e r m e d i a t e .
I I ;  i n t e r m e d i a t e ,  a n a l o g o u s  t o  b o r d e r  l i n e  l e p r o s y  w h e r e  

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

I T ;  i n t e r m e d i a t e  t u b e r c u l o i d .
T T ; t u b e r c u l o i d  w i t h  t h e  a p p e a r a n c e  o f  s o m e  e p i t h e l i o i d  

c e l l s .
RID LEY  ( 1 9 7 9 ) ,  o n  t h e  o t h e r  h a n d ,  i n  r e v i e w i n g  t h e  

h i s t o l o g y  o f  c u t a n e o u s  l e i s h m a n i a s i s  i n  m a n ,  s u g g e s t e d  t h a t  
t h e  s p e c t r u m  w a s  m o r e  c o m p le x  a n d  m o r e  v a r i e d  t h a n  t h a t  o f  
l e p r o s y ,  a n d  t h a t  a l t h o u g h  t h e  h i s t o l o g i c a l  c o u n t e r p a r 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  c o u l d  b e  o b s e r v e d  i n  s o m e  c a s e s ,  
t h e  m o s t  i m p o r t a n t  a n d  c o n s t a n t  m e c h a n i s m  l e a d i n g  t o  t h e  
e l i m i n a t i o n  o f  p a r a s i t e s  a p p e a r e d  t o  b e  a n  i m m u n o l o g i c a l l y  
i n d u c e d  n e c r o s i s  o f  t h e  a m a s t i g o t e  i n f e c t e d  m a c r o p h a g e s ;  a  
f e a t u r e  w h ic h  w a s  n o t  t a k e n  i n t o  a c c o u n t  i n  B R Y C E SO N 's 
c l a s s i f i c a t i o n .  R i d l e y  a n d  h i s  c o l l e a g e s  p r o p o s e d  a  n e w , 
i f  t e n t a t i v e ,  c l a s s i f i c a t i o n  b a s e d  o n  t h e  a p p e a r a n c e  o f  t h e  
i n f l a m m a t o r y  r e s p o n s e ,  c a t e g o r i z e d  a s :  c e l l u l a r  ( C ) , 
f i b r i n o i d  (F )  a n d  m ix e d  (M ) , a n d  c o r r e l a t e d  t o  t h e  p a r a s i t e  
l o a d  o f  t h e  l e s i o n  (R ID LEY  e t  a l . 1 9 8 0 ) .  T h i s  
c l a s s i f i c a t i o n ,  o r i g i n a l l y  i n t e n d e d  o n l y  f o r  B r a z i l i a n  
c u t a n e o u s  l e i s h m a n i a s i s ,  w a s  l a t e r  e x t e n d e d  t o  C e n t r a l  
A m e r i c a n  a n d  O ld  W o r ld  f o r m s ,  b u t  a s  RID LEY  h i m s e l f  p o i n t e d
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o u t ,  i t  r e q u i r e s  - f u r t h e r  c l i n i c a l  e v a l u a t i o n  a n d  
d e v e l o p m e n t  <R ID LEY , 1 9 8 0 ) .

S e l - f  —h e a l i n q  a n d  n o n —h e a l i n g  - fo rm s  o f  c u t a n e o u s  
l e i s h m a n i a s i s  c a n  b e  m o d e l l e d  b y  i n f e c t i n g  d i f f e r e n t  i n b r e d  
s t r a i n s  o f  m i c e  w i t h  t h e  s a m e  s p e c i e s  o f  p a r a s i t e  (PRESTON 
e t  a l -  1 9 7 8 ;  PEREZ e t  a l . 1 9 7 9 )  ( s e e  C h a p t e r  I ) .  T h i s  
c h a p t e r  d e s c r i b e s  a  s t u d y  o f  t h e  h i s t o l o g y  o f  t h e  l e s i o n  
a n d  d r a i n i n g  ly m p h  n o d e s  t h r o u g h o u t  t h e  e v o l u t i o n  o f  t h e  
i n f e c t i o n  i n  t h e  f o u r  e x p e r i m e n t a l  m o d e l s  o f  m u r i n e  
l e i s h m a n i a s i s  m e n t i o n e d  a b o v e ,  w h i c h  p r o v i d e s  a  b a s i s  f o r  
a n  i m m u n o p a t h o l o g i c a l  c o m p a r i s o n  o f  m o d e l s  o f  s e l f - h e a l i n g  
a n d  n o n - h e a l i n g  f o r m s  o f  l e i s h m a n i a s i s .  T h e
h i s t o p a t h o l o g i c a l  s t u d y  c o n s i s t e d  o f  c o n v e n t i o n a l  s t a i n i n g  
o f  s e c t i o n s  o f  l e s i o n s  a n d  d r a i n i n g  ly m p h  n o d e s  b y  
h a e m a t o x y l i n  a n d  e o s i n ,  i n  o r d e r  t o  a s s e s s  t h e  g e n e r a l  
p i c t u r e  o f  t h e  s t r u c t u r e ,  b y  G ie m s a  c o l o p h o n i u m  f o r  t h e  
i d e n t i f i c a t i o n  o f  t h e  Leishman ia  a m a s t i g o t e s  i n  t h e  
s e c t i o n s ,  b y  m e t h y l  g r e e n  p y r o n i n  f o r  t h e  i n v e s t i g a t i o n  o f  
p y r o n i n o p h i 1 i c  c e l l s  a n d  b y  V an  G i e s o n  s t a i n  ( t - r i c h r o m i c )  
f o r  t h e  s t u d y  o f  c o l l a g e n .  I n  a d d i t i o n ,  o i l - r e d  s t a i n i n g  
f o r  n e u t r a l  f a t s  w a s  p e r f o r m e d  o n  c r y o s t a t  s e c t i o n s .



I I . 2  M A T E R IA L S  AND M ETHODS

H .  2 - 1  PA R A SIT E S
T h e  s t r a i n s  o f  p a r a s i t e  u s e d  w e r e :
Leishmania mexicana maxi can a s t r a i n  c o d e  L V 4 ,

L i v e r p o o l  s c h o o l  o f  T r o p i c a l  M e d i c i n e ,  i s o l a t e d  f r o m  
Nyctomis sumichrasti  i n  B e l i z e .

Leishmania major  s t r a i n  c o d e :  L V 39 L i v e r p o o l  s c h o o l  
o f  T r o p i c a l  M e d i c i n e  i s o l a t e d  f r o m  Rhombomys opimus  i n  
S o v i e t  A s i a ,  a n d  r e c e n t l y  c o n f i r m e d  a t  t h e  L o n d o n  S c h o o l  o f  
H y g i e n e  a n d  T r o p i c a l  M e d i c i n e .

B o t h  s t r a i n s  o f  p a r a s i t e s  h a v e  b e e n  m a i n t a i n e d  b y  s e r i a l  
p a s s a g e  i n t o  t h e  f o o t  p a d  o f  y o u n g  f e m a l e  B A L B /c  m i c e .  W hen 
p r o m a s t i g o t e s  w e r e  r e q u i r e d  t h e y  w e r e  g r o w n  i n  a  
p r o t e i n —f r e e  d i a l y s e d  m e d iu m  (NAKAMURA, 1 9 6 7 )  a t  
2 6 °  C , f r o m  a m a s t i g o t e s  o f  t h e  i n f e c t i o n  i n  B A L B /c  
m i c e .

1 1 . 2 . 2  MICE
C B A /c a  a n d  B A L B /c  f e m a l e  m i c e  8  t o  1 0  w e e k s  o l d  C O la c  

7 6 ,  S h a w  F a r m  B l a c k t h o r n ,  O x o n )  w e r e  u s e d  i n  a l l  t h e  
e x p e r i m e n t s .

1 1 . 2 . 3  IN FE C T IO N
L.mexicana  a n d  L . major  a m a s t i g o t e s  w e r e  

o b t a i n e d  f r o m  f o o t  p a d  l e s i o n s  o f  i n f e c t e d  B A L B /C  m i c e .  T h e  
n o d u l e s  w e r e  d i s s e c t e d  o u t  a s e p t i c a l l y ,  w a s h e d  i n  H A N K 's 
b a l a n c e d  s a l i n e  (B S S ) c o n t a i n i n g  1 0  ;u g /m l  g e n t a m i c i n ,
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- f i n e l y  t e a s e d ,  a n d  g r o u n d  i n  a  g l a s s  h o m o g e n i z e r  c o n t a i n i n g  
c o l d  B S S . T h e  r e s u l t i n g  s u s p e n s i o n s  w e r e  a l l o w e d  t o  r e s t  
- f o r  t e n  m i n u t e s  - fo r  t h e  l a r g e r  a g g r e g a t e s  t o  s e t t l e .  T h e  
s u p e r n a t a n t s  w e r e  t h e n  r e m o v e d ,  a n d  w a s h e d  3  t i m e s  i n  
t i s s u e  c u l t u r e  m e d iu m  1 9 9  ( 1 9 9 )  a t  1 2 0 0  g  - f o r  1 0  m i n u t e s  a t  
4 ° C .  F i n a l l y  t h e  a m a s t i g o t e s  w e r e  r e s u s p e n d e d  i n  1 9 9  
a n d  s a m p l e s  o-f t h e  s u s p e n s i o n s  c o u n t e d  i n  a  h a e m o c y t o m e t e r . 
T h e  v i a b i l i t y  o f  t h e  a m a s t i g o t e s  w a s  d e t e r m i n e d  b y  t h e  
t r y p a n  b l u e  e x c l u s i o n  t e c h n i q u e :  a  0 . 4  % s t o c k  t r y p a n  b l u e  
s o l u t i o n  i n  p h o s p h a t e  b u f f e r e d  s a l i n e  (P B S ) i s  m ix e d  w i t h  a  
s a m p l e  o f  t h e  t e s t  s u s p e n s i o n ,  t o  a  f i n a l  d y e  d i l u t i o n  o f  
t o  0 . 2  X v / v ,  a n d  a l l o w e d  t o  r e s t  f o r  5  m i n u t e s .  A f t e r  t h i s  
t i m e ,  d e a d  p a r a s i t e s  c a n  b e  r e c o g n i z e d  b y  t h e i r  i n a b i l i t y  
t o  e x c l u d e  t h e  d y e .  T h e  n u m b e r  o f  l i v e  p a r a s i t e s  i s  t h e n  
e s t i m a t e d  b y  c o u n t i n g  o n l y  u n s t a i n e d  o r g a n i s m s .  T h e  f i n a l  
c o n c e n t r a t i o n  o f  p a r a s i t e s  w a s  a d j u s t e d  t o  1 0 s5 p e r  2 0 0  
/ml a n d  i n j e c t e d  i n t r a d e r m a l 1 y  i n t o  t h e  l e f t  h i n d  f o o t  p a d .

I I . 2 . 4  C L IN IC A L  EVALUATION
A s a m p l e  o f  t h e  i n o c u l a t e d  a n i m a l s  f r o m  e a c h  

experimental group was examined every w e e k  f o r  1 6  w e e k s ,  
p a y i n g  s p e c i a l  a t t e n t i o n  t o  t h e  a p p e a r a n c e  o f  t h e  u l c e r s  
a n d  m e t a s t a s i s .  T h e  t h i c k n e s s  o f  t h e  f o o t  p a d  w a s  m e a s u r e d  
w i t h  a  P o c o t e s t  m i c r o m e t e r  g a u g e  a n d  t h e  l e s i o n  s i z e  w a s  
c a l c u l a t e d  a s  t h e  d i f f e r e n c e  i n  t h i c k n e s s  b e t w e e n  t h e  
i n f e c t e d  f o o t  a n d  t h e  u n i n f e c t e d  c o n t r a l a t e r a l  f o o t  o f  t h e  
s a m e  a n i m a l .  I f  a  m e t a s t a s i s  a p p e a r e d  i n  t h e  c o n t a l a t e r a l  
f o o t ,  t h e  l e s i o n  i n  t h e  a n i m a l  i n  q u e s t i o n  w a s  n o t
m e a s u r e d .



55

I I . 2 . 5  T IS S U E  EMBEDDING, SE C T IO N IN G  AND ST A IN IN G  
E m b e d d in g

E v e r y  w e e k  a f t e r  i n f e c t i o n  u p  t o  t h e  8 t h  a n d  e v e r y  tw o  
w e e k s  f r o m  t h e  8 t h  t o  t h e  1 8 t h  w e e k ,  t h r e e  a n i m a l s  f r o m  
e a c h  e x p e r i m e n t a l  g r o u p  w e r e  s a c r i f i c e d  b y  e t h e r  
a n a e s t h e s i a ,  b l e d  a n d  t h e  s k i n  l e s i o n s  a n d  d r a i n i n g  ly m p h  
n o d e s  r e m o v e d .  S a m p l e s  o f  e a c h  t i s s u e  w e r e  t h e n  e i t h e r  
f i x e d  i n  C a r n o y ' s  f i x a t i v e  f o r  tw o  t o  t h r e e  h o u r s ,  o r  
f r o z e n  i n  l i q u i d  N i t r o g e n  f o r  s u b s e q u e n t  c r y o s t a t  
s e c t i o n i n g .  T h e  s a m p l e s  f i x e d  i n  C A R N O Y 's f l u i d  w e r e  l a t e r  
r i n s e d  i n  9 0  % a l c o h o l  a n d  d e h y d r a t e d  b y  o n e  h o u r  
i n c u b a t i o n  i n  a l c o h o l s ,  a s c e n d i n g  i n  s t r e n g t h  f r o m  9 0  t o  
1 0 0  %, c h a n g e d  e v e r y  h o u r .  T h e  s a m p l e s  w e r e  t h e n  c l e a r e d  i n  
c e d a r  w o o d  o i l  a n d  x y l e n e  a n d  e m b e d d e d  i n  p a r a f f i n  w ax a t  
5 6 ° C .

S e c t i o n i n g
T h e  e m b e d d e d  s a m p l e s  w e r e  s e c t i o n e d  a t  5  — 7  m i c r o n s  

t h i c k n e s s ,  u s i n g  a  R e i c h e r t  m i c r o t o m e  a n d  r i b b o n s  o f  
sections placed on albuminised slides, flooded with 

d i s t i l l e d  w a t e r  a n d  k e p t  a t  6 0 °  o n  a  h o t  p l a t e  t o  d r y  
a n d  s t r e t c h .

T h e  f r o z e n  s a m p l e s  w e r e  s e c t i o n e d  i n  a  SL E E  c r y o s t a t  t o  
a  t h i c k n e s s  o f  4  t o  5  m i c r o n s .  T h e  c r y o s t a t  s e c t i o n i n g  
p r o c e d u r e s  a r e  d e s c r i b e d  i n  d e t a i l  i n  C h a p t e r  I I I .

S t a i n i n g
T h e  s e c t i o n s  w e r e  d e p a r a f f i n i s e d  b y  q u i c k  f l a m i n g  a n d



x y l e n e  r i n s i n g ,  t h e n  h y d r a t e d  b y  p a s s i n g  th e m  t h r o u g h  
d e s c e n d i n g  s t r e n g t h s  o f  a l c o h o l s  t o  d i s t i l l e d  w a t e r -  S a m p le  
s e c t i o n s  f r o m  e a c h  k i n d  o f  t i s s u e  w e r e  s t a i n e d  b y  e a c h  o f  
t h e  f o l l o w i n g  t e c h n i q u e s :  a  — S o m o r y 's  h a e m a t o x y l i n  a n d  
e o s i n  <GURR, i 9 5 8 ) , b  — m e t h y l  g r e e n  p y r o n i n  TREVAN & 
SH A R R O C K 's m e th o d  (C U L L IN G , 1 9 6 3 ) ,  c  -  V an  G i e s o n  a c i d  
f u c h s i n  f o r  c o l l a g e n  (C U L L IN G , 1 9 6 3 )  a n d  d  -  G ie m s a  
c o l o p h o n i u m  (BRAY St GARNHAM, 1 9 6 2 ) .

The cryostat sections were stained with oil-red using 

L I L L I E 's  m e th o d  (P E A R S E , 1 9 6 8 )  i n  o r d e r  t o  d e m o n s t r a t e  
n e u t r a l  fats.

II.3 RESULTS

II.3.1 CLINICAL EVOLUTION

T h e  c l i n i c a l  m a n i f e s t a t i o n s  o f  L . m e x i can a a n d  L. 

major  i n f e c t i o n  f o l l o w e d  d i f f e r e n t  p a t t e r n s  i n  t h e  
d i f f e r e n t  s t r a i n s  o f  m i c e  ( s e e  T a b l e  a n d  F i g u r e  1 ) .  B y t h e  
second week after infection, CBA/ca and BALB/c mice 

i n f e c t e d  w i t h  L. major  d e v e l o p e d  a  v i s i b l e  a n d  p a l p a b l e  
n o d u l e  a t  t h e  s i t e  o f  i n o c u l a t i o n ,  a  n o d u l e  o f  t h e  s a m e  
s i z e  w a s  n o t i c e a b l e  i n  C B A /c a  a n d  B A L B /c  m i c e  i n f e c t e d  w i t h  
L . mexicana  b y  t h e  t h i r d  t o  t h e  f o u r t h  w e e k  a f t e r  
i n f e c t i o n .

A s l o n g  a s  t h e  i n f e c t i o n  p r o g r e s s e d ,  C B A /c a  m i c e  
i n f e c t e d  w i t h  1 .  major  d e v e l o p e d  s m a l l  n o n —u l c e r a t i n g  
l e s i o n s  w h i c h  r e a c h e d  t h e i r  m ax im um  b y  t h e  f o u r t h  w e e k  a n d



t h e n  d e c l i n e d  p r o g r e s s i v e l y ,  s h o w i n g  a  c o m p l e t e  r e g r e s s i o n  
b y  t h e  t w e l f t h  w e e k  a f t e r  i n f e c t i o n -  B A L B /c  m i c e  i n f e c t e d  
w i t h  L ,  major  h a d  l e s i o n s  w h i c h ,  b y  f o u r  w e e k s ,  w e r e  
m o r e  t h a n  t w i c e  t h e  s i z e  o f  t h o s e  o f  t h e  C B A /c a  m i c e  
i n f e c t e d  w i t h  t h e  s a m e  p a r a s i t e .  A f t e r  f o u r  w e e k s  o f  
i n f e c t i o n ,  t h e  l e s i o n s  i n  B A L B /c  m i c e  i n f e c t e d  w i t h  L - 
major  s t a r t e d  t o  u l c e r a t e ,  t h e r e a f t e r  t h e  l e s i o n s  
c o n t i n u e d f r d e v e l o p  g r a d u a l l y  a n d  b y  t h e  f i f t h  a n d  s i x t h  
w e e k  a f t e r  i n f e c t i o n  7 5  % o f  t h e  l e s i o n s  h a d  p u n c h e d  o u t  
ulcers, w h ic h  often were covered b y  a  crust- T h e s e  
u l c e r a t e d  l e s i o n s  p e r s i s t e d  u n t i l  t h e  e n d  o f  t h e  
o b s e r v a t i o n s -  M e t a s t a s i s  w e r e  o b s e r v e d  i n  o n e  m o u s e  1 4  
w e e k s  a f t e r  i n f e c t i o n -  T h e  m e t a s t a s i s  w e r e  l o c a t e d  i n  t h e  
s k i n  s u r r o u n d i n g  t h e  e y e  a n d  o n  t h e  f o o t  c o n t r a l a t e r a l  t o  
t h e  l e s i o n .  I n  t h r e e  c a s e s ,  b y  t h e  s i x t e e n t h  w e e k  a f t e r  t h e  
i n f e c t i o n ,  t h e  l e s i o n s  d e v e l o p e d  t o  a n  s t a g e  i n  w h i c h  t h e y  
t h r e a t e n e d  t o  a m p u t a t e  t h e  f o o t ;  t h e s e  a n i m a l s  w e r e  
s a c r i f i c e d .

C B A /c a  m i c e  i n f e c t e d  w i t h  L - mexicana  d e v e l o p e d  
n o n - u l c e r a t i n g  n o d u l e s ,  w h i c h  g r a d u a l l y  i n c r e a s e d  i n  s i z e  
and persisted until the end of the observations. This group 

s h o w e d  t h e  s m a l l e s t  l e s i o n s  a m o n g  t h e  g r o u p s  e x h i b i t i n g  
n o n —h e a l i n g  l e s i o n s -  M e t a s t a s i s  w e r e  n o t  o b s e r v e d .

I n  B A L B /c  m i c e  i n f e c t e d  w i t h  £ .  m e x i c a n a ,  t h e  s i z e  
o f  t h e  l e s i o n  i n c r e a s e  r a p i d l y  t h r o u g h o u t  t h e  w h o l e  p e r i o d  
o f  o b s e r v a t i o n .  S e v e n  w e e k s  a f t e r  i n f e c t i o n ,  2 3  7. o f  t h e  
l e s i o n s  w e r e  p a r t i a l l y  c o v e r e d  b y  a  b l a c k  c o l o u r e d  c r i s p y  
e p i d e r m i s  w h i c h  g r a d u a l l y  b e c a m e  a  c r u s t ,  e x u d a t i o n  l i q u i d  
w a s  s e e n  l e a k i n g  f r o m  t h o s e  r e g i o n s .  N o p u n c h e d  o u t  u l c e r s
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TABLE 1

DIFFERENCE IN SIZE BETNEEN INOCULATED AND NON INOCULATED FOOT PAD (KEAN & STANDARD 
ERROR) IN CBA/ca AND BALB/c NICE FOLLONING INFECTION WITH L.aajor AND L/leexicana.

CBA/ca NICE BALB/c NICE
INFECTED WITH INFECTED NITH INFECTED WITH INFECTED WITH

L. aajar L. aexicana L. aajor L. aexicana
KEEKS KEAN S.E. n KEAN S.E. n KEAN S.E. n KEAN S.E. n

1 0.24 0.03 27 0.12 0.02 27 0.23 0.04 25 0.18 0.02 24
2 0.56 0.03 24 0.09 0.02 24 0.50 0.05 20 0.17 0.03 19
3 0.64 0.05 24 0.28 0.03 24 1.57 0.10 20 0.28 0.03 20
4 0.79 0.06 24 0.50 0.04 24 2.29 0.14 19 0.68 0.08 20
5 0.57 0.07 21 0.62 0.06 21 2.09 0.16 18 1.03 0.11 18
6 0.47 0.04 21 0.79 0.10 21 2.19 0.20 18 1.66 0.13 17
7 0.28 0.04 21 0.86 0.09 21 2.36 0.22 18 2.38 0.16 17
8 0.23 0.04 21 0.94 0.14 21 2.41 0.30 17 3.01 0.19 17
9 0.16 0.04 17 1.26 0.18 17 2.59 0.37 15 3.61 0.20 14
10 0.14 0.04 11 1.35 0.27 11 2.42 0.36 10 4.80 6.26 19
11 0.12 0.03 10 1.63 0.32 11 2.51 0.42 10 5.27 0.26 9
12 0.09 0.02 16 1.49 0.23 16 2.87 0.40 13 5.23 0.36 12
13 0.07 0.01 12 1.64 6.30 12 3.15 0.49 11 5.94 0.42 8
14 0.03 0.02 12 1.80 0.38 12 2.67 0.61 7 6.84 0.47 7
15 0.00 0.00 8 2.33 0.42 7 3.03 0.56 4 6.80 0.80 5
16 0.00 0.00 6 2.18 0.56 5 3.40 0.66 3 7.50 0.94 5

S. E. : standard errors, n : nuaber of lice used in the experiaent.



FIOURE 1

C o u r s e  o f  t h e  i n f e c t i o n  i n  C B A /c a  a n d  B A L B /c  m i c e  i n f e c t e d  i n  
t h e  f o o t  p a d  w i t h  1 0 s  a m a s t i g o t e s  o f  L. major  o r  
L.wexicana.

□ ------ □  C B A /c a  m i c e  i n f e c t e d  w i t h  L .  major.

■ ------■  C B A /c a  m i c e  i n f e c t e d  w i t h  L . m e x i c a n a .

O----- O B A L B /c  m i c e  i n f e c t e d  w i t h  L . major.

• -----•  B A L B /c  m i c e  i n f e c t e d  w i t h  L - mexicana.

V e r t i c a l  b a r s  r e p r e s e n t  s t a n d a r d  e r r o r s -
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Figure 1



were seen.

I I . 3 . 2  H ISTO LO G ICA L ST U D IE S
I n  t h e  c o u r s e  o f  t h i s  s t u d y  t h e  t e r m s  i m m a t u r e  a n d  

m a t u r e  m a c r o p h a g e s  a r e  u s e d  a s  d e s c r i b e d  b y  ADAMS ( 1 9 7 4 ) .  
I m m a t u r e  m a c r o p h a g e s  a r e  s m a l l  r o u n d  c e l l s  w i t h  a  c e n t r a l l y  
s l i g h t l y  v e s i c u l a t e d  r o u n d  n u c l e u s ,  l o c a t e d  a t  t h e  c e n t r e  
o f  t h e  c e l l  a n d  d i s p l a y i n g  s m a l l  n u c l e o l i .  T h e  c y t o p l a s m  i s  
e o s i n o p h i l i c ,  s l i g h t l y  f o a m y  a n d  s p a r s e  w i t h  d i s t i n c t  
b o r d e r s .  M a t u r e  m a c r o p h a g e s  a r e  l a r g e  p o l y g o n a l  c e l l s  w i t h  
l a r g e ,  e c c e n t r i c  o v a l  n u c l e i  w i t h  o p e n ,  v e s i c u l a r  a n d  
s l i g h t l y  m a r g i n a t e d  c h r o m a t i n  a n d  l a r g e  e o s i n o p h i l i c  
n u c l e o l i ;  t h e s e  c e l l s  t o u c h  o n e  a n o t h e r  l i g h t l y  a n d  t h e  
c y t o p l a s m i c  b o r d e r s  a r e  s l i g h t l y  b l u r r e d .

1 1 . 3 . 2 . 1 C B A /c a  M ICE INFECTED WITH L. major

1 1 . 3 . 2 . 1 . 1  S K IN  L E S IO N S
D u r i n g  t h e  f i r s t  w e e k  a f t e r  i n f e c t i o n ,  t h e  d e v e l o p i n g  

l e s i o n  w a s  c o n f i n e d  t o  t h e  d e r m i s .

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

D e e p e r  l a y e r s  o f  t h e  d e r m i s  s h o w e d  s c a t t e r e d  m o n o c y t e s  
a n d  i m m a t u r e  m a c r o p h a g e s .  D e e p e r  s t i l l ,  t h e r e  w e r e  a  f e w  
c o m p a c t  i n f l a m m a t o r y  f o c i  m a d e  u p  o f  m a c r o p h a g e s ,  
e o s i n o p h i l s ,  m a s t —c e l l s  a n d  s c a n t y  a m a s t i g o t e s  i n s i d e  
m a c r o p h a g e s .
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S m a l l  b l o o d  v e s s e l s ,  a l t h o u g h  p r e s e n t  t h r o u g h o u t  t h e  

i n f i l t r a t e ,  w e r e  m o r e  a b u n d a n t  t o w a r d s  t h e  s u r f a c e  o f  t h e  
s k i n ,  w h e r e  t h e y  c o n t a i n e d  m o n o n u c l e a r  a n d  r e d  b l o o d  c e l l s .

T h e  s e c o n d  w e e k  m a r k e d  t h e  a p p e a r a n c e  o f  c h a n g e s  i n  t h e  
e p i d e r m i s ,  w h i c h  b e c a m e  a c a n t h o t i c  a n d  h y p e r k e r a t o t i c  i n  
s o m e  a r e a s .  M e a n w h i l e ,  i n  t h e  d e r m i s  t h e  i n f i l t r a t e  
e x t e n d e d  t o w a r d s  t h e  d e e p e r  z o n e s  ( P l a t e  I ,  F i g .
I ) 1 , b e c o m in g  m o r e  c o m p a c t ,  s u r r o u n d i n g  b l o o d  v e s s e l s  
a n d  n e r v e s ,  a n d  r e a c h i n g  t h e  m u s c l e  l a y e r .

T h e  i n f i l t r a t e  c o n s i s t e d  o f  m o n o c y t e s  a n d  i m m a t u r e  a n d  
m a t u r e  m a c r o p h a g e s .  S o m e o f  t h e  m a c r o p h a g e s  w e r e  
p a r a s i t i z e d ,  w h i l e  o t h e r s  s h o w e d  v a c u o l i z a t i o n  o f  t h e  
c y t o p l a s m  a n d  n u c l e u s .  T h e y  w e r e  c l o s e l y  p a c k e d  t o g e t h e r  
m a k in g  s m a l l  g r o u p s  o r  s h e e t s ,  a c c o m p a n i e d  b y  g r o u p s  o f  
m o n o v a c u o l a t e d  c e l l s  r e s e m b l i n g  f a t  c e l l s .

A r t e r i o l e s  a n d  c a p i l l a r i e s  s h o w e d  o e d e m a t o u s  e n d o t h e l i a l  
c e l l s  w h o s e  n u c l e i  p r o t r u d e d  i n t o  t h e  l u m e n .  O c c a s i o n a l  
i n f i l t r a t i o n  o f  t h e  a d v e n t i t i a  o f  t h e  v e s s e l s  a n d  o f  t h e  
p e r i n e u r u m  o f  t h e  n e r v e s  b y  i n f l a m m a t o r y  c e l l s  w a s  a l s o  
o b s e r v e d .

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

1 - I regret the inappropriate use of word "plate" to describe ay sets of photographs, but as 
I believe that the arrangeaent used is better suited for the study of groups of related figures 
than the alternate serial nuaeration, I shall, in absence of a better solution, refer to such 
sets of photographs as plates.
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w h ic h  d i s a p p e a r e d  t o w a r d s  t h e  c e n t r a l  r e g i o n -  T h e  o v e r a l l  
h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e s e  m a s s e s  s t r o n g l y  s u g g e s t s  
t h e y  o r i g i n a t e  f r o m  m u s c u l a r  d e g e n e r a t i o n .

D u r i n g  t h e  t h i r d  w e e k ,  l y m p h o c y t e s ,  e p i t h e l i o i d  c e l l s  
a n d  s c a n t y  g i a n t  c e l l s  w e r e  d e t e c t e d .  M a s t  c e l l s  
d e g r a n u l a t e d  a n d  e o s i n o p h i l s  i n c r e a s e d  i n  n u m b e r s .  M o s t  o f  
t h e  n e r v e s  a n d  b l o o d  v e s s e l s  w e r e  t u m e f a c i e n t  a n d  
i n f i l t r a t e d .  S o m e n e r v e s ,  m u s c l e s  a n d  v e s s e l  w a l l s  w e r e  
v a c u o l a t e d .  S m a l l  n e c r o t i c  a r e a s  w e r e  o b s e r v e d  n e a r  t h e  
h y a l i n e  c o l l e c t i o n s .

By t h e  f o u r t h  w e e k ,  c y t o p l a s m i c  v a c u o l i z a t i o n  a n d  
n u c l e a r  c o n s t r i c t i o n  o f  t h e  c e l l s  o f  t h e  p r i c k l e  l a y e r ,  
a l o n g  w i t h  f r a g m e n t a t i o n  o f  t h e  r e t e  r i d g e s ,  j o i n e d  t h e  
a c a n t h o s i s  a n d  h y p e r k e r a t o s i s  o f  t h e  e p i d e r m i s .  S o m e 
e p i d e r m a l  a r e a s  w e r e  a l s o  i n f i l t r a t e d  b y  c e l l s  c o m in g  f r o m  
t h e  d e r m i s .

/

O n e  b i o p s y  s h o w e d  i n t r a e p i d e r m a l  n e c r o s i s  c o n s i s t i n g  o f  
a n  a m o r p h o u s  h y a l i n e  s u b s t a n c e ,  m o n o n u c l e a r  c e l l s ,  
e o s i n o p h i l s  a n d  c e l l u l a r  d e b r i s .

I n  t h e  s u b e p i d e r m i s ,  s o m e  a r e a s  s h o w e d  g r e a t  d i s r u p t i o n  
o f  t h e  c o l l a g e n  w i t h  n e c r o s i s ;  i n  o t h e r s  t h e r e  w e r e  
a b u n d a n t  f i b r o b l a s t s  a n d  c o l l a g e n  i n f i l t r a t i n g  d e e p e r  a r e a s  
o f  t h e  s k i n  g i v i n g  t h e  i n f i l t r a t e  a  l o o s e r  a p p e a r a n c e .

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

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



F ro m  this point onwards, the changes in the epidermis 

s t a r t e d  t o  r e g r e s s  a n d  t h e  r e p a i r  p r o c e s s e s  b e g a n .  B y t h e  
f i f t h  w e e k ,  o n l y  s o m e  a c a n t h o t i c  a r e a s  r e m a i n e d  a n d  t h e s e  
g r a d u a l l y  d i s a p p e a r e d  o v e r  t h e  n e x t  w e e k s ,  s o  t h a t  b y  t h e  
8t h  t o  t h e  10 t h  w e e k ,  t h e  e p i d e r m i s  h a d  r e c o v e r e d  i t s  
n o r m a l  a p p e a r a n c e .

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

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

B y t h e  e i g h t h  w e e k ,  e o s i n o p h i l s  s h o w e d  a  s l i g h t  i n c r e a s e  
a n d  m a s t —c e l l s  a p p e a r e d  l a d e n  w i t h  g r a n u l e s .

B y t h e  t e n t h  w e e k ,  t h e  i n f i l t r a t e  c o n s i s t e d  o f  
f i b r o b l a s t s ,  l y m p h o c y t e s ,  s o m e  e p i t h e l i o i d  c e l l s  a n d  a  f e w  
e o s i n o p h i l s  a n d  m a s t - c e l l s .

F ro m  t h e  1 2 t h  w e e k  o n w a r d s ,  t h e  s k i n  r e c o v e r e d  i t s  
n o r m a l  a p p e a r a n c e .

I I . 3 . 2 . 1 . 2  LYMFH NODES
O n e  w e e k  a f t e r  t h e  i n f e c t i o n ,  t h e  c o r t i c a l  a r e a  s h o w e d  

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

c o n t a i n i n g  c l e a v e d  a n d  l a r g e  l y m p h o c y t e s ,  p y r o n i n o p h i 1 i c  
c e l l s  a n d  m a c r o p h a g e s  l a d e n  w i t h  c e l l u l a r  d e b r i s .

B e tw e e n  t h e  4 t h  a n d  t h e  6t h  w e e k ,  t h e  t y p i c a l  s t r u c t u r e  
o f  t h e  f o l l i c l e s  w a s  n o  l o n g e r  d i s c e r n i b l e ,  d u e  t o  t h e  
i n f i l t r a t i o n  o f  t h e  c o r t i c a l  a r e a  b y  h i s t i o c y t e s  w h ic h  
b e c a m e  a r r a n g e d  a s  a  s h e e t  l i n i n g  t h e  s u b c a p s u l a r  a r e a .  A 
h i g h  p o w e r  e x a m i n a t i o n  d i d  r e v e a l  a r e a s  s t i l l  i d e n t i f i a b l e  
a s  p a r t  o f  t h e  g e r m i n a l  c e n t r e s .

T h e  p a r a c o r t i c a l  a r e a  s h o w e d  t h e  g r e a t e s t  d e v e l o p m e n t  
( P l a t e  I I .  F i g .  1 ) .  M o d e r a t e l y  h y p e r p l a s i c  a r e a s  a p p e a r e d  
d u r i n g  t h e  f i r s t  w e e k .  T h e s e  a r e a s  c o n s i s t e d  o f  s m a l l  a n d  
l a r g e  l y m p h o c y t e s ,  p y r o n i n o p h i 1 i c  c e l l s  a n d  e p i t h e l i o i d  o r  
n e a r l y  e p i t h e l i o i d  c e l l s .

D u r i n g  t h e  s e c o n d  a n d  t h i r d  w e e k ,  t h e  p a r a c o r t e x  
a p p e a r e d  a s  a  w e l l  d e v e l o p e d ,  e o s i n o p h i l i c  a r e a ,  d u e  t o  t h e  
i n f i l t r a t i o n  o f  c l u s t e r s  o f  h i s t i o c y t e s  w i t h  e p i t h e l i o i d  
a p p e a r a n c e ,  w h i c h  a d o p t e d  a  c o n c e n t r i c  a r r a n g e m e n t  a n d  w e r e  
c l e a r l y  d e m a r c a t e d  f r o m  t h e  s u r r o u n d i n g  l y m p h o c y t e s  ( P l a t e
I I .  F i g .  4 ) .  T h e s e  c l u s t e r s  v a r i e d  i n  s i z e  a n d  s o m e  t i m e s  
c o a l e s c e d  i n t o  b i g  m a s s e s  o f  c e l l s ,  d i s p l a c i n g  a  
s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  l y m p h o i d  t i s s u e .

F o u r  t o  s i x  w e e k s  a f t e r  i n f e c t i o n ,  t h e  c e l l  c l u s t e r s  
g r e w  e v e n  b i g g e r ,  a n d  s o m e  c e l l s  s h o w e d  p i g m e n t  a n d  
c e l l u l a r  d e b r i s  i n s i d e .

S i x  w e e k s  a f t e r  t h e  i n f e c t i o n ,  a l m o s t  a l l  t h e  t i s s u e s  
f r o m  t h e  c a p s u l a r  t o  t h e  m e d u l l a  w e r e  i n f i l t r a t e d  b y  m a s s e s  
o f  e p i t h e l i o i d  c e l l s .  M o s t  o f  t h e s e  c e l l s  s h o w e d  i n c r e a s i n g
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vacuolization and started to disappear thereafter, although 

s o m e  c l u s t e r s  p e r s i s t e d  w i t h o u t  v a c u o l i z a t i o n .  B y t h e  
e i g h t h  w e e k ,  a g g r e g a t e s  o f  s m a l l  l y m p h o c y t e s  a p p e a r e d  i n  
t h e  p a r a c o r t e x , a l o n g  w i t h  s o m e  p y r o n i n o p h i 1 i c  c e l l s  a n d  
e o s i n o p h i l s .  E o s i n o p h i l s  w e r e  a l s o  s e e n  i n  t h e  s u b c a p s u l a r  
a r e a .  B y t h i s  t i m e  w e l l —f o r m e d  a n d  d e v e l o p e d  g e r m i n a l  
c e n t e r s  w e r e  a g a i n  s e e n ,  s u c h  c e n t e r s  r e m a i n i n g  a p p a r e n t  
t o  t h e  e n d  o f  t h e  o b s e r v a t i o n s .

B y t h e  t e n t h  w e e k ,  l y m p h o c y t e s  w e r e  s e e n  f o r m i n g  a  
n a r r o w  r i m  a l o n g  t h e  s u b c a p s u l a r  r e g i o n  w i t h  p r o j e c t i o n s  
i n t o  t h e  r e s t  o f  t h e  o r g a n  b r e a k i n g  u p  t h e  m a s s e s  o f  
h i s t i o c y t e s .

I n  t h e  m e d u l l a r y  c o r d s ,  p l a s m a  c e l l s  w ^ e r e  d e t e c t e d  f r o m  
t h e  s e c o n d  w e e k  o f  t h e  i n f e c t i o n  a n d  c o n t i n u e d  t o  b e  
d e t e c t e d  u n t i l  t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  s h o w i n g  a  
m a r k e d  i n c r e a s e  d u r i n g  t h e  1 2 t h  w e e k .

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

D u r i n g  t h e  s e c o n d  a n d  t h i r d  w e e k ,  t h e  s i n u s e s  e x h i b i t e d  
t h e  m ax im um  d i l a t i o n ,  e s p e c i a l l y  i n  t h e  m e d u l l a ;  t h i s  
d i l a t i o n  p e r s i s t e d  u p  t o  1 4 t h  w e e k .

P l a s m a  c e l l s ,  p y r o n i n o p h i 1 i c  c e l l s a n d  m a c r o p h a g e s  w e r e  
s e e n  i n s i d e  t h e  s i n u s e s .  I n  t h e  m a r g i n a l  s i n u s  s o m e  o f  t h e  
m a c r o p h a g e s  w e r e  l a d e n  w i t h  p i g m e n t .

B l o o d  v e s s e l s  w e r e  a p p a r e n t  t h r o u g h o u t  t h e  s t r u c t u r e  
b e t w e e n  t h e  f i r s t  a n d  t h e  1 2 t h  w e e k s  o f  t h e  o b s e r v a t i o n s .  
T h e y  w e r e  e s p e c i a l l y  c o n s p i c v c u s  i n  t h e  c o r t e x  a n d  m e d u l l a ,  
a n d  d u r i n g  t h e  6t h  t o  8t h  w e e k s  a l s o  i n  b e t w e e n  t h e  m e d u l l a



a n d  t h e  p a r a c o r t e x .  T h e  v e s s e l s  w e r e  t i l l e d  w i t h  
m o n o n u c l e a r  a n d  a b u n d a n t  r e d  b l o o d  c e l l s ;  s o m e  b l o o d  c e l l s  
w e r e  a l s o  s e e n  s c a t t e r e d  i n  t h e  t i s s u e  a n d  i n s i d e  
m a c r o p h a g e s .

B y t h e  1 2 t h  w e e k ,  l y m p h o i d  c e l l s  w e r e  o c c u p y i n g  m o s t  o f  
t h e  ly m p h  n o d e  a g a i n ,  a n d  t h e  n u m b e r  o f  e p i t h e l i o i d  c e l l s  
h a d  d e c r e a s e d  s i g n i f i c a n t l y .

B e tw e e n  t h e  1 4 t h  a n d  t h e  1 8 t h  w e e k s ,  v e r y  f e w  
e p i t h e l i o i d  c e l l  c l u s t e r s  r e m a i n e d ,  p l a s m a  c e l l s  c o u l d  
s t i l l  b e  d e t e c t e d  i n  m e d u l l a r  c o r d s ,  a n d  t h e  s t r u c t u r e  
l o o k e d  a l m o s t  n o r m a l .

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

I I . 3 . 2 . 2  C B A /c a  M ICE INFECTED WITH L. a e x i c a n a

I I . 3 . 2 . 2 . 1  S K IN  L E S IO N S
D u r i n g  t h e  f i r s t  tw o  w e e k s  a f t e r  i n f e c t i o n ,  t h e  

e p i d e r m i s  r e m a i n e d  i n t a c t .
B y t h e  f i r s t  w e e k  o f  i n f e c t i o n ,  s m a l l  i n f 1 a m a t o r y  f o c i ,  

c o n s i s t i n g  o f  p a r a s i t i z e d  m a c r o p h a g e s  w e r e  d e t e c t e d  i n  t h e  
d e e p  d e r m i s .  M e l a n i n  g r a n u l e s ,  e i t h e r  f r e e  o r  i n c o r p o r a t e d  
i n t o  s u p e r f i c i a l  d e n d r i t i c  s h a p e d  c e l l s ,  w e r e  s e e n  i n  t h e  
s u b e p i d e r m i s .  M a s t - c e l l s ,  i m m a t u r e  m a c r o p h a g e s  a n d  
m o n o c y t e s  w e r e  s c a t t e r e d  t h r o u g h o u t  t h e  w h o l e  o f  t h e
d e r m i s .
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By t h e  s e c o n d  Meek, t h e  i n f i l t r a t e  M as b i g g e r .  I m m a tu r e  
m a c r o p h a g e s  i n c r e a s e d  i n  n u m b e r s  a n d  e o s i n o p h i l s  a p p e a r e d  
c l o s e  t o  t h e m .

D u r i n g  the third Meek, the epidermis shoMed acanthosis in 
some areas and the cells of the prickle layer exhibited 

cytoplasm vacuolization.

I n  t h e  d e r m i s  t h e  i n f i l t r a t e  s h o w e d  d e g r a n u l a t i n g  
m a s t —c e l l s ,  a n d  a l t h o u g h  c o n t i n u i n g  t o  b e  d i f f u s e ,  i t  w a s  
m o r e  d e n s e  i n  t h e  d e e p e r  z o n e s .  I n  t h e  s u b e p i d e r m i s  t h e r e  
w a s  a b u n d a n t  c o l l a g e n ,  b u t  i t  w a s  o e d e m a t o u s  a n d  
b a s o p h i l i e .

C o l l e c t i o n s  o f  h y a l i n e  m a t e r i a l ,  s i m i l a r  t o  t h o s e  
p r e v i o u s l y  d e s c r i b e d  i n  t h i s  s t u d y ,  i n  t h e  L „ major 

C B A /c a  m o d e l  w e r e  o b s e r v e d  c l o s e  t o  t h e  m u s c u l a r  s t r a n d s .
D u r i n g  t h e  f o u r t h  a n d  t h e  f i f t h  w e e k s ,  t h e  a c a n t h o s i s  o f  

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

A t t h e  s a m e  t i m e ,  i n  t h e  d e r m i s  a  d i s t i n c t  a r e a  o f  
i n f i l t r a t e  c o n s i s t i n g  o f  b u n d l e s  o f  c o l l a g e n ,  p a r a s i t i z e d  
m a c r o p h a g e s ,  d e g r a n u l a t i n g  m a s t —c e l l s  a n d  c o n g e s t e d  b l o o d  
v e s s e l s  o c c u p i e d  t h e  o u t e r  p a r t  o f  t h e  l e s i o n .  F u r t h e r  
i n w a r d s ,  t h e  i n f i l t r a t e  a d o p t e d  s e v e r a l  p a t t e r n s :  i n  s o m e  
a r e a s  i t  c o n s i s t e d  p r e d o m i n a n t l y  o f  h e a v i l y  p a r a s i t i z e d  
m a c r o p h a g e s ,  i n  o t h e r  a r e a s  m o n o c y t e s ,  m a c r o p h a g e s ,  
e o s i n o p h i l s ,  e p i t h e l i o i d  c e l l s ,  s o m e  l y m p h o c y t e s  a n d  
o c c a s i o n a l  g i a n t  c e l l s ,  a d o p t e d  a  c o m p a c t  a n d  c o n c e n t r i c



a r r a n g e m e n t , s u r r o u n d i n g  b l o o d  v e s s e l s  a n d  n e r v e s .  I n  s t i l l  
o t h e r  a r e a s ,  t h e  m a c r o p h a g e s  w e r e  v a c u o l a t e d ,  s o m e  h a v i n g  
s e v e r a l  s m a l l  v a c u o l e s ,  i n  o t h e r s  t h e s e  s e e m e d  t o  h a v e  
c o a l e s c e d  i n t o  a  l a r g e  s i n g l e  v a c u o l e  o c c u p y i n g  m o s t  o f  t h e  
c y t o p l a s m ,  d i s p l a c i n g  t h e  n u c l e u s  t o  o n e  s i d e  a n d  g i v i n g  
t h e  a p p e a r a n c e  o f  a  r i n g .  S o m e o f  t h e s e  b i g ,  m o n o v a c u o l a t e d  
c e l l s  w e r e  p a r a s i t i z e d .

P a t c h e s  o f  n e c r o s i s ,  c h a r a c t e r i z e d  b y  f i b r i n o i d  m a t e r i a l  
c o n t a i n i n g  d e g e n e r a t e d  m a c r o p h a g e s ,  a m a s t i g o t e s ,  c e l l u l a r  
d e b r i s  a n d  e o s i n o p h i l s ,  w e r e  o b s e r v e d  i n  t h e  c e n t r a l  d e r m i s  
s c a t t e r e d  w i t h i n  t h e  i n f i l t r a t e d  a r e a s .

F ro m  t h e  s i x t h  t o  t h e  t e n t h  w e e k ,  t h e  e p i d e r m i s  s t a r t e d  
t o  s h o w  a r e a s  o f  n e c r o s i s  w i t h  c o n s p i c u o u s  c l u s t e r s  o f  
e o s i n o p h i l s  w i t h i n  t h e m .

B e tw e e n  t h e  s i x t h  a n d  t h e  e i g h t h  w e e k ,  m o s t  o f  t h e  
c e n t r a l  a n d  d e e p  d e r m i s  w a s  o c c u p i e d  b y  a n  e x t e n s i v e  l o o s e  
g r a n u l o m a  o f  p a r a s i t i z e d  m a c r o p h a g e s ,  i n f i l t r a t e d  b y  
a b u n d a n t  e o s i n o p h i l s ,  d e g r a n u l a t e d  m a s t - c e l I s ,  l y m p h o c y t e s  
a n d  s c a n t y  n e u t r o p h i l s .  W i t h i n  t h e  g r a n u l o m a ,  e s p e c i a l l y  i n  
t h e  d e e p e r  a r e a s ,  n e c r o t i c  f o c i ,  h y a l i n e  c o l l e c t i o n s  a n d  
p i n k  p d lfc h e s  o f  e p i t h e l i o i d  c e l l s  w e r e  o b s e r v e d .

B y t h e  t e n t h  w e e k ,  t h e  g r a n u l o m a  w a s  g r o w i n g  t o w a r d s  t h e  
s u r f a c e ,  t h e  m a j o r i t y  o f  t h e  m a c r o p h a g e s  w e r e  v a c u o l a t e d  
a n d  p a r a s i t i z e d .  E p i t h e l i o i d  c e l l s  w e r e  a r r a n g e d  i n  
c o n c e n t r i c  s h e e t s ,  a n d  s c a t t e r e d  d e g r a n u l a t e d  m a s t - c e l l s ,  
l y m p h o c y t e s  a n d  e o s i n o p h i l s  d i s r u p t e d  t h e  u n i f o r m  p a t t e r n  
o f  v a c u o l a t e d  m a c r o p h a g e s .  A b a n d  o f  c o l l a g e n  r e m a i n i n g  i n  
t h e  s u b e p i d e r m a l  a r e a  s e e m e d  t o  b e  h o l d i n g  u p  t h e  a d v a n c e
o f  t h e  i n f i l t r a t e .  I n  t h e  a r e a  o f  t h e  i n f i l t r a t e  c l o s e  t o
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t h i s  b a n d ,  t h e  m a c r o p h a g e s  w e r e  p a r a s i t i z e d ,  b u t  n o t  
v a c u o l a t e d ,  a n d  a b u n d a n t  e o s i n o p h i l s  w e r e  s e e n  c l o s e  t o  
t h e m  ( P l a t e  I  F i g . 2  ) .

T o w a r d s  t h e  d e e p  d e r m i s ,  t h e  i n - f i l t r a t e  h a d  i n v a d e d  
b l o o d  v e s s e l s ,  n e r v e s  a n d  m u s c l e s ,  d i s r u p t i n g  t h e i r  
s t r u c t u r e s .

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

B y  t h e  t w e l f t h  w e e k ,  a b s c e s s e s  a p p e a r e d  i n  t h e  
e p i d e r m i s .  T h e  a l t e r a t i o n s  w e r e  c o n s p i c u o u s l y  f o c a l ,  t h e  
a b s c e s s e d  a r e a s  a l t e r n a t e d  w i t h  a r e a s  o f  t h i c k e n i n g  a n d  
a r e a s  w h e r e  t h e  e p i d e r m i s  w a s  t h i n  a n d  a t r o p h i c  d u e  t o  
p r e s s u r e  o f  t h e  n e a r b y  i n f i l t r a t e .  T h i s  p i c t u r e  p e r s i s t e d  
u n t i l  t h e  e n d  o f  t h e  o b s e r v a t i o n s .

A t  t h i s  t i m e  t h e  d e r m a l  l e s i o n  w a s  a  h u g e  g r a n u l o m a  o f  
p a r a s i t i z e d  a n d  v a c u o l a t e d  m a c r o p h a g e s ,  l i m i t e d  o n  t h e  
s u r f a c e  b y  a  t h i n  l a y e r  o f  c o l l a g e n  a n d  a t  t h e  b o t t o m  b y  
l y m p h o c y t e s  a n d  e o s i n o p h i l s .  T h e  n e c r o t i c  a r e a s  h a d  
d i m i n i s h e d  i n  s i z e  a n d  i n  n u m b e r s ,  a n d  a b u n d a n t  e o s i n o p h i l s  
w e r e  s e e n  i n  b e t w e e n  t h e  m a c r o p h a g e s .

F ro m  t h e  f o u r t e e n t h  t o  t h e  e i g h t e e n t h  w e e k ,  t h e  
g r a n u l o m a  c o n t i n u e d  t o  g r o w  u p w a r d s  a n d  t h e  l a y e r  o f  
c o l l a g e n  l i m i t i n g  i t  b e c a m e  p r o g r e s s i v e l y  t h i n n e r .  
W e l l - p r e s e r v e d  n e r v e s  a n d  b l o o d  v e s s e l ,  s u r r o u n d e d  b y  
c l u s t e r s  o f  l y m p h o c y t e s  a n d  e o s i n o p h i l s ,  w e r e  o c c a s i o n a l l y  
s e e n  w i t h i n  t h e  g r a n u l o m a .
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I I . 3 . 2 . 2 . 1  LYMPH NODES
D e v e l o p m e n t  o f  t h e  c o r t i c a l  a r e a  w a s  a p p a r e n t  r i g h t  -from  

t h e  b e g i n n i n g  o-f t h e  o b s e r v a t i o n s  i n  t h e  f i r s t  w e e k  a f t e r  
i n f e c t i o n ,  w h e n  s e c o n d a r y  f o l l i c l e s  w i t h  s m a l l  g e r m i n a l  
c e n t r e s  w e r e  s e e n .  T h e s e  f o l l i c l e s  r e a c h e d  t h e i r  m ax im um  
d e v e l o p m e n t  b y  t h e  s i x t h  a n d  e i g h t h  w e e k s ,  a t  w h i c h  t i m e  
t h e y  c o n s i s t e d  o f  p l a s m a  c e l l s ,  m a c r o p h a g e s  c o n t a i n i n g  
e i t h e r  p a r a s i t e s  o r  c e l l u l a r  d e b r i s  ( b u t  n e v e r  b o t h )  a n d  
c l u s t e r  o f  c e l l s  w i t h  s o m e  e p i t h e l i o i d  a p p e a r a n c e .

I n  t h e  s u b c a p s u l a r  a r e a  a  b a n d  o f  h i s t i o c y t e s  w a s  
d e t e c t e d  b y  t h e  f i r s t  w e e k  a f t e r  i n f e c t i o n .  T h i s  b a n d  
i n c r e a s e d  i n  t h i c k n e s s  d u r i n g  t h e  f a l l o w i n g  w e e k s ,  a n d  f r o m  
t h e  s e c o n d  w e e k ,  p r o j e c t i o n s  o f  i t  p e n e t r a t e d  d e e p l y  t o  
t h e  r e s t  o f  t h e  n o d e .  T h e  a p p e a r a n c e  o f  t h e  h i s t i o c y t e s  
v a r i e d  f r o m  t h a t  s e e n  i n  t h e  L- major  L C B A /c a  m o d e l ;  
i n  t h i s  c a s e  t h e  c e l l s  w e r e  l e s s  e p i t h e l i o i d ,  e x h i b i t i n g  a  
l e s s  e l o n g a t e d  a n d  e o s i n o p h i l i c  c y t o p l a s m  a n d  a  h e a v i l y  
s t a i n e d  n u c l e u s .  B y t h e  f o u r t h  w e e k  a f t e r  i n f e c t i o n ,  
m u l t i v a c u o l a t e d  m a c r o p h a g e s  l a d e n  w i t h  p a r a s i t e s  w e r e  
o b s e r v e d  i n  t h i s  a r e a .

T h e  p a r a c o r t i c a l  a r e a  s h o w e d  l i t t l e  d e v e l o p m e n t .  T h e  
p o s t c a p i 1 1 a r y  v e n u l e s  b e c a m e  c o n s p i c u o u s  f r o m  t h e  f i r s t  
w e e k ,  s h o w i n g  t r a n s f o r m e d  l y m p h o c y t e s  a n d  m a c r o p h a g e s  i n  
t h e i r  l u m e n .  L y m p h o c y t e s  u n d e r g o i n g  t r a n s f o r m a t i o n  w e r e  
a l s o  s e e n .  A f t e r  t h e  f i r s t  w e e k ,  c e l l u l a r  p r o l i f e r a t i o n  
i n c r e a s e d  s t e a d i l y ,  a n d  b y  t h e  f o u r t h  a n d  s i x t h  w e e k s ,  
h i s t i o c y t e  c l u s t e r s  a p p e a r e d  a l o n g  w i t h  t r a n s f o r m e d  
l y m p h o c y t e s  a n d  v a c u o l a t e d  m a c r o p h a g e s  c o n t a i n i n g
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a m a s t i g a t e s .

I n  t h e  m e d u l l a ,  s o m e  p y r o n i n o p h i 1 i c  c e l l s  w e r e  s e e n  a t  
t h e  b e g i n n i n g  o f  t h e  o b s e r v a t i o n s ;  b y  t h e  t h i r d  w e e k  t h e y  
h a d  t r a n s f o r m e d  i n t o  p l a s m a  c e l l s  a n d  w e r e  p a r t i c u l a r l y  
a b u n d a n t .  T h e y  r e m a i n e d  s o  u n t i l  t h e  e n d  o f  t h e  
o b s e r v a t i o n s  b y  t h e  1 8 t h  w e e k .

T h e  m e d u l l a r y  s i n u s e s  w e r e  c o n s p i c u o u s l y  d i l a t e d  b y  t h e  
t h i r d  w e e k ,  t h e  d i l a t i o n  c o n t i n u e d  s t e a d i l y  a n d  b y  t h e  1 4 t h  
w e e k  t h e  c o m p l e t e  s i n u s  s y s t e m  f r o m  t h e  m a r g i n a l  s i n u s e s  t o  
t h e  m e d u l l a  w a s  m a r k e d l y  w i d e n e d ,  c o n t a i n i n g  m a c r o p h a g e s  
w i t h  a m a s t i g a t e s ,  p l a s m a  c e l l s  a n d  e o s i n o p h i l s .  T h e  l a t t e r  
w e r e  p a r t i c u l a r l y  a b u n d a n t  i n  m e d u l l a r y  c o r d s  d u r i n g  t h e  
f i f t h  w e e k .

B l o o d  v e s s e l s  w e r e  c o n s p i c u o u s  i n  t h e  m e d u l l a  a n d  c o r t e x  
f r o m  t h e  s e c o n d  w e e k  a f t e r  i n f e c t i o n ,  b y  t h e  t e n t h  w e e k  
t h e y  w e r e  t u m e f a c i e n t  a n d  h a e m o r r h a g i c .

C o n s i d e r i n g  t h e  o r g a n  a s  a  w h o l e ,  t h e  l y m p h o i d  t i s s u e  
w a s  p r o g r e s s i v e l y  r e p l a c e d  b y  m a s s e s  o f  v a c u o l a t e d  a n d  
p a r a s i t i z e d  m a c r o p h a g e s  f r o m  t h e  e i g h t h  w e e k .  B y t h e  t e n t h  
w e e k ,  e x t e n s i v e  h a e m o r r h a g i c  z o n e s ,  c o n t a i n i n g  a b u n d a n t  
e o s i n o p h i l s  a n d  c l u s t e r s  o f  h i s t i o c y t e s ,  w e r e  p r e s e n t .  I n  
s o m e  o f  t h e  c l u s t e r s ,  t h e  n u c l e i  o f  t h e  h i s t i o c y t e s  w e r e  
d i s p l a c e d  t o w a r d s  t h e  p e r i p h e r y ,  r e s e m b l i n g  g i a n t  c e l l s  o f  
t h e  L a n g e r h a n s  t y p e  ( P l a t e  I I ,  F i g .  7 ) ;  i n  o t h e r s  t h e  
n u c l e i  c o n c e n t r a t e d  i n  t h e  c e n t e r ,  r e s e m b l i n g  t h e  g i a n t  
c e l l  t y p e  s e e n  i n  f o r e i g n  b o d y  g r a n u l o m a t a .

F ro m  t h e  f o u r t e e n t h  w e e k  o n w a r d s ,  t h e  t y p i c a l  s t r u c t u r e  
o f  t h e  o r g a n  w a s  u n r e c o g n i s a b l e .  T h e  ly m p h  n o d e  c o n s i s t e d  
o f  a  t h i n  r i m  o f  l y m p h o c y t e s ,  e n v e l o p i n g  a  l o o s e  m a s s  o f
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v a c u o l a t e d  a n d  p a r a s i t i z e d  m a c r o p h a g e s  a n d  i n t e r s p a c e d  
h i s t i o c y t e s ,  e o s i n o p h i l s  a n d  s m a l l e r  p r o p o r t i o n s  o f  
l y m p h o c y t e s  a n d  p y r o n i n o p h i 1 i c  c e l l s  ( P l a t e  I I ,  F i g -  8 ) .  
N e v e r t h e l e s s ,  t o w a r d s  t h e  p e r i p h e r y  o f  t h e  o r g a n ,  a  f e w  
g e r m i n a l  c e n t e r s  r e m a i n e d ,  a n d  i n  t h e  a r e a  c o r r e s p o n d i n g  t o  
t h e  m e d u l l a ,  a b u n d a n t  p l a s m a  c e l l s  w e r e  o b s e r v e d .

I I . 3 . 2 - 3  B ftL B /c  M ICE INFECTED WITH L. major

I I . 3 . 2 . 3 . 1  S K IN  L E S IO N S
T h e  e p i d e r m a l  c h a n g e s  i n  t h i s  i n f e c t i o n  m o d e l  w e r e  m o r e  

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

T h e  s e q u e n c e  o f  e v e n t s  u p  t o  u l c e r a t i o n  a p p e a r e d  t o  b e  
a s  f o l l o w s :

S l i g h t  a c a n t h o s i s  w a s  s e e n  d u r i n g  t h e  f i r s t  t h r e e  w e e k s  
a f t e r  i n f e c t i o n ,  a n d  w a s  f o l l o w e d  f r o m  t h e  f o u r t h  w e e k  o n  
b y  e n l a r g e m e n t ,  l e n g t h e n i n g  a n d  f u s i o n  o f  t h e  r e t e  r i d g e s .  
M any o f  t h e  p r i c k l e  c e l l s  i n  t h e s e  a r e a s  h a d  v a c u o l a t e d  
c y t o p l a s m  a n d  c o n d e n s e d  n u c l e i .  I n  o t h e r  a r e a s ,  t h e  
e p i d e r m i s  w a s  f l a t .

B y t h e  f i f t h  a n d  s i x t h  w e e k s ,  h y p e r k e r a t o s i s  a n d  
p a r a k e r a t o s i s  a p p e a r e d ,  t h e  c o r n i f i e d  l a y e r  s h o w e d  a n  
e x a g g e r a t e d l y  w a v e d  p a t t e r n .  T h e  e p i d e r m a l  c e l l s ,  
e s p e c i a l l y  t h o s e  o f  t h e  p r i c k l e  l a y e r ,  w e r e  t u m e f a c i e n t  a n d  
c l e a r .  T h e y  h a d  l o s t  c o n t a c t  w i t h  o n e  a n o t h e r ,  g i v i n g  t h i s  
a r e a  a  v e s i c u l a t e  a p p e a r a n c e .  N e a r  t h e  b a s a l  m e m b r a n e ,  t h e  
a l t e r a t i o n s  w e r e  l e s s  m a r k e d .  T h e  p r i c k l e  c e l l s ,  a l t h o u g h
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h y p e r t r o p h i c ,  r e m a i n e d  i n  c o n t a c t .
I n  t h e  g r a n u l o u s  a r e a ,  s o m e  c e l l s  h a d  v a c u o l a t e d  

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

By t h e  e i g h t h  w e e k ,  t h e  a r e a s  o f  v e s i c u l a r  a p p e a r a n c e  
h a d  b e c o m e  c o l l e c t i o n s  o f  h y a l i n e ,  h a e m o r r h a g i c  m a t e r i a l  
a n d  c e l l u l a r  d e b r i s ,  b y  t h e  f o u r t e n t h  t o  t h e  s i x t e e n t h  
w e e k s ,  t h e s e  a r e a s  a c h i e v e d  t h e i r  m ax im um  d e v e l o p m e n t ,  
c o n s t i t u t i n g  a b s c e s s e s  w h ic h  s l o u g h e d  o f f .  T h e  l e s i o n s ,  
h o w e v e r ,  d i d  n o t  p r o g r e s s  a t  t h e  s a m e  r a t e  i n  a l l  a r e a s 5 i n  
s o m e  a r e a s  s m a l l e r  a b s c e s s e s  d e v e l o p e d  f a s t e r  a n d  s l o u g h e d  
o f f  b y  t h e  f i f t h  w e e k .

T h e  d e r m a l  a l t e r a t i o n s  w e r e ,  t o  a  c e r t a i n  d e g r e e ,  
s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  t h e  m o d e l  C B A /c a  m i c e  
i n f e c t e d  w i t h  L. mexicana.  T h e  c h a n g e s ,  h o w e v e r ,  t o o k  
p l a c e  m o r e  q u i c k l y ,  s o  t h a t  t h e  d e r m i s  e x h i b i t e d  a  d e n s e  
i n f i l t r a t e  f r o m  t h e  f i r s t  w e e k  o f  i n f e c t i o n .  T h i s  
i n f i l t r a t e  c o n s i s t e d  n o t  o n l y  o f  c e l l s  o f  t h e  
m a c r o p h a g e - p h a g o c y t i c  s y s t e m  ( r a n g i n g  f r o m  m o n o c y t e s  t o  
m a c r o p h a g e s  a n d  e p i t h e l i o d  c e l l s ) , e o s i n o p h i l s  a n d  
n e u t r o p h i l s ,  b u t  a l s o ,  e v e n  a t  t h i s  e a r l y  s t a g e ,  
l y m p h o c y t e s ,  d e g r a n u l a t i n g  m a s t —c e l l s ,  m a c r o p h a g e s  l a d e n  
w i t h  a m a s t i g o t e s ,  e p i t h e l i o i d  c e l l s  a n d  s t r e a k s  c o n t a i n i n g  
d a r k  n u c l e i ,  p r o b a b l y  r e s u l t i n g  f r o m  t h e  d e s t r u c t i o n  o f  t h e  
p a r a s i t i z e d  m a c r o p h a g e s .

B lo o d  v e s s e l s  w e r e  c o n g e s t e d  a n d  f i l l e d  w i t h  n u m e r o u s  
l e u c o c y t e s .  I n  t h e  n e r v e s ,  t h e  p e r i n e u r u m  w a s  t h i c k e n e d  a n d  
i n f i l t r a t e d  b y  c e l l s ,  a n d  t h e  c e n t r a l  n e r v o u s  b u n d l e s  w e r e
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d i s p l a c e d  t o  o n e  s i d e .  H y a l i n e  c o l l e c t i o n s ,  s i m i l a r  t o  
t h o s e  d e s c r i b e d  b e f o r e  a s  t h e  p r o b a b l e  r e s u l t  o f  m u s c u l a r  
d e g e n e r a t i o n ,  w e r e  s e e n  n e a r  t h e  m u s c u l a r  l a y e r  ( P l a t e  I ,  
F i g .  3 ) .

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

By t h e  s e c o n d  w e e k ,  t h e  c e l l s  o f  t h e  i n f i l t r a t e  
a g g r e g a t e d  c o m p a c t l y  a r o u n d  t h e  b l o o d  v e s s e l s  a n d  n e r v e s .  
E o s i n o p h i l s  i n c r e a s e d  c o n s i d e r a b l y  i n  n u m b e r s ,  n e u t r o p h i l s  
b e c a m e  s c a n t y  a n d  a  f e w  g i a n t  c e l l s  w e r e  d e t e c t e d .  S o m e 
a r e a s  h a d  p a r a s i t i z e d  m a c r o p h a g e s ;  s o m e  o f  t h e s e  w e r e  
h e a v i l y  p a r a s i t i z e d  w i t h  a  f o a m y  a p p e a r a n c e  a n d  o t h e r s  h a d  
f e w  p a r a s i t e s ,  w i t h  n o  o r  v e r y  f e w  v a c u o l e s .  S m a l l  
c o l l e c t i o n s  o f  h y a l i n e  m a t e r i a l  w e r e  s e e n  s c a t t e r e d  
t h r o u g h o u t  t h e  c e n t r a l  d e r m i s .

F ro m  t h e  t h i r d  w e e k  o n w a r d s ,  t h e  i n f i l t r a t e  g r e w  
u p w a r d s ,  a n d  t h e  s u b e p i d e r m a l  a r e a  b e c a m e  t h i n n e r ,  s h o w i n g  
a  b a s o p h i l i c ,  o e d e m a t o u s  a n d  d i s r u p t e d  c o l l a g e n  a n d  
n u m e r o u s  b l o o d  v e s s e l s  f i l l e d  w i t h  e r y t h r o c y t e s .  E p i t h e l i o d  
c e l l s ,  a r r a n g e d  c o n c e n t r i c a l l y  o r  i n  s h e e t s ,  w e r e  s e e n  
i m m e d i a t e l y  u n d e r  t h i s  a r e a .

T h e  g r a n u l o m a  s h o w e d  p o o r l y  d e m a r c a t e d  a r e a s  o f  n e c r o s i s  
c o n s i s t i n g  o f  f i b r i n o i d  m a t e r i a l , c e l l u l a r  d e b r i s ,  
d e g e n e r a t i n g  p a r a s i t i z e d  m a c r o p h a g e s  a n d  f r e e  a m a s t i g o t e s  
s u r r o u n d e d  b y  e o s i n o p h i l s  a n d  n e u t r o p h i l s .  T h e  f i b r i n o i d  
m a t e r i a l  h a d  s p r e a d  t o  t h e  a r e a s  a d j a c e n t  t o  t h e  n e c r o t i c  
c e n t r e s .  T o w a r d s  t h e  b o t t o m  o f  t h e  i n f i l t r a t e ,  n u m e r o u s  
l y m p h o c y t e s  w e r e  s e e n  i n  b e t w e e n  m u s c l e  s t r a n d s  ( P l a t e  I ,  
F i g .  4 )  a n d  s u r r o u n d i n g  b l o o d  v e s s e l s  a n d  n e r v e s ,  w h ic h



s h o w e d  h y p e r p l a s i a ,  o e d e m a  a n d  m o n o n u c l e a r  i n f i l t r a t i o n  o f  
t h e i r  w a l l s  ( P l a t e  I ,  F i g  5 ) .

B e tw e e n  t h e  f i f t h  a n d  t h e  e i g h t h  w e e k s , t h e  c h a n g e s  
i n t e n s i f i e d ;  t h e  n e c r o t i c  a r e a s  g r e w .  B lo o d  v e s s e l s  a n d  
n e r v e s  a p p e a r e d  s e v e r e l y  d a m a g e d ,  s h o w i n g  v a c u o l i z a t i o n  o f  
t h e  w a l l s .  M a s t —c e l l s  i n c r e a s e d  i n  n u m b e r s ,  e s p e c i a l l y  i n  
t h e  s u b e p i d e r m i s  a n d  c e n t r a l  d e r m i s .  P l a s m a  c e l l s  w e r e  s e e n  
o c c a s i o n a l l y  b y  t h e  f i f t h  w e e k  a n d  i n c r e a s e d  t h e r e a f t e r ,  
b e c o m in g  a b u n d a n t  b y  t h e  e i g h t h  w e e k .  L y m p h o c y t e s  a l s o  
i n c r e a s e d  a f t e r  t h e  f i f t h  w e e k .

B y t h e  t e n t h  t o  t h e  t w e l f t h  w e e k ,  s o m e  a r e a s  i n  t h e  
u p p e r  g r a n u l o m a  a p p e a r e d  a s  c o l l e c t i o n s  o f  h e a v i l y  
p a r a s i t i z e d  a n d  v a c u o l a t e d  m a c r o p h a g e s ,  s u r r o u n d e d  b y  
s t r a n d s  o f  c o l l a g e n  ( P l a t e  I .  F i g .  5 ) .  T h i s  c o l l a g e n  
e n v e l o p e d  a g g r e g a t e s  o f  m a c r o p h a g e s ,  w h ic h  e v e n t u a l l y  
e v o l v e d  i n t o  a r e a s  o f  n e c r o s i s  c o n t a i n i n g  h y a l i n e  m a t e r i a l ,  
f r e e  a m a s t i g o t e s  a n d  c e l l u l a r  d e b r i s  t o w a r d s  t h e  e n d  o f  t h e  
o b s e r v a t i o n s  a t  e i g h t e e n  w e e k s .  T h e  p r o g r e s s i o n  o f  t h e s e  
c o l l a g e n  b o u n d e d  s t r u c t u r e s  w a s  n o t  s i m u l t a n e o u s  a n d  e v e n  
f r o m  t h e  t w e l f t h  w e e k  t h e y  c o u l d  b e  s e e n  i n  a l l  t h e  
d e s c r i b e d  s t a g e s  m e n t i o n e d  i n  t h e  p a t t e r n  o f  d e v e l o p m e n t .

B y t h e  f o u r t e e n t h  w e e k ,  m a s t —c e l l s  w e r e  s e e n  o n c e  a g a i n  
t o  b e  d e g r a n u l a t i n g  a n d  t h i s  w a s  f o l l o w e d  b y  a  s u b s e q u e n t  
i n c r e a s e  o f  e o s i n o p h i l s .

T h e  f i n a l  a p p e a r a n c e  o f  t h e  l e s i o n  b y  t h e  e i g h t e e n t h  
w e e k ,  w a s  t h a t  o f  a  g r a n u l o m a ,  l i m i t e d  i n  i t s  u p p e r m o s t  
z o n e  b y  a  b a n d  o f  c o l l a g e n  a n d  i n  i t s  l o w e r m o s t  r e g i o n  b y  
p a l i s a d i n g  l y m p h o c y t e s .  T h e  g r a n u l o m a  i t s e l f  c o n t a i n e d  t h e
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c o l l a g e n  b o u n d  c o l l e c t i o n s  o f  m a c r o p h a g e s  m e n t i o n e d  
e a r l i e r ,  s t i l l  i n  d i f f e r e n t  s t a g e s  o f  e v o l u t i o n ,  f r e e  
p a r a s i t i z e d  m a c r o p h a g e s  a n d ,  s c a t t e r e d  b e t w e e n  t h e m ,  
m a s t —c e l l s ,  e o s i n o p h i l s  a n d  e p i t h e l i o i d  c e l l s .  T h e  n e c r o t i c  
a r e a s  w e r e  e x t e n s i v e .

LYMPH NODES
A t t h e  b e g i n n i n g ,  t h e  m o s t  c o n s p i c u o u s  a l t e r a t i o n s  i n  

t h e  ly m p h  n o d e s  w e r e  t h e  d i l a t i o n  o f  t h e  s i n u s  s y s t e m  a n d  
t h e  d e v e l o p m e n t  o f  t h e  c o r t i c a l  a r e a  ( P l a t e  I I ,  F i g .  2 ,  3 ) .

T h e  d i l a t i o n  o f  t h e  s i n u s  s y s t e m  w a s  a p p a r e n t  f r o m  t h e  
f i r s t  w e e k  o f  i n f e c t i o n ,  a n d  t h e  s i n u s e s  w e r e  s e e n  t o  b e  
f i l l e d  w i t h  h i s t i o c y t e s  a n d  p y r o n i n o p h i 1 i c  c e l l s ,  l a t e r  o n  
b y  p l a s m a  c e l l s  a n d  l y m p h o c y t e s  w h ic h  h a d  j o i n e d  t h e  o t h e r  
c e l l s  a n d ,  b y  t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  t h e  e n t i r e  
s y s t e m  w a s  c l o g g e d  w i t h  c e l l s .  T h e  h i s t i o c y t e s  w e r e  s e e n  
p a s s i n g  d o w n  f r o m  t h e  a f f e r e n t  l y m p h a t i c s  t o  t h e  m a r g i n a l  
s i n u s  a n d  a c c u m u l a t i n g  a s  a  b a n d  i n  t h e  s u b c a p s u l a r  a r e a .  
T h e  a p p e a r a n c e  o f  t h e s e  h i s t i o c y t e s  w a s  i n t e r m e d i a t e  
b e t w e e n  e p i t h e l i o i d  a n d  f o a m y  o r  v a c u o l a t e d .

T h e  c a p i l l a r i e s  i n  t h e  c o r t e x  a n d  p o s t c a p i 1 l a r y  v e n u l e s  
i n  t h e  p a r a c o r t e x  w e r e  c o n s p i c u o u s  f r o m  t h e  f i r s t  w e e k ,  a n d  
d u r i n g  t h e  f o u r t h  t o  t h e  e i g h t h  w e e k ,  t h e y  w e r e  p r o m i n e n t  
i n  t h e  p a r a c o r t e x  a n d  m e d u l l a .

I n  t h e  c o r t e x ,  g e r m i n a l  c e n t e r s  s t a r t e d  t o  d e v e l o p  f r o m  
t h e  f i r s t  w e e k  a n d  r e a c h e d  t h e i r  m ax im um  d e v e l o p m e n t  b y  
t h e  f o u r t h  t o  t h e  e i g h t h  w e e k  ( P l a t e  I I ,  F i g .  2 ) ,  w h e n  t h e y  
w e r e  a l s o  i n f i l t r a t e d  b y  h i s t i o c y t e s ,  s o m e  o f  w h i c h  w e r e  
p a r a s i t i z e d .  F ro m  t h e  t e n t h  w e e k  o n w a r d s ,  t h e  s t r u c t u r e  o f



t h e  - f o l l i c l e s  w a s  m a s k e d  b y  a n  i n f i l t r a t i o n  o f  
h i s t i o c y t e s ,  h o w e v e r ,  a  f e w  w e l l  d e v e l o p e d  g e r m i n a l  c e n t e r s  
r e m a i n e d  v i s i b l e  t h r o u g h o u t  t h e  o b s e r v a t i o n  p e r i o d .

T h e  p a r a c o r t e x  w a s  t h e  l e a s t  d e v e l o p e d  a r e a ,  t h e  m a in  
a l t e r a t i o n  b e i n g  h e a v y  i n f i l t r a t i o n  b y  a g g r e g a t e s  o f  
h i s t i o c y t e s  f r o m  t h e  b e g i n n i n g  o f  t h e  o b s e r v a t i o n s .  D u r i n g  
t h e  f o u r t h  a n d  t h e  e i g h t h  w e e k s  o f  i n f e c t i o n ,  a r e a s  o f  t h e  
p a r a c o r t e x  w e r e  d e p r i v e d  o f  l y m p h o i d  c e l l s  a n d  c o n t a i n e d  
r e t i c u l a r — l i k e  c e l l s ,  n e u t r o p h i l s ,  e o s i n o p h i l s  a n d  
p a r a s i t i z e d  m a c r o p h a g e s .  B y t h i s  t i m e ,  t h e  h i s t i o c y t e s  i n  
t h e  a g g r e g a t e s  v a r i e d  i n  a p p e a r a n c e  f r o m  i n t e r m e d i a t e  
b e t w e e n  e p i t h e l i o i d  a n d  f o a m y  t o  f o a m y  m o n o v a c u o l a t e d  a n d  
s o m e  t i m e s  s y n c i t i a l .  I n  s o m e  a g g r e g a t e s ,  t h e  c e l l s  
c o n t a i n e d  a m a s t i g o t e s  o r  c e l l u l a r  d e b r i s ,  w h i l e  i n  o t h e r s  
t h e  c e l l s  d i s p l a y e d  t h e  a p p e a r a n c e  o f  g i a n t  c e l l  ( P l a t e  I I ,  
F i g .  6  ) .

T h e  m e d u l l a  w a s  s e e n  t o  c o n t a i n  p l a s m a  c e l l s  f r o m  t h e  
s e c o n d  w e e k .  B y t h e  t e n t h  w e e k ,  t h e y  w e r e  t h e  m o s t  a b u n d a n t  
c e l l s .  E o s i n o p h i l s ,  m a c r o p h a g e s  a n d  r e d  b l o o d  c e l l s  w e r e  
a l s o  s e e n .

T h e r e a f t e r ,  t h e  i n f i l t r a t i o n  b y  h i s t i o c y t e s  c o n t i n u e d  t o  
i n c r e a s e ,  a n d  b y  t h e  e n d  o f  t h e  o b s e r v a t i o n s  t h e  o r g a n  
a p p e a r e d  a s  a  m a s s  o f  h i s t i o c y t e s ,  i n t e r s p e r s e d  w i t h  
s t r a n d s  o f  l y m p h o c y t e s  a n d  p y r o n i n o p h i 1 i c  c e l l s ,  a l l  
s u r r o u n d e d  b y  a  t h i n  r i m  o f  l y m p h o c y t e s .

By t h e  e i g h t e e n t h  w e e k  l a r g e  h a e m o r r h a g i c  z o n e s  < P l a t e  
I I ,  F i g .  6 )  a p p e a r e d  i n  t h e  w h o l e  o f  t h e  o r g a n .

7 8
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I I -  3 . 2 . 4  B A L B /c  M ICE IN FECTED WITH 
L. mexicana

I I . 3 . 2 . 4 . 1  S K IN  L E S IO N S
T h e  e p i d e r m i s  s h o w e d  n o  a b n o r m a l i t i e s  d u r i n g  t h e  - f i r s t  

t h r e e  w e e k s ,  f r o m  t h e  f o u r t h  w e e k  o n w a r d s  t h e  l a y e r  s t a r t e d  
t o  b e  i n v a d e d  b y  p a r a s i t i z e d  m a c r o p h a g e s  a n d  e o s i n o p h i l s  
f r o m  t h e  d e r m a l  i n f i l t r a t e .  T h e  i n f i l t r a t i o n  o f  t h e  
e p i d e r m i s  w a s  m o r e  a p p a r e n t  b y  t h e  f i f t h  a n d  s i x t h  w e e k s ,  
w h e n  i t  w a s  j o i n e d  b y  a c a n t h o s i s  a n d  f r a g m e n t a t i o n  o f  t h e  
r e t e  r i d g e s  a n d  b y  a l t e r a t i o n s  o f  t h e  c e l l s  o f  t h e  p r i c k l e  
c e l l  l a y e r ,  s i m i l a r  t o  t h o s e  d e s c r i b e d  e a r l i e r  f o r  t h e  
p r e v i o u s  i n f e c t i o n  m o d e l s .

H y p e r k e r a t o s i s  a n d  p a r a k e r a t o s i s  a p p e a r e d  d u r i n g  t h e  
e i g h t h  w e e k .  I n t r a —e p i d e r m a l  n e c r o s i s  w a s  n o t e d  f r o m  t h e  
t w e l f t h  w e e k  o n w a r d s  a l o n g  w i t h  s u p e r f i c i a l  p u s t u l e s ,  
e n c r o a c h i n g  u p o n  t h e  p a r a k e r a t o t i c  a r e a s .  T h e s e  l e s i o n s  
p e r s i s t e d  u n t i l  t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  a l t e r n a t i n g  
w i t h  a r e a s  o f  t h i n n e d  e p i d e r m i s .

I n  t h e  d e r m i s ,  d u r i n g  t h e  f i r s t  w e e k ,  t h e  i n f i l t r a t e  w a s  
l i g h t  a n d  n o t  v e r y  c o m p a c t ,  c o n s i s t i n g  o f  c e l l s  o f  t h e  
m a c r o p h a g e —p h a g o c y t i c  s y s t e m ,  r a n g i n g  f r o m  m o n o c y t e s  t o  
m a c r o p h a g e s ,  d e g r a n u l a t i n g  m a s t —c e l l s  a n d  e o s i n o p h i l s .  
T o w a r d s  t h e  d e e p  d e r m i s ,  t h e r e  w e r e  s m a l l  f o c i  o f  c e l l s  
c o n t a i n i n g  a m a s t i g o t e s .

B y t h e  s e c o n d  w e e k ,  m a c r o p h a g e s  h a d  i n c r e a s e d  i n  n u m b e r  
a n d  s o m e  o f  th e m  w e r e  l a d e n  w i t h  a m a s t i g o t e s .  B y t h e  t h i r d  
w e e k ,  m o n o v a c u o l a t e d  m a c r o p h a g e s  a p p e a r e d  i n  s o m e  a r e a s ,
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s o m e  o f  w h ic h  w e r e  p a r a s i t i z e d .  A l l  d u r i n g  t h e  - f i r s t  t h r e e  
w e e k s ,  b l o o d  v e s s e l s  w e r e  f i l l e d  w i t h  w h i t e  c e l l s .

D u r i n g  t h e  f o u r t h  w e e k  t h e  i n f i l t r a t e  b e c a m e  h e a v i e r ,  
m a c r o p h a g e s  c o n t i n u e d  t o  i n c r e a s e  i n  n u m b e r s  a n d  m o s t  o f  
th e m  w e r e  v a c u o l a t e d  a n d  p a r a s i t i z e d .  A b u n d a n t  e o s i n o p h i l s  
a n d  s o m e  l y m p h o c y t e s  a n d  n e u t r o p h i l s  w e r e  s e e n  s c a t t e r e d  
a m o n g  t h e  m a c r o p h a g e s ,  f o r m i n g  c l u s t e r s  o r  s u r r o u n d i n g  
b l o o d  v e s s e l s  a n d  n e r v e s .  S m a l l  n e c r o t i c  a r e a s  w e r e  a l s o  
s e e n  s p a r s e l y  i n  t h e  i n f i l t r a t e .  C o l l a g e n  w a s  v e r y  s c a n t y  
i n  t h e  i n f i l t r a t e d  a r e a s ,  b u t  s u b e p i d e r m a l  a r e a s  c o n t a i n e d  
a  f a i r  a m o u n t  o f  i t .

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

D u r i n g  t h e  f i f t h  a n d  s i x t h  w e e k s ,  t h e  g r a n u l o m a  e x p a n d e d  
t o w a r d s  t h e  e p i d e r m i s ,  t h e  n e c r o t i c  a r e a s  b e c a m e  m o r e  
n u m e r o u s  a n d  l a r g e r .  T o w a r d s  t h e  d e e p  d e r m i s ,  t h e  
i n f i l t r a t e  i n v a d e d  a n d  f r a g m e n t e d  m u s c l e  s t r a n d s ,  b l o o d  
v e s s e l s  w e r e  t u m e f a c i e n t  a n d  o e d e m a t o u s ,  f i 1 1 e d  w i t h  r e d  
c e l l s ,  w h i t e  c e l l s  a n d  o c c a s i o n a l l y  p a r a s i t i z e d  
m a c r o p h a g e s .

F ro m  t h e  s i x t h  w e e k  o n ,  t h e  g r a n u l o m a  c o n t i n u e d  t o  g r o w ;  
i n  i t s  c e n t r a l  a r e a  e o s i n o p h i l s  i n c r e a s e d  i n  n u m b e r s  t o  
b e c o m e  t h e  s e c o n d  m o s t  a b u n d a n t  c e l l  ( P l a t e  I ,  F i g .  6 ) .  
B l o o d  v e s s e l s  a n d  n e r v e s  w e r e  i n f i l t r a t e d  a n d  d i s r u p t e d  b y  
p a r a s i t i z e d  m a c r o p h a g e s .  T h e  n e c r o t i c  a r e a s  w e r e  r e d u c e d  i n  
s i z e  a n d  n u m b e r  a n d  e v e n t u a l l y  d i s a p p e a r e d  b y  t h e  e i g h t h  
w e e k .

By t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  a  f u l l y  d e v e l o p e d
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h i s t i o c y t o m a  ( c o n s i s t i n g  o f  m a n o v a c u o l a t e d  h e a v i l y  
p a r a s i t i z e d  m a c r o p h a g e s )  o c c u p i e d  t h e  w h o l e  o f  t h e  d e r m i s .  
I n  s o m e  a r e a s  o f  t h e  s u b e p i d e r m i s  t h o u g h ,  s t r a n d s  o f  
c o l l a g e n  p e r s i s t e d  a n d  t h e r e  w e r e  s t i l l  e o s i n o p h i l s  a n d  
t h e  p a r a s i t i z e d  m a c r o p h a g e s  w h i c h  w e r e  n o t  y e t  v a c u o l a t e d .  
T h e s e  a r e a s  a l s o  c o n t a i n e d  c o n g e s t e d  b l o o d  v e s s e l s  a n d  
h a e m o r r h a g i c  z o n e s  ( P l a t e  I ,  F i g .  7 ) .

I I . 3 . 2 . 4 . 2  LYMPH NODES
I n  t h e  c o r t e x , s e c o n d a r y  f o l l i c l e s  w e r e  a p p a r e n t  f r o m  

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

I n  t h e  s u b c a p s u l a r  a r e a ,  m a c r o p h a g e s  w e r e  p r e s e n t  f r o m  
t h e  t h i r d  a n d  f o u r t h  w e e k s ;  s o m e  o f  th e m  w e r e  p a r a s i t i z e d  
a n d  v a c u o l a t e d .  I n  s o m e  a r e a s  t h e y  c o a l e s c e d  i n t o  s y n c y t i a  
w h ic h  a p p e a r e d  a s  c l e a r  a r e a s .  B orne e o s i n o p h i l s  w e r e  s e e n  
c l o s e  t o  t h e  s y n c y t i a .

By t h e  f i f t h  a n d  s i x t h  w e e k ,  p a r a s i t i z e d  m a c r o p h a g e s  
w e r e  s e e n  i n s i d e  t h e  g e r m i n a l  c e n t r e s .

I n  t h e  p a r a c o r t e x , c l u s t e r s  o f  h i s t i o c y t e s ,  w i t h o u t  
f o a m y  o r  e p i t h e l i o d  a p p e a r a n c e ,  a p p e a r e d  d u r i n g  t h e  s e c o n d  
w e e k .  D u r i n g  t h e  t h i r d  w e e k ,  t h e  p o s t c a p i l l a r y  v e n u l e s  w e r e  
c o n s p i c u o u s  a n d  p y r o n i n o p h i 1 i c  c e l l s  a p p e a r e d .

I n  t h e  m e d u l l a r y  a r e a ,  t h e  s i n u s e s  w e r e  d i l a t e d  a n d  t h e  
b l o o d  v e s s e l s  w e r e  h y p e r t r o p h i c  f r o m  t h e  f i r s t  w e e k .  B y  t h e  
f o u r t h  w e e k ,  a l l  t h e  b l o o d  v e s s e l s  o f  t h e  t h e  o r g a n  w e r e  
d i l a t e d .  I n  m e d u l l a r y  c o r d s ,  l a r g e  t r a n s f o r m e d  l y m p h o c y t e s ,  
m a c r o p h a g e s  a n d  s o m e  e o s i n o p h i l s  w e r e  s e e n  f r o m  t h e  v e r y  
b e g i n n i n g .



B y t h e  e i g h t h  w e e k ,  t h e  c o r t e x  a n d  p a r a c o r t e x  w e r e  
c o m p l e t e l y  i n - f i l t r a t e d  b y  p a r a s i t i z e d  a n d  v a c u o l a t e d  
m a c r o p h a g e s  a n d  b y  e o s i n o p h i l s .  H i s t i o c y t e  c l u s t e r s  w e r e  
l e s s  a b u n d a n t ,  a n d  s o m e  o f  t h e i r  c e l l s  w e r e  p a r a s i t i z e d .  I n  
o t h e r  c l u s t e r s  t h e s e  a g g r e g a t e s  o f  c e l l s  c o a l e s c e d  i n t o  
g i a n t  c e l l s .

By t h e  t e n t h  w e e k ,  t h e  ly m p h  n o d e  c o n s i s t e d  o f  a  m a s s  o f  
p a r a s i t i z e d  m a c r o p h a g e s  a n d  e o s i n o p h i l s ,  a m i d s t  w h ic h  s m a l l  
a n d  s c a n t y  a r e a s  o f  l y m p h o c y t e s  p e r s i s t e d .  T h e  b l o o d  

v e s s e l s  w e r e  c o n g e s t e d  a n d  s o m e  s c a t t e r e d  h a e m o r r h a g e s  w e r e  
s e e n .

By t h e  t w e l f t h  t o  t h e  f o u r t e e n t h  w e e k ,  m e d u l l a r y  
s i n u s e s ,  f i l l e d  w i t h  l y m p h o c y t e s ,  p l a s m a  c e l l s  a n d  
e o s i n o p h i l s ,  w e r e  t h e  o n l y  r e c o g n i z a b l e  s t r u c t u r e  o f  t h e  
o r g a n .

By t h e  s i x t e e n t h  t o  t h e  e i g h t e e n t h  w e e k  t h e  n o d e  
c o n s i s t e d  o f  a  h i s t i o c y t o m a  t h e  c e n t e r  o f  w h i c h  w a s  
o c c u p i e d  b y  a  h u g e  a r e a  o f  n e c r o s i s ,  c o n s i s t e d  o f  d e a d  
m a c r o p h a g e s ,  c e l l u l a r  d e b r i s  a n d  p a r a s i t e s  ( P l a t e  I I ,  F i g .
9 ) .  E o s i n o p h i l s  w e r e  s e e n  i n s i d e  a n d  o u t s i d e  t h e  n e c r o t i c  
a r e a .  H a e m o r r h a g e s  w e r e  s e e n  a r o u n d  t h e  n e c r o t i c  a r e a ,  a n d  
p l a s m a  c e l l s  w e r e  d e t e c t e d  i n  t h e  p e r i p h e r y  o f  t h e  o r g a n s .
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PLATE I

S K IN  L E S IO N S . DERMAL IN F IL T R A T E  IN  C B A /c a  AND B A L B /c  M ICE 
IN FECTED  WITH L.major  AND I . i e x i c a n a .  F IG U R E S 1 TO 7 .

FIG U R E 1
C B A /c a  m o u s e ,  2  w e e k s  i n f e c t e d  w i t h  L. m a j o r .  D e r m a l  

i n f i l t r a t e  i n  c e n t r a l  d e r m i s  c o n s i s t i n g  o f  c e l l s  o f  t h e  p h a g o c y t i c  
s y s t e m  r a n g i n g  f r o m  m o n o c y t e s  t o  m a c r o p h a g e s .  S o m e  m a c r o p h a g e s  a r e  
p a r a s i t i z e d .  ( v ) =  v e s s e l .  S e c t i o n ,  G ie m s a  c o l o p h o n i u m .  X 8 0 .

(cntd)
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PLATE I (cntd)

FIGURE. 2

CBA/ca mouse, 10 weeks infected with L. m e x i c a n a.
Dermal infiltrate showing masses of heavily parasitized 
macrophages most of them vacuolated. Towards the dermal 
surface bands of collagen eosinophils, lymphocytes and little 
vacuolated but heavily parasitized macrophages limit the 
infiltrate. Section, H & E. X 50.

(cntd)
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PLATE I (cntd)

FIG U R E  3
B A L B /c  m o u s e ,  1 4  w e e k s  L, major  i n f e c t e d .  I n f i l t r a t e  i n  t h e  

d e e p  d e r m i s  s h u w i n g  h y a l i n e  d e g e n e r a t i o n  o f  m u s c u l a r  s t r u c t u r e s  
( m ) .  O e d e m a t o u s  c o l l a g e n  Cc) i s  p r e s e n t  i n  b e t w e e n  t h e  c e l l s  o f  t h e  
i n f i l t r a t e ,  S e c t i o n  s t a i n i n g  V an  G i e s o n .  X 8 0 .

FIG U R E 4
B A L B /c  m o u s e  4  w e e k s  i n f e c t e d  w i t h  L. m a j o r .  O b s e r v e  

n u m e r o u s  l y m p h o c y t e s  i n f i l t r a t i n g  i n  b e t w e e n  m u s c u l a r  s t r a n d s  i n  
t h e  d e e p  d e r m i s .  S e c t i o n  s t a i n i n g  G i e m s a - c o l o p h o n i u r n .  X 5 0 .
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FIGURE 4



PLATE I (cntd)

FIGURE 5

BALB/c mouse, 12 weeks infected with L . m a j o r.Dermal 
infiltrate showing infiltration of blood vessels (v) and 
nerve (n) by inflammatory cells, macrophages multi—and 
monovacuolated some of them showing amastigotes inside. Note 
the abundance of collagen fibers between and surrounding the 
cells and structures of the infiltrate.
Section, H & E. X 126.

(cntd)
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PLATE I <cntd).

F i g -  6
B A L B /c  m o u s e ,  6  w e e k s  L . mexicana  i n f e c t e d  .

D e r m a l  i n f i l t r a t e  s h o w i n g  a  h i s t i o c y t o m a  ( m o n o v a c u o l a t e d  
m a c r o p h a g e s  l a d e n  w i t h  a m a s t i g o t e s ) .
N o t e  p o l y m o r p h o n u c l e a r  e o s i n o p h i l s  s p a r c e l y  d i s t r i b u t e d  
i n  t h e  i n f i l t r a t e .  S e c t i o n ,  H Sc E .  X 6 0 .

F i g .  7
B A L B /c  m o u s e ,  1 8  w e e k s  i n f e c t e d  w i t h  L. maxi cana. 

D e r m a l  i n f i l t r a t e  s h o w i n g  c o n g e s t e d  b l o o d  v e s s e l  
c o n t a i n i n g  a b u n d a n t  e r y t h r o c y t e s  a n d  p o l y m o r p h o n u c l e a r  
e o s i n o p h i l s  i n  t h e  l u m e n .  I n  d e r m i s  a  m a s s  o f  
e o s i n o p h i l s  i s  s e e n  s u r r o u n d i n g  t h e  v e s s e l .
M o n o v a c u o l a t e d  h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s  s u r r o u n d  
t h e  r e s t  o f  t h e  i n f i l t r a t e .  S e c t i o n ,  H & E .  X 5 0 .

(cntd)
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FIGURE 6

FIGURE 7
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DRA IN IN G  LYMPH NODES. HISTOPATHOLOGY IN  C B A /c a  AND 
B A L B /c  M ICE IN FECTED  WITH L. m a j o r ,  OR 
L. m e x i c a n a , F i g u r e s  1 t o  9 .

PLATE II

FIG U R E  1
C B A /c a  m o u s e ,  8  w e e k s  i n f e c t e d  w i t h  L .  major.

D r a i n i n g  ly m p h  n o d e  s h o w i n g  e x t e n s i v e  d e v e l o p m e n t  o f  t h e  
p a r a c o r t i c a l  a r e a .  S e c t i o n ,  G i e m s a - c o l o p h o n i u m .  X 2 0 .

F IG U R E  2
B A L B /c  m o u s e ,  4  w e e k s  L .  major  i n f e c t e d .  D r a i n i n g  

ly m p h  n o d e  d e m o n s t r a t i n g  e n l a r g e d  a n d  a c t i v e  g e r m i n a l  
c e n t e r s .  S e c t i o n ,  H Sc E .  X 2 0 .

(cntd)
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FIBURE 1

FIGURE 2



(cntd)PLATE II

FIGURE 3

BALB/c mouse, 4 Meeks L 
lymph node showing heavily 
Section, H & E„ X 20.

m a j o r infected. Draining 
dilated medullary sinuses.

(cntd)
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FIG U R E  4
C B A /c a  m o u s e ,  3  w e e k s  i n f e c t e d  w i t h  L. m a j o r .

D r a i n i n g  ly m p h  n o d e  s h o w i n g  c l u s t e r s  o f  h i s t i o c y t e s  w i t h  
e p i t h e l i o i d  a p p e a r a n c e  i n f i l t r a t i n g  i n  t h e  p a r a c o r t i c a l  
a r e a .  S e c t i o n ,  H & E . X 1 0 0 .

PLATE II (cntd)

FIG U R E 5
B A L B /c  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L. m a j o r .  

D r a i n i n g  ly m p h  n o d e  s h o w i n g  i n  t h e  p a r a c o r t i c a l  a r e a  
i n f i l t r a t i o n  b y  c l u s t e r s  o f  c e l l s  o f  t h e  h i s t i o c y t e  
phagocyte system. Note that some of the cells making u p  
t h e  c l u s t e r s  h a v e  a n  i n t e r m e d i a t e  a p p e a r a n c e  b e t w e e n  
e p i t h e l i o i d  a n d  f o a m y ,  o t h e r s  < t h e  m a j o r i t y )  a r e  f o a m y  
i n  a p p e a r a n c e  a n d  s o m e t i m e s  s y n c i t i a l .  S e c t i o n ,  H & E .

X 1 0 0 .

(cntd)
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FIBURE 4

FIGURE 5
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FIG U R E  6
B A L B /c  m o u s e ,  1 8  w e e k s  L. major  i n f e c t e d .

D r a i n i n g  ly m p h  n o d e  s h o w i n g  h a e m o r r h a g e  ( h )  a n d  g i a n t  
c e l l s ,  L a n g e r h a n s  (— ► ) a n d  f o r e i g n  b o d y  t y p e  c e l l s  
( - ► ) .  S e c t i o n ,  H & E .  X 1 2 0 .

PLATE II (cntd)

FIG U R E 7
C B A /c a  m o u s e ,  1 0  w e e k s  i n f e c t e d  w i t h  L .  m e x i c a n a .  

D r a i n i n g  ly m p h  n o d e  s h o w i n g  c l u s t e r s  o f  c e l l s  o f  t h e  
p h a g o c y t i c  s y s t e m  in t h e  paracortical a r e a  adopting 
g i a n t  c e l l  c o n f i g u r a t i o n  ( L a n g e r h a n s  t y p e ) .  S e c t i o n ,  
G ie m s a —c o l o p h o n i u m .  X 1 2 0 .

(cntd)
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FIGURE 6

FIGURE 7
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FIG U R E  8
C B A /c a  m o u s e ,  1 6  M e e k s  i n f e c t e d  w i t h  L. wexicana. 

D r a i n i n g  ly m p h  n o d e  s h o w i n g  i n f i l t r a t i o n  b y  m a s s e s  o f  
h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s  a n d  s c a t t e r e d  
e o s i n o p h i l s  r e p l a c i n g  t h e  l y m p h o i d  t i s s u e .  A r i m  o f  
l y m p h o c y t e s  i s  o b s e r v e d  i n  t h e  u p p e r  a r e a .  S e c t i o n ,
H & E . X 8 0 .

PLATE II (cntd)

FIG U R E 9
B A L B /c  m o u s e ,  1 6  w e e k s  L. mexicana  i n f e c t e d .

D r a i n i n g  ly m p h  n o d e ,  n o r m a l  s t r u c t u r e  h a s  b e e n  t o t a l l y  
r e p l a c e d  b y  a  h i s t i o c y t o m a  ( h ) .  N o t e  a r e a  o f  h a e m o r r h a g e  
a n d  n e c r o s i s  < n ) .  S e c t i o n ,  H 8c E .  X 8 0 .

<cntd)
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I I . 4  D IS C U SSIO N

I I . 4 . 1  S K IN  L E SIO N S
C l i n i c a l  e x a m i n a t i o n  o f  t h e  s k i n  l e s i o n s  s h o w e d  t h a t  

t h e i r  a p p e a r a n c e  v a r i e d  w i t h  t i m e ,  s t r a i n  o f  m i c e  a n d  
s p e c i e s  o f  Leishmania.  T h u s ,  w h i l e  C B A /c a  m i c e  i n f e c t e d  
w i t h  L .  major  d e v e l o p e d  a  n o n —u l c e r a t i n g  s e l f - h e a l i n g  
l e s i o n ,  B A L B /c  m i c e  i n f e c t e d  e i t h e r  w i t h  L , major 

o r  L .  mexicana  a n d  C B A /c a  m i c e  i n f e c t e d  w i t h  L .  
mexicana  d e v e l o p e d  n o n —h e a l i n g  l e s i o n s .

T h e  d i f f e r e n t  d i s e a s e  p a t t e r n s  p r o d u c e d  b y  Leishman ia 

i n f e c t i o n s  i n  d i f f e r e n t  s t r a i n s  o f  m i c e  (PRESTON e t  a l . 
1 9 7 8 ;  PEREZ e t  a l .  1 9 7 9 ,  HOWARD e t  a l . 1 9 8 0  a )  c o n f i r m e d
t h e  e x i s t e n c e  o f  a  g e n e t i c  b a s e  u n d e r l i n i n g  t h e  im m u n e  
r e s p o n s e  o f  t h e  m i c e  t o  c u t a n e o u s  i n f e c t i o n s  w i t h  
Leishman ia  ( s e e  C h a p t e r  I ) .

T h e  h i s t o l o g i c a l  s t u d y  o f  t h e  l e s i o n s  p r o d u c e d  b y  
Leishmania  i n f e c t i o n  i n  t h e  d i f f e r e n t  e x p e r i m e n t a l  
g r o u p s  r e p o r t e d  h e r e ,  c a n  b e  r e l a t e d  t o  BRYCESON*s  
c l a s s i f i c a t i o n .  T h u s ,  a t  t h e  p e a k  o f  t h e  i n f e c t i o n ,  C B A /c a  
m i c e  i n f e c t e d  w i t h  L,major  c o n f o r m e d  t o  t h e  IT  t y p e ,  
a l t h o u g h  t h e  e p i d e r m i s  d i d  n o t  u l c e r a t e .  B A L B /c  m i c e  
i n f e c t e d  w i t h  L , major  a n d  C B A /c a  m i c e  i n f e c t e d  w i t h  
L. mexicana  c o n f o r m e d  t o  t h e  MI t y p e .  B A L B /c  m i c e  
i n f e c t e d  w i t h  L . mexicana  c o n f o r m e d  t o  t h e  MM t y p e .

I n t r a d e r m a l  a n d  e p i d e r m a l  f o c i  o f  n e c r o s i s  w e r e  o b s e r v e d  
i n  a l l  t h e  i n f e c t i o n  m o d e l s .  N e c r o s i s ,  a p a r t  f r o m  
u l c e r a t i o n ,  d i d  n o t  f i g u r e  i n  B R Y C E S O N 's c l a s s i f i c a t i o n ,
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h o w e v e r ,  i t  w a s  t h e  b a s i c  e l e m e n t  i n  R ID L E Y 's  
c l a s s i f i c a t i o n .  RIDLEY ( 1 9 8 0 ) ,  i n  a  h i s t o p a t h o l o g i c a l  s t u d y  
o f  h u m a n  c u t a n e o u s  l e i s h m a n i a s i s ,  r e p o r t e d  a n  a s s o c i a t i o n  
b e t w e e n  m a r k e d  f i b r i n o i d  c h a n g e s  a n d  t h e  f o r m s  o f  d i s e a s e  
i n  w h ic h  t h e  p a r a s i t e s  w e r e  n e v e r  n u m e r o u s ,  w h i l e ,  
c o n v e r s e l y ,  t h e r e  w a s  a n  a s s o c i a t i o n  b e t w e e n  s l i g h t  
c o n n e c t i v e  t i s s u e  i n v o l v e m e n t  a n d  f o r m s  o f  t h e  d i s e a s e  i n  
w h ic h  p a r a s i t e s  w e r e  n u m e r o u s  a n d  f r e e l y  t o l e r a t e d .

L o o k i n g  a t  t h e  n e c r o t i z i n g  p r o c e s s  r e p o r t e d  i n  t h i s  
s t u d y  i n  t h a t  c o n t e x t ,  a n  i n v e r s e  c o r r e l a t i o n  b e t w e e n  
p a r a s i t e  n u m b e r s  a n d  t h e  i n v o l v e m e n t  o f  t h e  c o n n e c t i v e  
t i s s u e  w a s  o b s e r v e d  i n  e s t a b l i s h e d  l e s i o n s  i n  a l l  t h e  
e x p e r i m e n t a l  g r o u p s  e x c e p t  B A L B /c  m i c e  i n f e c t e d  w i t h  
L , m a j o r .

B A L B /c  a n d  C B A /c a  m i c e  i n f e c t e d  w i t h  L .  m e x i c a n  a  

e x h i b i t e d  l e s i o n s  i n  w h i c h , a f t e r  t h e  t w e l f t h  w e e k  o f  
i n f e c t i o n ,  a s s o c i a t i o n  b e t w e e n  n u m e r o u s  f r e e l y  t o l e r a t e d  
p a r a s i t e s  a n d  o n l y  a  s l i g h t  c o n n e c t i v e  t i s s u e  i n v o l v e m e n t  
w a s  o b s e r v e d .  N e c r o t i c  a r e a s ,  h o w e v e r ,  w e r e  d e t e c t e d  d u r i n g  
t h e  f o u r t h  a n d  t w e l f t h  w e e k s  a f t e r  i n f e c t i o n  a n d  t h e y  
coincided with the period in which a delayed 

h y p e r s e n s i t i v i t y  r e s p o n s e  (DHR) w a s  d e t e c t e d  ( s e e  C h a p t e r  
V ) . A f t e r  t h e  t w e l f t h  w e e k  o f  i n f e c t i o n ,  n e c r o t i c  a r e a s  
w e r e  n o  l o n g e r  s e e n  a n d  t h e  i n f i l t r a t e  c o m p r i s e d  m a s s e s  o f  
h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s  w i t h o u t  a n y  i n v o l m e n t  o f  
t h e  c o n n e c t i v e  t i s s u e .  U l c e r a t i o n  w a s  o b s e r v e d  i n  B A L B /c , 
b u t  n o t  i n  C B A /c  m i c e  i n f e c t e d  w i t h  L .  m e x i c a n a .

I n  B A L B /c  m i c e  i n f e c t e d  w i t h  L . m e x i c a n a , u l c e r a t i o n  
t o o k  p l a c e  i n  a  t h i n  e p i d e r m i s  w h i c h  c r a c k e d ,  e x u d e d  s e r o u s
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■ fluid a n d  - f i n a l l y  b e c a m e  c o v e r e d  b y  a  c r u s t -  T h i s  t y p e  o f  
l e s i o n  i s  s i m i l a r  t o  t h a t  s e e n  i n  h u m a n  d i f f u s e  c u t a n e o u s  
l e i s h m a n i a s i s ,  i n  w h ic h  u l c e r a t i o n  i s  d e s c r i b e d  a s  a  
c o n s e q u e n c e  o f  t r a u m a  o n  a r e a s  o f  t h e  s k i n  m a d e  t h i n  b y  t h e  
u p w a r d  g r o w t h  o f  t h e  i n f i l t r a t e  (BRYCESON, 1 9 6 9 ) .  T h e  l a c k  
o f  u l c e r a t i o n  i n  t h e  l e s i o n s  p r o d u c e d  i n  C B A /c a  m i c e  b y  
t h e  i n f e c t i o n  w i t h  L » mexicana,  a s  o p p o s e d  t o  t h e  
u l c e r a t i o n  o f  t h e  l e s i o n s  o f  B A L B /c  m i c e  i n f e c t e d  w i t h  t h e  
s a m e  p a r a s i t e ,  w o u ld  a p p e a r  t o  s u p p o r t  B R Y C E SO N 's 
s u g g e s t i o n  a b o u t  t h e  t r a u m a t i c  o r i g i n  o f  t h e  u l c e r a t i o n s  
s i n c e  l e s i o n s  i n  t h i s  s t r a i n  o f  m i c e  w e r e  a l w a y s  s m a l l e r  
t h a n  t h e  s i z e  a t  w h ic h  B A L B /c  m i c e  l e s i o n s  s t a r t e d  t o  
u l c e r a t e .

I n  C B A /c a  m i c e  i n f e c t e d  w i t h  L , m a j o r ,  t h e  p a r a s i t e  
w a s  p o o r l y  t o l e r a t e d  b y  t h e  h o s t  a n d  t h e  p a r a s i t e  d i d  n o t  
r e a c h  s u c h  l a r g e  n u m b e r s  a s  d i d  £ .  m e x i c a n a . N e c r o t i c  
a r e a s  w e r e  o b s e r v e d  b y  t h e  t h i r d  t o  f i f t h  w e e k  o f  
i n f e c t i o n , a f t e r  w h ic h  t h e  p r o c e s s  o f  h e a l i n g  s t a r t e d .  I n  
t h i s  e x p e r i m e n t a l  m o d e l , DHR w a s  d e t e c t e d  b y  t h e  s e c o n d  
w e e k  o f  i n f e c t i o n  a n d  r e m a i n e d  e v i d e n t  a f t e r  h e a l i n g  a n d  t o  
t h e  e n d  o f  t h e  o b s e r v a t i o n s .  U l c e r a t i o n  o f  t h e  e p i d e r m i s ,  a  
p h e n o m e n o n  w i d e l y  r e p o r t e d . i n  t h i s  i n f e c t i o n  m o d e l (PRESTON 
e t  a l .  1 9 7 2 ,  1 9 7 8 ,  PRESTON & DUMONDE, 1 9 7 6 ) ,  w a s  n o t  
o b s e r v e d  i n  t h i s  s t u d y .  PRESTON & DUMONDE ( 1 9 7 6 )  
d e m o n s t r a t e d  i n  t h e  CBA L . major  m o d e l  t h a t  t h e  p a t t e r n  
o f  i n f e c t i o n  d e p e n d e d  u p o n  t h e  n u m b e r  o f  p a r a s i t e s  
c o m p r i s i n g  t h e  i n i t i a l  i n f e c t i o n .  T h u s ,  lo w  i n f e c t i o n  d o s e s  
( b e l o w  lO * )  p r o d u c e d  n o n —u l c e r a t i v e  h e a l i n g  l e s i o n s ,  
w h i l e  h i g h  d o s e s  ( a b o v e  1 0 = )  p r o d u c e d  u l c e r a t i v e
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l e s i  o n s .
I n  t h e  B A L B /c  L, major  i n f e c t i o n  m o d e l ,  i n  w h ic h  

n o n —h e a l i n g  l e s i o n s  o c c u r e d  a n d  p a r a s i t e s  w e r e  a b u n d a n t ,  
t h e  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  c o n n e c t i v e  t i s s u e  
i n v o l v e m e n t  a n d  p a r a s i t e  l o a d  w a s  n o t  o b s e r v e d -  On t h e  
c o n t r a r y ,  t h e  a b u n d a n c e  o f  h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s  
c o e x i s t e d  w i t h  l a r g e  d e r m a l  a n d  e p i d e r m a l  a r e a s  o f  n e c r o s i s  
t h a t  s l o u g h e d  o f f ,  l e a v i n g  u l c e r s  w h i c h  e x h i b i t e d  a  p u n c h e d  
o u t  a p p e a r a n c e .  No a s s o c i a t i o n  w a s  o b s e r v e d  b e t w e e n  
n e c r o s i s  a n d  DHR.

I t  h a s  b e e n  s u g g e s t e d  t h a t  n e c r o s i s  i s  t h e  m o s t  p o t e n t  
m e a n s  o f  e l i m i n a t i n g  t h e  p a r a s i t e  i n  h u m a n  i n f e c t i o n s  a n d  
t h a t  i t s  p r e s e n c e  i s  i n d i c a t i v e  o f  a  g o o d  p r o g n o s i s  f o r  t h e  
p a t i e n t  i n  h u m a n  i n f e c t i o n s  (R ID L E Y , 1 9 7 9 ;  RID LEY  e t  a l . 
1 9 8 0 ) ,  H o w e v e r ,  t h i s  s u g g e s t i o n  p a t e n t l y  d o e s  n o t  a p p l y  t o

major  i n f e c t e d  B A L B /c  m i c e ,  w h e r e  n e c r o s i s  a n d  t h e  
h e a l i n g  m e c h a n i s m s  w e r e  d i s s o c i a t e d .

I t  i s  i m p o r t a n t  t o  p o i n t  o u t  t h a t  i n  t h e  e x p e r i m e n t a l  
g r o u p s  e x h i b i t i n g  n o n —h e a l i n g  l e s i o n s ,  t h e  z o n e s  o f  t h e  
i n f i l t r a t e  u n d e r g o i n g  n e c r o s i s  w e r e  a s s o c i a t e d  w i t h  t h o s e  
a r e a s  i n  w h ic h  m a c r o p h a g e s  w e r e  m o d e r a t e d ! y  p a r a s i t i z e d  a n d  
e x h i b i t e d  a t  m o s t  o n l y  a  s l i g h t  v a c u o l i z a t i o n  o f  t h e i r  
c y t o p l a s m -  G e n e r a l l y ,  t h e s e  a r e a s  w e r e  s i t u a t e d  t o w a r d s  t h e  
p e r i p h e r y  o f  t h e  i n f i l t r a t e ,  s u r r o u n d i n g  m a s s e s  o f  
m o n o v a c u o l a t e d  h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s  i n  w h ic h  
n e c r o s i s  w a s  r a r e l y  s e e n .

N e c r o t i c  a r e a s  i n  t h e  e p i d e r m i s  a n d  d e r m i s  i n  a l l  t h e  
e x p e r i m e n t a l  g r o u p s  c o n t a i n e d  a n  i n t e n s e  d e p o s i t i o n  o f  f a t  
d e m o n s t r a t e d  b y  o i l  r e d  s t a i n i g .
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E o s i n o p h i l s  a n d  m a s t —c e l l s  were d e t e c t e d  i n  a l l  t h e  
e x p e r i m e n t a l  g r o u p s ,  b u t  t h e y  w e r e  p a r t i c u l a r l y  a b u n d a n t  i n  
L, mexicana  i n f e c t i o n s -  T h e s e  c e l l s  w e r e  d e t e c t e d  i n  
a l l  t h e  e x p e r i m e n t a l  g r o u p s  s i n g l y ,  s c a t t e r e d  a n d  a s  
c l u s t e r s  o f  c e l l s  a p p e a r i n g  c l o s e  t o  m a c r o p h a g e s  a n d  t h e  
n e c r o t i c  a r e a s  o f  t h e  i n f i l t r a t e .  T h e  a b u n d a n c e  o f  
e o s i n o p h i l s  i n  L.wexicana  i n f e c t i o n s  i n  m i c e  h a s  b e e n  
r e p o r t e d  b y  GRIMALDI e t  a l - ( 1 9 8 0 ) ,  w ho  f o u n d  t h a t  i n
t h e s e  i n f e c t i o n s  t h e  m o n o n u c l e a r  i n f i l t r a t e  w a s  a c c o m p a n i e d  
b y  n e u t r o p h i l s  a n d  e o s i n o p h i l s  i n  4 5  % o f  t h e  l e s i o n s .

T h e  p h a g o c y t i c  c a p a c i t y  o f  e o s i n o p h i l s  f o r  a  v a r i e t y  o f  
p a r t i c l e s ,  i n c l u d i n g  b a c t e r i a ,  e r y t h r o c y t e s  a n d  i n e r t  
m a t e r i a l , h a s  b e e n  d e m o n s t r a t e d  ( r e v i e w e d  b y  BERRETY & 
CORMANE, 1 9 7 8 ;  SAMTER & CZARNY* 1 9 7 1 ) .  I n t e r a c t i o n s ,  in 

vitro^  b e t w e e n  Trypanosome dionisii  a n d  h u m a n  
e o s i n o p h i l s  (THORNE e t  a l . 1 9 7 9 ) ,  T-cruzi  a n d  r a t  
e o s i n o p h i l s  (SANDERSON & DE SOUZty 1 9 7 9 )  a n d  7 .  
cruzi  a n d  m o u s e  e o s i n o p h i l s  (K IP N IS  e t  a l - 1 9 8 1 )  h a v e
s h o w n  t h a t  p h a g o c y t o s i s  b y  t h e s e  g r a n u l o c y t e s  w a s  a n t i b o d y  
d e p e n d e n t  a n d  l e d  t o  t h e  d e s t r u c t i o n  o f  t h e  p a r a s i t e s .
CHANG (1 9 8 1  a) reported phagocytosis and destruction o f  
L. donovani  a m a s t i g o t e s  w i t h o u t  s p e c i f i c  o p z o n i z a t i o n , 
b y  h u m a n  e o s i n o p h i l s  in v i t r o .  H o w e v e r ,  i t  i s  c u r r e n t l y  
b e l i e v e d  t h a t  t h e s e  g r a n u l o c y t e s  p o s s e s s  a  p r e f e r e n t i a l  
a f f i n i t y  f o r  im m u n e  c o m p l e x e s  (LITT^ 1 9 6 4  a ,  b ;  ISHIKAWA e t  
a l . 1 9 7 4 ;  r e v i e w e d  b y  HOUBA e t  a l . 1 9 7 6 ) .

S t u d i e s  o n  t h e  p o s s i b l e  m e c h a n i s m s  w h e r e b y  e o s i n o p h i l s  
m i g r a t e  i n t o  t i s s u e s  d e m o n s t r a t e  t h a t  im m u n e  c o m p l e x e s  p l a y  
a n  i m p o r t a n t  r o l e  i n  t h e  a t t r a c t i o n  o f  t h e s e  c e l l s  (LITT^
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1 9 6 1 ,  1 9 6 4  a ,  b ) - F u r t h e r  s t u d i e s  h a v e  r e v e a l e d  t h e  
e x i s t e n c e  o f  a  c o m p le m e n t  d e p e n d e n t  e o s i n o p h i l  c h e m o t a c t i c  
f a c t o r  (E C F -C ) r e s u l t i n g  f r o m  a n t i g e n  a n t i b o d y  r e a c t i o n s  
w i t h  t h e  a c t i v a t i o n  o f  c o m p le m e n t  (WARD, 1 9 6 9 ;  KAY, 1 9 7 1 ?  
H0UBA e t  a l .  1 9 7 6 ) .

PEARSON & S T E IG B IG E L  ( 1 9 8 1 )  h a v e  d e m o n s t r a t e d  t h a t  L. 

donavani  p r o m a s t i g o t e s  a r e  a b l e  t o  a c t i v a t e  c o m p l e m e n t  
v i a  t h e  c l a s s i c a l  p a t h w a y .  BRAY ( 1 9 8 3 )  r e p o r t e d  t h a t  
p r o m a s t i g o t e s  a n d  a m a s t i g o t e s  o f  £ .  mexicana  a c t i v a t e d  
c o m p l e m e n t  b y  t h e  a l t e r n a t e  p a t h w a y .  I n  t h e  i m m u n o p a t h o l o g y  
s t u d y  r e p o r t e d  h e r e  ( s e e  n e x t  c h a p t e r )  t h e  p r e s e n c e  o f  t h e  
0 3  c o m p l e m e n t  f a c t o r  o n  t i s s u e  s t r u c t u r e s  a n d  c e l l s  o f  s k i n  
a n d  ly m p h  n o d e s  i s  r e p o r t e d .  T h e  p r e s e n c e  o f  C 3 w a s  
c o i n c i d e n t  w i t h  t h e  p r e s e n c e  o f  a n t i g e n  a n d  a n t i b o d y  o n  
s k i n  s t r u c t u r e s  a n d  o n  c e l l s  o f  t h e  i n f i l t r a t e .  T h i s  
s t r o n g l y  s u g g e s t s  t h e  p r e s e n c e  o f  im m u n e  c o m p l e x e s ,  w h ic h  
c o u l d  b e  i n v o l v e d  i n  t h e  a c t i v a t i o n  o f  c o m p l e m e n t  a n d  
s u b s e q u e n t  a t t r a c t i o n  o f  e o s i n o p h i l s  t o  t h e  t i s s u e s .

M a s t - c e l l  d e g r a n u l a t i o n  w a s  a  f e a t u r e  o b s e r v e d  
p r e c e e d i n g  t h e  i n c r e a s e  o f  e o s i n o p h i l s  i n  t h e  i n f i l t r a t e .  
T h e  r e l e a s e  o f  f a c t o r s  f r o m  d e g r a n u l a t i n g  m a s t - c e l l s  h a d  
b e e n  c o n s i d e r e d  c h e m o t a c t i c  f o r  e o s i n o p h i l s  ( r e v i e w e d  b y  
A SK E N A SE ,1 9 8 0 ) .

D u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y ,  i t  s e e m e d  u n l i k e l y  t h a t  
e o s i n o p h i l s  w e r e  i n v o l v e d  i n  p h a g o c y t o s i n g  a m a s t i g o t e s ,  
r a t h e r ,  t h e y  a p p e a r e d  t o  b e  i n g e s t i n g  im m u n e  c o m p l e x e s  a s  
s u g g e s t e d  b y  i m m u n o f l u o r e s c e n c e  s t u d i e s  ( s e e  C h a p t e r  I I I ) .

A n o t h e r  p o s s i b i l i t y  t o  c o n s i d e r  i s  t h e  p a r t i c i p a t i o n  o f  
e o s i n o p h i l s  i n  t h e  m e c h a n i s m  o f  k i l l i n g  t h e  p a r a s i t e .  T h e
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p o s s i b i l i t y  t h a t  t h e s e  c e l l s  m ay  p r o v i d e  m a t u r e  
m a c r o p h a g e s  w i t h  t h e  e n z y m e s  n e c e s s a r y  f o r  e f f i c i e n t  
k i l l i n g  o f  i n t r a c e l l u l a r  p a r a s i t e s  h a s  b e e n  s u g g e s t e d  b y  
NG6UEIRA e t  a l . ( 1 9 8 2 ) ,  w ho s h o w e d  t h a t  t r y p o m a s t i g a t e s  o f
T. c r u z i , c o a t e d  w i t h  e o s i n o p h i l  p e r o x i d a s e ,  b e c a m e  
s e n s i t i z e d  t o  k i l l i n g  b y  n o r m a l  m a c r o p h a g e s .  T h e  
p a r a s i t i c i d a l  m e c h a n i s m  o f  k i l l i n g  s e e m s  t o  b e  a t t r i b u t a b l e  
t o  t h e  p e r o x i d a s e  d e p e n d e n t  HjaOjz s y s t e m  a n d  o x y g e n  
m e t a b o l i t e s  g e n e r a t e d  b y  t h e  p h a g o c y t o s i s  i n d u c e d  
r e s p i r a t o r y  b u r s t  o f  t h e  m a c r o p h a g e s .  T h e s e  a u t h o r s  a l s o  
s p e c u l a t e d  o n  t h e  p o s s i b i l i t y  t h a t ,  i n  i 
p e r o x i d a s e ,  r e l e a s e d  b y  d e g r a n u l a t i o n  a n d  l e a k a g e  o f  
e o s i n o p h i l l s  a t  t h e  i n f l a m a t o r y  f o c i ,  m ay  s e n s i t i z e  
e x t r a c e l l u l a r  o r g a n i s m s  f o r  k i l l i n g  b y  n o r m a l  m a c r o p h a g e s ,  
o r  i t  i s  a l s o  p o s s i b l e  t h a t  t h e  e x t r a c e l l u l a r  e n z y m e  c o u l d  
b e  t a k e n  u p  b y  m a c r o p h a g e s  f r o m  t h e  e x t r a c e l l u l a r  m e d iu m  
(S T E IliA N  & COHN, 1 9 7 2 )  a n d  b e  u s e d  t o  k i l l  t h e  p a r a s i t e  
i n t r a c e l l u l a r l y  b y  a c t i v e  o x y g e n  m e t a b o l i t e s .

I 1 . 4 . 2  LYMPH NODE
T h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  l y m p h a t i c  t i s s u e  

v a r i e s  w i t h  v a r i a t i o n  o f  t h e  a n t i g e n i c  s t i m u l a t i o n .  I n  
g e n e r a l ,  a n t i g e n s  t h a t  a r e  a s s o c i a t e d  w i t h  a n t i b o d y  
p r o d u c t i o n  c a u s e  d e v e l o p m e n t  o f  l y m p h o i d  f o l l i c l e s  a n d  
g e r m i n a l  c e n t r e s ,  w h i l e  t h o s e  t h a t  s t i m u l a t e d  c e l l  m e d i a t e d  
im m u n e  r e s p o n s e  c a u s e  a c t i v a t i o n  o f  p a r a c o r t i c a l  a r e a s
(OORT & TURK, 1 9 6 5 ) .
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I n  t h e  p r e s e n t  s t u d y  o-f Leishman ia  i n f e c t i o n ,  t h e  
h i s t o p a t h o l o g y  o f  t h e  ly m p h  n o d e s  w a s  e x a m i n e d  a t  t h e  s a m e  
p e r i o d s  o f  t i m e  a s  t h e  s k i n  l e s i o n s .  I t  w a s  f o u n d  t h a t  t h e  
h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  d r a i n i n g  ly m p h  n o d e s  
r e f l e c t e d  t h e  c h a n g e s  i n  t h e  h u m o r a l  a n d  c e l l u l a r  r e s p o n s e  
i n  t h e  d i f f e r e n t  i n f e c t i o n  m o d e l s  u s e d  ( s e e  C h a p t e r  V ) .  
T h r o u g h o u t  t h e  c o u r s e  o f  t h e  e x p e r i m e n t ,  c h a n g e s  i n  t h e  
c o r t i c a l ,  p a r a c o r t i c a l  a n d  m e d u l l a r y  a r e a s  o f  t h e  ly m p h  
n o d e s  w e r e  o b s e r v e d  i n  a l l  t h e  e x p e r i m e n t a l  m o d e l s ,  
h o w e v e r ,  t h e s e  c h a n g e s  v a r i e d  i n  i n t e n s i t y .  I n  t h e  m o d e l  
L . major  C B A /c a ,  i n  w h i c h  s e l f - h e a l i n g  l e s i o n s  o c c u r e d ,  
t h e  p a r a c o r t i c a l  a r e a  s h o w e d  m a r k e d  h y p e r p l a s i a  a n d  t h e  
c o r t i c a l  a r e a  s h o w e d  r e l a t i v e l y  m o d e r a t e  d e v e l o p m e n t .  I n  
t h e  e x p e r i m e n t a l  m o d e l s  e x h i b i t i n g  n o n —h e a l i n g  l e s i o n s  
( L . major  B A L B /c , L* mexicana  B A L B /c  a n d  L. 

mexicana  C B A /c a  > o n  t h e  o t h e r  h a n d ,  t h e  p a r a c o r t i c a l  
a r e a  s h o w e d  s l i g h t  t o  m o d e r a t e  d e v e l o p m e n t ,  w h i l e  t h e  
c o r t i c a l  a r e a  w a s  m a r k e d l y  h y p e r p l a s i c .  A s t r i k i n g  
c h a r a c t e r i s t i c  i n  a l l  t h e  g r o u p s  w a s  t h e  i n f i l t r a t i o n  o f  
p a r a c o r t i c a l  a n d  c o r t i c a l  a r e a s  b y  c e l l s  o f  t h e  m a c r o p h a g e  
h i s t i o c y t i c  s e r i e ,  w h i c h  g r a d u a l l y  r e p l a c e d  t h e  
l y m p h o c y t e s .  S i m i l a r  i n f i l t r a t i o n s  h a v e  b e e n  r e p o r t e d  i n  
t h e  p a r a c o r t i c a l  a r e a s  o f  t h e  ly m p h  n o d e s  o f  Leishmania 

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

enrie t t i i —g u i n e a  p i g  m o d e l ,  b y  t r e a t m e n t  w i t h  
a n t i - l y m p h o c y t i c  s e r u m  ( A L S ) ,  o r  b y  a d m i n i s t r a t i o n  o f  
l a r g e  d o s e s  o f  s o l u b l e  a n t i g e n  (BRYCESON e t  a l .  1 9 7 0 ;  TURK
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St BRYCESQN, 1 9 7 1 )  a n d  i n  t h e  . L .  » a j o r - C B A / c a  m o d e l ,  b y  
t h y m e c t o m y  o f  t h e  a n i m a l s  p r e v i o u s  t o  Leishmania 

i n f e c t i o n  (PRESTON e t  a l . 1 9 7 2 ) .
H o w e v e r ,  t h e  i n f i l t r a t i o n  o f  ly m p h  n o d e s  b y  t h e s e  c e l l s  

d o e s  n o t  n e c e s s a r i l y  i n d i c a t e  a  f a i l u r e  o f  C M I, a s  s u c h  
c h a n g e s  h a v e  a l s o  b e e n  o b s e r v e d  i n  t h e  ly m p h  n o d e  d r a i n i n g  
t h e  s i t e  o f  t h e  i n t r a d e r m a l  i n o c u l a t i o n  o f  BCG v a c c i n e  i n  
g u i n e a  p i g s ,  w h e r e  a  h i g h  l e v e l  o f  O i l  a g a i n s t  
Mycobacterium tuberculosis  e x i s t s  (GAAFAR St TURK, 1 9 7 0 ;  
BRYCESCW St TURK, 1 9 7 1 ) .  I n  l e p r o s y ,  o n  t h e  o t h e r  h a n d ,  
i n f i l t r a t i n g  h i s t i o c y t e s  i n  ly m p h  n o d e s  h a v e  b e e n  o b s e r v e d  
i n  p a t i e n t s  p r e s e n t i n g  t h e  d i f f e r e n t  c l i n i c a l  f o r m s  o f  t h e  
d i s e a s e  (TURK St WATERS, 1 9 7 1 ) .  T h e s e  a u t h o r s  a l s o  s t u d i e d  
t h e  c h a r a c t e r i s t i c s  a n d  e v o l u t i o n  o f  t h e  i n f i l t r a t i n g  
h i s t i o c y t e s  t h r o u g h o u t  t h e  s p e c t r u m  o f  l e p r o s y  a n d  f o u n d  
t h a t  a t  t h e  l e p r o m a t o u s  e n d  o f  t h e  s p e c t r u m ,  t h e  
l y m p h o c y t e s  o f  t h e  p a r a c o r t i c a l  a r e a  w e r e  r e p l a c e d  b y  
f o a m y ,  s o m e t i m e s  s i n c y t i a l  h i s t i o c y t e s ,  w h i c h  f a i l e d  t o  
e l i m i n a t e  M y c o b a c t e r i u m . A s  r e s i s t a n c e  t o  t h e  i n f e c t i o n  
i n c r e a s e d  a l o n g  t h e  l e p r o s y  s p e c t r u m  t o w a r d s  t h e  TT e n d ,  
h i s t i o c y t e s  b e c a m e  m o r e  d i f f e r e n t i a t e d  a n d  i n  p o l a r  
t u b e r c u l o i d  l e p r o s y ,  t h e y  a p p e a r e d  t y p i c a l l y  e p i t h e l i o i d .

A r e c i p r o c a l  r e l a t i o n s h i p  b e t w e e n  t h e  e p i t h e l i o i d  c e l l s  
a n d  m a c r o p h a g e s  p h a g o c y t o s i n g  h a s  b e e n  r e p o r t e d  b y  SPECTOR 
( 1 9 8 0 )  i n  BCG i n f e c t i o n  i n  m i c e .  T h e  g r e a t e r  t h e  n u m b e r  o f  
b a c i l l i - l a d e n  m a c r o p h a g e s ,  t h e  f e w e r  t h e  n u m b e r  o f  
e p i t h e l i o i d  c e l l s .  T h i s  r e c i p r o c a l  r e l a t i o n s h i p ,  b e t w e e n  
h i s t i o c y t e s  w i t h  e p i t h e l i o i d  a s p e c t  a n d  p h a g o c y t o s i n g  
m a c r o p h a g e s ,  s e e m s  t o  b e  r e l a t e d  t o  t h e  i m m u n o l o g i c a l
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s t a t u s ,  s p e c i a l l y  t o  CMI (S P E C T O R , 1 9 8 0 ) .  I n  l e p r o m a t o u s  
l e p r o s y ,  e p i t h e l i o i d  c e l l s  a r e  u n c o m m o n , m a c r o p h a g e s  a r e  
n u m e r o u s  a n d  c e l l  m e d i a t e d  i m m u n i t y  i s  l o w ;  i n  t u b e r c u l o i d  
l e p r o s y ,  t h e r e  a r e  m a n y  e p i t h e l i o i d  c e l l s  a n d  c e l l  m e d i a t e d  
i m m u n i t y  i s  h i g h .  T h i s  s u g g e s t i o n  w a s  s u p p o r t e d  b y  t h e  
o b s e r v a t i o n s  o f  RID LEY  & W A TER S ( 1 9 6 9 ) ,  w ho  p o i n t e d  o u t  
t h a t  t h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  h i s t i o c y t e s  i n  
l e p r o m a t o u s  l e p r o s y  c h a n g e s  t o w a r d s  t h e  e p i t h e l i o i d  f o r m  
d u r i n g  a  r e v e r s a l  r e a c t i o n  i n  w h i c h  p a t i e n t ' s  CMI i s  
r e s t o r e d .

I n  t h i s  s t u d y ,  a  r e l a t i o n s h i p  w a s  f o u n d  b e t w e e n  t h e  
h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  i n f i l t r a t i n g  h i s t i o c y t e s  a n d  
t h e  i m m u n o l o g i c a l  s t a t u s  o f  t h e  h o s t .  I n  t h e  . £ -  
» a j o r - C B A /  m o d e l ,  i n  w h i c h ,  a n  e f f e c t i v e  im m u n e  r e s p o n s e  
o c c u r e d  a n d  l e s i o n s  h e a l e d ,  t h e  i n f i l t r a t i n g  h i s t i o c y t e s  
h a d  a  t y p i c a l  e p i t h e l i o i d  a p p e a r a n c e  a n d  w e r e  a r r a n g e d  i n  
c o n c e n t r i c  p a t t e r n s ,  c o n s t i t u t i n g  w h o r l s  w h i c h  w e r e  w e l l  
d e m a r c a t e d  f r o m  t h e  s u r r o u n d i n g  l y m p h o c y t e s .  A s  l o n g  a s  
t h e  i n f e c t i o n  p r o g r e s s e d ,  t h e  i n f i l t r a t e  w h o r l s  c o a l e s c e d  
g i v i n g  r i s e  t o  m a s s e s  o f  e p i t h e l i o i d  c e l l s ,  w h i c h ,  b y  t h e  
s i x t h  w e e k  a f t e r  i n f e c t i o n ,  i n f i l t r a t e d  t h e  p a r a c o r t i c a l  
a n d  c o r t i c a l  a r e a s  o f  t h e  ly m p h  n o d e .  F ro m  t h e n  o n w a r d s ,  
t h e  i n f i l t r a t i n g  c e l l s  s t a r t e d  t o  d e c l i n e ,  c o i n c i d i n g  w i t h  
t h e  a p p e a r a n c e  o f  a g g r e g a t e s  o f  s m a l l  l y m p h o c y t e s  i n  t h e  
p a r a c o r t i c a l  a r e a .  T h e  ly m p h  n o d e  g r a d u a l l y  r e c o v e r e d  i t s  
n o r m a l  a p p e a r a n c e  b u t  s o m e  c l u s t e r s  o f  h i s t i o c y t e s  
r e m a i n e d  e v e n  a f t e r  c l i n i c a l  a n d  h i s t o l o g i c a l  c u r e  o f  t h e  
l e s i o n s  ( 1 2  w e e k s )  a n d  u p  t o  e n d  o f  t h e  o b s e r v a t i o n s  ( 1 8  
w e e k s ) .  I n  t h i s  c o n te > ( l ,  TURK 8e WATERS ( 1 9 7 1 )  s t a t e d  t h a t
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t h e  h i s t i o c y t i c  i n f i l t r a t i o n  o f  t h e  p a r a c o r t i c a l  a r e a s  o f  
ly m p h  n o d e s  i n  p a t i e n t s  w i t h  l e p r o m a t o u s  l e p r o s y  c o u l d  
p e r s i s t  f o r  a t  l e a s t  t e n  y e a r s  a f t e r  t h e  b e g i n n i n g  o f  
a n t i —l e p r o s y  t r e a t m e n t .  T h i s  s u g g e s t s  a n  i n c o m p l e t e  
c l e a r a n c e  o f  t h e  o r g a n i s m ,  r e s u l t i n g  i n  a  p e r s i s t e n t  
s u b c l i n i c a l  i n f e c t i o n  c a p a b l e  o f  p r o d u c i n g  h i s t i o c y t i c  
i n f i l t r a t i o n  o f  t h e  ly m p h  n o d e  (TURK & WATERS, 1 9 7 1 ) .  T h e  
p r e s e n c e  o f  e p i t h e l i o i d  c l u s t e r s  i n  t h e  L. 

uajo r - CB A /c a  i n f e c t i o n  m o d e l ,  a f t e r  t h e  h e a l i n g  o f  t h e  
l e s i o n ,  m ay  t h e r e f o r e  b e  r e l a t e d  t o  t h e  e x i s t e n c e  o f  a  
p r e m u n i t i o n  s t a t e .  T h e  q u e s t i o n  o f  w h e t h e r  i m m u n i t y  i n  
l e i s h m a n i a s i s  i s  o f  t h e  p r e m u n i t i o n ,  o r  n o n - s t e r i l e  
p r o t e c t i o n  t y p e ,  o r  a  t r u e  r e s i d u a l  ( s t e r i l e )  i m m u n i t y  h a s  
n o t  b e e n  s a l v e d  y e t .  L o n g  t e r m  p e r s i s t e n c e  o f  t h e  a g e n t  i n  
Leishmania  i n f e c t i o n s  i n  m an i s  a t t e s t e d  b y s

1 -  T h e  f i n d i n g  o f  l i v i n g  o r g a n i s m s  i n  h u m a n  c u t a n e o u s  
l e s i o n s  u p  t o  1 3  y e a r s  a f t e r  c u r e  ( r e v i e w e d  b y  HEYNEMAN, 
1 9 7 1 ) .

2  — T h e  c l i n i c a l  h i s t o r y  o f  e s p u n d i a  w h i c h  d e m o n s t r a t e s  
l o n g  p a r a s i t e  s u r v i v a l  a n d  e v e n t u a l  m e t a s t a s i s ,  p r e s u m a b l y  
f r o m  h i d d e n  f o c i  i n  t h e  s k i n  a n d  n a s a l  m u c o s a e .

3  — T h e  f r e q u e n t  d e v e l o p m e n t  o f  p o s t —k a l a —a z a r  d e r m a l  
l e i s h m a n i o i d  s e v e r a l  y e a r s  a f t e r  t h e  a p p a r e n t  c u r e  o f  
v i s c e r a l  l e i s h m a n i a s i s .

4  — T h e  r e l a p s e s  a f t e r  a p p a r e n t  c u r e  i n  l u p o i d  o r  
r e c i d i v a n s  l e i s h m a n i a s i s .

R e c e n t l y ,  LECLERC e t  a l .  ( 1 9 8 1 ) ,  i s o l a t e d  v i a b l e
o r g a n i s m s  f r o m  t h e  s p l e e n  o f  s t r a i n s  o f  m i c e  r e s i s t e n t  t o  
L . m a j o r ,  e v e n  a f t e r  t h e  r e c o v e r y  f r o m  t h e i r  c u t a n e o u s
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lesions. I f  immunity t o  Leishmania  is due t o  
p r e m u n i t i o n ,  i t  w o u ld  b e  e x p e c t e d  t h a t  u n d e r  c o n d i t i o n s  o f  
s e v e r e  i m m u n o - s u p p r e s s i o n ,  a  r e l a p s e  o f  s y s t e m i c  
l e i s h m a n i a s i s  w o u ld  o c c u r  (LECLERC e t  a l . 1 9 8 1 ) .  T h e  
r e p o r t s  o f  HAUTEVILLE e t  a l . < 1 9 8 0 ) ,  a n d  6ASTAUT e t  a l .
( 1 9 8 1 ) ,  w ho  o b s e r v e d  a  v i s c e r a l  l e i s h m a n i a s i s  d u r i n g  

c h e m o t h e r a p y  f o r  l e u k a e m i a ,  s u p p o r t  t h e  i d e a  o f  p r e m u n i t i o n  
i n  h u m a n  l e i s h m a n i a s i s .  N e a r l y  a l l  r e c e n t  c a s e s  o f  
K a l a - a z a r  i n  F r a n c e  i n  r e c e n t  y e a r s  h a v e  b e e n  i n  
i m m u n o - s u p p r e s s e d  k i d n e y  t r a n s p l a n t  p a t i e n t s  (BRAY, 
p e r s o n a l  c o m m u n i c a t i o n ) .

I n  t h e  i n f e c t i o n  m o d e l s  e x h i b i t i n g  n o n - h e a l i n g  l e s i o n s  
(C B A /c a  a n d  B A L B /c  m i c e  i n f e c t e d  w i t h  1 .  a e x i c a n a  a n d  

B A L B /c  m i c e  i n f e c t e d  w i t h  1 .  m a j o r ) ,  t h e  a p p e a r a n c e  o f  
i n f i l t r a t i n g  h i s t i o c y t e s  v a r i e d  w i t h  t h e  e v o l u t i o n  o f  t h e  
i n f e c t i o n .  D u r i n g  t h e  f i r s t  e i g h t  w e e k s  a f t e r  i n f e c t i o n ,  
w h e n  t h e  d e v e l o p m e n t  o f  t h e  c o r t i c a l  a r e a  w a s  v e r y  a p p a r e n t  
a n d  p a r a c o r t i c a l  a r e a s  s h o w e d  s l i g h t  t o  m o d e r a t e  
d e v e l o p m e n t ,  i n f i l t r a t i o n  o f  h i s t i o c y t e s  w a s  o b s e r v e d  a s  a  
b a n d  i n  t h e  s u b c a p s u l a r  a r e a  a n d  a s  a g g r e g a t e s  o f  t h e s e  
c e l l s  i n  t h e  p a r a c o r t i c a l  a n d  c o r t i c a l  a r e a s .  T h e  
a p p e a r a n c e  o f  t h e s e  h i s t i o c y t e s  d i f f e r e d  f r o m  t h o s e  
d e s c r i b e d  i n  t h e  L .  a a j o r - C B A / c a  m o d e l ;  i n  t h e  
B A L B /c— Lm major  m o d e l ,  t h e  b o u n d a r i e s  o f  t h e s e  
a g g r e g a t e s  w e r e  n o t  s o  w e l l  d e f i n e d  f r o m  t h e  s u r r o u n d i n g  
c e l l s  a s  i n  t h e  p r e v i o u s  m o d e l  a n d  t h e  a p p e a r a n c e  o f  
h i s t i o c y t e s ,  p e r  s e ,  w a s  i n t e r m e d i a t e  b e t w e e n  t h o s e  o f  
e p i t h e l i o i d  a n d  f o a m y  c e l l s .  S o m e  o f  t h e  c e l l s  c o n t a i n e d  
p a r a s i t e s  o r  c e l l  d e b r i s .
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I n  t h e  L. mexicana  i n f e c t i o n  m o d e l s ,  o n  t h e  o t h e r  
h a n d ,  h i s t i o c y t e s  e x h i b i t i n g  i n t e r m e d i a t e  a p p e a r a n c e  w e r e  
m ix e d  w i t h  m o d e r a t e  t o  h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s .  
S o m e t i m e s  t h e  h i s t i o c y t e s  w e r e  s e e n  w i t h i n  a g g r e g a t e s ,  a t  
o t h e r  t i m e s  t h e y  w e r e  s p r e a d  b e t w e e n  l y m p h o c y t e s  i n  t h e  
c o r t i c a l  a n d  p a r a c o r t i c a l  a r e a s .  G i a n t  c e l l s  w e r e  a l s o  
o b s e r v e d .

A f t e r  t h e  e i g h t h  w e e k  o f  i n f e c t i o n ,  i n  t h e  L. 

major-B A L B /c  m o d e l  c l e a r  a r e a s  c o n s i s t e d  o f  v a c u o l a t e d  
p a r a s i t i z e d  m a c r o p h a g e s  a n d  r e t i c u l a r  s h a p e d  c e l l s  w e r e  
d e t e c t e d  i n  t h e  p a r a c o r t i c a l  a r e a .  R e t i c u l a r  s h a p e d  c e l l s  
i n  t h e  p a r a c o r t i c a l  a r e a  h a v e  b e e n  r e p o r t e d  b y  BRYCESON & 
TURK ( 1 9 7 1 )  i n  a n i m a l s  t r e a t e d  w i t h  a n t i —l y m p h o c y t i c  s e r u m  
a n d  b y  PARROT e t  a l .  ( 1 9 6 6 )  i n  t h e  ly m p h  n o d e  o f  
t h y m e c t o m i z e d  m i c e .  T h e  s i g n i f i c a n c e  o f  t h e s e  c e l l s  h a s  n o t  
b e e n  e s t a b l i s h e d .

T h e  r e s t  o f  t h e  l y m p h o i d  s t r u c t u r e  i n  t h e  L» 

major  B A L B /c  m o d e l  w a s  i n f i l t r a t e d  b y  m a s s e s  o f  
h i s t i o c y t e s ,  e o s i n o p h i l s ,  g i a n t  c e l l s  a n d  e x t e n s i v e  a r e a s  
o f  h a e m o r r h a g e s .  I n  t h e  L. mexicana  i n f e c t i o n  m o d e l s ,  
t h e  h i s t o l o g i c  c h a n g e s  a f t e r  t h e  e i g h t h  w e e k  o f  i n f e c t i o n  
r e s e m b l e d  t h o s e  o c c u r r i n g  i n  s k i n  l e s i o n s ;  t h e  ly m p h  n o d e  
p r o g r e s s i v e l y  b e c a m e  i n v a d e d  b y  h e a v i l y  p a r a s i t i z e d  
m a c r o p h a g e s .  B y t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  t h e  l y m p h o i d  
t i s s u e  w a s  a l m o s t  c o m p l e t e l y  r e p l a c e d  b y  a  g r a n u l o m a  
s i m i l a r  t o  t h a t  f o u n d  i n  t h e  s k i n ,  p r e s e n t i n g  a r e a s  i n  
w h i c h  e o s i n o p h i l s ,  p y r o n i n o p h i l i c  c e l l s ,  g i a n t  c e l l s  a n d  
z o n e s  o f  h a e m o r r h a g e  w e r e  i n t e r s p e r s e d  b e t w e e n  t h e  m a s s e s  
o f  t h e  p a r a s i t i z e d  m a c r o p h a g e s .
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T h e  h i s t o p a t h o l o g i c  - F e a t u r e s  o b s e r v e d  i n  t h e  ly m p h  n o d e  
o f  t h e  d i f f e r e n t  e x p e r i m e n t a l  m o d e l s  r e p o r t e d  h e r e  
r e f l e c t e d  t h e  c h a n g e s  i n  t h e  im m u n e  r e s p o n s e  ( C h a p t e r  V ) .  
T h u s ,  i n  t h e  i n f e c t i o n  m o d e l  e x h i b i t i n g  s e l f - h e a l i n g  
l e s i o n s ,  t h e  c o r t i c a l  a n d  p a r a c o r t i c a l  a r e a s  o f  t h e  ly m p h  
n o d e  w e r e  w e l l  a n d  c l e a r l y  d e v e l o p e d ,  c e l l  m e d i a t e d  
i m m u n i t y  (C M I) d e t e r m i n e d  b y  d e l a y e d  h y p e r s e n s i t i v i t y  
r e s p o n s e  (DHR) t o  Leishmania  a n t i g e n s  w a s  p r e s e n t  a n d  
t h e  h u m o r a l  r e s p o n s e  m e a s u r e d  b y  t h e  l e v e l s  o f  c i r c u l a t i n g  
a n t i b o d i e s  w e r e  a p p a r e n t  d u r i n g  a l l  t h e  p e r i o d  o f  
o b s e r v a t i o n s .

I n  t h e  i n f e c t i o n  m o d e l s  e x h i b i t i n g  n o n - h e a l i n g  l e s i o n s ,  
o n  t h e  o t h e r  h a n d ,  t h e  h u m o r a l  r e s p o n s e  w a s  e v i d e n t  d u r i n g  
t h e  w h o l e  p e r i o d  o f  o b s e r v a t i o n ,  w h i c h  i n  C B A /c a  m i c e  
i n f e c t e d  w i t h  L, mexicana  a n d  B A L B /c  i n f e c t e d  w i t h  L, 

m a j o r , c o i n c i d e d  w i t h  t h e  p r e s e n c e  o f  g e r m i n a l  c e n t e r s  
d e t e c t e d  i n  c o r t i c a l  a r e a s  u p  t o  t h e  e n d  o f  t h e  
o b s e r v a t i o n s .  I n  B A L B /c  m i c e  i n f e c t e d  w i t h  
wttxicana,  t h e  ly m p h  n o d e s  w e r e  a l m o s t  c o m p l e t e l y  r e p l a c e d  
b y  a  h i s t i o c y t o m a  f r o m  t h e  t e n t h  w e e k  a f t e r  i n f e c t i o n .  
However, t h i s  f a c t  i s  not incompatible with t h e  h i g h  l e v e l s  
o f  a n t i b o d i e s  o b s e r v e d  i n  t h i s  e x p e r i m e n t a l  m o d e l ,  s i n c e  
s o m e  p l a s m a  c e l l s  w e r e  o b s e r v e d  i n  t h e  d i s t o r t e d  ly m p h  n o d e  
u p  t o  t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  a n d  M ITCHELL ( 1 9 7 9 )  
s h o w e d  t h a t  a  s i n g l e  p l a s m a  c e l l  c a n  p r o d u c e  t h o u s a n d s  o f  
i m m u n o g l o b u l i n  m o l e c u l e s  p e r  s e c o n d .

T h e  p a r a c o r t i c a l  a r e a  i n  a l l  t h r e e  i n f e c t i o n  m o d e l s  
e x h i b i t i n g  n o n —h e a l i n g  l e s i o n s  p r e s e n t e d  a  m o d e r a t e d  a n d  
t r a n s i e n t  d e v e l o p m e n t ,  w h i c h  c o i n c i d e d  w i t h  t h e  d e t e c t i o n
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o f  a  t r a n s i e n t  DHR t o  Leishmania  a n t i g e n .

BRYCESON ( 1 9 7 0  b )  h y p o t h e s i s e d  t h a t  a  c o m p r o m i s e d  
l y m p h a t i c  d r a i n a g e  m ay  b e  a m o n g  t h e  p o s s i b l e  c a u s e s  o f  t h e  
i m m u n o l o g i c a l  p a r a l y s i s  i n  d i s s e m i n a t e d  c u t a n e o u s  
l e i s h m a n i a s i s  (D C L ). KADIVAR & SOULSBY ( 1 9 7 5 )  d e m o n s t r a t e d  
i n  t h e  L .  e n r i e t t i i —g u i n e a  p i g  m o d e l  t h a t  a  d i s e a s e  
r e s e m b l i n g  DCL c o u l d  b e  i n d u c e d  b y  i n t e r r u p t i n g  t h e  
l y m p h a t i c  d r a i n i n g  o f  t h e  s i t e  o f  t h e  i n f e c t i o n .  PQULTER & 
PANDQLPH ( 1 9 8 2 )  s h o w e d  t h a t  t h e  e x c i s i o n  o f  t h e  m o u s e  
p o p l i t e a l  ly m p h  n o d e ,  p r i o r  t o  i n f e c t i o n  w i t h  
L.major,  i n  t h e  f o o t  p a d  o f  t h e  s a m e  l i m b  p r o d u c e d  a  
f a s t e r  d e v e l o p i n g  a n d  m o r e  s e v e r e  i n f e c t i o n  i n  b o t h  t h e  
s u s c e p t i b l e  B A L B /c  a n d  t h e  r e s i s t a n t  B 6D 2 m i c e .  T h e  
e x c i s i o n  o f  t h e  ly m p h  n o d e s  a l s o  r e s u l t e d  i n  a n  i n i t i a l  
b l o c k a g e  o f  t h e  DHR, w h i c h  w a s  m a i n t a i n e d  i n  t h e  B A L B /c  
m i c e  b u t  n o t  i n  t h e  B 6D 2 ( i n  w h i c h  i t  e m e r g e d  l a t e r ) .  
D i f f e r e n c e s  i n  t h e  c l i n i c a l  c o u r s e  o f  i n f e c t i o n  r e s u l t i n g  
f r o m  d i f f e r e n t  s i t e s  o f  i n o c u l a t i o n  (POULTER & PANDOLPH,
1 9 8 2 ) ,  o r  d i f f e r e n t  r o u t e s  o f  i n o c u l a t i o n  (POULTER &
PEA R C E, 1 9 8 0 )  c o u l d  b e  a  r e f l e c t i o n  o f  v a r i a t i o n s  i n  t h e  
l y m p h a t i c  d r a i n a g e  f r o m  t h e s e  s i t e s .  A l l  t h e s e  o b s e r v a t i o n s  
a p p e a r e d  t o  r e i n f o r c e  B R Y C E S O N 's h y p o t h e s i s  t h a t  a n  
e f f i c i e n t  l o c a l  d r a i n a g e  i s  i m p o r t a n t  f o r  t h e  e s t a b l i s h m e n t  
o f  a n  a d e q u a t e  c e l l  m e d i a t e d  r e s p o n s e .  A ny  n a t u r a l  
v a r i a t i o n ,  o r  a c q u i r e d  a l t e r a t i o n  i n  t h e  l y m p h a t i c s ,  o r  i n  
t h e  l o c a l  d r a i n i n g  n o d e ,  m ay  l e a d  t o  a  d e l a y  o f  t h e  
m a n i f e s t a t i o n  o f  t h e  im m u n e  r e s p o n s e ,  a l l o w i n g  t h e  p a r a s i t e  
t o  g r o w  m o r e  r a p i d l y  a n d  p r o d u c e  a n  e x c e s s i v e  a n t i g e n i c  
l o a d ,  w h ic h  m ay  b e  r e s p o n s i b l e  f o r  a  c o n t i n u i n g  a n d
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m a i n t a i n e d  i m m u n o s u p p r e s s i o n .

I I . 5  CONCLUSIONS
t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  C h a p t e r  s h o w  t h a t  t h e  

Leishmania—i n f e c t i o n  m o d e l s  u s e d  m im ic k e d  s o m e  o-f t h e  
f o r m s  o f  h u m a n  c u t a n e o u s  l e i s h m a n i a s i s .  T h e  m o d e l s  a l s o  
s h o w e d  t h e  c o r r e l a t i o n  b e t w e e n  c l i n i c a l  p a t t e r n s ,  
h i s t o p a t h o l o g y  o f  t h e  l e s i o n  a n d  t h e  d r a i n i n g  ly m p h  n o d e  
a n d  c e l l u l a r  a n d  h u m o r a l  im m u n e  r e s p o n s e  w h i c h  h a v e  b e e n  
r e c o g n i z e d  i n  t h e  h u m a n  d i s e a s e .

T h e  C B A /c a  L. major  m o d e l ,  f o r  i n s t a n c e ,  m im ic k e d  
s e l f  h e a l i n g  c u t a n e o u s  l e i s h m a n i a s i s ,  w h i l e  t h e  i n f e c t i o n  
o f  B A L B /c  a n d  C B A /c a  m i c e  w i t h  L. mexicana  a n d  B A L B /c  
i n f e c t e d  w i t h  L .  major  p r o d u c e d  l e s i o n s  r e s e m b l i n g  
h u m a n  d i f f u s e  c u t a n e o u s  l e i s h m a n i a s i s .
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CHAPTER III

IMMUNOPATHOLO0ICAL STUDY OF SKIN LESIONS 

AND DRAINING LYMPH NODES IN 

CBA/ca AND BALB/C MICE INFECTED WITH 

L. major AND L. mmxicana

III.I INTRODUCTION

T h e  h i s t o p a t h o l o g y  o f  - th e  s k i n  o c c u p i e s  a n  i m p o r t a n t  
p l a c e  i n  g e n e r a l  P a t h o l o g y  a n d  I m m u n o lo g y .  T h e  
a c c e s s i b i l i t y  o f  t h e  s k i n  m a k e s  i t  a  r e l a t i v e l y  e a s i l y  
a v a i l a b l e  m a t e r i a l  w h i c h  c a n  b e  b i o p s i e d  s a f e l y ,  a l l o w i n g  
h i s t o l o g i c a l  d i a g n o s i s  a n d  e n a b l i n g  o n e  t o  f o l l o w  t h e  
p r o g r e s s  o f  a  d i s e a s e  (HABER & SYMMERS, 1 9 8 0 ) .

W h i l e  c o n v e n t i o n a l  h i s t o p a t h a l o g i c a l  m e t h o d s  p r o v i d e  a  
b a s e  i n  t h e  a n a l y s i s  o f  t i s s u e  d i s o r d e r s ,  t h e  u s e  o f  
i m m u n o l o g i c a l  t e c h n i q u e s  c a n  e s t a b l i s h  t h e  i n v o l v e m e n t  o f  
i m m u n e - m e c h a n i s m s  t h a t  m i g h t  o p e r a t e  i n  d i f f e r e n t  d i s e a s e s .  
T h i s  h a s  o p e n e d  u p  n e w  a p p r o a c h e s  t o w a r d s  t h e  u n d e r s t a n d i n g  
o f  h i s t o p a t h o l o g i c a l  c h a n g e s  a n d  h a s  b e c o m e  a  v a l u a b l e  
d i a g n o s t i c  t o o l  i n  s o m e  d e r m a l  d i s o r d e r s  i n  h u m a n  a n d  
e x p e r i m e n t a l  a n i m a l s .

T h e  im m u n o f 1 u o r e s c e n c e  t e c h n i q u e ,  a m o n g  o t h e r  
i m m u n o l o g i c a l  t e c h n i q u e s ,  h a s  b e e n  e m p l o y e d  t o  r e c o g n i z e  
t h e  d i f f e r e n t  s t r u c t u r e s  a n d  t h e  n a t u r e  o f  i n f i l t r a t i n g  
c e l l s  i n v o l v e d  i n  c u t a n e o u s  d i s o r d e r s .  S p e c i f i c
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i m m u n o r e a c t a n t s  ( a n t i g e n  ( A g ) , a n t i b o d y  ( A b ) ,  a n d  A g -A b  
c o m p l e x e s ) , i n f l a m m a t o r y  m e d i a t o r s  ( c o m p l e m e n t  a n d  
f i b r i n o g e n ) , a n d  c o m p o n e n t s  o f  t h e  c o n n e c t i v e  t i s s u e  
( c o l l a g e n ,  f i b r o n e c t i n ,  l a m i n i n )  h a v e  b e e n  d e m o n s t r a t e d  

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

o f  w h i c h  a r e  o f t e n  d i f f i c u l t  t o  d e t e r m i n e  w i t h  c e r t a i n t y  b y  
c l a s s i c a l  h i s t o l o g i c a l  m e t h o d s  u n l e s s  e l e c t r o n m i c r o s c o p i c  
s t u d i e s  a r e  u s e d ,  i s  m a d e  r e l a t i v e l y  e a s y  b y  t h e  
id u n m u n o f 1 u o r e s c e n c e  t e c h n i q u e  ( I F T )  u s i n g  c o n j u g a t e s  o f  
a n t i b o d i e s  t o  s u r f a c e  m a r k e r s .  T h e  a v a i l a b i l i t y  o f  
m o n o c l o n a l  a n t i b o d i e s  t o  T a n d  B l y m p h o c y t e s  i s  o f  g r e a t  
i m p o r t a n c e  i n  c l a r i f y i n g  t h e  p a t t e r n  o f  t h e  c e l l u l a r  
i n f i l t r a t e s  s e e n  i n  d e r m a l  l e s i o n s .

I m m u n o f l u o r e s c e n c e  i s  n ow  e s t a b l i s h e d  a s  a  v e r y  u s e f u l  
m e a n s  o f  d i a g n o s i s  i n  a  n u m b e r  o f  i m p o r t a n t  d i s e a s e s  t h a t  
i n v o l v e  t h e  s k i n ,  e . g . ,  L u p u s  e r y t h e m a t o s u s ,  P e m p h i g u s  
v u l g a r i s ,  D e r m a t i t i s  h e r p e t i f o r m e  (BEUTNER e t  a l .  1 9 7 3 ) .
T h e  a p p l i c a t i o n  o f  IF T  t o  s t u d i e s  o f  d e r m a l  d i s o r d e r s  
c a u s e d  b y  i n f e c t i v e  a g e n t s ,  a s  i n  d e r m a t o —m y c o s e s  ( SQHNLE 
& K IR P A T R IC K , 1 9 7 6 )  a n d  L e p r o s y  (G ISM O R IO  e t  a l .  1 9 7 5 s  
WAALER e t  a l . 1 9 7 1 ;  WALLACH e t  a l .  1 9 7 9 ) ,  h a s  h e l p e d  
t o w a r d s  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  im m u n e  m e c h a n i s m s  
i n v o l v e d  i n  t h e s e  d i s e a s e s .

I n  l e i s h m a n i a s i s ,  RADWANSKI e t  a l .  ( 1 9 7 4 )  r e p o r t e d  a n
i m m u n o p a t h o l o g i c a l  s t u d y  o f  t h e  l e s i o n  a n d  t h e  d r a i n i n g  
ly m p h  n o d e s  i n  t h e  L. enriettii  g u i n e a - p i g  m o d e l ,  a n d  
MQRIEARTY e t  a l . ( 1 9 8 2 )  a p p l i e d  IF T  t o  B r a z i l i a n  c a s e s  o f
c u t a n e o u s  l e i s h m a n i a s i s  i n  m an w i t h  t h e  p u r p o s e  o f
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i d e n t i f y i n g  t h e  c l a s s  o f  i m m u n o g l o b u l i n  ( I g )  p r o d u c e d  b y  
i n t r a l e s i o n a l  p l a s m a  c e l l s .

I n  t h i s  C h a p t e r ,  a  s t u d y  o f  t h e  i m m u n o p a t h o l o g y  o f  t h e  
s k i n  l e s i o n s  a n d  d r a i n i n g  ly m p h  n o d e s  i n  m u r i n e  c u t a n e o u s  
l e i s h m a n i a s i s  i s  d e t a i l e d .

T h e  s t u d y  c o m p r i s e d  a  s e a r c h  f o r  I g  (M a n d  G ) ,  C 3  f a c t o r  
o f  c o m p l e m e n t  a n d  T l y m p h o c y t e  s u b p o p u l a t i o n s  i n  f r o z e n  
s e c t i o n s  o f  t h e  t i s s u e s  o f  m i c e  f r o m  t h e  f o u r  h o s t  p a r a s i t e  
c o m b i n a t i o n s  d e t a i l e d  i n  t h e  l a s t  c h a p t e r .

T h e  s p e c i f i c i t y  o f  s t a i n i n g  w a s  a s s e s e d  u s i n g  
F IT C -Z . . » e  x i  c a n  a  a n t i g e n  a n d  t h e  F C a b J 'a s  f r a c t i o n  o f  
a n t i — L . mexican a I g G .
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1 1 1 . 2  M ATERIALS AND METHODS 

m . 2 . 1  TEMPERATURE
E x c e p t  w h e r e  o t h e r w i s e  s t a t e d ,  a l l  m a n i p u l a t i o n s  w e r e  

c a r r i e d  o u t  a t  r o o m  t e m p e r a t u r e .

1 1 1 . 2 . 2  PREPARATION OF Leishmania  ANTIGENS AND 
A N T IB O D IE S TO BE USED IN  THE IMMUNOFLUO

RESCENCE TECHNIQUE

I I I . 2 . 2 . 1  O r g a n i s m s  a n d  a n t i g e n i c  e x t r a c t s
T h e  m a i n t e n a n c e  p r o c e d u r e s  u s e d  - f o r  £ .  major  a n d  

L .  mexican a  h a v e  b e e n  d e s c r i b e d  i n  C h a p t e r l l .
Leishwania  a n t i g e n s  w e r e  p r e p a r e d  - f o l l o w i n g  t h e  

BRYCESON e t  a l . ( 1 9 7 0 )  t e c h n i q u e  s l i g h t l y  m o d i f i e d .
P r o m a s t i g o t e s  o f  b o t h  s p e c i e s  o f  Leishmania  w e r e  g r o w n  
i n  b u l k  i n  a  p r o t e i n  f r e e  d i a l y s a t e  m e d iu m  (NAKAMURA, 1 9 6 7 )  
i n  1 l i t r e  c o n i c a l  f l a s k s  k e p t  a t  2 6 c*C. T h e  o r g a n i s m s  
w e r e  h a r v e s t e d  a f t e r  8  t o  1 0  d a y s  g r o w t h  a n d  w a s h e d  3  t i m e s  
b y  c e n t r i f u g a t i o n  a t  1 2 0 0  g  f o r  1 0  m in  a t  4 c*C i n  c o l d  
p h o s p h a t e  b u f f e r  s a l i n e  pH  7 . 2  ( P B S ) .

T h e  p e l l e t  w a s  r e s u s p e n d e d  i n  1 0  m l o f  c o l d  P B S , c h i l l e d  
t o  0 ° C  a n d  s o n i c a t e d  c o l d  a t  1 2  >im p e a k  t o  p e a k  
e x c u r s i o n  (R H Z) f o r  f i v e  i n t e r v a l s  o f  o n e  m i n u t e  e a c h .  T h e  
m a t e r i a l  w a s  t h e n  o b s e r v e d  u n d e r  p h a s e  c o m p o u n d  m i c r o s c o p e  
t o  s e e  t h a t  t h e  o r g a n i s m s  w e r e  f u l l y  d i s i n t e g r a t e d .

U r e a  w a s  a d d e d  t o  t h e  s o n i c a t e d  m i x t u r e  t o  a  f i n a l  
c o n c e n t r a t i o n  o f  8  M, t h e  r e s u l t i n g  s u s p e n s i o n  w a s
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i n c u b a t e d  - f o r  tw o  h o u r s  a t  3 7 * ^0 , t h e n  d i a l y s e d  
a g a i n s t  4 0  t i m e s  i t s  v o lu m e  o f  0 . 0 5  M am m o n iu m  b i c a r b o n a t e  
a n d  b u f f e r e d  t o  pH  7 . 4 .  b y  a c e t i c  a c i d .  T h e  d i a l y s i s  
p r o c e d e d  f o r  4 8  h o u r s  w i t h  6  t o  8  c h a n g e s  o f  t h e  d i a l y s i n g  
f l u i d  w i t h  c o n t i n u o u s  s t i r r i n g ,  a t  5 ° C .  T h e  d i a l y s a t e  
w a s  t h e n  c e n t r i f u g e d  a t  1 0 5 . 0 0 0  g  f o r  o n e  h o u r  a t  
4 e*C o b t a i n i n g  tw o  a n t i g e n i c  f r a c t i o n s :  t h e  d e p o s i t ,  
c a l l e d  p u r i f i e d  i n s o l u b l e  a n t i g e n  (P 1 A ) a n d  t h e  
s u p e r n a t a n t ,  c a l l e d  p u r i f i e d  s o l u b l e  a n t i g e n  ( P S A ) .  T h e  PSA 
w a s  e i t h e r  f r e e z e —d r i e d  ( t o  b e  u s e d  a s  a n t i g e n  i n  t e s t i n g  
h y p e r s e n s i t i v i t y ,  o r  i n  t h e  p r e p a r a t i o n  o f  im m u n e —s e r u m ) ,  
o r  c o n c e n t r a t e d  b y  n e g a t i v e  p r e s s u r e  d i a l y s i s  ( t o  p r e p a r e  
F I T C - c o n j u g a t e s ) .  P r o t e i n  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  b y  
t h e  B i u r e t  m e t h o d .

I I I . 2 . 2 . 2  P r e p a r a t i o n  o f  a n t i s e r u m  t o  
Leishmania  a n t i g e n s

III.2.2.2.1 Preparation and inoculation of the

a n t i g e n
1 0  mg o f  f r e e z e —d r i e d  PSA  o f  £ .  wexicana  o r  L .  

major  w e r e  d i s s o l v e d  i n  0 . 1  m l o f  F r e u n d ' s  c o m p l e t e  
a d j u v a n t  (D IF C 0 )  b y  f o r c i n g  t h e  m i x t u r e  t h r o u g h  a  f i n e  
n e d d l e  a n d  t h e n  e m u l s i f i e d  w i t h  a n  e q u a l  v o lu m e  o f  2  X 
T w e e n  8 0  i n  s a l i n e  s o l u t i o n .

T h e  r e s u l t i n g  p r e p a r a t i o n  w a s  i n o c u l a t e d  i n t o  a d u l t  New
Z e a l a n d  w h i t e  r a b b i t s  1 0  t o  2 0  w e e k s  o l d  ( C h e s h i r e  r a b b i t



1 2 1

■ farm, H u x l e y ) .  E a c h  a n i m a l  r e c e i v e d  2  M e e k ly  i n j e c t i o n s  o f  
t h e  a n t i g e n  i n t o  t h e  p o p l i t e a l  a n d  a x i l l a r y  ly m p h  n o d e s  o f  
b o t h  f r o n t  a n d  b a c k  l e g s .

1 1 1 . 2 . 2 . 2 . 2  D e t e r m i n a t i o n  o f  a n t i — Leishmania  I g  
l e v e l s  i n  t h e  im m u n e  r a b b i t  s e r u m

S a m p l e s  o f  b l o o d  w e r e  t a k e n  1 0  d a y s  a f t e r  t h e  l a s t  
i n o c u l a t i o n ,  t h e  s e r u m  s e p a r a t e d  a n d  t h e  a n t i b o d y  l e v e l s  
t i t r a t e d  b y  t h e  i n d i r e c t  i m m u n o f l u o r e s c e n c e  t e c h n i q u e  
( I I F T ) .  T h e  g e n e r a l  p r o c e d u r e  o f  t h e  t e c h n i q u e  i s  d e s c r i b e d  
i n  d e t a i l  i n  C h a p t e r I V .  F o r  t h e  t i t r a t i o n  o f  r a b b i t  
a n t i s e r a ,  s m e a r s  o f  L .  major  a n d  L.mexicana 

p r o m a s t i g o t e s ,  f i x e d  i n  a c e t o n e  w e r e  u s e d  a s  t h e  a n t i g e n .  
S e r i a l l y  d i l u t e d  im m u n e  s e r u m  t o  L.major  o r  
L.mexicana  w a s  a d d e d  t o  t h e  h o m o l o g o u s  a n t i g e n  ( f i r s t  
l a y e r ) ,  after  w a s h i n g  w i t h  P B S , f l u o r e s c e i n  i s o t h i o c y a n a t e  
(F IT C )  c o n j u g a t e d  g o a t  a n t i —r a b b i t  I g  (NORDIC LABO RA TO RIES, 

MAIDENHEAD, ENGLAND), a t  a  w o r k i n g  d i l u t i o n  o f  1 : 4 0 ,  w a s  
a d d e d  t o  t h e  a n t i g e n  ( s e c o n d  l a y e r ) .  T h i s  t i t r a t i o n  s h o w e d  
t h a t  a  t h i r d  b o o s t i n g  i n j e c t i o n  w a s  n e c e s s a r y  t o  a c h i e v e  
g o o d  a n t i b o d y  l e v e l s .  T h i s  i n j e c t i o n  w a s  g i v e n  a f t e r  a  
r e s t i n g  p e r i o d  o f  1 t o  2  w e e k s .  P o s i t i v e  t i t e r s  t o  b o t h  
a n t i g e n s  w e r e  1 : 3 2 0 0 .

1 1 1 . 2 . 2 . 2 . 3  P r e p a r a t i o n  o f  s e r u m  i m m u n o g l o b u l i n s
T h e  r a b b i t  w a s  b l e d  f r o m  t h e  m a r g i n a l  v e i n  o f  t h e  e a r  1 0  

d a y s  a f t e r  t h e  t h i r d  i n j e c t i o n  o f  a n t i g e n ,  f o l l o w i n g  t h e  
t e c h n i q u e  d e s c r i b e d  b y  HERBERT ( 1 9 7 8 ) .  N o r m a l l y ,  3 5  t o  4 0  
m l o f  b l o o d  w e r e  o b t a i n e d ,  y i e l d i n g  1 5  t o  2 0  m l o f  s e r u m -
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The serum immunoglobulins were precipitated using a 50 % 

s a t u r a t e d  a m m o n iu m  s u l p h a t e  s o l u t i o n  a t  pH  7 . 2 .
T h e  a n t i s e r u m  t o  b e  p r e c i p i t a t e d  w a s  f i r s t  d i l u t e d  1 : 1  

i n  PB S pH  7 . 2 ,  a n d  t h e n  a n  e q u a l  v o lu m e  o f  5 0  X  s a t u r a t e d  
am m o n iu m  s u l p h a t e  s o l u t i o n  w a s  a d d e d  d r o p w i s e ,  w i t h  
c o n s t a n t  s t i r r i n g  t o  t h e  d i l u t e d  a n t i s e r a  m a i n t a i n e d  i n  a n  
i c e  b a t h .  T h e  p r e c i p i t a t e  w a s  k e p t  a t  4 ° C  o v e r n i g h t  
a n d  t h e n  c e n t r i f u g e d  a t  9 0 0 0  rp m  f o r  1 5  m in  a t  t h e  s a m e  
t e m p e r a t u r e ;  t h e  s u p e r n a t a n t  w a s  d e c a n t e d  a n d  t h e  p e l l e t  
r e s u s p e n d e d  i n  PB S  t o  t h e  o r i g i n a l  v o lu m e  o f  t h e  s e r u m .  T h e  
s a m e  v o lu m e  o f  s a t u r a t e d  a m m o n iu m  s o l u t i o n  w a s  a d d e d  a n d  
c e n t r i f u g e d  a g a i n ,  t h i s  r e s u s p e n s i o n  a n d  s p i n n i n g  p r o c e d u r e  
w a s  r e p e a t e d  tw o  m o r e  t i m e s .  T h e  f i n a l  i m m u n o g l o b u l i n  
p r e c i p i t a t e  w a s  r e d i s s o l v e d  i n  a  m in im u m  v o lu m e  o f  PB S a n d  
t h e  r e s i d u a l  am m o n iu m  s u l p h a t e  e l i m i n a t e d  b y  e i t h e r  
d i a l y s i s  a g a i n s t  PB S o r  b y  S e p h a d e x  G 2 5  f i l t r a t i o n .

I I I . 2 . 2 . 2 . 4  D e s a l t i n g  o f  t h e  i m m u n o g l o b u l i n  
p r e c i p i t a t e

D i a l y s i s
T h e  p r e c i p i t a t e d  i m m u n o g l o b u l i n s  w e r e  d i a l y s e d  a g a i n s t  

PB S pH 7 . 2  a t  4**C w i t h  c o n t i n u o u s  s t i r r i n g ;  t h e  
d i a l y s i n g  f l u i d  w a s  r e p l a c e d  3  t o  5  t i m e s  d a i l y  a n d  t h e  
d i a l y s i s  c o n t i n u e d  u n t i l  a m m o n iu m  s u l p h a t e  a s  d e t e c t e d  b y  
B a r iu m  p r e c i p i t a t i o n  w a s  n o  l o n g e r  d e t e c t e d  i n  t h e  
d i a l y s i n g  P B S .

A f t e r  d i a l y s i s ,  a n y  r e m a i n i n g  p r e c i p i t a t e  w a s  s p u n  o u t
a n d  d i s c a r d e d .
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S e p h a d e x  6  2 5  f i l t r a t i o n
I n  o t h e r  i n s t a n c e s ,  t h e  d e s a l t i n g  w a s  a c h i e v e d  b y  p a s s i n g  

t h e  I g  p r e c i p i t a t e ,  p r e v i o u s l y  e q u i l i b r a t e d  b y  d i a l y s i s  
w i t h  0 . 0 1  M p h o s p h a t e  b u f f e r ,  t h r o u g h  a  c o lu m n  o f  S e p h a d e x  
G 2 5  p r e - e q u i 1 i b r a t e d  w i t h  0 . 0 1  M p h o s p h a t e  b u f f e r  pH 8 .
T h e  v o i d  v o lu m e  o f  t h e  c o lu m n  w a s  d e t e r m i n e d  p r e v i o u s l y  b y  
D e x t r a n  b l u e  e x c l u s i o n .

I I I . 2 . 2 . 2 . 5  S a m p l e  c o n c e n t r a t i o n
W hen n e c e s s a r y ,  t h e  s a m p l e s  w e r e  c o n c e n t r a t e d  u s i n g  

n e g a t i v e  p r e s s u r e  d i a l y s i s .  T h e  s a m p l e  w a s  p l a c e d  i n t o  a  
s e c t i o n  o f  d i a l y s i s  t u b i n g  (D IC E  INTERNATIONAL 1 - 8 / 3 2 " )  
c l o s e d  b y  a  k n o t  a t  o n e  e n d ,  w h i c h  w a s  t h e n  p l a c e d  i n s i d e  a  
o n e  l i t e r  f i l t e r  f l a s k ,  f i l l e d  u p  t o  3  cm  f r o m  i t s  b o t t o m  
w i t h  t h e  s a m e  f l u i d  i n  w h i c h  t h e  s a m p l e  w a s  c o n t a i n e d .  T h e  
f l a s k  m o u th  w a s  s e a l e d  w i t h  a  b o r e d  s t o p p e r ,  t h r o u g h  w h ic h  
a  s e c t i o n  o f  g l a s s  t u b i n g  w a s  p a s s e d  t o  a l l o w  t h e  r e f i l l i n g  
o f  t h e  d i a l y s i s  t u b i n g  w i t h  f u r t h e r  a m o u n t s  o f  t h e  s a m p l e .

T h e  a s s e m b l y  w a s  c h e c k e d  f o r  l e a k s  i n  t h e  s e a l i n g  a n d  
v a c u u m  w a s  a p p l i e d  w i t h  c o n t i n u o u s  s t i r r i n g  o f  t h e  f l u i d  
u n t i l  n o  b u b b l e s  w e r e  v i s i b l e .  T h e  v a c u u m  t u b e  w a s  t h e n  
s e a l e d  a n d  t h e  s y s t e m  t r a n s f e r r e d  t o  4 ° C  w h e r e  t h e  
v a c u u m  w a s  a l l o w e d  t o  a c t  u n t i l  t h e  d e s i r e d  c o n c e n t r a t i o n  
w a s  r e a c h e d .  T h e  s a m p l e ' s  p r o t e i n  c o n t e n t  w a s  t h e n
d e t e r m i n e d  a s  d e s c r i b e d  e l s e w h e r e .
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I I I . 2 . 2 . 2 . 6  P u r i f i c a t i o n  o f  I m m u n o g l o b u l i n  B

Ig B  w a s  p u r i f i e d  b y  i o n  e x c h a n g e  c h r o m a t o g r a p h y  u s i n g  
d i e t h y l  a m i n o e t h y l  (DEAE) c e l l u l o s e .  B o t h  t h e  b a t c h  a n d  t h e  
c o lu m n  m e th o d  w e r e  u s e d  .

B a t c h  m e th o d
DEAE cellulose (Whatman DE52) was first equilibrated 

w i t h  O .O IM  p h o s p h a t e  b u f f e r  (pH  8 . 0 ) .  T o  1 0 0  g .  o f  D E 5 2 ,
5 5 0  m l o f  O .O IM  p h o s p h a t e  b u f f e r  pH  8 . 0  w e r e  a d d e d ,  t h e  
m i x t u r e  w a s  t i t r a t e d  b a c k  w i t h  1M H C 1, t h e  s l u r r y  a l l o w e d  
t o  s e t t l e  f o r  3 0  m in  a n d  t h e  s u p e r n a t a n t  r e m o v e d .  T h i s  
c y c l e  o f  s e t t l i n g ,  d e c a n t a t i o n  a n d  r e s u s p e n s i o n  w a s  
r e p e a t e d  1 0  t i m e s ,  a f t e r  w h i c h  t h e  s l u r r y  w a s  p o u r e d  i n t o  a  
B u c h n e r  f u n n e l  c o n t a i n i n g  tw o  l a y e r s  o f  W h a tm a n  
N ° 1 f i l t e r  p a p e r  a n d  t h e  c e l l u l o s e  s u c k e d  d r y  b y  
v a c u u m  f o r  3 0  s e c s .

T h e  r a b b i t  i m m u n o g l o b u l i n  ( I g )  s u s p e n s i o n  t o  b e  p u r i f i e d  
u s i n g  t h i s  m e th o d  w a s  p r e v i o u s l y  e q u i l i b r a t e d  w i t h  O .O IM  
phosphate buffer (pH 8.0) by filtration in Sephadex 

G 2 5 .  5  g  ( w e t  w e i g h t )  c e l l u l o s e  f o r  e a c h  m l o f  Ig G  
s u s p e n s i o n  w e r e  m ix e d  a t  4 ° C  a n d  t h e  m i x t u r e  s t i r r e d  
t h o r o u g h l y  e v e r y  1 0  m in  f o r  1 h o u r ,  t h e n  t h e  s l u r r y  w a s  
p o u r e d  o n t o  a  B u c h n e r  f u n n e l  a n d  t h e  s u p e r n a t a n t  c o n t a i n i n g  
t h e  Ig G  w a s  s u c k e d  t h r o u g h ,  t h e  c e l l u l o s e  w a s  t h e n  q u i c k l y  
w a s h e d  w i t h  3  v o l s  o f  2 0  m l o f  t h e  s a m e  b u f f e r .  T h e
c o m b i n e d  e f f l u e n t s  c o n t a i n e d  t h e  I g G .
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C o lu m n  m e th o d
T h e  DEAE c e l l u l o s e  w a s  e q u i l i b r a t e d  a s  d e s c r i b e d  a b o v e  

a n d  p a c k e d  i n  a  c o lu m n  ( b e d  v o l  2 4  x 3 . 5  c m ) .  I g  ( 1 0  m l 
s a m p l e ) , p r e v i o u s l y  e q u i l i b r a t e d  w i t h  0 .0 1 M  p h o s p h a t e  
b u f f e r  (pH  8 . 0 )  b y  t h e  d i a l y s i s  m e t h o d ,  w a s  a d d e d  t o  t h e  
c o lu m n  a n d  e l u t e d  w i t h  t h e  s a m e  b u f f e r .  T h e  e f f l u e n t  w a s  
m o n i t o r e d  f o r  p r o t e i n  c o n t e n t  b y  c o l l e c t i o n  o f  e v e r y  5  
d r o p s  o f  t h e  e f f l u e n t  i n t o  0 .5 m l  o f  TCA s o l u t i o n  ( 1 0  % 
t r i c h l o r o a c e t i c  a c i d  i n  w a t e r ) .  T h e  e f f l u e n t  w a s  c o l l e c t e d  
a s  s o o n  a s  a  w h i t e  p r e c i p i t a t e  w a s  d e t e c t e d  i n  t h e  TCA t e s t  
a n d  u n t i l  n o  m o r e  p r e c i p i t a t e  o c c u r e d .  F a l l o w i n g  
p u r i f i c a t i o n ,  t h e  I g S  c o n t a i n i n g  e f f l u e n t s  w e r e  
c o n c e n t r a t e d  b y  d i a l y s i s  a n d  a s s a y e d  f o r  p r o t e i n  
c o n c e n t r a t i  o n .

I I I . 2 . 2 . 2 . 7  P r e p a r i n g  F ( a b ) * a  f r a c t i o n s  o f  Iq G
P e p s i n  h y d r o l y s i s  o f  I g  p r o d u c e s  a  m a j o r  f r a g m e n t  ( t h e  

F ( a b ) 'a s )  a n d  a  s m a l l  f r a g m e n t  ( t h e  P ' f c ) .  T h e  f o r m e r  
r e t a i n s  t h e  a b i l i t y  t o  b i n d  a n t i g e n .

F o r  p e p s i n  d i g e s t i o n ,  t h e  Ig G  s u s p e n s i o n  w a s  a d j u s t e d  t o  
2 0  m g /m l a n d  d i a l y s e d  a g a i n s t  O .1M  s o d i u m  a c e t a t e  f o r  3  
h o u r s .  F o l l o w i n g  d i a l y s i s ,  t h e  pH  o f  t h e  s u s p e n s i o n  w a s  
a d j u s t e d  t o  pH  4 . 5  w i t h  a c e t i c  a c i d  a n d  p r e —w a rm e d  t o  
37*»C b e f o r e  t h e  a p p l i c a t i o n  o f  t h e  e n z y m e .

T h e  e n z y m e  P e p s i n  (2 x  c r y s t a l l i z e d  a n d  l y o p h i l i z e d  
p o w d e r  3 0 —8 5  u n i t s / m g  p r o t e i , f r o m  SIGMA CHEM ICALS) w a s  
a d d e d  t o  t h e  s a m p l e  ( 2  mg o f  p e p s i n  f o r  e a c h  1 0 0  mg o f  Ig B )
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a n d  i n c u b a t e d  a t  3 7 ° C  o v e r n i g h t -  A f t e r  t h a t ,  t h e
s a m p l e  w a s  c e n t r i f u g e d ,  t h e  p r e c i p i t a t e s  d i s c a r d e d  a n d  t h e
pH  o f  t h e  s u s p e n s i o n  a d j u s t e d  t o  7 . 4 .  F i n a l l y  t h e
s u s p e n s i o n  w a s  d i a l y s e d  a g a i n s t  PB S  a t  4 ° C  f o r  2 4
h o u r s ,  c e n t r i f u g e d  a n d  t h e  p r o t e i n  c o n c e n t r a t i o n  e s t i m a t e d .

1 1 1 . 2 . 2 . 2 . 8  I s o l a t i o n  o f  Iq G  f r a g m e n t s
T h e  i s o l a t i o n  o f  Ig G  f r a g m e n t s  w a s  d o n e  b y  g e l  

f i l t r a t i o n  t h r o u g h  a  S e p h a c r y l  S  2 0 0  c o lu m n  < b e d  v o lu m e  9 0  
x 2 . 5 )  (PHARM ACIA, UPSA LA , SWEDEN) T h e  c o lu m n  w a s  
e q u i l i b r a t e d  w i t h  PB S (pH  7 . 2 )  c o n t a i n i n g  0 . 0 2  % s o d i u m  
a z i d e .  2  m l ( 8  t o  1 2  m g /m l)  o f  Ig G  w a s  a p p l i e d  t o  t h e  
c o lu m n  t h r o u g h  a  p e r i s t a l t i c  p um p  a n d  t h e n  t h r o u g h  a  f l o w  
a d a p t e r .  I m m e d i a t e l y  a f t e r  a p p l i c a t i o n  o f  t h e  s a m p l e ,  t h e  
c o lu m n  w a s  r u n  a t  2 0  m l / h o u r  c o l l e c t i n g  s a m p l e s  o f  2 . 5  m l 
u s i n g  a  f r a c t i o n  c o l l e c t o r  (L K B ).

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

1 1 1 . 2 . 2 . 2 . 9  I m m u n o l o g i c a l  a n a l y s i s  o f  t h e  f r a g m e n t s
U n d i g e s t e d  Ig G  a n d  f r a c t i o n s  1 ,  2 ,  a n d  3  w e r e  c h e c k e d

f o r  t h e i r  s p e c i f i c i t y  a n d  n a t u r e  b y  t h e  d o u b l e  
i m m u n o d i f f u s i o n  t e c h n i q u e .  T h e  i m m u n o p l a t e s  w e r e  p r e p a r e d  
i n  P e t r i  d i s h e s  ( 5  cm  d i a m e t e r )  w h i c h  w e r e  p r e c o a t e d  b y  
d r y i n g  a n  a g a r  s o l u t i o n  ( 5  7. i n  P B S ) o n  t h e m  i n  o r d e r  t o  
h o l d  t h e  f i n a l  a g a r  i n  p l a c e  d u r i n g  t h e  w a s h i n g
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procedudures. The d e f i n i t i v e  a g a r  c o a t  o f  3 . 5  m l o f  2  % 
N o b l e  a g a r  (D IF C O ) i n  PB S c o n t a i n i n g  0 . 0 2  X s o d i u m  a z i d e  a t  
6 0 0 C w a s  p o u r e d  o n  t h e  p r e c o a t e d  P e t r i  d i s h e s .  A f t e r  
t h e  a g a r  h a d  c o o l e d  a n d  s e t ,  t h e  r e q u i r e d  h o l e s  w e r e  c u t .  A 
c e n t e r  h o l e  a n d  6  e q u i d i s t a n t  s u r r o u n d i n g  h o l e s  o f  5mm i n  
d i a m e t e r  a n d  5mm s p a c e  b e t w e e n  w e l l s  w e r e  p u n c h e d  o u t  w i t h  
c u t t e r s .  T h e  w e l l s  w e r e  f i l l e d  w i t h  t h e  im m u n e  r e a g e n t s  
u n t i l  t h e  m e n i s c u s  d i s a p p e a r e d ,  a n d  t h e  p e t r i  d i s h e s  w e r e  
p l a c e d  i n  a  h u m id  c h a m b e r  a t  2 6 c*C f o r  4 8  h o u r s .
T h e r e a f t e r ,  t h e  p l a t e s  w e r e  w a s h e d  i n  PB S  f o r  2 4  t o  4 8  
h o u r s ,  c o v e r e d  w i t h  f i l t e r  p a p e r ,  d r i e d  o v e r n i g h t  a n d  
s t a i n e d  f o r  5  m in  i n  7 0  % o f  0 . 5  % A m i d o - b l a c k  i n  7 0  X 
m e t h a n o l ,  2 0  % d i s t i l l e d  w a t e r  a n d  1 0  % g l a c i a l  a c e t i c  
a c i d .  T h e  p l a t e s  w e r e  t h e n  d i f f e r e n t i a t e d  i n  t h e  
m e t h a n o l - w a t e r — a c e t i c  a c i d  m i x t u r e  u n t i l  t h e  g e l  w a s  n e a r l y  
c o l o u r l e s ,  b u t  t h e  p r e c i p i t a t i o n  a r c s  r e m a i n e d  b l u e .

Two i m m u n o d i f f u s i o n  s y s t e m s  w e r e  u s e d .  I n  t h e  f i r s t  o n e ,  
t h e  a c t i v i t y  o f  t h e  f r a c t i o n s  w a s  t e s t e d  b y  t h e i r  a b i l i t y  
t o  r e a c t  w i t h  g o a t  a n t i - r a b b i t  gam m a g l o b u l i n  ( w h o l e  
m o l e c u l e )  (NORDIC LABORATORIES) ( F i g . l a )  a s  f o l l o w s :  t h e  
g o a t  a n t i - r a b b i t  gam m a g l o b u l i n  w a s  p l a c e d  i n  t h e  c e n t r a l  
w e l l ,  f r a c t i o n s  1 ,  2 ,  a n d  3  o b t a i n e d  a f t e r  f r a c t i o n a t i o n  o f  
a n t i —L. maxicana Ig  w e r e  p l a c e d  i n  w e l l s  1 ,  2  a n d  3  
r e s p e c t i v e l y ,  t h e  o r i g i n a l  u n d i g e s t e d  r a b b i t  
a n t i —I -mexicana  a n d  u n d i g e s t e d  a n t i - i . v a j o r  Ig G  a n d  
P B S  w e r e  p l a c e d  i n  w e l l s  4 ,  5 ,  a n d  6 .  T h i s  r e s u l t e d  i n  a  
c o n t i n u o u s  p r e c i p i t a t i o n  l i n e  f r o m  w e l l s  1 t o  5 ,  i n d i c a t i n g  
s p e c i f i c i t y  a n d  a c t i v i t y  o f  t h e  g o a t  a n t i  r a b b i t  I g S  t o  
r a b b i t  a n t i —Laishwania  a n t i b o d y ,  b e f o r e  a n d  a f t e r
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p e p s i n  h y d r o l y s i s .
T h e  s e c o n d  i m m u n o d i f f u s i o n  s y s t e m  w a s  s e t  u p  i n  o r d e r  t o  

i d e n t i f y  t h e  n a t u r e  o f  t h e  f r a g m e n t s  o b t a i n e d  a f t e r  p e p s i n  
h y d r o l y s i s  o f  t h e  r a b b i t  a n t i — Leishwania  Ig G  b y  t h e i r  
a b i l i t y  t o  r e a c t  w i t h  a n t i —r a b b i t  Ig G  ( F c )  r a i s e d  i n  g o a t  
(NORDIC LABORATORIES) ( F i g .  l b ) . I n  t h i s  im m u n o —d i f f u s i o n  
s y s t e m ,  t h i s  r e a g e n t  o c c u p i e d  t h e  c e n t r a l  w e l l ,  w h i l e  
f r a c t i o n s  1 ,  2 ,  a n d  3  w e r e  p l a c e d  i n  t h e  1 ,  2 ,  a n d  3  w e l l s  
r e s p e c t i v e l y ;  r a b b i t  a n t i —L. wexicana  Ig G  ( w h o l e  
m o l e c u l e )  s e r v e d  a s  a  c o n t r o l  a n d  w a s  p l a c e d  i n  w e l l  5 ,  
w e l l s  4  a n d  6  w e r e  f i l l e d  w i t h  P B S . T h e  F i g .  l b  s h o w s  t h e  
r e s u l t ,  f r a c t i o n  2  a n d  u n d i g e s t e d  Ig G  ( a n t i —L- mexicana 

Ig G )  r e a c t e d  w i t h  g o a t  a n t i  r a b b i t  Ig G  ( F c )  w h i l e  
f r a c t i o n s  1 a n d  3  d i d  n o t .  T h e  r e s u l t s  i n d i c a t e d  t h e  
p r e s e n c e  o f  t h e  F c  f r a g m e n t  o n l y  i n  w e l l s  2  a n d  5 .
F r a c t i o n s  1 a n d  3  d i d  n o t  r e a c t  w i t h  a n t i —r a b b i t  I g S  ( F c )  
a n d  t h e r e f o r e  c o n t a i n  t h e  F ( a b ) ' 2  f r a c t i o n .  F r a c t i o n  1 
c o n t a i n e d  t h e  F ( a b ) ' 2  f r a c t i o n  w h i c h  a l s o  c o n t a i n e d  
t h e  h i g h e s t  p r o t e i n  c o n c e n t r a t i o n  am o n g  t h e  d i f f e r e n t  
f r a c t i o n s  ( s e e  T a b l e  1 ) .  F u r t h e r  e x p e r i m e n t s  w e r e  p e r f o r m e d  
w i t h  f r a c t i o n  1 ,  c o n s i d e r e d  t o  b e  t h e  F ( a b ) ' 2  f r a g m e n t  
o f  Ig G  Lm mexicana  a n t i b o d y .

S p e c i f i c i t y  a n d  t i t r a t i o n  o f  F ( a b ) ' 2  f r a c t i o n  o f  t h e  
r a b b i t  a n t i — Leishmania  Ig G

T h e  i n d i r e c t  i m m u n o f l u o r e s c e n c e  t e c h n i q u e  w a s  u s e d .  T h e  
t e c h n i q u e  i s  e x p l a i n e d  i n  d e t a i l  i n  C h a p t e r  V . S m e a r s  o f  
L. wexican a  p r o m a s t i g o t e s ,  a c e t o n e  f i x e d ,  w e r e  u s e d  a s



FIGURE 1 . A FIGURE l.B

FIGURE 1 (A and B). Immunodiffusion of fractions from 
DEAE cellulose chromatography of pepsin digest of 
rabbit anti- L . m e x i c a n a IgG and of undigested rabbit 
anti-1. m e x i c a n a and rabbit anti-1, ma j o r IgG.

In (A) the activity of the digested fractions and 
undigested IgG is tested. Central well contained goat 
anti—rabbit IgG . Wells 1 to 3 contained fraction 1,2 
and 3 obtained after pepsin digestion of rabbit 
anti-1, m e x i c a n a IgG, well 4 contained undigested 
rabbit anti-1, m e x i c a n a (original sample) and well 
5 contained undigested rabbit anti-1, ma jo r IgG.
Well 6 contained PBS.

Goat anti-rabbit IgG recognized the immunoreagents 
from wells 1 to 5.

In B, the immunological nature of the digest 
fragments is shown by comparing the ability of the 
rabbit anti-1, m e x i c a n a IgG (original sample, well 
5) and their pepsin digested fractions 1,2 and 3 (well
1,2 and 3 respectively) to react with goat anti—rabbit 
IgG (Fc) (central well). Wells 4 and 6 contained PBS.

Goat anti-rabbit IgG (Fc) recognized the undigested 
rabbit anti—L. mexicana IgG and and fraction 2, but 
failed to recognized fractions 1 and 3.
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a n t i g e n s  o n  w h ic h  F ( a b ) ' 2  s e r i a l  d i l u t i o n s  w e r e  
l a y e r e d  ( f i r s t  l a y e r ) , F IT C  c o n j u g a t e d  g o a t  a n t i —r a b b i t  
w h o l e  Ig G  ( w o r k i n g  d i l u t i o n  1 : 4 0  ) r e p r e s e n t e d  t h e  s e c o n d  
l a y e r .  T h e  i m m u n o f l u o r e s c e n t  t i t e r  w a s  1 : 8 0 0 .

C o n t r o l s :  PB S  a n d  n o r m a l  r a b b i t  s e r u m  s u b s t i t u t e s  f o r  
t h e  f  i  r s t  1 a y e r  s e r v e d  a s  c o n t r o l .

N o f l u o r e s c e n c e  w a s  o b s e r v e d  i n  t h e s e  c a s e s .

1 1 1 . 2 . 2 . 2 . 1 0  I r o m u n o a b s o r p t i o n  o f  t h e  F ( a b ) ‘2  f r a c t i o n  
o f  r a b b i t  a n t i - 1 .  mexicana  I g S  w i t h  m o u s e  
a n t i g e n s

I n  o r d e r  t o  r e m o v e  a n y  r a b b i t  a n t i b o d y  c r o s s - r e a c t i n g  
w i t h  m o u s e  a n t i g e n ,  t h e  F ( a b ) ' a  f r a c t i o n  o f  
a n t i - 1 .  wexicana  a n d  n o r m a l  r a b b i t  s e r u m  w e r e  
a b s o r b e d  f o u r  t i m e s  a t  3 0  m in  f o r  e a c h  p e r i o d ,  a t  
3 7 ° C  w i t h  1m l o f  s p l e e n  c e l l  s u s p e n s i o n  f r o m  
u n i n f e c t e d  B A L B /c  m i c e .

T a b l e  1 s u m m a r i z e s  t h e  p r o c e d u r e s  u s e d  f o r  o b t a i n i n g  t h e  
F ( a b ) ' 2  f r a c t i o n  o f  r a b b i t  a n t i — Leishmania  I g B .
I t  c a n  b e  s e e n  t h a t  b o t h  a n t i - 1 .  major  a n d  a n t i - 1 .  
m&xicana  s e r a  w e r e  t r e a t e d  i n  o r d e r  t o  o b t a i n  t h e  
F ( a b ) ' 2  f r a c t i o n s ,  b u t  o n l y  t h e  a n t i - 1 .  
mexicana  Ig G  p r o c e d u r e  g a v e  s u f f i c i e n t  p r o t e i n  f o r  
f u r t h e r  a n a l y s i s .
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TABLE 1

PROCEDURES USED IN  THE PREPARATION OF F ( a b ) ' FRACTION 
OF Ig G  RA BBIT ANTI L e i s h m a n i a  A N T I B O D Y '

ANTISERA TO
L . m a j o r L .  m e x i c a n a  I L . m e x i c a n a

AMOUNT
P R E C IP IT A T E D

ANTIGEN ANTIGEN ANTIGEN

IN  <NH4)2S 0 4 8 0  mg I g 1 6 2 . 5  mg I g 1 5 6  mg I g
DEAE 4 . 5  mg Ig G 4 0  mg Ig G 3 0 . 4  mg Ig G
P E P S IN
D IG E ST IO N 2 4  m g . F Ig G 1 6  m g . F Ig G
AMOUNT F I  4 . 7  m g . F I  2 . 5  m g.
OBTAINED BY F 2  2 . 9  m g. F 2  1 . 7  m g.
SEPHACRYL 6 2 0 0  
F IL T R A T IO N

F 3  1 . 3  m g. F 3  0 . 8  mg

DEAE : diethyl aminoethyl cellulose.
I g  i m m u n o g l o b u l i n  Ig G  : i m m u n o g l o b u l i n  6 .  

F Ig G  : f r a c t i o n a t e d  i m m u n o g l o b u l i n  6  
DEAE f r a c t i o n a t i o n  f o r  L .  m a j o r  a n d  L .  m e x i c a n a  I 

a n t i g e n s  b a t c h  m e t h o d ,  L .  m e x i c a n a  I I  c o lu m n  m e t h o d .
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I I I . 2 . 2 . 3  P r e p a r a t i o n  o f  f l u o r e s c e i n  i s o t h i o c i n a t e  
(F IT C )  c o n j u g a t e s

Two c o n j u g a t e s  w e r e  p r e p a r e d ;  F IT C —L. mexicana 

a n t i g e n  a n d  F IT C  a n t i —m o u s e  Ig G  ( F a b ) .  T h e  c o n j u g a t i o n  
p r o c e s s  w a s  c a r r i e d  o u t  a c c o r d i n g  t o  BODING ( 1 9 7 6 ) .

Lm mexicana  a n t i g e n  (P S A ) w a s  o b t a i n e d  -fro m  
p r o m a s t i g o t e s  u s i n g  BRYCESON e t  a l . ( 1 9 7 0 )  t e c h n i q u e  ( s e e
a b o v e ) .  R a b b i t  a n t i - m o u s e  Ig G  ( F a b )  w a s  a  g i f t  f r o m  C .G . 
SHAPLAND ( M i d d l e s e x  H o s p i t a l  M e d i c a l  S c h o o l ,  L o n d o n ) .

I I I . 2 . 2 . 3 . 1  E v a l u a t i o n  o f  s p e c i f i c i t y  a n d  a c t i v i t y  o f  
t h e  s u b s t a n c e s  t o  b e  c o n j u g a t e d .

An e s t i m a t e  o f  t h e  s p e c i f i c i t y  a n d  a c t i v i t y  o f  t h e  
s u b s t a n c e  t o  b e  c o n j u g a t e d  i s  r e q u i r e d  b e f o r e  c a r r y i n g  o u t  
t h e  c o n j u g a t i o n  p r o c e d u r e .  F o r  c o n j u g a t i o n ,  a  g o o d  
im m u n r s e r u m  s h o u l d  h a v e  a  m in im u m  o f  8  u n i t s / m l  ( r e c i p r o c a l  
v a l u e  o f  t h e  p r e c i p i t a t i n g  t i t e r ) ,  b u t  b e s t  1 6  t o  3 2  
u n i t s / m l . ( JOHNSON e t  a l .  1 9 7 8 ) .

T h e  a g a r  d o u b l e  i m m u n o d i f f u s i o n  t e c h n i q u e  w a s  u s e d  i n  
order to determine the activity a n d  s p e c i f i c i t y  o f  t h e  
s u b s t a n c e  t o  b e  c o n j u g a t e d .  T h e  F i g u r e s  2 a  a n d  3 a  s h o w  t h e  
r e s u l t s .  F i g u r e  2 a  s h o w s  t h e  i m m u n o p l a t e  t e s t i n g  o f  
a n t i - m o u s e  Ig G  ( F a b ) .  T h e  c e n t r a l  w e l l  c o n t a i n e d  m o u s e  Ig G  
a n d  t h e  p e r i p h e r a l  w e l l s  d o u b l e  s e r i a l  d i l u t i o n s  ( 1 : 1 ,  t o  
1 : 3 2 )  o f  t h e  r a b b i t  a n t i —m o u s e  Ig G  ( F a b ) .  A c o n t i n u o u s  a r c  
o f  p r e c i p i t a t i o n  i s  o b s e r v e d  u p  t o  1 : 3 2  d i l u t i o n .

F i g u r e  3 a  s h o w s  i n  t h e  i m m u n o p l a t e  t e s t i n g  t h e  
s p e c i f i c i t y  a n d  a c t i v i t y  o f  t h e  Lm mexicana  a n t i g e n .
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FIG U R E S 2  (A a n d  B ) .
I m m u n o d i f f u s i o n  f o r  t e s t i n g  t h e  s p e c i f i c i t y  a n d  p o t e n c y  

o f  a n t i - m o u s e  Ig G  ( F a b )  b e f o r e  (A ) a n d  a f t e r  (B ) 
c o n j u g a t i o n  t o  F IT C  .

I n  A , c e n t r a l  w e l l  c o n t a i n e d  m o u s e  Ig G  a n d  w e l l s  1 t o  
6  d o u b l e  s e r i a l  d i l u t i o n s  ( 1 : 1  t o  1 : 3 2 )  o f  u n l a b e l l e d  
r a b b i t  a n t i —m o u s e  Ig G  ( F a b ) .

A r e a c t i o n  w a s  o b s e r v e d  u p  t o  1 : 3 2  d i l u t i o n .
I n  B , c e n t r a l  w e l l  c o n t a i n e d  m o u s e  Ig G  a n d  w e l l s  1 t o  

6  d o u b l e  s e r i a l  d i l u t i o n s  o f  a n t i —m o u s e  Ig G  ( F a b )  
c o n j u g a t e d  t o  F I T C .

A r e a c t i o n  w a s  o b s e r v e d  u p  t o  1 : 8  d i l u t i o n .

F IG U R E S 3  (A a n d  B ) .
I m m u n o d i f f u s i o n  f o r  t e s t i n g  t h e  s p e c i f i c i t y  a n d  

a c t i v i t y  o f  L . wexicana  a n t i g e n  b e f o r e  (A ) a n d  
a f t e r  (B ) c o n j u g a t i o n  t o  F I T C .

I n  A , c e n t r a l  w e l l  c o n t a i n e d  r a b b i t  a n t i —L .  
mexican a s e r u m  a n d  p e r i p h e r a l  w e l l s  c o n t a i n e d  s e r i a l  
d i l u t i o n s  o f  u n l a b e l l e d  t .  mexican a  s o l u b l e  a n t i g e n  
( 1 : 1  u p  t o  1 : 3 2 ) .

A r e a c t i o n  o f  i s  o b s e r v e d  u p  t o  1 : 8  d i l u t i o n .
I n  B f c e n t r a l  w e l l  c o n t a i n e d  r a b b i t  a n t i —L .  

mexicana  s e r u m  a n d  w e l l  1 u n d i l u t e d  L *  mexicana 
a n t i g e n  c o n j u g a t e d  t o  F I T C .

A p r e c i p i t a t i o n  a r c  d e m o n s t r a t e d  t h e  s p e c i f i c i t y  o f  
t h e  r e a c t i o n .
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FIGURE 2.A

FIGURE 3.A

FIGURE 2.B

FIGURE 3.B
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A n ti-L.mexican a  s e r u m  f i l l e d  t h e  c e n t e r  w e l l  a n d  
s e r i a l  d i l u t i o n s  o f  t h e  L. mexicana  a n t i g e n  w e r e  p u t  i n  
t h e  p e r i p h e r a l  w e l l s .  P r e c i p i t a t i o n  w a s  o b s e r v e d  i n  t h i s  
s y s t e m  u p  t o  a  1 : 8  d i l u t i o n  ( F i g u r e  3 a ) .

I I I . 2 . 2 . 3 . 2  C o n j u g a t i o n  p r o c e d u r e
P r i o r  t o  c o n j u g a t i o n ,  p r o t e i n  s o l u t i o n s  w e r e  a d j u s t e d  t o  

a  pH o f  9 . 5  b y  o v e r n i g h t  d i a l y s i s  a t  4*»C a g a i n s t  
c a r b o n a t e —b i c a r b o n a t e  b u f f e r  0 . 5  M, pH  9 . 5 .  T h e r e a f t e r ,  4  
m l o f  a  s o l u t i o n  c o n t a i n i n g  5 . 5  m g /m l o f  L . wexicana 

a n t i g e n  a n d  2  m l o f  a  s o l u t i o n  c o n t a i n i n g  6  m g /m l o f  
r a b b i t —a n t i m o u s e  Ig G  ( F a b )  w e r e  c o n j u g a t e d  w i t h  F IT C  (BDH 
i s o m e r  I 5 6 5 6 B 0 A 1 9 ) . T h e  d i a l y z e d  p r o t e i n  w a s  p l a c e d  i n  a  
s m a l l  b e a k e r  w i t h  a  m a g n e t i c  s t i r r e r  a n d  a l l o w e d  t o  w arm  t o  
ro o m  t e m p e r a t u r e .  F IT C  w a s  d i s s o l v e d  i n  d i m e t h y l s u l p h o x i d e  
( DMSO, HOPKINS Sc W ILLIAM S) a t  a  c o n c e n t r a t i o n  o f  1 mg 

F I T C / m l .  T h e  a m o u n t  o f  F IT C  a d d e d  t o  t h e  p r o t e i n  s o l u t i o n  
w a s  i n  t h e  o r d e r  o f  0 . 6  m g / 1 0 0  mg o f  p r o t e i n  f o r  L. 

mexican a a n t i g e n  a n d  0 . 8  m g / 1 0 0  mg o f  p r o t e i n  f o r  t h e  
r a b b i t  a n t i —m o u s e  Ig G  ( F a b ) , w h i c h ,  a c c o r d i n g  t o  BEUTNER, 
( 1 9 7 3 ) ,  s h o u l d  g i v e  a  m o l a r  F I T C / P r o t e i n  r a t i o  ( F / P )  o f  1 . 5  
a n d  2  r e s p e c t i v e l l y .

T h e  F IT C  s o l u t i o n  w a s  a d d e d  d r o p w i s e  t o  t h e  p r o t e i n  
s o l u t i o n  w i t h  c o n s t a n t  s t i r r i n g ,  t h e n  t h e  s o l u t i o n  w a s  
a l l o w e d  t o  s t a n d  f o r  2  h o u r s  a t  ro o m  t e m p e r a t u r e  p r o t e c t e d  
f r o m  l i g h t ,  a f t e r  w h i c h  t h e  r e a c t i o n  m i x t u r e  w a s  
t r a n s f e r r e d  t o  a  S e p h a d e x  G 2 5  c o lu m n  f o r  r e m o v a l  o f  t h e
u n b o u n d  f 1 u o r e s c e i  n .
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1 1 1 . 2 . 2 . 3 . 3  R e m o v a l  o f  f r e e  d y e  f r o m  t h e  c o n j u g a t e
S e p h a d e x  G 2 5  (PHARMACIA UPSALA SWEDEN) w a s  s w o l l e n  i n

PB S b y  p l a c i n g  t h e  g e l  s l u r r y  o n  a  b o i l i n g  w a t e r  b a t h  f o r  1 
h o u r .  T h e  s e p h a d e x  g e l  w a s  p a c k e d  i n  a  c o lu m n  ( 1 6  t o  1 8  x
1 . 5  cm b e d  v o l u m e )  a n d  e q u i l i b r a t e d  w i t h  PB S  pH  7 . 2 .  T h e  
u p p e r  s u r f a c e  o f  t h e  g e l  b e d  w a s  p r o t e c t e d  w i t h  f i l t e r  
p a p e r  i n  o r d e r  t o  a v o i d  d i s t u r b a n c e s  b y  a p p l i c a t i o n  o f  t h e  
s a m p l e .

T h e  c o n j u g a t e  m i x t u r e  w a s  t h e n  c a r e f u l l y  l a y e r e d  o n  t o p  
o f  t h e  g e l  b e d  a n d  e l u t i o n  c a r r i e d  o u t  w i t h  P B S  a t  a  f l o w  
r a t e  o f  a p p r o x i m a t e l y  0 . 5  m l / m i n .  A s  f i l t r a t i o n  p r o g r e s s e d ,  
a  c l e a r  s e p a r a t i o n  o f  tw o  y e l l o w  c o l o u r e d  b a n d s  b y  a n  
i n v i s i b l e  c a r b o n a t e - b i c a r b o n a t e  b a n d  ( d e t e c t e d  b y  pH 
t e s t i n g )  w e r e  o b s e r v e d .  T h e  f i r s t  c o l o u r e d  b a n d  t o  e m e r g e  
c o n t a i n e d  t h e  l a b e l l e d  p r o t e i n ,  a n d  t h e  s e c o n d  c o l o u r e d ,  
s l o w  m i g r a t i n g  b a n d  c o n t a i n e d  u n r e a c t e d  f r e e  d y e  (KAWAMURA, 
1 9 7 7 ) .

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

1 1 1 . 2 . 2 . 3 . 4  D e t e r m i n a t i o n  o f  F IT C  i n  t h e  c o n j u g a t e

P r e p a r a t i o n  o f  a  f l u o r e s c e i n  d i a c e t a t e  (FDA) 
r e f e r e n c e  S t a n d a r d

B e c a u s e  o f  t h e  i n s t a b i l i t y  o f  F IT C  i n  s o l v e n t s ,  FDA i s  
r e c o m m e n d e d  a s  a  r e f e r e n c e  s t a n d a r d  f o r  t h e  p r e p a r a t i o n  o f  
t h e  r e f e r e n c e  c u r v e  f o r  d e t e r m i n a t i o n  o f  F IT C  i n  t h e  
c o n j u g a t e s  (WICK e t  a l . 1 9 7 8 ) .
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An a l c o h o l i c  s o l u t i o n  o f  s o d i u m  h y d r o x i d e  ( 3  g  N aO H , 4 0  ml 
9 5  7L e t h a n o l )  w a s  s l o w l y  h e a t e d  t o  b o i l i n g  p o i n t ,  ( a n d  t h e  
s u p e r n a t a n t  d e c a n t e d  f r o m  t h e  e x c e s s  o f  NaOH s e d i m e n t )  w a s  
a d d e d  t o  5 0  mg FDA (SIGM A CHEM ICALS) a c c u r a t e l y  w e i g h e d ,  
w h ic h  w a s  t h e n  d i s s o l v e d  o n  a  h o t  p l a t e ,  w i t h  s t i r r i n g ,  
a l l o w e d  t o  c o o l  t o  ro o m  t e m p e r a t u r e ,  t r a n s f e r r e d  t o  a  5 0 0  
ml v o l u m e t r i c  f l a s k  a n d  m a d e  u p  t o  t h e  m a rk  w i t h  d i s t i l l e d  
w a t e r  ( f i n a l  d i l u t i o n  1 0  mg F D A /1 0 0  m l s o l u t i o n ) .

P r e p a r a t i o n  o f  FDA r e f e r e n c e  s t a n d a r d  c u r v e .
F i g .  4  s h o w s  t h e  FDA r e f e r e n c e  s t a n d a r d c u r v e  f o r  

d e t e r m i n a t i o n s  o f  t h e  F IT C  c o n c e n t r a t i o n  i n  t h e  c o n j u g a t e s .
A p p r o p r i a t e  d i l u t i o n s  o f  t h e  a b o v e  FDA r e f e r e n c e  

s t a n d a r d  s o l u t i o n  w e r e  m a d e  i n  0 . 1  s o d i u m  h y d r o x i d e ,  t o  
g i v e  a  s e r i e  o f  s o l u t i o n s  o f  c o n c e n t r a t i o n s  b e t w e e n  1 a n d  4  
ju g  o f  F D A /m l.

T h e  e x t i n c t i o n  v a l u e s  w e r e  r e a d  i n  a  s p e c t r o p h o t o m e t e r  
a t  4 9 0  nm a g a i n s t  NaOH a s  a  b l a n k  a n d  p l o t t e d  ( s e e  F i g .  4 ) .

Determination of the FITC bound to protein

O n c e  t h e  s t a n d a r d  c u r v e  h a s  b e e n  d e t e r m i n e d ,  a n  
a p p r o p r i a t e  d i l u t i o n  o f  t h e  c o n j u g a t e  i n  O .I N  NaOH t o  g i v e  
a  r e a d i n g  b e t w e e n  0 . 0 5  a n d  0 . 8  ( i n  10mm c e l l s )  a t  4 9 5  nm 
a g a i n s t  0 . 1  NaOH a s  a  b l a n k  w a s  p r e p a r e d .  T h e  c o n c e n t r a t i o n  
o f  F IT C  i n  jsq/ml  w a s  a s c e r t a i n e d  f r o m  t h e  s t a n d a r d  c u r v e  
f o r  FDA t h r o u g h  m u l t i p l i c a t i o n  b y  t h e  c o n s t a n t  1 . 0 6 6 .  T h i s  
c o n s t a n t  r e s u l t s  f r o m  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  
c o e f f i c i e n t  o f  e x t i n c t i o n  o f  FD A , w h i c h  w a s  f o u n d  t o  b e
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Figure 4

FDA Reference Curve 
for Determination of the FITC 

Concentration in Conjugates

0. D. FDA jjg./ml

0.220 1.00
0.440 2.00
0.860 4.00



1 3 9

0 - 2 0 8  EM a /m i  4 7 0  nm a n d  t h e  e x t i n c t i o n  c o e f f i c i e n t  f o r  
k n o w n  a m o u n t s  o f  F IT C  b o u n d  t o  p r o t e i n  ( E x p i g / m l ) 
w h i c h  w a s  f o u n d  t o  b e  0 - 1 9 5  (BEUTNER e t  a l . 1 9 7 3 )

E (F D A ) /E < F IT C )  b o u n d  t o  p r o t e i n  =  1 . 0 6 6

FDA (^ ig /m l ) x 1 . 0 6  =  P r o t e i n  b o u n d  F IT C  ( j u g / m l )

I I I . 2 . 2 . 3 . 5  P r o t e i n  d e t e r m i n a t i o n  o f  t h e  c o n j u g a t e s  
b y  B i u r e t  m e th o d

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

b o v i n e  s e r u m  a l b u m i n  (B SA ) 1 5 . 2  7. N2  (SIGM A CHEM ICALS) 
a s  t h e  s t a n d a r d .

A s t a n d a r d  p r o t e i n  s o l u t i o n  c o n t a i n i n g  1 0  mg 
N ss/m l (=  6 5 . 7 9  mg p r o t e i n / m l )  w a s  m a d e .

An i n i t i a l  d i l u t i o n  o f  1 : 2 0  o f  t h e  s t a n d a r d  p r o t e i n  
s o l u t i o n  i n  0 . 8 5  V. N aC l w a s  p r e p a r e d .  T h i s  s o l u t i o n  w a s  
u s e d  f o r  a  d i l u t i o n s  i n  N aC l 0 . 8 5  %, c o n t a i n i n g  s u c c e s i v e  
p r o t e i n  c o c e n t r a t i o n  ( s e e  T a b l e  2 ) .

B i u r e t  r e a g e n t  (SIGM A CHEM ICALS) w a s  a d d e d  t o  t h e  
p r o t e i n  s o l u t i o n  m i x e d ,  a n d  c o l o u r  a l l o w e d  t o  d e v e l o p  f o r  
3 0  m in  b e f o r e  r e a d i n g  i n  a  s p e c t r o p h o t o m e t e r  a t  5 6 0  nm a n d  
a  l i g h t  p a t h  o f  1 0  mm.

F o r  d e t e r m i n a t i o n  o f  t h e  p r o t e i n  c o n c e n t r a t i o n  i n  F IT C  
c o n j u g a t e s ,  t h e  e x t i n c t i o n  i s  m e a s u r e d  a t  5 6 0  nm s i n c e  
p r o t e i n s  u n d e r g o  a  c h a n g e  i n  t h e i r  a b s o r p t i o n  m ax im u m  a s  a  
r e s u l t  o f  c o n j u g a t i o n  w i t h  f 1 u o r o c h r o m e s  (WICK e t  a l .
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TABLE 2

DUAL DETERMINATION OF S E R IA L  PR O TEIN  D IL U T IO N S OF BSA FOR
A BIU RET STANDARD CURVE PREPARATION

N aC l 0 .8 5 7 . 1 : 2 0  BSA B IU R ET E X T IN T IO N PR O TEIN
SAMPLE SOLUTION D IL U T IO N (OD) CONCENT

1 - 2 2 . 0 0 . 0 8 . 0 0 . 0 0 0 0 . 0 0
3 - 4 1 . 5 0 . 5 8 . 0 0 . 0 5 0 0 . 8 8
5 - 6 1 . 0 1 . 0 8 . 0 0 . 0 9 0 1 . 6 4
7 - 8 0 . 5 1 . 5 8 . 0 O . 1 4 0 2 . 4 6

0T-t1 0 . 0 2 . 0 8 . 0 0 . 1 8 0 3 . 2 9

A l l  t h e  r e a g e n t s  e x p r e s s e d  i n  m i l l i l i t r e s .  E x t i n t i o n  
e x p r e s s e d  i n  u n i t s  o f  o p t i c a l  d e n s i t y .  P r o t e i n  

c o n c e n t r a t i o n s  i n  m g . / m l .
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Figure 5

Reference Curve for Protein Determination 

by the Biuret Method

Protein Concentration m g/m l
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1978).  The resultant OD (optical density) values obtained 

w e r e  p l o t t e d  ( s e e  F i g -  5 ) .

D e t e r m i n a t i o n  o f  p r o t e i n  i n  t h e  F IT C —c o n j u g a t e s
T h e  c o n j u g a t e  w a s  d i l u t e  i n  N a C l 0 . 8 5  % i n  o r d e r  t o  

o b t a i n  r e a d i n g s  w i t h i n  t h e  OD r a n g e  o f  t h e  c u r v e .
T h e  c o n j u g a t e  s a m p l e  a n d  t h e  B i u r e t  r e a g e n t  w e r e  m ix e d  

a n d  t h e  r e a c t i o n  a l l o w e d  t o  p r o c e e d  f o r  a t  l e a s t  3 0  m in .
T h e  e x t i n c t i o n  v a l u e s  (OD) w e r e  o b t a i n e d  b y  r e a d i n g  t h e  
s a m p l e s  i n  a  s p e c t r o p h o t o m e t e r  a t  5 6 0  nm i n  1 0  mm c u v e t t e s  
u s i n g  0 . 8 5  7. N a C l a s  a  b l a n k .

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

I I I . 2 . 2 . 3 . 6  C a l c u l a t i o n  o f  t h e  F / F  r a t i o
T h e  p r o t e i n  c o n c e n t r a t i o n  w a s  d e t e r m i n e d  b y  t h e  B i u r e t  

m e th o d  (mg p r o t e i n / m l  c o n j u g a t e ) . T h e  F IT C  b o u n d  t o  p r o t e i n  
i n  t h e  c o n j u g a t e  ( / ig  p r o t e i n - b o u n d  F IT C  ) w a s  d e t e r m i n e d  
f r o m  t h e  FDA S t a n d a r  c u r v e  a n d  a p p l i c a t i o n  o f  a  c o n v e r s i o n  
f a c t o r  o f  1 . 0 6 6 .

T h e  F / P  r a t i o  ( u s i n g  w e i g h t s )  i s  e x p r e s s e d  a s  

W/W F / P  =  p g  o f  F IT C  p r o t e i n  b o u n d /  mg p r o t e i n

T h e  m o l a r  F / P  r a t i o  i s  p r e f e r r e d ,  a n d  m ay  b e  o b t a i n e d  
f r o m  t h e  w e i g h t  r e f e r r e d  v a l u e  b y  t h e  f o l l o w i n g  c o n v e r s i o n s
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m o l a r  F / P  = 0 , 4 1  x (W/W) F / P

T a b l e  3  s h o w s  t h e  r e s u l t s  a f t e r  t h e  c h a r a c t e r i z a t i o n  o f  
t h e  c o n j u g a t e s

I I I . 2 . 2 . 3 . 7  D e t e r m i n a t i o n  o f  c o n j u g a t e  s p e c i f i c i t y  
a n d  t i t r a t i o n

T h e  s p e c i f i c i t y  a n d  p o t e n c y  o f  t h e  c o n j u g a t e s  w e r e  
t e s t e d  u s i n g  t h e  i m m u n o f l u o r e s c e n c e  a n d  t h e  a g a r  d o u b l e  
d i f f u s i o n  t e c h n i q u e s .  T h e  t e c h n i c a l  p r o c e d u r e s  h a v e  b e e n  
d e s c r i b e d  a b o v e .

T h e  F I T C - a n t i - m o u s e  Ig B  ( F a b )  w a s  t e s t e d  u s i n g  t h e  
d o u b l e  d i f f u s i o n  t e c h n i q u e .  T h e  F i g u r e  5  s h o w s  t h e  
p r e c i p i t a t i o n  a r c s  o b t a i n e d  a f t e r  r e a c t i o n  o f  m o u s e  Ig B  
( c e n t e r  w e l l )  a n d  s e r i a l  d o u b l e  d i l u t i o n s  ( 1 : 1  t o  1 : 3 2 )  o f  

F I T C - a n t i - m o u s e  I g S  ( F a b )  ( p e r i p h e r a l  w e l l s ) .  P r e c i p i t a t i o n  
w a s  o b s e r v e d  u p  t o  1 : 8  d i l u t i o n .

F I T C - £ .  mexican a a n t i g e n  w a s  t e s t e d  u s i n g  t h e  I I F T .  
A c e t o n e —f i x e d  p r o m a s t i g a t e s  s e r v e d  a s  t h e  a n t i g e n  f o r  
u n l a b e l l e d  a n t i — wexicana  Ig B  a n t i b o d y  w o r k i n g  
d i l u t i o n  1 : 4 0  ( f i r s t  L a y e r ) .  S e r i a l  d i l u t i o n s  ( 1 : 5  t o  1 : 4 0 )  
o f  F IT C —L.mexicana  a n t i g e n  c o n s t i t u t e d  t h e  s e c o n d  l a y e r  
o f  t h e  r e a c t i o n .  P o s i t i v e  s t a i n i n g  w a s  o b t a i n e d  u p  t o  1 : 1 0  
d i 1 u t i o n .

I n  t h e  d o u b l e  i m m u n o d i f f u s i o n  t e c h n i q u e ,  F IT C  l a b e l l e d  
4L. wexicana  a n t i g e n  ( u n d i l u t e d )  g a v e  a  p r e c i p i t a t i o n  
a r c  a g a i n s t  a n t i - t .  wexicana  Ig B  ( F i g . 3 b )
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TABLE 3

CHARACTERIZATION OF F IT C ~ L , MEXICANA 
ANTIGEN AND A NTI-M OUSE Ig G  (F a b )  F IT C

F IT C
L . m e x i c a n a  

ANTIGEN
F IT C

ANTI-M OUSE 
Ig G  F ( a b )

TOTAL PR O TEIN  PR IO R  
TO CONJUGATION ( m g .) 1 1 . 3 1 2 . 0
TOTAL PR O TEIN  
IN  CONJUGATE ( m g .) 5 . 5 5 . 5
M IL L IL IT R E S  OF CONJUGATE 1 0 . 0 5 . 0
PR O TEIN  CONCENTRATION 
IN  CONJUGATE ( m g . / m l . )

0 . 5 5 0 1 . 1 0 0
E F F IC IE N C Y  OF CONJUGATION 4 9 .1 2 % 4 5 .8 3 %
PR O TEIN  BOUND F IT C  
j i g . / m i .  X 1 . 0 6 6 2 . 6 3 7 . 0 3
W/W F / P  R A TIO 4 - 7 8 6 . 3 0
MOLAR F / P  R A TIO  
W/W F P  X 0 . 4 1 1 1 - 9 6 2 . 6 0
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I I I . 2 . 2 . 4  P r e p a r a t i o n  o f  t i s s u e s  f o r  i m m u n o f l u o 
r e s c e n c e  t e c h n i q u e

1 1 1 . 2 . 2 . 4 . 1  T i s s u e s  e m p l o y e d
T h e  i m m u n o f l u o r e s c e n c e  t e c h n i q u e  w a s  p e r f o r m e d  o n  

s a m p l e s  o f  s k i n  l e s i o n s  a n d  ly m p h  n o d e  r e m o v e d  f r o m  t h r e e  
m i c e  f r o m  e a c h  e x p e r i m e n t a l  g r o u p ,  e v e r y  tw o  w e e k s ,  u p  t o  
t h e  e i g h t e e n t h  w e e k  a f t e r  i n f e c t i o n .  P i e c e s  o f  t h e  e x c i s e d  
t i s s u e s  w e r e  p u t  o n  a  p i e c e  o f  f i l t e r  p a p e r ,  e m b e d d e d  a n d  
o r i e n t a t e d  i n  O .C .T .  e m b e d d i n g  m e d iu m  f o r  f r o z e n  t i s s u e  
s p e c i m e n s  (RAYMOND & LAMB, E n g l a n d ) ,  p l a c e d  i n  p l a s t i c  
v i a l s  a n d  t h e n  f r o z e n  i n  l i q u i d  n i t r o g e n  w h e r e  t h e y  w e r e  
k e p t  u n t i l  r e q u i r e d .

1 1 1 . 2 . 2 . 4 . 2  S e c t i o n i n g  f r o z e n  t i s s u e s
T h e  t i s s u e s  w e r e  t r a n s f e r r e d  f r o m  t h e  l i q u i d  n i t r o g e n  

c o n t a i n e r  t o  a  c r y o s t a t  c h a m b e r ,  t h e n  a l l o w e d  t o  r e a c h  
c r y o s t a t  t e m p e r a t u r e  ( - 2 0 ° C ) . A f t e r  t h a t ,  t h e  t i s s u e s  
w e r e  a t t a c h e d  t o  p r e c o a l e d  c h u c k s  w i t h  a  f e w  d r o p s  o f  
O .C .T .  c o m p o u n d  a n d  p l a c e d  o n  t h e  c r y o s t a t  m i c r o t o m e  t o  b e  
s e c t i o n e d .  F o u r  t o  f i v e  m i c r o n  s e c t i o n s  w e r e  m a d e  a n d  
p i c k e d  u p  o n  m u l t i - s p o t  s l i d e s  ( C .A .  H e n d l e y  L .T .D  E s s e x ) ,  
a l l o w e d  t o  d r y  a t  ro o m  t e m p e r a t u r e  a n d  k e p t  o v e r n i g h t  a t  
- 2 0 ° C  i n  a  s e a l e d  b o x .  I n  e a c h  c a s e  , e v e r y  o t h e r  
s e c t i o n  i n  t h e  s e r i e s  b e i n g  c u t  f o r  i m m u n o f l u o r e s c e n c e  w a s  
s t a i n e d  b y  h a e m a t o x y l i n  a n d  e o s i n ,  i n  o r d e r  t o  h e l p  i n  t h e  
i d e n t i f i c a t i o n  o f  t h e  c e l l s  a n d  s t r u c t u r e s  i n  t h e
f l u o r e s c e n t  s e c t i o n s .
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I I I . 2 . 2 . 4 . 3  I m m u n o f l u o r e s c e n c e  ( I F )  s t a i n i n g  
p r o c e d u r e s .

Direct (D IF T )  and indirect immunof1uorescence techniques 

( I I F T )  were performed. T h e  slides containing the tissue 
sections Mere removed from the freezer, allowed to Marm to 

room temperature, dried Mith a fan (cold current air) for 

half an hour, Mashed in PB S pH 7.2 for 10 minutes and 
fixed in a mixture of equal volumes of ethanol (95 V.) and 

ether (undiluted) for 10 min. After fixation, the slides 

Mere rinsed and Mashed in PBS 10 min and the excess 
fluid blotted off before being transferred to a rack in a 

humid chamber.

In the case of IIFT, the unconjugated immune-serum 

(first layer) Mas layered on the section, incubated for 30 

min, then the fluid blotted and the slides rinsed and 

Mashed in PB S 3 times (each Mash 10 min) using a magnetic 
stirrer. The excess PB S Mas then removed and the slides 
Mere transferred back to the humid chamber, treated Mith 

the corresponding fluorescent conjugate (second layer) for 

30 min and subsequently rinsed and Mashed in PB S 3 times 
for over 60 min. Finally, the sections Mere mounted in 

buffered glycerine (9/1, glycerol/ P B S ) .
I n  the case of D I F T , only one layer Mas applied to the 

sections, that being the F IT C  conjugate intended to react 
directly Mith a component of the* tissue.
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I I I . 2-2-4.4 Tissue examination
A f t e r  p e r f o r m a n c e  o f  I F T ,  t h e  t i s s u e s  w e r e  e x a m i n e d  

u s i n g  w h i t e  l i g h t  u n d e r  d a r k  f i e l d  c o n d i t i o n s ,  a n d  t h e n  
s w i t c h e d  t o  i n c i d e n t  u l t r a - v i o l e t  i l l u m i n a t i o n .  T h e  
m i c r o s c o p e  u s e d  w a s  a  L e i t z  O r t h o p l a n  e q u i p p e d  w i t h  
P lo e m o p a k  2 . 1 a 2 . 2  f l u o r e s c e n c e  v e r t i c a l  i l L u m i n a t o r ,  2 0 0 w /4  
u l t r a  h i g h  p r e s s u r e  m e r c u r y  la m p  a n d  Hz f i l t e r  s y s t e m ,  
c o n s i s t i n g  o f  h e a t  f i l t e r  K to —1 s u p p r e s s o r  f i l t e r  L P 5 1 5 ,  
e x c i t e r  f i l t e r  BP 3 3 9 - 4 9 0  a n d  b e a m  s p l i t t i n g  m i r r o r  R K P 5 1 0 .

E k t a c h r o m e  4 0 0  (K o d a k )  f i l m  w a s  u s e d  f o r  
p h o t o m i  c r o p h o t o g r a p h s .

I I I . 2 . 2 . 4 . 5  R e a g e n t s  u s e d  i n  t h e  i m m u n o f l u o 
r e s c e n c e  t e c h n i q u e

T h e  F IT O  c o n j u g a t e d  r e a g e n t s  w e r e  p u r c h a s e d  f r o m  NORDIC 
IMMUNOLOGICAL LABORATORIES ( M a i n d e n h e a d ,  E n g l a n d )  u n l e s s  
o t h e r w i s e  s p e c i f i e d .

I I I . 2 . 2 . 4 . 5 . 1  R e a g e n t s  u s e d  f o r  Iq G  d e t e c t i o n
a .  I n  t h e  D IF T
Goat anti-mouse IgG (Fc) conjugated to FITC, molar F/P 

r a t i o  1—2 ,  w o r k i n g  d i l u t i o n  1 : 1 6 .
R a b b i t  a n t i —m o u s e  Ig G  ( F a b )  c o n j u g a t e d  t o  F IT C  

( c o n j u g a t e d  i n  t h e  l a b o r a t o r y )  p r o t e i n  c o n c e n t r a t i o n  
l . l m g / m l  m o l a r  F / P  r a t i o  2 . 6 .  w o r k i n g  d i l u t i o n  1 : 4 0

b .  I n  t h e  I I F T
F i r s t  l a y e r :  g o a t  a n t i —m o u s e  Ig G  ( F c ) ,  w o r k i n g  d i l u t i o n  

1 : 4 0 .  S e c o n d  l a y e r :  r a b b i t  a n t i —g o a t  I g  c o n j u g a t e d  t o  F I T C ,  
w o r k i n g  d i l u t i o n  1 : 6 0 .
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1 1 1 . 2 . 2 .  4 .  5 .  2  R e a g e n t s  u s e d  f o r  IqM  d e t e c t i o n  
a -  I n  t h e  D IF T
G o a t  a n t i m o u s e  IgM  ( F c )  c o n j u g a t e d  t o  F I T O , w o r k i n g  

d i 1 u t i o n  1 : 1 0 .  
b .  I n  I I F T
F i r s t  l a y e r  g o a t  a n t i —m o u s e  IgM  ( F c )  w o r k i n g  d i l u t i o n  

1 : 4 0 .  S e c o n d  l a y e r  r a b b i t  a n t i —g o a t  I g  c o n j u g a t e d  t o  F I T C ,  
w o r k i n g  d i l u t i o n  1 : 6 0 .

1 1 1 . 2 . 2 . 4 . 5 . 3  R e a g e n t s  u s e d  f o r  d e t e c t i o n  o f  C 3 
c o m p l e m e n t  f a c t o r

a .  I n  t h e  D IF T
G o a t  a n t i m o u s e  C 3 c o n j u g a t e d  t o  F I T C ,  w o r k i n g  d i l u t i o n  

1:20
b .  I n  t h e  I I F T
F i r s t  l a y e r :  r a b b i t  a n t i —m o u s e  C 3 ,  < g i f t  o f  P r o f e s s o r

P .  L a c h m a n , F . R . S ;  M .R .C ;  C a m b r i d g e ) ,  w o r k i n g  d i l u t i o n  
1 : 4 0 .  S e c o n d  l a y e r  g o a t  a n t i - r a b b i t  I g  c o n j u g a t e d  t o  F I T C ,  
w o r k i n g  d i l u t i o n  1 : 6 4  < g i f t  o f  P r o f .  L a c h m a n )

1 1 1 . 2 . 2 . 4 . 5 . 4  R e a g e n t s  s p e c i f i c  t o  Leishmania 

L. mexicana  c o n j u g a t e d  t o  F IT C  a n t i g e n  u s e d
u n d i l u t e d  i n  D IF T  ( s e e  a b o v e ) ,  p r o t e i n  c o n c e n t r a t i o n  0 . 5 5 0  
m g /m l .  M o la r  F / P  r a t i o  1 . 9 6 .

F ( a b ) ' a  f r a c t i o n  o f  r a b b i t  a n t i —L. mexicana  Ig G  
( s e e  a b o v e )  w a s  u s e d  i n  t h e  I I F T  a t  a  p r o t e i n  

c o n c e n t r a t i o n  o f  2  m g / m l ,  w o r k i n g  d i l u t i o n  1 : 4 .  I t  w a s  u s e d  
i n  c o n j u c t i o n  w i t h  G o a t  a n t i —r a b b i t  I g  c o n j u g a t e d  t o  F IT C
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a s  t h e  s e c o n d  l a y e r  a t  a  w o r k i n g  d i l u t i o n  o f  1 : 6 4 .

I I I . 2 . 2 . 4 . 5 . 5  R e a g e n t s  u s e d  i n  t h e  i d e n t i f i c a t i o n  o f
t h e  T c e l l
s u r f a c e  m a r k e r s .  ( L y t l  a n d  L y t 2 ) ■

M o u s e  a n t i —L y t l . 1  (CEDARLANE LABORATORIES) m o u s e  
a n t i - L y t 1 . 2  (NEW ENGLAND NUCLEAR L A B O R A T O R IE S), a n d  r a t  
a n t i - L y t 2  (SALK IN S T IT U T E ) m o n o c l o n a l  a n t i b o d i e s  
c o n s t i t u t e d  t h e  f i r s t  l a y e r  i n  t h e  I I F T .  t f a b b i t  a n t i —m o u s e  
Ig G  c o n j u g a t e d  t o  F IT C  c o n s t i t u t e d  t h e  s e c o n d  l a y e r  f o r  t h e  
i d e n t i f i c a t i o n  o f  l y m p h o c y t e s  b e a r i n g  t h e  L y t l  p h e n o t y p e  
a n d  F IT C  c o n j u g a t e d  a n t i —r a t  Ig G  ( F a b )  f o r  t h o s e  c e l l s  
b e a r i n g  L y t 2  p h e n o t y p e s .  T h e  c h a r a c t e r i s t i c s  o f  t h e s e  
r e a g e n t s  a r e  d e s c r i b e d  i n  d e t a i l  i n  C h a p t e r I V .

I t  i s  i m p o r t a n t  t o  p o i n t  o u t ,  t h a t  d u e  t o  t h e  u s e  o f  
a n t i —m o u s e  a n d  a n t i - r a t  i m m u n o g l o b u l i n  a s  t h e  s e c o n d  l a y e r  
i n  t h e  I I F T  f o r  d e t e c t i o n  o f  T c e l l s ,  n o n s p e c i f i c  s t a i n i n g  
d u e  t o  t h e  r e a c t i o n  o f  s u c h  r e a g e n t s  w i t h  I g  c o n t a i n e d  i n  
t h e  t i s s u e s  a n d  c e l l  s t r u c t u r e  w a s  e x p e c t e d .  I n  o r d e r  t o  
a v o i d  t h i s ,  t h e  p o s s i b l e  I g  c o n t a i n e d  i n  t h e  t i s s u e s  w a s  
b l o c k e d  b y  t r e a t i n g  t h e  s e c t i o n s  w i t h  u n l a b e l l e d  g o a t  
a n t i - m o u s e  I g  p r i o r  t o  t h e  a p p l i c a t i o n  o f  t h e  r e l e v a n t  
r e a g e n t s .  T h e  s e c t i o n s  w e r e  i n c u b a t e d  w i t h  t h e  u n l a b e l l e d  
I g  f o r  1 h o u r  a t  ro o m  t e m p e r a t u r e .  T h e  e f f i c i e n c y  o f  t h e  
b l a c k i n g  t e s t  w a s  c o r r o b o r a t e d  b y  t h e  a b s e n c e  o f  s t a i n i n g  
i n  t h e  p r e t r e a t e d  s e c t i o n s  w h e n  s t a i n i n g  w a s  d o n e  o n l y  w i t h  
a n t i  m o u s e - I g  c o n j u g a t e  t o  F IT C  a f t e r  t h e  p e r f o r m a n c e  o f  
t h e  b l o c k a g e .
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1 1 1 . 2 . 2 . 4 . 6  P u r i - f  i  c a t  i o n  o f  F IT C  c o n j u g a t e s  b y  
a b s o r p t i o n  w i t h  l i v e r  p o w d e r

I n  o r d e r  t o  m i n i m i z e  a n y  n o n - s p e c i f i c  s t a i n i n g ,  t h a t  
c o u l d  i n t e r f e r e  w i t h  t h e  i n t e r p r e t a t i o n  o f  t h e  
i m m u n o f l u o r e s c e n c e  t e c h n i q u e ,  a b s o r p t i o n  o f  a l l  t h e  
c o n j u g a t e s  w i t h  a c e t o n e  e x t r a c t e d  m o u s e  l i v e r  p o w d e r  (SIGMA 
CHEMICALS) w a s  p e r f o r m e d .

T h e  w e t  p o w d e r  m e th o d  KAWAMURA ( 1 9 7 7 )  w a s  u s e d .  1 0 0  a n d  
5 0  mg o f  m o u s e  l i v e r  p o w d e r  w e r e  m o i s t e n e d  w i t h  1 a n d  0 . 5  
ml o f  PB S r e s p e c t i v e l y .  A f t e r  c e n t r i f u g a t i o n  a t  1 5 0 0  rp m  
f o r  2 0  m i n u t e s  tw o  p r e p a r a t i o n s  o f  w e t  p o w d e r  w e r e  
o b t a i n e d .  T h e  c o n j u g a t e s ,  i n  a m o u n t s  o f  1 m l , w e r e  a b s o r b e d  
t w i c e ,  o n c e  w i t h  t h e  1 0 0  mg a n d  o n c e  w i t h  t h e  5 0  mg l o t s  
o f  w e t  l i v e r  p o w d e r  p r e p a r a t i o n s .  T h e  c o n j u g a t e s  w e r e  
t h o r o u g h l y  m ix e d  w i t h  t h e  l i v e r  p o w d e r  p r e p a r a t i o n s  f o r  4  
h o u r s  a t  4 * ^  a n d  t h e n  c e n t r i f u g e d  a t  1 5 0 0 0  rp m  f o r  3 0  
m in  a t  4 ° C .  T h e  s u p e r n a t a n t  w a s  c a r e f u l l y  r e m o v e d ,  
t a k i n g  c a r e  t o  a v o i d  c o n t a m i n a t i o n  b y  t h e  s e d i m e n t ,  
f i l t e r e d  t h r o u g h  a  m i l l i p o r e  f i l t e r  ( 2 2 u ) ,  d i s t r i b u t e d  i n  
s m a l l  a l i q u o t s  a n d  s t o r e d  a t  —20**C u n t i l  r e q u i r e d .  
I m m e d i a t e l y  b e f o r e  a n y  s t a i n i n g  w a s  d o n e ,  t h e  t h a w e d  
c o n j u g a t e s  w e r e  a g a i n  c e n t r i f u g e d  a t  1 5 0 0 0  rp m  f o r  1 5  
m i n u t e s  a t  4 ° C .

1 1 1 . 2 . 2 . 4 . 7  D i l u t i o n  o f  t h e  i m m u n o r e a g e n t s  
u s e d  i n  t h e  IF T

T h e  w o r k i n g  d i l u t i o n s  w e r e  p r e p a r e d  i n  5  % a l b u m i n
s o l u t i o n s  ( f r a c t i o n  V , SIGMA CHEM ICALS) i n  P B S .
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I I I . 2 . 3 - 4  C o n t r o l s  u s e d  i n  t h e  I m m u n o f l u o r e s c e n c e  
t e c h n i q u e

1 1 1 . 2 . 3 . 4 . 1  N o rm a l  c o n t r o l s
A l l  t h e  i m m u n o - f l u o r e s c e n c e  r e a c t i o n s  p e r f o r m e d  o n  t h e  

e x p e r i m e n t a l  g r o u p s  M e re  a l s o  p e r f o r m e d  o n  s k i n  a n d  ly m p h  
n o d e s  f r o m  h e a l t h y  B A L B /c  a n d  C B A /c a  m i c e .

1 1 1 . 2 . 3 . 4 . 2  P o s i t i v e  c o n t r o l
K i d n e y s  f r o m  m i c e  w i t h  r e n a l  l e s i o n s  a n d  k n o w n  t o  b e  

p o s i t i v e  f o r  I g  a n d  0 3  w e r e  k i n d l y  p r o v i d e d  b y  D r .  M. D . 
S t e w a r d  ( L o n d o n  S c h o o l  o f  H y g i e n e  a n d  T r o p i c a l  M e d i c i n e ) .

1 1 1 . 2 . 3 . 4 . 3  P B S  c o n t r o l
I n  o r d e r  t o  e s t i m a t e  p o s s i b l e  a u t o f 1 u o r e s c e n c e  o f  t h e  

t i s s u e s ,  a l l  s e c t i o n s  s t u d i e d  w e r e  t r e a t e d  w i t h  PB S o n l y  
a n d  e x a m i n e d  u n d e r  f l u o r e s c e n c e  i l l u m i n a t i o n .

1 1 1 . 2 . 3 . 4 . 4  C o n t r o l s  u s e d  i n  P I F T  

B l o c k i n g  t e s t
No f l u o r e s c e n c e  s h o u l d  b e  o b t a i n e d  i f  a n t i g e n i c  

d e t e r m i n a n t s  a r e  b l o c k e d  w i t h  u n l a b e l l e d  a n t i —s e r a  o f  t h e  
s a m e  s p e c i f i c i t y  b e f o r e  a d d i n g  t h e  s a m e  a n t i —s e r a  
c o n j u g a t e d  t o  F I T C .  F o r  I g  a n d  C 3  c o m p l e m e n t  f a c t o r ,  t h e  
p e r f o r m a n c e  o f  t h e  b l o c k i n g  t e s t  w a s  d o n e  u s i n g  u n l a b e l l e d  
a n t i - m o u s e  IgM  o r  a n t i —m o u s e  Ig G  ( 1 0 0 - 2 0 0  j i g  a n t i b o d y /  m l ,  
M ILES YEDA LTD) o r  u n l a b e l l e d  a n t i m o u s e  C 3 ( I s  1 0  g i f t  o f
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P r o f .  LACHMAN) w h i c h  w e r e  l a y e r e d  o v e r  t h e  s e c t i o n s  t o r  3 0  
m in  b e f o r e  a p p l i c a t i o n  o f  t h e  r e l e v a n t  c o n j u g a t e .

A b s o r p t i o n  t e s t
No f l u o r e s c e n c e  s h o u l d  b e  o b t a i n e d  i f  t h e  c o n j u g a t e  i s  

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

N o rm a l  m o u s e  s e r u m  d i l u t e d  1 : 1 0  w a s  u s e d  a s  a  s o u r c e  o f  
i m m u n o g l o b u l i n s .  T h i s  w a s  m ix e d  w i t h  a n t i —m o u s e  Ig G  
c o n j u g a t e d  t o  F IT C  ( f i n a l  d i l u t i o n  1 : 1 6  d i l u t i o n ) ,  o r  w i t h  
a n t i - m o u s e  I g l i  c o n j u g a t e d  t o  F IT C  ( f i n a l  d i l u t i o n  1 : 1 0 ) ,  o r  
w i t h  a n t i —m o u s e  Ig G  ( F a b )  c o n j u g a t e d  t o  F IT C  ( f i n a l  
d i l u t i o n  1 : 4 0 ) .  A f t e r  3 0  m i n u t e s  o f  i n c u b a t i o n ,  t h e  
m i x t u r e s  w e r e  a p p l i e d  t o  t h e  s e c t i o n s .

C 3 f a c t o r  w a s  o b t a i n e d  f r o m  f r e s h  n o r m a l  s e r u m  t r e a t e d  
w i t h  z y m o s a n ,  lm g  o f  z y m o s a n  (SIGM A CHEM ICALS) w a s  a d d e d  
p e r  e a c h  O . l m l  o f  s e r u m ,  m ix e d  a n d  i n c u b a t e d  a t  
37**C f o r  1 5  m i n u t e s .  T h e  c o m p l e m e n t  a c t i v a t e d  s e r u m  
w a s  m ix e d  w i t h  g o a t  a n t i —m o u s e  C 3  c o n j u g a t e d  t o  F IT C  ( 
f i n a l  d i l u t i o n  1 : 4 0 )  f o r  3 0  m in  a n d  t h e n  a p p l i e d  t o  t h e  
s e c t i o n s .

C o n t r o l s  f o r  F IT C  c o n j u g a t e d  L, nexicana 

a n t i q s n f  (D IF T )

B l o c k i n g  t e s t .
U n l a b e l l e d  1 .  mexicana  a n t i g e n  ( 4 m g /m l)  w a s  l a y e r e d  

o n t o  t h e  s e c t i o n s  f o r  3 0  m in  b e f o r e  t h e  a p p l i c a t i o n  o f  t h e  
F IT C  c o n j u g a t e d  L.wexicana  a n t i g e n .
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A b s o r p t i o n  t e s t
F IT C  c o n j u g a t e d  1 .  Mexicans a n t i g e n  w a s  m ix e d  w i t h  

e q u a l  v o lu m e  o f  m o u s e  s e r u m  a n t i —1 .  Mexicans a n t i b o d y  
( I F  t i t e r  1 : 3 2 0 ) .  T h e  m i x t u r e  w a s  i n c u b a t e d  a t  ro o m  

t e m p e r a t u r e  f o r  1 h o u r  b e f o r e  i t s  a p p l i c a t i o n  t o  t h e  
s e c t i o n s .

I I I . 2 . 3 . 4 . 5  C o n t r o l s  u s e d  i n  1 I F T

PB S a n d  n o r m a l  s e r u m  s u b s t i t u t i o n
S u b s t i t u t i o n  o f  t h e  u n l a b e l l e d  a n t i s e r u m  ( f i r s t  |a y e r >  

b y  PB S w a s  u s e d  i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  
h e t e r o l o g o u s  I g ,  t h a t  c o n s t i t u t e d  t h e  s e c o n d  l a y e r ,  c r o s s  
r e a c t e d  w i t h  a n y  d e t e r m i n a n t  i n  t h e  t h e  t i s s u e .

N o rm a l m o u s e  a n d  r a b b i t  s e r a  w e r e  s u b s t i t u t e d  f o r  t h e  
f i r s t  l a y e r  i n  o r d e r  t o  k n o w  i f  t h e y  c o n t a i n e d  a n t i b o d i e s  
t o  a n y  o f  t h e  a n t i g e n s  u n d e r  i n v e s t i g a t i o n .

C o n t r o l  f o r  c h e c k i n g  t h e  F ( a b ) * 2  f r a c t i o n  o f  t h e  
a n t i - 1 ,  nexicana Iq G  ( I I F T )

A b s o r p t i o n  t e s t
T h e  F ( a b ) ' 2  f r a c t i o n  o f  t h e  a n t i —1 .  Mexicans Ig G  w a s  

a b s o r b e d  t w i c e  w i t h  l i v i n g  w a s h e d  p r o m a s t i g o t e s  (1  x 
1 0 ^ )  f o r  3 0  m in .  a t  37**C. T h e  p a r a s i t e s  w e r e  t h e n  
r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  t h e  a n t i b o d y  a p p l i e d  t o  t h e
s e c t i o n s .
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I I I . 2 . 3 . 5  O t h e r  r e a c t i o n s  u s e d  An o r d e r  t o  a i d  t h e  
i n t e r p r e t a t i o n  o f  t h e  i m m u n o f l u r e s c e n c e  
r e s u l t s

1 1 1 . 2 . 3 . 5 . 1  of  N a p h t h y l  a c e t a t e  r e a c t i o n  f o r  n o n
s p e c i - f i e  E s t e r a s e

I n  o r d e r  t o  i d e n t i f y  c e l l s  b e l o n g i n g  t o  t h e  
m a c r o p h a g e - p h a g o c y t i c  s y s t e m ,  t h e  <*< N a p h t h y l  a c e t a t e  
s t a i n i n g  m e th o d  f o r  e s t e r a s e s  (P E A R S E , 1 9 7 2 )  w a s  u s e d .  1 0  
t o  1 5  >u c r y o s t a t  s e c t i o n s  w e r e  p r o d u c e d  a n d  p i c k e d  u p  o n  
c l e a n  s l i d e s .  A f t e r  d r y i n g ,  t h e  s e c t i o n s  w e r e  i n c u b a t e d  f o r
1 5  m in  w i t h  1 0  mg o f  N a p h t h y l  a c e t a t e  ( d i s s o l v e d  i n  0 . 2 5

Awe(
m l a c e t o n e )  rtrlrfrrl w i t h  2 0  m l 0 . 1  p h o s p h a t e  b u f f e r  pH  7 . 4  
a n d  5 0  mg o f  F a s t  b l u e  s a l t  (BDH>). A f t e r  i n c u b a t i o n ,  t h e  
s l i d e s  w e r e  w a s h e d  i n  r u n n i n g  w a t e r ,  c o u n t e r s t a i n e d  i n  
M a y e r ' s  h a e m a lu rn  (BDH) f o r  5  m i n ,  w a s h e d  i n  r u n n i n g  w a t e r  
f o r  3 0  m in  a n d  m o u n te d  i n  g l y c e r i n  j e l l y .

1 1 1 . 2 . 3 . 5 . 2  S t u d i e s  o n  E o s i n o p h i l s
E o s i n o p h i l s  w e r e  a b u n d a n t  i n  Leishmania  l e s i o n s  

( s e e  C h a p t e r l l ) .  T h e s e  c e l l s  w e r e  a l s o  s t a i n e d  w i t h  
f l u o r e s c e n t  c o n j u g a t e s .

T h e s e  g r a n u l o c y t e s  r e p r e s e n t  t h e  m o s t  t r o u b l e s o m e  c e l l s  
i n  i m m u n o f l u o r e s c e n c e  s t u d i e s  a s  t h e y  t e n d  t o  s t a i n  
n o n —s p e c i f i c a l l y ,  t h e r e f o r e ,  c o n t r o l  e x p e r i m e n t s  w e r e  d o n e  
t o  d e t e r m i n e  how  m u ch  o f  t h e i r  s t a i n i n g  m i g h t  b e  d u e  t o  
s p e c i f i c  a n d  h ow  m u ch  t o  n o n - s p e c i f i c  c a u s e s .



1 5 5

E x p e r i m e n t a l  i n d u c t i o n  o f  t i s s u e  e o s i n o p h i l i a
R e c r u i t m e n t  o f  e o s i n o p h i l s  i n  t h e  s k i n  o f  n o r m a l  B A L B /c  

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

T h e  m i c e  w e r e  i n j e c t e d  w e e k l y  f o r  tw o  w e e k s ,  
i n t r a d e r m a l 1 y  i n  t h e  f o o t —p a d  w i t h  20X  b o v i n e  s e r u m —a l b u m i n  
s o l u t i o n  (SIGM A CHEM ICALS) o r  3% s t a r c h  s o l u t i o n .  S i x  h o u r s  
a f t e r  t h e  s e c o n d  i n j e c t i o n ,  t h e  a n i m a l s  w e r e  s a c r i f i c e d  a n d  
t h e  s k i n  o f  t h e  s i t e  o f  i n j e c t i o n  r e m o v e d ,  e m b e d d e d  i n  
O .C .T .  c o m p o u n d ,  f r o z e n  i n  l i q u i d  n i t r o g e n ,  s e c t i o n e d  i n  
t h e  c r y o s t a t  m i c r o t o m e  a n d  s t a i n e d  w i t h  h a e m a t o x y l i n  a n d  
e o s i n  a f t e r  f i x a t i o n  i n  f o r m o l  s a l i n e .  T h e  s t a i n e d  s e c t i o n s  
w e r e  t h e n  e x a m i n e d  u n d e r  t h e  m i c r o s c o p e  a n d  t h e  p r e s e n c e  o f  
e o s i n o p h i l s  c o r r a b o r a t e d .  T h e s e  s e c t i o n s  w e r e  u s e d  a s  a  
c o n t r o l  i n  t h e  p e r f o r m a n c e  o f  t h e  i m m u n o f l u o r e s c e n c e  
t e c h n i q u e .

B l o c k i n g  e f f e c t s  o f  s o d i u m  d o d e c y l  s u l p h a t e  (S P S )
SDS i s  a n  a n i o n i c  d e t e r g e n t  (BERRETY & CORMANE 1 9 7 9 )  

u s e d  t o  d e t e r m i n e  t h e  s p e c i f i c i t y  o f  e o s i n o p h i l s  s t a i n e d  b y  
F IT C  c o n j u g a t e s  w h e r e  n o n —s p e c i f i c i t y  m i g h t  b e  d u e  t o  t h e  
F IT C  i t s e l f .  T h e  m e c h a n i s m  o f  b l o c k a g e  o f  n o n - s p e c i f i c  
s t a i n i n g  s e e m s  t o  c o n s i s t  o f  a  d e n a t u r a t i n g  p r o p e r t y  o f  SDS 
w h i c h  d i s s o c i a t e s  t h e  b a s i c  p r o t e i n s  w h i c h  b i n d  t h e  a c i d  
F IT C .

C o n t r o l  a n d  i n f e c t e d  s e c t i o n s  w e r e  i n c u b a t e d  i n  0 .0 2 5 %  
SD S (SIGM A CHEMICAL) i n  b o r a t e  b u f f e r  (pH  8 . 4 ) ,  i o n i c
s t r e n g t h  0 . 1 )  b e f o r e  t h e  p e r f o r m a n c e  o f  t h e
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im m uno-f 1 u o r e s c e n c e  t e c h n i q u e .

I n h i b i t i o n  o-f E o s i n o p h i l  s t a i n i n g  b y  D ia m in o  
b e n z i d i n e  (DAB) a n d  h y d r o g e n  p e r o x i d e

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

W hen t i s s u e  c o n t a i n i n g  e o s i n o p h i l ,  a r e  p r e t r e a t e d  b y  DAB 
a n d  h y d r o g e n  p e r o x i d a s e ,  a  b r o w n  r e a c t i o n  p r o d u c t  d e v e l o p s  
i n  p r e s e n c e  o f  t h i s  s u b s t r a t e  a t  t h e  s i t e  o f  t h e  e n d o g e n o u s  
p e r o x i d a s e  o f  t h e  g r a n u l o c y t e s ,  s h e l t e r i n g  t h e s e  c e l l s  f r o m  
s u b s e q u e n t  s t a i n i n g  w i t h  F IT C  c o n j u g a t e s ,  b u t  w i t h o u t  
i n t e r f e r i n g  w i t h  t h e  s t a i n i n g  o f  o t h e r  t i s s u e  e l e m e n t s  
CVALNES & BRANDTZAEG 1 9 8 1 ) .

T h e  DBA m e t h o d ,  PEARSE ( 1 9 7 2 )  w a s  u s e d .  T i s s u e  s e c t i o n s  
w e r e  i n c u b a t e d  f o r  1 0  m in  w i t h  DAB i n  0 .0 5 M  T r i s —HC1 b u f f e r  
pH 7 . 6 ,  c o n t a i n i n g  f r e s h l y  a d d e d  H2 Oz .

A c o n c e n t r a t i o n  o f  0 . 5  g / 1  o f  DAB i n  c o m b i n a t i o n  w i t h  
0 .0 0 4 %  H2 0 2  w a s  u s e d .  F o l l o w i n g  DAB t r e a t m e n t ,  t h e  
s l i d e s  w e r e  w a s h e d  i n  3  c h a n g e s  o f  d i s t i l l e d  w a t e r ,  
f o l l o w e d  b y  fluorescence staining b y  the direct m e t h o d .  
O b s e r v a t i o n s  o f  t h e  s e c t i o n s  w a s  d o n e  u s i ^ g  b o t h  b r i g h t  
f i e l d  i l l u m i n a t i o n  a n d  u l t r a - v i o l e t  i l l u m i n a t i o n .

I I I . 2 . 3 . 5 . 3  S t u d i e s  o n  m u s c l e s

I n v e s t i g a t i o n  o f  a n t i b o d y  i n  t h e  s e r a  o f  Leishmania 

i n f e c t e d  m i c e  r e a c t i n g  w i t h  m u s c u l a r  s t r u c t u r e s  i n  m i c e .
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A n t i g e n s
W h o le  h e a r t  a n d  s k e l e t a l  m u s c l e s  f r o m  n o r m a l  C B A /c a  m i c e  

a n d  m i c e  i n f e c t e d  w i t h  Leishmania  8  w e e k s  p r e v i o u s l y  
( f r o m  a l l  t h e  e x p e e r i m e n t a l  g r o u p s  u s e d  i n  t h i s  s t u d y )  

s e r v e d  a s  a n t i g e n .  M u s c l e s  f r o m  tw o  m i c e  f r o m  e a c h  g r o u p  
w e r e  t e s t e d .

S e r a
CBA/ca mice normal sera, sera from BALB/c mice infected 

w i t h  L - major  8  w e e k s  p r e v i o u s l y  ( I I F T  t i t e r  i s  1 6 0 )  a n d  
s e r a  f r o m  C B A /c a  m i c e  i n f e c t e d  w i t h  L. ■ e x i c a n a  1 6  
w e e k s  p r e v i o u s l y  ( I I F T  t i t e r  1 : 3 2 0 )  w e r e  u s e d .

P r o c e d u r e
I n d i r e c t  i m m u n o f l u o r e s c e n c e  t e c h n i q u e  w a s  u s e d .  T h e  s e r a  

w e r e  s t u d i e d  u p  t o  1 : 3 2 0  d i l u t i o n .
T h e  f l u o r e s c e n t  c o n j u g a t e  ( s e c o n d  l a y e r )  w a s  g o a t  

a n t i —m o u s e  Ig G  c o n j u g a t e d  t o  F I T C ,  m o l a r  F / P  r a t i o  1—2 ,  
w o r k i n g  d i l u t i o n  1 : 6 0 .

T h e  s e c t i o n s  w e r e  a l s o  t r e a t e d  w i t h  PB S o n l y ,  i n  o r d e r  
to check for the presence of any autofluorescence. PBS and 

n o r m a l  m o u s e  s e r u m  w e r e  s u b s t i t u t e d  f o r  t h e  f i r s t  l a y e r  i n
c o n t r o l  e x p e r i m e n t s .
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I I I . 3  RESULTS

I I I . 3 . 1  SK IN  L E SIO N S

T a b l e s  4 ,  5  a n d  6  s u m m a r i z e  t h e  r e s u l t s  o b t a i n e d  a f t e r  
u s i n g  t h e  im m u n o f 1 u o r e s c e n c e  t e c h n i q u e  o n  c r y o s t a t  s e c t i o n s  
f r o m  s k i n  l e s i o n s  o f  Leishmania  i n f e c t e d  a n i m a l s  a t  
b i w e e k l y  i n t e r v a l s  a f t e r  i n o c u l a t i o n  o f  t h e  p a r a s i t e .

F ro m  t h e  T a b l e s  i t  c a n  b e  o b s e r v e d  t h a t  s t r u c t u r e s  i n  
t h e  s k i n ,  a s  w e l l  a s  t h e  i n f i l t r a t i n g  c e l l s ,  e x h i b i t e d  
f l u o r e s c e n c e  w h e n  s t a i n i n g  w i t h  t h e  v a r i o u s  i m m u n o r e a g e n t s .

I n  g e n e r a l ,  f l u o r e s c e n t  s t a i n i n g  i n  t h e  i n f e c t e d  s k i n  
i n f i l t r a t e  w a s  d e t e c t e d  f r o m  t h e  s e c o n d  w e e k  o f  i n f e c t i o n ,  
a n d  t h e  m ax im um  i n t e n s i t y  w a s  o b s e r v e d  a r o u n d  t h e  f o u r t h  
w e e k  a f t e r  i n f e c t i o n  i n  a l l  c a s e s .  A f t e r  t h i s  p e r i o d ,  t h e  
i n t e n s i t y  a n d  a m o u n t  o f  f l u o r e s c e n c e  s t a i n i n g  d e c l i n e d .  I n  
C B A /c a  m i c e  i n f e c t e d  w i t h  L .  major  t h i s  p e r i o d  o f  
r e d u c t i o n  o f  t h e  f l u o r e s c e n c e  s e e m e d  t o  c o i n c i d e  w i t h  t h e  
o n s e t  o f  t h e  h e a l i n g  p r o c e s s ,  w h i l e  i n  C B A /c a  a n d  B A L B /c  
i n f e c t e d  w i t h  L.mexicana  a n d  B A L B /c  i n f e c t e d  w i t h  
Lm major  i t  s e e m e d  t o  c o r r e s p o n d  t o  t h e  b e g i n n i n g  o f  t h e  
e v o l u t i o n  o f  t h e  i n f i l t r a t e  t o w a r d s  a  h i s t i o c y t o m a  ( m a s s  o f  
v a c u o l a t e d ,  h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s ) ,  w h i c h  w a s  
t h e n  c o n s i s t e n t l y  n e g a t i v e  w i t h  a l l  t h e  i m m u n o r e a g e n t s  u s e d  
i n  a l l  t h e  c a s e s .

D i r e c t  (D IF T )  a n d  i n d i r e c t  im m u n o f 1 u o r e s c e n c e  t e c h n i q u e  
( I I F T )  w e r e  p e r f o r m e d  i n  t h e  i n v e s t i g a t i o n  o f  
i m m u n o g l u b u l i n  a n d  C 3  c o m p l e m e n t  f a c t o r .
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DISTRIBUTION OF IHHUNQFLUQRESCENT STAININ6 IN STRUCTURES OF 
THE SKIN FROM CBA/ca AND BALB/c NICE INFECTED WITH 

Leishaania aajor AND Leishiania aexicana.

CBA/ca NICE

INFECTED NITH L. aajor INFECTED HITH L. aexicana 

Derais-epiderais junction

TABLE 4

2 H 4 N 6 N 8 N 2 N 4 H 6 N 8 N

ANTI-IgH (Fc) dl+ d + cl+

ANTI-IgS (Fc) dl+ d + + d + + cg++ cg++

ANTI Ig6 (Fab) dl+ d+ +

ANTI-
L. aexicana dl+ cl++ d+++

ANTI-C3 di+ d++ cg++ cg++ cg++

Blood vessels

2 W 4 N b H 8 H 2 N 4 N b N 8 H

ANRI IgH (Fc) d+++ cl+++ cg+++

ANTI-IgS (Fc) d++ cl++ cl++ ci++

ANTI-IgS (Fab) ci++ d++

ANTI-
L. sexicana d++ ci++ cl++ cl++ d++

ANTI-C3 d++ d+++ d++ d++ d++

Husdes

2 N 4 N b N 8 N 2 N 4 N b N 8 N

ANTI-IgH (Fc)

ANTI-IgG (Fc) + + + +

ANTI-IgG (Fab)

AWTI-
L. aexicana +++ +4 +++ +++ +++ ++ +++ ++

ANTI-C3 +++ +♦+ +++ ♦++ +++ +++

Contd. next page
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BALB/C MICE

INFECTED WITH L. aajor INFECTED WITH L. eexicana.

Dersis-epideriis junction

2 N 4 N 6 N 8 N ION ' 12N 2 N 4 N 6 N 8 N • ION • 12H

ANTI-IgH <Fc) d+++ e l m d m cl++ d + +

ANTI-IgG (Fc) d+ + d + + cg++

ANTI-IgS Flab)

ANTI-

L. lexicana d+ + cg+++ cg+++ c g m c g m

ANTI-C3 cl+t c g m c g m c g m c g m c g m c g m

81 ood vessels

2 N 4 N 6 N 8 N ION 12N 2 N 4 N 6 N 8 N ION 12N

ANTI-IgH (Fc) d m d m d m

ANTI-IgG (Fc) e l m d m d m e l m cg++ cg++

ANTI-IgB(Fab) d + + cl++ d+ +

ANTI-
L. eexicana cl++ d m d + + d+ +

ANTI-C3 c g m c g m c g m c g m d + + cg++ c g m

Husdes

2 * 4 N 6 H 8 N ION 12N 2 N 4 N 6 N 8 N ION 12N

ANTI-IgH (Fc)

A N T M g E  (Fc) d + + d + + d m d + + d + + d m

ANTI-Ig6 (Fab)

ANTI-
L. eexicana d m d m d + + e l m d m e l m

ANTI-C3 d + + d m d m d m e l m d m e l m

Fluorescence patterns * eg: continuous granular, cl: continuous linear, dl: discontinuous linear

Intensity of fluorescence = ♦ weak, ♦+ eoderate, m  intense. * hyaline collections also stained, 
w -  w e e k s  a f t e r  " I n f e c t Io n
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TABLE 5

T IT R A T IO N  OF ANTI-M USCULAR ANTIBODY IN  
SERA FROM M ICE IN FECTED  WITH L .  m a j o r  

AND L .  m e x i c a n a .

ANTIGEN
PREPARATION

SERUM FROM
NORMAL MOUSE
MOUSE IN FECTED  WITH 

L . m a j o r
MOUSE

INFECTED WITH 
L .  m e x i c a n a

NORMAL C B A /c a  M ICE
SKELETAL MUSCLE N 
HEART N

80
8 0

20
20

C B A /c a  M ICE INFECTED WITH L .  m a j o r
SKELETAL MUSCLE N 
HEART N

N
N

N
N

C B A /c a  M ICE IN FECTED WITH L . m e x i c a n a
SKELETAL MUSCLE N 
HEART N

4 0
20

20
20

B A L B /c  M ICE INFECTED WITH L .  m a j o r
SKELETAL MUSCLE N
HEART N

3 2 0
3 2 0

20
3 2 0

B A L B /c  M ICE IN FECTED  WITH L . m e x i c a n a
SKELETAL MUSCLE N 
HEART N

20
3 2 0

20
3 2 0

N s n e g a t i v e .  R e s u l t s  e x p r e s s e d  a s  t h e  r e c i p r o c a l s  o f  t h e  
h i g h e s t  s e r u m  d i l u t i o n  g i v i n g  + +  i m m u n o f l u o r e s c e n c e .

L .  m a j o r  a n t i s e r a  f r o m  a  p o o l  o f  3  B A L B /c  m i c e ,  
i m m u n o f l u o r e s c e n c e  t i t r e  1 s 1 6 0 .

L . m e x i c a n a  a n t i s e r a  f r o m  a  p o o l  o f  3  C B A /c a  m i c e ,  
im m u n o f 1 u o r e s c e n c e  t i t r e  1 : 3 2 0 .

M u s c l e s  t a k e n  f r o m  i n f e c t e d  m i c e  8  w e e k s
a f t e r  i n f e c t i o n .
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TABLE 6

DISTRIBUTION OF IHHUNOFLUORESCENT STAINING IN CELLS OF THE INFILTRATE OF 
SKIN LESIONS OF CBA/ca AND BALB/c NICE INFECTED NITH 

L. aajor AND L. aexicana.

INFECTION HQDELS

CBA/ca NICE BALB/c NICE
INFECTED NITH INFECTED NITH

L. aexicana L. aajar L. aexicana

RETICULAR SHAPED CELLS

2N 4N 2N 4M &N 8N ION 12H 2N 4N 6H ON ION 12N 14N 2N 4N 6N 8N ION 12N 14N

ANTI-IgH (Fc) +*

ANTI-Ig8 (Fc) + +t t* + +f

ANTI-IgG (Fab) 4 + + + + + +

ANTI-
L. aexicana + +* + + + + +

FITC-
L. aexicana Ag. + + + + + + +

ANTI-C3 + + + + 4 4 4

MACROPHAGES

2N 4N 2N 4N 6N BN ION 12N 2N 4N 6N 8N ION 12N 14N 2N 4N 6N 8N ION 12N 14N

ANTI-IgH (Fc) +* 4 4 4 4 4# 4 4

ANTI-IgB (Fc) + +* + + 4 + + 4 4 4 4 4 4 4 4 4

ANTI-IgG (Fab) + 4 4 4 4 4 4 4

ANTI-
L. aexicana +* +# 4 4 4 4 4 4 4 4* 4 4 ,

FITC-
L. aexicana Ag. 4 4 4 4 4 4 4

ANTI-C3 + 4* 4 4 4 4* 4 4 4 4

LYMPHOCYTES

2N 4H 2N 4N 6H 8N iOH 12N 2N 4N 6H 8N ION 12N 14N 2N 4N 6N 8N ION 12N 14N
ANTI-IgH (Fc) 

ANTI-Igg (Fc)

4

4 4 4 4 4 4

ANTI-Ig6 (Fab) 4 Pc 4

ANTI-
L. aexicana

FITC-
L. aexicana Ag. Pc 4

ANTI-C3

ANTI-Lytl 4 4 4 4 4 4 4 4 4 4 4

ANTI-Lyt2 4 4 4 4 4 4 4 4 4 4

Contd, next page



INFECTION HODELS

CBA/ca NICE BALB/c NICE
INFECTED HITH INFECTED NITH

L. aaj. L. aexicana L. aajor 

EOSINOPHILS

L. aexicana

ANTI-IgH (Fc)

2N 4H 2N 4N 68 BN ION 12N 2N 4N 6N 8N ION 12N 148 28 48 68 88 108 128 148

ANTI-Ig6 (Fc) + + + + + + + + + + + + + + +

ANTI-IgG (Fab) 

ANTI-
L. aexicana 

F1TC-

♦ + + + + + + + + 

+ + +

+ + +

L. aexicana Ag. 

ANTI-C3

+ + ♦ + + + + 

AHASTI60TES

+ +

+ + + + + +

ANTI-IgH (Fc) 

ANTI-IgS (Fc) 

ANTI-Ig6 (Fab) 

ANTI-

2N 4M

+

2H 4N 68 8N ION 12N

+ + +

28 48 68 88 108 128 148

+

28 48 68 88 108 128 148

L. sexicana 

FITC-

+ + +  + + + + +

L. eexicana Ag. + + + + + + + + + + + +

ANTI-C3 + + + + + + +  + +

Ag. : antigen. Pc j plassa ceils. + ceils stained in denis. * Cells stained 
in epidereis as Hell
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T h e  s e n s i t i v i t y  o f  t h e  r e a c t i o n  w a s  s i m i l a r  f o r  b o t h  I g  
a n d  C 3 . T h e  s k i n  s t r u c t u r e s  w h i c h  s t a i n e d  w e r e :  t h e  
d e r m a l —e p i d e r m a l  J u n c t i o n ,  t h e  b l o o d  v e s s e l s  a n d  t h e  
m u s c l e s .

F l u o r e s c e n t  d e p o s i t s  o n  t h e s e  s t r u c t u r e s  r e a c t e d  a s  
i m m u n o g l o b u l i n s  (G a n d  M ) , C 3  f a c t o r  o f  c o m p l e m e n t  a n d  
Leishman ia  a n t i g e n .  M o s t  o f  t h e  d e p o s i t s  o b s e r v e d  w e r e  
a s s o c i a t e d  w i t h  e a c h  o t h e r  a n d  i n  t h e  s a m e  l o c a l i t i e s  
( a n t i g e n - a n t i b o d y ,  o r  a n t i g e n - a n t i b o d y - c o m p l e m e n t  

c o m p l e x e s ) .

D e r m a l —e p i d e r m a l  j u n c t i o n
T h e  p a t t e r n  o f  d e p o s i t i o n  o f  s t a i n i n g  e l e m e n t s  a t  t h i s  

l e v e l  w a s  v a r i a b l e  a n d  s e e m e d  t o  b e  r e l a t e d  t o  t h e  c l i n i c a l  
s t a g e  o f  t h e  d i s e a s e .  T h u s ,  i n  s k i n  s e c t i o n s  f r o m  C B A /c a  
m i c e  i n f e c t e d  w i t h  L . major,  i n  w h i c h  s e l f - h e a l i n g  
l e s i o n s  o c c u r e d ,  t h e  p a t t e r n  o f  s t a i n i n g  d e t e c t e d  b y  t h e  
s e c o n d  w e e k  a f t e r  i n f e c t i o n  a t  t h i s  l e v e l ,  w a s  
d i s c o n t i n u o u s  a n d  c o n s i s t e d  o f  d e p o s i t s  o f  a n t i g e n  ( A g ) , 
i m m u n o g l o b u l i n s  ( M a n d  6 )  a n d  C 3 . B y  t h e  f o u r t h  w e e k ,  t h e  
p a t t e r n  o f  s t a i n i n g  b e c a m e  c o n t i n u o u s  a n d  l i n e a r ,  p r o d u c e d  
b y  d e p o s i t s  o f  Ig G  a n d  C 3 c o m p l e m e n t  f a c t o r .  T h e  i n t e n s i t y  
o f  f l u o r e s c e n c e  i n  t h e s e  d e p o s i t s  w a s  w e a k  a t  t h e  s e c o n d  
w e e k  a n d  s l i g h t l y  g r e a t e r  b y  t h e  f o u r t h  w e e k  o f  i n f e c t i o n .  
T h e r e a f t e r  f l u o r e s c e n c e  w a s  n o  l o n g e r  d e t e c t e d .

I n  m i c e  e x h i b i t i n g  n o n - h e a l i n g  l e s i o n s  ( C B A /c a ,  B A L B /c  
i n f e c t e d  w i t h  L .  mexican a  a n d  B A L B /c  i n f e c t e d  w i t h  
L. m a j o r ) ,  o n  t h e  o t h e r  h a n d ,  t h e  d e p o s i t s  w e r e  
c o n t i n u o u s  a n d  l i n e a r  b y  t h e  s e c o n d  w e e k  o f  i n f e c t i o n ,  a n d
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a s  l o n g  a s  t h e  i n f e c t i o n  p r o g r e s s e d ,  t h e y  b e c a m e  t h i c k e r  
a n d  f r e q u e n t l y  g r a n u l a r  i n  a p p e a r a n c e  ( F i g .  6 ) .  Ag a n d  C 3 
d e p o s i t s  i n  C B A /c a  a n d  B A L B /c  m i c e  i n f e c t e d  w i t h  
L . mexicana  w e r e  a s s o c i a t e d  w i t h  Ig G  a n d  IgM  
i m m u n o g l o b u l i n s ,  w h i l e  i n  B A L b /c  i n f e c t e d  w i t h  
L . major  o n l y  IgM  d e p o s i t s  w e r e  o b s e r v e d .  T h e  s t a i n i n g  a t  
t h i s  l e v e l  w a s  o b s e r v e d  u p  t o  t h e  t w e l f t h  w e e k  i n  B a l b / c  
m i c e  i n f e c t e d  e i t h e r  w i t h  L .  major  o r  L mexicana 

a n d  u p  t o  t h e  e i g h t h  w e e k  i n  C B A /c a  m i c e  i n f e c t e d  w i t h  £ .  
m e x i c a n a .

B l o o d  v e s s e l s
S m a l l  b l o o d  v e s s e l s  ( c a p i l l a r i e s  a n d  v e n u l e s )  a n d  r a r e l y  

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

i n  s m a l l  v e s s e l s  ( F i g .  7 )  a n d  i n  a l l  t h e  t h r e e  l a y e r s  
( i n t i m a ,  m e d i a  a n d  a d v e n t i t i a )  i n  a r t e r i o l e s .  I n  m o s t  o f  
t h e  c a s e s ,  t h e  p a t t e r n  o f  d e p o s i t i o n  w a s  l i n e a r ,  a l t h o u g h  
g r a n u l a r  d e p o s i t s  w e r e  o b s e r v e d  i n  b l o o d  v e s s e l s  f r o m  m i c e  
e x h i b i t i n g  n o n —h e a l i n g  l e s i o n s  e s p e c i a l l y  w h e n  s t a i n e d  w i t h  
a n t i - C 3  r e a g e n t s .

A s s o c i a t i o n  b e t w e e n  d e p o s i t s  o f  A g , I g ( G  a n d  M) a n d  C 3 
w e r e  f o u n d  b y  t h e  f o u r t h  w e e k  o f  i n f e c t i o n  i n  C B A /c a  
i n f e c t e d  w i t h  L.major  a n d  £ .  m e x i c a n a , b y  2 ,  4  a n d  
6  w e e k s  a f t e r  i n f e c t i o n  i n  B A L B /c  i n f e c t e d  w i t h  L. 

major  a n d  b y  t h e  s e c o n d  w e e k  i n  B A L B /c  i n f e c t e d  w i t h  
m e x i c a n a .

T h e  i n t e n s i t y  o f  f l u o r e s c e n c e  w a s  m o d e r a t e  t o  i n t e n s e  i n
a l l  c a s e s .
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FIG U R E  6
D i r e c t  i m m u n o f l u o r e s c e n c e  o n  s k i n  l e s i o n  s e c t i o n  o f  

C B A /c a  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L, mexicana.
S k i n  s e c t i o n  t r e a t e d  w i t h  r a b b i t  a n t i —m o u s e  C 3 
c o n j u g a t e d  t o  F IT C  ( d i l u t i o n  1 : 2 0 )  d e m o n s t r a t i n g  
d e p o s i t i o n  o f  s t a i n i n g  a t  t h e  d e r m a l  e p i d e r m a l  j u n c t i o n .  
X 1 2 5 .

FIG U R E  7
I n d i r e c t  im m u n o f 1 u o r e s c e n c e  o n  s k i n  l e s i o n  s e c t i o n  

f r o m  B A L B /c  m o u s e  4  w e e k s  i n f e c t e d  w i t h  L • m a j o r .
S k i n  s e c t i o n  t r e a t e d  w i t h  F ( a b ) ' 2  f r a c t i o n  o f  r a b b i t  
a n t i - £ .  mexicana  Ig G  ( d i l u t i o n  1 : 4 )  d e m o n s t r a t i n g  
f l u o r e s c e n c e  i n  b l o o d  v e s s e l .  X 1 2 8 .



167

FIGURE 7
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M u s e 1 e s
M u s c l e s  w e r e  f o u n d  t o  b e  i n t e n s e l y  s t a i n e d  i n  a  t h i c k  

l i n e a r  f a s h i o n  s u r r o u n d i n g  t h e  s a r c o l e m m a  ( F i g .  8 ) .  
F l u o r e s c e n t  d e p o s i t s  a t  t h i s  l e v e l  w e r e  m a i n l y  d e t e c t e d  b y  
a n t i —C 3 a n d  a n t i —L. mexicana  a n t i b o d y  
( F ( a b ) f r a c t i o n  o f  I g G ) . Ig G  d e p o s i t s  w e r e  a l s o  

d e t e c t e d  a t  t h i s  l e v e l  w h e n  u s i n g  a n t i —Ig G  ( F c )  
p r e p a r a t i o n s ,  b u t  n o t  w i t h  t h e  F a b  f r a c t i o n  o f  a n t i - I g G .

A g , Ig G  a n d  C 3 w e r e  f o u n d  i n  m u s c u l a r  s t r u c t u r e s  b y  t h e  
f o u r t h  w e e k  i n  a l l  t h e  n o n —h e a l i n g  i n f e c t i o n  m o d e l s  a n d  i n  
C B A /c a  m i c e  i n f e c t e d  w i t h  L .  major  b y  t h e  f o u r t h  a n d  
s i x t h  w e e k s  a f t e r  i n f e c t i o n .

H y a l i n e  c o l l e c t i o n s ,  t h o u g h t  t o  o r i g i n a t e  f r o m  m u s c u l a r  
d e g e n e r a t i o n  ( s e e  R e s u l t s ,  C h a p t e r  I I )  w e r e  o b s e r v e d  t o  
f l u o r e s c e  w i t h  t h e  s a m e  r e a g e n t s  a s  t h e  m u s c l e s  ( s e e  T a b l e  
4 ) .

I t  w a s  f o u n d  t h a t  n o r m a l  m u s c u l a r  s t r u c t u r e s  f r o m  
n o n —i n f e c t e d  m i c e  w e r e  a l s o  s t a i n e d  b y  a n t i —
L . mexicana  a n t i b o d y .  T h i s  l e d  t o  a n  i n v e s t i g a t i o n  o f  t h e  
p o s s i b l e  p r e s e n c e  o f  a n  a n t i b o d y  r e a c t i n g  w i t h  m u s c l e s  i n  
t h e  s e r u m  o f  m i c e  i n f e c t e d  w i t h  L e i s h m a n i a .  S k e l e t a l  
m u s c l e  a n d  h e a r t  f r o m  n o r m a l  m i c e  a n d  f r o m  m i c e  f r o m  t h e  
v a r i o u s  h o s t  p a r a s i t e  c o m b i n a t i o n s  s t u d i e d  s e r v e d  a s  
a n t i g e n .  S e r a  f r o m  B A L B /c  m i c e  i n f e c t e d  w i t h  
L .  mexicana  ,  C B A /c a  m i c e  i n f e c t e d  w i t h  L . major  a n d  
n o r m a l  s e r u m  w e r e  i n v e s t i g a t e d  f o r  a n t i b o d y  r e a c t i n g  w i t h  
m u s c l e s  u s i n g  t h e  I I F T .

T h e  r e s u l t s  a r e  r e c o r d e d  i n  T a b l e  5 ,  w h e r e  i t  c a n  b e
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FIG U R E S
I n d i r e c t  i m m u n o f l u o r e s c e n c e  o n  s k i n  l e s i o n  s e c t i o n  o f  

C B A /c a  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L .  a e x i c a n a .
S k i n  s e c t i o n  t r e a t e d  w i t h  t h e  F ( a b ) ' a  f r a c t i o n  o f  
r a b b i t  a n t i —L . mexicana  Ig G  ( d i l u t i o n  I s 4 )  
d e m o n s t r a t i n g  f l u o r e s c e n t  s t a i n i n g  o n  t h e  s a r c o l e m m a  o f  
s t r i a t e d  m u s c l e .  X 1 2 5 .

FIG U R E 9
I n d i r e c t  i m m u n o f l u o r e s c e n c e  o n  h e a r t  f r o m  n o r m a l  

C B A /c a  m o u s e  u s i n g  s e r u m  o f  C B A /c a  m o u s e  i n f e c t e d  f o r  1 6  
w e e k s  w i t h  L .  major  ( d i l u t i o n  1 : 4 0 ) .  F l u o r e s c e n t  
s t a i n i n g  i s  s h o w n  i n  p e r i c a r d i u m  a n d  i n t e r s t i t i u m .
X 3 0 0 .
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FIGURE S

FIGURE 9
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s e e n  t h a t  a l l  t h e  s e r a  f r o m  t h e  i n f e c t e d  a n i m a l s ,  b u t  n o t  
t h e  c o n t r o l  s e r u m ,  s t a i n e d  t h e  m u s c u l a r  s t r u c t u r e s  o f  
n o n —i n f e c t e d  m i c e  a n d  o f  C B A /c a  m i c e  i n f e c t e d  w i t h  
L . mexican a a n d  B A L B /c  i n f e c t e d  w i t h  L .  major  o r  
L. m e x i c a n a .  M u s c u l a r  s t r u c t u r e s  i n  C B A /c a  m i c e  i n f e c t e d  
w i t h  L. major  w e r e  n o t  s t a i n e d  b y  a n y  o f  t h e  s e r a  u s e d .

T h e  t i t e r s  v a r i e d  w i t h  t h e  a n t i s e r a  a n d  t h e  m u s c l e  
p r e p a r a t i o n  u n d e r  i n v e s t i g a t i o n ,  b u t  i n  g e n e r a l ,  h i g h e r  
a n t i b o d y  t i t e r s  w e r e  o b s e r v e d  w i t h  £ .  major  s e r u m  w h e n  
s k e l e t a l  m u s c l e  w a s  u s e d  a s  t h e  a n t i g e n .  S i m i l a r  t i t e r s  
w i t h  a l l  a n t i s e r a  w e r e  o b s e r v e d  w h e n  u s i n g  c a r d i a c  m u s c l e .

T h e  s t a i n i n g  o f  s k e l e t a l  m u s c l e s  e x h i b i t e d  a  s i m i l a r  
p a t t e r n  t o  t h a t  d e s c r i b e d  i n  m u s c l e s  i n  s k i n  l e s i o n s .  W i th  
c a r d i a c  m u s c l e s ,  o n  t h e  o t h e r  h a n d ,  t h e  s t a i n i n g  w a s  
l o c a l i z e d  t o  t h e  i n t e r s t i t i u m  o f  t h e  m y o c a r d iu m  b e t w e e n  
m u s c u l a r  f i b e r s  ( F i g . 9 ) ,  i n  p e r i c a r d i u m ,  e n d o c a r d i u m  a n d  
b l o o d  v e s s e l s ;  t h e  d e p o s i t s  w e r e  l i n e a r .  I n  a d d i t i o n ,  a  
g r a n u l a r  a p p a r e n t l y  i n t r a c y t o p l a s m i c  p a t t e r n  w a s  s e e n  i n  
c a r d i a c  m u s c l e  f r o m  C B A /c a  m i c e  i n f e c t e d  w i t h  
L mexicana;  t h i s  p a t t e r n  o f  s t a i n i n g  w a s  o b s e r v e d  w i t h  
b o t h  a n t i s e r a  u s e d .

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

c o n s t i t u t i n g  t h e  s k i n  i n f i l t r a t e ,  n o n —i n f e c t e d  m a c r o p h a g e s ,  
o r  m a c r o p h a g e s  e x h i b i t i n g  lo w  p a r a s i t i c  l o a d  s h o w e d  
m e m b ra n e  s t a i n i n g ,  w h i c h  w a s  s e e n  a s  a  r i n g  p a r t i a l l y  o r  
c o m p l e t e l y  s u r r o u n d e d  t h e  c e l l  ( F i g . 1 0 ) .  T h e s e  c e l l s  w e r e  
d e t e c t e d  s t a i n i n g  i n  t h e  s k i n  i n f i l t r a t e  o f  a l l  t h e
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FIGURE 10

Indirect immunof 1 uorescence on skin lesion section -from 
BALB/c mouse, 4 weeks infected with L.major using the 
F(ab) '2 -fraction of rabbit anti-t. mexicaria IgG.
Macrophages exhibited fluorescent staining on their surfaces. 
X 125.
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t h e  i n f e c t i o n  m o d e l s  u s e d  a n d  w i t h  a l l  t h e  i m m u n o r e a c t a n t s  
u s e d  f o r  t h e  i d e n t i f i c a t i o n  o f  i m m u n o g l o b u l i n s ,  C 3 f a c t o r  
a n d  r e a c t a n t s  s p e c i f i c  f o r  L e i s h m a n i a  ( s e e  T a b l e  6 ) .  
H o w e v e r ,  a s  m e n t i o n e d  a b o v e ,  o n l y  n o n —i n f e c t e d  m a c r o p h a g e s  
o r  t h o s e  m a c r o p h a g e s  e x h i b i t i n g  lo w  p a r a s i t i c  l o a d  w e r e  
s t a i n e d .  H e a v i l y  p a r a s i t i z e d  a n d  v a c u o l a t e d  m a c r o p h a g e ,  
o b s e r v e d  a s  p a r t  o f  t h e  h i s t i o c y t o m a s  i n  m i c e  e x h i b i t i n g  
n o n —h e a l i n g  l e s i o n s  w e r e  a l w a y s  n e g a t i v e  w i t h  a l l  t h e  
i m m u n o r e a c t a n t s  u s e d .  A s a  c o n s e q u e n c e  o f  t h e  s e l e c t i v e  
s t a i n i n g  i n  t h e  m a c r o p h a g e  p o p u l a t i o n ,  t h e  d i s t r i b u t i o n  o f  
s t a i n e d  m a c r o p h a g e s  i n  t h e  i n f i l t r a t e  v a r i e d  w i t h  t h e  
d e v e l o p m e n t  o f  t h e  i n f e c t i o n .  T h u s ,  i n  m i c e  i n  w h ic h  
s e l f - h e a l i n g  l e s i o n s  o c c u r r e d  (C B A /c a  i n f e c t e d  w i t h  
L m  m a j o r ) a n d  i n  e a r l y  i n f e c t i o n s  ( u p  t o  t h e  f o u r  w e e k )  
i n  g r o u p s  o f  m i c e  w h o s e  l e s i o n s  e v o l v e d  t o  c h r o n i c i t y  
( C B A /c a ,  B A L B /c  i n f e c t e d  w i t h  L .  m e  x i  c a n  a. a n d  B A L B /c  
i n f e c t e d  w i t h  L .  m a j o r • ) t h e s e  s t a i n e d  c e l l s  w e r e  s e e n  
t h r o u g h o u t  t h e  i n f i l t r a t e ,  b u t  a s  t h e  i n f e c t i o n  p r o g r e s s e d  
i n  C B A /c a  i n f e c t e d  w i t h  L ,  m a j o r ,  s t a i n e d  m a c r o p h a g e s  
d i s a p p e a r e d  a s  a  c o n s e q u e n c e  o f  t h e  h e a l i n g  p r o c e s s  a n d  i n  
t h e  r e s t  o f  t h e  g r o u p s  ( n o n —h e a l i n g  l e s i o n s )  f l u o r e s c e n t  
m a c r o p h a g e s  a p p e a r e d  t o w a r d s  t h e  p e r i p h e r y  o f  t h e  
i n f i l t r a t e  l e a v i n g  u n s t a i n e d  t h e  c e l l s  o f  t h e  c e n t r a l  
h  i  s t  i  o c y t o m a .

I r r e g u l a r l y  s h a p e d  c e l l s  ( r e t i c u l a r  o r  s p i n d l e  c e l l s )  
w e r e  s t a i n e d  w i t h  t h e  s a m e  r e a g e n t s  a s  m a c r o p h a g e s .  T h e s e  
c e l l s  w e r e  l o c a l / i c i  i m m e d i a t e l y  u n d e r  t h e  e p i d e r m i s ,  a m o n g  
b u n d l e s  o f  c o l l a g e n  a n d  o c c a s i o n a l l y  i n  t h e  e p i d e r m i s
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i t s e l f  ( s e e  T a b l e  6 )  - T h e  s t a i n i n g  i n  t h e s e  r e t i c u l a r  
s h a p e d  c e l l s  w a s  o b s e r v e d  o u t l i n i n g  t h e  b o d y  a n d  i t s  
p r o l o n g a t i o n s  ( F i g .  1 1 ) .  S o m e o f  t h e s e  c e l l s  w e r e  l a d e n  
w i t h  p i g m e n t  i n  h o m o l o g o u s  s e c t i o n s  s t a i n e d  b y  h a e m a t o x y l i n  
a n d  e o s i n .  T h e  p e r f o r m a n c e  o f  t h e  c< n a p t h y l —a c e t a t e  m e th o d  
f o r  n o n - s p e c i f i c  e s t e r a s e  s h o w e d  t h e  p r e s e n c e  o f  t h i s  
e n z y m e  i n  t h e  c y t o p l a s m  o f  t h e  r e t i c u l a r  s h a p e d  c e l l s  ( F i g .  
1 2 )  a n d  i n  t h e  m a c r o p h a g e s  o f  t h e  i n f i l t r a t e .

M a c r o p h a g e s  a n d  r e t i c u l a r  s h a p e d  c e l l s  w e r e  s t a i n e d  
from t h e  s e c o n d  w e e k  a f t e r  i n f e c t i o n  i n  i n f i l t r a t e s  f r o m  
a l l  t h e  g r o u p s  o f  m i c e  i n  t h e  d i f f e r e n t  h o s t - p a r a s i t e  
c o m b i n a t i o n s ,  t h e  e x c e p t i o n  b e i n g  t h e  B A L B /c  L „ mexicana 

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

On t h e  p e r i o d s  u p  t o  w h i c h  t h e  s t a i n i n g  o c c u r e d  i n  
t h e s e  c e l l s ,  i n  C B A /c a  L .m a j o r ,  m a c r o p h a g e s  a n d  
r e t i c u l a r  s h a p e d  c e l l s  w e r e  d e t e c t e d  u p  t o  t h e  f o u r t h  w e e k  
o f  i n f e c t i o n  i n  C B A /c a  i n f e c t e d  w i t h  L , mexicana  a n d  i n  
B A L B /c  i n f e c t e d  w i t h  1 .  m a j o r ? r e t i c u l a r  s h a p e d  c e l l s  
w e r e  s e e n  s t a i n e d  u p  t o  t h e  s i x t h  a n d  e i g h t  w e e k ,  w h i l e  
macrophages were stained up to the t w e l f t h  a n d  f o u r t e e n t h  
w e e k  r e s p e c t i v e l y .  I n  B A L B /c  i n f e c t e d  w i t h  L . m e x i c a n a ,  
o n l y  m a c r o p h a g e s  w e r e  s u r r o u n d e d  w i t h  f l u o r e s c e n c e  a n d  
t h e s e  l a s t e d  u p  t o  t h e  t e n t h  w e e k .  I n  c o n t r a s t  t o  t h e  o t h e r  
e x p e r i m e n t a l  g r o u p s ,  i n  B A L B /c  — L.mexicana  i n f e c t e d  
m i c e ,  a n t i —L . mexicana  I g  ( F ( a b ) ' j .  d i d  n o t  
p r o d u c e  a n y  s t a i n i n g  i n  t h e  m a c r o p h a g e s .

L y m p h o c y t e s  w e r e  h a r d  t o  i d e n t i f y  a n d  d i f f e r e n t i a t e  f r o m  
m o n o c y t e s  a n d  s o m e t i m e s  h i s t i o c y t e s  i n  t h e
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FIG U R E  11
I n d i r e c t  im m u n o f  1 u o r e s c e n c e  o n  s k i n  l e s i o n  s e c t i o n  -fro m  C B A /c a  

m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L. m exicana  u s i n g  t h e  
F ( a b ) f r a c t i o n  o f  r a b b i t  a n t i -  L. mexicana  Ig G  ( d i l u t i o n  
I s 4 ) .  f l u o r e s c e n c e  i s  s h o w n  o n  t h e  m e m b r a n e  s u r f a c e  o f  d e n d r i t i c  
s h a p e d  c e l l  o f  t h e  s u b e p i d e r m a l  a r e a .  X 4 0 0 .

FIG U R E 1 2
N o n - s p e c i f i c  e s t e r a s e  t e s t  o n  f r o z e n  s k i n  l e s i o n  s e c t i o n  f r o m  

C B A /c a  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  £.* w e x i c a n a . N o t e  r e t i c u l a r  
o r  d e n d r i t i c  s h a p e d  c e l l s  o f  s u b e p i d e r m i s  g i v i n g  p o s i t i v e  s t a i n i n g .  
X 4 0 0 .
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i  m m unof 1 u o r e s c e n c e  - t e c h n i q u e  p e r - f o r m e d  o n  c r y o s t a t  
s e c t i o n s ,  h o w e v e r ,  w i t h  t h e  a i d  o f  h o m o l o g o u s  h a e m a t o x y l i n  
a n d  e o s i n  s t a i n i n g  o f  a l t e r n a t e  s e c t i o n s  t h e y  c o u l d  
s o m e t i m e s  b e  i d e n t i f i e d  ( s e e  T a b l e  6 ) .  T h e s e  c e l l s  w e r e  
s t a i n e d  o n  t h e i r  s u r f a c e  w i t h  a n t i —s e r a  t o  i m m u n o g l o b u l i n  
a n d  F IT C —L. mexicana  o n l y .  C 3  w a s  n o t  d e t e c t e d .

P l a s m a  c e l l s  w e r e  d e t e c t e d  a n d  f o u n d  t o  s t a i n  i n  t h e i r  
c y t o p l a s m 1 w i t h  a n t i —Ig G  ( F a b )  a n d  F IT C — L,mexicana 

a n t i g e n  i n  t h e  i n f i l t r a t e  f r o m  s k i n  l e s i o n s  o f  C B A /c a  m i c e  
i n f e c t e d  w i t h  wexicana  b y  t h e  f o u r t h  w e e k  o f  
i n f e c t i o n .

M o n o c l o n a l  a n t i b o d i e s  ( a n t i - L y t l  a n d  a n t i - L y t 2 ) ,  u s e d  
f o r  i d e n t i f i c a t i o n  o f  T c e l l s  s u b p o p u l a t i o n s ,  p r o d u c e d  a  
v e r y  w e a k  f l u o r e s c e n c e  o n  t h e  s u r f a c e  o f  l y m p h o i d  c e l l s  i n  
a l l  t h e  e x p e r i m e n t a l  g r o u p s .  T h e  s t a i n e d  c e l l s  w e r e  
o b s e r v e d  a s  a  p a l i s a d e  a r o u n d  t h e  l e s i o n s  a n d  o c c a s i o n a l y  
s u r r o u n d i n g  t h e  b l o o d  v e s s e l s .

D u e  t o  t h e  d i f f i c u l t i e s  i n  t h e  i d e n t i f i c a t i o n  o f  t h e s e  
c e l l s  i n  t i s s u e  s e c t i o n s ,  e x p e r i m e n t s  w i t h  t i s s u e  
d i s a g g r e g a t i o n  f o r  i s o l a t i o n  a n d  f u r t h e r  c h a r a c t e r i z a t i o n  
of lymphocytes M e re  performed (see next Chapter).

P o l y m o r p h o n u c l e a r  e o s i n o p h i l s  w e r e  s e e n  t o  s t a i n  i n
t h e i r  c y t o p l a s m  u s i n g  a n t i - I g G  a n d  F IT C -Z ..  mexicana

a n t i g e n  i n  t h e  i n f i l t r a t e s  o f  a l l  s k i n  l e s i o n s  ( F i g  1 3 ) .  I n
✓

a d d i t i o n ,  t h e y  w e r e  s t a i n e d  b y  L, mexicana  a n t i b o d y  i n  
B A L B /c  m i c e  i n f e c t e d  w i t h  Z.. major  a n d  b y  a n t i —C 3 i n  
B A L B /c  i n f e c t e d  w i t h  Z.. m e x i c a n a .  B u t ,  w h i l e  t h e y  w e r e  
r a r e l y  s t a i n e d  i n  C B A /c a  m i c e  i n f e c t e d  w i t h  L. major, 

t h e y  w e r e  s t a i n e d  a n d  a b u n d a n t  i n  B A L B /c  a n d  C B A /c a  m i c e
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FIG U R E  1 3
D i r e c t  i m m u n o f l u o r e s c e n c e  o n  s k i n  l e s i o n  s e c t i o n  f r o m  

C B A /c a  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L m mexicana 
u s i n g  L . mexican a  s o l u b l e  a n t i g e n  c o n j u g a t e d  t o  
F I T C .  O b s e r v e  p o l y m o r p h o n u c l e a r  e o s i n o p h i l s  e x h i b i t i n g  
c y t o p l a s m  f l u o r e s c e n c e .  X 1 2 5 .

F IG U R E  1 4
I n d i r e c t  i m m u n o f l u o r e s c e n c e  o n  s k i n  l e s i o n  s e c t i o n  

f r o m  C B A /c a  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L. 
mexicana  u s i n g  t h e  F ( a b ) f r a c t i o n  o f  r a b b i t  
a n t i - £ .  mexicana  Ig G  ( d i l u t i o n  1 : 4 ) .  O b s e r v e  
f l u o r e s c e n t  a m a s t i g o t e s  i n s i d e  a  m a c r o p h a g e .  X 4 0 0 .
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FIGURE 13



I S O

i n f e c t e d  w i t h  L. s e x i c a n a  a n d  i n  B A L B /c  i n f e c t e d  w i t h  
L. major  a n d  w e r e  o b s e r v e d  i n  t h e s e  l e s i o n s  f o r  l o n g e r  
p e r i o d s  o f  t i m e  ( s e e  T a b l e  6 ) .

C o n t r o l  e x p e r i m e n t s  f+r t h e  s p e c i f i c i t y  o f  t h e  s t a i n i n g  
o b s e r v e d  i n  t h e s e  c e l l s  s h o w e d  t h a t  e o s i n o p h i l s  r e c r u i t e d  
i n  t h e  f o o t —p a d  o f  h e a l t h y  a n i m a l s  a f t e r  tw o  w e e k l y  
i n j e c t i o n s  w i t h  b o v i n e  s e r u m  a l b u m i n  o r  s t a r c h ,  w e r e  
s t a i n e d  b y  t h e  s a m e  i m m u n o c o n J u g a t e s  a s  t h e  e o s i n o p h i l s  i n  
Leishmania  i n f e c t e d  t i s s u e s .  H o w e v e r ,  b l o c k i n g  o f  t h e  
n o n - s p e c i f i c  s t a i n i n g  u s i n g  S o d iu m  D o d e c y l  s u l p h a t e  ( S D S ) , 
s h o w e d  a b l a t i o n  o f  t h e  s t a i n i n g  i n  t h e  t i s s u e  e o s i n o p h i l s  
i n d u c e d  b y  a l b u m i n  o r  s t a r c h  i n j e c t i o n s  a n d  n o t  i n  
e o s i n o p h i l s  f r o m  Leishmania  i n f e c t e d  a n i m a l s .

On t h e  o t h e r  h a n d ,  c o n t r o l  e x p e r i m e n t s  d e s i g n e d  t o  
c o r r o b o r a t e  t h e  s p e c i f i c i t y  o f  t h e  s t a i n i n g  o f  
L&ishmania  p a r a s i t e s  s h o w e d  c o m p l e t e  a b l a t i o n  o f  t h e  
f l u o r e s c e n c e  w i t h  t h e  b l o c k i n g  t e s t  b y  u n c o n j u g a t e d  
a n t i g e n ,  b u t  n o t  w i t h  t h e  a b s o r p t i o n  t e s t  ( a b s o r b t i o n  o f  
t h e  c o n j u g a t e d  a n t i g e n  w i t h  Leismania  a n t i s e r a ) .

D u e  t o  t h e  a b u n d a n c e  a n d  t h e  i n t e n s i t y  o f  f l u o r e s c e n c e  
of the eosinophils, other cell£ as for instance a n t i b o d y  
f o r m i n g  c e l l s ,  w h i c h  s h o u l d  a l s o  s t a i n  i n  t h e i r  c y t o p l a s m ,  
c o u l d  b e  m a s k e d  b y  t h e  f l u o r e s c e n c e  o f  e o s i n o p h i l s .  I n  
o r d e r  t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  t h e  t i s s u e  s e c t i o n s  
w e r e  t r e a t e d  w i t h  D BA /H 2O2  b e f o r e  s t a i n i n g  w i t h  
t h e  c o n j u g a t e .  U n t r e a t e d  s e c t i o n s  s e r v e d  a s  c o n t r o l .

T h e  e x a m i n a t i o n  o f  t h e  D BA /H 2 /O 2  

p r e t r e a t e d  s e c t i o n s  u n d e r  b r i g h t  f i e l d  c o n d i t i o n s  
d e m o n s t r a t e d  t h e  p r e s e n c e  o f  a  b r o w n  i n t r a —c y t o p l a s m i c
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d e p o s i t  i n  e o s i n o p h i l  g r a n u l o c y t e s ,  r e t i c u l a r  s h a p e d  c e l l s ,  
m o n o c y t e s  a n d  i / n m a t u r e  m a c r o p h a g e s .  T h e  e x a m i n a t i o n  o f  t h e  
s a m e  s e c t i o n  a f t e r  s w i t c h i n g  t o  u l t r a - v i o l e t  i l l u m i n a t i o n  
r e v e a l e d  t h a t  p o l y m o r p h o n u c l e a r  e o s i n o p h i l s  w e r e  c o m p l e t e l y  
s h e l t e r e d  f r o m  f l u o r e s c e n c e ,  b u t  r e t i c u l a r  s h a p e d  c e l l s ,  
m a c r o p h a g e s  a n d  m o n o c y t e s  s t i l l  e x h i b i t e d  s u r f a c e  
s t a i n i n g .

A n t i b o d y  f o r m i n g  c e l l s  w e r e  o b s e r v e d  o n l y  i n  s m a l l  
a m o u n t s  a n d  o n l y  i n  s e c t i o n s  f r o m  C B A /c a  m i c e  i n f e c t e d  w i t h  
L.mexicana  c o r r o b o r a t i n g  t h e  p r e v i o u s  
i m m u n o f l u o r e s c e n c e  f i n d i n g s  ( s e e  T a b l e  6 )

A m a s t i  g o t e s
A m a s t i g o t e s  f r e e  o r  i n s i d e  m a c r o p h a g e s  w e r e  d e t e c t e d  b y  

a n t i „ mexicana  Ig G  ( F ( a b )  ' 3 ) a n t i  — I g G ,  a n t i — C 3 
a n d  F IT C —£.» mexicana  a n t i g e n  i n  s e c t i o n s  f r o m  a l l  t h e  
m i c e  o f  t h e  d i f f e r e n t  e x p e r i m e n t a l  g r o u p s .  T h e  p a r a s i t e s  
w e r e  n o t  s t a i n e d  b y  a n t i —IgM  p r e p a r a t i o n s .  A m a s t i g o t e s  
i n s i d e  m a c r o p h a g e s  o f  t h e ^ d e v e l o p e d  h i s t i o c y t o m a  w e r e  n e v e r  
s t a i n e d .

I I I . 3 . 2  LYMPH NODE
T a b l e  7 ( a , b , c , d )  s u m m a r i z e * t h e  d i s t r i b u t i o n  o f  

f l u o r e s c e n c e  s t a i n i n g  i n  c r y o s t a t  s e c t i o n s  o f  ly m p h  n o d e  
t i s s u e  f r o m  t h e  d i f f e r e n t  h o s t - p a r a s i t e  c o m b i n a t i o n s a t  
d i f f e r e n t  p e r i o d s  o f  t i m e  u s i n g  a n t i —I g G ,  a n t i —Ig M , 
a n t i - C 3 ,  a n t i - £ . » e x i c a n a ,  a n t i - L y t l  a n t i —L y t 2  s e r a  a n d  
F IT C —L. mexicana  a n t i g e n .

T h e  a n t i —IgM  a n d  a n t i —Ig G  s e r a  r e s u l t e d  i n  a  p e r i p h e r a l
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TABLE 7 A

DISTRIBUTION OF FLUORESCENT STAINING IN THE DRAINING LYMPH NODES OF CBA/ca NICE
INFECTED HITH Leishaania aajor.

REAGENTS LYMPHOCYTES Ab. FORMING 
CELLS

EOSINOPHILS MACROPHAGES IN.CELL. 
DEPOSITS

SYNUS
SYSTEM

DISTRIBUTION OF FLUORESCENT STAINING IN THE CORTEX

ANTI IqH 2 +
4-10 +++

4-10 ++ N. S. N. S. N. S. 2-5

ANTI IgG 2 +
4-6 +++

N. S. N. S. N. S. N. S. 4

ANTI IgG Fab 2-10 +++ N. S. N. S. N. S. N. S. N. S.

ANTI L. aex. N. S. N. S. N. S. N. S. 2-8 2-12

L. aex. Ag. N. S. N. S. N. S. N. S. 2-8 2 4 12

ANTI C3 N. S. N. S. N. S. N. S. 2-12 2-12

ANTI LY T1 2-6 ++ N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. N. S. N. S.

DISTRIBUTION OF FLUORESCENT STAINING IN THE PARACORTEX

ANTI IgM 4 + N. S. N. S. N. S. N. S. N. S.

ANTI IgS N. S. N. S. N. S. N. S. N. S. N. S.

ANTI IgG Fab N. S. N. S. N. S. 4 + N. S. N. S.

ANTI L. sex. N. S. N. S. N. 5. N. S. 2-8 N. S.

L. sex. Ag. N. S. N. S. 4-8 + N. S. 6 N. S.

ANTI C3 N. S. N. S. N. S. N. S. 2-12 N. S.

ANTI LY T1 N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. 2 N. S.

DISTRIBUTION OF FLUORESCENT STAINING IN THE HEDULLA

ANTI IqH 2 +
4-10 ++

4-10 ++ N. S. N. S. N. S. N. S.

ANTI IgG 2-6 ++ 2-6 ++ N. S. N. S. N. S. 2-6

ANTI IgG Fab 4-8 ++ N. S. N. S. N. S. N. S. N. S.

ANTI L. aex. N. S. N. S. N. S. N. S. N. S. 2-8

L. aex. Ag. N. S. N. S. 4 + N. S. N. S. 4

ANTI C3 N. S. N. S. N. S. N. S. N. S. 2-12

ANTI LYT1 N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. N. S. N. S.

Figures are weeks after the infection. +, ++, +++ indicate few, aoderate or abundant respectively.
N. S. indicates no fluorescence detected in the structure. IN. CELL, stands for intracellular.

In aacrophages fluorescent staining was circuascribed to intracellular aaasti gates.
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TABLE 7 B

DISTRIBUTION OF FLUORESCENT STAININ6 IN THE DRAINING LYNPH NODES OF CBA/ca NICE
INFECTED WITH Leishaania aexicana

REA6ENTS LYMPHOCYTES Ab. FORMING 
CELLS

EOSINOPHILS MACROPHAGES IN.CELL. 
DEPOSITS

SYNUS
SYSTEM

DISTRIBUTION OF FLUORESCENT STAINING IN THE CORTEX

ANTI IgH 2-6 ++* 
8-12 *

N. S. N. S. N. S. N. S. 2-6

ANTI Ig6 2-4 +*+ 
6-10 ♦

2-4 ++ N. S. N. S. N. S. 12

ANTI IgS Fab 4 *♦ N. S. 4 ++ N. S. 2-4 4

ANTI L. aex. N. S. N. S. N. S. N. S. 2-12 2-4

L. sex. Ag. N. S. N. S. 2 + 4 + N. S N. S.

ANTI C3 N. S. N. S. N. S. N. S. 2-12 2

ANTI LY Ti 2-12 *+ N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. 5. N. S. N. S N. S. N. S.

DISTRIBUTION OF FLUORESCENT STAININ6 IN THE PARACORTEX

ANTI IgM N. S. N. S. N. S. N. S. N. S. N. S.

ANTI IgG N. S. N. S. N. S. N. S. N. 5. N. S.

ANTI IgG Fab N. S. N. S. 4 + 2-4 + N. S. N. S.

ANTI L. aex. N. S. N. S. N. S. 4 + 2-12 N. S.

L. aex. Ag. N. S. N. S. 2 + 2 + 4 N. S.

ANTI C3 N. S. N. S. 8 +

•+*CMCD 4-6 N. S.

ANTI LY Tl N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. 2-12 N. S.

DISTRIBUTION OF FLUORESCENT STAININ6 IN THE HEDULLA

ANTI IgM 2-12 + N. S. N. S. N. S. N. S. N. S.

ANTI IgG N. S. 4-10 ++ N. S. N. S. N. S. 2-6

ANTI Ig6 Fab 8 + N. S. N. S. N. S. N. S. N. S.

ANTI L. aex. N. S. N. S. N. S. N. S. N. S. 2-12

L. aex. Ag. N. S. N. S. N. S. N. S. N. S. 4

ANTI C3 N. S. N. S. N. S. 12 + N. S. 2-16

ANTI LYT1 N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. N. S. N. S.

Figures are weeks after the infection. +, ++, +++ indicate few, soderate or abundant respectively.
N. S. indicates no fluorescence detected in the structure. IN. CELL, stands for intracellular.

In aacrophages fluorescent staining was circusscribed to intracellular asastiogotes.
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TABLE 7 C

DISTRIBUTION OF FLUORESCENT STAINING IN THE DRAININS LYMPH NODES OF BALB/c NICE
INFECTED NITH Leishaania aajor

REAGENTS LYMPHOCYTES Ab. F0RMIN6 
CELLS

EOSINOPHILS MACROPHAGES IN.CELL. 
DEPOSITS

SYNUS
SYSTEM

DISTRIBUTION OF FLUORESCENT STAINING IN THE CORTEX

ANTI IgH 2 6 + 
4 ++

N. S. N. S. N. S. N. S. 4

ANTI Ig6 2-8 +++ 
10-12 +

N. S. N. S. N. S. N. S. 2-6

ANTI IgB Fab 2-4 +++ 
8 +

N. S. N. S. N. S. N. S. N. S.

ANTI L. sex. N. S. N. S. 12 + N. S. 2-8 2-12

L. aex. Ag. N. S. N. S. 4-12 + N. S. 2-8 N. S.

ANTI C3 N. S. N. S. N. S. N. S. 2-8 2-6

ANTI LY Ti 2-8 ++ N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S N. S. N. 3.

DISTRIBUTION OF FLUORESCENT STAININ6 IN THE PARACORTEX

ANTI IgH N. S. N. S. N. S. N. S. N. S. N. S.

ANTI IgG N. S. N. S. N. S. N. S. N. S. N. S.

ANTI IgG Fab N. S. N. S. 2-4 ++ 2-4++ N. S. N. S.

ANTI L. aex. N. S. . N. S. 12 + 12 + N. S. N. S.

L. sex. Ag. N. S. N. S. 4-12 + 4-12 + N. S. N. S.

ANTI C3 N. S. N. S. N. S. N. S. 4-8 N. S.

ANTI LY Tl N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. 2-12 N. S.

DISTRIBUTION OF FLUORESCENT STAININS IN THE MEDULLA

ANTI IgH 2-6 + N. S. N. S. N. S. N. S. N. S.

ANTI IgG 6-12 ++ N. S. N. S. N. S. N. S. N.S.

ANTI IgG Fab 2-4 + 
8 ++

N. S. N. S. N. S. N. S. N. S.

ANTI L. aex. N. S. N. S. 12 + N. S. N. S. 8

L. aex. Ag. N. S. N. S. 4-12 + 4-12 + N. S. 2-8

ANTI C3 N. S. N. S. N. S. 6 + N. S. 4-8

ANTI LYT1 N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. N. S. N. S.

Figures are weeks after the infection. +, ++, +++ indicate few, aoderate or abundant respectively.
N. S. indicates no fluorescence detected in the structure. IN. CELL, stands for intracellular.

In sacrophages fluorescent staining was circuascribed to intracellular aaastiogotes.
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TABLE 7 D

DISTRIBUTION OF FLUORESCENT STAININ6 IN THE DRAININ6 LYMPH NODES OF BALB/c NICE
INFECTED WITH Leishaania aexicana

REA6ENTS LYMPHOCYTES Ab. FORMING 
CELLS

EOSINOPHILS MACROPHAGES IN.CELL. 
DEPOSITS

SYNUS
SYSTEM

DISTRIBUTION OF FLUORESCENT STAININB IN THE CORTEX

ANTI IgH 4-6 +++ 
8-12 +

N. S. N. S. N. S. N. S. 4-6

ANTI Ig6 2-8 +++ N. S. N. S. N. S. N. S. 4

ANTI IgS Fab 2-8 +++ N. S. N. S. N. S. N. S. 4

ANTI L. aex. N. S. N. S. N. S. N. S. 2-4 2-6

L. aex. Ag. N. S. N. S. 6 + N. S. 6 2-6

ANTI C3 N. S. N. S. 8 + 8 + 2-8 N. S.

ANTI LY Ti 2-8 ++ N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S N. S. N. S.

DISTRIBUTION OF FLUORESCENT STAININB IN THE PARACORTEX

ANTI IgH N. S. N. S. N. S. N. S. N. S. N. S.

ANTI Ig6 N. S. N. S. N. S. N. S. N. S. N. S.

ANTI IgB Fab N. S. N. S. N, S. N. S. N. S. N. S.

ANTI L. aex. N. S. N. S. N. S. 4 + N. S. N. S.

L. sex. Ag. N. S. N. S. 6 + 6 + 6 N. S.

ANTI C3 N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY Tl N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. 2-8 N. S.

DISTRIBUTION OF FLUORESCENT STAININ6 IN THE MEDULLA

ANTI IgH 2 +
4-6 ++.

N. S. N. S. N. S. N. S. N. S

ANTI Ig6 2-6 ++ N. S. N. S. N. S. N. S. 8

ANTI Ig6 Fab 2-6 ♦ N. S. N. S. N. S. N. S. 8

ANTI L. aex. N. S. N. S. N. S. N. S. N. S. 2-6

L. aex. Ag. N. S. N. S. N. S. 6 + N. S. N.S

ANTI C3 N. S. N. S. N. S. N. S. N. S. 2-8

ANTI LYT1 N. S. N. S. N. S. N. S. N. S. N. S.

ANTI LY T2 N. S. N. S. N. S. N. S. N. S. N. S.

Figures are Keeks after the infection. +, ++, +++ indicate feK, aoderate or abundant respectively.
N. S. indicates no fluorescence detected in the structure. IN. CELL, stands for intracellular.

In aacrophages fluorescent staining Kas circuascribed to intracellular aaastiogotes.
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s t a i n i n g  o f  s m a l l  l y m p h o c y t e s ,  i n t r a c y t o p l a s r a i c  s t a i n i n g  o f  
l a r g e  l y m p h o i d  c e l l s  a n d  l i n e a r  s t a i n i n g  o f  t h e  ly m p h  n o d e  
s i n u s  s y s t e m .

I n  g e n e r a l ,  b y  t h e  s e c o n d  w e e k  a f t e r  i n f e c t i o n ,  s c a n t y  
s m a l l  l y m p h o c y t e s  w e r e  d e t e c t e d  i n  t h e  f o l l i c u l a r  a r e a s .  B y 
t h e  f o u r t h  w e e k  o f  i n f e c t i o n ,  t h e  m a j o r i t y  o f  t h e s e  c e l l s  
d i s p l a y e d  p e r i p h e r a l  f l u o r e s c e n c e ,  r e m a i n i n g  l i k e  t h i s  u p  
t o  t h e  t e n t h  w e e k  o f  i n f e c t i o n  i n  C B A /c a  m i c e  i n f e c t e d  w i t h  
L. major  a n d  u p  t o  t h e  s i x t h  t o  t h e  e i g h t h  w e e k  o f  
i n f e c t i o n  i n  C B A /c a  i n f e c t e d  w i t h  L .  mexicana  ,  a n d  
B A L B /c  i n f e c t e d  w i t h  L . major  o r  L. v e x i c a n a .
A f t e r  t h a t  t h e  n u m b e r  o f  s t a i n e d  s m a l l  l y m p h o c y t e s  
d e c r e a s e d .  S m a l l  s t a i n e d  l y m p h o c y t e s  w e r e  a l s o  d e t e c t e d  i n  
t h e  m e d u l l a ,  b u t  o n l y  i n  lo w  n u m b e r s .  I n  t h e  p a r a c o r t i c a l  
a r e a s ,  t h e y  w e r e  r a r e l y  s e e n .  L y m p h o id  c e l l s  e x h i b i t i n g  
f l u o r e s c e n c e  s t a i n i n g  w e r e  o n l y  o b s e r v e d  i n  t h e  f o l l i c u l a r  
a n d  m e d u l l a r y  a r e a s  o f  t h e  ly m p h  n o d e s  f r o m  C B A /c a  m i c e  
i n f e c t e d  w i t h  L .  mexican a o r  L .  m a j o r . T h e s e  c e l l s ,  
w h ic h  w e r e  a p p a r e n t l y  f a r m i n g  a n t i b o d y ,  d i d  n o t  s t a i n  w i t h  
s p e c i f i c  a n t i g e n  a s  F IT C  c o n j u g a t e d  t o  £ .  mexicanam 

Anti-£. mexicana  (F(ab)fa), anti-C3 antisera 

a n d  F I T C - / - .  mexicana  r e s u l t e d  i n  a s s o c i a t e d  
i n t e r c e l l u l a r  s t a i n i n g  i n  t h e  c o r t i c a l  a n d  p a r a c o r t i c a l  
a r e a s  o f  t h e  l y m p h o i d  s t r u c t u r e  ( F i g s .  1 5 ,  1 6 ,  1 7 ) .

T h i s  i n t e r c e l l u l a r  d e p o s i t i o n  o f  s t a i n i n g  a d o p t e d  
d i f f e r e n t  p a t t e r n s .  I t  w a s  s e e n  a s :  
a -  r e t i c u l a r  p a t t e r n ,
b -  a s  a  f i n e  o r  t h i c k  i n t e r c e l l u l a r  l i n e  a n d  
c -  o u t l i n i n g  g r o u p s  o f  l y m p h o c y t e s .  I n  s o m e  a r e a s ,  t h e s e
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FIG U R E  1 5
I n d i r e c t  i m m u n o f l u o r e s c e n c e  o n  ly m p h  n o d e  s e c t i o n  

-fro m  f r o m  C B A /c a  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L .  
major  u s i n g  t h e  F ( a b ) ' 2  f r a c t i o n  o f  r a b b i t  
a n t i - L .  mexicana  Ig G  ( d i l u t i o n  1 : 4 ) .  T h i c k  
d e n d r i t i c  i n t e r c e l l u l a r  p a t t e r n  i s  o b s e r v e d  i n  t h e  
g e r m i n a l  c e n t r e .  X 1 2 5 .

FIG U R E  1 6
I n d i r e c t  i m m u n o f l u o r e s c e n c e  o n  ly m p h  n o d e  s e c t i o n  

f r o m  B A L B /c  m o u s e ,  4  w e e k s  i n f e c t e d  w i t h  L. 
mexicana  u s i n g  t h e  F ( a b ) f r a c t i o n  o f  r a b b i t  
a n t i - L .  wexicana  I g G .  N o t e  f l u o r e s c e n t  s t a i n i n g  i n  
t h e  m a r g i n a l  s i n u s  a n d  l o n g  i n t e r c e l l u l a r  d e p o s i t s  i n  
t h e  f o l l i c u l a r  a r e a .  X 1 6 0 .
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F I G U R E  15



FIGURE. 17

D i r e c t  i m m u n o f l u o r e s c e n c e  on l y mp h n o d e  s e c t i o n  f r o m  
C B A / c a  mo u s e ,  2 w e e k s  i n f e c t e d  w i t h  £. m a j o r  u s i n g  
r a b b i t  a n t i — m o u s e  C 3  (dil ut io n 1:40). N o t e  s h o r t  and 
l a r g e  r e t i c u l a r  a n d  l i n e a r  f l u o r e s c e n t  p a t t e r n s  of 
d e p o s i t i o n  in t h e  p a r a c o r t i c a l  area. X 100.
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i n t e r c e l l u l a r  d e p o s i t s  w e r e  s o  c l o s e l y  s p a c e d  t h a t  t h e  l a c k  
o f  s t a i n i n g  o f  t h e  i n t e r v e n i n g  c e l l s  c o u l d  n o t  b e  
a s c e r t a i n e d  w i t h  c e r t a i n t y .

T h e  a p p e a r a n c e  a n d  d u r a t i o n  o f  t h e s e  d e p o s i t s  v a r i e d  
l i t t l e  i n  t h e  d i f f e r e n t  g r o u p s  s t u d i e d .  I n  g e n e r a l ,  t h e y  
w e r e  d e t e c t e d  f o r  f i r s t  t i m e  b y  t h e  s e c o n d  w e e k  o f  
i n f e c t i o n  a n d  l a s t e d  u p  t o  t h e  t w e l f t h  w e e k  a f t e r  i n f e c t i o n  
i n  C B A /c a  m i c e  i n f e c t e d  w i t h  L .  major  o r  L. 

mexicana  a n d  u p  t o  t h e  e i g h t h  w e e k  i n  B A L B /c  m i c e  
i n f e c t e d  w i t h  L. major  o r  1 .  mexicana

T h e  s i n u s  s y s t e m  w a s  l i n e d  w i t h  f l u o r e s c e n c e  w i t h  a l l  
t h e  i m m u n o r e a g e n t s  i n  a l l  t h e  g r o u p s  ( F i g .  1 6 ) .  F r e q u e n t l y  
t h e  m a c r o p h a g e s  i n s i d e  t h e  s i n u s  s y s t e m  w e r e  s e e n  t o  b e  
s t a i n e d .

F o l y m o r p h o n u c l e a r  e o s i n o p h i l s  w e r e  s t a i n e d  w i t h i n  t h e i r  
c y t o p l a s m ,  a n d  a m a s t i g o t e s  i n s i d e  m a c r o p h a g e s  w e r e  o b s e r v e d  
i n  p a r a c o r t i c a l , i n t e r f o l 1 i c u l a r  a n d  m e d u l l a r y  a r e a s .  T h e  
e o s i n o p h i l s  w e r e  u s u a l l y  s t a i n e d  b y  F IT C — mexicana 

a n t i g e n ,  a n t i —Ig G  a n d  s o m e t i m e s  a n t i —C 3 a n t i s e r a  a n d  t h e  
a m a s t i g o t e s  b y  a n t i - 1 . ,  mexicana  a n t i b o d y ,  b y  a n t i - I g B  
( F a b )  a n d  s o m e t i m e s  b y  a n t i - C 3  a n t i s e r a .

A n t i - L y t l  m o n o c l o n a l  a n t i b o d y  r e s u l t e d  i n  a  p e r i p h e r a l  
s t a i n i n g  o f  l y m p h o c y t e s  s i t u a t e d  t o w a r d s  t h e  s u b c a p s u l a r  
a r e a ,  i n  w h ic h  t h e y  p r o d u c e d  a  b a n d  o f  f l u o r e s c e n c e .  
A n t i - L y t 2 ,  o n  t h e  o t h e r  h a n d ,  p r o d u c e d  i n t e r c e l l u l a r  
s t a i n i n g  i n  t h e  p a r a c o r t i c a l  a r e a s .  S t a i n i n g  w i t h  t h e s e  tw o  
a n t i b o d i e s  w a s  o b s e r v e d  t o  o c c u r  f r o m  t h e  s e c o n d  w e e k  a f t e r  
i n f e c t i o n  i n  a l l  t h e  c a s e s  a n d  i t  l a s t e d  u p  t o  t h e  s i x t h  
w e e k  o f  i n f e c t i o n  i n  t h e  C B A /c a —t .  major  g r o u p  a n d  t o



t h e  e i g h t h  w e e k  in B A L B / c  m i c e  i n f e c t e d  w i t h  L. major 

o r  £ .  mcxicana  a n d  u p  t o  t h e  t w e l f t h  w e e k  a f t e r  
i n f e c t i o n  i n  C B A /c a  m i c e  i n f e c t e d  w i t h  L .  mexicana.

I I I . 3 . 3  CONTROLS

I I I - 3 . 3 . 1  PB S
N o a u t o f l u o r e s c e n c e  w a s  s e e n  w h e n  n o r m a l  o r  i n f e c t e d  

s e c t i o n s  w e r e  t r e a t e d  w i t h  PB S  o n l y -

1 1 1 . 3 . 3 . 2  B l o c k i n g  a n d  a b s o r p t i o n  t e s t
A f t e r  b l o c k i n g ,  f l u o r e s c e n c e  b e c a m e  n e g a t i v e  i n  a l l  t h e  

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

c a s e s ,  e x c e p t  i n  t h e  c a s e  o f  a b s o r p t i o n  o f  F IT C —t .  
mexicana  a n t i g e n  b y  £ .  aexicana  a n t i b o d y ,  w h i c h  
f a i l e d  t o  r e m o v e d  f l u o r e s c e n c e  f r o m  e o s i n o p h i l s  i n  t h e  
t i s s u e s .

1 1 1 . 3 . 3 . 3  S u b s t i t u t i o n  t e s t
I n  t h e  I I F T , t h e  s u b s t i t u t i o n  o f  u n l a b e l e d  a n t i - s e r a  b y  

PB S o r  n o r m a l  s e r u m  d i d  n o t  p r o d u c e  f l u o r e s c e n t  s t a i n i n g .

1 1 1 . 3 . 3 . 4  N o rm a l  t i s s u e s
W hen n o r m a l  t i s s u e ,  s k i n  o r  ly m p h  n o d e  w e r e  u s e d  a s  

a n t i g e n  f o r  i m m u n o f l u o r e s c e n c e  r e a c t i o n s ,  n o n  s p e c i f i c  
f l u o r e s c e n c e  w a s  o b s e r v e d  i n  t h e  c o r n e u m  s t r a t u m  a n d  h a i r  
f o l l i c l e s  i n  t h e  s k i n  a n d  i n  m a s t —c e l l s  i n  s k i n  l e s i o n s  a n d
ly m p h  n o d e s .
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I n  a d d i t i o n ,  a n d  a s  r e f e r r e d  t o  b e f o r e ,  a n t i —L. 

uexicana  a n t i b o d y  Ig G  < F ( a b ' ) 2 > p r o d u c e d  s t a i n i n g  i n  
t h e  s a r c o i e m m a  o f  m u s c l e s  i n  n o r m a l  t i s s u e s .

I I I . 4  D IS C U S S IO N

1 1 1 . 4 . 1  SK IN  L E S IO N S
T h e  r e s u l t s  p r e s e n t e d  i n  t h i s  s e c t i o n  d e m o n s t r a t e  a  

c o r r e l a t e d  p r e s e n c e  o f  a n t i g e n ,  i m m u n o g l o b u l i n s  a n d  C 3 
f a c t o r  o f  c o m p l e m e n t  i n  t h e  s k i n  s t r u c t u r e s  a n d  c e l l s  o f  
t h e  i n f i l t r a t e  i n  t h e  l e s i o n s  f r o m  m i c e  o f  t h e  d i f f e r e n t  
e x p e r i m e n t a l  g r o u p s .

1 1 1 . 4 . 1 . 1  S k i n  s t r u c t u r e s
T h e  f l u o r e s c e n t  d e p o s i t s  o b s e r v e d  i n  s k i n  s t r u c t u r e s  

w e r e  l o c a l i z e d  i n  t h e  d e r m i s —e p i d e r m i s  j u n c t i o n ,  b l o o d  
v e s s e l s  a n d  m u s c l e s .

D e p o s i t s  s i m i l a r  t o  t h i s  h a v e  b e e n  r e p o r t e d  i n  a  w i d e  
r a n g e  o f  d e r m a l  p a t h o l o g i e s ,  s u c h  a s  L u p u s  e r y t h e m a t o s u s , 
B u l l o u s  d e r m a t o s e s ,  B u l l u s  p e m p h i g o i d ,  D e r m a t i t i s  
h e r p e t i f o r m e  (BEUTNER e t  a l . 1 9 7 3 , 1 9 7 8 ) ;  c u t a n e o u s  
c a n d i d i a s i s  (SOHNLE & K IR P A T R IC K , 1 9 7 6 )  a n d  L e p r o s y  
(QUISM ORIO e t  a l . 1 9 7 5 ;  WALLACH e t  a l . 1 9 7 9 ) ,  a m o n g  o t h e r

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

d e p o s i t s  i s  u n k n o w n ,  t h e  f o l l o w i n g  p o s s i b i l i t i e s  h a v e  b e e n  
p r o p o s e d :

1 . -  T h e y  m ay  r e p r e s e n t  im m u n e - c o m p l e x e s  d e p o s i t i n g  o n  
a n t i g e n .
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2 . —T h e y  m ay  c o n s i s t  o f  a u t o - a n t i b o d y  im m u n e ^ c o m p le x e s  
i n v o l v i n g  t i s s u e  a n t i g e n .

3 . -  T h e y  m ay  b e  t h e  r e s u l t  o f  a  p a s s i v e  d e p o s i t i o n  o f  
im m u n e - c o m p l e x e s  a t  t h e  v a r i o u s  s i t e s .

G e n e r a l l y  t h e  n a t u r e  o f  t h e s e  d e p o s i t s  h a s  b e e n  
c h a r a c t e r i z e d  b y  t h e i r  m o r p h o l o g i c a l  a p p e a r a n c e ,  t h u s ,  
g r a n u l a r  o r  lu m p y  d e p o s i t s  h a v e  b e e n  a t t r i b u t e d  t o  
im m u n e - c o m p l e x e s  a n d  c h a r a c t e r i s t i c  o f  d i s e a s e s  s u c h  a s  
L u p u s  e r y t h e m a t o s u s ,  w h i l e  l i n e a r  o n e s  h a v e  b e e n  r e l a t e d  t o  
t h e  p r e s e n c e  o f  a u t o - a n t i b o d i e s  a n d  c h a r a c t e r i s t i c  o f  s u c h  
d i s e a s e s  a s  B u l lo tf*  p h e m p h i g o i d ,  o r  h a v e  b e e n  r e l a t e d  t o  t h e  
p a s s i v e  d e p o s i t i o n  o f  im m u n e  c o m p o n e n t s .  H o w e v e r ,  t h e r e  a r e  
m an y  c o n t r a d i c t o r y  r e p o r t s  i n  t h e  l i t e r a t u r e  t h a t  s u g g e s t  
t h a t  m e r e l y  t h e  a p p e a r a n c e  o f  t h e s e  d e p o s i t s  i s  
i n s u f f i c i e n t  t o  c h a r a c t e r i s e  t h e m .  F o r  i n s t a n c e :

1 .  -  I n  s k i n  b i o p s i e s ,  o b t a i n e d  f r o m  L u p u s  
e r y t h e m a t o s u s ,  a n d  s t u d i e d  b y  i m m u n o f l u o r e s c e n c e ,  n o t  o n l y  
g r a n u l a r  (TUFANELLY, 1 9 6 9 ;  SCH REIN ER & W OLFF, 1 9 7 0 ;  BEUTNER 
e t  a l .  1 9 7 8 ) ,  b u t  a l s o  l i n e a r  (JABLONSKA & CHORZELSKY 1 9 7 4 ;  
GROSSMAN e t  a l . 1 9 7 4 )  d e p o s i t i o n s  h a v e  b e e n  d e s c r i b e d  a t  
t h e  d e r m a l —e p i d e r m a l  j u n c t i o n -

2 .  -  A c i d  e l u a t e s  f r o m  L u p u s  e r y t h e m a t o s u s  s k i n  b i o p s i e s ,  
w h i c h  b y  D IF T  h a v e  s h o w i j  g r a n u l a r  d e p o s i t s  o f  I g  a t  t h e  
d e r m a l  e p i d e r m a l  j u n c t i o n ,  w e r e  e m p l o y e d  i n  t h e  I I F T  u s i n g  
f r o z e n  s e c t i o n s  o f  v a r i o u s  t i s s u e s ,  a n d  i t  w a s  f o u n d  t h a t  
t h e  s k i n  e l u a t e s  c o n t a i n e d  I g  f i x e d  i n  a  d i s t i n c t l y  l i n e a r  
f a s h i o n  t o  t h e  b a s a l  m e m b ra n e  o f  s k i n  a n d  o e s o p h a g u s
(LANDRY & SAM S, 1 9 7 2 ) .
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3-— I n  s p o n t a n e o u s  a u t o —im m u n e  c o n d i t i o n s ,  s u c h  a s  t h e s e  

f o u n d  i n  (NZB X N Z W )Fi m i c e ,  i n  s o m e  c a s e s  t h e  p a t t e r n  
o f  I g  d e p o s i t i o n  a t  t h e  d e r m a l —e p i d e r m a l  j u n c t i o n  w a s  
g r a n u l a r ,  i n  o t h e r  c a s e s  a  h o m o g e n e o u s  a n d  m o r e  l i n e a r  
p a t t e r n  w a s  o b s e r v e d  i n  o t h e r  a n i m a l s  f r o m  t h e  s a m e  g r o u p  
(G IL L IA M  e t  a l  .  1 9 7 5 ) .

4 .  UEKI ( 1 9 7 7 )  h a s  f o u n d ,  i n  s e v e r a l  c a s e s  o f  t y p i c a l  
B u l l o u s  p h e m p h i g o i d  a  g r a n u l a r  p a t t e r n  o f  f l u o r e s c e n c e  
i n s t e a d  o f  t h e  t y p i c a l  l i n e a r  o n e .

S e v e r a l  f a c t o r s  c o u l d  b e  r e s p o n s i b l e  f o r  d i f f e r e n c e s  i n  
t h e  i m m u n o f l u o r e s c e n c e  p a t t e r n s .  I n  t h i s  s t u d y ,  i t  w a s  
f o u n d  t h a t  t h e  a p p e a r a n c e  o f  f l u o r e s c e n t  d e p o s i t s  a t  t h e  
d e r m a l —e p i d e r m a l —j u n c t i o n  s e e m e d  t o  v a r y  w i t h  t h e  c l i n i c a l  
f o r m  o f  t h e  d i s e a s e ,  t h e  s t a g e  o f  d e v e l o p m e n t  o f  t h e  t h e  
i n f e c t i o n  a n d  t h e  a n t i s e r a  u s e d .  T h u s ,  w h i l e  i n  m i c e  
e x h i b i t i n g  s e l f - h e a l i n g  l e s i o n s  (C B A /c a  m i c e  i n f e c t e d  w i t h  
L . m a j o r ) , t h e  p a t t e r n  o f  f l u o r e s c e n c e  a t  t h e  d e r m a l  
e p i d e r m a l —j u n c t i o n  w a s  d i s c o n t i n u o u s ,  o r  c o n t i n u o u s  a n d  
l i n e a r ,  i n  m i c e  e x h i b i t i n g  n o n —h e a l i n g  l e s i o n s  (C B A /c a  a n d  
B A L B /c  m i c e  i n f e c t e d  w i t h  L . m e x i c a n a  a n d  B A L B /c  m i c e  
i n f e c t e d  w i t h  L. m a j o r ) ,  t h e  p a t t e r n  c h a n g e d  f r o m  
h o m o g e n e o u s  l i n e a r  t o  g r a n u l a r  w i t h  t h e  p r o g r e s s  o f  t h e  
i n f e c t i o n .  S i m i l a r  o b s e r v a t i o n s  h a v e  b e e n  r e p o r t e d  b y  
TUFANELLY e t  a l . ( 1 9 6 9 )  a n d  JABLONSKA & CHORZELSKI ( 1 9 7 4 )
i n  L u p u s  e r y t h e m a t o s u s .  I n  t h e s e  c a s e s ,  t h e  a u t h o r s  
r e p o r t e d  c h a n g e s  i n  t h e  f l u o r e s c e n t  p a t t e r n  i n  t h e  
d e r m a l - e p i d e r m a l  j u n c t i o n  i n  r e l a t i o n  t o  s t r u c t u r a l  c h a n g e s  
a n d  t h e  c h r o n i c i t y  o f  t h e  d i s e a s e .

T h e  p a t t e r n  o f  s t a i n i n g  a l s o  v a r i e d  w i t h  t h e  a n t i s e r a
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u s e d .  D i f f e r e n t  a n t i - s e r a  r e s u l t e d  i n  a  d i f f e r e n t  pattern 
o f  s t a i n i n g  i n  t h e  s a m e  t i s s u e  a t  t h e  s a m e  t i m e  o f  
i n f e c t i o n ,  w h ic h  c o u l d  b e  r e l a t e d  t o  t h e  d i f f e r e n t  
c o m p o s i t i o n  a n d  c o n c e n t r a t i o n  o f  a n t i b o d i e s  a n d  a n t i g e n s  i n  
t h e  d i f f e r e n t  im m u n e  r e a g e n t s  o r  i n  t h e  l e s i o n s  (JABLONSKA 
& C H O R ZELSK I, 1 9 7 4 ) .  I n  a  c o m p a r a t i v e  s t u d y  o f  
i m m u n o f l u o r e s c e n t  d e p o s i t s  i n  v a r i o u s  d e r m a t o s e s ,  CORMANE 
e t  a l . ( 1 9 7 0 )  o b s e r v e d  t h a t  t h e  p a t t e r n  o f  d e p o s i t i o n
v a r i e d ,  n o t  o n l y  w i t h  t h e  c h a r a c t e r i s t i c s  o f  t h e  a n t i —s e r a  
a n d  a n t i g e n  u s e d ,  b u t  a l s o  w i t h  t h e  i l l u m i n a t i o n  
c o n d i t i o n s .  W h i l e  w i t h  t r a n s m i t t e d  i l l u m i n a t i o n ,  r e l a t i v e  
c o a r s e  g r a i n e d  d e p o s i t s  w e r e  d e t e c t e d  i n  t h e  d e r m a l  
e p i d e r m a l —j u n c t i o n  a n d  b l o o d  v e s s e l s ,  i n c i d e n t  i l l u m i n a t i o n  
s h o w e d  m o r e  h o m o g e n e o u s  d e p o s i t s  i n  t h e  s a m e  a r e a s .

T h e  s p e c i f i c  s t a i n i n g  o b s e r v e d  w h i t h  a n t i — L » 
mexicana  s e r u m  a t  t h e  d e r m i s  e p i d e r m i s —j u n c t i o n ,  a n d  
o t h e r  s t r u c t u r e s  i n  w h i c h  s i m i l a r  d e p o s i t i o n s  w e r e  o b s e r v e d  
( b l o o d  v e s s e l s  a n d  m u s c l e s ) ,  c o u l d  b e  e x p l a i n e d  b y  t h e  
p r e s e n c e  o f  p a r a s i t e  d e r i v a t i v e s  i n  t h e s e  s t r u c t u r e s ,  o r  b y  
a  c r o s s - r e a c t i o n  b e t w e e n  Leishmania  a n d  t i s s u e  
a n t i g e n s .  T h e  l a t t e r  p o s s i b i l i t y  s e e m s  u n l i k e l y  i n  t h e  
c a s e  o f  t h e  d e r m a l —e p i d e r m a l  j u n c t i o n  a n d  b l o o d  v e s s e l  
s t a i n i n g  b e c a u s e  t h e  s p e c i f i c  L . mexicana  a n t i —s e r a  
d i d  n o t  s t a i n  t h e s e  s t r u c t u r e s  i n  n o r m a l  s k i n .  T h e  
e x c e p t i o n  i s  t h e  m u s c u l a r  s t r u c t u r e s ,  w h e r e  t h e  s p e c i f i c  
a n t i s e r u m  d i d  s t a i n  n o r m a l  t i s s u e .  M u s c l e  w i l l  b e  
c o n s i d e r e d  l a t e r  i n  t h i s  d i s c u s s i o n .

D i s c u s s i n g  t h e  p o s s i b i l i t y  o f  a  p a s s i v e  d e p o s i t i o n  o f  
im m u n e  c o m p o n e n t s  i n  t h e  s k i n  s t r u c t u r e s ,  UEKI ( 1 9 7 7 )
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s t a t e d  t h a t  a n  h o m o g e n e o u s  l o c a l i z a t i o n  o f  i m m u n o g l o b u l i n s  
a t  t h e  d e r m i s —e p i d e r m i s  j u n c t i o n  a n d  a l s o  i n  t h e  
p e r i v a s c u l a r  s p a c e s  s u g g e s t e d  a  n o n - s p e c i f i c  d e p o s i t  o f  
s e r u m —g l o b u l i n s ,  w h i c h  c o u l d  p r e c i p i t a t e  n o n —s p e c i f i c a l l y  
i n  t h e  v a s c u l a r  w a l l s  o r  t h e  p e r i v a s c u l a r  s p a c e s  t h r o u g h  
d a m a g e  t o  t h e  b l o o d  v e s s e l s  w i t h  c o n s e q u e n t  l e a k a g e  a n d  a t  
d e r m i s —e p i d e r m i s  j u n c t i o n  a s  a  r e s u l t  o f  a  " b a c k w a t e r ” 
p h e n o m e n o n .  H o w e v e r ,  t h e  f a c t  t h a t  t h e  t h e  b a s a l  l a m i n a  i s  
p e r m e a b l e  t o  a  v a r i e t y  o f  p r o t e i n s  a n d  n o n - p r o t e i n  t r a c e r s  
(SCH REIN ER & W OLFF, 1 9 7 0 )  w h ic h  c a n  t h e r e f o r e  e x t e n d  b e y o n d  
t h e  b a s a l  l a m i n a ,  m a k e s  t h i s  p o s s i b i l i t y  u n l i k e l y  a n d  
s u g g e s t s  t h a t  s e l e c t i v e  b i n d i n g  m u s t  o c c u r  i n  t h i s  a r e a .

R e g a r d i n g  t h e  d e p o s i t i o n  o f  im m u n e  c o m p o n e n t s  i n  b l o o d  
v e s s e l s ,  i n  t h i s  s t u d y  I  h a v e  r e p o r t e d  t h e  p r e s e n c e  o f  
d e p o s i t s  o f  A g , Ab a n d  C 3  c o m p l e m e n t  f a c t o r  i n  t h e  i n t i m a  
o f  s m a l l  b l o o d  v e s s e l s  a n d  a l s o  i n  t h e  i n t i m a ,  m e d i a  a n d  
a d v e n t i t i a  o f  a r t e r i o l e s .  T h e  p a t t e r n  o f  f l u o r e s c e n c e  w a s  
h o m o g e n e o u s  a n d  l i n e a r  m o s t  o f  t h e  t i m e .  S u c h  d e p o s i t s  i n  
b l o o d  v e s s e l s  h a v e  b e e n  f o u n d  i n  m o s t  c a s e s  t o  b e  
c o i n c i d e n t  w i t h  d e p o s i t s  i n  o t h e r  s k i n  s t r u c t u r e s  s u c h  a s  
t h e  d e r m a l - e p i d e r m a l  j u n c t i o n  i n  L u p u s  e r y t h e m a t o s u s  
(TUFANELLY e t  a l . 1 9 6 9 ;  L e p r o s y  (WALLACH e t  a l . 1 9 7 9 )  a n d  i n  
P e m p h i g u s  v u l g a r i s  (CQRMANE e t  a l . 1 9 7 0 ) .  O b v i o u s l y ,  
i m m u n o l o g i c a l  r e a c t a n t s  l e a v e  t h e  b l o o d  s t r e a m  t h r o u g h  t h e  
w a l l s  o f  t h e  b l o o d  v e s s e l s  o f  t h e  d e r m i s ,  b u t  b e f o r e  t h e y  
p a s s  i n t o  t h e  t i s s u e ,  d a m a g e  t o  t h e  b l o o d  v e s s e l s  w a l l s  c a n  
c a u s e  th e m  t o  b e c o m e  t r a p p e d  a n d  s u b s e q u e n t l y  d e t e c t a b l e  b y  
i  m m u n o f1 u o r e s c e n c e .

On t h e  o t h e r  h a n d ,  d e t a i l e d  i m m u n o f l u o r e s c e n t  s t u d i e s  o n
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b l o o d  v e s s e l  c h a n g e s  a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  
i m m u n o g l o b u l i n  a n d  c o m p l e m e n t  i n  P u r p u r a  p i g m e n t o s a  
c h r o n i c a ,  (IW ATSUKI e t  a l - 1 9 8 0 )  a n d  i n  L u p u s  e r y t h e m a t o s u s
(IGARASH1 e t  a l - 1 9 8 1 )  h a s  s u g g e s t e d  t h e  p o s s i b i l i t y  t h a t
i m m u n o l o g i c a l  p r o c e s s e s  w e r e  i n v o l v e d  i n  p r o d u c i n g  t h e  
h i s t o p a t h o l o g i c a l  a l t e r a t i o n s  o b s e r v e d  i n  b l o o d  v e s s e l s .  
SCOTT & ROWELL ( 1 9 6 5 )  p o i n t e d  t o  a  r e l a t i o n s h i p  b e t w e e n  
t h e  a c c u m u l a t i o n  o f  i m m u n o g l o b u l i n s  i n  c u t a n e o u s  b l o o d  
v e s s e l  w a l l s  a n d  c e l l u l a r  i n f i l t r a t i o n  o f  t h e  p e r i v a s c u l a r  
a r e a .  T h e  a u t h o r s  f o u n d  t h a t  d e p o s i t i o n  o f  I g  w a s  f r e q u e n t  
i n  t h e  v a s c u l a r  l e s i o n s  i n  v a r i o u s  s k i n  c o n d i t i o n s  w h e r e  
m a r k e d  c h a n g e s  i n  t i s s u e s  o c c u r e d ,  t h o u g h  l e s s  f r e q u e n t l y  
w h e n  t i s s u e  c h a n g e s  w e r e  o f  a  m i l d  i n t e n s i t y .  I n  t h e  
h i s t o p a t h o l o g i c a l  s t u d y  r e p o r t e d  i n  t h i s  t h e s i s  ( C h a p t e r  
I I ) ,  d a m a g e  t o  b l o o d  v e s s e l 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  o f  
t h e  i n f e c t i o n .  F u r t h e r m o r e ,  t h e  c e l l u l a r  i n f i l t r a t e  a d o p t e d  
a  p e r i v a s c u l a r  d i s t r i b u t i o n ,  a n d  p o l y m o r p h o n u c l e a r  
e o s i n o p h i l s  w e r e  a b u n d a n t  i n  i t .  T h i s  f i n d i n g  s u g g e s t s  a n  
a s s o c i a t i o n  b e t w e e n  t h e  im m u n e  d e p o s i t s ,  i n f i l t r a t i n g  c e l l s  
a n d  d a m a g e  o f  t h e  b l o o d  v e s s e l s .  T h e r e  i s  e x p e r i m e n t a l  
e v i d e n c e  t h a t  a  m a j o r  r o l e  i s  p l a y e d  b y  t h e  l e u k o c y t e  a s  
w e l l  a s  b y  a n t i g e n  a n t i b o d y  c o m p l e x e s  a n d  c o m p l e m e n t  (WARD 
& COCHRANE, 1 9 6 5 )  i n  t h e  d e v e l o p m e n t  o f  v a s c u l i t i s .  T h e  
m e c h a n i s m s  p r o p o s e d  a r e  a s  f o l l o w s :  l e u k o c y t e s  a r e  i n d u c e d  
t o  p h a g o c y t o s e  im m u n e  c o m p l e x e s  i n  t h e  i n t i m a  o f  t h e  b l o o d  
v e s s e l s ,  d u r i n g  t h a t  p r o c e s s  t h e y  r e l e a s e  e n z y m e s  c a u s i n g  
t i s s u e  d a m a g e  i n c l u d i n g  t h e  d a m a g e  t o  v e s s e l s '  w a l l s .

I n  c o n c l u s i o n ,  t h e  n a t u r e  o f  t h e  im m u n e  d e p o s i t s  
o b s e r v e d  i n  t h e  d e r m a l —e p i d e r m a l  j u n c t i o n  a n d  i n  t h e  b l o o d
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v e s s e l s  i s  n o t  c o m p l e t e l y  a p p a r e n t .  T h e  e v i d e n c e  p r e s e n t e d  
a b o v e  i n d i c a t e s  t h a t  t h e  p a t t e r n  o f  d e p o s i t i o n  o f  
f l u o r e s c i n g  m a t e r i a l  i s  n o t  a n  a d e q u a t e  g u i d e  f o r  
d e t e r m i n i n g  t h e  n a t u r e  o f  t h e s e  d e p o s i t s .  H o w e v e r ,  t h e  
a s s o c i a t i o n  o f  Leishman ia  a n t i g e n ,  a n t i b o d i e s  a n d  C 3 
f a c t o r  o f  t h e  c o m p l e m e n t  a t  t h e  s a m e  t i m e  s p a n  a n d  i n  t h e  
s a m e  s t r u c t u r e  s t r o n g l y  s u g g e s t s  t h e  p r e s e n c e  o f  im m u n e -  
c o m p l e x e s  a t  t h i s  l e v e l .  M o re  w o r k  n e e d s  t o  b e  d o n e  i n  
o r d e r  t o  e l u c i d a t e  t h e  n a t u r e  a n d  t h e  c a u s e  o f  t h e s e  
d e p o s i t s .  E x p e r i m e n t s  o n  e l u t i o n  o f  t h e  i m m u n o l o g i c a l  
c o m p o n e n t s  f r o m  t h e  s k i n  s t r u c t u r e s  a n d  s u b s e q u e n t  a n a l y s i s  
o f  th e m  s h o u l d  b e  d o n e .

T h e  o r i g i n  o f  t h e  p o s s i b l e  im m u n e - c o m p l e x e s  c a n n o t  b e  
d e d u c e d  f r o m  t h e  r e s u l t s  r e p o r t e d  i n  t h i s  s t u d y .  An 
i n v e s t i g a t i o n  o f  c i r c u l a t i n g  i m m u n e - c o m p l e x e s  a n d  s e a r c h i n g  
f o r  th e m  i n  o t h e r  t i s s u e s  w o u ld  b e  o f  i n t e r e s t  n o t  o n l y  t o  
e s t a b l i s h  t h e i r  o r i g i n  ( f r o m  t h e  c i r c u l a t i o n  o r  l o c a l l y  
f o r m e d ) , b u t  a l s o  i n  e v a l u a t i n g  t h e i r  p a r t i c i p a t i o n  i n  t h e  
v a r i o u s  m e c h a n i s m s  o f  s u p p r e s s i o n  o f  t h e  im m u n e  r e s p o n s e .

Im m u n e—c o m p l e x e s  h a v e  b e e n  r e p o r t e d  i n  v i s c e r a l  
leishmaniasis (DE BRITO et al. 1 9 7 5  and KHARAZMI e t  al.
1 9 8 2 )  b u t  n o t  i n  c u t a n e o u s  l e i s h m a n i a s i s  e v e n  t h o u g h  i t  h a s  
b e e n  s u g g e s t e d  t h a t  i m m u n e - c o m p l e x e s  c o u l d  b l o c k  t h e  
e x p r e s s i o n  o f  a n t i - p a r a s i t e  e f f e c t o r  m e c h a n i s m s  i n  m u r i n e  
c u t a n e o u s  l e i s h m a n i a s i s  (ALEXANDER & P H I L L I P S ,  1 9 7 8 ) .

I n  m u s c l e s ,  f l u o r e s c e n t  d e p o s i t s  c o r r e s p o n d i n g  t o  
a n t i g e n ,  Ig G  a n d  C 3 f a c t o r  w e r e  d e t e c t e d .  T h e  p a t t e r n  o f  
d e p o s i t i o n  o f  t h e  f l u o r e s c e n t  s t a i n i n g  w a s  h o m o g e n e o u s ,
l i n e a r  a n d  s u r r o u n d e d  t h e  s a r c o l e m m a .
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S u r p r i s i n g l y ,  w h i l e  i m m u n o g l o b u l i n  d e p o s i t s  w e r e  d e t e c t e d  
b y  a n t i — Ig G  ( F c )  F I T C ,  t h e  F a b  - f r a c t i o n  o f  a n t i —Ig G  F IT C  
f a i l e d  c o n s i s t e n t l y  t o  p r o d u c e  s t a i n i n g  a t  t h i s  l e v e l .  
E x p e r i m e n t s  o f  AARLI & TONDER ( 1 9 7 4 )  s u g g e s t  a n  e x p l a n a t i o n  
f o r  t h i s  f a c t .  T h e s e  a u t h o r s ,  i n  a n  in vitro  s y s t e m ,  
d e m o n s t r a t e d  t h a t  Ig G  b i n d s  t o  m u s c u l a r  s t r u c t u r e s  o n l y  b y  
t h e  F c  f r a g m e n t .

M u s c l e s  f r o m  i n f e c t e d  a n d  u n i n f e c t e d  s k i n  w e r e  s t a i n e d  
b y  t h e  r a b b i t  F ( a b ) #2  f r a c t i o n  o f
Ig G  Lm mexicana  i n  t h e  i n d i r e c t  i m m u n o f l u o r e s c e n c e  
t e c h n i q u e .  T h e  f a c t  t h a t  n o r m a l  YfiftciM*-*' s t r u c t u r e s  w e r e  
a l s o  s t a i n e d  b y  t h i s  a n t i —s e r u m  s u g g e s t s  a  c r o s s —r e a c t i o n  
b e t w e e n  Leishman ia  a n t i g e n  a n d  t i s s u e s  s t r u c t u r e s  
r a t h e r ,  t h a n  t h e  p r e s e n c e  o f  Leishman ia  a n t i g e n  i t s e l f  
o n  t h e s e  s t r u c t u r e .

T h e  s p e c i f i c i t y  o f  t h e  s t a i n i n g  w a s  c o r r o b o r a t e d  b y  t h e  
a b l a t i o n  o f  t h e  s t a i n i n g  b y  p r i o r  a b s o r p t i o n  o f  t h e  
s p e c i f i c  a n t i s e r a  ( r a b b i t  F ( a b ) ' a  f r a c t i o n  o f  Ig G  
L . mexicana  a n t i b o d y )  w i t h  L .  mexicana 

p r o m a s t i g o t e s .  T h e  p o s s i b l e  i n t e r f e r e n c e  o f  t h e  
h e t e r o l o g o u s  a n t i b o d y  u s e d  a s  a  s e c o n d  l a y e r  i n  t h e  I I F T  o r  
t h e  p r e s e n c e  o f  n a t u r a l  a n t i b o d y  t o  m u s c l e s  i n  n o r m a l  
r a b b i t  s e r u m  w a s  r u l e d  o u t  b y  t h e  a b s e n c e  o f  s t a i n i n g  w h e n  
PB S o r  n o r m a l  s e r u m  w a s  s u b s t i t u t e d  f o r  t h e  s p e c i f i c  
a n t i s e r u m  i n  t h e  m i d d l e  l a y e r .

I n  t h i s  s t u d y ,  a l s o ,  a n  a n t i b o d y  r e a c t i n g  w i t h  s k e l e t a l  
a n d  c a r d i a c  m u s c l e  o f  n o r m a l  a n d  Leishmania  i n f e c t e d
m i c e  w a s  f o u n d  i n  t h e  s e r a  o f  L•major  a n d  L . mexicana
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i n f e c t e d  mice. W h i l e  t h e  p a t t e r n  o-f t h e  - f l u o r e s c e n t  
s t a i n i n g  i n  s k e l e t a l  m u s c l e s  w a s  s i m i l a r  t o  t h a t  p r e v i o u s l y  
d e s c r i b e d  i n  m u s c l e s  o f  s k i n  l e s i o n s ,  t h e  h e a r t  e x h i b i t e d  
s t a i n i n g  i n  t h e  i n t e r s t i t i u m  o f  t h e  m u s c l e ,  e n d o c a r d i u m ,  
p e r i c a r d i u m  a n d  v e s s e l s .  A s i m i l a r  i n t e r a c t i o n  b e t w e e n  
m i c r o - o r g a n i s m s  a n d  t i s s u e  s t r u c t u r e s  h a s  b e e n  s u g g e s t e d  i n  
R h e u m a t i c  f e v e r ,  b e t w e e n  Streptococcus  a n d  c a r d i a c  
m u c l e  (KAPLAN & M EYESERIAN, 1 9 6 2 ;  Z A B R IS K IE  e t  a l . .  1 9 6 6 )  
and between T r y p a n o s o m a  c r u z i and heart i n  C h a g a s  
d i s e a s e  (C G S S IO  e t  a l - 1 9 7 4 ) .

C O SSIO  a n d  c o w o r k e r s  ( 1 9 7 4 ) ,  u s i n g  i m m u n o f l u o r e s c e n c e  
t e c h n i q u e s  d e m o n s t r a t e d  i n  h u m a n  C h a g a s '  d i s e a s e  a  s e r u m  
gam m a g l o b u l i n  e l e m e n t  w h i c h  r e a c t e d  w i t h  e n d o c a r d i u m ,  
v a s c u l a r  s t r u c t u r e s  a n d  t h e  i n t e r s t i t i u m  o f  s t r i a t e d  m u s c l e  
i n  t h e  h e a r t  (E V I a n t i b o d y ) .  T h i s  a n t i b o d y  w a s  p r e s e n t  i n  
9 5  X o f  p a t i e n t s  w i t h  C h a g a s '  c a r d i o p a t h y  a n d  o n l y  i n  4 5  X 
o f  a s y m p t o m a t i c  p a t i e n t s ;  i t  h a s  n o t  b e e n  d e t e c t e d  i n  
n o r m a l  c o n t r o l s  o r  i n  a  n u m b e r  o f  s e r a  f r o m  p a t i e n t s  w i t h  
d i f f e r e n t  c a r d i o p a t h i e s  o r  a u t o - i m m u n e  d i s e a s e s .  
U l t r a s t r u c t u r a l  im m u n o c h e m ic a l  m e t h o d s  d e m o n s t r a t e d  t h a t  
reactions were occurring in t h e  plasma membrane of h e a r t  
a n d  s k e l e t a l  m u s c l e  f i b r e s  a s  w e l l  a s  o f  e n d o t h e l i a l  c e l l s  
o f  b l o o d  v e s s e l s .  A b s o r p t i o n  o f  t h e  p o s i t i v e  s e r a  w i t h  
Trypanosoma cruzi  e p i m a s t i g o t e s  a b o l i s h e d  t h e  r e a c t i o n .
T h e  E V I a n t i b o d y  i s  p r o b a b l y  t h e  e x p r e s s i o n  o f  a n t i g e n s  
c r o s s —r e a c t i n g  b e t w e e n  7 .  cruzi  a n d  s o m e  t i s s u e s  o f  t h e  
v e r t e b r a t e  (C O S S IO  e t  a l . 1 9 7 4 ) .

I n  l e i s h m a n i a s i s ,  SZARFMAN e t  a l . ( 1 9 7 5 )  d e m o n s t r a t e d
f l u o r e s c e n t  a n t i —s k e l e t a l  m u s c u l a r  a n t i b o d y  i n  t h r e e  s e r a
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o u t  o f  e i g h t  f r o m  p a t i e n t s  s u f f e r i n g  f r o m  K a l a —a z a r  a n d  i n  
o n e  o t h e r  s e r u m  w h ic h  w a s  o n l y  p o s i t i v e  w i t h  c a r d i a c  
s t r u c t u r e s .  T h e  s e r a  r e a c t i n g  w i t h  s k e l e t a l  m u s c l e  p r o d u c e d  
a  l i n e a r  p a t t e r n  o n  t h e  s a r c o l e m m a  w h i l e  t h e  s e r u m  r e a c t i n g  
w i t h  c a r d i a c  s t r u c t u r e s  s t a i n e d  e n d o c a r d i u m ,  v e s s e l s  a n d  
i n t e r s t i t i u m  (E V I f a c t o r ) .

T h e  s a m e  a u t h o r s ,  a f t e r  t h e  p e r f o r m a n c e  o f  a n  a n t i s e r a  
t i s s u e  a b s o r p t i o n  t e s t ,  d e m o n s t r a t e d  t h a t  E V I f a c t o r  a n d  
a n t i - s k e l e t a l  m u s c l e  a n t i b o d y  w e r e  d i f f e r e n t .  A s  a  p o s s i b l e  
e x p l a n a t i o n  f o r  t h e  r e a c t i o n  o f  Leishmania  a n t i b o d y  
w i t h  m u s c u l a r  s t r u c t u r e s ,  SZARFMAN e t  a l .  ( 1 9 7 5 )  p r o p o s e d :
a . -  c r o s s —r e a c t i o n  o f  Leishmania  a n t i b o d i e s  w i t h  h o s t  
s t r u c t u r e s ,  o r  b . — t h e  p r e s e n c e  o f  a n t i —m u s c u l a r  a n t i b o d i e s  
w h ic h  a r e  f o r m e d  i n  r e s p o n s e  t o  a n t i g e n  l i b e r a t i o n  f r o m  t h e  
d a m a g e d  t i s s u e s .  H o w e v e r ,  i t  i s  o f  n o t e  t h a t  
a n t i -Leishmania mexicana  a n t i b o d y ,  r a i s e d  b y  
i m m u n i z a t i o n  o f  r a b b i t  w i t h  Leishmania  a n t i g e n ,  r a t h e r  
t h a n  i n f e c t i o n ,  p r o d u c e d  s i m i l a r  d e p o s i t s  i n  t h e  m u s c l e s  o f  
Leishmania  l e s i o n s  i n  m i c e ,  s u g g e s t s  t h e  p r e s e n c e  o f  a  
c r o s s  r e a c t i n g  a n t i b o d y  r a t h e r  t h a n  a u t o - a n t i b o d i e s  
r e a c t i n g  w i t h  m u s c l e s  i n  t h e  m i c e  s e r a .

H y a l i n e  c o l l e c t i o n s ,  t h o u g h t  t o  b e  t h e  p r o d u c t  o f  
d e g e n e r a t i o n  o f  m u s c u l a r  s t r u c t u r e s  ( s e e  C h a p t e r  I I ) ,  w e r e  
s o m e t i m e s  f o u n d  t o  b e  f l u o r e s c e n t  w i t h  t h e  s a m e  a n t i s e r a  a s
r e a c t e d  w i t h  m u s c l e s .
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I I I . 4 . 1 . 2  C e l l s  o f  t h e  i n f i l t r a t e
R e g a r d i n g  t h e  f l u o r e s c e n t  s t a i n i n g  o f  c e l l s  o f  t h e  

i n f i l t r a t e ,  I  s h a l l  f i r s t  d i s c u s s  t h e  s t a i n i n g  o f  
m a c r o p h a g e s  a n d  r e t i c u l a r  s h a p e d  c e l l s  a n d  t h e n  t h e  
s t a i n i n g  o f  p o l y m o r p h o n u c l e a r  e o s i n o p h i l s .  F o r  t h e  r e a s o n s  
e x p l a i n e d  i n  t h e  r e s u l t s ,  l y m p h o c y t e s  w i l l  b e  t h e  s u b j e c t  
o f  a  s e p a r a t e  s e c t i o n .

M a c r o p h a g e s  a n d  r e t i c u l a r  s h a p e d  c e l l s  s t a i n e d  w i t h  
a n t i —I g  <G a n d  M ) ,  a n t i  C 3  a n t i s e r a  a n d  b y  t h e  s p e c i f i c  
r e a g e n t s  t o  Leishmania  ( a n t i - i . s e x i c a n a  Ig G  
( F ( a b ) ' = ) a n d  F IT C —L.mexicana  a n t i g e n )  i n  t h e  
l e s i o n s  r e s u l t i n g  f r o m  t h e  i n f e c t i o n  o f  B A L B /c  m i c e  w i t h  
L - major  a n d  f r o m  t h e  i n f e c t i o n  o f  C B A /c a  m i c e  w i t h  
e i t h e r  s p e c i e s  o f  p a r a s i t e .  I n  B A L B /C  m i c e  i n f e c t e d  w i t h  
L .  m e x i c a n a r m a c r o p h a g e s  w e r e  s t a i n e d  b y  a l l  t h e  
i m m u n o r e a g e n t s  e x c e p t  b y  L . mexicana  a n t i b o d y ,  w h i l e  
r e t i c u l a r  s h a p e d  c e l l s  w e r e  n o t  s t a i n e d  b y  a n y  o f  t h e  
i m m u n o r e a g e n t s .

T h e  s t a i n i n g  o f  r e t i c u l a r  s h a p e d  c e l l s  a n d  m a c r o p h a g e s  
w i t h  t h e  F < a b ) 'z  f r a c t i o n  o f  t h e  a n t i — L . mexicana 

Ig G  i n d i c a t e d  t h e  p r e s e n c e  o f  Leishmania  a n t i g e n  o n  
t h e  s u r f a c e  o f  t h e s e  c e l l s .  T h e  c o n c o m i t a n t  s t a i n i n g  w i t h  
a n t i - I g  (M a n d  G) a n d  a n t i - C 3  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  
t h e  a n t i g e n  i s  p r e s e n t e d  a l r e a d y  c o m p l e x e d  a s  a n  
a n t i g e n —a n t i b o d y —c o m p le m e n t  c o m p l e x .  T h e  a l t e r n a t i v e  
p o s s i b i l i t y  t h a t  i m m u n o g l o b u l i n s  a t t a c h e d  t o  F c  r e c e p t o r s  
c a n  b e  r u l e d  o u t  i n  t h e  c a s e  o f  a n t i — mexicana

a n t i b o d y  a n d  a n t i —Ig G  a n t i s e r u m ,  b e c a u s e  o f  t h e  u s e  o f
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i m m u n o g l o b u l i n s  d e v o i d  o-f t h e  F c  - f r a c t i o n -  I n  t h e  c a s e  o-f 
a n t i —C 3 a n d  a n t i —IgM  a n t i s e r a ,  h o w e v e r ,  s u c h  a  p o s s i b i l i t y  
c o u l d  n o t  b e  d i s c a r d e d  a s  w h o l e  i m m u n o g l o b u l i n  m o l e c u l e s  
w e r e  u s e d .

T h e  n a t u r e  o f  w h a t  I  h a v e  c a l l e d  r e t i c u l a r  s h a p e d  c e l l s  
c a n n o t  b e  e s t a b l i s h e d  w i t h  c e r t a i n t y .  H o w e v e r ,  t h e y  
r e s e m b l e  L a n g e r h a n s  c e l l s  i n :

1 . — t h e i r  m o r p h o l o g y  a n d  d i s t r i b u t i o n  w i t h i n  t h e  s k i n .
2  -  t h e i r  p o s i t i v e  r e a c t i o n  t o  t h e  n o n —s p e c i f i c  

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

o r  s l i g h t l y  p a r a s i t i z e d  m a c r o p h a g e s  w e r e  d e t e c t e d  
p r e s e n t i n g  a n t i g e n s .  A s  t h e  i n f e c t i o n  p r o g r e s s e d ,  i n  t h e  
i n f e c t i o n  m o d e l s  w h o s e  l e s i o n s  h e a l e d  m a c r o p h a g e s  
e v e n t u a l l y  d i s a p p e a r e d  f r o m  t h e  l e s i o n s .  I n  a l l  t h e  c a s e s  
w h e r e  l e s i o n s  d i d  n o t  h e a l ,  a  p r e d o m i n a n c e  o f  h e a v i l y  
p a r a s i t i z e d  m o n o v a c u o l a t e d  m a c r o p h a g e s ,  c o n s i s t e n t l y  
n e g a t i v e  t o  t h e  s t a i n i n g  w i t h  a l l  t h e  im m u n e —r e a c t a n t s ,  w a s  
o b s e r v e d .  O n ly  i n  t h e  p e r i p h e r y  o f  t h e  l e s i o n  a  f e w  
n o n - p a r a s i t i z e d  o r  l i g h t l y  p a r a s i t i z e d  m a c r o p h a g e s  w e r e  
d e t e c t e d  f l u o r e s c i n g .

T h i s  w o u ld  s e e m  t o  i n d i c a t e  t h a t  t h e  l a r g e  h e a v i l y  
p a r a s i t i z e d  m a c r o p h a g e s  h a v e  l o s t  t h e i r  a b i l i t y  t o  p r e s e n t  
a n t i g e n  a n d  w e r e  p r o b a b l y  d e p r i v e d  o f  t h e i r  F c  a n d  C3 
r e c e p t o r s .  A c o m p a r a b l e  r e l a t i o n s h i p  b e t w e e n  p a r a s i t i c  l o a d  
a n d  d e t e c t i o n  o f  m a c r o p h a g e s ' F c  a n d  C 3 r e c e p t o r s  h a s  b e e n  
r e p o r t e d  b y  R ID LEY  e t  a l . ( 1 9 7 8 )  i n  l e p r o s y .  T h e s e  a u t h o r s
f o u n d  t h a t  t h e  m a c r o p h a g e s  c o n s t i t u t i n g  t h e  g r a n u l o m a  o f
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a c t i v e  b o r d e r —l i n e  l e p r o m a t o u s  L e p r o s y  (B L —L L ) ,  w h i c h  h a d  
n o t  p h a g o c y t o s e d  H y c o b a c t e r i u m r h a d  F c  a n d  C 3  r e c e p t o r s  
a n d  w e r e ,  a t  t h i s  s t a g e ,  i n d i s t i n g u i s h a b l e  -fro m  t h o s e  o f  
b o r d e r — l i n e  t u b e r c u l o i d  L e p r o s y  ( B T ) . B y c o n t r a s t ,  t h e  
m a c r o p h a g e s  o f  t h e  s a m e  g r a n u l o m a  w h i c h  h a d  p h a g o c y t o s e d  
ttycobacterium leprae,  h a d  l o s t  t h e i r  C 3 r e c e p t o r s  a n d  
e x p e r i e n c e d  a  r e d u c t i o n  o f  F c  s i t e s .  F i n a l l y ,  i n  t h e  
h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s  i n  t h e  f o a m y  c e l l  s t a g e ,  n o  
r e c e p t o r  s i t e s  w e r e  f o u n d .

T h e  a s s o c i a t i o n  o f  t h e  l o s s  o f  t h e  a b i l i t y  t o  p r e s e n t  
a n t i g e n ,  o r  t h e  l o s s  o f  r e c e p t o r s  s i t e s  o n  m a c r o p h a g e  
s u r f a c e s  ( c o n s i d e r i n g  t h a t  a n t i g e n s  m ay  b e  p r e s e n t e d  i n  a  
c o m p l e x e d  A g—A b—C f o r m )  w i t h  t h e  i n c r e a s e  o f  t h e  p a r a s i t i c  
l o a d  i n  m a c r o p h a g e s ,  c o u l d  b e  t h e  r e s u l t  o f  t h e  e v o l u t i o n  
o f  t h e  i n f e c t i o n  i n  a n  h o m o g e n e o u s  p o p u l a t i o n  o f  
m a c r o p h a g e s ,  o r  a s  r e c e n t  e v i d e n c e  w o u ld  s u g g e s t ,  t h e  
c o n s e q u e n c e  o f  t h e  e x i s t e n c e  o f  d i f f e r e n t  p o p u l a t i o n s  o f  
t h e s e  c e l l s  w i t h  d i f f e r e n t  s u r f a c e  m a r k e r s  a n d  
s u s c e p t i b i l i t y  t o  i n f e c t i o n .

GORCZYNSKI St MACRAE ( 1 9 8 2 )  d e m o n s t r a t e d  t h a t  m a c r o p h a g e s  
from the skin of BALB/c and CBA mice could be separated 

i n t o  tw o  p o p u l a t i o n s  a c c o r d i n g  t o  t h e i r  s e d i m e n t a t i o n  
v e l o c i t y .  F u r t h e r m o r e ,  a t  l e a s t  i n  o n e  m i c e  s t r a i n ,  t h e  tw o  
p o p u l a t i o n s  d i f f e r e d  i n  t h e i r  a b i l i t y  t o  s u p p o r t  
L .  major  g r o w t h .  L a r g e  c e l l s  ( p e a k  s e d i m e n t a t i o n  
v e l o c i t y  1 0  t o  1 4  m m /h o u r )  f r o m  b o t h  s t r a i n s  o f  m i c e  
a l l o w e d  a n  e a r l y  p r o l i f e r a t i o n  o f  p a r a s i t e s ,  f o l l o w e d  b y  a  
l e s s e n i n g  o f  t h e i r  r e p l i c a t i o n .

S m a l l e r  c e l l s  ( p e a k  s e d i m e n t a t i o n  v e l o c i t y  5  t o  8
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m m /h o u r > o f  t h e  B A L B / c  s t r a i n  s u p p o r t e d  a  p r o l o n g e d  a n d  
i n c r e a s i n g  p a r a s i t i c  l o a d  a s  t h e  i n f e c t i o n  p r o g r e s s e d .  T h e  
s m a l l e r  c e l l s  f r o m  CBA m i c e ,  h o w e v e r ,  b e h a v e d  i n  t h e  s a m e  
w ay  a s  t h e  l a r g e  c e l l s .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  m a c r o p h a g e s  f r o m  
r e s i s t a n t  <CBA) a n d  s u s c e p t i b l e  (B A L B /c )  m i c e  d i f f e r e d  n o t  
o n l y  i n  t h e i r  a b i l i t y  t o  s u p p o r t  p a r a s i t e  g r o w t h ,  b u t  a l s o  
i n  t h e i r  a b i l i t y  t o  p r e s e n t  a n t i g e n ,  a s  r e v e a l e d  b y  t h e  
fact t h a t  only L. ma j o r infected cells from CBA mice 
w e r e  a b l e  t o  a c t  a s  a c c e s o r y  c e l l s  i n  s t i m u l a t i n g  
p r o l i f e r a t i o n  o f  s e n s i t i z e d  l y m p h o c y t e s  f r o m  B A L B /c , CBA 
a n d  (B A L B /c  x C B A )F I o r i g i n .  I n  c o n c l u s i o n ,  t h e  
o b s e r v a t i o n s  o f  GORCZYNSKI & MACRAE ( 1 9 8 2 )  w o u ld  s e e m  t o  
s u p p o r t  t h e  p o s s i b i l i t y  t h a t  t h e  d i f f e r e n c e s  o b s e r v e d  i n  
t h i s  s t u d y ,  w i t h  r e f e r e n c e  t o  t h e  d i s t r i b u t i o n  o f  
im m u n o f 1 u o r e s c e n t  s t a i n i n g  b e t w e e n  m a c r o p h a g e s  o f  t h e  s a m e  
h i s t i o c y t o m a  o b s e r v e d  i n  m i c e  e x h i b i t i n g  n o n —h e a l i n g  
l e s i o n s ,  c o u l d  r e f l e c t  t h e  e x i s t e n c e  o f  d i f f e r e n t  
p o p u l a t i o n s  o f  m a c r o p h a g e s .

A s  m e n t i o n e d  b e f o r e ,  i n  B A L B /c  m i c e  i n f e c t e d  w i t h  L,

m e x i c a n a , cells bearing antigen were not detected.

H o w e v e r ,  m a c r o p h a g e s  i n  t h i s  e x p e r i m e n t a l  g r o u p  d i d  s t a i n  
w i t h  a n t i - I g G ,  a n t i - C 3  a n d  F I T C - Z .  mexicana  a n t i g e n .
T h e  d i s t r i b u t i o n  o f  f l u o r e s c e n t  m a c r o p h a g e s  w a s  s i m i l a r  t o  
t h a t  o b s e r v e d  f o r  m a c r o p h a g e s  i n  t h e  r e s t  o f  t h e  
e x p e r i m e n t a l  g r o u p s  e x h i b i t i n g  n o n - h e a l i n g  l e s i o n s .

T h e  f a i l u r e  t o  d e t e c t  a n t i g e n  o n  c e l l s  o f  t h e  B A L B /c  
m i c e  i n f e c t e d  w i t h  L. mexicana  c o u l d  b e  d u e  t o  t h e  
p r e s e n c e  o f  o n l y  s m a l l  a m o u n t s  o f  a n t i g e n  t h a t  c o u l d  n o t  b e



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

T h e  r e s u l t s  r e p o r t e d  i n  t h i s  s t u d y  c o n f i r m  in 

vivo  t h o s e  o b t a i n e d  in vitro  b y  HANDMAN e t  a l . ( 1 9 7 9 )
a n d  BERMAN & DWYER ( 1 9 8 1 )  s h o w i n g ,  b y  m e a n s  o f  t h e  
i m m u n o f l u o r e s c e n c e  t e c h n i q u e ,  t h a t  Lcishmania  a n t i g e n  
c a n  b e  e x p r e s s e d  o n  m a c r o p h a g e  s u r f a c e s .  F u r t h e m o r e ,  t h e  
r e s u l t s  a l s o  a g r e e  w i t h  t h o s e  o f  HANDMAN a n d  c o w o r k e r s  i n  
t h a t  t h e y  s h o w e d  t h a t  L . major  a n t i g e n  c o u l d  b e  f o u n d  
o n  t h e  s u r f a c e  o f  m a c r o p h a g e s  f r o m  s t r a i n s  o f  m i c e  
e x h i b i t i n g  d i f f e r e n t  s u s c e p t i b i l i t i e s  t o  t h e  p a r a s i t e  
(B A L B /c  s u s c e p t i b l e ,  CBA r e s i s t a n t ) .  HANDMAN a n d  c o w o r k e r s  
( 1 9 7 9 )  a l s o  r e p o r t e d  t h a t  B A L B /c  i n f e c t e d  m a c r o p h a g e s ,  a n d  
n o t  CBA i n f e c t e d  m a c r o p h a g e s ,  w e r e  u n a b l e  t o  s e n s i t i z e  
s y n g e n e i c  r e c i p i e n t s  f o r  a  d e l a y e d  t y p e  h y p e r s e n s i t i v i t y  t o  
L , major  a n t i g e n ,  w h ic h  w a s  i n  t u r n  a s s o c i a t e d  w i t h  a  
d i m i n i s h e d  e x p r e s s i o n  o f  H—2  e x o —a n t i g e n s  o n  B A L B /c  
m a c r o p h a g e s .  T h i s ,  h o w e v e r ,  h a s  b e e n  r e c e n t l y  c h a l l e n g e d  b y  
M A U E L 's c o - w o r k e r s  ( p e r s o n a l  c o m m u n i c a t i o n ) .

I t  i s  o f  n o t e  t h a t ,  i n  t h i s  s t u d y  t h e  a n t i g e n  w a s  
d e t e c t e d  o n  t h e  s u r f a c e  o f  u n i n f e c t e d  m a c r o p h a g e s  a s  w e l l  
a s  o n  m a c r o p h a g e s  e x h i b i t i n g  a  lo w  p a r a s i t i c  l o a d .  T h e  
m e c h a n i s m s  b y  w h i c h  t h e  a n t i g e n  ( s )  b e c o m e s  i n c o r p o r a t e d  o n  
t h e  m a c r o p h a g e  s u r f a c e  a r e  u n k n o w n .  H o w e v e r ,  i t  h a s  b e e n  
p r o p o s e d  t h a t  t h e  a n t i g e n  c o u l d  b e  i n c o r p o r a t e d  i n t o  t h e  
p h a g o l y s o s o m a l  m e m b ra n e  w i t h  s u b s e q u e n t  f u s i o n  o f  t h a t  
m e m b ra n e  w i t h  t h e  m a c r o p h a g e  s u r f a c e  m e m b r a n e  (DWYER,
1 9 7 8 ) ,  o r  a l t e r n a t i v e l y  t h e  a n t i g e n  c o u l d  b e  e x c r e t e d  i n t o  
t h e  e x t r a c e l l u l a r  f l u i d  a n d  t h e n  a b s o r b e d  a l o n e ,  o r  a s  p a r t
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of i (itmune-camplexes o n t o  t h e  m a c r o p h a g e  sur-face ( H A N D M A N  et 

a l .  1 9 7 9 ) .
A m a s t i g o t e s ,  t r e e  o r  i n s i d e  m a c r o p h a g e s ,  M e re  d e t e c t e d  

b y  s t a i n i n g  w i t h  a n t i - Z . .  mexicana  Ig G  
( F ( a b ) ' 2 , a n t i —Ig G  a n d  a n t i —C 3 a n t i s e r a .  T h e  

f l u o r e s c e n t  p a r a s i t e s  s h o w e d  a  s i m i l a r  d i s t r i b u t i o n  i n  t h e  
l e s i o n  a s  s t a i n e d  m a c r o p h a g e s  a n d  a r e a s  o f  n e c r o s i s .  
S o m e t i m e s ,  t h e  s t a i n e d  a m a s t i g o t e s  w e r e  o b s e r v e d  i n s i d e  
m a c r o p h a g e s  p r e s e n t i n g  s u r f a c e  s t a i n i n g .  A m a s t i g o t e s  i n s i d e  
m o n o v a c u a l a t e d  h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s  w e r e  n e v e r  
s t a i n e d .  I  c a n n o t  o f f e r  a  s u i t a b l e  e x p l a n a t i o n  f o r  t h e  
d i f f e r e n t i a l  s t a i n i n g  o f  i n t r a c e l l u l a r  a m a s t i g o t e s  o b s e r v e d  
i n  t h e s e  s t u d y .  RADWANSKY e t  a l . ( 1 9 7 4 )  r e p o r t e d  n o
s t a i n i n g  o f  i n t r a c e l l u l a r  a m a s t i g o t e s  b y  s p e c i f i c  
a n t i - s e r u m  w h e n  u s i n g  t h e  i m m u n o f l u o r e s c e n t  t e c h n i q u e  o n  
f r o z e n  s e c t i o n s  f r o m  l e s i o n s  p r o d u c e  b y  L. enriettii 

i n  g u i n e a  p i g s .  T h e s e  a u t h o r s  o f f e r e d ,  a s  a  p o s s i b l e  
e x p l a n a t i o n ,  t h e  i n a b i l i t y  o f  t h e  i m m u n o r e a c t a n t  t o  
p e n e t r a t e  i n s i d e  t h e  c e l l s .  H o w e v e r ,  i n  c u t  c r y o s t a t  
s e c t i o n  a t  l e a s t  s o m e  o f  t h e  a m a s t i g o t e s  s h o u l d  b e  c u t  a n d  
t h e r e f o r e  e x p o s e d  t o  t h e  i m m u n e - r e a g e n t s  i n  q u e s t i o n .

P o l y m o r p h o n u c l e a r  e o s i n o p h i l s  w e r e  p a r t i c u l a r l y  a b u n d a n t  
i n  s k i n  l e s i o n s  f r o m  m i c e  e x h i b i t i n g  n o n —h e a l i n g  l e s i o n s .  
T h e i r  c y t o p l a s m  w a s  s t a i n e d  b y  F IT C — L.mexicana  a n d  
a n t i - I g G  i n  a l l  t h e  e x p e r i m e n t a l  g r o u p s  a n d  a l s o  b y  
a n t i - Z . .  uexicana  a n t i b o d y  i n  B A L B /C  m i c e  i n f e c t e d  w i t h  
L. major  a n d  b y  a r i t i —C 3 a n t i s e r a  i n  B A L B /c  m i c e  
i n f e c t e d  w i t h  L . m e x i c a n a .

A s  i s  w e l l  k n o w n ,  n o n —s p e c i f i c  s t a i n i n g  o f  e o s i n o p h i l
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g r a n u l o c y t e s  b y  F IT C  c o n j u g a t e s  h a s  r e p r e s e n t e d  a  p r o b l e m  
i n  t h e  i n t e r p r e t a t i o n  o f  im m u n o f  1 u o r e s c e n c e  s i n c e  LACHMANN 
( 1 9 6 4 )  r e p o r t e d  i t -  T h e  n o n - s p e c i f i c  s t a i n i n g  o f  t h e s e  

c e l l s  b y  F IT C  c o n j u g a t e s  c o u l d  b e  e x p l a i n e d  b y  a n t i g e n  
c r o s s —r e a c t i v i t y  b e t w e e n  t h e  c o n j u g a t e  a n d  c e l l  c o m p o n e n t s ,  
o r  b y  p h y s i c o —c h e m i c a l  a d s o r p t i o n  o f  t h e  c o n j u g a t e s  i n t o  
c e l l u l a r  c o m p o n e n t s ,  n o t  b a s e d  o n  a n  im m u n e  r e a c t i o n  
(BERRETY & CORMANE, 1 9 7 9 ) .

I n  t h i s  s t u d y ,  t h e  s t a i n i n g  o f  t i s s u e  e o s i n o p h i l s  n o t  
r e l a t e d  t o  Leishman ia  i n f e c t i o n s  ( p r o d u c e d  b y  
i n o c u l a t i n g  u n i n f e c t e d  m i c e  w i t h  b o v i n e  s e r u m  a l b u m i n  o r  
s t a r c h )  s u g g e s t s  t h e  n o n —s p e c i f i c i t y  o f  t h e  s t a i n i n g  b y  t h e  
c o n j u g a t e s .  H o w e v e r ,  t h e  p r e t r e a t m e n t  o f  s e c t i o n s  
c o n t a i n i n g  e o s i n o p h i l s  f r o m  Leishman ia  i n f e c t e d  m i c e  
a n d  f r o m  b o v i n e  s e r u m  a l b u m i n  o r  s t a r c h  i n o c u l a t e d  m i c e  
w i t h  SDS b e f o r e  t h e  a p p l i c a t i o n  o f  t h e  c o n j u g a t e ,  r e s u l t e d  
i n  t h e  a b l a t i o n  o f  t h e  s t a i n i n g  i n  e o s i n o p h i l s  p r o d u c e d  b y  
i n o c u l a t i o n  w i t h  b o v i n e  s e r a  a l b u m i n  o r  s t a r c h ,  b u t  n o t  i n  
t h o s e  e l i c i t e d  a s  a  c o n s e q u e n c e  o f  Leishmania 

i n f e c t i o n s .  T h i s  r e s u l t  s u g g e s t s  t h a t ,  d e s p i t e  t h e  f a c t  
that the conjugates s t a i n e d  n o n - s p e c i f i c a l l y  e l i c i t e d  
e o s i n o p h i l s ,  i n  Leishmania  i n f e c t i o n s  a t  l e a s t  p a r t  o f  
t h e  f l u o r e s c e n c e  e x h i b i t e d  b y  e o s i n o p h i l s  i s  s p e c i f i c .

T h e  s p e c i f i c i t y  o f  t h e  s t a i n i n g  b y  F IT C  L - 
Mexican a  a n t i g e n  w a s  s h o w n  b y  t h e  b l o c k a g e  o f  t h e  
s t a i n i n g  w h e n  t h e  s e c t i o n s  w e r e  t r e a t e d  w i t h  u n l a b e l l e d  
a n t i g e n  p r i o r  t o  t r e a t m e n t  w i t h  t h e  c o n j u g a t e .  
P a r a d o x i c a l l y ,  a b s o r p t i o n  o f  F IT C — L - mexicana  a n t i g e n  
w i t h  a n t i —Leishmania  a n t i s e r a  d i d  n o t  e l i m i n a t e  t h e



s t a i n i n g  c a p a c i t y  o f  t h e  c o n j u g a t e .  T h i s  m i g h t  b e  e x p l a i n e d  
b y  t h e  p r e s e n c e  o f  lo w  a f f i n i t y  a n t i b o d i e s  i n  t h e  s e r u m ,  o r  
b y  d i f f e r e n t  c o n c e n t r a t i o n s  o f  a n t i g e n  a n d  a n t i b o d i e s  i n  
t h e  m i x t u r e  t h a t  s t i l l  a l l o w e d  a n  e x c e s s  o f  t h e  c o n j u g a t e .

F i n a l l y ,  i n  o r d e r  t o  h e l p  i n  t h e  i d e n t i f i c a t i o n  o f  a n y  
o t h e r  c y t o p l a s m  s t a i n i n g  c e l l s  ( a n t i b o d y  f o r m i n g  c e l l s )  
t h a t  c o u l d  b e  m a s k e d  b y  t h e  i n t e n s e l y  s t a i n e d  e o s i n o p h i l s ,  
i n h i b i t i o n  o f  t h e  s t a i n i n g  o f  t h e s e  c e l l s  w a s  c a r r i e d  o u t  
b y  t r e a t m e n t  o f  t h e  s e c t i o n s  w i t h
DAB/H2O2 before the application of the conjugate.
A s a  r e s u l t ,

a .  — e o s i n o p h i l s  w e r e  c o m p l e t e l y  s h e l t e r e d  f r o m  
f 1 u o r e s c e n c e ,

b .  — s c a n t y  p l a s m a  c e l l s  w e r e  o n l y  d e t e c t e d  i n  C B A /c a  
m i c e  i n f e c t e d  w i t h  L .  mexicana  a n d

c .  -  M o n o c y t e s ,  i m m a t u r e  m a c r o p h a g e s  a n d  r e t i c u l a r  s h a p e d  
c e l l s  w e r e  s t a i n e d  o n  t h e i r  s u r f a c e s .

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  b l o c k i n g  o f  s t a i n i n g  by 
t h i s  m e th o d  i s  i n c o m p a t i b l e  w i t h  a t t e m p t s  t o  d e m o s t r a t e  
im m u n e  c o m p o n e n t s  i n s i d e  c e l l s  c o n t a i n i n g  e n d o g e n o u s  
p e r o x i d a s e  b e c a u s e  t h e  d e p o s i t s  o f  DAB i n t e r f e r e  w i t h  
s p e c i f i c  i m m u n o f l u o r e s c e n c e ,  e v e n  w h e n  t h e  a n t i g e n i c  s i t e s  
a r e  l o c a t e d  i n  m o l e c u l e s  o t h e r  t h a n  t h o s e  i n i t i a t i n g  t h e  
DBA r e a c t i o n  i n  t h e  s a m e  c e l l  (VALNES & BRANDZAEG, 1 9 8 1 ) .  
T h u s ,  b y  t h i s  m e t h o d ,  t h e  p o s s i b i l i t y  o f  s p e c i f i c  s t a i n i n g  
i n  t h e  e o s i n o p h i l s  c a n n o t  b e  r u l e d  o u t .  T h e  p r e s e n c e  o f  
f l u o r e s c e n c e  i n  c e l l s  o t h e r  t h a n  e o s i n o p h i l s ,  b u t  
c o n t a i n i n g  p e r o x i d a s e  i n  t h e i r  c y t o p l a s m  ( m o n o c y t e s ,
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i m m a t u r e  m a c r o p h a g e s  a n d  r e t i c u l a r  s h a p e d  c e l l s ) ,  i s  
e x p l a i n e d  b y  t h e  - f a c t  t h a t  - f l u o r e s c e n c e  w a s  o b s e r v e d  o n  
c e l l  m e m b r a n e s  a n d  n o t  i n  t h e  c y t o p l a s m  o-f t h e s e  c e l l s .

I n  c o n c l u s i o n ,  e v e n  w h e n  i t  i s  o b v i o u s  t h a t  F IT C  
c o n j u g a t e s  a t t a c h e d  n o n —s p e c i - f i c a l l y  t o  e o s i n o p h i l s ,  t h e  
SD S a n d  b l o c k i n g  t e s t  c o n t r o l s  s u g g e s t  t h e  p r e s e n c e  o f  
a n t i b o d y  s p e c i f i c  t o  Leishmania  i n s i d e  e o s i n o p h i l s .
T h i s  a n t i b o d y  c o u l d  b e  a  c o m p o n e n t  o f  i m m u n e - c o m p l e x e s ,  a s  
C 3 w a s  a l s o  i d e n t i f i e d  i n  e o s i n o p h i l s  f r o m  B A L B /c  m i c e  
i n f e c t e d  w i t h  L. mexicana  a n d  s p e c i f i c  a n t i g e n  w a s  
f o u n d  i n  e o s i n o p h i l s  f r o m  B A L B /c  m i c e  i n f e c t e d  w i t h  L . 
m a j o r . H o w e v e r ,  t h e  a l t e r n a t i v e  p o s s i b i l i t y  o f  a  
c r o s s —r e a c t i o n  b e t w e e n  t h e  c o n j u g a t e s  a n d  e o s i n o p h i l s  
c e l l u l a r  a n t i g e n  w a s  n o t  r u l e d  o u t  b y  t h e s e  e x p e r i m e n t s .

H I . 4 . 2  LYMPH NODES
T h e  i m m u n o f l u o r e s c e n c e  s t u d i e s  o f  d r a i n i n g  ly m p h  n o d e s  

f r o m  t h e  d i f f e r e n t  e x p e r i m e n t a l  g r o u p s  a t  d i f f e r e n t  p e r i o d s  
o f  t i m e  a f t e r  i n f e c t i o n  s h o w e d  t h a t  i n  g e n e r a l ,  a f t e r  t h e  
t r e a t m e n t  o f  t h e  t i s s u e  s e c t i o n s  w i t h  F IT C  L. mexicana 

antigen, F(ab)'2 fraction of anti- 

L. mexicana  Ig G  a n d  a n t i —C 3 s e r u m ,  a n  i n t e r c e l l u l a r  
d e p o s i t i o n  o f  s t a i n i n g  i n  t h e  c o r t i c a l  a n d  p a r a c o r t i c a l  
a r e a s  c o u l d  b e  s e e n  . A n t i —Ig G  a n d  a n t i —IgM  s e r a  r e s u l t e d  
i n  s t a i n i n g  o f  t h e  l y m p h o c y t e  s u r f a c e s  a n d  t h e  a n t i b o d y  
f o r m i n g  c e l l s  i n  t h e  c o r t i c a l  a n d  m e d u l l a r  a r e a s .  T h e  s i n u s  
s y s t e m  w a s  a l s o  s t a i n e d  w i t h  a l l  t h e  i m m u n o r e a g e n t s .

T h e  d i s t r i b u t i o n  o f  a n t i g e n  (A g ) a n d  i m m u n o g l o b u l i n s  
( I g )  i n  l y m p h o i d  s t r u c t u r e s  h a s  b e e n  d e m o n s t r a t e d  u s i n g
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i m m u n o f l u o r e s c e n c e .  I t  w a s  n o t e d  a s  e a r l y  a s  1 9 5 0 , b y  
KAPLAN a n d  c o w o r k e r s ,  t h a t  Ag c o u l d  l o c a l i z e  i n  l y m p h o i d  
f o l l i c l e s .  I n  1 9 6 2 , MELLORS Sc BRZORSKO r e p o r t e d  t h a t  
i n j e c t e d  im m u n e —c o m p l e x e s  w e r e  t r a p p e d  i n  g e r m i n a l  c e n t e r s  
o f  l y m p h o i d  o r g a n s  o f  im m u n e  a n i m a l s .  T h e r e a f t e r ,  WHITE 
(1 9 6 3 ) a n d  WHITE e t  a l . (1 9 6 7 ) d e s c r i b e d  a  c h a r a c t e r i s t i c

r e t i c u l a r  o r  d e n d r i t i c  p a t t e r n  o f  f l u o r e s c e n c e  s t a i n i n g  o f  
a n t i g e n  (A g ) i n  l y m p h o i d  f o l l i c l e s  f o l l o w i n g  i n j e c t i o n  o f  
t h e  A g .

An i m p r o v e m e n t  i n  t h e  d e t e c t i o n  o f  t h i s  s o r t  o f  d e p o s i t  
w a s  i n t r o d u c e d  b y  NOSSAL Sc ADA ( r e v i e w e d  b y  NOSSAL Sc ADA, 
1 9 7 1 )  w h e n  t h e y  u s e d  a u t o r a d i o g r a p h y  t e c h n i q u e s  w h ic h  
s h o w e d  a  h i g h e r  s e n s i t i v i t y  t h a n  i m m u n o f l u o r e s c e n c e .

A u t o r a d i o g r a p h y  s t u d i e s  o f  Ag d r a i n i n g  ly m p h  n o d e s  i n  
t h e  m o u s e  (BALFOUR Sc HUMPHREY, 1 9 6 7 ; TEW Sc MANDEL, 
1 9 7 8 ,1 9 7 9 ,)  a n d  t h e  r a t  (NOSSAL Sc ADA, 1971) s h o w e d  t h a t ,  
i n  im m u n iz e d  a n i m a l s ,  t h e  r a d i o a c t i v e  Ag w a s  l o c a l i z e d  i n  
t h e  f o l l i c l e s  a  s h o r t  t i m e  a f t e r  c h a l l e n g e .  B y c o n t r a s t ,  i n  
n o n —im m u n iz e d  m i c e ,  m u ch  o f  t h e  r a d i o a c t i v i t y  w a s  i n  t h e  
n o n - f o i l i c u l l a r  r e g i o n s  ( s u b c a p s u l a r  a n d  m e d u l l a r y  s i n u s e s )  
(BALFOUR Sc HUMPHREY, 1 9 6 7 ; TEW Sc MANDEL, 1 9 7 9 ; TEW e t  a l . 
1 9 8 0 ) . H o w e v e r ,  s e v e n  d a y s  a f t e r  t h e  i n j e c t i o n  o f  t h e  
a n t i g e n ,  w h e n  a n t i b o d y  (A b ) w a s  f i r s t  d e t e c t e d ,  t h e  a n t i g e n  
b e g a n  t o  l o c a l i z e  i n  t h e  g e r m i n a l  c e n t e r s  a s  w e l l  (BALFOUR 
Sc HUMPHREY, 1 9 6 7 ) .

T h e  c o m b i n a t i o n  o f  a u t o r a d i o g r a p h y  a n d  
i m m u n o f l u o r e s c e n c e  t e c h n i q u e  f o r  t h e  s u d y  o f  I g  
d i s t r i b u t i o n  u s e d  b y  BALFOUR Sc HUMPHREY (1 9 6 7 ) s h o w e d  t h a t ,
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in p r i m e d  a n i m a l s ,  an a s s o c i a t i o n  in t h e  l o c a l i z a t i o n  of 

a n t i g e n  a n d  i m m u n o g l o b u l i n s  i n  t h e  c o r t e x  o c c u r e d ,  
s u g g e s t i n g  t h a t  t h e  c o r t i c a l  l o c a l i z a t i o n  o f  t h e  a n t i g e n  
d u r i n g  t h e  s e c o n d a r y  r e s p o n s e  i s  a s s o c i a t e d  w i t h  t h e  
p r e s e n c e  o f  p r e f o r m e d  a n t i b o d y .  H o w e v e r ,  t h e  a u t h o r s  d i d  
n o t  f i n d  s p e c i f i c  a n t i b o d y  i n  t h e  s a m e  s i t u a t i o n ,  a n d  t h i s  
w a s  i n t e r p r e t e d  a s  b e i n g  d u e  t o  lo w  l e v e l s  o f  a n t i b o d y ,  o r  
t o  t h e  r e l a t i v e  i n s e n s i t i v i t y  o f  t h e  m e t h o d .

T h e  e l e c t r o n  m i c r o s c o p i c  s t u d i e s  o f  P E R N IS  ( 1 9 6 7 )  a n d  
HOEFSM IT ( 1 9 7 5 )  i n  g e r m i n a l  c e n t e r s ,  r e v e a l e d  t h e  p r e s e n c e  
o f  n o n - l y m p h o i d  c e l l s  w i t h  l o n g  i n t e r l a c i n g  c e l l  p r o c e s s e s  
s e p a r a t i n g  t h e  l y m p h o i d  c e l l s .  T h e  c e l l s  c o n c e r n e d  w e r e  
a l s o  d i f f e r e n t i a t e d  f r o m  m a c r o p h a g e s  a t  t h e  f i n e  s t r u c t u r a l  
l e v e l  (H O E FSM IT , 1 9 7 5 ) .  T h e  a s s o c i a t i o n  o f  a u t o r a d i o g r a p h y  
a n d  e l e c t r o n  m i c r o s c o p y  (NOSSAL e t  a l . 1 9 6 8 ;  CARR, 1 9 7 5 ;  
MANDEL e t  a l . 1 9 8 0 )  d e m o n s t r a t e d  a n  a s s o c i a t i o n  o f  t h e  
l a b e l l e d  a n t i g e n  w i t h  t h e  c y t o p l a s m i c  p r o c e s s e s s  o f  
d e n d r i t i c  r e t i c u l a r  c e l l s .

NOSSAL & ADA ( 1 9 7 1 )  p r o p o s e d  tw o  p o s s i b l e  e x p l a n a t i o n s  
f o r  t h e  p r e s e n c e  o f  I g  i n  r e l a t i o n  w i t h  Ag l o c a l i z e d  i n  
dendritic reticular cells.

1— T h e  g l o b u l i n s  l o c a l i z e d  i n  t h e s e  c e l l s  b e c a u s e  t h e y  
c o n t a i n  a n t i b o d y  w h ic h  c o u l d  r e a c t  w i t h  Ag w h i c h  w a s  
a l r e a d y  p r e s e n t  i n  t h e  f o l l i c l e ,  o r

2 . - b e c a u s e  t h e r e  w a s  a  r e a c t i o n  b e t w e e n  t h e  r e t i c u l a r  c e l l  
m e m b ra n e  a n d  t h e  g l o b u l i n  m o l e c u l e .  T h e  e v i d e n c e  s e e m s  t o  
s u p p o r t  t h e  s e c o n d  p o s s i b i l i t y .  I n  f a c t ,  t h e  p r e s e n c e  o f  
a n t i b o d y  e i t h e r  n a t u r a l  o r  s p e c i f i c  i s  a  r e q u i r e m e n t  f o r  
t h e  l o c a l i z a t i o n  o f  t h e  Ag (NOSSAL & ADA, 1 9 7 1 ;  TEW e t  a l .



2 1 3
1 9 8 0 )  b u t .  i t  i s  a l s o  e s s e n t i a l  t h a t  i n t a c t  a n t i b o d y  b e  
p r e s e n t  a t  t h a t  s i t e .  R e m o v a l  o f  t h e  F c  f r a g m e n t  f r o m  
i m m u n o g l o b u l i n s  (NOSSAL & ADA, 1 9 7 1 ;  KLAUS, 1 9 7 8 )  
d i m i n i s h e d  o r  a b r o g a t e s  Ag r e t e n t i o n -  On t h e  o t h e r  h a n d ,
F c ,  b u t  n o t  F a b ,  f r a g m e n t s  i s o l a t e d  f r o m  s y n g e n e i c  o r  
x e n o g e n e i c  Ig G  p r e p a r a t i o n ,  b e c a m e  a t t a c h e d  t o  d e n d r i t i c  
c e l l s ,  i n d i c a t i n g  t h a t  a n  Ig G  m o l e c u l e  c o u l d  a t t a c h  t o  t h e  
c e l l  w a l l  b y  t h e  F c  p o r t i o n  o f  t h e  m o l e c u l e ,  l e a v i n g  t h e  
F a b  p o r t i o n  f r e e  t o  b i n d  A g . T h e s e  e x p e r i m e n t s  s u g g e s t  t h e  
p r e s e n c e  o f  F c  r e c e p t o r s  o n  t h e s e  c e l l s .

I t  h a s  b e e n  s h o w n  b y  P H IP P S  e t  a l .  ( 1 9 8 0 ) ,  a n d  EMBLING
e t  a l . ( 1 9 7 8 >  t h a t  I g  c l a s s e s  a n d  s u b —c l a s s e s  d i f f e r  i n  
t h e i r  a b i l i t y  t o  m e d i a t e  Ag r e t e n t i o n ,  w h i c h  m ay  b e  r e l a t e d  
t o  t h e i r  d i f f e r e n t  c o m p le m e n t  b i n d i n g  c a p a c i t y  (MANDEL e t  
a l . 1 9 8 0 ) .  C o m p le m e n t  a n d  a n t i b o d y - d e p e n d e n t  Ag r e t e n t i o n
i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  PAPAMICHAEL e t  a l . ( 1 9 7 5 )
w ho  s h o w e d  t h a t  l o c a l i z a t i o n  o f  a g g r e g a t e d  Ig G  i n  s p l e e n  
l y m p h o i d  f o l l i c l e s  w a s  C 3 d e p e n d e n t .  KLAUS & HUMPHREY 
( 1 9 7 7 )  r e p o r t e d  t h a t  l e v a n  a n d  D N P - le v a n  l o c a l i z e d  i n  
g e r m i n a l  c e n t e r s  w i t h i n  h o u r s  o f  i n o c u l a t i o n ,  a n d  b e f o r e  
antibody production h a d  occured. T h i s  m ay  a l s o  b e  t h e  c a s e  
f o r  p o l y m e r i z e d  b a c t e r i a l  f l a g e l l i n  (NOSSAL & ADA, 1 9 7 1 ) .  
A s t h e s e  s u b s t a n c e s  t h e m s e l v e s  a c t i v a t e  c o m p l e m e n t ,  i t  i s  
p o s s i b l e  t h a t  C 3 f i x a t i o n  i s  t h e  o n l y  r e q u i r e m e n t  f o r  
g e r m i n a l  c e n t e r  l o c a l i z a t i o n .

EMBLING e t  a l . ( 1 9 7 8 )  s t u d i e d  t h e  c a p a c i t y  o f
n o n - h e a t - a g g r e g a t e d  m o n o c l o n a l  h u m a n  I g  o f  d i f f e r e n t  
c l a s s e s  t o  l o c a l i z e  i n  m u r i n e  s p l e n i c  g e r m i n a l  c e n t e r s  
w i t h i n  2 4  h o u r s  a f t e r  i n t r a v e n o u s  i n j e c t i o n .  T h e  r e s u l t s
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showed that a t  l e a s t  trimerization of I g S  must occur before 
a n y  g e r m i n a l  c e n t r e  t r a p p i n g  i s  m a n i f e s t .  S t u d i e s  o f  
c o m p le m e n t  f i x a t i o n  b y  t h e s e  Ig G  p r e p a r a t i o n  in 

v i t r o , t o g e t h e r  w i t h  s t u d i e s  o f  t h e  g e r m i n a l  c e n t e r  
t r a p p i n g  o f  v a r i o u s  m o n o c l o n a l  I g s ,  h a v e  i n d i c a t e d  t h a t  t h e  
s o l e  s t r u c t u r a l  r e q u i r e m e n t  f o r  g e r m i n a l  c e n t e r  
l o c a l i z a t i o n  o f  I g  a g g r e g a t e s  i s  t h e  a b i l i t y  t o  f i x  
c o m p l e m e n t .  H o w e v e r ,  t h e  a u t h o r s  f a i l e d  t o  d e m o n s t r a t e  
f i x e d  C3 c o n c o m i t a n t  w i t h  h e a t e d  a g g r e g a t e d  Ig G  i n  a  
d e n d r i t i c  p a t t e r n  i n  m o u s e  s p l e e n  g e r m i n a l  c e n t e r s  b y  
i m m u n o f l u o r e s c e n c e .  G A J I—PECK2ALSKA e t  a l . < 1 9 6 9 ) ,  h o w e v e r ,
d i d  f i n d  C 3 i n  t h e  s a m e  d i s t r i b u t i o n  a s  i m m u n o g l o b u l i n  i n  
h u m a n  a n d  r a b b i t  ly m p h  n o d e s .

I t  i s  o f  n o t e  t h a t ,  i n  t h i s  t h e s i s ,  C 3 w a s  l o c a l i z e d  i n  
a  d e n d r i t i c  p a t t e r n  c o n c o m i t a n t  w i t h  Leismania  a n t i g e n  
a n d  a n t i b o d y .

I n  r e l a t i o n  t o  t h e  m o d e  o f  e n t r y  o f  t h e  a n t i g e n  i n t o  t h e  
l y m p h o i d  t i s s u e ,  a n d  i t s  c o n t a c t  w i t h  t h e  f o l l i c u l a r  
d e n d r i t i c  c e l l s  (F D C ) , v a r i o u s  m e c h a n i s m s  h a v e  b e e n  
p o s t u l a t e d :

1 .  s o l u b l e  c i r c u l a t i n g  a n t i g e n ,  e i t h e r  a l o n e  o r  a l r e a d y  
c o m p l e x e d  w i t h  a n t i b o d y ,  i s  t r a p p e d  a s  i t  p e r c o l a t e s  
t h r o u g h  t h e  ly m p h  n o d e  a n d  s p l e n i c  f o l l i c l e s  (TEW St MANDEL, 
1 9 7 8 ) .

2 .  A n t i g e n  m ay  b e  c a r r i e d  t o  t h e  FDG o n  o t h e r  c e l l s  a n d  i s  
t h e n  d e p o s i t e d  o n  t h e  FD C . I t  h a s  b e e n  s u g g e s t e d  t h a t  Ag i s  
c a r r i e d  i n t o  t h e  s p l e e n  a t t a c h e d  t o  a p p r o p r i a t e  I g  
r e c e p t o r s  o n  t h e  s u r f a c e  o f  B c e l l s  (VAN R 0 Q IJ E N , 1 9 7 3 ) .
I t  i s  a l s o  p o s s i b l e  t h a t  a n t i g e n  a t t a c h e s  t o  t h e  s u r f a c e  o f



m a c r o p h a g e s  o r  m a c r o p h a g e  l i k e  c e l l s .  I t  i s  b e l i e v e d  t h a t  
m a c r o p h a g e s  c a n  r e t a i n  a  s m a l l  p o r t i o n  o f  Ag o n  t h e i r  
s u r f a c e  w h i l e  a t  t h e  s a m e  t i m e  i n g e s t i n g  a n d  d e g r a d i n g  t h e  
m a j o r i t y  o f  Ag t h e y  e n c o u n t e r  (UNANUE e t  a l . 1 9 6 9 ) .
3 .  A t h i r d  p o s s i b i l i t y  i s  t h a t  Ag i s  c a r r i e d  i n t o  f o l l i c l e s  
b y  c e l l s ,  w h ic h  a r e  n o t  c l a s s i c a l  m a c r o p h a g e s ,  s u c h  a s  
L a n g e r h a n s  c e l l s ,  w h ic h  h a v e  b e e n  s h o w n  t o  p o s s e s s  F c  a n d  
C 3 r e c e p t o r s  (S T IN G L  e t  a l . 1 9 7 7  a n d  50UTHEIM ER & G IL L IA M , 
1 9 8 1 )  b y  w h ic h  m e a n s  i m m u n e - c o m p l e x e s  c o u l d  b e  a t t a c h e d  t o  
t h e i r  s u r f a c e s .  T h e s e  c e l l s  w e r e  s e e n  i n  t h e  a f f e r e n t  ly m p h  
( v e i l  c e l l s )  a n d  i n  t h e  s u b c a p s u l a r  s i n u s e s  o f  n o d e s  

d r a i n i n g  t h e  d e r m a l  c h a l l e n g e  s i t e  i n  t h e  g u i n e a  p i g  
(S IL B E R B E R G -S IN A K IN G  e t  a l .  1 9 7 6 ) .  H o w e v e r ,  o n c e  t h e y  e n t e r  

t h e  n o d e ,  t h e s e  c e l l s  a p p a r e n t l y  m i g r a t e  t o  t h e  p a r a c o r t e x  
( i n t e r d i g i t a t i n g  c e l l s ) ,  ( S ILB ER B EG —S IN A K IN  e t  a l . 1 9 7 6 ) ,  a  

s i t e  w e r e  Ag b i n d i n g  FDC i s  n o t  f o u n d .  H o w e v e r ,  i n  t h i s  
t h e s i s ,  I  h a v e  d e s c r i b e d  s i m i l a r  i n t e r c e l l u l a r  d e p o s i t s  i n  
p a r a c o r t i c a l  a s  i n  c o r t i c a l  a r e a s .  T h e  p o s s i b i l i t y  t h a t  
t h e s e  d e p o s i t s  a r e  a s s o c i a t e d  w i t h  L a n g e r h a n s —1 i k e  c e l l s  o r  
i n t e r d i g i t a t i n g  c e l l s  a s  t h e y  a r e  c a l l e d  a t  t h i s  l e v e l  (VAN 
FU RTTH , 1 9 8 0 ) , i s  n o t  u n l i k e l y  a n d  i s  s u p p o r t e d  b y  t h e  
d e t e c t i o n  i n  s k i n  l e s i o n s  o f  r e t i c u l a r  s h a p e d  c e l l s  w h ic h  
w e r e  f o u n d  t o  b e  f l u o r e s c e n t  w h e n  s t a i n e d  b y  t h e  s a m e  
im m u n e  r e a g e n t s  a s  w e r e  t h e  d e p o s i t s  i n  ly m p h  n o d e s .  T h e  
p r e s e n c e  o f  t h e s e  c e l l s  i n  t h e  p a r a c o r t i c a l  a r e a  c o u l d  b e  
i n v o l v e d  i n  a n  i n t e r a c t i o n  b e t w e e n  p r e s e n t e d  Ag a n d  T c e l l s  
a t  t h i s  l e v e l .

T h e  n a t u r e  a n d  o r i g i n  o f  t h e  FDC h a s  n o t  b e e n  c o m p l e t e l y  
e l u c i d a t e d .  T h e s e  c e l l s  a r e  p r e s e n t  i n  n o d e s  f r o m  p a s s i v e l y
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i m m u n i z e d  m i c e  (NOSSAL Si ADA 1 9 7 1 ;  MANDEL et a l - 1 9 8 0 )  but, 

i n  c o n t r a s t  w i t h  a c t i v e l y  im m u n iz e d  m i c e  t h e y  s h o w  o n l y  
p o o r l y  d e v e l o p e d  p r o c e s s e s  (MANDEL e t  a l . 1 9 8 0 ) -  I n  a t h y m i c
n u d e  m i c e  t h e s e  c e l l s  h a v e  a l s o  s h o w n  t o  h a v e  t h e  c a p a c i t y  
t o  b i n d  Ag (TEW e t  a l . 1 9 7 9 )  s h o w i n g  t h a t  t h e i r  p r e s e n c e  i s
i n d e p e n d e n t  o f  T c e l l s .

MANDEL e t  a l . ( 1 9 8 0 )  s u g g e s t e d  t h a t  i t  i s  p o s s i b l e  t h a t
FDC s h o w s  h y p e r t r o p h y  w h e n  t h e  n o d e s  a r e  s t i m u l a t e d  a n d  
develop their processess in situ, but it is p o s s i b l e  
that, w h i l e  FDC m a y  p r o l i f e r a t e  lo c a l l y , t h e y  m a y  i n s t e a d  

d e v e l o p  f r o m  p r e c u r s o r s  w h ic h  e n t e r  t h e  n o d e  f r o m  t h e  
p e r i p h e r a l  t i s s u e s  f o r  i n s t a n c e  a s  L a n g e r h a n s  c e l l  
(SILB ER B ER G —S IN A K IN  e t  a l . 1 9 7 6 ) .  L a n g e r h a n s  c e l l s ,  
h o w e v e r ,  d i f f e r  f r o m  FDC a s  t h e y  t e n d  t o  l o c a l i z e  i n  t h e  
p a r a c o r t e x  o n l y  a n d  i n  t h e  p r e s e n c e  o f  B i r b e c k  g r a n u l e s  a n d  
i n t r a c y t o p l a s m i c  f i b r i l l s  n o t  f o u n d  i n  FDC (MANDEL e t  a l . 
1 9 8 0 ) .

A n o t h e r  c e l l  c a n d i d a t e  f o r  t h e  r o l e  o f  a n t i g e n  r e t e n t i o n  
i s  t h e  d e n d r i t i c  c e l l  d e s c r i b e d  i n  t h e  s p l e e n  b y  STEINMAN 
a n d  c o l l e a g u e s  ( 1 9 7 3 ,  1 9 7 9 ) .  T h e s e  d e n d r i t i c  c e l l s  s h a r e  
some of the features of the Ag binding cells but, lack Fc 

r e c e p t o r s  a n d  t h e r e f o r e  a r e  u n a b l e  t o  b i n d  
im m u n e —c o m p l e x e s .  F D C s a l s o  d i f f e r  f r o m  m a c r o p h a g e s  i n  
t h e i r  i n a b i l i t y  t o  p h a g o c y t o s e  (MANDEL e t  a l . 1 9 8 0 )  a n d  i n
t h e i r  m o r p h o l o g y  a t  t h e  f i n e  s t r u c t u r a l  l e v e l  (H O E FSM IT , 
1 9 7 5 ) .

R e g a r d i n g  t h e  p e r s i s t e n c e  o f  Ag i n  t h e  s p l e e n  a n d  t h e  
d r a i n i n g  ly m p h  n o d e  o f  im m u n iz e d  a n i m a l s  TEW e t  a l .  ( 1 9 8 0 ) ,  
f o u n d  t h a t  Ag c a n  p e r s i s t  f o r  m o n t h s  o r  y e a r s  o n  t h e
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surface of dendritic cells- These data, and a variety of 

studies on in v i t r o  model systems by the same authors 

have made it possible to propose a feed-back hypothesis 

concerning the participation of Ag attached to dendritic 

cells in the mantainance of the humoral response over time. 

A multiple dynamic equilibrium was postulated to exist 

between persisting Ag, free specific antibody and Ag—Ab 

complexes at various ratios in the lymphoid organs. The 

immunogenicity of the complexes is directly related to the 

Ag-Ab ratio, and alterations in serum antibody levels 

result in the formation or dissociation of these complexes. 

When Ab levels in the circulation decline, Ag determinants 

are exposed, memory B cells are stimulated and a new cycle 

of Ab synthesis is induced. Then, the newly produced Ab 

feeds-back into the system, it inactivates the exposed 

determinants and terminates the immunogenic stimulus.

In relation to the fluorescent staining observed lining 

marginal and medullar sinuses, in this thesis, it could be 

associated with staining of macrophage lining cells of the 

medullar and marginal cords. MANDEL et al. €1980), made

autoradiography studies on lymph node thin sections (1 yum) 

and demonstrated that most of the labelled antigen was 

associated with sinus lining cells presumably macrophages. 

The follicle associated—label could not be localized to any 

particular cell type by light microscopy. The 

participation of stained antigenic determinants with 

clusters of histiocytes invading lymphoid structures seen 

in conventionally stained sections (ChapterXl) could not be

ascertained from the fluorescent sections.
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In this study, it was also -found that small lymphocytes 

were surface stained by anti-IgG and anti— IgM sera in 

follicular areas. Large lymphocytes were also stained in 

their cytoplasm by these antisera in follicular and 

medullary areas. However, there was no correspondence 

between the number of pyroninophi1ic cells detected by 

rqutine histology and these cells seen to be stained by 

immunofluorescence. Furthermore, in BALB/c mice infected 

with L- m a j o r  or L. mexicana, Ab forming cells were 

not detected at all by the immunofluorescence technique. 

This fact may be explained by immaturity of these cells 

which therefore did not contain detectable Ab (WHITE,

1963). This in turn suggests the possibility that the Ab 

involved in the intercellular staining came from somewhere 

else. This suggestion may find support in the experiments 

of PERNIS (1967), which adduce evidence to indicate that at 

least part of the immunoglobulin found in the germinal 

centers is not synthesized locally but is bound there 

secondarily. Interestingly, Ab specific to 

L e i s h m a n i a  as demonstrated by FITC-t, m e x i c a n a  Ag 

was found in intercellular deposits, but not in 

correspondence with IgG or Igli detected in the cytoplasm 

of large cells. Only in one case, intercellular deposits 

were demonstrated by anti—sera to Ig, and that was in 

sections from CBA/ca mice infected with L. u e x i c a n a  

treated with anti— IgG (Fab) antisera. After reviewing the 

literature, it seems clear that the intercellular deposits

observed in paracortical and cortical areas are associated



2 1 9

with cells of dendritic appearance (follicular dendritic 

cells and interdigitating cells), which are knownfcexist at 

these levels and have been associated with complexes of 

antigen, antibody and complement. The staining in the sinus 

system on the other hand, seems to be associated with the 

macrophages found in these areas.

Anti—Lytl and anti—Lyt2 monoclonal antibodies stained 

lymph node sections in unexpected but consistent patterns. 

Anti—Lytl was localized as a fluorescent band in the 

subcapsular area, and apparently the staining was 

surrounding lymphocytes. Anti-Lyt2, on the other hand, 

produced an intercellular fine dendritic pattern in the 

paracortical area.

III.4.3 Remarks

In general, in the immunofluorescence studies carried 

out on skin lesions and lymph nodes, it was found that, 

most of the time, antigen, antibody and C3 factor coincided 

in the same structures at the same time spans of infection. 

However, on occasion, only one or two of the 

immunecomponents were detected, in absence of the others. 

This could be explained by:

1. — A real deficiency of the particular immune-reagent 

content at the site of investigation.

2. — Different equivalent concentrations of the immune 

components in the tissues.

3. — Low antisera strength.

4. — Because the threshold of sensitivity of the system 

was too high to reveal these components in every situation.

For instance, complement seems to be more readily detected
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by immunofluorescence than antigen or antibody (SOHNLE & 

KIRPATRICK 1976).

It is noteworthy that FITC L .  texicana antigen 

failed to recognise specific antibody on certain skin 

structures when it did on many other cell surfaces. It is 

possible that the antibodies found at these levels are 

different, and are produced against antigenic determinants 

which may not be present in the FITC L . w e x i c a n a  antigen 
used in this study, which in turn could be due tos a.— the 

conjugate antigen was prepared using only the soluble 

portion of the antigen, b.-the antigen was prepared from a 

different stage of the parasite (promastigote) to that 

(amastigote) causing the intracellular infection and even 

though both forms of the parasite apparently share most 

antigenic determinants, there is evidence that some 

antigens are unique to each form. Absorption of serum from 

L m d o n o v a n i  infected hamster with 1. d o n o v a n i  

promastigotes reduced, but did not eliminate, binding of 

the serum to homologous amastigotes (DWYER, 1976). 

Differences in immunocytochemical staining, between 

amastigotes and promastigotes, have been reported by DWYER 

et al. (1974). HANDMAN & CURTIS (1981) reported in 

L . m a j o r  the existence of two polypeptides; one of them 

(Mw of 69000 d ) , is common to amastigates and promastigotes 

of the parasite and is recognised by antibodies raised 

against amastigotes and promastigotes. The other 

polypeptide (Mw 94000 d ) , was detected in amastigotes, but 

not in promastigotes and was recognised by antibodies
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against amastigotes only.

HUNTER & COOK (1983) reported antigenic similarities and 

differences between promastigotes and amastigotes of 

m e x i c a n a ,  demonstrated by crossed immuno-electrophoresis 

analysis using hyperimmune rabbit antisera to both forms of 

the parasite.

II1.4.4 Conclusions5

By the use of the immunofluorescence system outlined 

above, regular deposits of antigen, antibody and complement 

were detected along skin structures (dermal-epidermal 

junction, blood vessels and muscles), cells of the 

infiltrate in cutaneous lesions and in cells of the lymph 

nodes draining the skin lesion in all the experimental 

groups studied.

The nature and immunological significance of these 

deposits in skin structures, such as the dermis-epidermis 

junction and the blood vessels is not clear, but the 

association of antigen, antibody and C3 factor in these 

areas suggests they are immune complexes. Similar deposits 

along muscular structures and the demonstration of 

antimuscular antibodies in L e i s h w a n i a  infected mice 

reacting with muscular structures from both normal and 

L e i s h m a n i a  infected mice suggests a cross—reaction 

between L e i s h w t a n i a  antigens and host tissues, and/or 

the presence of an auto —antibody to muscle.

Macrophages and reticular shaped cells in skin lesions 

were detected presenting antigen (except in BALB/c mice 

infected with L - m e x i c a n a ) which was indicated by the 

positive staining with anti— m e x i c a n a  antibody
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<F<ab)'5s fragment of IgB). The presence of antibody 

and C3 factor in the same areas suggests that the antigen 

is perhaps even presented in a complexed form. The nature 

of the so called reticular cells is not clear, but these 

cells share some characteristics with Langerhans cells.

Polymorphonuclear eosinophils exhibited cytoplasmic 

staining which may be related to immunoglobulin or immune 

complexes, or could be due to cross reaction between 

conjugates and cellular antigens of the eosinophils.

In lymph nodes, immunofluo rescent intercellular deposits 

seem to be associated with reticular cells known to exist 

in the cortex and paracortex (follicular dendritic cells 

and interdigitating cells) apparently found in these areas 

having the role of presenting antigen. Staining of 

marginal sinus may correspond to macrophages lining the 

medullary and marginal cords. Intercellular and sinus 

staining was observed in lymph nodes draining the lesions 

in all the experimental groups. Cells presenting Ag were 

not observed in skin lesions of BALB/C mice infected with 

L . m e x i c a n a ,  but they were found in lymph nodes.

Fine structure studies with the electron microscope on 

all of these tissues, will be the subject of future

studies and may resolve some of the question raised.
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CHAPTER IV

ISOLATION AND CHARACTERIZATION OF THE LYMPHOCYTE 

SUBPOPULATIONS FROM SKIN LESIONS AND DRAINING LYMPH 

NODE?IN CBA/ca AND BALB/c INFECTED WITH 

L. mmjor AND L. mmxicmnm

IV.1 INTRODUCTION

In this study, cellular extractions from skin lesions 

and lymph nodes was performed on mice with the four 

host-parasite combinations previously described.

The objective of this study was the characterization of 

the B and T lymphocyte subpopulations in dispersed cellular 

suspensions prepared from these tissues, as the 

immunofluorescence technique performed on cryostat sections 

for the same purpose (Chapter III) did not always allow a 

clear differentiation of the lymphocytes from monocytes and 

sometimes histiocytes.

Characterization of the cells from tissue suspensions 

allowed counting and more accurate and easier 

identification of the cells. However, when the pattern of 

localization of the cells in tissues is required, studies

on tissue sections is unavoidable.



IV-2 MATERIALS AND METHODS

Two experiments were carried out at the sixth and 

twelfth weeks after infection. Two replicates were done in 

each case. Three mice from each group (CBA/CA—£. m a j o r r 

CBA/ca-L. m e x i c a n a ?  BALB/c— m a j o r  and 

BALB/c—Lm m e x i c a n a y  were killed by cervical 

dislocation, and the skin from the infection site and the 

draining lymph node were removed.

IV.2.1 Preparation of cell suspensions

The different proportion of lymphoid cells in lymph 

nodes and skin lesions forced the use of different methods 

for the isolation of these cells from these tissues. Thus, 

in lymph nodes, lymphocytes were very abundant despite the 

infiltration of the organ by cells of the macrophage system 

(see Chapter II), while in skin lesions the predominant 

cells in the infiltrate were macrophages and lymphocytes 

were rather scanty.

In lymph node disaggregates, filtration of the cell 

suspensions through a glass wool column resulted in a 

population of lymphocytes reasonably clear of macrophages. 

Separation of T lymphocytes from B lymphocytes was then 

done by loading the glass wool filtered cell suspension 

onto a nylon wool column at 37°C.

In skin cell disaggregates the same method was 

attempted, however, even when the cell suspensions were
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repeatedly passed (3 times ) through the glass wool column, 

a high contamination with macrophages occured. Separation 

using Percoll density gradients was attempted resulting in 

an effective separation of macrophages from other 

mononuclear cells. However, T and B lymphocytes can not be 

separated from each other by this method, and further 

filtration through nylon wool columns could not be done due 

to the small amount of lymphoid cells present in the skin 

infiltrates. Determination of both T and B lymphocytes from 

skin infiltrates was then carried out using the whole 

population of macrophage depleted lymphocytes. The methods 

used for such a separation are described in detail below.

IV.2.1.1 Preparation of cell suspensions from skin 

infiltrates

The skin was disrupted using the TAN et al.<1975) 

technique. The skin tissues were finely chopped with 

scissors in RPMI 1640 medium (6IBCO>, buffered with sodium 

bicarbonate 7.5 mA W/V containing 2 mM L glutamine, 12 mM 

Hepes, Penicillin (100 unit/ml), Streptomycin (lOO ^ig/ml) 

and Collagenase (type 2 N° C6885 SIGMA CHEMICALS) 40 

units/ml.

The cellular suspension was left at 4°C overnight.

The following morning it was disaggregated using a magnetic 

stirrer for 1— 1/2 hours at 37**C and further forced 

through a stainless steel sieve with the plunger of a 

syringe. Cell debris and clumps were removed by gravity 

sedimentation for 10 min and the supernatants filtered 

through glass wool (room temperature) to remove dead cells,



cell debris and most of the macrophages (JULIUS et al.

1973).
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IV.2.1-1-1 Glass wool filtration

A small amount of previously washed glass wool was 

loosely packed into a Pasteur pipette with the aid of an 

applicator stick. The column was thoroughly rinsed with 

medium (RPMI plus additives) containing 5 V. fetal calf 

serum (FCS) before and after passing the cell suspension 

through it. Finally, the filtered cells were pellet ed at 

200g for 10 min, and then resuspended in 1 ml of RPMI/5 X 

FCS for further loading onto Percoll density gradients.

IV.2.1.1.2 Percoll density gradients

Percoll stock working solution of isotonic Percoll 

(PHARMACIA UPSALA SWEDEN) was made up according to ULMER & 

FLAD (1979). Solutions of density 1055 g/ml and 1085 g/ml 

were made up from the 1120 g/ml stock by dilution with RPMI 

only.

A stock solution of Percoll was prepared by mixing 90 ml 

of Percoll with 8.965 ml of Hank's solution (lOx), 1 ml 12 

mM Hepes and 455 jil HC1 (IN). The mixing ratio at the 

desired densities were calculated according to the 

equation:

Density (g/ml) = ( X Percoll stock solution 0.001186) + 

1.041

Densities were checked using a density marker beads kit
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(PHARMACIA)-

Density steps were made up according to DAVIES & PARROT 

(1981) at room temperature in conical 10 ml plastic tubes.

1 ml 1,085 g/ml Percoll was overlaid with 2 ml 1.055 g/ml 

and the latter in turn overlaid with 2ml of RPMI 5 X FCS.

The cell suspension contained in 1ml of RPMI/5 % FCS was 

overlaid on the uppermost layer.

Density gradient centrifugation was carried out at 600g 

for 20 min at room temperature in a swing-out rotor using a 

MSE centrifuge. To prevent disturbance of the gradients, a 

careful acceleration of the rotor was done by hand, and the 

run allowed to stop without braking.

Mononuclear cells were recovered from the 1.055— 1.085 

g/ml interface with a Pasteur pipette. Dead cells, debris, 

macrophages and amastigotes were found in the top interface 

and red blod cells in the pellet. The recovered mononuclear 

cells were washed two or three times with RPMI/5 % FCS 

before further processing.

IV.2.1.2 Preparation of cell suspensions from 

1ymph nodes

Lymph nodes were chopped in Hank's balanced solution 

contained lQu/ml of gentamicin .< and buffered with sodium 

bicarbonate. The resulting suspension was forced through a 

stainless steel sieve, clumps removed by gravity 

sedimentation for 10 min and the supernatant filtered 

through glass wool columns following the technique 

described above. Finally, the cell suspension was pelleted 

at 200 g for 10 min and resuspended in fresh RPMI/5 % FCS.
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Aliquots of these suspensions containing about 1 x 

107 cells were taken for cell counting and the 

immunof1uorescence technique for identification of B 

1ymphocytes.

IV.2.1.2.1 Isolation of T lymphocytes. Nylon wool 

filtration tehcnique.

After glass wool filtration, the cellular suspension 

contained in a volume of 2 ml was loaded onto a nylon wool 

column using the technique described by JULIUS et a l .

(1973). A 10 ml syringe barrel was loosely packed with 0.6 

g of prewashed nylon wool (FT—242 scrubbed nylon fiber 

FENWALL LABORATORIES) up to the 6 ml mark and subsequently 

rinsed with about 20 ml of warm RPMI/5 % FCS.

The column was drained of excess medium, covered with 

parafilm to avoid evaporation and placed in an incubator at 

37**C for one hour. After incubation, the column was 

flushed with 5 to 10 ml of warm RPMI and loaded with the 

cell suspension, which was added dropwise to the top of the 

column and subsequently washed into the nylon wool with 0.5 

to 1 ml of warm medium (37°C). The column was covered 

with parafilm and placed back in the incubator at 

37°C for 45 min, after which the cells were eluted 

slowly (1 drop/sec) by warm RPMI/5 V. FCS and the free cells 

collected in the first 25 ml of effluent, pelleted at 290 g 

at 4eC and resuspended in EDTA/ovalbumin buffer

(NAIRN, 1970).
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IV.2.1.3 Cell counting and estimation of viability 

in the cell suspension.

Mononuclear cells from skin infiltrates recovered from 

the Percoll gradient interface and lymph node cells 

obtained after glass-wool and nylon—wool filtration were 

counted in an haemocytometer and their viability estimated 

by their ability to exclude Trypan-blue (see Chapter II).

IV.2.1.4 Cytology

Smears from cells recovered from Percoll interface and 

from glass-wool effluents were fixed in methanol and 

stained with Giemsa 5 X in phosphate buffered water pH 7.2.

IV.2.1.5 SIassware

All glassware was thoroughly washed with detergent, 

rinsed in tap—water and distilled water, oven dried and 

further rinsed with Repelcote (HOPKINS & WILLIAMNS) and 

dried at room temperature.

IV.2.1.6 Characterization of B cells

The direct immunof1uorescence technique (DIFT) using 

anti— IgM and anti— IgG FITC conjugated antisera, and FITC 

conjugated L . M e x i c a n s  antigen was performed on lymph 

node cell suspensions obtained after glass-wool filtration 

and on skin cell suspensions from the 1.055-1.085 g/ml 

Percoll interface. DIFT when performed on lymph node 

suspensions was applied to the living cell suspensions and 

on fixed smears, while with skin cell suspensions, it was
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done on fixed smears only.

IV.2.1.6.1 Reagents

The reagents used were purchased from NORDIC 

LABORATORIES.

1. - Goat-antimouse IgM (Fc) FITC F/P 1-2; working 

dilution 1:10

2. — Goat—antimouse IgG (Fc) FITC, F/P ratio 1—2, working 

dilution 1:16

3. - L. m e x i c a n a - a ntigen FITC, F/P ratio 1.96, 

undiluted see above.

IV.2.1.6.2 Procedure

Smears were made by placing a drop of the cell 

suspension on a grease free multi-spot slide (C.A. HENDLEY 

(ESSEX) LTD), allowed to dry at room temperature and fixed 

in a mixture of equal volumes of Ethanol (95 %) and Ether 

(undiluted) for 10 min, rinsed and washed in PBS.

The conjugates were then put onto the fixed smears for 

30 min, rinsed and washed in PBS (three changes of ten min 

each) and mounted in buffered glycerol.

When the staining was performed on living cell 

suspensions, cells were adjusted to 0.5 x 

lO^/ml in EDTA/ovalbumin buffer. 50 jul of the 

suspension containing lymphocytes were mixed with 50 jul of 

the conjugate and placed into a U shaped microtritation 

plate (FLOW LABORATORIES), incubated for 30 min at room 

temperature, washed three times by centrifugation at 150 g 

for lO min at 4**C with the same buffer. Smears were
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then prepared on multi-spot slides, dried, fixed as above 

and mounted in buffered glycerol.

IV.2.1.7 Characterization of T cells

Indirect immunofluorescence technique (IIFT) (see 

Chapter III) was performed in order to identify lymphocytes 

bearing the Lytl and Lyt2 surface markers in cells obtained 

after nylon wool filtration of lymph node suspensions and 

skin lesion cells obtained from the 1.055-1.085 Percoll 

interface. As T cells were mixed with B cells in 

suspensions from Percoll gradients, blockage of B cells was 

carried out by pre—treatment of the cell suspension with 

unlabelled anti-mouse IgG as described in Chapter III.

Living cell suspensions from lymph nodes and 

Ethanol-ether fixed smears from lymph nodes and skin cell 

suspensions constituted the antigen for the reaction. The 

preparation of smears and staining of cells in suspension 

was described above.

IV.2.1.7.1 Reagents

The reagents used were:

1. - Mouse anti-mouse Lytl.l monoclonal antibody 

(CEDARLANE LABORATORIES), working dilution 1:100. This 

antibody reacts with cells expressing the Lytl.l. phenotype 

(CBA/ca).

2. - Mouse anti—mouse Lytl.2 monoclonal antibody (NEW 

ENGLAND NUCLEAR LABORATORIES), working dilution 1:20. This 

antibody reacts with cells expressing the Lytl.2 phenotype

(BALB/c).
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3.- Rat anti-mouse Lyt2 monoclonal antibody Mas obtained 

from a cell culture secreting this antibody. This antibody 

reacts with cells expressing all Lyt2 alleles (BALB/c and 

CBA/ca) and was used undiluted.

4. — Rabbit anti—mouse IgG conjugated to FITC (MILES YEDA 

Laboratories), F/P ratio 4.6, working dilution 1:60 

constituted the second layer in the IIFT for anti—Lyt1.1 

and anti—Lyt1.2 antibodies.

5. — Sheep anti—rat IgG (Fab) conjugated to FITC (NORDIC 

LABORATORIES), F/P ratio 1—4, working dilution 1:20 

constituted the second layer in the IIFT for anti—Lyt2.

All the FITC conjugates were absorbed with mouse liver 

powder acetone (see chapter III), filtered through a 

Millipore filter (22m^i) and centrifuged immediately before 

use.

IV.2.1.7.2 Cell culture secreting anti—Lyt2 

monoclonal antibody.

IV.2.1.7.2.1 Maintenance

The cell line was obtained from the SALK Institute. Upon 

receipt of the cells, they were handled according to the 

attached instructions and seeded in a culture flask (FALCON 

25 Sqcm) containing 5 ml of RPMI 1640 medium plus additives 

as described above , and 10 % FCS.

The culture cells were then incubated at 

37**C, and medium was added every 2 to 3 days depending 

on the cell density. The cell line was allowed to grow



Z 3 3

under these conditions and, when a high density was 

reached, the culture was either split or transferred to a 

bigger flask. Aliquots of the cultured cells were also 

frozen and kept in a liquid nitrogen container.

IV.2.1.7.2.2 Cryopreservation of cells

The cells were harvested by centrifugation at 150 g for 

10 min at 4°C and resuspended ( 1 m 10*) in 0.5 

mis of a solution of 9 0 % FCS and 10 % Dimethyl sulphoxide 

(DMS0), placed in plastic vials and frozen slowly 

(l^C/min to 40°C) by placing the vials into the 

gas phase of liquid nitrogen. Thereafter, the vials 

containing the cells were immersed in a liquid nitrogen 

container.

The cells recovered from liquid nitrogen storage were 

thawed by immersing the vials in a water bath at 

37c*C, the cells were then washed two to three times in 

tissue culture medium by centrifugation and their viability 

estimated.

IV.2.1.7.2.3 Viability estimation of cell cultures

Viability was estimated by the Acridine orange/ Ethidium 

bromide method. A one part per million solution of Acridine 

orange/Ethidium bromide was mixed with one part of the cell 

suspension v/v, placed in an haemocytometer and the 

counting of green (viables) and orange (non-viable) cells 

performed under UV illumination.
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IV.2.1.7-2-4 Antibody collection

Supernatant -from the cells in culture was collected 

and the antibody precipitated using ammonium sulphate (see 

Chapter 111). Thereafter, the sediment containing the 

precipitated Ig was dialysed against PBS and the protein 

concentration estimated (7 to 10 mg/ml).

Fresh RPMI/10 Ym FCS medium was processed in the same way 

as the supernatant from the tissues and used as a control.

IV.2.1.7.3 Controls used in 1IFT

PBS

Substitution of the unlabelled antibodies( first layer) 

by PBS was carried out in all the cases in order to 

evaluate the possible participation of the FITC conjugates 

alone (second layer) in the staining.

RFMI/10 % FCS

In order to evaluate the possible participation of Ig 

contained in FCS in the medium from which anti-Lyt2 was 

harvested, controls were performed by substitution of the 

relevant antibody by ammonium sulphate precipitates of 

RPMI/10 mJL FCS.

Cross substitution

The specificity of anti-Lytl.l and anti—Lyt1.2 was 

tested by cross—substitution in the first layer of these

antibodies.
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IV.2.1.7.4 Cell counting of stained cells

The smears were examined with a Leitz Orthoplan 

microscope equipped for incident fluorescence (see Chapter 

III.

The cells were first counted under white light dark 

field conditions, then switched to fluorescence 

illumination. Cells exhibiting speckled, ringed or crescent 

fluorescence were considered positive. Two to six hundred 

cells were counted on smears from lymph node suspensions 

and over one hundred cells on smears from skin cell 

suspensi ons.

IV.3 RESULTS

IV.3.1 CVtology from qiemsa stained smears

IV.3.1.1 Lymph node suspensions

Smears made from the cell suspensions obtained after 

glass wool filtration contained mainly small and medium 

sized lymphocytes, immunoblasts, some plasma cells, 

macrophages, amastigotes either free or inside macrophages 

scanty eosinophils and cellular debris. Smears made after 

nylon wool filtration on the other hand, were cleaner, and 

consisted mainly of small lymphocytes, however, 

occasionally macrophages and amastigotes were observed 

contaminating the preparation, especially with the 

suspensions from BALB/c mice infected with i.iajor

or L . M e x i c a n * .
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IV.3.1.2 Skin cell suspensions

Smears made -from skin cell suspensions obtained -from the 

Percoll gradient interface <1058— 1085 g/ml) showed 

mononucle^celIs predominating (lymphocytes and monocytes) 

with scanty macrophages, plasma cells, eosinophils and 

amastigotes either free or contained inside macrophages.

IV.3.2 Estimation of cell numbers and percentage 

of viability

Table 1 and 3 record the number of cells and percentage 

of viability in lymph node and skin cell suspensions from 

mice conforming the different experimental groups studied. 

In these two Tables, it can be observed that, after 

processing lymph nodes and filtrating the resulting cell 

suspension through glass wool, yields ranging from 

10^ to 10® cells with a viability of over 97 % 

were obtained. When the effluent cells were then filtered 

through a nylon wool columm, the percentage of cells 

recovered in most of the cases was over 34 X, which is 

consistent with the results of JULIUS et al. (1973). 

Viability in these suspensions was always over 92 X.

In skin cell suspensions, the total yield of the cells 

obtained from the percoll gradient interface (1050-1085 

g/ml) was about lO8 cells and viability was over 80 % 

with the exception of cell suspensions obtained from BALB/c 

mice infected with L .  M e x i c a n a  where, the percentage of 

live cells was only 53 X.
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IV.3.3 Characterization of fluorescent cells

Fluorescent staining was associated with cell membrane 

surfaces, as dispersed spots, crescent shapes, or forming a 

continuous circle around the edge of the cell. Only those 

cells exhibiting surface fluorescence were taken into 

account when counts were performed. In general, counts 

recorded the number of lymphoid cells, but sometimes may 

also have included other mononuclear cells (monocytes), 

since lymphocytes are often indistinguishable from 

monocytes at the light microscope level (SYMMERS, 1978).

Cytoplasmic fluorescence was observed in cells 

resembling plasma cells and in eosinophils with anti— IgS 

and FITC—L .  m e t x i c a n a  antigen. These cells, even when 

scanty, were detected in cell suspensions from all the 

experimental groups.

IV.3.4 Controls

In lymph nodes cell suspension substitution of 

monoclonal anti—Lytl.l and anti-Lytl.2 antibodies (first 

layer in the IIFT) by PBS, resulted in weak staining of 

some cells of the suspension. This result can be 

interpreted as: a.— reaction of the FITC anti— IgG 

conjugate with contaminant B cells, or b.— binding of IgG 

to Fc receptors on the lymphocyte surfaces. This last 

suggestion was confirmed by the removal of all staining in 

the control suspension of cells when previous blockage with 

unlabelled goat—antimouse Ig was performed. Therefore, the 

results reported for anti-Lytl*^ in Table 2 are the 

result of substracting the number of staining cells in
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control experiments from the total cells stained by the 

reagents in question in the suspensions.

Substitution of anti-Lyt2 monoclonal antibody by PBS or 

RPMl/ 10 7m FCS gave no fluorescence in the cells from skin 
lesions and lymph node suspensions. Finally, 

cross-substitution of monoclonal antibodies to specific 

phenotypes gave negative results.

IV.3.5 Characterization of B and T cell 

sub-population of lymphocytes 

Tables 2 and 4 record the results of the 

characterization of B and T cell populations of lymphocytes 

from skin and lymph node suspensions, respectively, 

performed 6 and 12 weeks after infection in each of the 

infection models.

IV.3.5.1 B cell characterization

IV.3.5.1.1 Lymph nodes

Lymphocytes bearing IgB (Fig. 1) and IgM were detected 

in lymph node cell suspensions prepared from all four 

infection models at six weeks of infection. At the twelfth 

week of infection, no cell suspension was prepared from 

recovered CBA/ca previously infected with L .  m a j o r ,

All other infection models showed a marked decrease of B 

cells, especially of those bearing IgG.

The percentage of B cells in BALB/c mice infected with 

L .  m e x i c a n a  6  weeks after the infection was one
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order of magnitude smaller than in any of the other groups. 

By the 12th week after infection, only IgG bearing 

lymphocytes were detected in this group and then in a 

considerably reduced percentage.

IV.3.5.1.2 Skin lesions

In skin lesions, the only type of B cell detected 

consistently in cell suspensions from all infection models, 

six week after infection, were IgG bearing cells. IgM 

bearing cells were detected solely in CBA/ca mice infected 

with Lm m a j o r  6 weeks after infection. 12 weeks after 

the infection, the lesions of CBA/ca mice infected with 

L ,  m a j o r  were cured, while in the mice of the same 

strain infected with L .  m e x i c a n a  the percentage of IgG 

bearing cells remained unchanged. Regarding BALB/c mice,

IgG bearing B cells were present only in considerably 

reduced numbers in the group infected with L .  m a j o r  

and altogether absent from those infected with 

L , m e x i c a n a .

Lymphocytes bearing specific anti—L e i s h m a n i a  

antibodies were detected stained by FITC-L. m e x i c a n a  

in both skin and lymph nodes from all experimental groups 

six weeks after infection. Like IgG and Igli bearing cells, 

their numbers were conspicuously reduced by the the twelfth 

week of the infection in the animals still showing lesions.
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IV.3.5.2 T cell characterization

As Tables 2 and 4 show, T cells were detected in cell 

suspensions made from skin lesions and lymph nodes taken 

from all infection models, with the exception of the skin 

suspensions from BALB/C mice infected with L. m e x i c a n a .

In all cases, cells exhibiting the Lyt 1+ marker 

predominated overwhemlingly at 6 and 12 weeks of infection 

(Fig.12) over the exiguous percentage of cells exhibiting 

the Lyt 2 + phenotype.

The percentages of T and B cells in lymph node 

suspensions (Table 2) are not additive, as they were 

calculated from different samples. T cell subpapulations 

were estimated from an enriched papulation of these cells 

obtained after nylon wool filration, while the percentages 

of B cell were estimated from a mixed population of B and T 

celIs.

In skin cell suspensions, on the other hand, the 

percentages of B and T cells (Table 4) should add to 100 % 

if there were no other types of cells in the suspension.

The fact that they do not could be due to

a - The presence of cells bearing other Ig surface 

markers than those searched for in this study.

b — The inclusion of cells which resembled lymphocytes 

but, were not lymphhocytes in the total count.

c - The presence of lymphocytes lacking surface 

markers (null cells).
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COUNTS AND VIABILITY OF LYMPHOCYTES IN CELL SUSPENSIONS OBTAINED 
FROM CBA/ca AND BALB/c NICE INFECTED NITH Leishaania aajor AND 

L. aexicana, AT & AND 12 HEEKS AFTER INFECTION.

RESULTS 6 HEEKS AFTER INFECTION 

CELL COUNTS AFTER GLASS HOOL FILTRATION

TABLE 1

CBA/ca NICE BALB/c NICE

L. aajor L. aexicana CONTROL L. aajor L. aexicana CONTROL

LIVE 4.50 (0.92) 4.69 (3.40) 5.00 11.80 (1.41) 10.45 (0.49) 3.00

DEAD 0.09 (0.01) 0.02 (0.01) 0.60 0.22 (0.03) 0.14 (0.03) 0.2

TOTAL 4.64 (0.93) 4.71 (3.40) 5.60 12.02 (1.39) 10.59 (0.52) 3.2

X

VIAB. 98.10 (0.28) 99.48 (0.25) 89.29 97.92 (0.76) 98.44 (0.15) 93.7

CELL COUNTS AFTER NYLON HOOL FILTRATION

LIVE 1.23 (0.47) 0.97 (0.62) 2.90 2.65 (0.92) 2.32 (0.74) 1.00
DEAD 0.08 (0.05) 0.07 (0.04) 0.10 0.22 (0.26) 0.16 (0.19) 0.09

TOTAL 1.31 (0.51) 1.04 (0.66) 3.00 2.87 (1.17) 2.52 (0.54) 1.09

7.
VIAB. 94.40 (1.41) 93.16 (0.25) 96.67 93.64 (6.29) 92.64 (9.42) 91.74

CELL
RECOV. 35.29 (5.29) 34.65 (14.47) 63.04 26.89 (14.09) 26.21 (4.24) 41.22

Counts given as 107 cells. Each experiaental group consisted of 3 sice.
107 cells were taken after glass wool filtration for counting and B cell characterization

1  VIAB. : Percentage of viable cells. CELL RECOV. : X Ceil recovery 
Results obtained 12 Meeks after infection in next page.
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RESULTS 12 WEEKS AFTER INFECTION 

CELL COUNTS AFTER SLASS WOOL FILTRATION

CBA/ca NICE BALB/c NICE

L. lajor L. lexicana L. iajor L. lexicana

LIVE ND 3.05 (0.21) 7.90 (1.27) 7.77 (1.12)

DEAD ND 0.04 (0.03) 0.19 (0.04) 0.03 (0.01)

TOTAL ND 3.09 (0.24) 7.94 (1.03) 7.79 (1.13)

X VIAB. ND 98.68 (0.91) 97.62 (0.75) 99.68 (0.07)

COUNTS AFTER NYLON WOOL FILTRATION

LIVE ND 1.07 (0.19) 3.68 (0.34) 2.22 (0.68)

DEAD ND 0.06 (0.01) 0.11 (0.12) 0.02 (0.01)

TOTAL ND 1.13 (0.25) 3.79 (0.46) 2.24 (0.68)

% VIAB. ND 95.05 (4.02) 97.16 (2.84) 99.09 (0.24)

CELL RECQV. ND 52.23 (14.50) 50.89 (4.10) 34.30 (15.73)
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CHARACTERIZATION OF B AND T LYMPHOCYTE POPULATIONS IN LYHPH NODES CELL SUSPENSIONS 

FROM CBA/ca AND BALB/c NICE INFECTED WITH L. aajur AND L. sexicarta, 6 AND 12
WEEKS AFTER INFECTION.

RESULTS 6 WEEKS AFTER INFECTION

B CELL CHARACTERIZATION T CELL CHARACTERIZATION

INFECTION
HODELS

IgH IgB Leish. Ig Lyt 1 Lyt 2

CBA/ca 

L. aajor

1113 7.08Z 

(1.53)

1021 36.97Z 

(6.20)

1127 2.84 860 70.25 
(16.50)

729 1.09Z 
(0.33)

CBA/ca 
L. aexicana

898 8.292 
(5.82)

1205 28.46Z 
(2.75)

1293 2.84Z 1530 76.87Z 
(15.30)

1257 1.472. 

(0.32)

NON INFECTED 
CBA/ca 1104 0.52Z 553 1.09Z N.D. 541 0.75Z 797 3.59Z

BALB/c 
L. aajor

614 1.232 
(1.31)

1109 16.43Z 
(7.21)

1203 5.96Z 944 58.78Z 
(2.59)

1011 3.312. 
(1.24)

BALB/c 
L. sexicana

451 0.19Z 
(0.13)

853 2.73Z 
(0.25)

600 2.67Z 1226 33*632 
(9.02)

938 1.622 
(0.81)

NON INFECTED 
BALB/c 585 0.77% 593 0.36Z N.D. NE6. 302 1.51Z

RESULTS 12 WEEKS AFTER INFECTION

CBA/ca 
L. aajor

N.D. N.D. N.D. N.D. N.D.

CBA/ca 

L. aexicana

500 0.20Z 896 3.55Z 
(1.34)

840 2.23Z 945 50.08Z 
(18.49)

885 0.89Z 
(0.16)

BALB/c 
L. aajor

1100 0.29Z 
(0.16)

1100 0.75Z 
(0.35)

1120 0.46Z 1101 47.13Z 
(10.70)

1285 0.43Z. 
(0.24)

BALB/c 
L. aexicana

NE6. 1150 0.94Z 
(0.23)

NEB. 1108 31.90Z 
(4.60)

928 1.65Z. 
(0.85)

IgH : cells bearing iaeunoglobulin H. IgB : cells bearing iiaunoglobulin B. Leish. Ig.: 
cells bearing Leishaania antibody. NEB. : negative, N.D. : not done, Observations: 
nuaber of cells counted and percentage of total cells. Figures in brackets are standard 
deviations of the percentages. All figures average of two experiaents except for the 

identification of specific leishaania antibody ahich was done only once.
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COUNTS AND VIABILITY OF LYMPHOCYTES IN SKIN CELL SUSPENSIONS PREPARED FROM 
CBA/ca AND BALB/c MICE INFECTED NITH L. lajor OR L. sexicana,

6 AND 12 HEEKS AFTER INFECTION

CELL COUNTS 6 NEEKS AFTER INFECTION

TABLE 3

CBA/ca MICE BALB/c MICE

L. lajor L. lexicana L. lajor L. lexicana

LIVE 0.98 (1.10) 13.45 (5.02) 4.50 (2.90) 7.96 (0.07)

DEAD 0.12 (0.11) 2.10 (1.56) 0.10 (0.14) 0.18 (0.11)

TOTAL 1.00 (1.27) 15.55 (6.50) 4,54 (3.00) 8.13 (0.18)

l  VIAB. 85.00 (7.00) 87.50 (4.72) 99.40 (0.85) 97.86 (1.26)

CELL COUNTS 12 NEEKS AFTER INFECTION

CBA/ca MICE BALB/c MICE

L. sajor L. eexicana L. fiajor L. lexicana

LIVE NO 32.00 (4.24) 5.65 (1.34) 0.80

DEAD ND 0.30 (0.14) 0.19 (0.02) 0.70

TOTAL. ND 32.30 (4.38) 5.84 (1.36) 1.50

1  VIAB. ND 99.10 (0.32) 97.23 (1.01) 53.30

Cell counts x 10s, each value corresponds io the lean of tuo expedients 
using 3 lice each. Cells Mere separated in Percoll density gradients.
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TABLE 4

CHARACTERIZATION OF B AND T LYMPHOCYTE POPULATIONS IN SKIN CELL SUSPENSIONS FRON CBA/ca 
AND BALB/c NICE INFECTED NITH L. aajor AND L. Mexicana, 6 AND 12 WEEKS

AFTER INFECTION.

RESULTS 6 MEEKS AFTER INFECTION

B CELL CHARACTERIZATION T CELL CHARACTERIZATION

INFECTION

MODELS
IgH IgB Leish. Ig Lyt 1 + Lyt 2 ■*

CBA/ca 
L. aajor

407 1.272 293 9.842 
(0.85) (1.30)

440 5.00 315 1.63 
(0.20)

NEB.

CBA/ca 
L. aexicana

NEB. 490 9.262 
(1.94)

470 4.252 190 10.842 
(5.89)

NE6.

BALB/c 
L. aajor

NEB. 472 4.752 
(0.30)

461 3.252 185 28.932 
(4.30)

NEB.

BALB/c 
L. aexicana

NEB. 898 5.752 
(1.56)

323 4.642 NEB NEB.

RESULTS 12 WEEKS AFTER INFECTION

CBA/ca 
L. aajor

N.D. N.D. N.D. N.D. N.D.

CBA/ca 
L. aexicana

i 1012 8.432 
(1.43)

1000 1.052 379 2.432 
(0.30)

NES

BALB/c 
L. aajor

* 880 0.572 
(0.05)

1000 0.402 302 22.42 
(12.10)

NE6.

BALB/c NE6. NE6. NE6. NE6. NE6.
L. aexicana

IgH : cells bearing iaaunoglobulin H. Ig6 : cells bearing iaaunoglobulin S. Leish. Ig.: 
cells bearing Leishaania antibody. NE6. : negative, N.D. : not done, Observations: 
nuaber of cells counted and percentage of total cells. Figures in brackets are standard 
deviation of the percentages. All figures average of tao experiaents except for the 
identification of specific leishaania antibody ahich Mas done only once. * indicates 
less than one cell bearing Ig in 500 cells counted.
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FIGURE 1

Direct immunofluorescence on lymph node cell suspension (after 
glass wool filtration) from CBA/ca mice, 6 weeks infected with 
Lm m a j o r  using anti-mouse IgG conjugated to FITC. Lymphocytes 
exhibit membrane staining and immunoblasts cytoplasm staining.
X 400.

FIGURE 2

Indirect immunofluorescence on lymph node cell suspension (after 
nylon wool filtration) from CBA/ca mice, 6 weeks infected with 
L . m a j o r  using monoclonal mouse anti—mouse Lytl. Lymphocytes 
exhibit membrane staining.
X 125.
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FIGURE 1

FIGURE 2
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IV.4 DISCUSSION

In general, Ig bearing lymphocytes bore IgG -for the most 

part in both skin lesions and their draining lymph nodes. 

Although it was not possible to establish by direct means 

which Ig class the anti— L e i s h w a n i a antibodies detected 

in lymphocyte surfaces belonged to, the following evidence 

suggest that they were IgGs

a. — Anti-leis/mania antibody—bearing lymphocytes 

were detected in the skin lesions of CBA/ca mice infected 

with L . m e x i c a n a and of BALB/c mice infected with 

either species of parasites in the absence of any IgM 

bearing lymphocytes.

b. - In the lymph nodes, although the relationship was 

less clear-cut due to the detection of IgM bearing 

lymphocytes in all the infection models, the percentages of 

lymphocytes bearing specific antibodies were larger than 

those bearing IgM in all BALB/c mice, regardless of the 

species of parasite with which they were infected.

c ~ Antibody forming cells in lymph node suspensions 

were detected with their cytoplasm stained by anti— IgG 

antiserum and by FITC L e i s h m a n i a  antigen, but not by 

anti— IgM antiserum.

d m — In the experiments described in Chapter III, 

amastigotes were stained by anti— IgG but not anti— IgM 

antisera.

In relation to plasma cells it is worthwhile pointing 

out that, contrary to the observations in cryostat
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sections, where these cells were observed to be stained by 

anti-IgG and anti— IgM antisera only in lymph nodes sections 

■from CBA/ca mice infected with £. m a j o r  or L .  

m e x i c a n a m  In lymph node cell suspensions, plasma cells 

were readily detected stained by anti— IgS antisera and FITC 

L e i s h m a n i a  antigen in all the experimental groups. This 

apparently contradictory result could be due to the fact 

that these cells are more easily stained when isolated than 

in sections; in fact, HUDSON & HAY (1980) pointed out the 

difficulties encountered in the detection of plasma cells 

by IFT in sections as compared to smears from spleen. The 

authors suggested that, in sections, the antibody may be 

trapped and thereby difficult to stain.

With reference to the specific Ig involved in 

L e i s h m a n  i a  infections, the literature reports 

fluorescent antibodies presumably 62 in sera from guinea 

pigs infected with L .  e n r i e t t i i  (TURK & BRYCESON (1971) 

and G1 and G2 in CBA mice infected with L .  m a j o r  

(PRESTON & DUMONDE, 1976).

RADWANSKY et al. (1974), on the other hand, using the

immunof1uorescent technique, reported amastigotes coated 

with IgG in lymph node sections from guinea pigs infected 

with L e i s h m a n i a  e n r i e t t i i . In the studies of MORIEARTY 

et al. (1982), on Brazilian cutaneous leishmaniasis using 

the immunof1uorescence technique, it was shown that most of 

the plasma cells isolated from the lesions, contained IgG, 

suggesting that the humoral mechanism most probably 

involved IgG production and this may have been an 

anti-leishmanial antibody, at least in part.
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The comparison of the percentages of lymphocytes bearing 

IgG with that of lymphocytes bearing specific 

anti—leishmanial Ig in lymph node suspensions prepared 6 

weeks after infection, showed that, with the exception of 

BALB/c mice infected with L .  m e x i c a n a ,  all infection 

models showed a far greater percentage of IgG bearing 

lymphocytes than of anti-leishmanial Ig bearing 

lymphocytes. This disparity suggests the presence of 

non-specific antibodies which, could in turn be the 

consequence of polyclonal stimulation. In fact, very recent 

reports <C0LLE et al. 1983) suggest that L .  m a j o r  

infections induce polyclonal activation in susceptible 

(BALB/c ) and resistant (C57BL/6) strains of mice as 

measured by the response of both strains of infected mice 

to thymus independent antigens (trinitrophenylated 

1ipapalysacharide and dinitrophenylated Ficoll), which was 

statistically above the response of uninfected mice. In 

addition, it has recently been shown that L .  m a j o r  

promastigotes contain a B cell mitogenic factor (WEINTRAUB 

et al. 1982) and it is well known that mitogenic 

stimulation may lead to autoimmune responses <HAMMERSTROM 

et al. 1976). Polyclonal activation, leading to 

autoantibodies, has been reported in parasitic diseases 

(ORTIZ-ORTIZ et al. 1980; HQUBA & ALLISON, 1966). This 

evidence may support the speculation made in relation to 

immunofluorescence deposits in skin lesions, suggesting 

that they might represent autoantibody to the related host 

structures.

In relation to the characterization of T lymphocyte
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subpopulations according to the phenotype exhibited by 

these cells, it was -found that, in all the host-parasite 

models used in this study, T cells exhibiting Lytl+ 

phenotype predominated, and almost no lymphocytes 

exhibiting the Lyt2‘* phenotype were found. These 

results are in agreement with those obtained by LOUIS et 

a l . (1981) and LIEW et al. (1982) in the identification of

the phenotype of T cells induced by L - m a j o r  infections 

both as a helper and suppressor in mice. It has also been 

shown that Lytl*1’ 2” lymphocytes from CBA

(resistant) mice recovering from cutaneous lesions induced 

by L .  m a j o r ,  are capable of conferring protective 

immunity upon transfer into normal mice (LIEW et al. 1982). 

In contrast, Lytl ■•■2“ splenic lymphocytes from 

infected susceptible BALB/c mice were able to inhibit the 

induction of L e i s h m a n i a  specific DTH reaction in 

syngeneic recipients (HOWARD et al. 1981; LIEW et al.

1982).

Because T suppressor and effector cells exhibit the 

same phenotype, the question arises as to whether or not 

they are the same cell, in which case the observed 

differences in function would merely reflect different 

thresholds for immunity and suppression. MITCHELL et al. 

(1981), in experiments with nu/nu BALB/c athymic mice 

indicated that, depending upon the number of bone marrow 

cells from a normal donor injected,

Lytl* 2 r  from normal mice either conferred some 

resistance ( 10* cells injected) or had a suppressive

effect (10® cells injected).
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Studies with cloned T cell lines have suggested that T 

cells may be multifunctional with functions other than the 

activities ascribed to their Lyt phenotype, e.g.,

1. — Cloned Lytl’*,2“ helper T cells for antibody 

response to SRBC could transfer a specific delayed—type 

hypersensitivity (DTH) response (B1ANCHI et al. 1981),

2. — An Lytl~2"" T cell line specific for influenza

virus mediated both killer cell and local DTH reactivities 

(LIN & ASKONAS, 1981). Recent experiments by LOUIS et al. 

<1982, 1983) with T cell clones specific to L .  m a j o r  

antigen, demonstrated that these parasite—specific T cells 

exhibited the Lytl'*’2~~ phenotype and were capable 

of mediating the following immunological functions s 

a.- helper activity for antibody response in v i t r o  in a 

hapten—carrier system b.— transfer of antigen—specific DTH 

responses to normal mice and c.— specific activation of 

parasitized macrophages resulting in the destruction of 

intracellular parasites. These results confirm in a 

parasite antigen system, the observations of BIANCHI et al. 

(1981) and LIN & ASKONAS (1981) which demonstrate that a 

given T cell clone can perform a variety of immunological 

functions.

These heterodox results could have among others the 

following explanations;

1— T cell subsets may be potentially capable of 

expressing multiple activities, and that the apparent 

monofunction of subsets is attributable to a specific i n  

v i v o  regulation of these activities at any one time
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(DENNER et al. 1981).

2— These activities are due to different cell subsets 

that are descendants of a common precursor of the clone 

(LIEW et al. 1982).

Very recently, LIEW (1983) confirmed at the clonal 

level, the existence of Lytl"*2*“, I— J~

T cells with suppressor, but not cytotoxic or

helperactivities, generated during L .  m a j o r  infection

of BALB/c mice. This clone could intensify the infection of

L .  m a j o r  in BALB/c mice i n  v i v o , suppress T cell

induced macrophage killing of L . m a j o r  i n  v i t r o  and

abrogate specific transfered delayed—type hypersensitivity

responses.

The evidence seems to indicate that both curative 

cel1-mediated immunity to £, m a j o r  and its suppression 

in mice are attributable to Lytl**’2~

T cells. Studies with cloned lines on the other hand, 

support the cells' ability to dissociate into separate 

functions on separate occasions.

IV.5 Conclusions

In this thesis, the characterization of B and T cell 

populations in lymph node and skin lesion cell suspensions 

by IFT in the different host parasite models showed:

1— B lymphocytes bearing XgG predominated over 

lymphocytes bearing IgM in all the cases.

2— In lymph node cell suspensions, it was clear that in
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CBA/ca mice infected with m a j o r  o r  L . m e x i c a n a  

and in BALB/C infected with L .  m a j o r ,  the percentage of 

B lymphocytes bearing IgG exceeded substantially the 

percentage of lymphocytes bearing specific antibody which 

led to the speculation about the occurrence of polyclonal 

stimulation.

3— An analysis of the percentage of B lymphocytes 

bearing IgG, IgM and L e i s m a n i a -specific antibody in 

lymph node and skin cell suspensions suggests an 

association of IgG and anti—L e i s h m a n  i a  Ig.

4— In relation to T cells, it is shown that, in both 

skin lesions and draining lymph nodes of mice exhibiting 

different susceptibilities to L ,  m a j o r , (CBA 

(resistant) BALB/c (susceptible)) and in mice susceptible 

to L .  m e x i c a n a  (CBA/ca and BALB/c), T cells exhibited 

the Lytl‘*‘2~ phenotype.
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CHAPTER V

IMMUNE RESPONSE IN

CBA/ca AND BALB/C MICE INFECTED WITH 

L. major AND L. maxicana

V. 1 INTRODUCTION

The acquisition of a protective immune response against 

leishmaniasis has been associated mainly with cell mediated 

response*(BRYCESON 1970; ZUCKERMAN 1975; PRESTON & DUMONDE

1976).

Classically, cell mediated immunity has been measured by 

the ability to produce a delayed hypersensitivity response 

(DHR) against the specific antigen. The Montenegro test has 

been used for several decades to measure DHR in relation to 

L e  i s b m a n  i a  infections by the response to the 

intradermal inoculation of leishmanin.

Leishmanin consists of promastigotes grown i n  

i/itro, killed and preserved by the addition of phenol. A 

positive leishmanin test reaction consists of an area of 

induration and erythema surrounding the site of inoculation 

of leishmanin, reaching a peak after 24—48 hours and 

gradually fading thereafter. The test is not 

species—specific and is evoked by antigens from different 

species of L e i h m a n i a  (reviewed by MAEKELT, 1972). In 

self-healing cutaneous leishmaniasis, the leishmanin test 

becomes positive before any protective immunity develops
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and while viable parasites are still abundant in the 

lesion. Once positive, the test remains so for life 

(ZUCKERMAN, 1975).

In the allergic non-healing forms of cutaneous 

leishmaniasis (Leishmaniasis lupoid or recidivans), and in 

mucocutaneous forms of the disease (espundia), leishmanin 

positivity is very marked while in diffuse cutaneous 

leishmaniasis (DCL) and visceral leishmaniasis (Kala-azar), 

(anergic forms of the disease), the leishmanin test is 

negative.

The leishmanin test is widely usedto assess past and 

present L e i s h m a n i a  morbidity in a given area. In an 

endemic area, the percentage of positive tests rises with 

age and with duration of residence in the area (reviewed by 

ZUCKERMAN, 1975).

The numerous laboratory studies on cutaneous 

leishmaniasis have also indicated a close correlation 

between a positive DHR and the acquisition of a protective 

cell mediated response(BRYCESON et al. 1970; PRESTON et al. 

1978; HANDMAN et al. 1979; PEREZ et al. 1979; HOWARD et al. 

1980 a).

Thus, B R Y C E S O N et al. (1970) demonstrated delayed

hypersensitivity response in guinea-pigs infected with L .  

e n r  i e t t i  i  four weeks after infection. The delayed 

sensitivity could be transferred passively by lymphoid 

cells to normal animals. Various in v i t r o  correlates of 

cell mediated immunity have also been demonstrated. When 

lymphoid cells from infected, convalescent or immunized 

animals are exposed to L . e n r  i e t t i  i  antigens, cell



mediated immunity can be measured by lymphocyte 

transformation. The effects of the products of lymphocytes 

transformation (lymphokines), such as macrophage migration 

inhibition factor (MIF) and a mitogenic factor (MF), have 

also been demonstrated (BRYCESON et al. 1970).

It has been observed that different inbred strains of 

mice show varying degrees of resistance to infection with 

L e i s h m a n i a  parasites (PRESTON et al. 1978; NASSER!. St 

MODABBER. ,1979; HANDMAN et al. 1979; HOWARD et al. 1980 a)

(see Chapter I)

Association between resistance to infection and DHR in 

the mouse model has been reported by PRESTON et al. (1978),

HANDMAN et al. (1979), HOWARD et al. (1980 a), among other

authors. Thus, in L e i s h w a n i a  infections which lead to 

healing of the lesions, a protracted DHR develops, whereas 

non-healing infections either do not develop DHR, or the 

desensitization occurs as the infection progresses 

(PRESTON et al. 1978, HOWARD et al. 1980 a).

Antibody specific to L e i  s w a n i a  has been demonstrated 

during the course of infection in human and experimental 

leishmaniasis (see Chapter 1). However, relatively little 

attention has been paid to the possible role of specific 

anti—L e i s h w a n i a  antibody as an agent in the resolution 

of the infection.

The high titers of antibodies to L e i s h m a n i a  antigens 

observed in the serum of patients suffering from DCL and 

Kala-azar have lead to the suggestion that these antibodies 

are not protective (GARNHAM & HUMPHREY, 1969). On the other 

hand, MAUEL et a l . (1974); BRAY et al. (1974); BELEHU et

2 5 7
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al. (1776); PRESTON & DUMQNDE (1776); PRESTON et al.

(1978); HERMAN (19B0); and POULTER (1980) among other 

workers, have suggested that the humoral response against 

L e i s h m a n i a  parasites may play a role in effective 

immunity.

In this study, the immunological response in

I. iajor-CBA/ca, 1. w e x i c a n a - C BA/ca, 1.

»ajor-BALB/c and L ? m e x i c a n a - BALB/c models was 

investigated. The cellular response was estimated by the 

ability of the mice to produce DHR to homologous and 

heterologous antigens at 2, 4, 8, 12 and 16 weeks after 

infection. The humoral response was estimated concurrently, 

measuring antibody levels by agglutination and indirect 

immunofluorescence techniques.

V.2 MATERIALS AND METHODS

Mice, strains of parasite, preparation of the infecting 

inoculum and infection procedure are described in Chapter

II.

The growth of promastigotes in culture and preparation 

of parasite antigens are described in Chapter III.

V.2.1 Skin testing

Skin testing was performed by the intradermal injection 

of 80 jug of PSA in 0.02 ml. PBS into the right hind foot 

pad of three to six mice in each experimental group at the 

intervals of time specified above. DHR was recorded as the 

increase in thickness of the injected foot pad, which was
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measured with a POCOTEST A dial gauge micrometer, before 

injection of the antigen and 24, 48 and 72 hours after. 

Uninfected animals which were inoculated with PBS into one 

foot pad and with antigen into the other, served as 

controls.

V.2.2 Preparation of tissues for histology

The skin test site and the draining lymph nodes were 

prepared for histological examination 48 hours after the 

last reading.

The tissues were removed after killing the mouse, fixed 

in Carnoy's solution, embedded in paraffin wax, sectioned 

at 5 mp and stained with haematoxylin-eosin or methyl-green 

pyronin, as described in Chapter II.

V.2.3 Antibody assays

Blood was taken from 3 mice of each experimental group 

by sectioning the axillary plexus of the animals under 

anaesthesia. After collection, the blood was pooled and 

allowed to clot at room temperature, transferred to 

37° C for 20 min and then to 5° C for one hour, 

after which the serum was separated by centrifugation at 

lOOO rpm at 5° C. After separation the serum was 

stored in a liquid nitrogen container. The serum was not 

inactivated. The sera were then assayed for antibody 

content by using the agglutination and immunofluorescence 

techniques.
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V.2.3.1 Agglutination technique

Agglutinating antibodies were detected using the 

technique of NUSSENZWEIG et al. (1963). All serum and

antigen dilutions were made in PBS pH 7.2. Parasites were 

harvested after 8 to 10 days growth in a protein—free 

dialysed medium, washed once in PBS and adjusted to 1 x 

10* per ml in the same solution.

To perform the test, 0.1 ml of the promastigote 

suspension was mixed with 0.1 ml of two—fold serial 

dilution of unheated test serum, starting from 1:10 to 

1:20480, in small glass vials, incubated at 37°

C for 30 min and subsequently kept in the refrigerator for 

18 hours.

The tubes were then gently tapped and drops of the 

mixture were placed on slides, covered with cover— slips and 

examined by phase-contrast microscopy.

Results were graded from - to ++++ as follows:

- No agglutination

+ Small clumps; about 1/4 of the organisms

agglutinated

++ Small and large clumps; about half of the organisms 

agglutinated

+++ Large clumps; 3/4 of the organisms agglutinated

++++ All the organisms were agglutinated

Normal mouse sera controls and a control of the 

promastigote suspension were included in all tests in order 

to exclude non-specific and spontaneous agglutination.

Agglutinating titers were expressed as the reciprocal of
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the highest final serum dilution giving a ++ 

agglutination.

V.2.3.2 1mmunof1uorescence technique

The indirect immunof1uorescent technique Mas used for 

determining Igli and Ig6 antibodies.

Antigens

Promastigotes of £. m a j o r  and £. m e x i c a n a  were 

used as antigens, suspended in EDTA/ovalbumin buffer 

(NAIRN, 1969) at a concentration of about 2 to 4 x 

10* parasites per ml using a Pasteur pipette, a small 

drop of the parasite suspension was placed on a grease-free 

multispot slide and the excess fluid immediately sucked 

back. After fan drying, a second drop was similarly applied 

on top of the first and dried again. The slides were then 

wrapped in absorbent paper and stared (usually no longer 

than a week) at —20° C.

Sera

Two—fold dilution of the test sera from Is 10 to 1:20480 

were made in PBS.

Conjugate antisera

The conjugate antisera used were fluorescein— labelled 

goat anti—mouse FC IgB (NORDIC LABORATORIES), F/P ratio 

between 1 and 4, working dilution 1:60 and 

fluorescein—labelled goat anti—mouse Fc IgM (same source
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and F/P ratio), working dilation 1:40. The conjugates were 

diluted in PBS containing 4% bovine s e r u m  a l b u m i n  fraction 

V (SIGMA CHEMICAL).

Indirect immunofluorescence staining

Microscope slides containing dried promastigotes were 

removed from —20 ° C and dried with a fan (cold air 

current) for 20 min fixed in acetone for 5 min, washed in 

PBS and set horizontally on a rack in a humid chamber.

Sera dilutions were overlaid on the antigen spot on the 

prepared slides and allowed to react with the antigens for 

30 min, this was followed by 3 x 10 min washes with PBS. 

Then, the PBS was poured off and the excess fluid dried.

The slides were then returned to the humid chamber and the 

fluorescent conjugate applied for 30 min. The slides were 

then washed three further times in PBS, mounted in buffered 

glycerin and examined under fluorescent illumination using 

a Leitz Orthoplan microscope, as described in Chapter III. 

Immunofluorescence was graded visually on a scale from - to 

++++ by comparison with control smears exposed to serum 

dilutions from uninfected CBA/ca and BALB/c mice. The 

titers were expressed as the reciprocal of the highest 

serum dilution giving ++ cytoplasmic fluorescence.
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V.3 RESULTS

V.3.1 DELAYED HYPERSENSITIVITY

The results of measuring the DHR in the four 

experimental groups are recorded in Tables 1 to 5 and 

Figures 1 to 4. Two weeks after the infection with L .  

m a j o r ,  CBA/ca mice demonstrated a feeble response to the 

homologous and heterologous antigen (Figure 1 a, b). The 

response to the antigen derived from L .  m e x i c a n a  

i n c r e a s e d  r a p i d l y  thereafter and reached it's greater 

magnitude by the fourth week. When the test antigen was 

derived from L „ m a j o r ,  the intensity of the reaction 

did increase steadily, but a response of similar magnitude 

to that induced by L .  m e x i c a n a  derived antigen did not 

develop until 8 to 12 weeks after infection. In both cases, 

this response was mantained until the end of observations.

The kinetic study of the response in this model showed 

that it was of the tuberculin-type, peaking at 24 hours and 

persisting up to, and beyond 48 hours.

CBA/ca and BALB/c mice infected with L . m e x i c a n a  

(Tables 2 and 4; Figs 2a, 2b, 4a, 4b,) produced a DHR to 

the homologous antigen, but not to the heterologous 

antigen. The response against L .  m e x i c a n a  antigen was 

detected by the second week and from then on the intensity 

of the response increased, reaching a peak by the fourth 

week, persisting up to 8 weeks in BALB/c mice and up to 12 

weeks in CBA/ca mice and declining thereafter.
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TABLE 1

DELAYED HYPERSENSITIVITY RESPONSE TO HOMOLOGOUS
AND HETEROLOGOUS ANTIGENS IN CBA/ca MICE

INFECTED WITH L. major.

TESTED WITH L. major ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 4 0.25 0.03 0.23 0.07 0.15 0.03

4 4 0.30 0.04 0.43 0.07 0.43 0.05

8 4 0.55 0.09 0.65 0.03 0.65 0.05

12 4 0.70 0.12 0.73 0.11 0.45 0.05

16 4 0.63 0.09 0.60 0.07 0.45 0.05

TESTED WITH L. mexicana ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 3 0.30 0.10 0.20 0.12 0.05 0.04

4 6 0.72 0.05 0.62 0.11 0.50 0.12

8 4 0.78 0.25 0.70 0.18 0.23 0.07

12 3 0.63 0.18 0.60 0.12 0.25 0.15

16 6 0.75 0.13 0.57 0.13 0.32 0.08

S.E. stands for standard errorv column ••mice" records
the number of mice used in each experiments. Weeks are
weeks after the infection.



TABLE 2

DELAYED HYPERSENSITIVITY RESPONSE TO HOMOLOGOUS
AND HETEROLOGOUS ANTIGENS IN CBA/ca MICE

INFECTED WITH L. mexicana.

TESTED WITH

24 H

WEEKS MICE MEAN S.E.

2 4 0.10 0.04

4 4 0.15 0.03

8 4 0.03 0.03

12 4 0.05 0.05

16 4 0.05 0.05

TESTED WITH L

24 H

WEEKS MICE MEAN S.E.

2 4 0 a 33 0.15

4 4 0.73 0.23

8 4 0.73 0.13

12 5 0.52 0.08

16 6 0.28 0.05

. major ANTIGEN

48 H 72 H

MEAN S.E. MEAN S.E.

0.00 0.00 0.07 0.03

0.13 0.03 0.00 0.00

0.10 0.06 0.00 0.00

0.00 0.00 0.05 0.05

0.05 0.05 0.05 0.05

mexicana ANTIGEN

48 H 72 H

MEAN S.E. MEAN S- E.

0.25 0.05 0.05 0.05

0.38 0.13 0.25 0.15

0.48 0.11 0.33 0.09

0.16 0.07 0.18 0.08

0 . 17 0.03 0.10 0.03

S.E. stands Tor standard error, column "mice" records 
the number of mice used in each experiments. Weeks are 
weeks after the infection.
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TABLE 3

DELAYED HYPERSENSITIVITY RESPONSE TO HOMOLOGOUS
AND HETEROLOGOUS ANTIGENS IN BALB/c MICE

INFECTED WITH L. major.

TESTED WITH L. major ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 4 0.08 0.03 0.03 0.03 0.03 0.02

4 4 0.15 0.09 0.05 0.03 0.13 0.05

8 4 0.03 0.03 0.05 0.03 0.05 0.05

12 4 0.05 0.05 0.10 0.04 0.10 0.00

16 4 0.03 0.03 0.03 0.03 0.03 0.03

TESTED WITH L. mexicana ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 4 0.35 0.16 0.15 0.06 0.00 0.00

4 4 0.35 0.13 0.23 0.05 0.13 0.03

8 4 0.25 0.05 0.18 0.08 0.17 0.03

12 5 0.16 0.05 0.10 0.04 0.05 0.05

16 4 0.20 0.04 0.10 0.00 0.10 0.00

S.E. stands for standard error, column "mice" records
the number of mice used in each experiments. Weeks are
weeks after the infection.
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TABLE 4

DELAYED HYPERSENSITIVITY RESPONSE TO H0M0L06QUS
AND HETEROLOGOUS ANTIGENS IN BALB/c NICE

INFECTED WITH L. mexicana.

TESTED WITH L. major ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 3 0.10 0.10 0.03 0.03 0.03 0.03

4 3 0.00 0.00 0.03 0.03 0.07 0.07

8 3 0.03 0.03 0.07 0.07 0.10 0.00

12 4 0.03 0.03 0.03 0.03 0.00 0.00

16 4 0.00 0.00 0.00 0.00 0.00 0.00

TESTED WITH L. mexicana ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 4 0.50 0.09 0.15 0.03 0.15 0.05

4 5 1.06 0.10 0.34 0.08 0.43 0.06

8 4 0.95 0.10 0.35 0.05 0.07 0.07

12 5 0.20 0.05 0.08 0.04 0.00 0.00

16 6 0.25 0.04 0.22 0.05 0.11 0.03

S.E. stands for standard error, column "mice11 records 
the number of mice used in each experiments. Weeks are 
weeks after the infection.
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TABLE 5 A

DELAYED HYPERSENSITIVITY RESPONSE CONTROL TESTS. 
MEASUREMENTS OF FOOT PADS OF UNINFECTED CBA/ca 

MICE INJECTED WITH L. major ANTIGEN,
L. maxican* ANTIGEN AND PBS SOLUTION

TESTED WITH L. major ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 3 0.03 0.03 0.03 0.03 0.00 0.00
4 3 0.03 0.03 0.03 0.03 0.00 0.00
8 3 0.07 0.03 0.06 0.03 0.00 0.00
12 3 0.07 0.03 0.03 0.00 0.05 0.05

TESTED WITH L. mexicana ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 3 0.03 0.03 0.00 0.00 0.00 0.00
4 3 0.07 0.03 0.07 0.03 0.00 0.00
8 3 0.03 0.03 0.00 0.00 0.00 0.00

12 3 0.03 0.07 0.03 0.03 0.00 0.00

TESTED WITH PBS

24 H 48 H 72 H

WEEKS MICE MEAN S.E MEAN S.E. MEAN S.E.

2 3 0.00 0.00 0.03 0.03 0.00 0.00
4 3 0.05 0.02 0.10 0.00 0.00 0.00
8 3 0.00 0.00 0.00 0.00 0.00 0.00
12 3 0.10 0.00 0.05 0.05 0.00 0.00

S.E. stands for standard error, column "mice" records
the number of mice used in each experiments. Weeks are
weeks after the infection.



TABLE 5 B

DELAYED HYPERSENSITIVITY RESPONSE CONTROL TESTS. 
MEASUREMENTS OF FOOT PADS OF UNINFECTED BALB/c 

MICE INJECTED WITH L. major ANTIGEN,
L. n w x i c a m  ANTIGEN AND PBS SOLUTION

TESTED WITH L. major ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 3 0.03 0.03 0.03 0.03 0.00 0.00
4 3 0.00 0.00 0.03 0.03 0.00 0.00
8 3 0.07 0.03 0.03 0.03 0.00 0.00
12 3 0.00 0.00 0.07 0.03 0.00 0.00

TESTED WITH L. mexicana ANTIGEN

24 H 48 H 72 H

WEEKS MICE MEAN S.E. MEAN S.E. MEAN S.E.

2 3 0.03 0.03 0.00 0.00 0.00 0.00
4 3 0.07 0.03 0.03 0.03 0.00 0.00
8 3 0.00 0.00 0.03 0.03 0.00 0.00

12 3 0.03 0.03 0.03 0.03 0.00 0.00

TESTED WITH PBS

24 H 48 H 72 H

WEEKS MICE MEAN S.E MEAN S.E. MEAN S.E.

2 3 0.05 0.05 0.00 0.00 0.00 0.00
4 3 0.00 0.00 0.10 0.00 0.00 0.00
8 3 0.00 0.00 0.05 0.05 0.00 0.00
12 3 0.00 0.00 0.05 0.05 0.00 0.00

S.E. stands for standard error, column "mice" records
the number of mice used in each experiments. Weeks are
Meeks after the infection.
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FIGURE 1

Foot pad DHR of CBA/ca mice infected with 10® 
amastigotes L . m a j o r . Each point represents the mean 
(+/- standard error) of 3 to 6 mice intradermally tested 
with 80 Xig of L - m e x i c a n a  (A) or L - m a j o r  (B)
antigen at 24 # ----- #and 48(>-**Ohours after the
injection. ▲--- ▲ represents the average of measurements
at 24 and 48 hour of non-infected mice (controls) 
injected with the respective antigen.

FIGURE 2

Foot pad DHR of CBA/ca mice infected with 10* 
amastigotes ofL .  m e x i c a n a . Each point represents the 
mean (+/- standard error) of 4 to 6 mice tested at 24#__
and 4 8 0-- O  hours with m e x i c a n a  (A) or £.
m a j o r  (B) antigen, a--- ▲ represents the average of the
measurements at 24 and 48 hour of non-infected mice 
(controls) tested with the respective antigen.
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FIGURE 1 
CBA /ca  L. major

A. L. mexicana antigen B. L. major antigen

FIGURE 2
CBA/ca L.mexicana

A. L. mexicana antigen B. L. major antigen
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FIGURE 3

Foot pad DHR of BALB/c mice infected with 10® 
amastigotes L .  major. Each point represents the mean 
<+/— standard error) of 4 mice intradermally tested with 
80 /ig of L , mexicana (A) or L .  major (B)
antigen at 24 #--- % and 48 hours O-— O  after the
injection. *----1 represents the average of measurements
at 24 and 48 hours of non-infected mice (controls) 
injected with the respective antigen.

FIGURE 4

Foot pad DHR of BALB/c mice infected with 10s 
amastigotes ofJL. maxicana. Each point represents the
mean (+/- standard error) of 3 to 6 mice tested at 24 ---•
and 48 hours o---o with L . mexicana (A) or
L . major (B) antigen. ▲--- ▲ represent the average of
the measurement at 24 and 48 hour of non-infected mice 
(controls) tested with the respective antigen.
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FIGURE 3 
BALB/C  L. major

A. L.mexicana antigen B. L. major antigen

FIGURE 4
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The kinetics of the response, however, differed markedly 

from that of CBA/ca L . m a j o r  infected mice, in that the 

swelling reached its peak at 24 hours, but had dropped 

significantly by 48 hours and thus resembled a 

Jones—Mote-type response.

BALB/c mice which are susceptible to infection with 

L .  m a j o r ,  unlike CBA/ca mice, did not develop a DHR to 

the homologous antigen (Table 3; Figs 3a, 3b.). They did, 

however, develop a response to I. M e x i c a n  a antigen, 

lasting 8 weeks.

No difference was observed between the response to PBS 

and to antigen in uninfected animals (Table 5 a ,  b)

V.3.1.1 Histology

V.3.1.1.1 Inoculation site

Healing infection

(CBA/ca infected with L* m a j o r )

In these mice, the histological changes at the skin test 

site varied in intensity during the evolution of the 

infection and with the antigen used. Thus, by the second 

week, in the animals tested for DHR with L . m a j o r  

derived antigen, the changes were restricted to the 

vascular system. The small vessels situated between 

papillar and reticular dermis and the large vessels in the 

deep dermis were dilated, congested and exhibited tight 

intravascular packing of red blood cells. After four weeks
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of the infection, abundant white cells were detected in the 

lumina of the vessels, and the alterations of the vascular 

structures increased; blurring of the vascular margins, 

hyperplasia and hypertrophy of endothelial cells and 

sometimes obliteration of the vessel's lumina were 

observed. From the twelfth week onwards the large blood 

vessels of the deep dermis showed scanty cells in their 

lumina and exhibited vacuolization of their walls.

The inflammatory cells at the site of antigen testing 

were lymphocytes, monocytes, macrophages, mast cells and 

eosinophils. These cells were apparent by the fourth week 

of infection, and were observed adapting intervascular 

distribution, and, very rarely, a nodular arrangement. As 

the infection evolved, the infiltrate grew bigger and 

extended from the central to the deep dermis, involving the 

muscular layer, and although it continued to be 

predominantly intervascular, a perivascular distribution of 

cells was also seen.

The relative proportions of the infiltrating cells 

varied during the course of the delayed hypersensitivity 

response, thus, by the eight week, eosinophils were as 

abundant as mononuclear monocytes; after the twelfth week, 

mononuclear cells predominated (Figs. 5,6).

Muscular structures exhibited changes that consisted of 

hyaline degeneration (Fig. 5) and disruption of muscle 

bundles which sometimes were invaded by polymorphonuclear 

leucocytes.

Nerves showed a vacuolar appearance due to retraction

of the nerve bundles and monocytes and mast-cells were



FIGURE 5

CBA/ca mouse, 8 weeks infected with L .  m a j o r .
Dermal infiltrate at the DHR testing site as a result 
of the intradermal injection of 80 /ig of 
L . m a j o r  soluble antigen. The infiltrate consisted 
of mononuclear cells and eosinophils. Note in the area 
adjacent to the infiltrate a zone of muscular 
degeneration (m). 48 hour reaction.
Section, H & E. X 50.

FIGURE 6

CBA/ca mouse, 12 weeks L .  m a j o r  infected.
Dermal infiltrate at the DHR testing site after 
injection of 80 /Jig of soluble L .  m a j o r  antigen.
The infiltrate consists mainly of mononuclear cells. 
48 hour reaction. Section, H & E. X 320.
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observed infiltrating the structure.

The epidermis alterations consisted of focal zones of 

large heavily vacuolated areas in the prickle cell and 

basal layer. These alterations were first observed by the 

eighth week. By the twelfth week, the changes described 

extended to most of the epidermis, and by the sixteenth 

week, acanthosis was also observed.

When the DHR was tested in the same experimental model 

K L,  m a j o r - C B A / c a )  using L .  m e x i c a n a  antigen, the 

changes in the skin were similar to those described for L .  

m a j o r  antigen, but the alterations in the dermis and 

epidermis were more intense and detected earlier. Thus, two 

weeks after infection L . m e x i c a n a  antigen elicited at 

the testing site, an inflammatory response similar to that 

reached by the fourth to eighth week when the testing 

antigen was L . m a j o r • Concentric aggregates of cells 

(Fig. 7) were more frequent when the challenging antigen 

was L* m e x i c a n a  than when it was L .  m a j o r .

Non-healing infections <CBA/ca and BALB/c infected with 

L - m e x i c a n a  and BALB/c infected with L „ m a j o r )

In these mice, the inflammatory infiltrate elicited 

after testing with L .  m e x i c a n a  derived antigen, had the 

same cellular composition as described above, although 

eosinophils and mast—cells were particularly abundant, 

especially by the fourth and eighth week (Figs. 8,9). The 

distribution pattern of the infiltrate appeared 

predominantly intervascular; nodular granuloma were seldom 

if ever seen. After 8 weeks of infection, the DHR started
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FIGURE 7

CBA/ca mouse S weeks infected with L . ma jo r. Derm al 
infiltrate showing a nodular granuloma at the DHR testing 
site after intradermal injection of SO ug of soluble 
L. seyicana antigen. 48 hour reaction.
Section, H & E. X SO.



280

FIGURE 8

CBA/ca mouse, 8 weeks L . m e x i c a n a  infected.
Dermal infiltrate showing abundance of eosinophils at 
the DHR testing site after intradermal injection of 80 
/tig of Lm m e x i c a n a  soluble antigen. 48 hour reaction. 
Section, H & E. X 60.

FIGURE 9

CBA/ca mouse, 8 weeks L .  u e x i c a n a  infected. 
Dermal infiltrate showing mast—cells (arrows). 
Challenging antigen L .  m e x i c a n a . 48 hour reaction. 
Methyl—green pyronin. X 128
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FIGURE 8

FIGURE 9
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t o  d e c l i n e  a n d  s o  d i d  t h e  i n - f i l t r a t e  a t  t h e  t e s t i n g  s i t e .

L .  m a j o r  d e r i v e d  a n t i g e n  f a i l e d  t o  e l i c i t  a n y  D H R  

i n  a n y  o f  t h e s e  i n j e c t e d  m i c e ,  a n d  t h e  h i s t o l o g y  a t  t h e  

s i t e  o f  a n t i g e n  i n j e c t i o n  w a s  s i m i l a r  t o  t h a t  o b s e r v e d  i n  

c o n t r o l  a n i m a l s ,  i n  w h i c h  o n l y  c o n g e s t e d  b l o o d  v e s s e l s  

f i l l e d  w i t h  r e d  b l o o d  c e l l s  a n d  s o m e  m a s t - c e l l s  s c a t t e r e d  

t h r o u g h o u t  t h e  s e c t i o n s  w e r e  d e t e c t e d .

V.3.1.1.2 Lymph node

I n  g e n e r a l , t h e  l y m p h  n o d e  d r a i n i n g  t h e  s i t e  w h e r e  D H R  

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

f i l l e d  w i t h  r e d  b l o o d  c e l l s  t h r o u g h o u t  t h e i r  s t r u c t u r e s .

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

l y m p h o c y t e s  w e r e  n o t  s o  c l o s e l y  p a c k e d  a s  i n  t h e  c o r t e x .  

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

a b u n d a n t .

T h e  c o r t i c a l  a r e a  s h o w e d  s c a n t y  s i g n s  o f  d e v e l o p m e n t ;  

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

g e r m i n a l  c e n t r e s  w e r e  d e t e c t e d .  A n  e o s i n o p h i l i c  b a n d  

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

(histiocytes) was observed overlaying the lymphoid 

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

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

i n  t h e  p a r a c o r t i c a l  a r e a .  A f t e r  t h i s  t i m e ,  t h e  h i s t i o c y t e s  

w e r e  o b s e r v e d  f a r m i n g  a g g r e g a t e s .  T h e  h i s t i o c y t e s  i n  t h e s e  

a g g r e g a t e s  h a d  d i f f e r e n t  a p p e a r a n c e s  i n  e a c h  e x p e r i m e n t a l  

g r o u p .  I n  C B A / c a  m i c e  i n f e c t e d  w i t h  L .  m a j o r  a n d  t e s t e d  

w i t h  h o m o l o g o u s  a n d  h e t e r o l o g u s  a n t i g e n s ,  t h e  h i s t i o c y t e s  

w e r e  h i g h l y  e p i t h e l i o i d  a n d  a g g r e g a t e d  i n  w h o r l s .  I n  t h e
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other experimental groups, the histiocytes d i d  not 

a g g r e g a t e  i n  w h o r l s ,  w e r e  l e s s  d i f f e r e n t i a t e d  a n d  c o n t a i n e d  

c e l l  d e b r i s  i n  t h e i r  c y t o p l a s m ,  which w a s  o n l y  s l i g h t l y  

e o s i n o p h i l i e .

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

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

J o n e s — M o t e — t y p e  r e a c t i o n .

M a s t - c e l l s  w e r e  a b u n d a n t  t h r o u g h o u t  a l l  t h e  t e s t i n g  

p e r i o d  i n  a l l  t h e  g r o u p s  e x h i b i t i n g  n o n - h e a l i n g  l e s i o n s .  

T h e s e  c e l l s  w e r e  o b s e r v e d  a l o n g  t h e  m a r g i n a l  s i n u s  a n d  a t  

t h e  l y m p h  n o d e ' s  h i l u s .

T h e  m e d u l l a  w a s  i n  g e n e r a l  a  s m a l l  a r e a ,  a p p a r e n t l y  

c o m p r e s s e d  b y  t h e  d e v e l o p m e n t  o f  t h e  p a r a c o r t e x .

T h e  l y m p h  n o d e  f r o m  c o n t r o l  a n i m a l s  a n d  e x p e r i m e n t a l  

g r o u p s  i n  w h i c h  a  D H R  w a s  n o t  d e t e c t e d  o n l y  s h o w e d  

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

V . 3 . 2  A N T I B O D Y  R E S P O N S E

Tables & a n d s h o w  the antibody titres in the sera of 

CBA/ca and BALB/c mice infected with L. major or 

mexicana, using homologous and heterologous antigens in 

the agglutination and immunofluorescence tests.

I n  a l l  t h e  e x p e r i m e n t a l  g r o u p s ,  t h e  k i n e t i c s  o f  t h e  

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

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

s e c o n d  w e e k  o n w a r d s  a n d  o s c i l l a t e d  a t  h i g h  l e v e l s  

t h e r e a f t e r .

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



2 8 4

TABLE 6

ANTIBODY RESPONSE MEASURED AS DIRECT AGGLUTINATION TITRES IN POOLS OF
SERA FROM CBA/ca AND BALB/c MICE AT VARIOUS INTERVALS AFTER INFECTION

WITH Leishmania major AND Leishmania mexicana AMASTI60TES.

RESULTS FROM CBA/ca MICE

INFECTED WITH 
L. major

INFECTED WITH 
L. mexicana

UNINFECTED
CONTROLS

TEST Ag * L. maj. L. mex. L. maj. L. mex. L. maj. L. mex.

WEEKS
2 1280 640 10240 640 80 80

4 1280 640 10240 640 640 160

8 5000 1280 10240 1280 20 80

12 320 320 10240 160 ND ND

16 320 640 320 640 ND ND

RESULTS FROM BALB/ c MICE

INFECTED WITH 
L. major

INFECTED WITH 
L. mexicana

UNINFECTED
CONTROLS

TEST Ag « L. maj. L. mex. L.maj. L. mex. L. maj. L. mex.

WEEKS
2 160 320 160 80 40 20

4 10240 80 40 40 80 40

B 2560 1280 1280 160 160 80

12 10240 160 10240 BO ND ND

16 160 320 160 320 ND ND

Results expressed as the reciprocals of the highgest dilution giving ++
agglutination. Pools consisted of sera from three sice. Spontaneous

agglutination control negative. ND s not done.



TABLE 7

TITRES OF Ia6 AND IgM ANTIBODIES, MEASURED BY INDIRECT 
IMMUNOFLUORESCENCE TECHNIQUE IN POOLED SERA FROM CBA/ca 

BALB/c INFECTED WITH EITHER L. mexicana OR L. major
AND

INFECTED WITH L. major INFECTED WITH L. mexicana
ANTIBODY
TITRED IgG IgM IgG IgM
TESTING
ANTI6EN L. maj. L. sex. L. maj. L. mex. L. maj. L. mex. L. maj. L. mex.
WEEKS
AFTER

INFECTION
CBA/ca MICE

2 N N 20 20 N N 20 40

4 40 80 20 20 40 40 20 20

6 40 80 40 10 40 20 10 20

8 80 80 40 20 40 40 10 40

12 640 320 80 10 160 160 10 80
16 640 320 80 10 160 640 10 80
IS 1280 160 40 10 160 640 10 80

BALB/c MICE

2 N N 10 20 N N 10 10
4 20 40 10 10 10 20 10 10
6 ND ND ND ND ND ND ND ND

8 40 80 10 10 80 160 20 10

12 1280 2560 10 10 40 40 20 10

16 160 160 40 40 320 160 10 20

18 320 640 20 40 N N N N

N = negative. ND = not detsirmined. Pools consisted of sera from. 3 mice.

ReSults expresed as reciprocals of highest serum dilutiian giving ++
inaunof1, uorescence.
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1 : 1 6 0 .  T h e  s p o n t a n e o u s  a g g l u t i n a t i o n  c o n t r o l s  M e r e  a l w a y s  

n e g a t i v e .

T h e  i m m u n o f l u o r e s c e n t  t e c h n i q u e  d e t e c t e d  n o  s i g n i f i c a n t  

l e v e l s  o f  I g G  a n t i b o d i e s  b e f o r e  t h e  f o u r t h  M e e k  a n d  t h e n  

o n l y  a t  l o w  l e v e l s .  T h e r e a f t e r  t h e  a n t i b o d y  l e v e l s  

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

f o u n d  w i t h  t h e  a g g l u t i n a t i o n  t e c h n i q u e  b y  t h e  s i x t e e n t h  

w e e k  a f t e r  i n f e c t i o n .

L o w  l e v e l s  o f  Igii a n t i b o d i e s  w e r e  d e t e c t e d  i n  a l l  

e x p e r i m e n t a l  g r o u p s ,  t h r o u g h o u t  t h e  o b s e r v a t i o n a l  p e r i o d .

P r o m a s t i g o t e s  t r e a t e d  w i t h  n o r m a l  s e r a  o r  P B S  i n s t e a d  o f  

s e r a  f r o m  i n f e c t e d  m i c e  d i d  n o t  f l u o r e s c e .  P r o m a s t i g o t e  

( F i g s .  1 0 ,  1 1 )  o r g a n e l l e s  s t a i n e d  d i f f e r e n t i a l l y  a t  t h e  

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

s u c c e s s i v e l y  i n c r e a s e  o f  b r i l l a n c e .

B y  t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  1 6  w e e k s  a f t e r  

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

o f  a n t i b o d i e s .  T h e  a n t i b o d y  t i t r e s  d e t e c t e d  b y  t h e  

i m m u n o f l u o r e s c e n c e  t e c h n i q u e  w e r e  s i m i l a r  w h e n  t e s t e d  

a g a i n s t  e i t h e r  h o m o l o g o u s  o r  h e t e r o l o g o u s  a n t i g e n s .  T h e  

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

w i t h  L . m a j o r  d e r i v e d  a n t i g e n  i n  b o t h  L - m a j o r  a n d  

L . m e x i c a n a  i n f e c t e d  m i c e .

A n t i b o d y  t i t r e s  a n d  D H R  r e s p o n s e s  w e r e  t e s t e d  f o r  

c o r r e l a t i o n  u s i n g  S P E A R M A N ' S  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  

( S I E G E L ,  1 9 5 6 )  ( T A B L E  8 ). N o  c o r r e l a t i o n  w a s  f o u n d  b e t w e e n  

a g g l u t i n a t i n g  a n t i b o d y  t i t r e s  a n d  D H R  i n  a n y  o f  t h e  

e x p e r i m e n t a l  m o d e l s .  I g M  a n t i b o d y  t i t r e s  w e r e  c o r r e l a t e d  

w i t h  D H R  o n l y  i n  C B A / c a  m i c e  i n f e c t e d  w i t h  m a j o r
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TABLE 8

SPEARMAN'S RANK CORRELATION COEFFICIENTS FOR THE CORRELATIONS 
BETWEEN IMMUNOFLUORESCENT AND AGGLUTINATING ANTIBODIES TITRES 
AND DELAYED HYPERSENSITIVITY RESPONSE TO Leishmania ANTIGENS 

IN FOUR EXPERIMENTAL MODELS OF CUTANEOUS LEISHMANIASIS.

IMMUNOFLUORESCENT IMMUNOFLUORESCENT AGGLUTINATING 
ANTIBODY TITRES ANTIBODY TITRES ANTIBODY TITRES

(IgM) Ug6)

DHR ANTIGEN = L.maj. L.mex. L.maj. L.mex. L.maj. L.mex.

INFECTION
MODELS

CBA/ca MICE 
L. major 0.95 * 0.36 0.82 0.11 0.26 0.00

CBA/ca 
L. mexicana 0.24 0.63 -0.52 -0.56 0.00 0.71

BALB/c 
L. major -0.10 ”*0.52 0.00 -0.67 0.54 -0.13

BALB/c 
L. mexicana 0.65 0.00 *~0.22 -0.40 0.36 0 .15

# ■ significant at the 0.05 probability level.

DHR ANTIGEN specifies the antigen used for the DHR tests a
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F I G U R E  1 0

I n d i r e c t  i m m u n o f l u o r e s c e n c e  o n  L «. m a j o r  p r o m a s t i g o t e s  u s i n g  
s e r a  f r o m  B A L B / c  m i c e ,  1 2  w e e k s  i n f e c t e d  w i t h  L .  m a j o r  ( f i r s t  
l a y e r ,  d i l u t i o n  1 : 6 4 0 ) ;  g o a t  a n t i — m o u s e  I g G  ( F c )  ( s e c o n d  l a y e r ,  
d i l u t i o n  1 : 6 4 ) .  X  4 0 0 .

F I G U R E  1 1

I n d i r e c t  i m m u n o f l u o r e s c e n c e  o n  L .  m e x i c a n a  p r o m a s t i g o t e s  
u s i n g  s e r a  f r o m  C B A / c a  m i c e ,  1 2  w e e k s  i n f e c t e d  w i t h  L ,  

m e x i c a n a  ( f i r s t  l a y e r ,  d i l u t i o n  1 : 3 2 0 ) ;  g o a t  a n t i — m o u s e  I g G  ( F c )  
( s e c o n d  l a y e r ,  d i l u t i o n  1 : 6 4 ) .  N o t e  n u c l e a r  s t a i n i n g .  X  1 0 0 .
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FIGURE lO

FIGURE 11
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< p < 0 . 0 5 ) ,  w h i l e  I g G  a n t i b o d i e s  s h o w e d  n o  s i g n i f i c a n t  

c o r r e l a t i o n  w i t h  D H R  i n  a n y  o f  t h e  e x p e r i m e n t a l  g r o u p s .  T h e  

v a l u e  c o r r e s p o n d i n g  t o  t h e  C B A / c a  i n f e c t e d  m i c e  w a s  c l o s e  

t o  s i g n i f i c a n t  ( r s  =  0 . 8 2 ) .  T h e  v a l u e  o f  t h e  n o r m a l  

c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h e  s a m e  d a t a  w a s  r =  0 . 9 4 ,  

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

v a l u e  d u e  t o  t h e  s m a l l  n u m b e r s  o f  o b s e r v a t i o n s ,  i t  w o u l d  

s u g g e s t  t h a t  I g G  a n t i b o d i e s  m i g h t  b e  c o r r e l a t e d  w i t h  D H R .  

/ / o w e v e r ,  a  l a r g e r  s a m p l e  w o u l d  b e  r e q u i r e d  t o  p r o v e  t h e  

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

S P E A R I i A N ' s  r a n k  c o r r e l a t i o n  t e s t .
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D e l a y e d  h y p e r s e n s i t i v i t y  r e s p o n s e s  t o  p r o t e i n  a n t i g e n s  

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

f o l l o w i n g  f o r m s  ( r e v i e w e d  b y  T U R K ,  1 9 8 0 ) :

1 -  C l a s s i c  D H R  ( t u b e r c u l i n - t y p e ) : a  l o n g  l a s t i n g  s t a t e  

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

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

o f  r e a c t i v i t y  r e a c h e s  t h e  m a x i m u m  i n t e n s i t y  b e t w e e n  2 4  a n d  

3 0  h o u r s ,  a n d  t h e  r e a c t i o n  i s  s t i l l  m a r k e d  a f t e r  4 8  t o  7 2  

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

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

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

2  -  T h e  J O N E S  -  M O T E  h y p e r s e n s i t i v i t y ,  w h i c h  i s  a  

t r a n s i e n t  r e s p o n s e  d e t e c t e d  5  t o  1 0  d a y s  a f t e r  

s e n s i t i z a t i o n  w i t h  a n t i g e n s  i n c o r p o r a t e d  i n  a d j u v a n t s  

c o n t a i n i n g  n o  M y c o b a c t e r i u m .  T h i s  f o r m  o f  s k i n  

r e a c t i v i t y  r e a c h e s  i t s  m a x i m u m  a t  2 4  h o u r s  a n d  i s  a l m o s t  

i m p e r c e p t i b l e  b y  4 8  h o u r s .

3  -  ft f u r t h e r  f o r m  o f  D H R  i s  t h a t  e l i c i t e d  b y  s k i n  

c o n t a c t  w i t h  c h e m i c a l  c o m p o u n d s

( 1 - f l u o r o - 2 , 4 - d i n i t r o b e n z e n e  ( D N F B ) ,

2 — e t h o x y m e t h y l e n e — 2 — p h e n y l — 5 — o x a z o l o n e  ( O X f t Z O L O N E ) . T h i s  

r e a c t i o n  i s  s i m i l a r  t o  t h e  J O N E S  -  M O T E - t y p e  i n  i t s  

k i n e t i c s ,  b u t  d i f f e r s  f r o m  i t  i n  t h a t  t h e  s e n s i t i v i t y  s t a t e  

p e r s i s t s  b e y o n d  1 4  d a y s .  T h e  a s s o c i a t i o n  o f  J O N E S — M O T E  a n d  

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

b a s o p h i l i c  l e u c o c y t e s  h a s  b e e n  p o i n t e d  o u t  b y  R I C H E R S O N  e t
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a l . 1 9 7 0  a n d  D V O R A K  e t  a l . 1 9 7 5 -  A s  a  r e s u l t  o f  t h e s e

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

( C B H )  h a s  b e e n  u s e d  t o  d i s t i n g u i s h  J O N E S — M O T E  a n d  c h e m i c a l  

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

I n  t h i s  s t u d y ,  t h e  k i n e t i c s  o f  t h e  D H R  a p p e a r e d  t o  b e  

r e l a t e d  t o  t h e  s u s c e p t i b i l i t y  o f  m i c e  t o  Leishman ia 

i n f e c t i o n .  I n  C B A / c a  m i c e ,  w h i c h  w e r e  r e l a t i v e l y  

r e s i s t a n t  t o  i n f e c t i o n  b y  I- m a j o r r t h e  k i n e t i c s  o f  t h e  

D H R ,  t e s t e d  w i t h  e i t h e r  t h e  h o m o l o g o u s  o r  t h e  h e t e r o l o g o u s  

a n t i g e n ,  w a s  o f  t h e  t u b e r c u l i n - t y p e .  O n  t h e  o t h e r  h a n d ,  i n  

m i c e  higJ|(y s u s c e p t i b l e  t o  Leishmania i n f e c t i o n s  ( B A L B / c  

a n d  C B A / c a  i n f e c t e d  w i t h  L.mexicana a n d  B A L B / c  i n f e c t e d  

w i t h  L , m a j o r ), L . mexicana a n t i g e n  e l i c i t e d  a  D H R  

r e m i n i s c e n t  o f  t h e  J O N E S — M O T E — t y p e ,  w h i l e  L . major 

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

T u b e r c u l o s i s  a n d  l e p r o s y  s h a r e  w i t h  l e i s h m a n i a s i s  t h e  

f e a t u r e  o f  h a v i n g  a  b r o a d  s p e c t r u m  o f  c l i n i c a l  f o r m s  ( T U R K  

&  B R Y C E S O N ,  19715 L E N Z I N I  e t  a l . 1 9 7 7 ) .  T h e  l a t t e r  a u t h o r s  

a l s o  s t u d i e d  t h e  k i n e t i c s  o f  D H  r e s p o n s e  t o  P P D  ( p u r i f i e d  

p r o t e i n  d e r i v a t i v e  ) a n t i g e n  i n  p a t i e n t s  g r o u p e d  a l o n g  a  

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

p a t i e n t s  w i t h  l o c a l i z e d  l e s i o n s ,  w h o  r e s p o n d e d  w e l l  t o  

t r e a t m e n t  ( R R  p a t i e n t s ) ,  d e v e l o p e d  a  t u b e r c u l i n — t y p e  

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

t h e  d i s e a s e  ( U I  p a t i e n t s ) , d e v e l o p e d  J O N E S — M O T E — t y p e  

r e s p o n s e s .  A L E X A N D E R  Sc C U R T I S  ( 1 9 7 9 )  s h o w e d  a  s i m i l a r  

r e l a t i o n  b e t w e e n  D H R  k i n e t i c s  a n d  c l i n i c a l  m a n i f e s t a t i o n s

o f  d i s e a s e  i n  m u r i n e  l e p r o s y .  C 5 7 B 1  m i c e ,  w h i c h  w e r e
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relatively resistant to infection w i t h  M y c o b a c t e r i u m  

l e p r a e m u r  i u m , d e v e l o p e d  a  t u b e r c u l i n - t y p e  o f  D H R  r e s p o n s e  

w h e n  c h a l l e n g e d  w i t h  a n t i g e n  f r o m  t h e  s a m e  o r g a n i s m ,  w h i l e  

B A L B / c  m i c e  w h i c h  a r e  r e l a t i v e l y  s u s c e p t i b l e  t o  t h e  

i n f e c t i o n ,  d e v e l o p e d  a  J O N E S — M O T E — t y p e  r e a c t i o n .

T h e  r e s u l t s  r e p o r t e d  h e r e  s h o w  t h a t  a  s i m i l a r  

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

t h e  D H R  i n  m u r i n e  l e i s h m a n i a s i s .

A l t h o u g h  b o t h  C B A / c a  and B A L B / c  mice are h i g h l y  

s u s c e p t i b l e  t o  L e i s h m a n i a  m e x i c a n a  a n d  B A L B / c  m i c e  a r e  

s i m i l a r l y  s u s c e p t i b l e  t o  L .  m a j o r , i t  i s  i n t r i g u i n g  

t h a t  L m  m e x i c a n a  a n t i g e n  i n d u c e s  a  J O N E S — M O T E — t y p e  

r e s p o n s e  i n  L . m e x i c a n  a  i n f e c t e d  B A L B / c  a n d  C B A / c a  m i c e  

a n d  i n  L - m a j o r  i n f e c t e d  B A L B / c  m i c e  w h i l e  L .  m a j o r  

a n t i g e n  p r o d u c e d  n o  r e s p o n s e .

T h e  p a r a d o x i c a l l y  g r e a t e r  a n d  e a r l i e r  t u b e r c u l i n - t y p e  D H  

r e p o n s e  o f  C B A / c a  m i c e ,  i n f e c t e d  w i t h  L .  m a j o r  t o  t h e  

h e t e r o l o g o u s  L ,  m e x i c a n a  a n t i g e n  i n s t e a d  o f  t h e  

h o m o l o g o u s  a n t i g e n ,  c o r r e l a t e s  w e l l  w i t h  t h e  a b i l i t y  o f  L .  

m a j o r  i n f e c t i o n  t o  p r o t e c t  b o t h  m i c e  a n d  m a n  a g a i n s t  1 , 

m e x i c a n a infection, even before the development of 

h o m o l o g o u s  p r o t e c t i o n  ( A D L E R  &  G U N D E R S ,  1 9 6 4 ;  A L E X A N D E R  &  

P H I L L I P S ,  1 9 7 8 ) .

T h i s  i s  s u r p r i s i n g ,  a s  C B A / c a  m i c e  a r e  n o r m a l l y  t o t a l l y  

s u s c e p t i b l e  t o  L  m e x i c a n a . P e r h a p s  a n  L . m a j o r  

s p e c i f i c  a n t i g e n  i n i t i a t e s  t h e  i m m u n e  r e s p o n s e  t h r o u g h  

a n t i g e n  p r e s e n t a t i o n  b y  l a  p o s i t i v e  c e l l s .  O n c e  t h e  c e l l  

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

s u b p o p u l a t i o n s  s u c h  a s  T o m  o r  T  c y t o t o x i c  c e l l s  c a n
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r e c o g n i s e  a n t i g e n s  c o m m o n  t o  L . m e x i c a n a  a n d  L . 

m a j o r .

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

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

( T U R K  Sc P A T H ,  1 9 7 6 ) .  A c c o r d i n g  t o  t h i s  c o n c e p t i o n ,  

J O N E S - M O T E  a n d  t u b e r c u l i n - t y p e s  o f  D H R  r e s p o n s e s  a r e  

m a n i f e s t a t i o n s  o f  i n c r e a s i n g  d e g r e e s  o f  c e l l  m e d i a t e d  

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

b y  t h e  r e s u l t s  o f  L E N Z I N I  e t  a l .  ( 1 9 7 7 )  M h o  f o u n d  t h a t  t h e  

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

p r o d u c i n g  a  J O N E S - M O T E - t y p e  r e s p o n s e  t o  P P D ,  M a s  b e t t e r  

t h a n  t h o s e  a n e r g i c  t o  t h e  a n t i g e n ,  t h o u g h  n o t  a s  g o o d  a s  

t h o s e  g i v i n g  a  t u b e r c u l i n  - t y p e  r e s p o n s e .  S i m i l a r l y ,  

A L E X A N D E R  ( 1 9 7 8 )  s h o w e d  a  s t r o n g  c o r r e l a t i o n  b e t w e e n  

r e s i s t a n c e  t o  i n f e c t i o n  a n d  t h e  m a g n i t u d e  o f  

J O N E S - M O T E - t y p e  r e a c t i o n  i n  B A L B / c  m i c e  i n f e c t e d  w i t h  #f- 

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

w a s  i n  t h o s e  a n i m a l s  p r o d u c i n g  a  t u b e r c u l i n - t y p e  r e s p o n s e .

T h e  c o n c e p t  o f  D H R  b e i n g  t h e  r e s u l t  o f  a  s t e a d y — s t a t e  

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

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

( C Y )  p r e t r e a t m e n t  c a n  t r a n s f o r m  a  J O N E S — M O T E  r e s p o n s e  i n  

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

e x p e r i m e n t a l  s y s t e m s  ( T U R K ,  1 9 7 5 ;  A L E X A N D E R ,  1 9 7 8 ; ) .  

S i m i l a r l y ,  t h e r e  i s  a  d i m i n u t i o n  a n d  a n  e v e n t u a l  

d i s a p p e a r a n c e  o f  t h e  J O N E S - M O T E - t y p e  r e s p o n s e  s h o w n  b y  t h e  

s u s c e p t i b l e  m i c e  i n  t h i s  s t u d y .

T h e  c h a n g e  f r o m  a  J O N E S - M O T E  t o  a  t u b e r c u l i n - t y p e  o f  

r e s p o n s e  o b s e r v e d  a f t e r  C Y  p r e t r e a t m e n t  i s  b e l i e v e d  t o  b e
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due to removal o-f suppressor cells, which may be either B 

l y m p h o c y t e s  ( T U R K ,  1 9 7 5 )  o r  T  l y m p h o c y t e s  ( A S K E N A S E  e t  a l . 

1 9 7 5 ;  G I L L  &  L I E W ,  1 9 7 8 ) .

P R E S T O N  e t  a l . ( 1 9 7 8 )  a n d  A R R E D O N D O  &  P E R E Z  ( 1 9 7 9 ) ,  o n

t h e  o t h e r  h a n d ,  h a v e  p r o p o s e d  t h a t  s u p p r e s s o r  T  c e l l  

p o p u l a t i o n s  m i g h t  b e  r e s p o n s i b l e  f o r  t h e  i m p a i r m e n t  o f  D H R  

o b s e r v e d  i n  C B A  m i c e  i n f e c t e d  w i t h  m a s s i v e  i n o c u l a  o f  L .  

m a j o r  a n d  i n  B A L B / c  m i c e  i n f e c t e d  w i t h  L . m e x i c a n a  

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

H O W A R D  e t  a l . ( 1 9 8 0  a )  t h a t  i n h i b i t i o n  o f  t h e  D H R  r e s p o n s e

i n  t h e  L .  t r o p i c a —B A L B / c  s y s t e m  w a s  a c c o m p a n i e d  b y  t h e  

e m e r g e n c e  o f  a  T  s u p p r e s s o r  c e l l  p o p u l a t i o n .

W o r k  o n  s y s t e m s  o t h e r  t h a n  m u r i n e  l e i s h m a n i a s i s  h a v e  

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

s u p p r e s o r  c e l l s  i n  v i t r o  ( K O N T I A I N E N  &  F E L D M A N ,  1 9 7 6 ) ,  

a n d  t h a t  s u p r e s s o r  T  c e l l s  i n d u c e d  i n  t h a t  m a n n e r  c a n  

i n h i b i t  t h e  i n d u c t i o n  a n d  e x p r e s s i o n  o f  D H R  i n  m i c e  ( L I E W ,

1 9 7 7 ) .

S e v e r a l  r e s u l t s  s u p p o r t  t h e  v i e w  t h a t  a n  e x c e s s  o f  

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

l e i s h m a n i a s i s :

a  —  I n  h u m a n  d i f f u s e  c u t a n e o u s  l e i s h m a n i a s i s  ( D C L ) , 

a b u n d a n t  p a r a s i t e s  c o i n c i d e  w t h  i m m u n o d e p r e s s i o n  ( r e v i e w e d  

b y  P R E S T O N  &  D U M O N D E ,  1 9 7 5 ) .

b  -  I n t r a v e n o u s  i n j e c t i o n  o f  s o l u b l e  a n t i g e n  i n c r e a s e s  

t h e  s e v e r i t y  o f  s u b s e q u e n t  i n f e c t i o n  b y  L .  e t n r i e t t i i  i n  

t h e  g u i n e a - p i g  ( B R Y C E S O N  e t  a l . 1 9 7 0 )

c  -  D C L  c a n  b e  i n d u c e d  i n  g u i n e a - p i g s  b y  l a r g e  i n o c u l a

o f  £ .  e n r i e t t i i  ( B R Y C E S O N  e t  a l . 1 9 7 4 ) .
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d — PRESTON & DUMONDE (1976) reported an inverse 

r e l a t i o n s h i p  b e t w e e n  i n f e c t i n g  d o s e  a n d  D H R  i n  C B A  m i c e  

i n f e c t e d  w i t h  L «■ m a j o r .

T h i s  e v i d e n c e  s u g g e s t s  t h a t  i n  t h e  p r e s e n t  s t u d y ,  t h e  

g r o w i n g  n u m b e r  o f  a m a s t i g a t e s  s e e n  i n  t h e  l e s i o n s  a s  t h e  

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

o f  D H R  r e s p o n s e  i n  t h e  h i g h l y  s u s c e p t i b l e  m i c e .

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

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

( G A R N H A M  a n d  H U M P H R E Y ,  1 9 6 9 ;  B R Y C E S O N  e t  a l . 1 9 7 2 ;

A L E X A N D E R  &  P H I L L I P S ,  1 9 7 8 ;  M I T C H E L L  e t  a l . 1 9 8 1 ) ,  b u t  n o  

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

R e s u l t s  o f  D H R  a r e  f r e q u e n t l y  r e p o r t e d  o n l y  a s  a  2 4  o r  

4 8  h o u r  m e a s u r e m e n t s .  T h e  w o r k  o f  A L E X A N D E R  &  C U R T I S  < 1 9 7 9 )  

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

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

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

e v a l u a t i o n ,  e s p e c i a l l y  i n  D C L ,  o r  t o  e s t i m a t e  t h e  d e g r e e  o f  

r e s i s t a n c e  t o  i n f e c t i o n  i n  p a p u l a t i o n  s t u d i e s .

D i s s o c i a t i o n  b e t w e e n  D H R  a n d  p r o t e c t i v e  i m m u n i t y  h a s  

b e e n  r e c e n t l y  r e p o r t e d  i n  m u r i n e  l e p r o s y  ( L O V I K  &  G L O S S ,  

1 9 8 3 ;  A D U  e t  a l . 1 9 8 3 ) .  S i m i l a r l y ,  i n  m u r i n e  l e i s h m a n i a s i s  

A L L I S O N  ( q u o t e d  b y  M A U E L  &  B E H I N ,  1 9 7 4 )  r e p o r t e d  t h a t  C 3 H  

m i c e  r e i n o c u l a t e d  w i t h  L .  m a j o r  a f t e r  r e c o v e r i n g  f r o m  a  

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

l e s i o n s ,  w h i c h  w e r e  a c c o m p a n i e d  b y  D H R .  T h e s e  f a c t s  m i g h t  

q u e s t i o n  t h e  a s s o c i a t i o n  t h a t  h a s  a l w a y s  b e e n  i m p l i e d  

b e t w e e n  p r o t e c t i v e  i m m u n i t y  a n d  D H R  i n  L e i s h m a n i a  

i n f e c t i o n .  H o w e v e r ,  e l i c i t a t i o n  o f  D H R  i n  L e i s h m a n i a
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i n f e c t i o n s  i s  g e n e r a l l y  s p e a k i n g  i n d i c a t i v e  o f  a  g o o d  

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

e x i s t i n g  t o  e v a l u a t e  l e v e l s  o f  r e s i s t a n c e  t o  t h e  i n f e c t i o n  

i n  p o p u l a t i o n  s t u d i e s .

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

i n o c u l a t i o n  i n  t h e  m i c e  t e s t e d  f o r  D H R  s h o w e d  a  m o n o n u c l e a r  

i n f i l t r a t e  i n  a l l  i n s t a n c e s .  H o w e v e r ,  i n  m i c e  g i v i n g  a  

J O N E S — M O T E - t y p e  r e s p o n s e ,  t h e r e  w e r e  a l s o  a b u n d a n t  

e o s i n o p h i l s  a n d  m a s t - c e l l s  w h i c h ,  u n l i k e  t h e  c a s e  o f  t h e  

m i c e  p r o d u c i n g  a  t u b e r c u l i n — t y p e  r e s p o n s e ,  p e r s i s t e d  d u r i n g  

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

p o l y m o r p h o n u c l e a r  l e u c o c y t e s  i s  m o r e  a k i n  t o  a n  A r t h u s — t y p e  

r e a c t i o n  ( w h i c h  i s  a  t y p e  o f  i m m e d i a t e  h y p e r s e n s i t i v i t y  

r e s p o n s e  d e p e n d e n t  o n  t h e  f o r m a t i o n  o f  A g - A b  c o m p l e x e s ) , 

t h a n  t o  t y p i c a l  D H R .

A n  a b u n d a n c e  o f  g r a n u l o c y t e s  a t  t h e  s i t e s  o f  D H R  

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

L .  m e x i c a n a  i n f e c t e d  C 3 H  m i c e  ( G R I M A L D I  Sc M O R I E A R T Y ,

1 9 8 1 ) .  I t  w o u l d  a p p e a r  u n l i k e l y  t h a t  t h e  r e a c t i o n  o b s e r v e d  

w a s  i n  f a c t  a n  A r t h u s  r e a c t i o n  i n  v i e w  o f  t h e  l a c k  o f  

c o r r e l a t i o n  b e t w e e n  t h e  D H R  r e a c t i o n  a n d  t h e  a n t i b o d y  

l e v e l s ,  w h i c h  w a s  a l s o  o b s e r v e d  b y  G R I M A L D Y  Sc M O R I E A R T I  i n  

t h e  s t u d y  J u s t  m e n t i o n e d .  I t  i s  t h o u g h t  t h a t  t h e  a b u n d a n c e  

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

h y p e r s e n s i t i v i t y  r e a c t i o n  i n  m i c e .  C R Q W L E  ( 1 9 7 5 ) ,  r e v i e w i n g  

t h e  l i t e r a t u r e  o n  D H R  r e s p o n s e  o f  t h e s e  a n i m a l s ,  f o u n d  

t h a t ,  c o m p a r e d  w i t h  m a n  a n d  g u i n e a  p i g s ,  m i c e  s h o w e d  l e s s  

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

o f t e n  a  p r o m i n e n t  f e a t u r e  o f  t h e  h i s t o l o g y ,  e s p e c i a l l y  2 4
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hours after the inoculation of the antigen. For example, in 

m i c e  t h e  D H R  t o  p o l y s a c h a r i d e s  a l t h o u g h  s h o w i n g  a b u n d a n t  

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

l e u c o c y t e s ,  w h i l e  i n  t h e  g u i n e a  p i g ,  t h e  s a m e  a n t i g e n  

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

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

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

a n d  w a s  t r a n s f e r r e d  b y  c e l l s .

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

s e v e r a l  p a r t i c u l a t e  a n t i g e n s ,  s u c h  a s  Salmonella s p . 

a n d  LC Ii v i r u s ,  i n d u c e  D H R  i n  m i c e  i n  w h i c h  g r a n u l o c y t e s  a r e  

n o t  p r e d o m i n a n t  ( C R O W L E ,  1 9 7 5 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  

i n  t h i s  r e s p e c t  t h a t  t h e  l e s i o n s  i n  m i c e  i n f e c t e d  w i t h  

Lm m e x i c a n a , u n l i k e  t h o s e  i n f e c t e d  w i t h  L. m a j o r , 

s h o w e d  a b u n d a n t  e o s i  n o p h i 1 s .

T h e  p r e s e n c e  o f  m a s t — c e l l s  i n  t h e  a n t i g e n  i n o c u l a t i o n  

s i t e s  a n d  l y m p h  n o d e s  o f  t h e  a n i m a l s  t e s t e d  f o r  D H R  i s  a  

f u r t h e r  i n d i c a t i o n  o f  t h e  J O N E S - M O T E  c h a r a c t e r  o f  t h e  

r e s p o n s e .  A s  F A D A W A R  < 1 9 6 3 )  n o t e d ,  r a t s  a n d  m i c e  l a c k  

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

m a s t - c e l I s .  T h e  f a c t  t h a t  t h e y  a r e  c a p a b l e  o f  m o u n t i n g  

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

i n t e r p r e t e d  a s  s u p p o r t i n g  t h e  v i e w  t h a t  m a s t — c e l l s  r e p l a c e  

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

( C B H )  o f  m i c e  a n d  r a t s .  M a s t — c e l l s  i n d e e d  r e s e m b l e  

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

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

s h a r e d  b y  D V O R A K  &  D V O R A K  ( 1 9 7 5 ) .

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

n o d e s  o b s e r v e d  i n  t h i s  s t u d y  d u r i n g  t h e  e v o l u t i o n  o f  t h e  

i n f e c t i o n  ( s e e  C h a p t e r  I I )  c o n f i r m  t h e  c e l l u l a r  n a t u r e  o f  

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

I n  r e l a t i o n  t o  h u m o r a l  r e s p o n s e ,  a l t h o u g h  t h e  k i n e t i c s  

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

f r o m  t h a t  o f  t h e  i m m u n o f l u o r e s c e n t  a n t i b o d i e s ,  t h e r e  w e r e  

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

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

w e r e  s i m i l a r .  T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  o f  O L O B O  e t  

a l . ( 1 9 8 0 )  w h o  f o u n d  n o  d i f f e r e n c e s  i n  t h e  k i n e t i c s  a n d

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

o f  s u s c e p t i b i l i t y  t o  i n f e c t i o n  w i t h  L . m a j o r . T h i s  

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

r o l e  i n  p r o t e c t i v e  i m m u n i t y .  H o w e v e r ,  o t h e r  e v i d e n c e  

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

i m m u n i t y s

P R E S T O N  e t  a l . ( 1 9 7 2 )  a n d  P R E S T O N  &  D U M O N D E  ( 1 9 7 6 )

w o r k i n g  w i t h  L -  m a j o r  i n f e c t e d  C B A  m i c e ,  s h o w e d :  

a  -  T h a t  i m m u n e - s e r u m  e n h a n c e s  t h e  p r o t e c t i v e  c a p a c i t y  o f  

i m m u n e — p e r i t o n e a l  c e l l s  i n  i m m u n o t r a n s f e r  e x p e r i m e n t s ,  

b  -  T h a t  t h y m e c t o m y ,  w h i c h  d e p r e s s e s  c e l l  m e d i a t e d  

i m m u n i t y ,  m a n i f e s t e d  b y  f a i l u r e  o f  D H R ,  a l s o  d e p r e s s e s  

i m m u n o f 1 u o r e s c e n t  a n t i b o d i e s .

P O U L T E R  ( 1 9 8 0 )  s t u d y i n g  L .  e n r i e t t i i  i n f e c t e d  

g u i n e a  p i g s  d e m o n s t r a t e d  t h a t :  a  -  A n t i b o d y  l e v e l s  i n c r e a s e  

w h e n  h e a l i n g  c o m m e n c e d  a n d  w e r e  h i g h e s t  i n  c o n v a l e s c e n t  

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

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

P a r a s i t e s  p r e s e n t  i n  t h e  t i s s u e s  o f  t h e  r e c i p i e n t  a n i m a l s ,  

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

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

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

p r o b a b l y  I g G  a n t i b o d i e s  d e t e c t e d  b y  i m m u n o f 1 u o r e s c e n t  

t e c h n i q u e  a n d  D H R ,  i n  t h e  L . m a j o r  C B A / c a  m o d e l ,  w o u l d  

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

a n t i b o d i e s  a n d  c e l l  m e d i a t e d  i m m u n i t y  f o u n d  b y  P R E S T O N  e t  

a l . < 1 9 7 2 )  i n  t h e  s a m e  i n f e c t i o n  m o d e l .

P r o m a s t i g o t e s  o f  L e i s h m a n i a  a r e  a g g l u t i n a t e d  b y  t h e  

s e r u m  o f  u n i n f e c t e d  a n i m a l s  o f  s e v e r a l  s p e c i e s  ( U L R I C H  e t  

a l .  1 9 6 8 $  R E Z A I  e t  a l . 1 9 6 9 ,  1 9 7 5 $  S C H M U N I S  Sc H E R M A N ,

1 9 7 0 ) .  L y s i s  w a s  r a r e  i n  t h e  e x p e r i m e n t s  b y  U L R I C H  a n d  

c o w o r k e r s ,  b u t  S C H M U N I S  &  H E R M A N  f o u n d  l y t i c  a c t i v i t y  i n  

a l l  s e r a  t e s t e d .

T h e  e x i s t i n g  r e p o r t s  i n  r e l a t i o n  t o  t h i s  m a t t e r  u s i n g  

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

m e n t i o n e d  a b o v e  e x c e p t  S C H M U N I S  &  H E R M A N ,  ( 1 9 7 0 ) ,  f a i l e d  t o  

d e m o n s t r a t e  a g g l u t i n a t i o n  o f  p r o m a s t i g o t e s  o f  L » 

d o n o v a n i r  L .  e n r i e t t i i  a n d  L . m a j o r . P R E S T O N  e t  a l .

( 1 9 7 2 )  a l s o  r e p o r t e d  n o  a g g l u t i n a t i o n  o f  £ .  t r o p i c a  

p r o m a s t i g o t e s  b y  n o r m a l  C B A  m i c e  s e r u m .  H o w e v e r ,  B R A Y ,

1 9 8 3  ( p e r s o n a l  c o m m u n i c a t i o n )  h a s  o b s e r v e d  a g g l u t i n a t i o n  

a n d  e v e n t u a l  l y s i s  o f  6. m a j o r  a n d  1 . m e x i c a n a  

p r o m a s t i g o t e s .  B R A Y  p o i n t e d  o u t  t h a t ,  f o r  l y s i s  t o  o c c u r ,  

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

p r e s e r v e d .
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I n  t h i s  study, L . m e x i c a n a  and L - m a j o r  

p r o m a s t i g o t e s  w e r e  a g g l u t i n a t e d ,  b u t  n o t  l y s e d  b y  n o r m a l  

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

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

o f  t h e  c u l t u r e s ,  f a c t o r s  c o n t a i n e d  i n  t h e  b l o o d  o f  

c u l t u r e s ,  w h i c h  m a y  i n t e r a c t  w i t h  t h e  s e r a  t e s t e d  a n d  t h e  

r e a g e n t s  u s e d  t o  g r o w  t h e  p a r a s i t e s ,  ( U L R I C H  e t  a l . 1 9 6 8 )  

a n d  d u e  t o  t h e  p r o c e s s e s  u s e d  i n  t h e  p r e p a r a t i o n  a n d  

conservation o f  the complement in the serum (methods o f  

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

m o u s e  s e r u m  m u s t  b e  u s e d  w i t h i n  h o u r s  o f  c o l l e c t i o n  o r  

w i t h i n  2  w e e k s  o f  f r e e z i n g  i n  l i q u i d  n i t r o g e n  ( B R A Y ,  

p e r s o n a l  c o m m u n i c a t i o n ) .

T h e  o r i g i n  o f  n a t u r a l  a n t i b o d i e s  i s  s t i l l  t o  b e  

d e t e r m i n e d .  T h e  f o l l o w i n g  p o s s i b i l i t i e s  h a v e  b e e n  

s u g g e s t e d :  a  -  i m m u n i z a t i o n  f o l l o w i n g  s u b c l i n i c a l  

i n f e c t i o n ,  b  —  e x p o s u r e  t o  h e t e r o g e n i c  a n t i g e n s  a n d  c  —  

g e n e t i c  d e t e r m i n a t i o n  o f  a n t i b o d i e s  ( R E Z A I  e t  a l . 1 9 7 5 ) .

V . 5  C o n c l u s i o n s

This study showed:

1 -  T h e  e x i s t e n c e  o f  a n  s p e c t r u m  o f  D H R  t o  

Laishmania a n t i g e n  w h i c h  c o r r e l a t e d  w i t h  t h e  c l i n i c a l  

f o r m s  o b s e r v e d  i n  t h e  d i f f e r e n t  i n f e c t i o n  m o d e l s .

M i c e  e x h i b i t i n g  n o n  h e a l i n g — l e s i o n s ,  c h a l l e n g e d  w i t h  L .  

mexicana a n t i g e n  p r o d u c e d  a  J O N E S — M O T E — t y p e  D H R ,  w h i c h  

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

p a r a s i t e  a n t i g e n  a f t e r  t h e  e i g h t h  w e e k  o f  i n f e c t i o n .  L, 

major a n t i g e n  e l i c i t o V n o  r e s p o n s e  i n  m i c e  w i t h  n o n — h e a l i n g
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l e s i o n s .

M i c e  e x h i b i t i n g  s e l f - h e a l i n g  l e s i o n s  o n  t h e  o t h e r  h a n d  

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

b o t h ,  L .  m a j o r  a n d  L . m e x i c a n a ?  w h i c h  w a s  

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

2 —  T h e  s t u d y  i l l u s t r a t e d  t h e  u s e f u l n e s s  o f  t h e  k i n e t i c s  

s t u d y  i n  D H R  t e s t i n g .  I t  i s  s u g g e s t e d  t h a t  t h e y  m a y  b e  o f  

v a l u e  i n  e v a l u a t i n g  t r e a t m e n t  a n d  i n  e s t i m a t i n g  t h e  d e g r e e  

o f  r e s i s t a n c e  t o  i n f e c t i o n  i n  p o p u l a t i o n  s t u d i e s .

3 -  T h e  s t u d y  o f  t h e  h u m o r a l  r e s p o n s e  b y  t h e  

d e t e r m i n a t i o n  o f  a g g l u t i n a t i n g  a n d  i m m u n o f l u o r e s c e n c e  

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

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

L e i s h m a n i a  i n f e c t i o n s .
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CHAPTER VI 

CONCLUDING REMARKS

C u t a n e o u s  l e i s h m a n i a s i s  p r e s e n t s  a  s p e c t r u m  o f  d i s e a s e  

( T U R K  &  B R Y C E S O N ,  1 9 7 1 )  i n  w h i c h ,  a c c o r d i n g  t o  c u r r e n t  

e v i d e n c e ,  t h e  o u t c o m e  o f  t h e  i n f e c t i o n  d e p e n d s  o n  t h e  

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

f o r m  a n d  e x t e n t  o f  t h e  h o s t ' s  i m m u n o l o g i c a l  r e s p o n s e  w h i c h  

i n  t u r n  d e p e n d s  o n  i t s  g e n e t i c  b a c k g r o u n d .

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

t h a t  t h e  i n f e c t i o n  o f  d i f f e r e n t  s t r a i n s  o f  m i c e  w i t h  

d i f f e r e n t  s t r a i n s  o f  l e i s h m a n i a  p a r a s i t e s  r e s e m b l e  t h e  

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

r e l a t i o n s h i p  b e t w e e n  c l i n i c a l  p a t t e r n s ,  h i s t o l o g i c a l  

f e a t u r e s  a n d  c e l l u l a r  r e s p o n s e s .

I n f e c t i o n  o f  C B A / c a  m i c e  w i t h  L .  m a j o r  p a r a l l e l e d  

t h e  c o u r s e  o f  s i m p l e  s o r e  i n f e c t i o n  i n  m a n  w h i l e  C B A / c a  

i n f e c t e d  w i t h  L . m e x i c a n a , a n d  B A L B / c  i n f e c t e d  w i t h  

m a j o r  o r  L .  m e x i c a n a  r e p r o d u c e d  n o n  h e a l i n g  f o r m s  o f  

t h e  d i s e a s e .

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

t h e  c l i n i c a l  c o u r s e  o f  t h e  i n f e c t i o n .  M i c e  w h o s e  l e s i o n s  

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

c o n s i s t i n g  m a i n l y  o f  l y m p h o c y t e s  a n d  c e l l s  o f  t h e  

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

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



3 0 4

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

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

m o d e r a t e .  A s  t h e  i n f e c t i o n  e v o l v e d ,  p a r a s i t e s  b e c a m e  

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

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

I n  m i c e  e x h i b i t i n g  n o n — h e a l i n g  l e s i o n s ,  d u r i n g  t h e  

f i r s t  w e e k  a f t e r  i n f e c t i o n ,  t h e  i n f i l t r a t e  w a s  roul g^ ty 

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

f i r s t  w e e k s  afer infection, but m o r e  macrophages w e r e  found 

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

A s  i n f e c t i o n  p r o g r e s s e d ,  l y m p h o c y t e s  b e c a m e  s c a n t y  a n d  w e r e  

o n l y  f o u n d  i n  t h e  p e r i p h e r y  o f  t h e  l e s i o n s .  E o s i n o p h i l s  

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

i n f e c t i o n .

A t  t h e  p e a k  o f  d e v e l o p m e n t  o f  t h e  l e s i o n s ,  b y  t h e  e n d  o f  

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

m a s s e s  o f  h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s ,  a n d  l y m p h o c y t e s  

w e r e  a b s e n t  o r  v e r y  s c a n t y .

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

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

the immunological status of the host. The cortex 

( B  d e p e n d e n t  a r e a )  w h i c h  i s  t h e  z o n e  a s s o c i a t e d  w i t h  t h e  

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

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

p a r a c o r t e x  ( T  d e p e n d e n t  a r e a )  w h i c h  i s  t h e  a r e a  a s s o c i a t e d  

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

h y p e r t h r o p h i c  i n  m i c e  e x h i b i t i n g  s e l f - h e a l i n g  l e s i o n s  a n d  

D H R  o f  t h e  t u b e r c u l i n — t y p e ,  s u p p o r t i n g  t h e  c u r r e n t  c o n c e p t  

t h a t  i m m u n i t y  i n  l e i s h m a n i a s i s  i s  p r e d o m i n a n t l y  c e l l
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medi ated.

I n  t h e  m i c e  w h o s e  l e s i o n s  d i d  n o t  h e a l ,  t h e  p a r a c o r t i c a l  

a r e a  e x h i b i t e d  a  t r a n s i e n t  m o d e r a t e  d e v e l o p m e n t ,  w h i c h  

c o i n c i d e d  w i t h  a  t r a n s i e n t  D H R  o f  t h e  J O N E S — M O T E — t y p e .

A l l  t h e  i n f e c t i o n  m o d e l s  s h o w e d  a n  i n f i l t r a t i o n  o f  t h e  

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

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

r e s i s t a n c e  t o  t h e  i n f e c t i o n  e x h i b i t e d  b y  t h e  h o s t :  i n  t h e  

experimental infections modelling a h i g h  d e g r e e  o f  

resistance (CBA/ca infected w i t h  L - major), h i g h l y  

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

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

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

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

u n d i f f e r e n t i a t e d  w i t h  t h e  p r o g r e s s  a n d  a g g r a v a t i o n  o f  t h e  

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

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

h e a v i l y  p a r a s i t i z e d  m a c r o p h a g e s .

T h u s ,  t h i s  s t u d y  r e p o r t s  f o r  t h e  f i r s t  t i m e  ( t o  t h e  

b e s t  o f  m y  k n o w l e d g e )  a  c o r r e l a t i o n  b e t w e e n  t h e  d e g r e e  o f  

DHR and the level of of resistance to the infection in 

m u r i n e  l e i s h m a n i a s i s :  m i c e  e x h i b i t i n g  s e l f - h e a l i n g  l e s i o n s  

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

b o t h  L . m a j o r  a n d  £ .  m e x i c a n a  a n t i g e n s ,  w h i l e  m i c e  

p r e s e n t i n g - n o n  h e a l i n g  l e s i o n s  r e s p o n d e d  o n l y  t o  L .  

m e x i c a n a  a n t i g e n  a n d  t h e n  w i t h  a  t r a n s i e n t  J O N E S - M O T E -  

t y p e  D H R  w h i c h  w a s  f o l l o w e d  b y  a n e r g y  a f t e r  t h e  1 2  w e e k s  o f  

t h e  i n f e c t i o n .

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

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

b e t w e e n  m i c e  s h o w i n g  h e a l i n g  a n d  n o n — h e a l i n g  l e s i o n s .

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

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

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

c o u r s e  o f  m u r i n e  c u t a n e o u s  l e i s h m a n i a s i s :

A n t i g e n ,  a n t i b o d y  a n d  C 3  c o m p l e m e n t  f a c t o r  w e r e  

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

l e s i o n s  a n d  d r a i n i n g  l y m p h  n o d e s  i n  a l l  t h e  e x p e r i m e n t a l  

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

f i n d i n g  o f  t h e s e  i m m u n o r e a c t a n t s  i n  s k i n  s t r u c t u r e s  c o u l d  

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

m a d e  i n  t h i s  s t u d y ,  t h e i r  c o i n c i d e n c e  i n  t h e  s a m e  

s t r u c t u r e s  a t  t h e  s a m e  t i m e  s u g g e s t s  t h a t  t h e y  a r e  

c o m p l e x e d  t o  e a c h  o t h e r .  S u c h  c o m p l e x e s  c o u l d  b e  t h e  

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

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

r e a c t i o n  o f  c o m p l e m e n t  f i x i n g  L e i s h w a n i a  a n t i b o d y  w i t h  

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

s p e c i f i c  t o  L e i s h m a n i a  d o e s  n o t  r e a c t  w i t h  n o r m a l  s k i n  

t i s s u e  w o u l d  m a k e  t h e  s e c o n d  p o s s i b i l i t y  l e s s  l i k e l y ,  

u n l e s s ,  t h e  h y p o t h e s i z e d  c r o s s  r e a c t i o n  w e r e  t a k i n g  p l a c e  

b e t w e e n  a n t i b o d y  t o  l e i s h m a n i a  a n t i g e n s  a n d  t i s s u l a r  

d e t e r m i n a n t s  w h i c h  a r e  h i d d e n  i n  n o r m a l  t i s s u e s  b u t  b e c o m e  

e x p o s e d  i n  t h e  l e s i o n s ,  i t  w o u l d  s e e m  t h e r e f o r e  t h a t  m o r e  

w o r k  d i r e c t e d  t o  t h e  e l u t i o n  o f  t h e  c o m p l e x e s  f o u n d  a t  

t h e s e  l e v e l s ,  t h e i r  s u b s e q u e n t  a n a l y s i s  o n  a p p r o p r i a t e  

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

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

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

o t h e r  h a n d ,  w o u l d  s e e m  t o  i n d i c a t e  t h a t  m u s c l e s  a n d  

Leishmania p a r a s i t e s  s h a r e  s o m e  a n t i g e n i c  d e t e r m i n a n t s ,  

s i n c e  m y  e x p e r i m e n t s  s h o w e d  t h a t  a n t i b o d y  s p e c i f i c  t o  

L e i s h m a n i a , f r o m  b o t h  i m m u n i z e d  r a b b i t s  a n d  i n f e c t e d  

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

mice. A  similar p h e n o m e n o n  has been demonstrated in Chagas 

d i s e a s e  ( C O S S I O ,  1 9 7 4 )  a n d  h u m a n  v i s c e r a l  l e i s h m a n i a s i s  

( S Z A R F M A N ,  1 9 7 5 ) .

R e g a r d i n g  t h e  c e l l s  o f  t h e  i n f i l t r a t e :

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

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

i n f i l t r a t e  o f  a l l  t h e  e x p e r i m e n t a l  m o d e l s  w i t h  t h e  

e x c e p t i o n  o f  B A L B / c  m i c e  i n f e c t e d  w i t h  L . mexicana.

T h e s e  f i n d i n g s  p r o v i d e  i n  vivo e v i d e n c e  i n  s u p p o r t  o f  

t h e  e x i s t e n c e  o f  a n t i g e n  p r e s e n t i n g  c e l l s  d e m o n s t r a t e d  i n  

i-'itro b y  t h e  e x p e r i m e n t s  o f  H A N D M A N  e t  a l . ( 1 9 7 9 )  a n d

B E R M A N  &  D W Y E R  ( 1 9 8 1 ) .

Eosinophils were found in the lesions of all infection 

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

n o n — h e a l i n g  l e s i o n s .  T h e s e  c e l l s  w e r e  s t a i n e d  i n  t h e i r  

c y t o p l a s m  b y  L . mexicana a n t i g e n  c o n j u g a t e d  t o  F I T C  a n d  

b y  a n t i - m o u s e  I g G  F I T C  c o n g u g a t e ,  i n  a l l  e x p e r i m e n t a l  

g r o u p s .  I n  B A L B / c  m i c e  i n f e c t e d  w i t h  L . mexicana, 

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

t o  Leishwania a n d  c o m p l e m e n t ,  i n  m i c e  o f  t h e  s a m e  

s t r a i n  i n f e c t e d  w i t h  L .  m a j o r , e o s i n o p h i l s  c o n t a i n e d  a t
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the s a m e  time L e i s h m a n i a antigen and antibody. These 

f i n d i n g s  i n  a d d i t i o n  t o  t h e  w e l l  k n o w n  a b i l i t y  o f  

e o s i n o p h i l s  t o  p h g g o c y t o s e  i m m u n e  c o m p l e x e s  ( L I T T  1 9 6 1 ,  

1 9 6 4 ;  H O U B A ,  1 9 7 6 ) ,  s u g g e s t  t h a t  t h e s e  c e l l s  a r e  d o i n g  j u s t  

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

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

c o m p l e x e s  i n  o t h e r  c e l l s  a n d  s t r u c t u r e s  o f  t h e  i n f i l t r a t e .  

H o w e v e r ,  a s  d i s c u s s e d  i n  C h a p t e r  I I I ,  e o s i n o p h i l s  c a n  b e  

n o n - e s p e c i f i c a l l y  s t a i n e d  b y  F 1 T C  c o n j u g a t e s ,  a n d  a s  i t  i s  

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

a n d  n o n - s p e c i f i c  s t a i n i n g ,  t h e  p o s s i b i l i t y  o f  a n  

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

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

i n  a l l  t h e  c a s e s  a s s o c i a t i o n  o f  L e i s h m a n i a  a n t i g e n ,  

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

s t a i n i n g  i n  c o r t i c a l  a n d  p a r a c o r t i c a l  a r e a s  a n d  a s  a  l i n e a l  

d e p o s i t i o n  i n  t h e  s i n u s  s y s t e m .  A f t e r  r e v i e w i n g  t h e  

l i t e r a t u r e  I w o u l d  b e  i n c l i n e d  t o  c o n c l u d e  t h a t  t h e  

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

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

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

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

m a c r o p h a g e s  l i n i n g  t h e  s t r u c t u r e .

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

p e r f o r m e d  i n  s k i n  l e s i o n s  a n d  d r a i n i n g  l y m p h  n o d e s  i n  

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

c e l l s  b e a r i n g  I g G  p r e d o m i n a t e  o v e r  B  c e l l s  b e a r i n g  I g M .  A s  

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

s p e c i f i c  a n t i b o d y  w a s  a l w a y s  g r e a t e r  t h a n  t h a t  o f
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1 ymphocytes bearing I g M ,  t h e  s p e c i-fie a n t i b o d y  m u s t  h a v e  

b e e n  a s s o c i a t e d  w i t h  I g G .  H o w e v e r ,  - f r o m  t h e  e x p e r i m e n t s  

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

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

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

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

s t i m u l a t i o n .  T  c e l l s  e x h i b i t e d  t h e  L y t  l *  p h e n o t y p e  i n  

s u s c e p t i b l e  a s  w e l l  a s  r e s i s t a n t  m i c e ,  t h u s  c o n f i r m i n g  t h e  

r e s u l t s  reported b y  HOWARD et al. (1981), LOUIS e t  a l .  

( 1 9 8 1 )  a n d  L I E W  e t  a l . ( 1 9 8 2 ) .



3 10

V I I  R E F E R E N C E S

A A R L I ,  J .  &  T O N D E R ,  O .  1 9 7 4 -  F c  b i n d i n g  o f  I g G  t o  

s k e l e t a l  m u s c l e  t i s s u e .  I n t .  A r c h .  A l l e r g y  4 7 ,  2 7 3  

-  2 8 4 .

A D A M S ,  D .  O .  1 9 7 4 .  T h e  s t r u c t u r e  o f  m o n o n u c l e a r  

p h a g o c y t e s  d i f f e r e n t i a t i n g  i n  v i v o . I. S e q u e n t i a l  f i n e  

a n d  h i s t o l o g i c  s t u d i e s  o f  t h e  e f f e c t  o f  B a c i l l u s  

C a l m e t t e — G u e r i n  ( B C G ) .  A m . 0 .  P a t h .  7 6 ,  1 7  -  4 8 .

A D L E R ,  S .  1 9 6 4 .  L e i s h m a n i a .  A d v a n .  P a r  a s  i t .  2 ,
3 5  -  9 6 .

A D L E R ,  S .  &  G U N D E R S ,  A . E .  1 9 6 4 .  I m m u n i t y  t o  L e i s h m a n i a  

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

s o r e .  T r a n s .  R o y .  S o c .  t r o p .  M e d .  H y g .  5 8 ,  2 7 4 —

2 7 7 .

A D U ,  H . Q ;  C U R T I S ,  J .  &  T U R K ,  J . L .  1 9 8 3 .  T h e  r e s i s t a n c e  

o f  C 5 7 B 1 / 6  m i c e  t o  s u b c u t a n e o u s  i n f e c t i o n  w i t h  

M y c o b a c t e r i u m  l e p r a e m u r i u m  i s  d e p e n d e n t  o n  b o t h  T  c e l l s  

a n d  o t h e r  c e l l s  o f  b o n e  m a r r o w  o r i g i n .  C e l l .  I m m u n o l .

7 8 ,  2 4 9  -  2 5 6 .

A L E X A N D E R ,  J .  1 9 7 8 .  E f f e c t  o f  c y c l o p h o s p h a m i d e  o n  t h e  

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

d e v e l o p m e n t  o f  d e l a y e d  t y p e  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  i n  

C 5 7 B 1  a n d  B A L B / c  m i c e .  C l i n .  e x p .  I m m u n o l .  3 4 ,

5 2 - 5 8 .

A L E X A N D E R ,  J .  1 9 8 2 .  A  r a d i o a t t e n u a t e d L e i s h m a n i a  

m a j o r  v a c c i n e  m a r k e d l y  i n c r e a s e s  t h e  r e s i s t a n c e  o f  C B A  

m i c e  t o  s u b s e q u e n t  i n f e c t i o n  w i t h  L e i s h m a n i a  m e x i c a n a  

m e x i c a n a .  T r a n s .  R o y .  t r o p .  M e d .  H y g .  7 6 ,  6 4 6  -  

6 4 9 .

A L E X A N D E R ,  J .  &  P H I L L I P S ,  R . S . , 1 9 7 8 .  L e i s h m a n i a



311

t r o p i c a  a n d  L e i s h m a n i a  m e x i c a n a  : C r o s s  i m m u n i t y  i n  

m i c e .  E x p t l .  P a r a s i t o l .  4 5 ,  9 3  —  1 0 0 .

A L E X A N D E R ,  J .  &  C U R T I S ,  J .  1 9 7 9 .  D e v e l o p m e n 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  r e s p o n s e s  i n  M y c o b a c t e r i u m  l e p r a e m u r i u m  

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

I m m u n o l o g y  3 6 ,  5 6 3  —  5 6 7

A L G E B O R 1 ,  T . l .  Sc E V A N S  D . A .  1 9 8 0  a .  L e i s h m a n i a  s p p  

i n  I r a q .  E l e c t r o p h o r e t i c  i s o z y m e  p a t t e r n s .  I. V i s c e r a l  

l e i s h m a n i a s i s .  T r a n s .  R o y .  S o c .  T r o p .  M e d .  H y g .

7 4 ,  1 6 9  -  1 7 7 .

A L G E B O R I , T . l .  Sc E V A N S ,  D . A .  1 9 8 0  b .  L e i s h m a n i a  

s p p .  i n  I r a q .  E l e c t r o p h o r e c t i c  i s o z y m e  p a t t e r n s .  I I .  

C u t a n e o u s  l e i s h m a n i a s i s .  T r a n s .  R o y .  S o c .  t r o p .  M e d .

M y g .  7 H n 1 7 8  -  1 8 4 .

A R R E D O N D O ,  B .  Sc P E R E Z ,  H .  1 9 7 9 .  A l t e r a t i o n s  o f  t h e  

i m m u n e  r e s p o n s e  a s s o c i a t e d  w i t h  c h r o n i c  e x p e r i m e n t a l  

l e i s h m a n i a s i s .  I n f e c .  I m m u n .  2 5 ,  1 6  -  2 2 .

A S K E N A S E ,  P . W .  1 9 8 0 .  I m m u n o p a t h o l o g y  o f  p a r a s i t i c  

d i s e a s e s  s I n v o l v e m e n t  o f  b a s o p h i l s  a n d  m a s t — c e l l s .  

S p r i n g e r  S e m i n a r s  i n  I m m u n o p a t h o l o g y . 2 ,  4 1 7  —

4 4 2 .

ASKENASE, P . W . , HAYDEN, B . J .  &  6ERSH0N, R.K. 1 9 7 5 .  

A u g m e n t a t i o n  o f  d e l a y e d — t y p e  h y p e r s e n s i t i v i t y  b y  d o s e s  o f  

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

J .  e x p .  M e d .  1 4 1 ,  6 9 7  -  7 0 3 .

B A L F O U R ,  B . M .  Sc H U M P H R E Y ,  J .  H .  1 9 6 7 .  L o c a l i z a t i o n  o f  

g a m m a — g l o b u l i n  l a b e l l e d  a n t i g e n  i n  g e r m i n a l  c e n t e r s  i n  t h e  

i m m u n e  r e s p o n s e s .  I n :  G e r m i n a l  c e n t e r s  i n  t h e  i m m u n e  

r e s p o n s e .  C O T T I E R ,  H ;  O D A R T C H E N K O ,  N ;  S C H I N D L E R ,  R .  Sc 

C O N G D O N ,  C . C 5 e d s ;  8 0  -  8 5  p p .  S p r i n g e r  V e r l a g .

B A L Z E R ,  R .  J ;  D E S T 0 M B E S ,  P 5 S C H A L L E R ,  K .  F .  St S E R I E ,  C .



3 1 2

I 9 6 0 .  L e i s h m a n i a s i s  c u t a n e e  p s e u d a l e p r o m a t e u s e  e n  E t h i o p i e .  

B u l l .  S o c .  P a t h o l .  E x o t .  5 3 ,  2 9 3 - 2 9 1 .

B A R K E R ,  D . C .  St B U T C H E R ,  J .  1 9 8 3 .  T h e  u s e  o f  D N A  p r o b e s  

i n  t h e  i d e n t i f i c a t i o n  o f  L e i s h m a n  i a s i  d i s c r i m i n a t i o n  

b e t w e e n  i s o l a t e s  o f  t h e  L e i s h m a n i a  m e x i c a n a  a n d  

L e i s h m a n i a  b r a z i l z e n s i s  c o m p l e x e s .  T r a n s .  R o y .  S o c .  

t r o p .  M a d .  t t y g .  7 7 ,  2 8 5  - 2 9 8 .

B E H I N ,  R ;  M A U E L ,  J ;  B I R O U M - N O E R J A S I N ; B .  S t  R O W E ,  D . S .  

1 9 7 5 .  M e c h a n i s m s  o f  p r o t e c t i v e  i m m u n i t y  i n  e x p e r i m e n t a l  

c u t a n e o u s  l e i s h m a n i a s i s  o f  t h e  g u i n e a - p i g .  1 1  S e l e c t i v e  

d e s t r u c t i o n  o f  d i f f e r e n t  L e i s h m a n i a  s p e c i e s  i n  

a c t i v a t e d  g u i n e a  p i g  a n d  m o u s e  m a c r o p h a g e s .  C l i n .  e x p .  

I m m u n o l .  2 0 ,  3 5 1 - 3 5 8 .

B E H I N ,  R ;  M A U E L ,  J ;  St S O R D A T ,  B .  1 9 7 9 .  L e i s h m a n i a  

t r o p i c a t  p a t h o g e n i c i t y  a n d  i n  v i t r o  m a c r o p h a g e  

f u n c t i o n  i n  s t r a i n s  o f  i n b r e d  m i c e .  E x p t l .  P a r a s i t o l .

48, 8 1  - 9 1 .

B E L E H U ,  A .  St T U R K ,  J .  L .  1 9 7 6 .  E s t a b l i s h m e n t  o f  

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

I n f e c .  I m m u n .  1 3 ,  1 2 3 5  -  1 2 4 1

B E R M A N ,  J .  D .  St D W Y E R .  1 9 8 1 .  E x p r e s i o n  o f  L e i s h m a n i a  

a n t i g e n  o n  t h e  s u r f a c e  m e m b r a n e  o f  i n f e c t e d  h u m a n  

macrophages i n  v i t r o .  C l i n .  e x p .  I m m u n o l .  44,
3 4 2 - 3 4 8 .

B E R R E T Y ,  P .  J .  M .  St C O R M A N E ,  R .  J .  1 9 7 8 .  T h e  

e o s i n o p h i l i c  g r a n u l o c y t e .  I n t .  J .  d e r m a t o l .  1 7 ,

777 - 783.

BERRETY, P. J.M. St CORMANE, R. H. 1979.
I m m u n o f l u o r e s c e n c e  s t u d i e s  o n  e o s i n o p h i l i c  g r a n u l o c y t e s .

B r .  J .  d e r m a t o l .  1 0 1 ,  3 0 9  —  3 1 4 .

B E U T N E R ,  E .  H .  St N I S E N B A R D ,  R .  J .  1 9 7 3 .  D e f i n e



313

immunofluorescence i n  clinical immunopathology. I n s  

I m m u n o p a t h o l o g y  o f  t h e  s k i n  l a b e l l e d  a n t i b o d y  s t u d i e s .  

B E U T N E R ,  E .  H ;  C H O R Z E L S K I , T . P ;  B E A N ,  R . E ;  J O R D O N ,  R .  E ;  

e d s ;  pp. 1 9 7  —  2 4 6 .  D o w d e n ,  H u t c h i n s o n  &  R o s s .  Inc. 
S t r o u d s b u r g ,  P e n s y l v a n i a .  U . S . A .

B E U T N E R ,  E .  H ;  N I S E N G A R D ,  R .  J .  &  K U M A R -  V .  1 9 7 8 .  I n s  

I m m u n o p a t h o l o g y  o f  t h e  s k i n .  S e c o n d  e d i t i o n .  B E U T N E R ,  E .  H ,  

C H O R Z E L S K I ,  T .  P ;  B E A N ,  S .  F ;  e d s ;  p p .  4 6 .  W i l l e y  M e d i c a l .  

N e w .  Y o r k -

B I A N C H I ,  A .  T .  J ;  H Q O I J K A S ,  H ;  B E N N E R ,  R ;  T E E S ,  R ;  

N O R D I N ,  A .  A .  &  S C H R E I N E R ,  M .  H .  1 9 8 1 .  C l o n e s  o f  h e l p e r  T  

c e l l s  m e d i a t e d  a n t i g e n - s p e c i f i c ,  H - 2  r e s t r i c t e d  D T H .

N a t u r e  240, 62 - 63..

B L A C 0 W U ,  J ;  F R E M A N ,  J ;  &  B R A D L E Y ,  D .  1 9 8 0 .  I n f l u e n c e  o n  

H - 2  c o m p l e x  o n  a c q u i r e d  r e s i s t a n c e  t o  L ,  d o n o v a n  i  

i n f e c t i o n  i n  m i c e .  N a t u r e  2 B 3 ,  7 2  - 7 4 .

B L A C K W E L L ,  J -  M .  1 9 8 2 .  G e n e t i c  c o n t r o l  o f  r e c o v e r y  f r o m  

v i s c e r a l  l e i s h m a n i a s i s .  T r a n s . R o y . S o c ,  t r o p . M e d .

H y g m 76, 1 4 7  -  1 5 1 .

B L A C K W E L L ,  J .  M .  &  A L E X A N D E R ,  J .  1 9 8 3 .  T h e  m a c r o p h a g e  

a n d  p a r a s i t i c  p r o t o z o a .  T r a n s . R o y . S o c . t r o p .  M e d .

H y g .  77, 6 3 6  -  6 4 5 .

B R A D L E Y ,  D .  J .  1 9 7 7 .  R e g u l a t i o n  o f  L e i s h m a n i a  

p o p u l a t i o n s  w i t h i n  t h e  h o s t .  I I .  G e n e t i c  c o n t r o l  o f  a c u t e  

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

i n f e c t i o n .  C l i n ,  e x p - i m m u n o l . 30, 1 3 0  —  1 4 0 .

B R A D L E Y ,  D .  J .  1 9 8 0 .  G e n e t i c  c o n t r o l  o f  r e s i s t a n c e  t o  

p r o t o z o a l  i n f e c t i o n s -  I n :  G e n e t i c  c o n t r o l  o f  n a t u r a l  

r e s i s t a n c e  t o  i n f e c t i o n  a n d  m a l i g n a n c e .  S K A M E N E ,  E ;  

K O N G S H A V N ,  P .  A .  L .  &  L A N D R Y ,  M ;  e d s ;  p p .  9 - 2 5 .  A c a d e m i c  

P r e s s -  L o n d o n .



3 1 4

B R A D L E Y ,  D .  J .  &  K I R K L E Y ,  J .  1 7 7 1 .  V a r i a t i o n  i n  

s u s c e p t i b i l i t y  o f  m o u s e  s t r a i n s  t o  1 , d o n o v a n  i  

i n f e c t i o n .  T r a n s .  R o y .  S o c .  t r o p - tf ed . tfyg. 6 5 ,

5 2 7  -  5 2 8 .

B R A D L E Y ,  D .  J .  &  K I R K L E Y ,  J .  1 9 7 7 .  R e g u l a t i o n  o f  

L e i s h m a n i a  p o p u l a t i o n s  w i t h i n  t h e  h o s t .  I. T h e  v a r i a b l e  

c o u r s e  o f  L e i s h m a n i a  d o n o v a n  i  i n f e c t i o n s  i n  m i c e .

C l i n . e x p .  I m m u n o l . 30, 1 1 9  —  1 2 9 .

B R A D L E Y ,  D .  J ;  T A Y L O R ,  B .  A ;  B L A C K W E E L L ,  J .  M ;  E V A N S ,  E .  

P ;  &  F R E E M A N ,  J .  1 9 7 9 .  R e g u l a t i o n  o f  L e i s h m a n i a  

p o p u l a t i o n  w i t h i n  t h e  h o s t .  I I I .  M a p p i n g  o f  t h e  l o c u s  

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

m o u s e .  C l i n .  e x p .  I m m u n o l . 37, 7 — 1 4 .

B R A Y ,  R .  S .  1 9 7 4 .  L e i s h m a n i a . A n n u a l  R e v i e w  o f  

M i c r o b i o l o g y . 28, 1 8 9  —  2 1 7 .

B R A Y ,  R .  S .  1 9 8 3 .  L e i s h m a n i a l  c h e m o t a x i c  r e s p o n s e s  

o f  p r o m a s t i g o t e s  a n d  m a c r o p h a g e s  i n  v i t r o . J .

P r o t o z o o l . 30, 3 2 2  —  3 2 9 .

B R A Y ,  R .  S .  St S A R N H A M ,  P .  C .  C .  1 9 6 2 .  T h e  

G i e m s a — c o l o p h o n i u m  s t a i n i n g  m e t h o d  f o r  s t a i n i n g  p r o t o z o a  i n  

t i s s u e  s e c t i o n s .  2 n d .  J .  M a l a r i o l . 1 6 ,  1 5 3  —  1 5 5 .

BRAY, R. S. St BRYCESON, A. D M. 1968. Cutaneous 
l e i s h m a n i a s i s  o f  t h e  g u i n e a  p i g .  A c t i o n  o f  s e n s i t i z e d  

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

i i i ,  8 9 8  - 8 9 9 .

B R A Y ,  R .  S .  St B R Y C E S O N ,  A .  D .  M .  1 9 6 9 .  S t u d i e s  o n  t h e  

i m m u n o l o g y  a n d  s e r o l o g y  o f  l e i s h m a n i a s i s .  V I I I .  T h e  

i d e n t i t y  o f  L e i s h m a n i a  f r o m  E t h i o p i a n  d i f f u s e  c u t a n e o u s  

l e i s h m a n i a s i s .  T r a n s - R o y -  t r o p .  M e d .  H y g .  6 3 ,

5 2 4  -  5 2 7 .

B R A Y ,  R . S ;  A S H F O R D ,  R .  W .  St B R A Y .  M .  A .  1 9 7 3 .  T h e



3 1 5
parasite causing cutaneous leishmaniasis in Ethiopia.
T r a n s ,  R o y .  S o c .  t r o p  .  M e d .  H y g .  6 7 ,  3 4 5  -  3 4 8 .

B R Y C E S O N ,  A .  D .  M .  1 9 6 9 .  D i f f u s e  c u t a n e o u s  l e i s h m a n i a s i s  

i n  E t h i o p i a .  1. t h e  c l i n i c a l  a n d  h i s t o l o g i c a l  f e a t u r e s  o f  

t h e  d i s e a s e .  T r a n s .  R o y .  S o c ,  t r o p .  M e d .  H y g .  6 3 ,

7 0 8  -  7 3 7 .

B R Y C E S O N ,  A .  D M .  1 9 7 0  a .  I m m u n o l o g i c a l  a s p e c t s  o f  

c l i n i c a l  l e i s h m a n i a s i s .  P r o c .  R o y ,  S o c .  M e d .  6 3 ,

1 0 5 6  -  1 0 6 0 .

B R Y C E S O N ,  A .  D .  M .  1 9 7 0  b .  D i f f u s e  c u t a n e o u s  

l e i s h m a n i a s i s  i n  E t h i o p i a .  I I I .  I m m u n o l o g i c a l  s t u d i e s .  I V  

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

R o y .  S o c .  t r o p .  M e d .  H y g .  6 4 ,  3 8 0  —  3 9 3 .

B R Y C E S O N ,  A .  D .  M ;  B R A Y ,  R .  S ;  W O L S T E N C R O F T , R .  A 5 &  

D U M 0 N D E ,  D .  C .  1 9 7 0 .  I m m u n i t y  i n  c u t a n e o u s  l e i s h m a n i a s i s  o f  

t h e  g u i n e a  p i g -  C l i n .  e x p .  I m m u n o l .  7 ,  3 0 1  -  3 4 1 .

B R Y C E S O N ,  A .  D .  M .  &  T U R K ,  J .  L .  1 9 7 1 .  T h e  e f f e c t  o f  

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

c o u r s e  o f  i n j e c t i o n s  w i t h  B C G  a n d  L e i s h m a n i a  

e n r i e t t i i  i n  t h e  g u i n e a  p i g .  J .  P a t h .  1 0 4 ,  1 5 3  -  

1 6 5 .

BRYCESON, A. D. M; PRESTON, P. M$ BRAY, R. S. & DUM0NDE,

D .  C .  1 9 7 2 .  E x p e r i m e n t a l  c u t a n e o u s  l e i s h m a n i a s i s .  I I  

E f f e c t s  o f  i m m u n o  s u p p r e s s i o n  a n d  a n t i g e n i c  c o m p e t i t i o n  o n  

t h e  c o u r s e  o f  i n f e c t i o n  w i t h  L e i s h m a n  i a  e n r  i e t t i  i .  i n  

t h e  g u i n e a  p i g .  C l i n .  e x p .  I m m u n o l .  1 0 ,  3 0 5  -  3 3 5 .

B R Y C E S O N ,  A .  D .  M ;  B R A Y ,  R .  S .  &  D U M 0 N D E .  D .  C .  1 9 7 4 .  

E x p e r i m e n t a l  c u t a n e o u s  l e i s h m a n i a s i s .  I V .  S e l e c t i v e  

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

o f  g u i n e a  -  p i g  t o  i n f e c t i o n  w i t h  L e i s h m a n  i a  e n r  i e t i  i  

1 6 ,  1 8 9  -  2 0 2 .



3 18

B U C H M U L L E R ,  Y .  &  M A U E L ,  J .  1 9 7 9 -  S t u d i e s  o n  t h e  

m e c h a n i s m s  o-f m a c r o p h a g e  a c t i v a t i o n .  I I .  P a r a s i t e  

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

C o n c a n a v a l i n  A  s t i m u l a t e d  l y m p h o c y t e s .  J .  e x p .  /fed.

150, 3 5 9  -  3 7 0 .

C A R R ,  I. 1 9 7 5 .  T h e  r e t i c u l a r  c e l l ,  t h e  r e t i c u l u m  c e l l  a n d  

t h e  m a c r o p h a g e .  I n :  M o n o n u c l e a r  p h a g o c y t e s  i n  i m m u n i t y ,  

i n f e c t i o n  a n d  p a t h o l o g y .  V A N  F U R T H ;  e d ;  p p  1 1 9  —  1 2 7 .  

B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n ,  O x f o r d ,  L o n d o n ,  

E d i n b u r g h ,  M e l b o u r n e .

C H A N C E ,  M .  L $  P E T E R S ,  W .  &  S C O R Y ,  L .  1 9 7 4 .  B i o c h e m i c a l  

t a x o n o m y  o f  L e i s h m a n  i a .  I. O b s e r v a t i o n s  o n  D N A .  A n n .  

t r o p . W e d .  P a r a s i t o l .  68, 3 0 7  —  3 1 6 .

C H A N C E ,  M .  L ;  S C H U R ,  L .  F ;  T H O M A S ,  S .  C .  &  P E T E R S ,  W .  

1 9 7 8 .  T h e  b i o c h e m i c a l  a n d  s e r o l o g i c a l  t a x o n o m y  o f  

L e i s h m a n  i a  f r o m  t h e  A e t h i o p i a n  z o o g e o g r a p h i c a l  r e g i o n  o f  

A f r i c a .  A n n .  t r o p .  W e d .  P a r a s i t o l .  72, 5 3 3  -  5 4 2 .

C H A N G ,  K .  P .  1 9 7 9 .  L e i s h m a n i a  d o n o v a n i i  

p r o m a s t i g o t e - m a c r o p h a g e  s u r f a c e  i n t e r a c t i o n s  i n  v i t r o . 

E x p t l . p a r a s i t o l . 48, 1 7 5  —  1 8 9 .

C H A N G ,  K .  P .  1 9 8 1  a .  L e i s h m a n i c i d a l  m e c h a n i s m s  o f  h u m a n  

p o l y m o r p h o n u c l e a r  p h a g o c y t e s .  A m .  j .  t r o p . W e d  H y g .

3 0 , 3 2 2  -  3 3 3 .

C H A N G ,  K .  P .  1 9 8 1  b .  A n t i b o d y — c e l 1 m e d i a t e d  i n h i b i t i o n  

o f  p h a g o c y t o s i s  i n  L e i s h m a n i a  d o n o v a n i  h u m a n  p h a g o c y t e  

i n t e r a c t i o n s  i n  v i t r o . A m .  J .  t r o p . W e d .  H y g .

30, 3 3 4  -  3 3 9 .

C 0 L L E ,  J .  H ;  T R U F F A — B A C H I , P ;  C H E D I D ,  L .  &  M 0 D A B B E R ,  F .  

1 9 8 3 .  L a c k  o f  a  g e n e r a l  i m m u n o s u p p r e s s i o n  d u r i n g  v i s c e r a l  

L e i s h m a n i a  t r o p i c a  i n f e c t i o n  i n  B A L B / c  m i c e :  a u g m e n t e d  

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

a c t i v a t i o n .  J .  I m m u n o l .  131, 1 4 9 2  —  1 4 9 5 .
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C Q N V I T ,  J -  1 9 5 8 .  L e i s m a n i a s i s  t e g u m e n t  a r i a  d i f u s a .  R e v .  

S a n .  A s  1 s t .  S o c .  2 3 ,  1 —  2 B .

C O N V I T ,  J ;  P I N A R D I ,  M .  E .  &  R O N D O N ,  J .  1 9 7 2 .  D i f f u s e  

c u t a n e o u s  l e i s h m a n i a s i s :  a  d i s e a s e  d u e  t o  a n  i m m u n o l o g i c a l  

d e f e c t  o f  t h e  h o s t .  T r a n s .  R o y .  t r o p .  N e d .  H y g .

6 5 ,  6 0 3  -  6 1 0 .

C O O K ,  J .  A 5 H O L B R O O K ,  T .  W .  &  P A R K E R ,  B .  W .  1 9 8 0  

V i s c e r a l  l e i s h m a n i a s i s  i n  m i c e :  p r o t e c t i v e  e f f e c t  o f  

g l u c a n .  J .  R e t i c u l o e n d .  S o c .  2 7 ,  5 6 7  -  5 7 4 .

C O R M A N E ,  R .  H :  S Z A B O ,  E .  &  H A U G E ,  L .  S .  1 9 7 0 .  

I m m u n o f l u o r e s c e n c e  o f  t h e  s k i n :  t h e  i n t e r p r e t a t i o n  o f  t h e  

s t a i n i n g  o f  b l o o d  v e s s e l s  a n d  c o n n e c t i v e  t i s s u e  a i d e d  b y  

n e w  t e c h n i q u e s .  B r .  J .  B e r n .  S u p p l e m e n t  8 2 ,  2 6  —

4 3 .

C O S S I O .  P . M ;  D I E Z ,  C ;  S Z A R F M A N ,  A ;  K R E U T Z E R ,  E 5 

C A N D I O L O ,  B .  &  A R A N A ,  R .  M .  1 9 7 4 .  C h a g a s i c  c a r d i o p a t h y .  

D e m o n s t r a t i o n  o f  a  s e r u m  g a m m a — g l o b u l i n  f a c t o r  w h i c h  r e a c t s  

w i t h  e n d o c a r d i u m  a n d  v a s c u l a r  s t r u c t u r e s .  C i r c u l a t i o n  

4 9 ,  1 3  -  2 1 .

C R O W L E , A ,  J .  1 9 7 5 .  D e l a y e d  h y p e r s e n s i t i v i t y  i n  t h e  

m o u s e .  A d v a n .  I m m u n o l .  2 0 ,  1 9 7  —  2 6 4 .

C U L L I N G ,  C .  F .  A .  1 9 6 3 .  H a n d b o o k  o f  h i s t o p a t h o l o g i c a l  

t e c h n i q u e s .  S e c o n d  e d i t i o n .  B u t t e r w o r t h s .  L o n d o n .

D A V I E S ,  M .  D .  J .  &  P A R R O T ,  D .  M .  V .  1 9 8 1 .  P r e p a r a t i o n  

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

l a m i n a  p r o p i a  o f  m u r i n e  s m a l l  i n t e s t i n e .  J ,  B r . S o c .  

G a s t r o e n t e r o l . G U T .  2 2 ,  4 B 1  -  4 8 8 .

D E  B R I T O ,  T ;  H 0 S H I N 0 - S H I M I Z U ,  S ?  N E T O ,  A ;  D U A R T E .  I. &  

P E N N A ,  D .  0 .  1 9 7 5 .  G l o m e r u l a r  i n v o l v e m e n t  i n  h u m a n  

K a l a — a z a r .  A  l i g h t ,  i m m u n o f l u o r e s c e n t , a n d  e l e c t r o n
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m i c r o s c o p y  s t u d y  b a s e d  o n  k i d n e y  b i o p s i e s .  A w .  J .  t r o p .

M e d .  H y g .  2 4 ,  9 - 1 9 .

D E N N E R T ,  G ;  W E I S S ,  S .  St W A R N E R ,  J .  F .  1 9 8 1 .  T  c e l l s  m a y  

e x p r e s s  m u l t i p l e  a c t i v i t i e s :  s p e c i f i c  a l l o h e l p ,  c y t o l y s i s ,  

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

T — c e l l  l i n e .  P r o c .  N a t l .  A c a d .  S c i .  U S A .  7 8 ,  4 5 4 0  —

4 5 4 3 .

D E S T O M B E S ,  P .  1 9 6 0 .  A p p l i c a t i o n  d u  c o n c e p t  d e  " 

S y s t e m a t i s a t i o n  p o l a i r e "  a u x  l e i s h m a n i a s e s  c u t a n e e s .  B u l l .  

S o c .  P a t h .  e x o t .  5 3 t 2 9 9  —  3 0 1 .

D E  T O L L A ,  L .  J .  J r ;  S E M P R E V I V O ,  L .  H ;  P A L C Z U C K .  N .  0 .  St 

P A S S M O R E ,  H .  C .  1 9 8 0 .  G e n e t i c  c o n t r o l  o f  a c q u i r e d  

r e s i s t a n c e  t o  l e i s h m a n i a s i s  i n  m i c e .  I m m u n o g e n e t i c s  

1 0 ,  3 5 3  -  3 6 1 .

D E  T O L L A ,  L .  J .  J r . ;  S C O T T ,  P .  A .  St F A R R E L L ,  J .  P .  1 9 8 1 .  

S i n g l e  g e n e  c o n t r o l  o f  r e s i s t a n c e  t o  c u t a n e o u s  

l e i s h m a n i a s i s  i n  m i c e .  I m m u n o g e n e t i c s  1 4 ,  2 9  —  3 9 .

D V O R A K ,  H .  St D V O R A K ,  A . M .  1 9 7 5 .  B a s o p h i l i c  l e u k o c y t e s  i n  

d e l a y e d - t y p e  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  i n  e x p e r i m e n t a l  

a n i m a l s  a n d  m a n .  I n s  M o n o n u c l e a r  p h a g o c y t e s  i n  i m m u n i t y ,  

i n f e c t i o n  a n d  p a t h o l o g y .  V A N  F U R T H ,  R ;  e d ;  p p  5 7 3  —  5 7 9 .  

B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n .  O x f o r d .  L o n d o n .  

Edinburgh. Melbourne.

D V O R A K ,  H ;  M I H M ,  M .  C .  J R ;  D V O R A K ,  A .  M ;  J O H N S O N ,  R .  A ;  

M A N S E A U ,  E .  J ;  M O R G A N ,  E .  St C O L V I N ,  R .  B .  1 9 7 4 .  M o r p h o l o g y  

o f  d e l a y e d — t y p e  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  i n  m a n .  L a b .  

I n v e s t .  3 1 ,  1 1 1  -  1 3 0 .

D W Y E R ,  D .  M .  1 9 7 6 .  A n t i b o d y — i n d u c e d  m o d u l a t i o n  o f  

L e i s h w a n i a  d o n o v a n  i  s u r f a c e  m e m b r a n e  a n t i g e n s .  J..

I m m u n o l .  1 1 7 ,  2 0 8 1  -  2 0 9 1 .

D W Y E R ,  D .  M .  1 9 7 7 .  L e i s h m a n i a  d o n o v a n i i  s u r f a c e
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m e m b r a n e  c a r b o h y d r a t e s  o f  p r o m a s t i g o t e s .  E x p t l *  

f a r a s i t o l .  4 1 ,  3 4 1  -  3 5 8 .

D W Y E R ,  D -  M -  1 9 7 8 -  L e i s h m a n i a — h o s t  c e l l  m e m b r a n e  

c y c l i n g  i n  v i t r o -  J *  p r o t o z o a l  * 2 5 ,  7 9  A .

D W Y E R ,  D -  M ;  L A N G R E T H ,  S. G- St D W Y E R ,  N -  K -  1974- 

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

d e v e l o p m e n t a l  s t a g e s  o f  L e i s h m a n i a  d o n o v a n i t  A  f i n e  

s r u c t u r e — c y t o c h e m i c a l  s t u d y -  Z *  P a r a s i t e n k - 4 3 ,

2 2 7  -  2 4 9 -

E M B L I N G ,  P -  H ;  E V A N S ,  H ;  G U T I E R R E Z ,  C ;  H O L B O R O W ,  E -  J ;  

J O H N S ,  P ;  J O H N S O N ,  P .  M ;  P A P  A M  I C H A I L , M .  St S T A N W O R T H ,  D -  R -  

1 9 7 8 -  T h e  s t r u c t u r a l  r e q u i r e m e n t s  f o r  i m m u n o g l o b u l i n  

a g g r e g a t e s  t o  l o c a l i z e  i n  g e r m i n a l  c e n t e r s .

I m m u n o l o g y  - 3 4 ,  7 8 1  — 7 8 6 -

F A L C A O ,  H -  A -  St G O U L D ,  D -  B -  1 9 7 5 -  I m m u n e — c o m p l e x  

n e p h r o p a t h y  i n  s c h i s t o s o m i a s i s .  A n n - I n t e r - M e d *

8 3 ,  1 4 8  -  1 5 4 -

F A R A H ,  F .  S ;  S A M R A ,  S -  St N U W A Y R I  — S  A L T  I , N .  1 9 7 5 -  T h e  

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

I m m u n o l o g y  2 9 ,  7 5 5  -  7 6 4 .

G A A F A R ,  S - M -  St T U R K ,  J -  L -  1 9 7 0 -  G r a n u l o m a  f o r m a t i o n  i n  

lymph nodes. J. P a t h * 100, 9 - 20-

G A J L — P E C K Z A L S K A , K . K ;  F I S H ,  H . J ;  M E W W I S S E N ,  H - J ;

F R O M M E L ,  D -  St G O O D ,  R -  A -  1 9 6 9 -  L o c a l i z a t i o n  o f  

i m m u n o l o g i c a l  c o m p l e x e s  f i x i n g  B l c  ( C 3 )  i n  g e r m i n a l  c e n t e r s  

o f  l y m p h  n o d e s .  J * e x p * M e d - 1 3 0 ,  1 3 6 7  —  1 3 9 3 -

G A R N H A M ,  P -  C -  C .  St H U M H R E Y ,  J .  H .  1 9 6 9 .  P r o b l e m s  i n  

l e i s h m a n i a s i s  r e l a t e  t o  i m m u n o l o g y -  C u r r - T o p - M i c r o b i o l * 

I m m u n o l - 4 8 ,  2 9  —  4 2 -

GASTAUT, J. A; BLANC, A. P5 IMBERT, CL; SEBAHOUN, G- St
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C A R C A S S O N E ,  Y .  1 9 8 1 .  L e i s h m a n i o s e  v i s c e r a l e  m e d i t e r r a n e e n n e  

d e  l r a d u l t e  a u  c o u r s  d e  l a  r e m i s s i o n  c o m p l e t e  d '  u n e  

l e u c e m i c  a i g u e  l y m h o p l a s t i q u e .  L a  N o u v e l l e  P r e s s e  

M e d i c a l e .  1 0 ,  1 3 3 2 .

6 I E L ,  H .  K .  &  L I E U ,  F .  Y .  1 9 7 8 .  R e g u l a t i o n  o f  d e l a y e d  

t y p e  h y p e r s e n s i t i v i t y .  I I I .  E f f e c t  o f  c y c l o p h o s p h a m i d e  o n  

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

s h e e p  e r y t h r o c y t e s  i n  m i c e .  E u r - J  .  I m m u n o l  * 8 ,

1 7 2  -  1 7 6 .

G I L L I A M .  J .  M ;  H U R D ,  E .  R .  &  Z I F F .  M .  1 9 7 5 .  S u b e p i d e r m a l  

d e p o s i t i o n  o f  i m m u n o g l o b u l i n  i n  N Z B / N Z U  F i  h y b r i d  m i c e .  J .  

I m m u n o l . 1 1 4 ,  1 3 3  -  1 3 7 .

G R I M A L D I ,  G .  J r ;  M O R I E A R T Y ,  P .  L .  &  H O F F ,  R .  1 9 8 0 .  

L e i s h m a n i a  m e x i c a n a z  I m m u n o l o g y  a n d  h i s t o p a t h o l o g y  i n  

C 3 H  m i c e .  E x p t l . p a r a s i t o l . 5 0 ,  4 5  —  5 6 .

G R I M A L D I ,  6 . J r .  &  M O R I E A R T Y ,  P .  L .  1 9 8 1 .  K i n e t i c s  a n d  

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

h y p e r s e n s i t i v i t y  i n  m u r i n e  l e i s h m a n i a s i s .  R e v .  I n s t . M e d .  

T r o p , S a o  P a u l o . 2 3 ,  1 2 7  -  1 3 2 .

B O D I N G ,  J .  U .  1 9 7 6 .  C o n j u g a t i o n  o f  a n t i b o d i e s  w i t h  

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

I m m u n o l . t i e t h .  1 3 ,  2 1 5  -  2 2 6 .

G O R C j j f Z Y N S K I , R .  M .  &  M A C R A E ,  S .  1 9 8 2 .  A n a l y s i s  o f  

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

c o n t r o l l i n g  r e s i s t a n c e / s u s c e p t i b i 1 i t y  t o  i n f e c t i o n  w i t h  

L e i s h m a n i a  t r o p i c a , a n d  c o r r e l a t i o n  w i t h  t h e  

d e v e l o p m e n t  o f  i n d e p e n d e n t  p r o l i f e r a t i v e  s i g n a l s  t o  

L y t — 1 + / L y t 2 +  T  l y m p h o c y t e s .  C e i l ,  i m m u n o l . 6 7 ,

7 4 - 8 9 .

G R O S S M A N ,  J ;  C A L L E R A M E ,  M .  L .  &  C O N D E M I , J . J .  1 9 7 4 .  S k i n  

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

a n t i - n u c l e a r  a n t i b o d y - p o s i t i v e  d i s e a s e s .  A n n . I n t e r n .
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M e d .  8 0 ,  4 9 6  -  5 0 0 .

G U R R ,  E .  1 9 5 8 .  M e t h o d s  o f  a n a l y t i c a l  h i s t o l o g y  a n d  

h i s t o c h e m i s t r y .  L e o n a r d  H i l l  ( B o o k s )  L T D .  L o n d o n .

H A B E R ,  H ,  &  S Y M M E R S ,  W . S t . C .  1 9 8 0 .  T h e  S k i n .  I n :

S y s t e m i c  P a t h o l o g y .  S Y M M E R S ,  W . S t . C ;  e d ;  p p .  2 5 2 6 .  C h u r c h i  I 

L i v i n g s t o n e .

H A M M A R S T R O M ,  L ;  S M I T H ,  E ;  P R I M I ,  D .  &  M O L L E E R ,  G .  1 9 7 6 .  

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

p o l y c l o n a l  B — c e l l s  a c t i v a t o r s .  N a t u r e  2 6 3 ,  6 0 — 6 1 .

H A N D M A N ,  E ;  C E R E D I G ,  R .  &  M I T C H E L L ,  G , F .  1 9 7 9 .  M u r i n e  

c u t a n e o u s  l e i s h m a n i a s i s :  d i s e a s e  p a t t e r n s  i n  i n t a c t  a n d  

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

d i f f e r e n c e s  b e t w e e n  n o r m a l  a n d  i n f e c t e d  m a c r o p h a g e s .  A u s .

J .  E x p .  B i o l .  M e d .  S c i .  57, 9  -  2 9 .

H A N D M A N ,  E .  &  C U R T I S ,  J .  M .  1 9 8 1 .  A  c o m p a r i s i o n  o f  

s u r f a c e  a n t i g e n s  o f  i n t r a c e l l u l a r  a n d  f l a g e l l a t e  f o r m s  o f  

L .  t r o p i c a . T h e  H a l t e r  a n d  E l i z a  H a l l  I n s t i t u t e  o f  

M e d i c a l  R e s e a r c h  A n n u a l  R e v i e w ,  p p .  1 2 5 .

H A U T E V I L L E ,  D ;  C A M I L L E R I , A ;  H E R N E ,  H .  &  V E R D I E R ,  M .  

1 9 8 0 .  L e i s h m a n i o s e  v i s c e r a l e  m e d i t e r r a n e e n n e  c h e z  u n  

l e u c e m i q u e  e n  r e m i s s i o n .  L a  N o u v e l l e  P r e s s e  M e d i c a l e  

9, 1 7 1 3  -  1 7 1 4 .

H E R B E R T ,  W . J .  1 9 7 8 .  L a b o r a t o r y  a n i m a l  t e c h n i q u e s  f o r  

i m m u n o l o g y .  I n :  H a n d b o o k  o f  E x p e r i m e n t a l  I m m u n o l o g y .  

A p p l i c a t i o n s  o f  I m m u n o l o g i c a l  M e t h o d s .  W E I R ,  D . M ;  e d ;  p p  1 

-  2 9 .  B l a c k w e l l  s c i e n t i f i c  p u b l i c a t i o n .  O x f o r d ,  L o n d o n ,  

E d i n b u r g h ,  M e l b o u r n e .

H E E R M A N ,  R .  1 9 8 0 .  C y t o p h i l i c  a n d  o p s o n i c  a n t i b o d i e s  i n  

v i s c e r a l  l e i s h m a n i a s i s  i n  m i c e .  I n f e c t ,  I m m u n ,

28, 5 8 5  -  5 9 3 .
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H A B E R ,  H ,  &  S Y M M E R S ,  W . S t . C .  1 9 8 0 .  T h e  S k i n .  I n :

S y s t e m i c  P a t h o l o g y .  S Y M M E R S ,  W . S t . C ;  e d ;  p p .  2 5 2 6 .  C h u r c h i l  

L i v i n g s t o n e .

H A M M A R S T R O M ,  L ;  S M I T H ,  E ;  P R I M I ,  D .  &  M O L L E E R ,  S .  1 9 7 6 .  

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

p o l y c l o n a l  B — c e l l s  a c t i v a t o r s .  N a t u r e  2 6 3 ,  6 0 — 6 1 .

H A N D M A N ,  E ;  C E R E D I G ,  R .  &  M I T C H E L L ,  G , F .  1 9 7 9 .  M u r i n e  

c u t a n e o u s  l e i s h m a n i a s i s :  d i s e a s e  p a t t e r n s  i n  i n t a c t  a n d  

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

d i f f e r e n c e s  b e t w e e n  n o r m a l  a n d  i n f e c t e d  m a c r o p h a g e s .  A u s .

J .  E x p . B i o l . N e d . S c i .  5 7 ,  9  -  2 9 .

H A N D M A N ,  E .  &  C U R T I S ,  J .  M .  1 9 8 1 .  A  c o m p a r i s i o n  o f  

s u r f a c e  a n t i g e n s  o f  i n t r a c e l l u l a r  a n d  f l a g e l l a t e  f o r m s  o f  

L .  t r o p i c a .  T h e  N a l t e r  a n d  E l i z a  H a l l  I n s t i t u t e  o f  

M e d i c a l  R e s e a r c h  A n n u a l  R e v i e w ,  p p .  1 2 5 .

H A U T E V I L L E ,  D ;  C A M I L L E R I ,  A ;  H E R N E ,  H .  &  V E R D I E R ,  M .  

1 9 8 0 .  L e i s h m a n i o s e  v i s e e r a l e  m e d i t e r r a n e e n n e  c h e z  u n  

l e u c e m i q u e  e n  r e m i s s i o n .  L a  N o u v e l l e  P r e s s e  M e d i c a l e  

9 ,  1 7 1 3  -  1 7 1 4 .

H E R B E R T ,  W . J .  1 9 7 8 .  L a b o r a t o r y  a n i m a l  t e c h n i q u e s  f o r  

i m m u n o l o g y .  I n :  H a n d b o o k  o f  E x p e r i m e n t a l  I m m u n o l o g y .  

A p p l i c a t i o n s  o f  I m m u n o l o g i c a l  M e t h o d s .  W E I R ,  D . M ;  e d ;  p p  1 

—  2 9 .  B l a c k w e l l  s c i e n t i f i c  p u b l i c a t i o n .  O x f o r d ,  L o n d o n ,  

E d i n b u r g h ,  M e l b o u r n e .

H E E R M A N ,  R .  1 9 8 0 .  C y t o p h i l i e  a n d  o p s o n i c  a n t i b o d i e s  i n  

v i s c e r a l  l e i s h m a n i a s i s  i n  m i c e .  I n f e c t . I m m u n ,

2 8 ,  5 8 5  -  5 9 3 .

H E Y N E M A N ,  D .  1 9 7 1 .  I m m u n o l o g y  o f  l e i s h m a n i a s i s .  B u l l - 

H i d . H l t h . O r g . 4 4 ,  4 9 9  -  5 1 4 .



3 2 3
H O E F S M I T ,  E .  1 9 7 5 -  M o n o n u c l e a r  p h a g o c y t e s ,  r e t i c u l u m  

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

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

p a t h o l o g y .  V A N  F U R T H ;  e d ;  p p  1 2 8  -  1 4 6 .  B l a c k w  

1 s c i e n t i f i c  p u b l i c a t i o n .  O x f o r d ,  L o n d o n ,  E d i n b u r g h ,  

M e l b o u r n e .

H O U B A ,  V .  &  A L L I S O N ,  A .  C .  1 9 6 6 .  M -  a n t i g l o b u l i n s  

( R h e u m a t o i d — f a c t o r  l i k e  g l o b u l i n s )  a n o t h e r  g a m m a  g l o b u l i n s  

i n  r e l a t i o n  t o  t r o p i c a l  p a r a s i t i c  i n f e c t i o n .  L a n c e t  

1 ,  8 4 8  -  8 5 3 .

H O U B A ,  V .  &  S T U R R O C K ,  R . F .  1 9 7 6 .  E o s i n o p h i l s  a n d  t h e  

i m m u n e  r e s p o n s e .  I m m u n o p a t h o l o g y .  V l l t h  i n t e r n a t i o n a l  

s y m p o s i u m .  H A R T M A N N ,  K .  V ;  e d ;  p p  2 3 3  —  2 4 3 .

H O W A R D ,  J .  G ;  H A L E ,  C .  &  L I E W ,  F .  Y .  1 9 8 0  a .  I m m u n o l o g i c a l  

r e g u l a t i o n  o f  e x p e r i m e n t a l  c u t a n e o u s  l e i s h m a n i a s i s .  I I I .  

N a t u r e  a n d  s i g n i f i c a n c e  o f  s p e c i f i c  s u p p r e s s i o n  o f  

c e l l - m e d i a t e d  i m m u n i t y  i n  m i c e  h i g l y  s u s c e p t i b l e  t o  

L e i s h m a n i a  t r o p i c a ,  J ,  e x p ,  M e d ,  1 5 2 ,  5 9 4  —  6 0 7 .

H O W A R D .  J .  G ;  H A L E .  C .  &  L I E W ,  F ,  Y .  1 9 8 0  b .  

I m m u n o l o g i c a l  r e g u l a t i o n  o f  e x p e r i m e n t a l  c u t a n e o u s  

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

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

P a r a s i t e  I m m u n o l o g y  2 ,  3 0 3  —  3 1 4 .

H O W A R D ,  J .  G ;  H A L E ,  C  &  L I E W .  F .  Y .  1 9 8 0  c .  G e n e t i c a l l y  

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

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

m o u s e  r a d i a t i o n  c h i m e r a s .  N a t u r e  2 8 8 ,  1 6 1  —  1 6 2 .

H O W A R D ,  J .  G .  &  L I E W ,  F .  Y .  1 9 8 1 .  I m m u n o l o g i c a l  

r e g u l a t i o n  o f  e x p e r i m e n t a l  c u t a n e o u s  l e i s h m a n i a s i s .  I V .  

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

a b r o g a t i o n  o f  s u p p r e s s o r  T  c e l l  g e n e r a t i o n  i n  m i c e  

g e n e t i c a l l y  s u s c e p t i b l e  t o  L e i s h m a n i a  t r o p i c a ,  J ,  e x p ,

M e d , 1 5 3 ,  5 5 7  -  5 6 8 .
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H U D S O N ,  L .  Sc H A Y ,  F «  C .  1 9 8 0 -  P r a c t i c a l  i m m u n o l o g y ,  p p  

5 3 -  B l a c k w e l l  s c i e n t i f i c  p u b l i c a t i o n .  O x f o r d .

HUNTER, K. W. 8c COOK, C. L. 1983. L e i s h m a n i a  

m e x i c a n a z  c r o s s e d  i m m u n o e l e c t r o p h o r e t i c  a n a l y s i s  o f  

c u l t u r e — d e r i v e d  a m a s t i g o t e s  a n d  p r o m a s t i g a t e s .  T r a n s .

R o y «. S a c .  t r o p m  M e d ,  H y g - 7 7 ,  1 7 7  —  1 8 0 .

I G A R A S H I ,  R ;  M O R O H A S H I ,  M ;  K O I Z I E M I ,  F ;  N I T T O ,  H 5 

I N O M A T A ,  N .  Sc S A T O ,  Y .  1 9 8 1 .  I m m u n o f 1 u o r e s c e n c e  s t u d y  o f  

c u t a n e o u s  b l o o d  v e s s e l s  o f  1 6  p a t i e n t s  w i t h  s y s t e m i c  l u p u s  

e r y t h e m a t o s u s .  A c t a  D e r m a t o v e n e r ,  ( S t o c k h o l m )

61, 2 1 9  -  2 2 3 .

ISHIKAWA, T; WICHER, K. 8c ARBESMAN, C.E. 1974. I n  

v i t r o  a n d  i n  v i v o  s t u d i e s  o n  u p t a k e  o f  

a n t i g e n - a n t i b o d y  c o m p l e x e s  b y  e o s i n o p h i l s .  I n t -  A r c h . 

A l l e r g y , 46, 230 - 248.

I W A T S U K I ,  K; A O S H I M A ,  T ;  T A G A M I , H ;  O H I , M -  8c Y A M A D A ,  M .  

1 9 8 0 .  I m m u n o f 1 u o r e s c e n c e  s t u d y  i n  p u r p u r a  p i g m e n t o s a  

c h r o n i c a .  A c t a  D e r m a t o v e n e r  ( S t o c k h o l m )  60, 3 4 1  —

370.

J A B L O N S K A ,  S. 8c C H O R Z E L S K I ,  T. P .  1974. L u p u s  

e r y t h e m a t o s u s .  I n :  I m m u n o l o g i c a l  a s p e c t s  o f  s k i n  d i s e a s e s .  

F R Y ,  L .  8c S E A H .  P .  P ;  e d ;  p p  66 —  152. M T P .  L a n c a s t e r ,  

E n g l a n d .

JOHNSON, G. D; H0LB0R0W. E.J. 8c DORLING, J. 1978.

I m m u n o f 1 u o r e s c e n c e  a n d  i m m u n o e n z y m e  t e c h n i q u e s .  I n :

H a n d b o o k  o f  e x p e r i m e n t a l  i m m u n o l o g y .  I. I m m u n o c h e m i s t r y . 

W E I R ,  D . M ;  e d ;  p p  1 5 . 1  —  1 5 . 3 0 .  B l a c k w e l l  s c i e n t i f i c  

p u b l i c a t i o n .  O x f o r d ,  L o n d o n ,  E d i n b u r g h ,  M e l b o u r n e .

J U L I U S ,  M .  H ;  S I M P S O N ,  E .  Sc H E R Z E N B E R G ,  A. 1973. A r a p i d  

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

m u r i n e  l y m p h o c y t e s .  E u r ,  J ,  I m m u n o l .  3 ,  6 4 5  —  649.
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K A D I V A R ,  D .  M .  H .  &  S O U L S B Y ,  E .  J .  L .  1 9 7 5 .  M o d e l  f o r  

d i s s e m i n a t e d  c u t a n e o u s  l e i s h m a n i a s i s .  S c i e n c e  

1 9 0 ,  1 1 9 8  -  1 2 0 0 .

K A P L A N ,  M ,  H .  &  M E Y E S E R I A N ,  M .  1 9 6 2 .  A n  i m m u n o l o g i c a l  

c r o $ s - r e a c t i o n  b e t w e e n  g r o u p — A  s t r e p t o c o c c a l  c e l l s  a n d  

h u m a n  h e a r t  t i s s u e .  L a n c e t  1 ,  7 0 6  —  7 1 0 .

K A P L A N ,  M .  H ;  C O O N S ,  A .  H .  &  D E A N E ,  H  W .  1 9 5 0 .  

L o c a l i z a t i o n  o f  a n t i g e n  i n  t i s s u e  c e l l s .  I I I .  C e l l u l a r  

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

I I I  i n  t h e  m o u s e .  J .  e x p .  M e d .  9 1 ,  1 5  —  3 0 .

K A Y ,  A .  B ;  S T E C H S C H U L T E , J .  &  A U S T E N ,  K .  1 9 7 1 .  A n  

e o s i n o p h i l  l e u k o c y t e  c h e m o t a c t i c  f a c t o r  o f  a n a p h y l a x i s .  J .  

e x p .  M e d .  1 3 3 ,  6 0 2  -  6 1 9 .

K A W A M U R A ,  A .  J r .  1 9 7 7 .  F l u o r e s c e n t  a n t i b o d y  t e c h n i q u e s  

a n d  t h e i r  a p p l i c a t i o n s .  K A W A M U R A ,  A .  J r ;  e d ;  p p  2 6 6  —  2 7 2 .  

U n i v e r s i t y  o f  T o k y o  P r e s s .

K H A R A 2 M I , A ;  R E Z A I , H .  R ;  F A N I , M .  &  B E H F O R O U Z , N .  C .  

1 9 8 2 .  E v i d e n c e  f o r  t h e  p r e s e n c e  o f  c i r c u l a t i n g  

i m m u n e — c o m p l e x e s  i n  s e r u m  a n d  C 3 b  a n d  C 3 d  o n  r e d  c e l l s  o f  

K a l a - a z a r  p a t i e n t s .  T r a n s .  R o y .  S o c .  T r o p .  M e d .  H y g .

76, 7 9 3  -  7 9 6 .

K I P N I S ,  T . L ;  J A M E S ,  S . T ;  S H E R ,  A .  &  D A V I D ,  J .  R -  1 9 8 1 .  

C e l l  m e d i a t e d  c y t o t o x i c i t y  t o  T r y p a n o s o m a  c r u z i . I I -  

A n t i b o d y — d e p e n d e n t  k i l l i n g  o f  b l o o d s t r e a m  f o r m s  b y  m o u s e  

e o s i n o p h i l s  a n d  n e u t r o p h i l s .  A m .  J .  T r o p .  M e d .  H y g .

30, 4 7  -  5 3 .

K L A U S ,  G .  G .  B .  1 9 7 8 .  T h e  g e n e r a t i o n  o f  m e m o r y  c e l l s .  

I I .  G e n e r a t i o n  o f  B  m e m o r y  c e l l s  w i t h  p r e f o r m e d  

a n t i g e n — a n t i b o d y  c o n W f p l e x e s .  I m m u n o l o g y  3 4 ,  6 4 3  —

6 5 2 .
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KLAUS, S. G .  B .  & HUMPHREY, J .  H. 1 9 7 7 .  T h e  g e n e r a t i o n  

o f  m e m o r y  c e l l s .  I. T h e  r o l e  o f  C 3  i n  t h e  g e n e r a t i o n  o f  B  

m e m o r y  c e l l s .  I m m u n o l o g y . 3 3 ,  3 1  —  4 0 .

K O N T I A N E N ,  B .  &  F E L D M A N N ,  M .  1 9 7 6 .  S u p p r e s s o r  c e l l  

i n d u c t i o n  o f  a n t i g e n  s p e c i f i c  s u p p r e s s o r  c e l l s ,  f u r .  «7- 

I m m u T i o l . 6 , 2 9 6  —  3 0 1 .

L A C H M A N N ,  P ,  J .  1 9 6 4 .  R e c e n t  l ) U a n c e s  i n  c l i n i c a l  p a t h o l o g y  - 

D Y K E ,  S .  C ;  e d .  p p  3 7 7 .  L o n d o n .

L A I N S O N ,  R ;  S H A W ,  J . J ;  M I L E S ,  M . A .  &  P 0 V 0 A ,  M .  1 9 8 2 .  

L e i s h m a n i a s i s  i n  B r a z i l :  X V I I .  E n z y m i c  c h a r a c t e r i z a t i o n  o f  

a  L e i s h m a n  i a  f r o m  t h e  a r m a d i l l o  D a s y p u s

n o v e m e n c i n c t u s  ( E d e n t a t a ) , f r o m  P a r a  s t a t e .  T r a n s .  R o y .

S o c , t r o p . M e d . M y g ,  7 6 ,  8 1 0  —  8 1 1 .

L A N D R Y ,  M .  &  S A M S ,  W .  J r .  1 9 7 2 .  B a s e m e n t - m e m b r a n e  

a n t i b o d i e s  i n  t w o  p a t i e n t s  w i t h  s y s t e m i c  l u p u s  

e r y t h e m a t o s u s .  L a n c e t  1 5 ,  8 2 1  -  8 2 3 .

L E C L E R C ,  C ;  M Q D A B B E R , F ;  D E R I A U D ,  E .  &  C H E D D I D ,  L .  1 9 8 1 .  

S y s t e m i c  i n f e c t i o n  o f  L e i s h m a n i a  t r o p i c a  ( m a j o r )  i n  

v a r i o u s  s t r a i n s  o f  m i c e .  T r a n s . R o y . S o c . t r o p .  M e d .

H y g . 7 5 ,  8 5 1  -  8 5 4 .

L E N Z I N I ,  L ;  R O T T O L I , P .  &  R O T T O L I , I; 1 9 7 7 .  T h e  s p e c t r u m  

o f  h u m a n  t u b e r c u l o s i s .  C l i n . e x p . I m m u n o l .  2 7 ,

2 3 0  -  2 3 7 .

L I E W ,  F . Y .  1 9 7 7 .  R e g u l a t i o n  o f  d e l a y e d  t y p e  

h y p e r s e n s i t i v i t y .  I. T  s u p p r e s s o r  c e l l s  f o r  d e l a y e d — t y p e  

h y p e r s e n s i t i v i t y  t o  s h e e p  e r y t h r o c y t e s  i n  m i c e .  f u r .  J .  

I m m u n o l . 7 ,  7 1 4  -  7 1 8 .

L I E W .  F .  W .  1 9 8 2 .  I m m u n o l o g i c a l  r e g u l a t i o n  o f  

e x p e r i m e n t a l  c u t a n e o u s  l e i s h m a n i a s i s .  V .  C h a r a c t e r i z a t i o n  

o f  e f f e c t o r  a n d  s p e c i f i c  s u p p r e s s o r  T  c e l l s .  J .

I m m u n o l . 1 2 8 ,  1 9 1 7  -  1 9 2 2 .
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L I E W ,  F -  Y -  1 9 8 3 -  S p e c i f i c  s u p p r e s s i o n  o f  r e s p o n s e s  t o  

L e i s h m a n  i a  t r o p i c a  b y  a  c l o n e d  T  c e l l  l i n e .  N a t u r e  

3 0 5 ,  6 3 0  -  6 3 2 .

L I N ,  Y — L -  1 9 8 1 -  B i o l o g i c a l  p r o p e r t i e s  o f  a n  i n f l u e n z a  A  

v i r u s — s p e c i f i c  k i l l e r  T  c e l l  c l o n e -  I n h i b i t i o n  o f  v i r u s  

r e p l i c a t i o n  i n  if i v o  a n d  i n d u c t i o n  o f  D - T - H -  r e a c t i o n s  

J .  e x p .  N e d .  1 5 4 ,  2 2 5  -  2 3 4 .

L I T T ,  M .  1 9 6 1 .  S t u d i e s  i n  e x p e r i m e n t a l  e o s i n o p h l i a .  I I I .  

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

transfer of serum antibody- J  ,  I m m u n o l ,  8 7 ,  5 2 2  —

5 2 9 .

L I T T ,  M .  1 9 6 4  a -  E o s i n o p h i l s  a n d  a n t i g e n — a n t i b o d y  

r e a c t i o n s -  A n n .  N Y .  A c a d .  S c i . 1 1 6 ,  9 6 4  -  9 8 5 -

L I T T .  M .  1 9 6 4  b .  S t u d i e s  i n  e x p e r i m e n t a l  e o s i n o p h i 1 i a .

V I .  U p t a k e  o f  i m m u n e — c o m p l e x e s  b y  e o s i n o p h i l s .  J .  C e l l ,  

B i o l .  2 3 ,  3 5 5  -  3 6 1 .

L O U I S ,  J ?  M Q E D D E R ,  E ;  B E H I N ,  R .  &  E N G E R S ,  H .  1 9 7 9 -  

R e c o g n i t i o n  o f  p r o t o z o a n  p a r a s i t e  a n t i g e n s  b y  m u r i n e  T  

l y m p h o c y t e s -  I- I n d u c t i o n  o f  s p e c i f i c  T  l y m p h o c y t e  

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

E u r .  J .  I m m u n o l .  9 ,  8 4 1  —  8 4 7 -

L O U I S ,  J .  M O E D D E R ,  E ;  R O B S O N ,  E ;  M A C D O N A L D ,  H -  &  E N G E R S ,  

H . D .  1 9 8 1 .  R e c o g n i t i o n  o f  p r o t o z o a n  p a r a s i t e s  b y  m u r i n e  T  

l y m p h o c y t e s .  I I .  R o l e  o f  t h e  H — 2  g e n e  c o m p l e x  i n  

i n t e r a c t i o n s  b e t w e e n  a n t i g e n — p r e s e n t i n g  m a c r o p h a g e s  a n d  

L e i s h m a n i a  i m m u n e  T  l y m p h o c y t e s .  J .  I m m u n o l ,

1 2 6 ,  1 6 6 1  -  1 6 6 6 .

L O U I S .  J ;  Z U B L E R ,  R .  H ;  C O U T I N H O ,  S -  G ;  L I M A ,  G ;  B E H I N ,  

R ;  M A U E L ,  J .  &  E N G E R S ,  H .  D .  1 9 8 2 -  T h e  I n  v i t r o  

g e n e r a t i o n  a n d  f u n c t i o n a l  a n a l y s i s  o f  m u r i n e  T  c e l l  

p o p u l a t i o n s  a n d  c l o n e s  s p e c i f i c  f o r  a  p r o t o z o a n  p a r a s i t e ,
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L e i s h m a n i a  t r o p i c a .  I m m u n o l .  R e v .  6 1 ,  2 1 5  -  2 4 3 .

L O U I S ,  J ;  L I M A , 6 ; P E S T E L , J ;  T I T U S ,  R -  &  E N G E R S ,  H .  D .  

1 9 8 3 -  M u r i n e  T  c e l l  r e s p o n s e  t o  p r o t o z o a n  a n d  m e t a z o a n  

p a r a s i t e s :  f u n c t i o n a l  a n a l y s i s  o f  T  c e l l  l i n e s  a n d  c l o n e s  

s p e c i f i c  f o r  L e i s h m a n i a  t r o p i c a  a n d  S c h i s t o s o m a  

m a n s o n i .  C o m t e m p o r a r y  t o p i c s  i n  i m m u n o l o g y  - I n  p r e s s .

L O V I K ,  M -  &  C L O S S ,  O -  1 9 8 3 .  I n d u c t i o n  o f  d e l a y e d  t y p e  

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

l e p r a e m u r i u m  b a c i l l i  w i t h o u t  s i m u l t a n e o u s  l o c a l  

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

C l i n .  e x p .  I m m u n o l .  5 3 ,  3 1 9  -  3 2 7 -

M A E K E L T ,  G -  A -  1 9 7 2 -  I m m u n e  r e s p o n s e  t o  i n t r a c e l l u l a r  

p a r a s i t e s .  I. L e i s h m a n i a .  I n  I m m u n i t y  t o  a n i m a l  p a r a s i t e s .  

S O U L S B Y ; e d ?  p p  3 4 3  —  3 6 3 .  A c a d e m i c  P r e s s ,  N e w  Y o r k  a n d  

L o n d o n .

M A C K A N E S S ,  G .  B .  1 9 6 2 .  C e l l u l a r  r e s i s t a n c e  t o  i n f e c t i o n .  

J .  e x p .  M e d .  1 1 6 ,  3 8 1  -  4 0 6 .

M A C M A H O N , P .  &  D A V I D ,  J . R .  1 9 8 1 .  M o n o c l o n a l  a n t i b o d i e s  

t h a t  d i s t i n g u i s h  b e t w e e n  N e w w  W o r l d  s p e c i e s  o f  L e i s h m a n i a .  

N a t u r e  2 9 1 ,  5 8 1  -  5 8 3 .

M A N D E L ,  T - E ?  P H I P P S ,  R . P ?  A B B O T ,  A .  &  T E W ,  J . G .  1 9 8 0 .

T h e  f o l l i c u l a r  d e n d r i t i c  c e l l :  L o n g  t e r m  a n t i g e n  r e t e n t i o n  

d u r i n g  i m m u n i t y .  I m m u n o l .  r e v .  5 3 ,  2 9  —  2 5 .

M A N D E L ,  T . E ?  P H I P P S ,  R .  P ?  A B B O T ,  A .  P .  &  T E W ,  J . G .

1 9 8 1 .  L o n g  t e r m  a n t i g e n  r e t e n t i o n  b y  d e n d r i t i c  c e l l s  i n  t h e  

p o p l i t e a l  l y m p h  n o d e  o f  i m m u n i z e d  m i c e .  I m m u n o l o g y  

4 3 ,  3 5 3  -  3 6 2 .

M A U E L ,  J .  1 9 8 0 .  T h e  b i o l o g y  o f  t h e  

m a c r o p h a g e —L e i s h m a n i a  i n t e r a c t i o n .  I n :  T h e  h o s t  i n v a d e r  

i n t e r p l a y .  V A N  D E N  B O S S C H E ,  H ?  e d ?  p p .  1 6 5  -  1 7 7 . J a n s s e n  

r e s e a r c h  f o u n d a t i o n ,  E l s e v i e r ,  N o r t h  H o l l a n d ,  B i o m e d i c a l
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P r e s s — A m s t e r d a m .

M A U E L .  J -  &  B E H I N ,  R .  1 9 7 4 -  C e l l — m e d i a t e d  a n d  h u m o r a l  

i m m u n i t y  t o  p r o t o z o a n  i n - f e c t i o n s .  ( w i t h  s p e c i a l  r e f e r e n c e  

t o L e i s h m a n i a .  T r a n s p l a n t .  R e v .  1 9 ,  1 2 1  —  1 4 6 .

MAUEL, J; BEHIN, R; BIRGUM—NOERJASIN- St DOYLE, J.J.

1 9 7 4 .  S u r v i v a l  a n d  d e a t h  o f  l e i s h m a n i a  i n  m a c r o p h a g e s .

I n :  C i b a  f o u n d a t i o n  s y m p o s i u m  2 5  ( n e w  s e r i e s ) , p p . 2 2 4  —

2 4 2 .  E l s e v i e r .  E x c e r p t a  M e d i c a .  H o l l a n d .  A m s t e r d a m .

MAUEL, J; BEHIN, R; BIROUM—NOERJASIN. St ROWE, D. S.

1 9 7 5 .  M e c h a n i s n m s  o f  p r o t e c t i v e  i m m u n i t y  i n  e x p e r i m e n t a l  

c u t a n e o u s  l e i s h m a n i a s i s  o f  t h e  g u i n e a  p i g .  I. L a c k  o f  

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

C l i n .  e x p .  I m m u n o l .  2 0 ,  2 0 ,  3 3 9  0  3 5 0 .

M A U E L ,  J ;  B U C H M U L L E R ,  Y .  St B E H I N ,  R .  1 9 7 0 .  S t u d i e s  o n  

t h e  m e c h a n i s m s  o f  m a c r o p h a g e  a c t i v a t i o n .  I D e s t r u c t i o n  o f  

i n t r a c e l l u l a r  L e i s h m a n i a  e n r i e t t i i i n  m a c r o p h a g e s  

a c t i v a t e d  b y  c o c u l t i v a t i o n  w i t h  s t i m u l a t e d  l y m p h o c y t e s .  J f  

exp. Med. 1 4 8 ,  3 9 3  -  4 0 7 .

M A U E L .  J ; B E H I N , R .  St L O U I S ,  J .  1 9 8 1 .  L e i s h m a n i a  

enr ietti i : I m m u n e  i n d u c t i o n  o f  m a c r o p h a g e  a c t i v a t i o n  i n

a n  e x p e r i m e n t a l  m o d e l  o f  i m m u n o - p r o p h y 1 a x i s  i n  t h e  m o u s e .  

Ex p t l .  P a r a s i t o l . 5 2 ,  3 3 1  -  3 4 5 .

M E L L 0 R S ,  R .  S .  St B R Z 0 R S K 0 ,  W .  J .  1 9 6 2 .  S t u d i e s  i n  

m o l e c u l a r  p a t h o l o g y .  L o c a l i z a t i o n  a n d  p a t h o g e n i c  r o l e  o f  

h e t e r o l o g o u s  i m m u n e — c o m p l e x e s .  J  e x p .  M e d .  1 1 5 ,

8 9 1  -  9 0 2 .

MILES, M. A; P0VQA, M-M; DE SOUZA, A. A; LAINS0N, J. J.

St S H A W .  J .  J .  1 9 8 0 .  S o m e  m e t h o d s  f o r  t h e  e n z y m i c  

c h a r a c t e r i z a t i o n  o f  L a t i n — A m e r i c a n  L e i s h m a n i a  w i t h  

p a r t i c u l a r  r e f e r e n c e  t o  L e i s h m a n i a  m e x i c a n a  

a m a z o n e n s i s  a n d  s u b s p e c i e s  o f  L e i s h m a n i a  h e r t e g i .

T r a n s .  R o y .  S o c .  t r o p .  M e d .  H y g .  7 4 ,  2 4 3  —  2 5 2 .
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M I L E S ,  M .  A ;  L A I N S O N ,  R ;  S H A W ,  J .  J ?  P O V O A ,  M .  &  D E  

S O U Z A ,  A .  A .  1 9 8 1 .  L e i s h m a n i a s i s  i n  B r a z i l :  X V .  B i o c h e m i c a l  

d i s t i n c t i o n  o f  L e i s h m a n  i a  m e x i c a n a  a m a z o n e n s i s r  a n d  

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

c u t a n e o u s  l e i s h m a n i a s i s  i n  t h e  A m a z o n  B a s i n  o-f B r a s i l .

T r a n s .  R o y .  S o c .  t r o p .  M e d .  M y g -  7 5 ,  5 2 4  —  5 2 9 .

M I L L E R , H . C .  &  T W O H Y , W .  1 9 6 8 .  C e l l u l a r  i m m u n i t y  t o  

L e i s h m a n i a  d o n o v a n  i  i n  m a c r o p h a g e s  i n  c u l t u r e .  J .

P a r a s i t o l .  5 5 ,  2 0 0  -  2 0 7 .

M I T C H E L L ,  G .  F .  1 9 7 9 .  R e s p o n s e s  t o  i n f e c t i o n  w i t h  

m e t a z o a n  a n d  p r o t o z o a n  p a r a s i t e s  i n  m i c e .  A d v a n .

I m m u n o l .  2 8 ,  4 5 1  —  5 1 1 .

M I T C H E L ,  G .  F 5 C U R T I S ,  J .  M ;  H A N D M A N ,  E .  &  M c K E N Z I E ,  I. 

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

i n f e c t e d  w i t h  L e i s h m a n  i a  t r o p i c a ,  A u s ,  J ,  E x p ,  B i o l .  M e d ,

S c i ,  5 8 ,  5 2 1  -  5 3 2 .

M I T C H E L L ,  G .  F ;  C U R T I S ,  J .  M .  &  H A N D M A N ,  E .  1 9 8 1 .  

R e s i s t a n c e  t o  c u t a n e o u s  l e i s h m a n i a s i s  i n  g e n e t i c a l l y  

s u s c e p t i b l e  B A L B / c  m i c e .  A u s .  J .  E x p ,  B i o l .  M e d .  S c i .

5 9 ,  5 5 5  -  5 6 4 .

M O R I E A R T Y ,  P .  L .  G R I M A L D I ,  G ;  G A L V A O - C A S T R O ;  D E  O L I V E I R A  

M .  P .  &  M A R Z O C H I , M .  1 9 8 2 .  I n t r a l e s i o n a l  p l a s m a  c e l l s  a n d  

s e r o l o g i c a l  r e s p o n s e s  i n  h u m a n  c u t a n e o u s  l e i s h m a n i a s i s .  

C l i n .  e x p .  I m m u n o l .  4 7 ,  5 9  -  6 4 .

M U R R A Y ,  H .  W .  1 9 8 1 .  S u s c e p t i b i l i t y  o f  L e i s h m a n i a  

t o  o x y g e n  i n t e r m e d i a t e s  a n d  k i l l i n g  b y  n o r m a l  m a c r o p h a g e s .  

J .  E x p .  M e d .  1 5 3 ,  1 3 0 2  -  1 3 1 5

M U R R A Y ,  H -  1 9 8 2 .  C e l 1 - m e d i a t e d  i m m u n e  r e s p o n s e  i n  

e x p e r i m e n t a l  l e i s h m a n i a s i s .  I I .  O x y g e n — d e p e n d e n t  k i l l i n g  o f  

i n t r a c e l l u l a r  L e i s h m a n  i a  d o n o v a n  i  a m a s t i g o t e s .  J .

I m m u n o l .  1 2 9 ,  351 -  3 5 7 .
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NACY, C, A; MELTZER, M. S; LEONARD, E. 8c WYLER, D.J. 

1 9 8 1 -  I n t r a c e l l u l a r  r e p l i c a t i o n  a n d  l y m p h o k i n e - i n d u c e d  

d e s t r u c t i o n  o f  L e i s h m a n i a l  t r o p i c a  i n  C 3 H / H e N  m o u s e  

m a c r o p h a g e .  J  I m m u n o l  .  1 2 7 ,  2 3 8 1  —  2 3 8 6 .

N A I R N ,  R .  C. 1 9 6 9 .  F l u o r e s c e n t  p r o t e i n  t r a c i n g .  N A I R N ,  

R .  C ;  M A R R O C K ,  J ,  R ;  e d ;  p p .  3 0 6 .  F  a n d  S  L i v i n g s t o n e  L T D .

N A K A M U R A ,  M .  1 9 6 7 .  C u l t i v a t i o n  o f  T r y p a n o s o m a  

c r u z i  i n  a  p r o t e i n — f r e e  d i a l y s a t e  m e d i u m  < 3 2 2 0 3 ) .  P r o c .  

S o c .  E x p .  B i o l .  M e d .  1 2 5 ,  7 7 9  -  7 8 0 .

N A S S E R  I , M .  8c M O D  A B B E R , F .  1 9 7 9 .  B e n e r a l i z e d  i n f e c t i o n  

a n d  l a c k  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  i n  B A L B / c  m i c e  

i n f e c t e d  w i t h  L e i s h m a n i a  t r o p i c a  m a j o r .  I n f e c t .

I m m u n .  2 6 ,  6 1 1  -  6 1 4 .

N A T H A N ,  C .  F .  8c K L E B A N O F F ,  J .  1 9 8 2 .  A u g m e n t a t i o n  o f  

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

p e r o x i d a s e .  J .  e x p .  M e d .  1 5 5 ,  1 2 9 1  -  1 3 0 8 .

N A T H A N ,  C .  F .  1 9 8 3 .  M e c h a n i s m s  o f  m a c r o p h a g e  

a n t i m i c r o b i a l  a c t i v i t y .  T r a n s .  R o y .  S o c .  T r o p .  M e d .

H y g .  7 7 ,  6 2 0  -  6 3 0 .

N A T H A N ,  C -  F? B R U K N E R ,  H ;  S I L V E R S T E I N ,  S .  C .  8c C O H N ,  Z. 

A .  1 9 7 9 .  E x t r a c e l l u l a r  c y t o l y s i s  b y  a c t i v a t e d  m a c r o p h a g e s  

a n d  g r a n u l o c y t e s .  I P h a r m a c o l g i c  t r i g g e r i n g  o f  e f f e c t o r  

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

M e d .  1 4 9 ,  8 4  -  9 9 .

N 0 G U E I R A ,  N ,  M ;  K L E B A N O F F ,  S .  J .  8c C O H N ,  Z .  A .  1 9 8 2 .  

S e n s i t i z a t i o n  t o  m a c r o p h a g e  k i l l i n g  b y  e o s i n o p h i l  

p e r o x i d a s e .  J .  I m m u n o l .  1 2 8 ,  1 7 0 5

N O R T H ,  R .  J .  1 9 7 3 .  T h e  i m p o r t a n c e  o f  t h y m u s — d e r i v e d  

l y m p h o c y t e s  i n  c e l 1 — m e d i a t e d  i m m u n i t y  t o  i n f e c t i o n .

C e l l .  I m m u n o l .  7 ,  1 6 6  -  1 7 6 .
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N O S S A L , G ;  A B B O T , A -  St M I T C H E L L ,  J .  1 9 6 8 .  A n t i g e n  i n  

i m m u n i t y .  X I V .  E l e c t r o n  m i c r o s c o p i c  r a d i o a u t o g r a p h i c  

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

e x p . M e d .  1 2 7 ,  2 6 3  -  2 7 6 .

N O S S A L ,  G .  St A D A .  G .  1 9 7 1 .  O r g a n  d i s t r i b u t i o n  o f  

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

A n t i g e n s ,  L y m p h o i d  c e l l s  a n d  t h e  i m m u n e — r e s p o n s e .  N O S S A L ,

G ;  A D A ,  G ;  e d s ;  p p  1 4 2  —  1 6 9 .  A c a d e m i c  P r e s s .  N e w  Y o r k .

N U S 5 E N Z W E I G ,  V ;  D E A N E ,  L .  St K L O E T Z E L ,  J .  1 9 6 3 .  

D i f f e r e n c e s  i n  a n t i g e n i c  c o n s t i t u t i o n  o f  s t r a i n s  o f  

T r y p a n o s o m e  c r u z i . E x p t l . P a r a s i t o l . 1 4 ,  2 2 1  —  2 3 2 .

O L O B O ,  J ;  H A N D M A N ,  E ;  C U R T I S ,  J .  M .  St M I T C H E L L ,  G .  F .  

1 9 8 0 .  A n t i b o d i e s  t o  L e i s h m a n i a  t r o p i c a  p r o m a s t i g o t e s  

d u r i n g  i n f e c t i o n  i n  m i c e  o f  v a r i o u s  g e n o t y p e s .  A u s . J -  

E x p .  B i o l , /fed. S c i .  5 8 ,  5 9 5  -  6 0 1 .

O O R T ,  J .  St T U R K ,  J .  L .  1 9 6 5 .  A  h i s t o l o g i c a l  a n d  

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

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

J .  E x p .  P a t h . 4 6 ,  1 4 7  0  1 5 4 .

O R T I Z - O R T I Z ,  L ;  P A R K S ,  D .  E ;  R O D R I G U E Z ,  M . St W E  I S L E ,  W .  

0 . 1 9 8 0 .  P o l y c l o n a l  B  l y m p h o c y t e  a c t i v a t i o n  d u r i n g  

T r y p a n o s o m a  c r u z i  i n f e c t i o n .  J .  I m m u n o l . 1 2 1  —  1 2 6 .
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F ' A D A W A R ,  J .  1 9 6 3 -  M a s t —  c e l l s  a n d  b a s o p h i l s .  A n n -  N -  

Y  -  A c a d -  S c i -  103, 1 -  1 4 .

P A P A M I C H A E I L , M ;  G U T I E R R E Z ,  C ;  E M B L I N G ,  P ;  J O H N S O N , P 5 

H 0 L B 0 R 0 W ,  E .  J .  &  P E P Y S ,  M .  B .  1 9 7 5 .  C o m p l e m e n t  d e p e n d e n c e  

o f  l o c a l i z a t i o n  o f  a g g r e g a t e d  I g G  i n  g e r m i n a l  c e n t e r s .  

S c a n d .  J -  i m m u n o l -  4, 3 4 3

P A R R O T ,  D .  M .  V ;  D E  S O U Z A ,  M .  &  E A S T .  J .  1 9 6 6 .  T h y m u s  

d e p e n d e n t  a r e a s  i n  t h e  l y m p h o i d  o r g a n s  o f  n e o n a t a l l y  

t h y m e c t o m i z e d  m i c e  J -  e x p -  M e d -  123, 1 9 1  —  2 0 4 .

P E A R S E ,  A .  G .  E .  1 9 6 8 .  T h e  o i l  r e d  m e t h o d  f o r  n e u t r a l  

f a t s .  H i s t o c h e m i s t r y  t h e o r e t i c a l  a n d  a p p l i e d ,  p p  6 9 7 .  J .  

a n d  A  C h u r c h i l l  L T D ,  L o n d o n .

P E A R S E ,  A .  G .  E .  1 9 7 2 -  N a p h t h y l  m e t h o d  f o r  e s t e r a s e .  

H i s t o c h e m i s t r y  t h e o r e t i c a l  a n d  a p p l i e d ,  p p  1 3 3 7 .  C h u r c h i l l  

L i v i n g s t o n e ,  L o n d o n .

P E A R S O N ,  R .  &  S T E I G B I G E L ,  R .  T .  1 9 8 1 .  P h a g o c y t o s i s  a n d  

k i l l i n g  o f  t h e  p r o t o z o a n  L e i s h m a n i a  d o n o v a n i  b y  h u m a n  

p o l y m o r p h o n u c l e a r  l e u k o c y t e s .  J -  I m m u n o l  -  127,

1 4 3 8  -  1 4 4 3 .

P E R E Z ,  H .  A .  1 9 8 0 .  L a  i n f e c c i o n  e x p e r i m e n t a l  d e l  r a t o n  

con Leismania mexican as E fe c to  d e l  numero d e  p a r a s i t o s  

i n o c u l a d o s  s a b r e  e l  c u r s o  d e  l a  i n f e c c i o n .  A c t a  

C i e n t i - f i c a  V e n e z o l a n a  31, 1 7 4  —  1 7 9 .

P E R E Z ,  H ;  L A B R A D O R ,  F .  &  T O R R E A L B A ,  J .  W .  1 9 7 9 .  

V a r i a t i o n s  i n  t h e  r e s p o n s e  o f  f i v e  s t r a i n s  o f  m i c e  t o  

L e i s h m a n i a  m e x i c a n a  9, 2 7  —  3 2 .

P E R N I S ,  B .  1 9 6 7 .  T h e  i m m u n o g l o b u l i n s  p r e s e n t  i n  t h e  

g e r m i n a l  c e n t e r s .  I n :  G e r m i n a l  c e n t e r s  i n  i m m u n e  r e s p o n s e .  

C O T T I E R ,  H ;  O D A R T C H E N K O ,  N ;  S C H I N D L E R ,  R ;  C 0 N G D 0 N ,  C .  C ;  

e d s ;  p p .  1 1 2  —  1 1 9 .  S p r i n g e r — V e r l a g .
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P H I P P S ,  R .  P ;  M I T C H E L ,  G ;  M A N D E L ,  T .  E .  &  T E W ,  J .  G .  

1 9 8 0 .  A n t i b o d y  i s o t y p e s  m e d i a t i n g  a n t i g e n  r e t e n t i o n  i n  

p a s s i v e l y  i m m u n i z e d  m i c e .  I m m u n o l o g y  4 0 ,  4 5 9  —  4 6 6 .

P O U L T E R ,  L .  W .  1 9 8 0 .  M e c h a n i s m s  o f  i m m u n i t y  t o  

L e i s h m a n i a s i s  I. E v i d e n c e  f o r  a  c h a n g i n g  p r o t e c t i o n  i n  

s e l f — l i m i t i n g  d i s e a s e .  C l i n . e x p .  I m m u n o l  3 9 ,

1 4  -  2 6 .

P O U L T E R ,  L .  W .  &  P E A R C E ,  M .  1 9 8 0 .  M e c h a n i s m s  o f  i m m u n i t y  

t o  l e i s h m a n i a s i s .  I I I .  T h e  d e v e l o p m e n t  a n d  d e c a y  o f  

r e s i s t a n c e  d u r i n g  m e t a s t a t i c  d i s e a s e .  C l i n . e x p .

I m m u n o l , 4 2 ,  2 1 1  -  2 1 8 .

P O U L T E R ,  L .  W .  &  R A N D O L P H , C .  R .  1 9 8 2 .  M e c h a n i s m s  o f  

i m m u n i t y  t o  l e i s h m a n i a s i s  I V .  S i g n i f i c a n c e  o f  l y m p h a t i c  

d r a i n a g e  f r o m  t h e  s i t e  o f  i n f e c t i o n .  C l i n .  e x p .

I m m u n o l . 4 8 ,  3 9 6  —  4 0 2 .

P R E S T O N ,  P -  M ;  C A R T E R ,  R .  L *  L E U C H A R S ,  E ;  D A V I E S ,  A .  J .

&  D U M 0 N D E ,  D .  C .  1 9 7 2 .  E x p e r i m e n t a l  c u t a n e o u s  

l e i s h m a n i a s i s .  I I I .  E f f e c t s  o f  t h y m e c t o m y  o n  t h e  c o u r s e  o f  

i n f e c t i o n  o f  C B A  m i c e  w i t h  L e i s h m a n i a  t r o p i c a . C l i n . e x p ,  

I m m u n o l , 1 0 ,  3 3 7  -  3 5 7 .

P R E S T O N ,  P .  M .  &  D U M O N D E ,  D .  C .  1 9 7 5 .  I m m u n o l o g y  o f  

c l i n i c a l  a n d  e x p e r i m e n t a l  l e i s h m a n i a s i s .  I n :  I m m u n o l o g y  o f  

p a r a s i t i c  I n f e c t i o n -  C O H E N ,  S ;  S A D U V ,  E ;  e d s ;  p p  1 6 7  —  2 0 2 .  

B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n .  O x f o r d .  L o n d o n .

E d i n b u r g h .  M e l b o u r n e .

P R E S T O N ,  P .  M .  &  D U M O N D E ,  D .  C .  1 9 7 6 .  E x p e r i m e n t a l  

c u t a n e o u s  l e i s h m a n i a s i s .  V .  P r o t e c t i v e  i m m u n i t y  i n  

s u b c l i n i c a l  a n d  s e l f - h e a l i n g  i n f e c t i o n  i n  t h e  m o u s e .  C l i n , 

e x p .  I m m u n o l . 2 3 ,  1 2 6  —  1 3 8 .

P R E S T O N ,  P .  M ;  B E H B E H A N I , K .  &  D U M O N D E ,  D .  C .  1 9 7 8 .  

E x p e r i m e n t a l  c u t a n e o u s  l e i s h m a n i a s i s .  V I .  A n e r g y  a n d
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a l l e r g y  i n  t h e  c e l l u l a r  i m m u n e  r e s p o n s e  d u r i n g  n o n  h e a l i n g  

i n f e c t i o n  i n  d i f f e r e n t  s t r a i n s  o f  m i c e .  J .  C l i n .  L a b .  

I m m u n o l ,  1 ,  2 0 7

Q U I S M O R I Q ,  F .  p ;  R E A ,  T .  H 5 L E V A N ,  N .  &  F R I O N ,  6 . 1 9 7 5 .  

I m m u g l o b u l i n  d e p o s i t s  i n  l e p r o m a t o u s  l e p r o s y  s k i n .  P r e s e n c e  

o f  d e p o s i t s ' ^ k p p a r e n t l y  u n i n v o l v e d  s k i n  a n d  o c c u r r e n c e  o f  

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

1 1 1 ,  3 3 1  -  3 3 4 .

R A D W A N S K I ,  Z .  K ;  B R Y C E S O N ,  A .  D .  M .  &  D U M O N D E ,  D .  C .

1 9 7 4 .  I m m u n o f l u o r e s c e n c e  s t u d i e s  o f  L e i s h m a n i a

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

t r o p ,  M e d ,  H y g .  68, 1 2 4  -  1 3 2 .

R E Z A I , H .  R ;  S H E R ,  S .  &  S E T T N E R ,  S .  1 9 6 9 .  L e i s h m a n i a  

t r o p i c a ,  L e i s h m a n i a  d o n o v a n i ,  a n d  L e i s h m a n i a  e n r i e t t i i  

I m m u n e  r a b b i t  s e r u m  i n h i b i t o r y  m e c h a n i s m s  i n  v i t r o ,

E x p t 1 ,  P a r a s i t o l ,  2 6 ,  2 5 7  —  2 6 3 .

R E Z A I ,  H .  R ;  A R D E H A L I , S .  &  S E T T N E R ,  S .  1 9 7 5 .

A n t i — L e i s h m a n i a  a c t i v i t y  o f  n o r m a l  a n i m a l  s e r a .  A n n ,

T r o p ,  M e d ,  p a r a s i t o l ,  6 9 ,  2 9  -  3 3 .

R E Z A I ,  H ,  R ;  J A Y F A R R E L L ,  J .  &  S O U L S B Y ,  E .  L .  1 9 8 0 .  

I m m u n o l o g i c a l  r e s p o n s e s  o f  L ,  d o n o v a n i  i n f e c t i o n  i n  

m i c e  a n d  s i g n i f i c a n c e  o f  T  c e l l  i n  r e s i s t a n c e  t o  

e x p e r i m e n t a l  l e i s h m a n i a s i s .  C l i n ,  e x p ,  I m m u n o l ,

4 0 ,  5 0 8  -  5 1 4 .

R I D L E Y ,  D . S .  1 9 7 9 .  T h e  p a t h o g e n e s i s  o f  c u t a n e o u s  

l e i s h m a n i a s i s .  T r a n s ,  R o y ,  S o c ,  T r o p ,  M e d ,  H y g ,

7 3 ,  1 5 0  -  1 6 0

R I D L E Y ,  D . S .  1 9 8 0 .  A  h i s t o l o g i c a l  c l a s s i f i c a t i o n  o f  

c u t a n e o u s  l e i s h m a n i a s i s  a n d  i t s  g e o g r a p h i c a l  e x p r e s s i o n .  

T r a n s ,  R o y ,  S o c .  t r o p .  M e d .  H y g .  7 4 ,  5 1 0  —  5 2 1

R I D L E Y ,  D .  S .  &  W A T E R S ,  M -  1 9 6 9 .  S i g n i f i c a n c e  o f
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v a r i a t i o n s  w i t h i n  t h e  l e p r o m a t o u s  g r o u p -  L e p r o s y ,

R e v ,  4 0 ,  1 4 3  O  1 5 2 .

R I D L E Y ,  D .  S ;  M A R S D E N ,  P -  D ;  C U B A ,  C -  C -  &  B A R R E T O ,  A .

C .  1 9 8 0 .  A  h i s t o l o g i c a l  c l a s s i f i c a t i o n  o f  m u c o c u t a n e o u s  

l e i s h m a n i a s i s  i n  B r a z i l  a n d  i t s  c l i n i c a l  e v a l u a t i o n .

T r a n s ,  R o y ,  S o c ,  t r o p ,  N e d  H y g .  7 4 ,  5 0 8  —  5 1 4 .

R I D L E Y ,  M .  J ;  R I D L E Y ,  D .  S .  &  T U R K ,  J .  L .  1 9 7 8 .  S u r f a c e  

m a r k e r s  o n  l y m p h o c y t e s  a n d  c e l l s  o f  t h e  m o n o n u c l e a r  

p h a g o c y t e  s e r i e s  i n  s k i n  s e c t i o n  i n  l e p r o s y .  J ,

P a t h ,  1 2 5 ,  9 1  -  9 8 .

R I C H E R S O N ,  H .  B ;  D V O R A K ,  H .  &  L E S K O W I T Z ,  S .  1 9 7 7 .  

C u t a n e o u s  b a s o p h i l  h y p e r s e n s i t i v i t y .  I. A  n e w  l o o k  a t  t h e  

J o n e s - M o t e  r e a c t i o n s ,  g e n e r a l  c h a r a c t e r i s t i c s .  J ,  e x p ,

M e d ,  1 3 2 ,  5 4 6  -  5 5 7 .

S A M T E R ,  M .  Zt C Z A R N Y ,  D .  1 9 7 1 .  S e c o n d a r y  c e l l s  i n v o l v e d  

i n  t h e  a l l e r g i c  r e a c t i o n :  e o s i n o p h i l s ,  b a s o p h i l s ,  

n e u t r o p h i l s .  I n :  I m m u n o l o g i c a l  d i s e a s e s .  S A M T E R ,  M ;  e d ;  p p  

3 7 5  —  3 9 9 .  L i t t l e  B r o w n  St C o .  B o s t o n .

S A N D E R S O N ,  C -  J .  &  D E  S O U Z A ,  W .  1 9 7 9 .  A  m o r p h o l o g i c a l  

i n t e r a c t i o n  b e t w e e n  T r y p a n o s o m a  c r u z i  a n d  r a t  

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

J ,  C e l l ,  S c i ,  3 7 ,  2 7 5  -  2 8 6 .

S C H M U N I S .  6 . St H E R M A N ,  R .  1 9 7 0 .  C h a r a c t e r i s t i c s  o f  

s o - c a l l e d  n a t u r a l  a n t i b o d i e s  i n  v a r i o u s  n o r m a l  s e r a  a g a i n s t  

c u l t u r e  f o r m s  o f  L e i s h m a n  i a ,  J ,  P a r  a s  i t o l ,  5 6 ,

8 8 9  -  8 9 6 .

S C H R E I N E R ,  E .  St W O L F F ,  K .  1 9 7 0 .  S y s t e m i c  l u p u s  

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

b o u n d  g l o b u l i n s  a t  t h e  d e r m a l — e p i d e r m a l  j u n c t i o n .  J ,

I n v e s t ,  D e r m ,  5 5 ,  3 2 5  —  3 2 8 .

S C O T T ,  D .  G .  St R O W E L L ,  N .  R .  1 9 6 5 .  P r e l i m i n a r y



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

a n t i b o d y  t e c h n i q u e .  S r .  J .  D e r i s .  . 7 7 ,  2 1 1  —  2 2 0 .

S I E G E L ,  S .  1 9 5 6 .  N o n  p a r a m e t r i c  s t a t i s t i c s  f o r  t h e  

b e h a v i o r a l  s c i e n c e s .  M e  G r a w - H i l l  b o o k  C o m p a n y ,  N . Y . , 3 1 2

p p .

S I L B E R B E G - S I N A K I N ,  I ;  T H O R B E C k E ,  J ;  B A R E ,  R ;  R O S E N T H A L ,

S .  &  B E R E Z Q W S K Y ,  V .  1 9 7 6 .  A n t i g e n — b e a r i n g  L a n g e r h a n s  c e l l  

i n  s k i n ,  d e r m a l  l y m p h  n o d e s .  C e l l .  I m m u n o l .  2 5 ,

1 3 7  -  1 5 1 .

S K O V ,  C .  B .  &  T W O H Y .  D .  W .  1 9 7 4 .  C e l l u l a r  i m m u n i t y  t o  

L e i s h m a n  i a  d o n o v a n  i  I. T h e  e f f e c t  o f  T  c e l l  d e p l e t i o n  

o n  r e s i s t a n c e  t o  L - d o n o v a n i  i n  m i c e .  J .  i m m u n o l ,

1 1 3 ,  2 0 0 4  -  2 0 1 1 .

S O H N L E , P .  G .  &  K I R K P A T R I C K ,  C .  H .  1 9 7 6 .  D e p o s i t i o n  o f  

c o m p l e m e n t  i n  t h e  l e s i o n s  o f  e x p e r i m e n t a l  c u t a n e o u s  

c a n d i d i a s i s  i n  g u i n e a  p i g s .  J .  C u t a n . P a t h . 3 ,

2 3 2  -  2 3 8 .

S O N T H E I M E R ,  R . D .  &  G I L L I A M ,  J .  N .  1 9 8 1 .  I m m u n o l o g i c a l l y  

m e d i a t e d  e p i d e r m a l  c e l l  i n j u r y .  S p r i n g e r  S e m i n a r s  i n  

I m m u n o p a t h o l o g y  4 ,  1 —  1 5 .

S T E I N M A N ,  R .  Sc C O H N ,  Z. A .  T h e  i n t e r a c t i o n  o f  s o l u b l e  

h o r s e r a d i s h  p e r o x i d a s e  w i t h  m o u s e  p e r i t o n e a l  m a c r o p h a g e s  

i n  v i t r o . J .  C e l l .  B i o l . 5 5 ,  1 8 6  -  2 0 4 .

S T E I M A N ,  R .  &  C O H N ,  R .  1 9 7 3 .  I d e n t i f i c a t i o n  o f  a  n o v e l  

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

M o r p h o l o g y ,  q u a n t i t a t i o n ,  t i s s u e  d i s t r i b u t i o n .  J .  e x p .

M e d ,  1 3 7 , 1 1 4 2  -  1 1 6 2 .

S T E I N M A N ,  R . M ;  K A P L A N ,  G ;  W I T M E R ,  M . D .  &  C O H N ,  Z . A .

1 9 7 9 .  I d e n t i f i c a t i o n  o f  a  n o v e l  c e l l  t y p e  i n  p e r i p h e r a l  

l y m p h o i d  o r g a n s  o f  m i c e .  V .  P u r i f i c a t i o n  o f  s p l e e n  

d e n d i d r i t i c  c e l l s  n e w  s u r f a c e  m a r k e r s  a n d  m a i n t e n a n c e  i n
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v i t r o .  J .  e x p .  M e d .  1 4 9, 1 — 16

S Y M M E R S ,  W .  S T -  C -  1 9 7 8 -  T h e  l y m p h o — r e t i c u l a r  s y s t e m .  I n  

: S y s t e m i c  p a t h o l o g y  I I  E d - ,  S I M M E R S ,  W . S . T .  e d -  p p  5 0 6  —  

5 1 B .  C h u r c h i l l  l i v i n g s t o n e .

S Z A R F M A N ,  A ;  K H O U R Y ,  E - L ;  C 0 S S I 0 ,  P . M ;  A R A M A ,  R . M .  &  

K A G A N ,  I - G -  1 9 7 5 -  I n v e s t i g a t i o n  o f  t h e  E V I  a n t i b o d y  i n  

p a r a s i t e  d i s e a s e s  o t h e r  t h a n  A m e r i c a n  t r y p a n o s o m i a s i s .  A n  

a n t i s k e l e t a l  m u s c l e  a n t o b o d y  i n  l e i s h m a n i a s i s .  A m .  J .

T r o p .  M e d .  H y g  2 4 ,  1 9  -  2 4 .

S P E C T O R ,  W .  G .  1 9 8 0 -  T h e  m o r p h o l o g y ,  k i n e t i c s  a n d  f a t e  

o f  g r a n u l o m a s .  I n s  V e r h a n d l u g e n  d e r  D e u t s c h e n  G e s e l l s c h a f t  

f u r  P a t h o l o g i e  6 4  T a g u n g ,  H E R A U S G E G E B E N  V O N ,  G - D ;

V I E R U N D S E C H Z I G S S T E , T ;  e d s ;  G u s t a v  F i s c h e r  V e r l a g .  

S t u t t g a r t .  N . Y .

S T I N G L .  G ;  W O L F F — S C H R E I N E R , E .  C ;  P I C H L E R ,  W .  J ;  

G S C H N A I T ,  F .  &  K N A P P ,  W .  1 9 7 7 .  E p i d e r m a l  L a n g e r h a n s  c e l l s  

b e a r  F c  a n d  0 3  r e c e p t o r s .  N a t u r e  2 6 8 ,  2 4 5  —  2 4 6 .

T A N ,  R .  S .  H ;  B Y R O M ,  N .  A .  &  H A Y E S ,  J .  P .  1 9 7 5 .  A  m e t h o d  

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

S t u d i e s  o n  s k i n  r e t i c u l o s e s  a n d  l i c h e n  p l a n u s .  J .

D e r m .  9 3 ,  2 7 1  -  2 7 5 .

T H O R N E ,  K .  J .  I; G L A N E R T ,  M ;  S W E N N S E N ,  R ,  J .  &  F R A N K S ,  

D .  1 9 7 9 .  P h a g o c y t o s i s  a n d  k i l l i n g  o f  T r y p a n o s o m a  

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

m o n o c y t e s . P a r a s i t o l o g y  7 9 ,  3 6 7  —  3 7 9 .

T U F F A N E L L I ,  D .  L ;  K A Y ,  D .  &  F U K U Y A M A ,  K .  1 9 6 9 .

D e r m a l — e p i d e r m a l  j u n c t i o n  i n  l u p u s  e r y t h e m a t o s u s .  A r c h .  

D e r m .  9 9 ,  6 5 2  -  6 6 2 .

T U R K ,  J .  L .  1 9 7 5 .  I n t e r a c t i o n  b e t w e e n  B  a n d  T  

l y m p h o c y t e s  i n  d e l a y e d  h y p e r s e n s i t i v i t y .  I n :  M o n o n u c l e a r  

p h a g o c y t e s  i n  i m m u n i t y ,  i n f e c t i o n  a n d  p a t h o l o g y .  V A N  F U R T H ;
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e d ;  p p  5 3 3  -  5 3 7 .  B l a c k w e l l  S c i e n t i f i c  p u b l i c a t i o n .  O x f o r d .  

L o n d o n .  E d i n b u r g h .  M e l b o u r n e .

T U R K ,  J .  L .  1 9 8 0 -  P r o d u c t i o n  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  

a n d  i t s  m a n i f e s t a t i o n s .  I n :  R e s e a r c h  m o n o g r a p h s  i n  

i m m u n o l o g y .  V o l  I D e l a y e d  H y p e r s e n s i t i v i t y ,  p p  1 3  —  4 3 .  

E l s e v i e r — N o r t h  H o l l a n d .

T U R K ,  J .  L .  St S T O N E ,  S .  H .  1 9 6 3 .  I m p l i c a t i o n s  o f  t h e  

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

i n h i b i t i o n  o f  d e l a y e d  t y p e  h y p e r s e n s i t i v i t y .  I n :  C e l l  b o u n d  

a n t i b o d i e s .  C o n f e r e n c e  o f  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l .  

P r o c e e d i n g s .  B E R N A R D ,  A ;  K 0 P R 0 W S K Y ,  H ;  e d ;  p p  5 1  -  6 0 .

T U R K ,  J . L .  St B R Y C E S O N ,  A .  D .  M .  1 9 7 1 .  I m m u n o l o g i c a l  

p h e n o m e n a  i n  l e p r o s y  a n d  r e l a t e d  d i s e a s e s .  A d v a n .

I m m u n o l .  13, 2 0 9  —  2 6 6 .

T U R K ,  J .  L .  Sc W A T E R S ,  M .  F .  R .  1 9 7 1 .  I m m u n o l o g i c a l  

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

s p e c t r u m .  Clin, e x p .  I m m u n o l .  8 ,  3 6 3  —  3 7 6 -

T U R K ,  J .  L .  St P A T H ,  F .  R .  C .  C o n t r o l  m e c h a n i s m s  i n  

d e l a y e d  t y p e  h y p e r s e n s i t i v i t y .  B r .  M e d .  B u l l .  32,

1 6 5  -  1 7 0 .

T U R K ,  L ;  P 0 L A K ,  L .  St P A R K E R ,  D .  C o n t r o l  m e c h a n i s m s  i n  

d e l a y e d  h y p e r s e n s i t i v i t y .  S r .  M e d .  B u l l .  3 2 ,  1 6 5  -  

1 7 0 .

T E W ,  J .  G .  St M A N D E L ,  T .  E .  1 9 7 8 .  T h e  m a i n t a n c e  a n d  

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

r e t a i n e d  i n  l y m p h o i d  f o l l i c l e s .  J .  I m m u n o l .  120,

1 0 6 3  -  1 0 6 9 .

T E W ,  J .  G .  St M A N D E L ,  T  . E .  1 9 7 9 .  P r o l o n g e d  a n t i g e n  

h a l f - l i f e  i n  t h e  l y m p h o i d  f o l l i c l e s  o f  s p e c i f i c a l l y  

i m m u n i z e d  m i c e .  I m m u n o l o g y  37, 6 9  —  7 6 .
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T E W ,  J .  G ;  M A N D E L ,  T .  E .  &  B U R G E S S ,  A .  W .  1 9 7 9 .

R e t e n t i o n  o f  i n t a c t  H  S  A  f o r  p r o l o n g e d  p e r i o d s  i n  t h e  

p o p l i t e a l  l y m p h  n o d e  o f  s p e c i f i c a l l y  i m m u n i z e d  m i c e .  C e l l .  

I m m u n o l .  4 5 ,  2 0 7  -  2 1 2 .

T E W ,  J .  G ;  P H I P P S ,  R .  P .  &  M A N D E L ,  T .  E .  1 9 8 0 .  T h e  

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

P e r s i s t i n g  a n t i g e n  a n d  t h e  r o l e  o f  f o l l i c u l a r  d e n d r i t i c  

c e l l s  a s  a c c e s o r y  c e l l s .  I m m u n o l .  R e v .  5 3 ,  1 7 6  —

201.
U E K I ,  H .  1 9 7 7 .  S y s t e m i c  l u p u s  e r y t h e m a t o s u s .  I n :  

F l u o r e s c e n t  a n t i b o d y  t e c h n i q u e s  a n d  t h e i r  a p p l i c a t i o n s .  

K A W A M U R A ,  A .  J r ;  e d ;  p p .  2 6 5  2 7 2 .  U n i v e r s i t y  o f  o k y o  

P r e s s .  U n i v e r s i t y  P a r k  P r e s s .

U L M E R ,  A .  J .  &  F L A D ,  H .  D .  1 9 7 9 .  D i s c o n t i n u e s  d e n s i t y  

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

P e r c o l l  a s  g r a d i e n t  m e d i u m .  J .  I m m u n o l ,  M e t h .

3 0 ,  1 - 1 0 .

U L R I C H ,  M ;  T R U J I L L O ,  D .  &  C 0 N V I T ,  J -  1 9 6 8 .  T h e  e f f e c t  o f  

f r e s h  s e r u m  o n  t h e  l e p t o m o n a d s  o f  L e i s h m a n  i a .  I.

P r e l i m i n a r y  r e p o r t .  T r a n s .  R o y .  S o c .  t r o p .  M e d ,  M y g .

62, 8 2 5  -  8 3 0 .

U N A N U E ,  E .  R .  1 9 8 1 .  T h e  r e g u l a t o r y  r o l e  o f  m a c r o p h a g e s  

i n  a n t i g e n i c  s t i m u l a t i o n .  P a r t  T w o :  S y m b i o t i c  r e l a t i o n s h i p  

b e t w e e n  l y m p h o c y t e s  a n d  m a c r o p h a g e s .  A d v .  I m m u n o l .

31, 1 -  1 3 6 .

U N A N U E ,  E .  R .  &  C E R O T T I N I , J .  C .  1 9 6 9 .  P e r s i s t e n c e  o f  

a n t i g e n  i n  t h e  s u r f a c e  o f  m a c r o p h a g e s .  N a t u r e  

222, 1 1 9 3  -  1 1 9 5 .

V A L N E S ,  K .  &  B R A N D T Z A E G ,  P .  1 9 8 1 .  S e l e c t i v e  i n h i b i t i o n  

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

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

i m m u n o f l u o r e s c e n c e  s t u d i e s .  J .  H i s t o c h e m .  c y t o c h e m .
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2 9 ,  595 - 600.

V A N  R 0 0 I J E N ,  N .  1 9 7 3 -  M e c h a n i s m s  o f  f o l l i c u l a r  a n t i g e n  

t r a p p i n g  m i g r a t i o n  o f  a n t i g e n — a n t i b o d y  c o m p l e x e s  f r o m  

m a r g i n a l  z o n e  t o w a r d s  f o l l i c l e  c e n t r e s -  I m m u n o l o g y  

2 5 ,  8 4 7  -  8 5 2 .

V A N  F U R T H ,  R -  1 9 8 0 -  C e l l s  o f  t h e  m o n o n u c l e a r  p h a g o c y t e  

s y s t e m  n o m e n c l a t u r e  i n  t e r m s  o f  s i t e s  a n d  c o n d i t i o n s .  I n :  

M o n o n u c l e a r  p h a g o c y t e s .  F u n c t i o n a l  a s p e c t s .  V A N  F U R T H ;  e d ;  

p p -  1 — 3 1 -  M a r t i n u s  N i j h o f f  p u b l i s h e r .  T h e  H a g u e .  B o s t o n .  

L o n d o n -

W A A L E R ,  E ;  T O N D E R ,  □ ;  G O D A L ,  T ;  W I L D E .  E - J ;  S A G H E R ,  F.

St S H A K I N ,  J -  1 9 7 1 -  A n t i  Y  g l o b u l i n  a c t i v i t y  i n  l e p r o u s  

l e s i o n s .  I n t e r n a t ,  J -  L e p r o s y . 3 9 ,  5 2 9  —  5 4 0 .

W A L L A C H ,  D ;  C R I C K X ,  B ;  G L E I 2 E S ,  E ;  P E N N E E ,  J .  St 
C O T T E N O T ,  F .  1 9 7 9 .  I m m u n o f 1 u o r e s c e n t  c u t a n e e  a l  l e p r e  

l e r p r o m a t e u s e .  A c t ,  l e p r o l o g i c a  ( G e n e v e )  N o u v e l l e  

s e r i e  7 6 - 7 7 ,  1 4 9  -  1 5 7 .

W A R D ,  P . A .  1 9 6 9 .  E v i d e n c e  f o r  s o l u b l e  i m m u n e  c o m p l e x e s  

i n  t h e  p a t h o g e n e s i s  o f  t h e  g l o m e r u l o  n e p h r i t i s  o f  q u a r t a n  

m a l a r i a .  L a n c e t  1 ,  2 8 3  -  2 8 5

W A R D ,  P . A .  St C O C H R A N E ,  C . G .  1 9 6 5 .  B o u n d  c o m p l e m e n t  a n d  

i m m u n o l o g i c  i n j u r y  o f  b l o o d  v e s s e l s .  J .  e x p ,  M e d ,

1 2 1 ,  215 - 237.

W A R D ,  P . A .  1 9 6 9 .  C h e m o t a x i s  o f  h u m a n  e o s i n o p h i l s .  A m e r ,  

J ,  P a t h ,  5 4 ,  1 2 1  -  1 2 8 .

W E I N T R A V &  , J .  St W E I N B A U N ,  F . I .  1 9 7 7 .  T h e  e f f e c t  o f  B C G  

o n  e x p r i m e n t a l  c u t a n e o u s  l e i s h m a n i a s i s  i n  m i c e .  J ,

I m m u n o l ,  1 1 8 ,  2288 - 2290.

WEINTRAUB, B.J; GOTTLIEB, M. St WEINBAUM, F- 1982. 

L e i s h m a n i a  t r o p i c a l  a s s o c i a t i o n  o f  a  B c e l l  m i t o g e n
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w i t h  h y p e r g a m m a  g l o b u l i n e m i a  i n  m i c e -  Exptl. Par as it.

5 3 ,  8 7  -  9 6 -

W I C K ,  G; BAUDNER, S. St HERZOG, F- 1978. 
I m m u n o f l u o r e s c e n c e .  C o n t r i b u t i o n s  t o  t h e o r y  a n d  p r a c t i c e  o-f 

i m m u n o f l u o r e s c e n c e .  M .  d i e  M e d i z i n i s c h e  

v e r l a g s g e s e l l s c h a f t .

W H I T E ,  R -  G -  1 9 6 3 -  F u n c t i o n a l  r e c o g n i t i o n  o f  

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

a n t i b o d y  t e c h n i q u e .  I n  : T h e  i m m u n o l o g i c a l l y  c o m p e t e n t  c e l l  

i t s  n a t u r e  a n d  o r i g i n -  C I B A  F o u n d a t i o n  G r o u p  N o -  1 6 .  

W O L S T E N H O L M E , G - E - W -  St K N I G H T ,  J .  e d s -  J .  St C h u r c h i l l  L T D .  

L o n d o n -

W H I T E ,  R . G ;  F R E N C H ,  V .  I. St S T A R K ,  J . M .  1 9 6 7 .  G e r m i n a l  

c e n t e r s  f o r m a t i o n  a n d  a n t i g e n  l o c a l i z a t i o n  i n  M a l p i g h i a n  

b o d i e s  o f  t h e  c h i c k e n  s p l e e n .  I n  :  G e r m i n a l  c e n t e r s  i n  

i m m u n e  r e s p o n s e .  C O L L I E R ,  H ;  O D A R T C H E N K O  N ;  S C H I N D L E R ,  R ;  St

C . C .  C O N G D O N  e d s .  P B L .  S p r i n g e r  V e r l a g ,  N . Y .

W I L L I A M S ,  P .  St C O E L H O ,  M .  d e  V .  1 9 7 8 .  T a x o n o m y  a n d  

t r a n s m i s s i o n  o f  L e i s h m a n i a .  A d v .  P a r  a s  i t .  1 6 ,

1 - 4 2

Z A B R I S K E ,  J . B .  St F R E I M E R ,  E . H .  1 9 6 6 .  A n  i m m u n o l o g i c a l  

r e l a t i o n s h i p  b e t w e e n  t h e  g r o u p  A  s t r e p t o c o c u s  a n d  m a m m a l i a n  

m u s c l e .  J .  e x p .  M e d .  1 2 4 ,  6 6 1  —  6 7 8 .

fĉ CKERMAN, A- 1 9 7 5 .  P a r a s i t o l o g i c a l  r e v i e w .  C u r r e n t  

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

L e i s h u a n  i a .  E x p t l .  P a r  a s  i t .  3 8 ,  3 7 0  —  4 0 0 .


