
1

DYNAMICS OF R E P E A T E D  I N F E C T I O N  OF HIGH AND LOW RESPONDER  

IN B R E D  M IC E  W ITH  HEL IGMOSOMOIDES  POLYGYRUS

by

MALEFANE  M. MAEMA

B . S c . ( L e s o t h o ) , M . P h i l  ( C a n t a b . )

T h e s i s  s u b m i t t e d  f o r  t h e  d e g r e e  o f  D o c t o r  o f  P h i l o s o p h y  c 

D i p l o m a  o f  I m p e r i a l  C o l l e g e  i n  t h e  F a c u l t y  o f  S c i e n c e  o f

U n i v e r s i t y  o f  L o n d o n .

O c t o b e r  1986

D e p a r t m e n t  o f  P u r e  and  A p p l i e d  B i o l o g y  

I m p e r i a l  C o l l e g e  o f  S c i e n c e  and T e c h n o l o g y  

P r i n c e  C o n s o r t  Ro a d

nd

the

L o n d o n  SW7 2BB



2

DYNAMICS OF R E P E A T E D  I N F E C T I O N  OF HIGH AND LOW RESPONDER 

IN B R E D  M IC E  WITH HEL IGMOSOMOIDES  POLYGYRUS

by

MALEFANE  M. MAEMA

ABSTRACT

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

l a b o r a t o r y  m i c e  w i t h  t h e  hookworm H e l i g m o s o m o i d e s  p o l y g y r u s  

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

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

h i g h  and lo w  r e s p o n d e r s  f r o m  an o u t b r e d  mouse p o p u l a t i o n .

S i n g l e  i n f e c t i o n  e x p e r i m e n t s  a r e  e m p lo y e d  t o  o b t a i n  

q u a n t i t a t i v e  e s t i m a t e s  o f  v a r i o u s  p o p u l a t i o n  r a t e - d e t e r m i n i n g  

p a r a m e t e r s .  P a r a s i t e  e s t a b l i s h m e n t  was  l i n e a r l y  r e l a t e d  t o  

t h e  d e n s i t y  o f  i n f e c t i v e  l a r v a e .  P a r a s i t e  f e c u n d i t y  was  

f o u n d  t o  be b o t h  a g e -  and  d e n s i t y - d e p e n d e n t ,  and p a r a s i t e  

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

b u r d e n s  p e r  h o s t .

U n d e r  c o n d i t i o n s  o f  r e p e a t e d  e x p o s u r e  t o  i n f e c t i o n ,  

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

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

mean worm b u r d e n s  i n  h i g h  r e s p o n d e r  m i c e  e x p o s e d  t o  a h i g h  

do se  o f  i n f e c t i o n  r e v e a l e d  a  c o n v e x  p a t t e r n .  A m a t h e m a t i c a l  

m o de l  w h i c h  i n c o r p o r a t e s  a r e d u c t i o n  i n  p a r a s i t e  e s t a b l i s h ­
ment and  i n c r e a s e d  p a r a s i t e  m o r t a l i t y  r a t e  due t o  an 

a c c u m u l a t e d  e x p e r i e n c e  o f  p a s t  i n f e c t i o n ,  i s  e m p lo y e d  t o  

a n a l y s e  and  i n t e r p r e t  t h e  d a t a .

A n t i b o d y  r e s p o n s e s  t o  c r u d e  and  s u r f a c e  a n t i g e n s  o f

t h e  p a r a s i t e  a r e  c o m p a re d  b e t w e e n  t h e  h i g h  and  lo w  r e s p o n d e r

mouse s t r a i n s  d u r i n g  r e p e a t e d  i n f e c t i o n ,  u s i n g  E L I S A ,

i m m u n o p r e c i p i t a t i o n , S D S- P A G E  and a u t o r a d i o g r a p h y .  The

i m p a c t  o f  c h e m o t h e r a p y  and  v a c c i n a t i o n  on t h e  d y n a m i c s  o f

r e p e a t e d  i n f e c t i o n ,  and  t h e  d u r a t i o n  o f  a c q u i r e d  r e s i s t a n c e
i n  t h e s e  m i c e ,  a r e  a s s e s s e d .  The r e s u l t s  a r e  d i s c u s s e d  i n
t h e  l i g h t  o f  c u r r e n t  k n o w l e d g e  o f  t h e  e p i d e m i o l o g y  and 
c o n t r o l  o f  i n t e s t i n a l  n e m a to d e  i n f e c t i o n s  o f  hum ans .
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L I S T  O F  F I G U R E S

Figure number

1 .1  The l i f e  c y c l e  o f  He 1 ig m o s o m o id e s

p o l y g y r u s  (= N e m a t o s p i r o i d e s  d u b i u s )

2 .1  A p p a r a t u s  f o r  t h e  c o l l e c t i o n  o f ,  and 

c u l t u r e  o f  H. p o l y g y r u s  f r o m  mouse f a e c e s  

i n  t h e  l a b o r a t o r y

3 .1  The r e l a t i o n s h i p  b e t w e e n  t h e  number  o f  

f e m a l e  H . p o l y g y r u s  a n d  t h e  t o t a l  number o f  

e g g s / 1 6 h / m o u s e  f r o m  s i n g l y  i n f e c t e d  m a le  

and  f e m a l e  o u t b r e d  MF1 m ic e

3 .2  The r e l a t i o n s h i p  b e t w e e n  t h e  number  o f  eggs  

p e r  16h p e r  mouse and  g r o u p s  o f  f e m a l e

H . p o l y g y r u s  (worm c l a s s )  .

3 . 3  The f r e q u e n c y  d i s t r i b u t i o n  o f  H . p o l y g y r u s  

eg g s  p e r  16h i n  m i c e  w h i c h  w e r e  s e l e c t e d  as  

h i g h  and  lo w  r e s p o n d e r s  f r o m  a c o n t r o l  

o u t b r e d  MF1 rando m  p o p u l a t i o n  d u r i n g  4

g e n e r a t i o n s



1 0

3 .4  The r e l a t i o n s h i p  b e t w e e n  mouse l i t t e r  s i z e

and  t h e  p h e n o t y p i c  c h a r a c t e r  ' f a e c a l  p a r a s i t e  

e g g s / 1 6 h / m o u s e ' d u r i n g  s e l e c t i o n  f o r  h i g h  and 

lo w  r e s p o n d e r s  f r o m  o u t b r e d  MF1 m i c e .

4 .1  D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  t h e  d i r e c t  

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

H e l i g m o s o m o i d e s  p o l y g y r u s  s h o w in g  t h e  

v a r i o u s  r a t e - d e t e r m i n i n g  p o p u l a t i o n  

p a r a m e t e r s  c o n t r o l l i n g  t h e  t r a n s m i s s i o n

o f  t h e  p a r a s i t e

4 .2  The r e l a t i o n s h i p  b e t w e e n  t h e  ' i n t e n d e d '  and 

' e s t i m a t e d '  d o s e  o f  i n f e c t i v e  H . p o l y g y r u s  

l a r v a e

4 .3  The  o b s e r v e d  mean worm b u r d e n s  i n  i n b r e d  

C BA /C a  and N IH  and  o u t b r e d  MF1 m i c e ,  14 

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

o f  H. p o l y g y r u s  l a r v a e .

4 .4  A p l o t  o f  t h e  l o g ( 1 0 )  v a r i a n c e  a g a i n s t  

t h e  l o g ( 1 0 ) mean worm b u r d e n  i n  i n b r e d  

C B A / C a ,  N IH  and  o u t b r e d  M F l  m i c e ,  14 d a y s

F i g u r e  n u m b e r P a g e

99

107

112

116

a f t e r  i n f e c t i o n  w i t h  H . p o l y g y r u s . 118
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F i g u r e

4.5

4.6

4.7

4.8

4.9

4.10

The mean number  o f  a d u l t  H . p o l y g y r u s  

s u r v i v i n g  o v e r  a p e r i o d  o f  up t o  24 w e e k s  

f o l l o w i n g  a p r i m a r y  i n f e c t i o n  i n  i n b r e d  

C BA/Ca  m i c e .

The i n s t a n t a n e o u s  p a r a s i t e  d e a t h  r a t e  

( p e r  p a r a s i t e  p e r  w e e k )  i n  i n b r e d  CBA/Ca  

m ic e  i n f e c t e d  w i t h  v a r y i n g  i n i t i a l  d e n s i t i e s  

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

The r e l a t i o n s h i p  b e t w e e n  t h e  i n s t a n t a n e o u s  

d e a t h  r a t e  p e r  p a r a s i t e  p e r  week  and t h e  

i n i t i a l  d o s e  o f  i n f e c t i o n  o f  CBA/Ca  m ic e  

w i t h  H. p o l y g y r u s .

Density-dependent per capita egg production 

by female H .polygyrus in inbred CBA/Ca mice

D e n s i t y - d e p e n d e n t  f e c u n d i t y  p e r  f e m a l e  

H . p o l y g y r u s  i n  m a le  a n d  f e m a l e  o u t b r e d  MF1 

m ic e  and  i n  i n b r e d  N IH  m i c e .

Age- and density- dependent egg production

n u m b e r P a g e

123

128

131

134

137

by female H.polygyrus in inbred CBA/Ca mice 140



12

4 .1 1  The mean number  o f  H . p o l y g y r u s  and t h e  p e r  

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

i n b r e d  C BA /C a  m i c e  im m u n iz e d  by t h r e e  w e e k l y  

i n f e c t i o n s  o f  55 L3 H . p o l y g y r u s /mouse and 

t h e n  c h a l l e n g e d  w i t h  200 L3 a f t e r  

c h e m o t h e r a p y

4 .1 2  E x p e r i m e n t a l  p r o t o c o l  t o  i n v e s t i g a t e  t h e  

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

s u b s e q u e n t  e s t a b l i s h m e n t  o f  c h a l l e n g e  

i n f e c t i o n s  o f  o u t b r e d  MF1 m ic e  w i t h

H. p o l y g y r u s  l a r v a e

5 .1  The mean number  o f  p a r a s i t e s  r e c o v e r e d  f rom  

lo w  and  h i g h  r e s p o n d e r  i n b r e d  m ic e  d u r i n g  

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

5 .2  The c h a n g e s  i n  t h e  v a r i a n c e  t o  mean r a t i o  

o f  t h e  number  o f  H . p o l y g y r u s  i n  lo w  and 

h i g h  r e s p o n d e r  i n b r e d  m i c e  d u r i n g  t r i c k l e  

i n f e c t i o n

5 .3  C h a n g e s  i n  t h e  p r o p o r t i o n  o f  m ic e  i n f e c t e d  

(% p r e v a l e n c e )  w i t h  t i m e  i n  lo w  and h i g h  

r e s p o n d e r  m i c e  e x p o s e d  t o  r e p e a t e d  i n f e c t i o n

F i g u r e  n u m b e r P a g e

145

147

164

166

w i t h  H . p o l y g y r u s 169
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5 .4  C h a n g e s  i n  t h e  s e x - r a t i o  ( f e m a l e / m a 1e ) o f

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

r e p e a t e d l y  e x p o s e d  t o  i n f e c t i o n  171

5 .5  C h a n g e s  i n  t h e  p e r  c a p i t a  f e c u n d i t y  o f  

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

i n b r e d  m i c e  r e p e a t e d l y  e x p o s e d  t o  i n f e c t i o n  174

5 .6  The d y n a m i c s  o f  r e p e a t e d  i n f e c t i o n  o f  l o w  

r e s p o n d e r  i n b r e d  C B A / C a  m ic e  e x p o s e d  t o  a

h i g h  d o s e  o f  50 L3 H . p o l y g y r u s / m o u s e / 2 w eeks  176

F i g u r e  n u m b e r  P a g e

5 .7  The d y n a m i c s  o f  r e p e a t e d  i n f e c t i o n  o f

o u t b r e d  MF1 m i c e  w i t h  a h i g h  d o se  o f  50 L3 

H ♦p o l y g y r u s  p e r  mouse p e r  week  179

5 .8  The o b s e r v e d  and  p r e d i c t e d  mean worm b u r d e n s

i n  lo w  r e s p o n d e r  C B A / C a  i n b r e d  m ic e  e x p o s e d  

r e p e a t e d l y  t o  H . p o l y g y r u s  183

5 . 9  The o b s e r v e d  and  p r e d i c t e d  mean worm b u r d e n s  

i n  o u t b r e d  MF1 m i c e  e x p o s e d  r e p e a t e d l y  t o  

50 L3 H . p o l y g y r u s  p e r  mouse p e r  w eek  185
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F i g u r e

5.10

5.11

5 .1 2

5 .1 3

5 .1 4

D e s i g n  o f  t h e  e x p e r i m e n t  t o  i n v e s t i g a t e  

t h e  e f f e c t  o f  t h e  summed p a s t  e x p e r i e n c e  

o f  i n f e c t i o n  on p a r a s i t e  e s t a b l i s h m e n t

The mean number  o f  c h a l l e n g e  worms r e c o v e r e d  

f r o m  m ic e  e x p o s e d  t o  a r e p e a t e d  i n f e c t i o n  

w i t h  50 L3 H . p o l y g y r u s /mouse /week  

( e x p e r i m e n t a l )  c o m p a r e d  t o  t h e  number o f  

worms i n  a g e - m a t c h e d  c h a l l e n g e  c o n t r o l  m i c e ,  

a s  a f u n c t i o n  o f  t h e  c u m u l a t i v e  d o se  o f  

i n f e c t i o n

The o b s e r v e d  mean n um b er  o f  H . p o l y g y r u s  

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

50 L 3 / m o u s e ,  a s  a p r o p o r t i o n  o f  t h e  mean 

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

c o n t r o l  m i c e .  D a t a  f r o m  i n b r e d  and o u t b r e d  

m i c e .

The o b s e r v e d  and  p r e d i c t e d  mean worm 

b u r d e n s  i n  i n b r e d  N IH  h i g h  r e s p o n d e r  m ic e  

e x p o s e d  r e p e a t e d l y  t o  H . p o l y g y r u s

E x p e r i m e n t a l  d e s i g n  t o  i n v e s t i g a t e  t h e  

i m p a c t  o f  c h e m o t h e r a p y  on t h e  d y n a m i c s  o f  

r e p e a t e d  i n f e c t i o n  o f  l o w  r e s p o n d e r  m ic e  

w i t h  H . p o l y g y r u s  a t  t h e  lo w  and  h i g h  d o s e s

n u m b e r P a g e

188

191

198

202

o f  i n f e c t i o n
2 0 5
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F i g u r e

5 .1 5

5 .1 6

5 .1 7

5 .1 8

The o b s e r v e d  mean worm b u r d e n s  i n  g r o u p s  

o f  10 lo w  r e s p o n d e r  C B A / C a  m ic e  e x p o s e d  

t o  a 3-week  and  a 6 - w e e k  i n i t i a l  t r i c k l e  

i n f e c t i o n  b e f o r e  t h e  a p p l i c a t i o n  o f  

c h e m o t h e r a p y

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

f r o m  g r o u p s  o f  10 l o w  r e s p o n d e r  C BA/Ca  

m ic e  e x p o s e d  t o  a 3 - w e e k  and a 6-week  

i n i t i a l  t r i c k l e  i n f e c t i o n  b e f o r e  

c h e m o t h e r a p y

C h a n g e s  i n  t h e  t o t a l  number  o f  H . p o l y g y r u s  

e g g s  e x c r e t e d  b y  same m ic e  e x p o s e d  t o  50 L 3 /  

m o use / w e e k  f o r  6 w e e k s  b e f o r e  c h e m o t h e r a p y  

and  1 w eek  t h e r e a f t e r ,  f o l l o w i n g  i n f e c t i o n  

f o r  a f u r t h e r  10 w e e k s .

The i m p a c t  o f  v a c c i n a t i o n  o f  lo w  and  h i g h  

r e s p o n d e r  i n b r e d  m i c e  w i t h  250 i r r a d i a t e d  

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

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

n u m b e r P a g e

208

210

212

t h e  r a t e  o f  50 L 3 / m o u s e / w e e k 215
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5 .1 9  C h a n g e s  i n  t h e  t o t a l  egg  p r o d u c t i o n  o f

H . p o l y g y r u s / I 6h/m ouse  i n  i n d i v i d u a l  h i g h  

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

w i t h  50 L 3 / m o u s e / w e e k , one week  a f t e r  

v a c c i n a t i o n  w i t h  250 i r r a d i a t e d  l a r v a e

5 .2 0  E x p e r i m e n t a l  d e s i g n  t o  a s s e s s  t h e  d u r a t i o n  

o f  r e s i s t a n c e  i n d u c e d  by  r e p e a t e d  i n f e c t i o n  

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

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

m i c e  t o  50 L3 H ♦p o l y g y r u s /m o u se /w e e k

5 .2 1  The d u r a t i o n  o f  r e s i s t a n c e  t o  H ♦p o l y g y r u s  

i n  l o w  r e s p o n d e r  m i c e .  R e s i s t a n c e  was 

i n d u c e d  by  e i t h e r  r e p e a t e d  i n f e c t i o n  and 

c h e m o t h e r a p y  o r  v a c c i n a t i o n  o f  m ic e  w i t h  

i r r a d i a t e d  l a r v a e

6 .1  S e r u m  a n t i b o d i e s  o f  t h e  I g G l  and  IgM 

i s o t y p e s  i n  l o w  r e s p o n d e r  C BA/Ca  m ic e  

e x p o s e d  t o  H . p o l y g y r u s  a t  t h r e e  l e v e l s  o f  

i n f e c t i o n  d u r i n g  a 1 2 - w e e k  p e r i o d

6 . 2  C o m p a r i s o n  o f  s e ru m  a n t i b o d i e s  t o  a d u l t

H ♦p o l y g y r u s  i n  l o w  ( C B A / C a )  and  h i g h  (N IH )  

r e s p o n d e r  m i c e  r e p e a t e d l y  e x p o s e d  t o  

i n f e c t i o n  a t  a h i g h  d o s e  o f  50 L3 / m o u se / w e e k

F i g u r e  n u m b e r P a g e

217

220

222

23 7

f o r  12 w e e k s 240



F i g u r e  n u m b e r P a g e

6 .3  The mean worm b u r d e n s  i n  low  (C B A /C a )

and  h i g h  ( N IH )  r e s p o n d e r  i n b r e d  m ic e  

d u r i n g  r e p e a t e d  i n f e c t i o n  w i t h  50 L3

H . p o l y g y r u s / m o u s e / w e e k 241
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L I S T  OF P L A T E S

P l a t e  number

6 . 1  An a u t o r a d i o g r a p h  o f  SD S - P A G E  a n a l y s e d

i m m u n o p r e c i p i t a t e s  ( u n d e r  r e d u c i n g

12 5c o n d i t i o n s )  m a n u f a c t u r e d  b e t w e e n  I -  

l a b e l l e d  ( I o d o g e n )  s u r f a c e  a n t i g e n s  o f

6 - d a y  o l d  l a r v a l  H . p o l y g y r u s  and se rum  

f r o m  h i g h  and  lo w  r e s p o n d e r  m ice  

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

50 L 3 / m o u s e / w e e k

P a g e

248
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L I S T  OF T A B L E S

T a b l e  number P a g e

3 . 1 ( a )  Summary  o f  t h e  mean p a r a s i t e  e g g s / 1 6 h / m o u s e  

i n  o u t b r e d  MF1 m ic e  s e l e c t e d  f o r  h i g h  and 

lo w  r e s p o n s i v e n e s s  t o  H . p o l y g y r u s  3 T95

3 . 1 ( b )  The v a r i a n c e  t o  mean r a t i o  o f  p a r a s i t e  e g g s /  

16h/m ouse  i n  R d ,  H and  L l i n e s  d u r i n g

s e l e c t i o n  o f  MF1 m i c e  i n f e c t e d  w i t h  H . p o l y g y r u s  95

3 . 2 ( a )  The  r e l a t i v e  p r o p o r t i o n  o f  c o n t r o l  MF1 m ice
3

c l a s s i f i e d  a r b i t r a r i l y  as  ' h i g h '  ( < 15 x 10
3

e g g s / 1 6 h / m o u s e ) and ' l o w '  (> 15 x 10 e g g s /  

1 6 h/ m o u se )  r e s p o n d e r s  d u r i n g  s e l e c t i o n  96

3 . 2 ( b )  The r e l a t i v e  e f f i c a c y  o f  s e l e c t i o n  f o r  

h i g h  and l o w  r e s p o n d e r s  f r o m  a p a r e n t a l  

o u t b r e d  MF1 mouse p o p u l a t i o n  96

3 .3  The e s t i m a t e d  h e r i t a b i l i t y  o f  t h e  p h e n o t y p i c

c h a r a c t e r  ' f a e c a l  p a r a s i t e  e g g s / 1 6 h / m o u s e '

i n  o u t b r e d  MF1 m ic e 100
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3 .4  The r e a l i z e d  h e r i t a b i l i t y  e s t i m a t e d  f ro m

r e g r e s s i o n  o f  r e s p o n s e  t o  s e l e c t i o n  and 

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

MF1 m i c e  i n f e c t e d  w i t h  100 L3 H . p o l y g y r u s  

d u r i n g  4 g e n e r a t i o n s  100

4 .1  E s t i m a t e s  o f  t h e  v a r i o u s  p o p u l a t i o n  r a t e ­

d e t e r m i n i n g  p a r a m e t e r s  i n  t h e  t r a n s m i s s i o n  

o f  H . p o l y g y r u s  109

T a b l e  n u m b e r  P a g e

4 . 2 ( a )  A n a l y s i s  o f  worm s e x  r a t i o s  i n  i n b r e d

C B A / C a ,  N IH  and  o u t b r e d  MF1 m ice  i n f e c t e d

w i t h  v a r y i n g  s i n g l e  d o s e s  o f  H . p o l y g y r u s  119

4 . 2 ( b )  H e t e r o g e n e i t y  c h i - s q u a r e  a n a l y s i s  o f  t h e  

d a t a  i n  T a b l e  4 . 2 ( a )  f r o m  i n b r e d  C B A / C a ,

N IH  and  o u t b r e d  MF1 m i c e  119

4 .3  The mean number  o f  s u r v i v i n g  a d u l t

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

o u t b r e d  MF1 and  i n b r e d  CBA/Ca  and N IH  m ice

w i t h  v a r y i n g  i n i t i a l  d o s e s  o f  i n f e c t i o n  124

4 . 4  The a v e r a g e  i n s t a n t a n e o u s  r a t e  o f  m o r t a l i t y ,

p,  o f  H . p o l y g y r u s  i n  o u t b r e d  MF1,  and  i n b r e d  

C BA /C a  and  N IH  m ic e  129
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T a b l e

4.5

4.6

5.1

5.2

6.1

number

A tw o - w a y  a n a l y s i s  o f  v a r i a n c e  on l o g ( 1 0 )  

t r a n s f o r m e d  f a e c a l  H ♦p o l y g y r u s  e g g s / 1 6 h ,  

w i t h  e q u a l  r e p l i c a t i o n ,  t o  t e s t  t h e  

i n f l u e n c e  o f  d o s e  o f  i n f e c t i o n  and t im e  

a f t e r  i n f e c t i o n  o f  C B A / C a  m ic e

The mean worm b u r d e n s  i n  o u t b r e d ,  f e m a l e  

MF1 m i c e  g i v e n  v a r y i n g  l e v e l s  o f  p r i m a r y  

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

Parameters measuring the resistance of 

mice to infection with H .polygyrus

P a r a m e t e r s  m e a s u r i n g  p h e n o t y p i c  v a r i a t i o n  

i n  r e s p o n s e  o f  i n b r e d  m ic e  t o  H . p o l y g y r u s

12 5The efficiency of I-labelling of surface

antigens (Iodogen method) of 6-day old 

fourth-stage larvae and adult H .polygyrus

Page

142

149

157

158
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C h a p t e r  1

G e n e r a l  I n t r o d u c t i o n



1 . 1  H i s t o r i c a l  b a c k g r o u n d

The hookworm Heligmosomoides polygyrus Dujardin,1845 

(=Nematospiroides dubius 637115,1926)15 a natural parasite 

of wild rodents found in North A m e r i c a ,Western Europe and 

the USSR(Kuns & Rausch,1950; Raus c h , 1952; Yamaguti,1961; 

Forrester, 1971 ; Durette-Desset e t a_l, 1972). Since its 

first introduction into the laboratory by Spur l o c k (1943 ) , 

this parasite has been extensively used as an experimental 

mode 1.

Its taxonomy has, however, generated much controversy.

The shift of popular acceptance has been towards the name 

H .polygyrus rather than N .dubius (Durette-Desset, 1985) , 

although the debate surrounding its systematic position 

continues. Dujardin (1845) first described the parasite 

from field mice, M u s (Ap o d e m u s ) s y 1vati cus, and the voles, 

A r v i c o l a (Micro t u s ) a rvalis, in France, and named it 

Strongylus p o l y g y r u s . Unfortunately, he neither adequately

described the male bursa- a character which is used to 

distinguish species in this family of nematodes, nor preserved 

enough specimens to enable future analysis. Hall(1916), on 

the authority of T r a v a s s o s (1914) , re-classified the parasite 

as Viannaia p o l ygyrus, yet at the same time, recognised a 

new genus, which he named Heligmosomoides. However,

B o u l e n g e r (1922) argued that Hall's species was in fact similar 

to Schultz's and Dujardin's and r e -classified S .polygyrus as
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H .polygyrus in an attempt to reconcile Hall's and Dujardin's 

disparate views. B a y 1is (1926 ) , using evidence from material

collected from A . s y 1vaticus in Oxford,England, was of the 

opinion that Strongylus most closely resembled the 

He 1igmosominae family, but felt that there was sufficient 

justification to erect, on the basis of the similarity between 

W a l t o n 's (1923) Nematospira and Hall's(1916) Heligmosomoides, 

a new genus, Nematospiroides and the species was called 

du b i u s , to reflect the doubtful nature of the parasite.

Classification based on morphological relationships 

between hosts and parasites can be misleading since both are 

co-evolving and laboratory studies have increasingly shown 

how the host-parasite interaction can influence such 

taxonomic considerations(Haley,1962). In any case, since 

N .dub ius was brought into the laboratory 40 or more years 

ago (Spurlock,1943), this parasite has probably undergone 

some adaptation. Indeed, the infectivity of Mus musculus - 

laboratory passaged H .polygyrus was shown to have ablated in 

laboratory-reared Peromyscus maniculatus gambe-li , although 

it was isolated from a wild P .m .gambe1i in 1950 (Forrester &

McL N e i I s o n ,1973). Nevertheless, such taxonomic controversies 

need not detract from the usefulness of this parasite as 

a model of chronic hookworm infection in man (Bartlett &

B a l l ,1972).



1.2 Life history

H.polygyrus is a direct life-cycle trichostrongylid
n

found in microtine r o d ents(Fig.1.1) . The parasitic stage 

is in the rodent and the free-living stages persist in the 

host's environment. The life cycle was first described 

in full by Fahmy(1956) when he successfully infected 

laboratory mice with H .polygyrus collected from wild 

A . sy lvaticus. Before then, Elton et a_l(1931) had observed

small cysts in the external muscularis mucosa of wild mice 

as well as larvae on their skin. They attributed the 

presence of adult H .polygyrus in the lumen of the small 

intestine of mice to transmission via skin penetration.

R o m a n (1951),h o w e v e r , disputed the purported ability of 

infective larvae to penetrate mouse skin, and thought that 

infection was by oral ingestion of larvae. In the present 

study it^Kas not proved possible to infect mice percutaneously 

with H .polygyrus using the ring-method technique of Smithers 

& Terry (1965). Investigations into the life-cycle of 

H .polygyrus by E h r e n f o r d (1954), Fahmy(1956), Lewis(1968a) and

B r y a n t (1973), have confirmed the general life history of this 

parasite although slight differences in the timing of 

particular events exist.

Adult male and female H .polygyrus are selectively found 

in the proximal part of the small intestine (Lewis & Bryant,1976; 

Sukhdeo & M e t t r i c k ,1983; Sukhdeo & Croll,1981) where they are
\

closely associated with the villi and epithelium, and bathe 
freely in the lumen. Following mating, mature females lay

26
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(

L 3 2 - 6  days LI
at 2 5 ° C

Figure 1.1. The life cycle of He 1igmosomoides polygyrus

(= Nematospiroides dubius).
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n

fertile eggs that are excreted with host faeces into the 

environment. Under suitable environmental conditions 

(Kerboeuff1978; Yasuraoka & Weinstein,1969; Bryant,1973), 

eggs hatch within 24-36h and develop into first stage(Ll) 

and second stage (L2) larvae which feed on micro-organisms. 

Between 2-6 days, L2 undergo a further moult to become 

ensheathed third stage (L3) infective larvae, which will 

remain in the environment awaiting ingestion by a susceptible 

host. Upon ingestion, intestinal stimuli initiate ex­

sheathing of the L3 which then penetrates the muscle walls

and remains in the mucosa, following a further moult to the 

fourth stage(L4) larvae. Six to eight days later, pre-adult
/ O )stages .-appear into the lumen and the first eggs appear

Or

8-10 days after infection. Thus, there are distinct n
■-H5SW.& ' and luminal phases in the life cycle^of H . polygyrus .

No complex migration occurs in contrast to the life cycle 

of the human hookworms (Necator americanus, Ancylostoma 

duodenale). The L4, perhaps by virtue of their close 

contact with host tissue, are thought to account for the 

immunity observed in hosts infected with H .polygyrus.

1.3 Natural infections in wild rodents

Surprisingly few detailed longitudinal surveys of helminths 

in wild rodents have been published to date. Longitudinal 

studies of prevalence and intensity of infection are preferable 

over horizontal surveys in the sense that long-term changes

in the prevalence and intensity of infection can be monitored
\
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in the host community (Anderson & M a y /1985a). Published 

epidemiological surveys of helminth parasites in England 

and Wales and North America, cover study periods ranging 

from 1-2 years and have involved trapping of over 200 

animals, include those of Elton e t a_l(1931), Thoma s (19 5 3 ) ,
n ■-Sharpe (1964) , Lewis(1968a,b) , Forrester(1971) , Ral^ow(1972 ), 

Lewis & Twigg(1972), Murua(1978) and Langley & Fairley(1982).

/  «sIn general, a high and steady prevalence but flUctuat- 

ing intensity of H .polygyrus infection have been observed.

The intensity is generally high during the Spring-Summer 

season and low in W i n t e r ( M u r u a ,1978). In North Carolina, 

Forrester (1971) found an overall prevalence of only 9% 

although in M .muscu l u s , it was as high as 25%, with a mean 

intensity of 5.8 worms/mouse. S h a r p e (1964) reported a 

high prevalence and mean intensity of 29.5 worms/mouse from 

A.sylvaticus and Clethrionomys glareolus from Bristol. 

Similarly, M u r u a (1978), also studying A .sylvaticus and 

C l .glareolus populations from open oak woodland in Bristol, 

reported 95-98% prevalence with a mean of 20 worms/mouse.

In Oxford, Elton et a_l(1931) found a 60% prevalence and 

average worm burdens of 8.5-27.5 worms/mouse from A.sylvaticus 

of different age.

Lewis(1968a) and Lewis & Twigg(1972) provided details 

of mean worm burdens as a function of sex and age of host 

and estimated the number of immature H .polygyrus recovered 

from mature and immature mice as probable indicators of the 

rate of infection. Prevalence was between 50-95% and the
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parasite burden was 12.0-24.7 worms/mouse. Lewis(1968a) 

found that the frequency distribution of H .polygyrus per 

host could be described by a negative binomial probability 

model, that is, few mice harboured most of the worms while 

many had no or few worms (the variance was greater than the 

mean). He attributed the generation of this overdispersed 

distribution to the way in which infective stages were 

aggregated. This hypothesis of a spatially heterogenous 

distribution of infective stages was not tested experimentally. 

Overdispersion in worms per host can arise even in uniformly 

distributed infective stages since successive random 

invasions of parasites of differing severities through 

time can generate negative binomial distributions (Keymer & 

Anderson , 197 9 ; Anderson et. a 1 ,19 7 8 ; Crof ton , 197 1 ; Anderson 

& G o r d o n ,1982).

Lewis (1968a) also found that male A . sy lvat icus had . , '"7

more worms than female mice. Although hormonal sex 

differences have been described(Dobson,1961), Lewis was 

of the opinion that wider ranges and greater foraging 

activity by males(Smal & F a i r l e y ,1982) generated a greater 

chance of picking up infective H .polygyrus among male hosts.

An epidemiologically important point made by Lewis 

(1968a) and also by Elton ejt a 1 (1931) , was that there were; 

more adult than larval worms, and adult mice became more i/ ^

heavily infected than juveniles i.e. worm burden and age

distribution of parasites in mice were dependent on mouse
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age. Thus, a gradual accumulation of worms in the presence 

of minimal host resistance led to high worm burdens in 

the adult age-classes of the mouse population. Alternatively, 

owing to the observed longevity of H .polygyrus in 

laboratory mice, the absence of larvae in adult mice could 

be indicative of acquired resistance which acts to decrease 

larval e stab1ishment in mice already harbouring adult 

infections.

The most important points to emerge from studies of 

H.polygyrus in its natural hosts are that the prevalence 

is high and stable over long periods of time, but the f
/ ' " Vintensity is low and fluctuates seasonally. The patterns '/ 

can best be explained from a knowledge of the life history 

of the parasite in relation to transmission. They 

reflect a balance between long-lived adult worms and 

regulation of the parasite populations by exposure to 

infection and acquisition of resistance to re-infection. 

Testable hypotheses can be generated from these observed 

epidemiological trends. For example, what would be the 

effect of varying the exposure of mice to parasites?

What would be the outcome of a repeated low-level infection 

in mice? Is there acquired resistance to H .polygyrus in 

mice and if so, are certain hosts 'better' transmitters 

of the parasite than others?

To date, few studies have addressed these issues 

despite their obvious importance to an understanding of
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the parasite's transmission dynamics and ecology(Anderson 

& C r o m b i e ,1985; Healing & N o w e l l , 1985; Keymer,1985;

Scott, 1985). Slater & Keymer (1986) have established 

natural H .polygyrus infections in CD1 mice in the 

laboratory by introducing a few infected mice into cohorts 

of uninfected mice in defined arenas and then monitoring 

the spread of infection with time. Scott(1986) has also 

established natural infections of H .polygyrus in large 

cages of breeding CD1 mice. Under these conditions,

H .polygyrus was shown to induce significant mortality in 

the breeding colony. Experiments are now in progress 

to assess whether the remaining mice, following catastrophic 

mortalities in the colony, have been selected for 

refractoriness or not (Scott, personal communication).

Such catastrophic mortalities are unlikely to occur in 

natural habitats as mice tend to disperse(Butler,1980; 

Lidicker,1975; Wolton & F l o w e r d e w ,1985) and live in 

small family units dominated by a single individual 

(Reimer & P e t r a s ,1967; DeFries & McCle a r n ,1970). Moreover, 

other environmental selection pressures such as weather, 

predators and resources may be more efficient at controlling 

mouse populations than the parasite itself. Macroparasites 

are thought to be less likely to be major regulatory 

factors of their host populations (Anderson,1982a).
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1.4 Laboratory infections

Information on experimental infection of laboratory 

animals with H .polygyrus is widely available. Natural 

resistance to infection has also been described in 

abnormal hosts. Cross & Duffy(1963) found reduced 

parasite survivorship and fecundity in rats. The jird, 

Meriones unguiculatus, is also susceptible to infection 

and worms become patent for a short period(Cross & Scott, 

1960? J e n k i n s ,1977) with fewer worms reaching maturity 

than in the mouse host (Cross & Scott,1960; Hannah &

Behnke,1982). The jird is, however, highly sensitive 

to immunization with H .polygyrus (Behnke & Hannah,1984). 

Thus, there appears to be a substantial degree of host- 

specificity in H .polygyrus infections.

Natural resistance to H.polygyrus in mice is thought 

to be under genetic control. Liu(1966a), using the 

criteria: parasite-induced host mortality, worm burdens

following primary infection and infectivity and survivor­

ship of worms, has categorised the inbred homozygous 

C3H mouse strain as more susceptible to infection than 

the A, CF1, C57 and outbred Webster strains. Spur l o c k (1943) 

classified several strains into susceptible and resistant 

phenotypes on the basis of the host mortality induced by 

the parasite. One suggested mechanism for the observed 

high susceptibility of C3H mouse strain to H .polygyrus was 

thought to be a congenital defect in tissue resistance to
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larvae, exa cebated by poor cytopoiesis of the reticulo­

endothelial system (Liu,1966a).

Host sex effects in the relationship between 

laboratory mice and H .polygyrus have been discussed by 

Dobson & Owen(1978). D o b s o n (1961) observed a reduced 

resistance to H .polygyrus during primary infections 

in male compared to female mice and attributed the increased 

resistance in female mice to the presence of oestrogen 

hormones. Changes in hormonal balance induced during 

pregnancy and lactation render mice more susceptible to 

parasites (Dineen & Kelly, 1972 ; Behnke & Wake 1i n , 1973 ;

C o n n a n , 1970 ; 1972 ; Wake 1i n , 1984) and this adaptation 

is thought to be of some relevance to the survival 

strategy of p a r a s i t e s (Wake 1i n , 1984) . However, the role 

played by female hormones is controversial (Healing &

N o w e 11,1985).

Host age and sex differences in susceptibility or 

resistance to H .polygyrus are less well documented in 

primary than in secondary or challenge infections (Hosier 

& Feller, 1973 ; Hosier, 1974; Prowse et a_l, 1979). Cypess,

Van Zandt & Zidian(1973) did not observe a consistent 

relationship between susceptibility and sex of outbred 

S-W mice over a period of 50 weeks. However, they reported 

that young mice (<4weeks old) did not demonstrate acquired \ 

resistance following repeated infections. Further work

needs to be done to establish whether o r  n o t  mouse-sex r0
differences in susceptibility or resistance to H.polygyrus

are in fact physiologically mediated or purely artifacts 
of the differences in sizes of both male and female mice.
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Acquired resistance has been measured using several 

parameters (Prowse & M i t c h e 11,1980; Wakelin,1982). In 

general, one or more of the following traits has been used 

to characterize the resistance status of a host with 

respect to H .p o l y g y r u s : worm burden, growth, survivorship,

fecundity and expulsion; inhibition of larval establish­

ment and/or maturation; parasite-induced host mortality 

and immunological criteria such as the ratio of encysted 

larvae to granulomata in the intestinal wall(Chaicumpa 

e t ^_1,1978 ; Prowse & Mitche 11,1980) and also, the ability 

to respond to adoptive transfer of cells and/or serum 

(Wakelin, 1985) .

The availability of inbred mouse strains, their 

recombinants and hybrids (Wake 1i n , 1982 ; Festing, 1982) has 

greatly facilitated our understanding of the role of host 

genotype in the control of helminth infections. Behnke & 

Wake 1in (1977) have characterized, using a complex immuniz­

ing schedule, three inbred mouse strains. Balb/c were 

observed to be of intermediate resistance between the 

highly resistant NIH and the least resistant C3H mouse 

strains (Behnke & Wake 1i n , 1977) . Outbred LACA mice and 

inbred CBA/H and C57BL/6 mice were less resistant than 

inbred Balb/c, DBA/2, SJL/J and female C3H/HeJ mice 

(Prowse et a 1 ,1979) . CBA/H male mice were found to be 

susceptible whereas young female Balb/c were resistant

(Mitchell & Prowse,1979; Hurley et al,1980). The NZB
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inbred mouse strain was killed by the immunizing infection, 

probably due to its hypersensitivity and propensity to 

intestinal haemorrhage (Mitchell & Prowse,1979; Prowse & 

M i t c h e 11,1980). Moreover, it was observed that the 

progeny of the highly resistant SJL/J and the susceptible 

C57BL/6 inbred mouse strains were resistant (Prowse &

M i t c h e 11,1980) . In fact, (C57BL/6 x SJL/J)F1 male mice 

were relatively less resistant than their female litter- 

mates, implying that resistance was inherited in a dominant 

fashion, but only expressed in female mice (Prowse & 

Mitch e l l ,1980). Mouse sex differences in the inheritance 

of resistance or susceptibility to H .polygyrus is clearly 

an area for further r e s e a r c h (Prowse & Mitc he11,1980).

Mice which were selectively bred as high and low 

antibody responders to a variety of particulate antigens 

(Biozzi et a 1 ,19 7 9) have been used by Jenkins & Carrington

(1981) to investigate the course of H .polygyrus infections. 

Following multiple (but not primary) infections, the high 

antibody responder mice were found to harbour significantly 

less worms than the low antibody responders, suggesting 

a role for antibody in resistance to H .polygyrus infections 

in mice (Jenkins & C a r r i n g t o n ,1981).

Sitepu & Dobson (1982) have selected high and low 

immune responder mice from a outbred Quackenbush stock.

The two selected lines of mice differed in their antibody

responses to H .polygyrus and the phenotypic character:
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f a e c a l  p a r a s i t e  egg  c o u n t s ,  b u t  l e s s  so i n  t h e i r  mean 

worm b u r d e n s .  The S i t e p u  and  D o b s o n ' s  h i g h  and low  i
r e s p o n d e r  l i n e s  o f  m i c e  h a v e  a l s o  b e e n  f o u n d  t o  h a v e  

d i f f e r e n t i a l  r e s p o n s e s  t o  p a r a s i t i c  i n f e c t i o n s  l i k e  

S a l m o n e 1 l a  t y p h y m u r i u m  ( S i t e p u , B r i n d l e y  & D o b s o n , 1985)  

and  T o x o c a r a  c a n i s  ( B r i n d l e y  e t  a l , 1 9 8 5 ) .

The  s i z e ,  d u r a t i o n  and h i s t o r y  o f  p r e v i o u s  e x p o s u r e  

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

come o f  i n f e c t i o n  i n  m i c e .  As  f i r s t  d e s c r i b e d  by 

Van  Z a n d t ( 1 9 6 1 ) ,  r e m o v a l  o f  worms w i t h  d r u g s  a p p e a r s  t o  

h a v e  t h e  e f f e c t  o f  e n h a n c i n g  i m m u n i t y .  A d d i t i o n a l l y ,  

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

b e e n  f o u n d  t o  be i m p o r t a n t  i n  t h e  g e n e r a t i o n  o f  im m u n i t y  

i n  s e c o n d a r y  i n f e c t i o n s .

H o s i e r  & F e l l e r ( 1 9 7 3 )  o b s e r v e d  t h a t  f e m a l e  o u t b r e d  

I C R  m i c e  w e r e  immune f o l l o w i n g  p r i m a r y  i n f e c t i o n  w i t h  

200 H . p o l y g y r u s  l a r v a e  and  w e r e  r e f r a c t o r y  a f t e r  two 

i n f e c t i o n s  o f  500 L3 e a c h ,  i n t e r s p e r s e d  w i t h  d r u g  t r e a t ­

m e n t .  P a n t e r (1 9 6 9 )  r e p o r t e d  i n c r e a s e d  r e s i s t a n c e  i n  

o u t b r e d  ' w h i t e  m i c e '  g i v e n  200 L3 t w i c e  and s u g g e s t e d  

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

C y p e s s  e_t a 1 (1973 ) a l s o  c o n f i r m e d  t h a t  o u t b r e d  S-W

f e m a l e  m i c e  h a r b o u r e d  f e w e r  c h a l l e n g e  worms t h a n  m a le s

when g i v e n  a s m a l l e r  d o s e  o f  50 L3 a t  t h r e e  w e e k l y  i n t e r v a l s .
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M a le  I C R  m ic e  w e r e  l e s s  w e l l  p r o t e c t e d  by s i n g l e  

g r a d e d  d o s e s  ( 1 0 - 5 0 0 L 3 )  o f  H . p o l y g y r u s  t h a n  by s m a l l  

d o s e s  o f  50 L3 g i v e n  t w i c e ( H o s i e r f 1 9 7 4 ) f c o m p a re d  t o  

t h e  p r o t e c t i o n  l e v e l  o b s e r v e d  i n  f e m a l e  m i c e  ( H o s i e r  &

F e 1 l e r , 1 9 7 3 ) .  R e s i s t a n c e  i n  o u t b r e d  CFW m ic e  was g r e a t e r  

t h a n  t h a t  o b s e r v e d  i n  i n b r e d  C 5 7 B L / 6  when t h e s e  two mouse 

s t r a i n s  w e r e  i n f e c t e d  w i t h  10 ,  20 o r  200 L3 H . p o l y g y r u s

t w i c e  ( H e p l e r  e t  a 1 , 1 9 7 6 )  .

The d e s i g n a t i o n  o f  s t r a i n s  as  ' h i g h '  and  ' l o w '  

r e s p o n d e r s  i s  s u b j e c t i v e .  Th e  d e f i n i t i o n  d e p e n d s  on 

w h a t  v a r i a b l e s  a r e  m e a s u r e d  ( e . g .  l a r v a l  e s t a b l i s h m e n t ,  

a d u l t  worm s u r v i v a l ,  mouse m o r t a l i t y  e t c . ) .  N e v e r t h e l e s s ,  

i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h e  C 5 7 B L / 6 ,  C 5 7 B L / 1 0 ,

C 3H and CBA mouse s t r a i n s  a r e  lo w  r e s p o n d e r s  t o  H . p o l y g y r u s  

( P r o w s e  & M i t c h e l l , 1 9 8 0 ;  C y p e s s  & Z i d i a n , 1 9 7 5 ;  P r o w s e  e t  a l , 

1979 ;  H e p l e r  e t  a 1 ,1 9 76  ; B e h n k e  & R o b i n s o n , 1985)  w h i l e  

t h e  S J L ,  N IH  and  L A F 1 mouse s t r a i n s  a r e  h i g h  r e s p o n d e r s  

B e h n k e  & R o b i n s o n ,  1985 ; J a c o b s o n  e_t a_l, 1982 ; P r o w s e  &

M i t c h e 1 1 , 1 9 8 0 ;  S a y l e s  & J a c o b s o n , 1 9 8 3 ) .

The s i g n i f i c a n c e  o f  s i z e  o f  p r e v i o u s  i n f e c t i o n  on 

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

i n  t h e  h i g h  r e s p o n d e r  N IH  mouse  s t r a i n .  B e t w e e n  90-99% 

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

N IH  m ic e  i n d e p e n d e n t  o f  w h e t h e r  t h e  p r i m a r y  i n f e c t i o n  

was  s m a l l  ( 1 0 L 3 )  o r  l a r g e  ( 5 0 0 L 3 )  ( B e h n k e  & R o b i n s o n , 1 9 8 5 ) .



I n  t h e  Q u a c k e n b u s h  mouse s t r a i n ,  a c u r v i l i n e a r  r e l a t i o n ­

s h i p  b e t w e e n  t h e  s i z e  o f  p r i m a r y  i n f e c t i o n  and number  o f  

worms r e c o v e r e d  f r o m  a c h a l l e n g e  i n f e c t i o n  h a s  been  

d e s c r i b e d  ( D o b s o n ,  S i t e p u  & B r i n d l e y , 1 9 8 5 ) .  More  worms 

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

h i g h  i n i t i a l  d o s e  t h a n  l o w e r  d o s e s ,  and  i t  h a s  been  

s u g g e s t e d  t h a t  h i g h - d o s e  i m m u n o s u p p r e s s i o n  o f  t h e  h o s t  

was  r e s p o n s i b l e  f o r  g e n e r a t i n g  s u c h  a p a t t e r n  (Dobson  

e t  a l , 1985)  . I t  was  e s t i m a t e d  t h a t  t h i s  a p p a r e n t  h o s t  

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

o f  7 w e e k s  a f t e r  a n t h e l m i n t i c  t e r m i n a t i o n  o f  t h e  p r i m a r y  

i n f e c t i o n  (D o b so n  e t  a l , 1985 ) .

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

r e p o r t e d  when t h e  i m m u n i z i n g  r e g i m e  e m p lo y e d  s m a l l  d o s e s  

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

i n t e r s p e r s e d  w i t h  c h e m o t h e r a p y  (Va n  Z a n d t , 1 9 6 1 ;  P a n t e r ,  

19 69 ;  Van  Z a n d t  e t  a 1 , 1 9 7 3 ;  B a r t l e t t  & B a l l , 1974 ;  B e h n k e  

& W a k e l i n , 1 9 7 7 ;  K e r b o e u f  & J o l i v e t , 1 9 8 0 ) .  T h e s e  a u t h o r s  

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

m i c e  was  some f u n c t i o n  o f  t h e  s i z e ,  d u r a t i o n  and h i s t o r y  

o f  p a s t  e x p o s u r e  t o  i n f e c t i o n  and  g e n e t i c a l  b a c k g r o u n d  

o f  t h e  m o u s e .

The possibility that resistance in mice to H .polygyrus 

could be non-specific, rather than specific, exists, and
h a s  n o t  b e e n  i n v e s t i g a t e d ( W a k e l i n , 1 9 7 8 ; 1 9 8 4 ) .
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Mucus  t r a p p i n g  and e x c l u s i o n  o f  p a r a s i t e s  h a s  been  i m p l i c a t e d  

( M i l l e r  e_t a _ l , 1 9 8 1 ) .  E v i d e n c e  f o r  i n c r e a s e d  g o b l e t  c e l l  

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

h a s  b e e n  p r e s e n t e d  ( U b e r  e t  a 1 , 1 9 8 0 )  . M a s t o c y t o s i s  o r  

i n c r e a s e d  m a s t  c e l l  p r o d u c t i o n  i n  N . b r a s i l i e n s i s  ( M i l l e r  

& J a r r e t , 19 71 ;  Nawa & M i l l e r , 1979 ;  B e f u s  & B i e n e n s t o c k ,

1979 ;  1981)  and  T r i c h i n e 1 l a  s p i r a l i s  i n f e c t i o n s  i n  r a t s  

( A l i z a d e h  & M u r e l l , 1 9 8 4 ;  R u i t e n b e r g  & E l g e r s m a ,1 9 7 6 ;

A l i z a d e h  & Wake 1 i n , 1982 )  , h a s  b e e n  o b s e r v e d .  H o w e v e r ,  

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

m a s t o c y t o s i s  and  g o b l e t  c e l l  h y p e r p l a s i a  i n  t h e  m a n i f e s t -  , vV 

a t i o n  o f  r a p i d  e x p u l s i o n  o f  g u t  p a r a s i t e s ,  s i n c e  m i c e  <
g e n e t i c a l l y  d e f i c i e n t  i n  m a s t  c e l l s  (w/wv ) can  r e j e c t  

worms ( U b e r  e_t a_l, 1980 ;  J a r r e t  e_t a_l, 1980 ;  M i t c h e l l  e t  a 1 , 

1983 ; C r o w l e  & R e e d , 19 81 ;  K o j i m a  e_t a_l, 1980 ;  Ha e_t a_l, 1983 )  .

The  r o l e  o f  m a s t  c e l l s  i n  immune e x p u l s i o n  o f  

H . p o l y g y r u s  by  m i c e  h a s  y e t  t o  be sho w n .  I t  r e m a i n s  t o  

be demo's t r  a t e d , f o r  i n s t a n c e ,  t h a t  h i g h  r e s p o n d e r  m ic e
A

r e a d i l y  p r o d u c e  more m a s t  a n d  g o b l e t  c e l l s  t h a n  do low  

r e s p o n d e r s .  I t  h as  b e e n  show n  t h a t  g a s t r i t i s  i n  m ic e  

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

w i t h  i n c r e a s e d  num b ers  o f  e o s i n o p h i l s ,  n e u t r o p h i l s  and 

m a s t  c e l l s  i n  t h e  l a m i n a  p r o p r i a  ( L i u  ^t_ a 1 ,19  7 4 ) .

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

m i c e  c a n  be im m u n iz e d  by  v a c c i n a t i o n  w i t h  l i v i n g ,  d e ad  

o r  i r r a d i a t e d  i n f e c t i v e  s t a g e s  as  w e l l  a s  by  a d u l t  worms
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o r  t h e i r  ' e x c r e t o r y - s e c r e t o r y '  p r o d u c t s .  V a r i a b l e s  

t h a t  i n f l u e n c e  t h e  e f f e c t i v e  i m m u n i z a t i o n  o f  m ic e  a g a i n s t  

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

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

v e n o u s  ( i . v . ) ;  t h e  s i z e  and  num ber  o f  v a c c i n a t i o n  d o s e s  

as  w e l l  a s  h o s t  r e l a t e d  f a c t o r s  l i k e  mouse a g e ,  s ex  and 

g e n e t i c  b a c k g r o u n d .

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

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

p e r i t o n e a l  r o u t e s  ( J o n e s , 1 9 7 4 ;  J o n e s  & R u b i n , 1 9 7 4 a ;

L u e k e r  & H e p l e r ,  1975 ; H e p l e r  e_t a ^ ,  1976 ;  C h a i c u m p a  ejt a 1 . 

1 9 7 7 ) .  Once  i n d u c e d  b y  t h i s  r o u t e ,  im m u n i t y  a p p e a r s  t o  

l a s t  f o r  a t  l e a s t  30 w e e k s  i n  S w i s s  m ic e  ( R u b i n  e_t a _ l ,1 9 7 1 )  . 

The age  o f  m i c e  a t  v a c c i n a t i o n  was  f o u n d  t o  be i m p o r t a n t ,  

m ic e  o l d e r  t h a n  11 w e e k s  b e i n g  more r e s i s t a n t  t h a n  y o u n g  

m ic e  ( R u b i n  e_t a 1 , 1 9 7 1 )  . P r o t e c t i o n  a f f o r d e d  by  s u b ­

c u t a n e o u s  v a c c i n a t i o n  o f  i n b r e d  C 5 7 B L / 6 J  and  B a l b / c  

w i t h  400 L3 was  l e s s  t h a n  30% ( R u b i n ,  ejt a _ l ,1 9 7 1 )  and 

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

s t i m u l a t i o n  w i t h  as  f e w  as  200 L3 i n  i n b r e d  C 5 7 B L / 6 J ,  

C 3 H / H e J ,  B a l b / c J  and  A K R / J  mouse  s t r a i n s  ( L u e k e r  &

H e p l e r , 1 9 7 5 ) .  I m m u n i t y  f o l l o w i n g  v a c c i n a t i o n  a p p e a r s  

t o  be good i n  o u t b r e d  CFW ( L u e k e r  e_t a_l, 1968 ;  H e p l e r  e_t a 1 ,

1976 )  and  I C R  m i c e  ( H o s i e r  & F e l l e r , 1973 ;  H o s i e r  e_t a 1 , 1 9 7 4 ; 

C y p e s s  & Z i d i a n , 1 9 7 5 )  a l t h o u g h  c o n t r a d i c t o r y  r e s u l t s  

h a v e  b e e n  p u b l i s h e d  b y  C h o w a n i e c  e t  a l , ( 1 9 7 2 ) .
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S w i s s  m i c e  v a c c i n a t e d  i . v .  w i t h  as  f e w  as  200 L3 

H . p o l y g y r u s  t h r e e  t i m e s  e v e r y  14 d a y s  w e r e  a f f o r d e d  

s i g n i f i c a n t  p r o t e c t i o n  a s  w e r e  m ic e  v a c c i n a t e d  i . p .  

( C h a i c u m p a  £t_ a_l, 1 9 7 7 ) .  I n  t h e  f o r m e r  c a s e  ( i . v . ) r  

im m u n i t y  p e r s i s t e d  f o r  a t  l e a s t  150 d a y s .  P r o t e c t i o n  

f a i l e d  t o  d e v e l o p  i n  m i c e  im m u n iz e d  w i t h  f r e e z e - t h a w e d  

l a r v a e  ( C h a i c u m p a  e_t a_l, 1977 )  .

O r a l  i m m u n i z a t i o n  o f  f e m a l e  B a l b / c  m i c e  w i t h  f ew  

l i v i n g  a d u l t  worms was  more  s u c c e s s f u l  t h a n  u s i n g  d e ad  

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

( H u r l e y  e_t a_l,  1 9 8 0 ) .  I n  v i t r o  r e l e a s e d  ( I V R )  o r  e x c r e t o r y -  

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

h i g h  d o s e s  i n  t h e  p r e s e n c e  o f  F r e u n d ' s  C o m p le t e  A d j u v a n t  

( F C A ) and  d i v e r g e n t  r e s p o n s e s  f r o m  t h e  lo w  r e s p o n d e r  CBA 

and h i g h  r e s p o n d e r  B a l b / c  m i c e  w e r e  o b s e r v e d  ( H u r l e y  £t_ a l ,

1 9 8 0 ) .  V a c c i n a t i o n  o f  m i c e  w i t h  s o l u b l e  s o m a t i c  p r o t e i n  

o r  p a r t i c u l a t e  a n t i g e n  i n  FCA  ( C y p e s s , 1970 ;  Van Z a n d t , 1 9 7 1 ;  

H u r l e y  e t  a 1 , 1 9 8 0 ;  F e r n a n d o - M o n r o y , B r i n d l e y  & D o b so n ,  1985 )  

o r  a d o u b l e  e m u l s i o n  a d j u v a n t  (G o v e n  & D e B u y s s c h e r ,1 9 8 0 )  

a l l  g a v e  l o w  t o  m o d e r a t e  ( 3 0 - 5 0 % )  p r o t e c t i o n  t o  H . p o l y g y r u s . 

M i t c h e l l  & M u n o z (19 8 3 )  h a v e  r e p o r t e d  g r e a t e r  t h a n  95% 

p r o t e c t i o n  o f  t h e  s u s c e p t i b l e  C 5 7 B L / 6  mouse s t r a i n  w i t h

i . p .  i n j e c t i o n  o f  20-30 a d u l t  H . p o l y g y r u s  t o g e t h e r  w i t h  

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

C o n s i d e r a b l e  s t r a i n  v a r i a t i o n  h a s  b e e n  o b s e r v e d  i n  m i c e  

v a c c i n a t e d  u s i n g  t h i s  a n t i g e n  p l u s  a d u l t  worms ( M i t c h e l l  &

C r u i s e , 1984 )  .
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The overall results are encouraging in so far as they 
point to the efficacy of a subset of antigens from the 
parasite as being funtionally host-protective even in 
strains of mice regarded as low responders. They augur 
well for the exploitation of parasite antigens in inducing 
immunity to intestinal nematodes.

I r r a d i a t e d  l a r v a l  H . p o l y g y r u s  c a n  i n d u c e  p r o t e c t i o n  

i n  m i c e  ( B e h n k e  & P a r i s h , 1 9 8 0 ;  H a g a n ,  B e h n k e  & P a r i s h f 1981)  

P r o t e c t i o n  c a n  a l s o  be i n d u c e d  i n  lo w  r e s p o n d e r  C 5 7 B L / 6  

m i c e  and  h i g h  r e s p o n d e r  N IH  m i c e .  The p r o t e c t i o n  a p p e a r s  

t o  l a s t  f o r  more t h a n  10 w e e k s  ( B e h n k e  & R o b i n s o n , 1 9 8 5 ) .  

A t t e n u a t i o n  by  c o b a l t  60 i r r a d i a t i o n  a f f e c t s  t h e  g r o w t h ,  

s u r v i v o r s h i p  and  f e c u n d i t y  o f  t h e  worm s .  The p r e c i s e  

m e c h a n i s m  o f  i m m u n i t y  i n d u c e d  v i a  i n f e c t i o n  o f  m ic e  w i t h  

i r r a d i a t e d  l a r v a e  i s  n o t  know n  ( B e h n k e  & P a r i s h , 1 9 8 0 ) .

On t h e  b a s i s  o f  t h e  k n o w l e d g e  t h a t  i m m u n i t y  i n d u c e d  

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

s t a g e s  ( C h a i c u m p a  e t  a l , 1 9 7 7 ;  H a g an  e_t a _ l , 1 9 8 1 ) ,  i t  h as

b e e n  s u g g e s t e d  t h a t  t h e  p o s s i b l e  m e c h a n i s m  o f  i n d u c t i o n
. ..  '

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

p r o c e s s  i n v o l v i n g  o p s o n i z i n g  a n t i b o d y ,  a s s i s t i n g  t h e  

a n t i g e n i c  r e c o g n i t i o n  and  e v e n t u a l  c e l l  m e d i a t e d  k i l l i n g  

o f  t h e s e  l a r v a e  ( N in n e m a n  & L u e k e r , 1 9 7 4 ) .  S u c h  h o s t  

s e n s i t i z a t i o n  s h o u l d ,  i n  t h e o r y ,  be a b l e  t o  c o n v e r t  l o w  

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

m i c e  by  l a r v a e  and  a d u l t s  o f  H . p o l y g y r u s  and  t h e i r  p r o d u c t s  

( B e h n k e  e_t £ ^ , 1 9 8 3 ;  C a y z e r  & D o b so n ,  1983 ; P r i t c h a r d  &

B e h n k e , 1 9 8 5 ) .  I t  h a s  b e e n  o b s e r v e d  t h a t  s t e r o i d s  i n h i b i t  

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

v a c c i n a t e d  CFW m i c e .  T h i s  o b s e r v a t i o n  has  b e e n  i n t e r p r e t e d  

as  a d e m o n s t r a t i o n  o f  t h e  e f f i c i e n t  p r e s e n t a t i o n  o f  t h e  

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

( H e p l e r  ejt a 1 ,1 9 7 6  ) .

Among t h e  many r e q u i r e m e n t s  f o r  a s u c c e s s f u l  v a c c i n e  

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

v a c c i n e  t o  i n d u c e  a h i g h  d e g r e e  o f  p r o t e c t i o n ,  ( i i )  t o  

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

r e c i p i e n t s  and  ( i i i )  t o  c o n f e r  l o n g - l a s t i n g  im m u n i t y  

( A d a , 1 9 8 2 ) .  W i t h  r e s p e c t  t o  H . p o l y g y r u s  o r  hoo kw orm s ,  

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

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

r e - i n f e c t i o n s  o c c u r  r a p i d l y  ( M i 1 l e r , 1 9 7 1 ; 1 9 7 8 ; 1 9 7 9 ) .

V a c c i n a t i o n  o f  o u t b r e d  CFW m ic e  w i t h  50 n o r m a l  L3 

H . p o l y g y r u s  i n d u c e d  r e s i s t a n c e  l a s t i n g  f o r  up t o  50 w e e k s  

(Va n  Z a n d t  ejt a 1 ,1 9  7 3 ) . B e h n k e  & R o b i n s o n  (1985 )  h a v e  

f o u n d  t h a t  h i g h  r e s p o n d e r  N I H  m ic e  c o u l d  be p r o t e c t e d  

f o r  o v e r  5 w e e k s .  T h e s e  r e s u l t s  s u g g e s t  t h a t  o n ce  i n d u c e d ,  

i m m u n i t y  t o  H . p o l y g y r u s  i n  m i c e  i s  o f  l o n g  d u r a t i o n .
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The d e m o n s t r a t i o n  o f  a c q u i r e d  im m u n i t y  t o  mouse 

and  dog hookworm s  s u g g e s t s  t h a t  im m u n i t y  t o  hookworm i n  

man may be e x p r e s s e d  and  i s  p r o t e c t i v e  ( C a r r  & P r i t c h a r d ,  

1986 ; C a r r o l  & G r o v e , 19 85 ;  O g i l v i e  e_t a_l , 1 9 7 8 ;  O g i l v i e  & 

da S i v i g n y , 1 9 8 2 ) .  A l t h o u g h  we r e l y  h e a v i l y  on e x p e r i m e n t a l  

a n a l o g u e s  f o r  t h e  u n d e r s t a n d i n g  o f  im m u n i t y  i n  man, t h e  

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

a t i o n s  o f  r e s i s t a n c e  t o  h o o kw orm  i n  man and  i n c r e a s e d  

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

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

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

d e v e l o p m e n t s ,  t h e  a c q u i s i t i o n  o f  k n o w le d g e  on how b e s t  

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

( A n d e r s o n  & M a y , 1 9 8 5 b , c ) .

1 . 5  H o s t - p a r a s i t e  p o p u l a t i o n  d y n a m i c s

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

t h e  m a j o r  h e l m i n t h  p a r a s i t e s  o f  man h a v e  h i g h l i g h t e d  some 

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

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

p a r a s i t e  a b u n d a n c e  ( A n d e r s o n , 1 9 8 2 b ;  A n d e r s o n  & M a y , 1978 ;

May & A n d e r s o n , 1 9 7 8 ) .  M a t h e m a t i c a l  m o d e l s  a r e  a l s o  h e l p ­

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

p r o g ra m m e s  ( A n d e r s o n  & M ay ,  1 9 8 2 ;  A n d e r s o n  & M a y , 1 9 8 5 a , b , c ) .

The time scales on which host and parasite population 
changes operate, density-dependent regulatory processes, 
statistical distribution of parasite numbers per host,
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r e p r o d u c t i v e  b i o l o g y  an d  t h e  t r a n s m i s s i o n  p o t e n t i a l  o f  

t h e  p a r a s i t e ,  h a v e  a l l  b e e n  i d e n t i f i e d  as  m a j o r  f a c t o r s  

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

p a r a s i t e s  ( A n d e r s o n  & M a y , 1 9 8 2 ) .

R e l a t i v e  t i m e  s c a l e s  d e p e n d  on t h e  a v e r a g e  e x p e c t e d  

l i f e  s p a n  o f  t h e  d e f i n i t i v e  h o s t  and  t h e  d e v e l o p m e n t a l  

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

mouse h a s  an  a v e r a g e  l i f e  s p a n  o f  a b o u t  12 w eek s  i n  i t s  

n a t u r a l  h a b i t a t  ( F l o w e r d e w , 1 9 85 )  and  b e t w e e n  1 and l £  y e a r s  

i n  t h e  l a b o r a t o r y  ( B e l l a m y , 1 9 8 1 )  . The o b s e r v e d  maximum
(\MV

l i f e  s p a n ^ i s  8 m o n ths  ( E r h e n f  o r d ,  1954)  , b u t  t h e  a v e r a g e  \
\

l i f e  e x p e c t a n c y  i n  t h e  l a b o r a t o r y  i s  9-12 w eeks  ( K e y m e r ,  i 

1 9 8 5 ) .  I n f e c t i v e  s t a g e s  o f  H . p o l y g y r u s  h a v e  an e x p e c t e d  

l i f e  s p a n  o f  a b o u t  12 w e e k s  a t  4 °C  ( K e r b o e u f , 1 9 7 8 a ) .  I n  

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

o x y g e n  s u p p l y  and  n a t u r a l  p r e d a t o r s  and  i n f e c t i o u s  

d i s e a s e s  w o u l d  be e x p e c t e d  t o  r e d u c e  l a r v a l  s u r v i v o r s h i p .  

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

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

t h e  m ouse .

The r e g u l a t i o n  o f  h o s t - p a r a s i t e  p o p u l a t i o n s  i s  

m a n i f e s t e d  as  n o n - l i n e a r  d e n s i t y - d e p e n d e n t  c o n s t r a i n t s  

on p a r a s i t e  e s t a b l i s h m e n t ,  g r o w t h ,  s u r v i v o r s h i p  and 

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

( B r a d l e y , 1972 ; A n d e r s o n , 1978 ; 1980 ;  K e y m e r , 1982)  . The n e t

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

p a r a s i t e  n um b ers  p e r  h o s t  ( A n d e r s o n  & M a y , 1 9 8 2 ) .  A l t h o u g h  

t h e s e  c o n s t r a i n t s  a r e  r e l a t i v e l y  e a s y  t o  d e m o n s t r a t e  i n  

t h e  l a b o r a t o r y ,  i t  r e m a i n s  t o  be s e e n  w h e t h e r  t h e y ,  i n  

f a c t ,  p l a y  an i m p o r t a n t  r o l e  i n  p a r a s i t e  p o p u l a t i o n  

r e g u l a t i o n  i n  n a t u r a l  c o m m u n i t i e s  ( A n d e r s o n , 1 9 8 2 b ) .

D e n s i t y - d e p e n d e n t  p e r  c a p i t a  f e c u n d i t y  o f  H . p o l y g y r u s  

h as  b e e n  o b s e r v e d  i n  o u t b r e d  MF1 and  CD1 m ic e  ( K e r b o e u f ,  

1 9 7 8 b ; 1 9 8 2 ;  K e y m e r , 1 9 8 5 ) .  H o w e v e r ,  egg p r o d u c t i o n  p e r  

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

p a r a s i t e  b u r d e n )  b e l o w  a c e r t a i n  t h r e s h o l d  ( K e r b o e u f , 1 9 8 2 ;  

K e r b o e u f  & J o l i v e t , 1 9 8 4 ) .  E s t a b l i s h m e n t  o f  H . p o l y g y r u s  

d u r i n g  p r i m a r y  i n f e c t i o n s  w as  f o u n d  t o  be d e p e n d e n t  on 

t h e  i n f e c t i o n  d o s e  w i t h i n  t h e  r a n g e  10-300L3  ( s e e  K e y m e r ,  

1 9 8 5 ) .  S u r v i v o r s h i p  o f  H . p o l y g y r u s  i s ,  h o w e v e r ,  t h o u g h t  

t o  be i n d e p e n d e n t  o f  i n i t i a l  worm b u r d e n  ( D o b s o n , 1 9 8 5 ) .

I t  i s  l a r g e l y  d e t e r m i n e d  by  i n n a t e  d i f f e r e n c e s  i n  mouse 

s t r a i n s  ( P r o w s e  e_t a 1 ,1 9  7 9 ) .

A common o b s e r v a t i o n  w i t h  most  n o n - r e p l i c a t i n g  

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

t h e i r  h o s t s  a r e  h i g h l y  o v e r d i s p e r s e d  o r  a g g r e g a t e d ,  w i t h  

t h e  m a j o r i t y  o f  h o s t s  h a r b o u r i n g  a f e w  o r  no worms a t  a l l  

( C r o f t o n ,1 9 7 1  ; B r a d l e y , 1972 ; A n d e r s o n , 1978)  . I t  h a s  b e e n  

s u g g e s t e d  t h a t  one o f  t h e  g e n e r a t i v e  m e c h a n i s m s  o f  t h i s  

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

e x p o s u r e  t o  i n f e c t i o n  a s  a c o n s e q u e n c e  o f  a g g r e g a t i o n  i n
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t h e  d i s t r i b u t i o n  o f  i n f e c t i v e  s t a g e s  ( A n d e r s o n  & G o r d o n ,

1 9 8 2 ) .  S u c h  m e c h a n i s m s  a r e  l i k e l y  t o  be i m p o r t a n t  i n  

t h e  f i e l d  ( A n d e r s o n  & G o r d o n , 19 82 ;  K e n n e d y ,1 9 8 5 )  w h e r e a s

m e c h a n i s m s  due t o  d e m o g r a p h i c  and  g e n e t i c  f a c t o r s  e . g .  j
j ^v i a  h e t e r o g e n e i t y  i n  i m m u n o l o g i c a l  r e s p o n s i v e n e s s ,  a r e  

more l i k e l y  t o  be o p e r a t i v e  i n  c o n t r o l l e d  l a b o r a t o r y   ̂

i n f e c t i o n s .

H . p o l y g y r u s  was  f o u n d  t o  be  h i g h l y  a g g r e g a t e d  i n  

w i l d  A . s y l v a t i c u s  i n  W a l e s  ( L e w i s , 1968a )  and  i t  was  

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

e n v i r o n m e n t  c o u l d  be a d e t e r m i n a n t  o f  a g g r e g a t i o n  o f  

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

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

t h e  v a r i a b l e s  a r e  n u m e r o u s .  H o w e v e r ,  t h e  d e m o n s t r a t i o n  

i n  man o f  p a r a s i t e  a g g r e g a t i o n  e s p e c i a l l y  when i t  i s  

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

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

by  c h e m o t h e r a p y  ( A n d e r s o n  & M a y , 1 9 8 2 ) .

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

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

min imum a v e r a g e  number  o f  worms p e r  h o s t  n e c e s s a r y  f o r  

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

1 9 6 5 ) ) ,  b e l o w  w h i c h  m a t i n g  f r e q u e n c y  i s  t o o  lo w  t o  

m a i n t a i n  t h e  p a r a s i t e  ( A n d e r s o n  & M a y , 1982 ;  B r a d l e y  & M ay ,  

1 9 7 8 ) .  The l e v e l  o f  t h e  b r e a k p o i n t  w i l l  d e p e n d  on t h e  

s t a t i s t i c a l  d i s t r i b u t i o n  o f  p a r a s i t e  num b ers  p e r  h o s t  and
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and t h e  s e x u a l  h a b i t s  o f  t h e  p a r a s i t e  ( i . e .  w h e t h e r  i t  

i s  p o l y g a m o u s  o r  monogamous)  . The b r e a k p o i n t  has  been  

f o u n d  t o  be as  lo w  as  0 . 3  h o o k w o r m s / h o s t  i n  human 

c o m m u n i t i e s  ( A n d e r s o n , 1 9 8 2 a )  a n d ,  as  s u c h ,  t h e  c o n c e p t  

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

s i g n i f i c a n c e  t o  d i s e a s e  c o n t r o l  t h a n  was  i n i t i a l l y  

s u g g e s t e d  ( A n d e r s o n , 1980 ; A n d e r s o n  & M ay ,  1982 ; C r o l l  ejt a_l

1 9 8 2 ) .  N o t h i n g  i s  known a b o u t  e i t h e r  t h e  t h r e s h o l d
1
if

p r o b a b i l i t y  o f  m a t i n g  i n  t h e  m o u s e / H . p o l y g y r u s  s y s t e m  o r  /

t h e  p a t t e r n  o f  egg  p r o d u c t i o n  i n  t h e  f i e l d .  ^
r , /

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

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

r a t e , R o , ( t h e  a v e r a g e  num ber  o f  f e m a l e  o f f s p r i n g  p r o d u c e d  

t h r o u g h o u t  t h e  l i f e  t i m e  o f  a  m a t u r e  f e m a l e  p a r a s i t e  w h i c h  

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

d e n s i t y - d e p e n d e n t  c o n s t r a i n t s )  ( A n d e r s o n  & M a y , 1 9 8 2 ) .  The  

v a l u e  o f  t h i s  p a r a m e t e r  m us t  e x c e e d  u n i t y  ( R Q>1) f o r  

p a r a s i t e  m a i n t a i n a n c e . I t s  v a l u e  i s  t y p i c a l l y  i n  t h e  

r e g i o n  o f  2-3 f o r  hookworm s  ( A n d e r s o n , 1 9 7 9 ;1 9 8 0 )  . A 

g e n e r a l i z e d  t a r g e t  f o r  h e l m i n t h  c o n t r o l  p ro g ra m m es  c o u l d ,  

t h e r e f o r e ,  be  t o  a im  a t  r e d u c i n g  t h e  v a l u e  o f  R Q t o  b e l o w  

z e ro )  ( A n d e r s o n , 19 82 a ) . F o r  g e o h e l m i n t h s  ( e . g .  A s c a r i s , 

hookworm ,  T r i c h u r i s , T o x o c a r a ) s u c h  a r e d u c t i o n  i n  

t r a n s m i s s i o n  p o t e n t i a l  i m p l i e s  c o n t r o l  by  a c o m b i n a t i o n  

o f  i m p r o v e d  s a n i t a t i o n ,  h y g i e n e  and e d u c a t i o n ,  and d r u g

t r e a t m e n t  ( A n d e r s o n  & M a y , 1 9 8 5 a ) .



1 . 6  H u m a n  h o o k w o r m  i n f e c t i o n

E s t i m a t e s  o f  t h e  p r e v a l e n c e  o f  t h e  m a j o r  i n t e s t i n a l  

h e l m i n t h s  o f  man t h r o u g h o u t  t h e  w o r l d  a p p e a r  t o  h a v e  

c h a n g e d  l i t t l e  i n  t h e  l a s t  t h r e e  d e c a d e s  s i n c e  S t o l l ( 1 9 4 7 )  

r e m a r k e d  upon t h e  h i g h  a b u n d a n c e  o f  t h e s e  p a r a s i t e s  

( A n d e r s o n  & M a y , 19 82 ;  W a r r e n , 1 9 8 1 ) .  Hookworm i s  '

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

i m p o r t a n t  i n f e c t i o n s  l i k e  s c h i s t o s o m i a s i s ,  f i l a r i a s i s ,  

m a l a r i a ,  t r y p a n o s o m i a s i s  and  l e i s h m a n i a s i s  (W. H . 0 . , 19 81) ' .  

R e c e n t  e s t i m a t e s  s u g g e s t  t h a t  o v e r  600 m i l l i o n  p e o p l e  

a r e  i n f e c t e d  i n  t h e  w o r l d  t o d a y  ( M u l l e r , 1 9 7 5 ;  P e t e r s ,

1978 ;  S c h a d  & B a n w e 1 1 , 1 9 7 8 ;  1 9 8 4 ;  W a r r e n , 1 9 8 1 ) .

The  two  m a j o r  s p e c i e s  o f  human hookworm,  A n c y l o s t o m a  

d u o d e n a l e  and  N e c a t o r  a m e r i c a n u s  o c c u r  s y m p a t r i c a l l y  i n  

many p a r t s  o f  A s i a ,  A f r i c a  a n d  A m e r i c a  ( H o a g l a n d  & S c h a d ,  

1 9 7 8 ) .  I n  a r e a s  w h e r e  h o o kw o rm  i s  e n d e m i c ,  t h e  p r e v a l e n c e  

o f  i n f e c t i o n  c a n  be as  h i g h  a s  95% ( M u l l e r , 1 9 7 5 ) ,  

e s p e c i a l l y  a m o n g s t  t e e n a g e r s  ( A n d e r s o n , 1 9 8 1 ;  1 9 8 2 b ) .

Man i s  i n f e c t e d  by  i n g e s t i o n  a n d / o r  s k i n - p e n e t r a t i o n  

o f  t h e  i n f e c t i v e ,  n o n - f e e d i n g  t h i r d - s t a g e  l a r v a  ( L 3 ) .

T h e s e  l a r v a e  ( L 3 )  d e v e l o p  i n t o  s e x u a l l y  m a t u r e  p a r a s i t e s  

i n  t h e  s m a l l  i n t e s t i n e ,  a f t e r  a b r i e f  m i g r a t i o n  v i a  t h e  

h e a r t  and l u n g s .  F e r t i l i z e d  eg g s  a r e  p a s s e d  i n  t h e  h o s t  

f a e c e s  f r o m  5-7 w e e k s  a f t e r  i n f e c t i o n  t o  t h e  e n v i r o n m e n t .  

T h e y  h a t c h  t o  r e l e a s e ,  v i a  s e v e r a l  m o u l t s ,  t h e  f i r s t  ( L I ) ,  

s e c o n d  ( L 2 )  and  t h e  t h i r d  ( L 3 )  l a r v a e  (M i  1 l e r , 1979)  .
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1 . 6 . 1  M o r b i d i t y  and  p a t h o p h y s i o l o g y

Hookworm i n f e c t i o n *  i s  g e n e r a l l y  p e r c e i v e d  as  b e n i g n  

and i n d u c i n g  m o r b i d i t y  r a t h e r  t h a n  m o r t a l i t y  ( A n d e r s o n , 1 9 80 ;  

Mi 1 l e r , 1979)  . H o w e v e r ,  t h e  l o n g - t e r m  e f f e c t s  o f  p e r s i s t ­

e n t  hookworm i n f e c t i o n  i n  man ( s o m e t im e s  a c q u i r e d  as  e a r l y  

as  4-5 w e e k s  a f t e r  b i r t h  ( N w o s u , 1 9 8 1 ) )  r e m a i n  r e l a t i v e l y  

u n e x p l o r e d .  Hookworms c a n  i n d u c e  p r i m a r y  and s e c o n d a r y  

a n a e m ia  i n  man t h r o u g h  t h e  l o s s  o f  b l o o d  and  i r o n  r e s e r v e s  

( A r e c k u  1 ,1  975 ; G i l l e s  e_t a_l, 1 9 6 4 ;  M i l l e r ,  1979 ;  R o c h e  &

L a y r i s s e , 1 9 6 6 ) .  The f e e d i n g  a c t i v i t y  o f  t h e  worms w i t h  

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

enzym es  ( H o t e z  & C e r a m i ,  1983 ; H o t e z  £t. aJ . ,  1985)  c a u s e s  

l e a k a g e  o f  p l a s m a  p r o t e i n s ,  h a e m o g l o b i n  and l o s s  o f  i r o n ,

f o l i c  a c i d  and  v i t a m i n  B12 ( R o c h e  & L a y r i s s e , 1 9 6 6 ) .
51U s i n g  C r - l a b e l l e d  r e d  b l o o d  c e l l  s t u d i e s ,  b l o o d  l o s s  

due t o  A . d u o d e n a l e  was  f o u n d  t o  be 0 .1 5  m l / d a y ,  f i v e  

t i m e s  h i g h e r  t h a n  f o r  N . a m e r i c a n u s  ( R o c h e  & L a y r i s s e , 1 9 6 6 ) .  

M a l a b s o r p t i o n  s y n d r o m e s  and  m i n e r a l  d e f i c i e n c i e s  ( z i n c  

and i r o n ) ,  a c t i n g  s y n e r g i s t i c a l l y  w i t h  m a l n u t r i t i o n  and  

p o l y p a r a s i t i s m ,  w i l l  a l m o s t  c e r t a i n l y  a d v e r s e l y  a f f e c t  

man ( B u n d y ,  1985 ; S t e p h e n s o n  e t  a l , 1985)  . S u c h  e f f e c t s  

u n d e r l i n e  t h e  n e e d  t o  r e g a r d  hookworm i n f e c t i o n  as  a

d e b i l i t a t i n g  d i s e a s e  i n  n e e d  o f  m e d i c a l  i n t e r v e n t i o n .



1 . 6 . 2  E p i d e m i o l o g y  o f  h o o k w o r m  i n f e c t i o n

M a j o r  e p i d e m i o l o g i c a l  s t u d i e s  whose  c o n c l u s i o n s  

a r e  as  r e l e v a n t  t o d a y  a s  when  t h e  w o rk  was f i r s t  u n d e r ­

t a k e n  w e r e  c o n d u c t e d  i n  N o r t h  A m e r i c a ,  L a t i n  A m e r i c a  and 

t h e  F a r  E a s t  i n  t h e  1 9 2 0 ' s  ( C o r t  e_t ^_1 ,1929;  D o c h e r  t y , 19 2 6;  

H i l l , 19 26 ;  S w e e t , 1 9 2 5 ) .  R e c e n t l y ,  a n a l y s e s  o f  q u a n t i t a t i v e  

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

( A n d e r s o n , 1980?  1 9 8 1 ;  1 9 82 b ;  A n d e r s o n  & M a y , 1 9 8 5 a ;  S c h a d

& A n d e r s o n , 1 9 8 5 ) .  A g e - p r e v a l e n c e  and  - i n t e n s i t y  p r o f i l e s  

f o r  hookworm i n  I n d i a  ( C h o w d h u r y  & S c h i l l e r , 1 9 6 8 ;  S c h a d ,  

N a w a l i n s k i  & K o c h a r , 1983 ) ; T a i w a n  ( H s i e h , 1970)  ;

P h i l l i p p i n e s  ( P e s i g a n  e t  £ ^ 1 ,1 9 5 8 ) ;  S r i  L a n k a  ( F e r n a n d o  & 

B a l a s u r i y a , 1 9 7 6 ) ;  Z a m b ia  ( W e n l o c k , 1 9 7 8 ) ;  T h a i l a n d  

( P a p a s u r a t h o r n  e t  a 1 ,1 9 6  7) ; I r a n  ( A n d e r s o n , 1 9 8 2 b ;  C r o l l  & 

G h a d i r i a n , 1 9 8 1 )  and  t h e  C a r r i b e a n  ( B u n d y , 1 9 8 5 ) ,  show a 

s i m i l a r  p a t t e r n  o f  an i n c r e a s e  i n  p r e v a l e n c e  and i n t e n s i t y  

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

i n t e n s i t y  o f  i n f e c t i o n  ( d e p e n d i n g  on t h e  a r e a )  i n  t h e  

o l d e r  a g e - c l a s s e s  o f  t h e  p o p u l a t i o n  ( A n d e r s o n  & M a y , 1 9 8 5 a ) .  

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

c o u l d  be e x p l a i n e d  b y  p o s t u l a t i n g  e i t h e r  an a g e - d e p e n d e n t  

f o r c e  o f  i n f e c t i o n  o r  t h e  a c q u i s i t i o n  o f  im m u n i t y  

( A n d e r s o n , 1 9 8 2 b ; A n d e r s o n  & M a y , 1 9 8 5 a ) .

Quantitative estimates of the rate parameters 

regulating the transmission success of hookworm may differ 

from one locality to another. In general, hookworm appears 

to have a basic reproductive rate,RQ/ Q f around 2-3 and an
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a v e r a g e  a d u l t  worm l i f e  e x p e c t a n c y  o f  a b o u t  2-4 y e a r s  

( A n d e r s o n , 1 9 8 2 b ) . T o g e t h e r  w i t h  t h e  h i g h l y  a g g r e g a t e d  

d i s t r i b u t i o n  o f  human hookworm  ( t h e  n e g a t i v e  b i n o m i a l
i

p a r a m e t e r ,  k ,  h a s  b e e n  e s t i m a t e d  a t  0 . 3 )  i t  i s  n o t  

s u r p r i s i n g  t h a t  hookw orm  i s  a p e r s i s t e n t  i n f e c t i o n  

( A n d e r s o n , 1 9 8 0 ) .  T h e s e  o b s e r v a t i o n s  i m p l y  t h a t  t h e  

p a r a s i t e  p o p u l a t i o n  i s  l i k e l y  t o  b o u n c e  b a c k  t o  i t s  

e q u i l i b r i u m  l e v e l  f o l l o w i n g  c h e m o t h e r a p e u t i c  i n t e r v e n t i o n  

( A n d e r s o n  & M a y , 1 9 8 2 ) .  R e c e n t  e p i d e m i o l o g i c a l  s t u d i e s  

o f  i n t e s t i n a l  h e l m i n t h  i n f e c t i o n s  i n  humans i n  I n d i a  

s u g g e s t  t h a t  t h e  t i m e  i t  t a k e s  f o r  hookworm i n f e c t i o n  

( m e a s u r e d  by  worm c o u n t s )  t o  r e a c h  30% o f  i t s  p r e - c o n t r o l  

l e v e l  i s  a b o u t  1 y e a r  ( E l k i n s ,  E l k i n s  & A n d e r s o n , 1 9 8 6 ) .

Another biological feature of human hookworm infection 

relevant to its control is the recently described 

predisposition to hookworm infection in man (Schad &

A n d e r s o n , 1 9 8 5 ) .  The  f a c t o r s  t h a t  p r e d i s p o s e  i n d i v i d u a l s  

t o  hookworm a r e  l i t t l e  u n d e r s t o o d ,  b u t ,  b e h a v i o u r a l ,  

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

i m p o r t a n t  ( S c h a d  & A n d e r s o n ,  1985 )  . Com m un i ty  c o n t r o l  

o f  b o t h  m o r b i d i t y  and  t r a n s m i s s i o n  o f  hookworm may b e n e f i t  

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

t r e a t m e n t  as  o p p o s e d  t o  r e p e a t e d  mass t r e a t m e n t  ( A n d e r s o n  & 

M e d l e y , 1 9 85 ;  A n d e r s o n  & M a y , 1 9 82 ;  W a r r e n , 1981 ;  W a r r e n  &

Mahmoud, 1 9 7 6 ) .
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The mode o f  t r a n s m i s s i o n  o f  hookworm i s  b e l i e v e d  

t o  be v i a  r e p e a t e d  l o w - l e v e l  ( = t r i c k l e )  i n f e c t i o n s  ( S c h a d  

e t  a j . ,  1983)  due t o  t h e  o v e r d i s p e r s e d  d i s t r i b u t i o n  o f  

i n f e c t i v e  l a r v a e  i n  t h e  e n v i r o n m e n t  ( S c h a d  ejt a 1 ,1983  ; 

H o m i n i c k ,  Dean  & S c h a d ,  1986^ U d o n s i  et a _ l , 1 9 8 1 ) .  E x p o s u r e  

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

s e a s o n a l  a b u n d a n c e  o f  l a r v a e  ( S c h a d  ejt a 1 ,1983  ; U d o n s i  

e t  a 1 , 1 9 8 3 ) .  W i t h i n  e a c h  a g e - c l a s s  o f  t h e  human c o m m u n i t y ,

s e a s o n a l l y  c o n v e x  a g e - i n t e n s i t y  c u r v e s  w i t h  a g e n e r a l  

t r e n d  o f  i n c r e a s i n g  i n t e n s i t y  w i t h  age  may be common i n  

M onsoon  a r e a s  ( s e e  S c h a d  e_t a_l ,  1 9 8 3 ) .

Studies in the laboratory involving repeated low- 

level infections in mouse populations, provide a means for 

examining the relevance of different factors (such as the 

intensity of exposure to infection) as determinants of 

observed changes in helminth abundance with host age.

1 . 7  A im s  o f  t h e  p r o j e c t

D e s p i t e  t h e  s u g g e s t i o n  b y  B a l l  & B a r t l e t t  (1972 )  t h a t  

H . p o l y g y r u s  i n  o u t b r e d  m i c e  c o u l d  be u s e d  as  a l a b o r a t o r y  

m o d e l  o f  e n d e m i c  hookworm  i n f e c t i o n  i n  man, v e r y  l i t t l e  

e x p e r i m e n t a l  and  q u a n t i t a t i v e  e c o l o g i c a l  o r  e p i d e m i o l o g i c a l

w o r k  h a s  b e e n  done  t o  b r i d g e  t h e  gap i n  o u r  p r e s e n t
/

u n d e r s t a n d i n g  o f  t h e  e p i d e m i o l o g y / o f  i n t e s t i n a l  n em a to d e  

i n f e c t i o n s  o f  man.

f
D.
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The f e a t u r e s  o f  human hookworm  i n f e c t i o n  w h i c h  a r e  

o f  r e l e v a n c e  t o  t h e  o b j e c t i v e s  o f  t h i s  p r o j e c t  a r e  t h a t  

t h e  i n f e c t i o n  i s  c h r o n i c ;  p r e v a l e n c e  and i n t e n s i t y  o f  

i n f e c t i o n  a r e  s t a b l e  o v e r  a w i d e  r a n g e  o f  a g e - c l a s s e s ,  

t h e  h i g h e s t  i n t e n s i t y  o f  i n f e c t i o n  b e i n g  o b s e r v e d  i n  

t e e n a g e r s ;  and  t h a t  a l a r g e  p e r c e n t a g e  o f  t h e  worms a r e  

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

( A n d e r s o n , 1 9 8 2 b ; C r o l l  & G h a d i r i a n , 1 9 8 1 ) .  S i m i l a r  f e a t u r e s  

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

i n  o u t b r e d  l a b o r a t o r y  m i c e  ( B a l l  & B a r t l e t t ,1 9 7 2 )  a n d  i n  

n a t u r a l  i n f e c t i o n s  o f  w i l d  r o d e n t s  ( s e c t i o n  1 . 3 ) .  An 

i n t e r e s t i n g  q u e s t i o n  i s ,  t h e r e f o r e ,  w h e t h e r  h e t e r o g e n e i t y  

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

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

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

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

l e v e l s  o f  i n f e c t i o n  i n  a s i m i l a r  m anner  t o  r e c e n t  e x p e r i m e n t ­

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

m a n s o n i  i n  m i c e  ( C r o m b i e  & A n d e r s o n , 1985 ;  A n d e r s o n  &

C r o m b i e , 1 9 8 5 ) .  T h i s  s t u d y  s p e c i f i c a l l y  a d d r e s s e s  t h e  

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

o f  i n f e c t i o n .

T h i s  d i s s e r t a t i o n  i s  o r g a n i s e d  as  f o l l o w s .  The 

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

c h a p t e r  2.  I n  c h a p t e r  3 ,  t h e  h e r i t a b i l i t y  o f  t h e  i n n a t e  

h o s t  r e s p o n s e  t o  H . p o l y g y r u s  by  t h e  s e l e c t i o n  o f  ' h i g h '  

and  ' l o w '  r e s p o n d e r  m i c e  f r o m  a h e t e r o g e n e o u s  o u t b r e d  

mouse p o p u l a t i o n  i s  e x a m i n e d .  The p o p u l a t i o n  b i o l o g y  o f

H . p o l y g y r u s  i n  i n b r e d  a n d  o u t b r e d  m ic e  i s  c o n s i d e r e d  i n
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c h a p t e r  4 w i t h  t h e  a im  o f  o b t a i n i n g  e s t i m a t e s  o f  t h e  r a t e  

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

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

m e n t ,  s u r v i v o r s h i p  and  f e c u n d i t y ,  and t h e i r  d e p e n d e n c e  on 

t h e  d e n s i t y  and  age  o f  t h e  p a r a s i t e .  The i n f l u e n c e  o f  

p r e v i o u s  e x p e r i e n c e  o f  i n f e c t i o n  i n  o u t b r e d  m ic e  on t h e  

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

i n f e c t i o n s  w i t h  H . p o l y g y r u s  i s  a l s o  e x a m in e d  i n  c h a p t e r  4.

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

u s u a l l y  a s s e s s e d  u s i n g  a s i n g l e  c h a l l e n g e  d o s e .

The d y n a m i c s  o f  r e p e a t e d  i n f e c t i o n s  o f  lo w  and h i g h  

r e s p o n d e r  i n b r e d  m ic e  ( c h o s e n  so as  t o  d i f f e r  i n  t h e i r  

H-2 h a p l o t y p e s )  w i t h  v a r y i n g  l e v e l s  o f  H . p o l y g y r u s  a r e  

r e p o r t e d  i n  c h a p t e r  5.  M a t h e m a t i c a l  m o d e l s  o f  h o s t -  

h e l m i n t h  p o p u l a t i o n s  d e v e l o p e d  by  A n d e r s o n  & M a y ( 1 9 8 5 b )  

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

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

e s t a b l i s h m e n t  o f  H . p o l y g y r u s  i n  t h e  two  mouse s t r a i n s  as  

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

The m o d e l s  a r e  e x t e n d e d  t o  i n c l u d e  t h e  i n c r e a s e d  p a r a s i t e  

d e a t h  r a t e  u n d e r  c o n d i t i o n s  o f  r e p e a t e d  i n f e c t i o n .

The i m p a c t  o f  c h e m o t h e r a p y  i n  m i c e  t r e a t e d  e i t h e r  

e a r l y  o r  l a t e  d u r i n g  t r i c k l e  i n f e c t i o n  and t h e i r  r a t e  o f  

r e - i n f e c t i o n  a r e  a l s o  e x a m i n e d .  The r e l e v a n c e  o f  v a c c i n a t i o n  

o f  m i c e  w i t h  i r r a d i a t e d  l a r v a e  and t h e  l o n g - t e r m  d u r a t i o n  

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

v a c c i n a t i o n  i s  a l s o  e x p l o r e d  i n  c h a p t e r  5.



F i n a l l y ,  i n  c h a p t e r  6 s e r u m  a n t i - H . p o l y g y r u s  a n t i b o d i e s

i n  m i c e  e x p o s e d  t o  r e p e a t e d  i n f e c t i o n  a r e  e x a m in e d .  The 

p o s s i b i l i t y  o f  a d i f f e r e n t i a l  a b i l i t y  o f  s e rum  f r o m  t h e  

h i g h  and  lo w  r e s p o n d e r  m i c e  t o  i m m u n o p r e c i p i t a t e  r a d i o -  

l a b e l l e d  s u r f a c e  a n t i g e n s  o f  H . p o l y g y r u s  i s  a n a l y s e d  (by  

S D S- PA G E  and  a u t o r a d i o g r a p h y ) .

The  t h e s i s  e n d s  ( c h a p t e r  7) by  s u m m a r i z i n g  t h e  m a in  

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

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

i n t e s t i n a l  n e m a t o d e  p a r a s i t e s  o f  man. F u t u r e  d i r e c t i o n s

i n  r e s e a r c h  a r e  a l s o  c o n s i d e r e d  i n  c h a p t e r  7.
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C h a p t e r

M a t e r i a l s  and

2

M e t h o d s



2 . 1  O r i g i n  a n d  m a i n t a i n a n c e  o f  t h e  l a b o r a t o r y  m o u s e  h o s t

O u t b r e d  MF1 m i c e ,  o r i g i n a l l y  p u r c h a s e d  f ro m  O l a c  

( B i c e s t e r , U . K . ) ,  w e r e  b r e d  u n d e r  c o n v e n t i o n a l  c o n d i t i o n s  

i n i t i a l l y  a t  Queen  M a r y  C o l l e g e  and  l a t e r  a t  t h e  D e p a r t m e n t  

o f  P u r e  and  A p p l i e d  B i o l o g y ,  I m p e r i a l  C o l l e g e .  A l l  m i c e  

w e r e  k e p t  i n  p l a s t i c  ( P V C )  i s o l a t o r s  ( V i c k e r s , U K  and 

I s o t e c h ,  B i c e s t e r , U K )  f i t t e d  w i t h  a i r  s u p p l y ,  h u m i d i t y  

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

c a g e s  i n  g r o u p s  o f  5-10 a n i m a l s  p e r  c a g e  and f e d  on 

l a b o r a t o r y  p e l l e t s  ( O x o i d  4 1 B )  and  g i v e n  w a t e r  a_d l i b i t u m . 

The b o t t o m  o f  c a g e s  w e r e  l i n e d  w i t h  wood c h i p s  and  w e r e  

c h a n g e d  a t  l e a s t  o n c e  a w eek  i n  o r d e r  t o  m i n i m i z e  a u t o -  -
7 >

i n f e c t i o n  w i t h  t h e  n e m a t o d e s  A s p i c u l u r i s  t e t r a p t e r a ,
‘ 4 f -S y p h a c i a  o b v e l a t a  and  H e l i g m o s o m o i d e s  p o l y g y r u s .

I n b r e d  C BA / C a  and  N IH  m i c e  w e r e  p u r c h a s e d  f ro m  

O l a c  as  r e q u i r e d  and  a d d i t i o n a l  CBA/Ca  m ic e  w e r e  o b t a i n e d  

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

C o l l e g e .  M i c e  w e r e  m a r k e d  i n d i v i d u a l l y  u s i n g  an e a r -  

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

2 .2  O r i g i n  and  m a i n t a i n a n c e  o f  t h e  p a r a s i t e

H e l i g m o s o m o i d e s  p o l y g y r u s  ( =N e m a t o s p i r o i d e s  d u b i u s ) 

was  o r i g i n a l l y  o b t a i n e d  f r o m  D r .  J o h n  L e w i s ,  R o y a l  H o l l o w a y  

C o l l e g e ,  L o n d o n .  Two i n f e c t e d  MF1 m ic e  w e r e  u s e d  t o  b u i l d  

up t h e  c u l t u r e .  D r .  L e w i s ' s  s t o c k  was  o b t a i n e d  f r o m  t h e
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W e l l c o m e  L a b o r a t o r i e s  i n  K e n t  and p a s s a g e d  i n  o u t b r e d  

ASH ,  CD1 and  MF1 m ic e  c o n s e c u t i v e l y .  T h i s  p a r a s i t e  

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

m i c e  f o r  s e v e r a l  d e c a d e s .

2 . 2 . 1  C u l t u r e  o f  H . p o l y g y r u s

To o b t a i n  mouse f a e c a l  p e l l e t s  c o n t a i n i n g  worm e g g s ,  

p a s s a g e  m i c e  w e r e  h o u s e d  i n  g r o u p s  o f  up t o  10 i n  c a g e s  

m o d i f i e d  t o  e n a b l e  f a e c a l  c o l l e c t i o n  ( F i g . 2 . l a ) . T h e y  h ad  

an open  b o t t o m ,  w i t h  a m e t a l  g r i d  l a r g e  enough  t o  a l l o w  

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

w i t h  m o i s t  t i s s u e  was  p l a c e d  a b o u t  1 . 5 - 2 . 0  cms b e l o w  t h e  

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

w a t e r  (no  f o o d )  o v e r n i g h t .

N e x t  m o r n i n g ,  t h e  t o t a l  f a e c a l  o u t p u t  was c o l l e c t e d  

i n t o  c l e a n  b e a k e r s  and  worm e g g s  w e r e  e x t r a c t e d  and  c u l t u r e d  

f o l l o w i n g  a m o d i f i c a t i o n  o f  t h e  m e tho d s  d e s c r i b e d  by

M . A . F . F .  ( 19 7 7 )  and  C h a i c u m p a  ejt a_l, (19 7 7 )  . B r i e f l y ,  t h e  

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

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

L a r g e  s e d i m e n t a t i o n  j a r s  w e r e  f i t t e d  w i t h  n y l o n ,  mesh 

s i z e  250 pm, and  t h e  f a e c a l  s u s p e n s i o n  was g e n e r o u s l y  

w a s h e d  t h r o u g h  w i t h  d i s t i l l e d  w a t e r .  The eg gs  w e r e  

a l l o w e d  t o  s e d i m e n t  t o  t h e  b o t t o m  o f  t h e  j a r  f o r  l - 2 h .  

M e a n w h i l e ,  c u l t u r e  p l a t e s  w e r e  p r e p a r e d  as  f o l l o w s .
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A- f o o d  b a s k e t

B- w a t e r  b o t t l e s  

C- m e t a l  c o l l e c t o r  

D- p e r s p e x  d i v i d e r  
E-  m e t a l  g r i d  

F-  p l a s t i c  t r a y  w i t h  

l a y e r  o f  w e t  t i s s u e
\ , ; , - .....................  . A

(a)

(b )

r-i-r- - - -

A- large petr i-di sh
B- large petri-dish
c - smal 1 petri-dish
D- faecal smear
E- distilled water

F i g u r e  2 . 1 .  A p p a r a t u s  f o r  t h e  C o l l e c t i o n  o f ,  and  c u l t u r e

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

t h e  l a b o r a t o r y .
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S m a l l  g l a s s  p e t r i - d i s h e s , 4 . 5  cm d i a m e t e r ,  w e r e  p l a c e d

u p s i d e  down i n s i d e  l a r g e  p e t r i - d i s h e s , 1 4 .0  cm d i a m e t e r ,

w i t h  l i d s .  S t r i p s  o f  N o . l  Whatm an  q u a l i t a t i v e  f i l t e r  

p a p e r ,  3-4 s t r i p s  t h i c k ,  w e r e  c u t  i n t o  r e c t a n g u l a r  p i e c e s  

3cm w i d e  by  11cm l o n g .  T h e s e  w e r e  p l a c e d  o v e r  t h e  s m a l l  

p e t r i - d i s h  s u c h  t h a t  t h e  e n d s  w e n t  u n d e r n e a t h  t h e  p e t r i -  

d i s h  ( F i g . 2.  l b ) .  I n  t h i s  w a y ,  t h e  f i l t e r  p a p e r  w o u ld  

a b s o r b  w a t e r  i n  t h e  l a r g e  p e t r i - d i s h  and r e m a i n  m o i s t .

A t  t h e  end  o f  t h e  s e d i m e n t a t i o n  p e r i o d  t h e  s u p e r ­

n a t a n t  was  d i s c a r d e d  and  t h e  s e d i m e n t  w a s h e d  i n t o  15 ml 

p l a s t i c  c e n t r i f u g e  t u b e s .  T he  f a e c a l  s p e c im e n  was 

c e n t r i f u g e d  f o r  5 m in s  a t  3 , 5 0 0 - 4 , 0 0 0  R . P . M .  and t h e  

s u p e r n a t a n t  d i s c a r d e d .  The p r o c e s s  was r e p e a t e d  a g a i n  

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

t h e  f i n a l  w a s h ,  t h e  s u p e r n a t a n t  was  d i s c a r d e d  and t h e  

f a e c a l  p e l l e t  was  s c o o p e d  ( u s i n g  a c l e a n  s p a t u l a )  o n t o  

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

spread evenly over the surface. Finally, a layer of 
/

d i s t i l l , _ e d  w a t e r  was  p o u r e d  i n t o  t h e  l a r g e  p e t r i - d i s h  

t o  a l e v e l  b e l o w  t h e  maximum h e i g h t  o f  t h e  s m a l l e r  p e t r i -  

d i s h .  The p e t r i - d i s h  a s s e m b l y  was  t h e n  c u l t u r e d  a t  

25± 1 °C  i n  an i n c u b a t o r  f o r  6-7 d a y s .  O c c a s  i o n a l l y ,  t h e  

l i d  was  o p e n e d  f o r  a b o u t  5-10  m in s  t o  p e r m i t  a e r a t i o n  o f

t h e  c u l t u r e .
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H a t c h e d  l a r v a e  m i g r a t e  a w a y  f r o m  t h e  f a e c a l  s m u d g e  

i n t o  t h e  s u r r o u n d i n g  w a t e r  o r  w a i t  u p r i g h t  o n  t h e  e d g e  

o f  t h e  f i l t e r  p a p e r .  S i x  t o  s e v e n  d a y s  l a t e r ,  i n f e c t i v e  

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

5 0 m l  s t e r i l i n  t u b e s  ( v - b o t t o m )  a n d  t h e  e d g e  o f  t h e  f i l t e r  

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

T h e  l a r v a e  w e r e  a l l o w e d  t o  s e t t l e  t o  t h e  b o t t o m  o f  t h e  

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

w e r e  w a s h e d  s e v e r a l  t i m e s  w i t h  d i s t i l l e d  w a t e r  t o  r e m o v e  

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

w a t e r  i n  s e a l e d  b o t t l e s  a t  4 ° C .

2 . 3  I n f e c t i o n  o f  t h e  l a b o r a t o r y  m o u s e

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

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

u n d e r  a  d i s s e c t i o n  m i c r o s c o p e  i n  0 . 1  m l  s a m p l e s ,  w a s  

s u c k e d  u p  i n  a  1  m l  p l a s t i c  s y r i n g  f i t t e d  w i t h  a  1 9 - g a u g e  

n e e d l e  ( S t e r i l i n ) ,  m o d i f i e d  b y  f i t t i n g  a  b l u n t  t i p  a n d  

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

p r e v e n t  i n j u r y  t o  t h e  h o s t .  M i c e  w e r e  h e l d  i n  t h e  l e f t  

h a n d  w i t h  t h e  t h u m b  a n d  f o r e - f i n g e r  h o l d i n g  o n t o  t h e  

s c r u f f  o f  t h e  n e c k  t o  p r e v e n t  h e a d  m o v e m e n t  ( a n d  b i t . ' i n g l )  

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

f i n g e r s .  A  l O O p l  v o l u m e  o f  t h e  r e q u i s i t e  n u m b e r  o f  

l a r v a e  ( e . g .  5 0 L 3 / 0 . 1 m l )  w a s  g i v e n  t o  t h e  m o u s e  a n d  c a r e

w a s  t a k e n  t o  e n s u r e  t h a t  t h e  s u s p e n s i o n  d i d  n o t  a c c i d e n t ­

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

t r a n s f e r r e d  t o  c l e a n  c a g e s .
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2 . 4  F a e c a l  e g g  c o l l e c t i o n  a n d  c o u n t i n g  t e c h n i q u e s

I n  a l l  e x p e r i m e n t s ,  f a e c e s  w e r e  c o l l e c t e d  f r o m  

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

b a s e d  o n  b o t h  w e i g h t  ( e g g s  p e r  g r a m )  a n d  u n i t  t i m e  ( e g g s  

p e r  u n i t  t i m e )  b a s i s .  F a e c a l  c o l l e c t i o n  c a g e s ,  d e s c r i b e d  

i n  s e c t i o n  2 . 2 ,  w e r e  m o d i f i e d  t o  a c c o m m o d a t e  t w o  m i c e  

p e r  c a g e  b y  i n s e r t i n g  a  t r a n s p a r e n t  p e r s p e x  p a r t i t i o n  

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

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

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

A  m e t a l  c o l l e c t o r  w a s  f i t t e d  o n t o  t h e  f o o d  b a s k e t  i n  

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

f a e c e s  a t  t h e  b o t t o m  o f  t h e  c a g e .

F a e c e s  w e r e  c o l l e c t e d  f r o m  i n d i v i d u a l  m i c e ,  i n i t i a l l y  

f o r  2 4 h  b u t  l a t e r ,  f o r  1 6 h  ( o v e r n i g h t )  s i n c e  i t  w a s  f o u n d  

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

b o t h  p e r i o d s ,  w i t h  l i t t l e  c h a n g e  i n  e g g s  p e r  g r a m  ( e p g )  o r  

e g g s  p e r  1 6 h .  A l s o ,  i n  l o n g - t e r m  e x p e r i m e n t s ,  h e a v i l y  

i n f e c t e d  m i c e  w e r e  t o o  w e a k  t o  s t a y  i n  c a g e s  f o r  2 4 h  

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

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

e g g s  f r o m  2 4 h  f a e c a l  c o l l e c t i o n s  a l r e a d y  c o n t a i n e d  m o b i l e  

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

h a t c h i n g ;  t h i s  s u g g e s t e d  t h a t  e g g  c o u n t  e r r o r s  d u e  t o  

h a t c h i n g  w e r e  l i k e l y  t o  o c c u r  i n  2 4 h  c o l l e c t i o n s .
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F a e c a l  c o l l e c t i o n s  o v e r  1 6 h  w e r e  t h e r e f o r e  o b t a i n e d  

o n  w e t  t i s s u e  a s  i n  s e c t i o n  2 . 2 .  F a e c a l  p e l l e t s  w e r e  

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

i n  m a r k e d ,  10  m l  s t e r i l i n  t u b e s  w i t h  l i d s  o f  k n o w n  w e i g h t .  

F a e c e s  w e r e  a l w a y s  p r o c e s s e d  w i t h i n  2 4 h  a f t e r  m a i n t e n a n c e  

a t  4 ° C .  C o n t r o l  e x p e r i m e n t s  r e v e a l e d  t h a t  t o t a l  e g g  

c o u n t s  i n  f a e c e s  k e p t  a t  4 ° C  t e n d e d  t o  d e c l i n e  t o  a p p r o x ­

i m a t e l y  h a l f  t h e  i n i t i a l  c o u n t  o v e r  a  p e r i o d  o f  o n e  w e e k  

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

e g g s ) .  F e c u n d i t y  w a s  e x p r e s s e d  a s  e g g s  p e r  1 6 h  p e r i o d .

2 . 4 . 1  M o d i f i e d  M c M a s t e r  e g g  c o u n t i n g  t e c h n i q u e

P a r a s i t e  e g g s  w e r e  e n u m e r a t e d  b y  a  m o d i f i c a t i o n  o f  

t h e  M c M a s t e r  t e c h n i q u e  ( M A F F , 1 9 7 7 )  w h i c h  t o o k  a c c o u n t  o f  

t h e  f a c t  t h a t  m o u s e  f a e c e s  o f t e n  w e i g h e d  l e s s  t h a n  o n e  

g r a m .  T h e  t o t a l  f a e c a l  o u t p u t  o v e r  1 6 h  o f  k n o w n  w e i g h t  

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

t h e  c o l l e c t i o n  t u b e  w i t h  a  f l o t a t i o n  f l u i d  c o n s i s t i n g  o f  

s a t u r a t e d  m a g n e s i u m  s u l p h a t e  w i t h  s p e c i f i c  g r a v i t y  o f  1 . 2 5 .  

T h e  s u s p e n s i o n  w a s  t h e n  p o u r e d  t h r o u g h  m u s l i n ,  m e s h  s i z e  

1 5 0 - 2 0 0 ( J ,  t o  r e m o v e  b u l k y  d e b r i s  a n d  t h e n  r i n s e d  c a r e f u l l y  

w i t h  a  k n o w n  v o l u m e  o f  u p  t o  3 0 m l  m a g n e s i u m  s u l p h a t e  p e r  

g r a m  o f  f a e c e s .  C a r e  w a s  t a k e n  t o  e n s u r e  t h a t  n o  e g g s  

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

s u s p e n s i o n  i n t o  s e d i m e n t a t i o n  j a r s  w i t h  d i s t i l l e d  w a t e r  

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

( i  -  2 h )  a n d  c e n t r i f u g a t i o n .  L o s s e s  d u e  t o  t h e  t r a n s f e r
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o f  t h e  s u s p e n s i o n  i n t o  t u b e s  w e r e  a l s o  m i n i m i z e d .  T o  

p r o c e s s  o n e  s p e c i m e n  t o o k  a p p r o x i m a t e l y  3 - 5  m i n s ;  u p  t o  

3 0  s p e c i m e n  c o u l d  b e  p r o c e s s e d  i n  o n e  d a y  a s  o p p o s e d  t o  

o n l y  1 0  b y  t h e  o r i g i n a l  m e t h o d  ( M A F F , 1 9 7 7 ) .

A  k n o w n  v o l u m e  o f  t h e  s u s p e n s i o n  w a s  d r a w n  o f f  w i t h  

a  p a s t e u r  p i p e t t e  a n d  p l a c e d  i n t o  a  M c M a s t e r  s l i d e  w h e r e  

t h e  e g g s  w e r e  a l l o w e d  t o  f l o a t  t o  t h e  s u r f a c e .  A l l  t h e  

e g g s  p r e s e n t  u n d e r  t h e  g r i d  w e r e  t h e n  c o u n t e d  u s i n g  a  

l i g h t  b i n o c u l a r  m i c r o s c o p e  a t  l o w  p o w e r  ( x 4 0 ) .  F r o m  

4 - 6  r e a d i n g s  p e r  s a m p l e  w e r e  m a d e  a n d  t h e  e g g s  p e r  1 6 h  

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

t h e  g r i d  w a s  0 . 1 5  m l .  T o  o b t a i n  e g g s  p e r  g r a m ,  t h i s  

n u m b e r  ( e g g s / 1 6 h )  w a s  d i v i d e d  b y  t h e  t o t a l  w e i g h t  o f  t h e  

s t o o l  s p e c i m e n .

2 . 5  P o s t - m o r t e m  d i s s e c t i o n  o f  m i c e

M i c e  w e r e  k i l l e d  u n d e r  e i t h e r  d i e t h y l  e t h e r  o r  

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

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

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

a n d  m o v i n g  d o w n  t h e  l e n g t h  o f  t h e  s m a l l  i n t e s t i n e  u n t i l  

t h e  i l e o - c a e c a l  v a l v e .  T h e  w h o l e  i n t e s t i n e  w a s  e x c i s e d ,  

s p l i t  o p e n  a n d  p l a c e d  i n t o  a  c l e a n  p e t r i - d i s h  c o n t a i n i n g  

0 . 8 5 %  s a l i n e .  D u e  t o  a  h i g h  d e g r e e  o f  f i b r o u s  t i s s u e  

a n d / o r  c y s t s  d e v e l o p i n g  d u r i n g  t r i c k l e  i n f e c t i o n s ,  c a r e

w a s  n e c e s s a r y  i n  e x c i s i n g  t h e  i n t e s t i n e  l e s t  i t  w a s  b r o k e n .



T h e  p e t r i - d i s h  w a s  i n c u b a t e d  f o r  l - 2 h  a t  3 7 ° C  t o  a l l o w  t h e

w o r m s  t o  m i g r a t e  a w a y  f r o m  t h e  i n t e s t i n a l  t i s s u e .  A l l  

w o r m s  w e r e  t h e n  s e x e d  a n d  c o u n t e d  i n d i v i d u a l l y  o r  i n  

p a i r s .  W o r m s  w e r e  f i x e d  i n  1 0 %  f o r m a l i n  a n d  s t o r e d  i n  

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

2 . 5 . 1  L a r v a l  w o r m  r e c o v e r y

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

o p e n i n g  u p  • t h e  g u t  b y  u s i n g  t h e . t e c h n i q u e  o f  C h a i c u m p a  

e t  a 1 ( 1 9 7 7 ) .  B r i e f l y ,  t h e  w o l e  g u t  w a s  p l a c e d  b e t w e e n

t w o  p e r s p e x  s l i d e s  3 0  c m  x  2  c m ,  a n d ,  b y  p r e s s i n g  t h e  

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

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

A l t e r n a t i v e l y ,  w h e n  a l l  l a r v a e  f a i l e d  t o  m i g r a t e  a w a y  

f r o m  t h e  t i s s u e  a t  3 7 ° C  f o r  l - 2 h ,  a  d i g e s t i o n  t e c h n i q u e  

w a s  u s e d  ( M c N e i l s o n  e  t  a  1 , 1 9  7  3 ) . T h e  i n t e s t i n e ,  a f t e r  

c o u n t i n g  a n d  r e m o v i n g  a l l  a d u l t  w o r m s  a n d  s o m e  l a r v a e ,  

w a s  p l a c e d  i n  a  c l e a n  p e t r i - d i s h  c o n t a i n i n g  t h e  d i g e s t i o n  

f l u i d  ( H e r l i c h ' s )  c o n s i s t i n g  o f  p e p s i n  p l u s  H C 1 ,  o v e r n i g h t  

a t  3 7 ° C .  T h e  f o l l o w i n g  m o r n i n g ,  a l l  l a r v a e  w e r e  c o u n t e d  

u n d e r  t h e  d i s s e c t i n g  m i c r o s c o p e .

2 . 5 . 2  R e c o v e r y  o f  f o u r t h - s t a g e  l a r v a e

T o  o b t a i n  f o u r t h - s t a g e  l a r v a e  ( L 4 )  a s  a  s o u r c e  o f  

a n t i  g e n ,  i n f e c t e d  m i c e  w e r e  k i l l e d  a s  b e f o r e  ( s e c t i o n  2 . 5 )

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

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

a n d  t h e n  i n c u b a t e d  i n  s a l i n e  a t  3 7 ° C  f o r  u p  t o  4 h  ( E y ,  

P r o w s e  a n d  J e n k i n , 1 9 8 1 )  o r  s p l i t  o p e n  a n d  i n c u b a t e d  i n  

n o r m a l  s a l i n e  o r  p h o s p h a t e  b u f f e r e d  s a l i n e  a t  3 7 ° C  f o r  

2 h .  L a r v a e  e m b e d d e d  i n  t h e  e x t e r n o - m u s c u l a r i s  m u c o s a  

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

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

( s e e  s e c t i o n  2 . 8 - 1 )  o r  s t o r e d  a t  - 2 0 ° C .

2 . 6  D r u g  t r e a t m e n t  ( c h e m o t h e r a p y )

T h e  o r i g i n a l  s t o c k  o f  M F 1  o u t b r e d  m i c e  u s e d  f o r  t h e  

b r e e d i n g  e x p e r i m e n t  ( c h a p t e r  3 )  w e r e  t r e a t e d  t o  r e m o v e  

p i n w o r m  i n f e c t i o n  w i t h  v i p r y n i u m  s u l p h a t e  ( P a r k e - D a v i s ,  

U K )  a t  5 0  m g / k g  b o d y  w e i g h t .  P y r a n t e l  t a r t r a t e  ( P f i z e r ,  

U K )  w a s  u s e d  t o  c l e a r  w o r m s  f r o m  i n f e c t e d  m i c e .  I t  i s  

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

5 0  m g / k g  b o d y  w e i g h t  ( B e h n k e  & W a k e  1 i n , 1 9 7 7  ) . W h e n  b o t h  

a d u l t  a n d  l a r v a l  w o r m s  w e r e  t h e  t a r g e t  o f  d r u g  t r e a t m e n t ,  

i v e r m e c t i n  ( M e r c k  & S h a r p e , U K )  d i l u t e d  i n  t h e  s o l v e n t  

p r o p y l e n e  g l y c o l  ( p r o p a n e  1 - , 2 - d i o l )  ( B D H ) w a s  g i v e n  t o  

m i c e  a t  t h e  r a t e  o f  1 0  m g / k g  b o d y  w e i g h t  ( S a y l e s  & 

J a c o b s o n , 1 9 8 3 ) .  A l l  d r u g s  w e r e  a d m i n i s t e r e d  b y  s t o m a c h  

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

1 0 0  p i  o f  d r u g  f o r  2 0 g  b o d y  w e i g h t  o f  m o u s e .  C a r e  w a s  

t a k e n  t o  p r o v i d e  a  d r u g - t r e a t m e n t  c o n t r o l  g r o u p  w h e n e v e r  

m i c e  w e r e  d o s e d  w i t h  t h e s e  d r u g s .  T h i s  w a s  d o n e  t o  c h e c k

t h e  e f f i c a c y  o f  t h e  d r u g s  u n d e r  o u r  e x p e r i m e n t a l  c o n d i t i o n s .
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2 . 7  H u m o r a l  a n t i b o d y  r e s p o n s e s

2 . 7 . 1  S e r u m  c o l l e c t i o n

I n  s o m e  s e l e c t e d  e x p e r i m e n t s ,  s e r u m  w a s  o b t a i n e d  f r o m  

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

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

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

h e a r t  a n d  a  1 9  g a u g e  s t e r i l i n  n e e d l e  f i t t e d  t o  a  1  m l  

s t e r i l i n  s y r i n g e  w a s  u s e d  t o  s u c k  u p  a b o u t  0 . 5  m l  b l o o d .  

S p i l l e d  b l o o d  a n d  a l s o  b l o o d  c l o t s  w e r e  c o l l e c t e d  i n t o  

a  1 . 5  m l  E p p e n d o r f .  I n d i v i d u a l  s e r a  w e r e  a l l o w e d  t o  c l o t  

a t  r o o m  t e m p e r a t u r e  f o r  l h  a n d  t h e n  l e f t  o v e r n i g h t  a t  4 ° C .

T h e  s p e c i m e n  w a s  c e n t r i f u g e d  a t  5 , 0 0 0  R P M  a t  4 ° C  f o r  1 0  m i n s  

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

m a n  t i p  i n t o  a n o t h e r  1 . 5  m l  E p p e n d o r f .  T h e  s e r u m  w a s  k e p t  

a t  - 2 0 ° C  u n t i l  u s e .

2 . 7 . 2  A n t i g e n  p r e p a r a t i o n

T e n  t o  t w e n t y  m a l e  o u t b r e d  M F 1  m i c e  w e r e  e a c h  i n f e c t e d  

w i t h  5 0 0  H . p o l y g y r u s  l a r v a e  i n  o r d e r  t o  r a i s e  l a r g e  

a m o u n t s  o f  a n t i g e n .  A n t i g e n  w a s  p r e p a r e d  f r o m  6 d  o l d  

f o u r t h  s t a g e  l a r v a e  ( D 6 L 4 )  a n d  a d u l t  w o r m s  ( A H )  o b t a i n e d  

a s  d e s c r i b e d  i n  s e c t i o n  2 . 5 .  A f t e r  e x t e n s i v e  w a s h i n g  o f  

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

i n  1 m l  T r i s - b u f f e r  c o n t a i n i n g  p r o t e a s e  i n h i b i t o r s  i n  a
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g l a s s - g l a s s  t i s s u e  h o m o g e n i z e r  ( J e n c o n s ) .  T h e  s u s p e n s i o n  

w a s  t h e n  c e n t r i f u g e d  f o r  3 0  m i n s  a t  1 0 , 0 0 0  R P M  a t  4 ° C  

( S o r v a l l  c e n t r i f u g e ) . T h e  s u p e r n a t a n t ,  A H  o r  D 6 L 4  

h o m o g e n a t e ,  w a s  d i s p e n s e d  i n t o  1 m l  E p p e n d o r f s  i n  1 0 0 | j l  

v o l u m e s  a n d  s t o r e d  a t  - 2 0 ° C  u n t i l  u s e d .  P r o t e a s e  

i n h i b i t o r s  i n c l u d e d  2 5 [ j g / m l  N - o ^ - p - t o s y  1 - L - l y s i n e - c h l o r o -  

m e t h y l  k e t o n e  ( T L C K ) ;  2 5 p g / m l  L - l - t o s y l a m i d e - 2 - p h e n y 1  

e t h y 1 - c h l o r o e t h y l k e t o n e  ( T P C K ) ; I m M  p h e n y l m e t h y l  s u l p h o n y l  

f l u o r i d e  ( P M S F )  ; 5 |j M p e p s t a t i n  a n d  I m M  e t h y l e n e  d i a m i n e  

t e t r a  a c e t i c  a c i d  ( E D T A ) .  T h e s e  w e r e  a l l  s u p p l i e d  b y  

S i g m a .

2 . 7 . 3  P r o t e i n  d e t e r m i n a t i o n

T h e  c o n c e n t r a t i o n  o f  p r o t e i n  i n '  t h e  a n t i g e n  

h o m o g e n a t e s  w a s  d e t e r m i n e d  b y  t h e  B r a d f o r d  m e t h o d  

( B r a d f o r d , 1 9 7 6 ;  S e d m a r k  & G r o s s b e r g , 1 9 7 7 )  u s i n g  t h e  

c o m m e r c i a l l y  p r e p a r e d  B i o - R a d  k i t .  B o v i n e  s e r u m  a l b u m i n  

( B S A ) w a s  u s e d  t o  c o n s t r u c t  a  s t a n d a r d  c u r v e .  A d u l t  

h o m o g e n a t e  w a s  a d j u s t e d  t o  a  s t o c k  c o n c e n t r a t i o n  o f  

5 m g / m l .

2 . 7 . 4  E n z y m e - l i n k e d  i m m u n o s o r b e n t  a s s a y  ( E L I S A )

A n t i - H . p o l y g y r u s  a n t i b o d i e s  i n  m o u s e  s e r a  w e r e  

m e a s u r e d  u s i n g  a  m o d i f i c a t i o n  o f  a n  e n z y m e - l i n k e d  i m m u n o ­

s o r b e n t  a s s a y  ( V o l l e r ,  B a r t l e t t  & B i d w e 1 1 , 1 9 7 6 ; 1 9 8 0 ;

E n g v a l l  & P e r l m a n n , 1 9 7 2 ;  P r i t c h a r d ,  B e h n k e  & W i 1 1 i a m s , 1 9 8 4 )
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M i c r o t i t r e  p l a t e s  ( N u n c  9 6 F , D e n m a r k  o r  D y n a t e c h , U K )  w e r e  

c o a t e d  w i t h  5 p g / m l  o f  A H  p r e p a r e d  i n  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 ,  p H  9 . 6 ,  b y  i n c u b a t i o n  o f  p l a t e s  f o r  l h  a t  3 7 ° C  a n d  

t h e n  o v e r n i g h t  a t  4 ° C .  P r e l i m i n a r y  c h e q u e r - b o a r d  

t i t r a t i o n  t e s t s  h a d  s h o w n  t h a t  a  1 : 5 0  s e r u m  d i l u t i o n  w a s  

o p t i m a l  f o r  t h i s  o p t i m a l  a n t i g e n  c o n c e n t r a t i o n .  H e n c e ,  

a l l  t e s t  s e r a  w e r e  d i l u t e d  1 : 5 0  i n  w a s h  b u f f e r  ( 0 . 1 M  P B S  

p l u s  0 . 5 %  T w e e n  2 0  ( p o l y o x y - e t h y l e n e  s o r b i t o l  m o n o l a u r a t e ,  

S i g m a ) )  c o n t a i n i n g  1 0 %  B S A  t o  b l o c k  a n y  n o n - s p e c i f i c  

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

A n  a u t o m a t e d  p l a t e  w a s h e r  ( T i t r e t e k )  w a s  u s e d  f o r  

w a s h i n g  a t  3 m i n  i n t e r v a l s  i n - b e t w e e n  w a s h e s  a n d  a l l  

i n c u b a t i o n  s t e p s  w e r e  f o r  l h  a t  3 7 ° C .  E x c e p t  w h e r e  

m e n t i o n e d ,  2 0 0 | j l  v o l u m e s  w e r e  u s e d  t h r o u g h o u t .  I g M  a n d  

I g G l  a n t i b o d i e s  w e r e  m e a s u r e d  u s i n g  o p t i m a l l y  d i l u t e d  

( 1 : 1 5 0 0 )  p e r o x i d a s e - c o n j u g a t e d  a f f i n i t y  p u r i f i e d  r a b b i t  

a n t i - m o u s e  I g M  a n d  I g G l  a n t i s e r a  ( M i l e s , U K ) .  F r e s h  

s u b s t r a t e  w a s  m a d e  u p  w i t h  1 0 % o r t h o - p h e n y l e n e  d i a m i n e  

( O P D ) ( l O m g / m l )  i n  c i t r a t e - a c e t a t e  b u f f e r ,  p H  5 . 0 ,  p l u s  

0 . 0 0 1 %  3 0 %  h y d r o g e n  p e r o x i d e  : ( B D H ) . T h e  p l a t e  w a s  c o v e r e d  

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

f o r  3 0  m i n s .  T h e  r e a c t i o n  w a s  s t o p p e d  b y  t h e  a d d i t i o n  o f  

2 5 p l  4 M  H 2 S O 4 p e r  w e l l .  T h e  o p t i c a l  d e n s i t i e s  w e r e  

r e a d  a t  4 9 0  n m  u s i n g  a n  a u t o m a t e d  p l a t e  r e a d e r  ( D y n a t e c h ) .
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2 . 8  C h a r a c t e r i z a t i o n  o f  a n t i g e n s  o f  H . p o l y g y r u s

2 . 8 . 1  R a d i o - l a b e 1 1 i n g  o f  p a r a s i t e s

F r e s h l y  a c q u i r e d  l a r v a l  a n d  a d u l t  H . p o l y g y r u s  w e r e

w a s h e d  e x t e n s i v e l y  i n  P B S  b u f f e r  p r i o r  t o  s u r f a c e  l a b e l -  

125
l i n g  w i t h  N a  I  ( A m e r s h a m , U K )  b y  t h e  I o d o g e n  ( 1 , 3 , 4 , 6 -

t e t r  a c h l o r o - 3 « . ,  6c C - d i p h e n y  l g l y c o u r i l ) m e t h o d  ( M a r k w e l l  &

F o x ,  1 9 7 8 ;  F r a k e r  & S p e c k , 1 9 7 8 ) .  T h e  p a r a s i t e s  w e r e

t r a n s f e r r e d  t o  1 . 5  m l  E p p e n d o r f  v i a l s  c o a t e d  w i t h  5 0 0 u g

d r i e d  I o d o g e n  ( P i e r c e  C h e m ,  C o . )  a n d  e x c e s s  b u f f e r  u s e d

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

1 2  5
5 0 0  p C i  N a  I  ( = 2 . 5 p l )  w a s  t h e n  a d d e d  t o  t h e  v i a l  a n d  

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

t e m p e r a t u r e  f o r  1 0  m i n s .  A  1 0 %  v / v  s a t u r a t e d  t y r o s i n e  

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

b e f o r e  t h e  p a r a s i t e s  w e r e  t r a n s f e r r e d  t o  a  10 m l  c e n t r i f u g e  

t u b e  a n d  w a s h e d  t h r e e  t i m e s  i n  c o l d  1 0  mM T r i s  b u f f e r ,  

p H  8 . 3 ,  c o n t a i n i n g  p r o t e a s e  i n h i b i t o r s .

2 . 8 . 2  S o l u b i l i z a t i o n  o f  s u r f a c e  a n t i g e n s

R a d i o - l a b e 1 l e d  p a r a s i t e s  w e r e  t a k e n  u p  i n  1% s o d i u m  

d e o x y c h o l a t e  ( N a D O C )  s o l u t i o n  i n  1 0  mM T r i s  p l u s  p r o t e a s e  

i n h i b i t o r s  f o r  s o l u b i l i z a t i o n  o f  s u r f a c e  a n t i g e n s  ( M a i z e l s  

e t  ^ 1 , 1 9 8 6 )  a n d  h o m o g e n i z e d  i n  t h e  s a m e  b u f f e r - d e t e r g e n t .  

T h e  h o m o g e n a t e s  w e r e  c e n t r i f u g e d  t w i c e  f o r  3 0  m i n s  a t  4 ° C ,

1 0 , 0 0 0  x g .  S u p e r n a t a n t s  w e r e  r e c o v e r e d  a s  l a b e l l e d  s u r f a c e

a n t i g e n .
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2 . 8 . 3  T C A  p r e c i p i t a b i l i t y

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

b y  p r e c i p i t a t i o n  w i t h  1 0 %  t r i c h l o r o a c e t i c  a c i d  ( T C A ) .

3 pi 1 o f  n o r m a l  r a t  s e r u m  w a s  a d d e d  t o  3 p i  o f  s u r f a c e -  

l a b e l l e d  s a m p l e  i n  a  L P 3  t u b e ,  v o r t e x e d ,  a n d  t h e  r a d i o ­

a c t i v i t y  w a s  c o u n t e d  u s i n g  a  g a m m a  c o u n t e r .  T u b e s  w e r e  

t h e n  f i l l e d  s l o w l y  w i t h  c o l d  1 0 %  T C A ,  w h i l e  v o r t e d  m i x i n g ,  

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

t w i c e  f o r  1 0  m i n s  a t  4 ° C  u s i n g  a  t o p - s p e e d  b e n c h  c e n t r i ­

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

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

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

2 . 8 . 4  I m m u n o p r e c i p i t a t i o n  a n d  S D S - P A G E

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

4  5
a  v o l u m e  e q u i v a l e n t  t o  1 x 1 0  c . p . m . ( A H )  a n d  1 x 1 0  ( d 6 L 4 )

i n  5 0  p i  P B S  w i t h  5 p l  t e s t  m o u s e  s e r u m  i n  E p p e n d o r f s  a n d  

i n c u b a t i n g  o v e r n i g h t  a t  4 ° C .  A n t i g e n - a n t i b o d y  c o m p l e x e d  

w e r e  p r e c i p i t a t e d  b y  t h e  a d d i t i o n  o f  5 0  p i  o f  a  1 0 %  

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

f o r m a l i n  f i x a t i v e )  p l u s  5 p l  g o a t  a n t i - m o u s e  I g .  A f t e r  

i n c u b a t i o n  f o r  l h  a t  4 ° C ,  t h e  p r e c i p i t a t e s  w e r e  w a s h e d  

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

a n d  r e - s o l u b i l i z e d  i n  4 0  p i  o f  S D S - P A G E  l o a d i n g  b u f f e r  

c o n t a i n i n g  5 % f r e s h l y  a d d e d  2 - m e r c a p t o e t h a n o l  ( a  r e d u c i n g

a g e n t )  a n d  b o i l e d  a t  1 0 0 ° C  f o r  5  m i n s .



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

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

s u l p h a t e  p o l y a c r i l a m i d e  g e l  e l e c t r o p h o r e s i s  ( S D S - P A G E ) .  

H o m o g e n e o u s  1 0 %  p o l y a c r i l a m i d e  r u n n i n g  g e l s  a n d  5% s t a c k i n g  

g e l s  w e r e  u s e  ( S u t a n t o  e  t  a _ l ,  1 9 8 5 ) .  I o d i n a t e d  m o l e c u l a r  

w e i g h t  m a r k e r s  ( P h a r m a c i a ) ,  r a n g e  1 4 . 4 - 9 4  k d a ,  w e r e  a l s o  

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

w e r e  t a k e n  f o r  a u t o r a d i o g r a p h y  b y  e x p o s u r e  t o  s e n s i t i z e d  

F u j i  X - r a y  f i l m  u s i n g  I l f o r d  f a s t  t u n g s t a t e  i n t e n s i f y i n g  

s c r e e n s  a t  - 8 0 ° C  f o r  1 0  d a y s  ( S u t a n t o  e t  a l , 1 9 8 5 ) .

2 . 9  D a t a  a n a l y s i s

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

b y  p e r f o r m i n g  s t a n d a r d  s t a t i s t i c a l  t e s t s  ( S o k a l  & R o l f , 1 9 8 2 ;  

Z a r , 1 9 8 5 )  a n d  s t a t i s t i c a l  p a c k a g e s .  S i g n i f i c a n c e  w a s

a c c e p t e d  a t  t h e  9 5 %  l e v e l .
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C h a p t e r  3

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

f r o m  o u t b r e d  M F 1  m i c e
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3.1 Introduction

Recently, it has been increasingly accepted that 
populations of parasites within hosts are under some 
direct or indirect (e.g. via the immune system) genetic 
control by their hosts (Wake 1 in, 1978b; 1985a,b ; Skamene 
et a^, 1980 ; Luzatto, 1986) . Most of the evidence is 
obtained from laboratory experimentation. This is due 
to the relative ease with which experimental host-parasite 
systems can be manipulated, the short generation times 
of the parasite and the ability to breed genetically 
defined strains of laboratory rodent hosts (Falconer,1981; 
Festing, 1982 ; Hohenboken, 1985) .

It has been shown, for example, that mice can be 
selected for high and low responsiveness to the nematode 
parasites, Trichuris muris (Wake 1in, 1975 ) , Trichine 11a 
spiralis (Wakelin,1980; Wassom,David & Gleich,1979;
Wassom, Wakelin, Brooks, Krco & David,1984) and H .polygyrus 
(Brindley & Dobson,1981; Sitepu & Dobson,1982; Brindley,
He, Sitepu, Pattie & Dobson,1986). Dineen & Wandon (1980) 
have reported a separation of high and low responder 
sheep to vaccination against Trichostrongylus colubriformis 
infection. Genetic control of other parasites such as 
the cestode Hymenolepis cite 1li (Wassom, DeWitt & Grundman, 
1974; Arnason, Dick & Wassom,1986); the trematode, 
Schistosoma mansoni (Jones & K usel,1985) and the Leishmania 
protozoa (Blackwe11,1985; Skamene, Gros, Forget, Kongshavn,
St Charles & Taylor,1982) and particulate antigens (Biozzi 
et al,1979) have been described.
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The association between the major histocompatibility 
complex in humans (HLA) and disease is also well known 
(Svejgaard,1980). The list is, however, largely made up 
of immunopathological diseases such as rheumatoid arthritis, 
dermatitis, coeliac, endocrine (e.g. diabetes) and neuro­
logical (e.g. multiple sclerosis) diseases plus a few 
viral and. bacterial infections e.g. leprosy, herpes and 
tuberculosis (see Svejgaard,1980).

Genetic control of parasitic infections by their hosts 
can be expressed in several ways. Non-specific, innate 
resistant mechanisms usually form the first-line of 
defence against parasites (Wake1in,1985a). The rate of 
parasite establishment and/or expulsion are affected and 
may be under the control of several genes (=polygenic) - 
including non-H-2 linked genes, or a dominant autosomal 
gene as in H. citelli (Wassom e t a_l, 1974) and T . mur is 
(Wake 1in, 19 7 5) .

Control of infection or disease by the host can also 
be manifest at the level of specific, passive and/or 
adaptive immunity. The genes involved may or may not be 
linked to the major histocompatibility complex (Wakelin,: 
1978b). Host genetic factors have been demonstrated in 
relation to the production of antibody- or cell-mediated 
immunity following exposure .to infection or relevant 
antigens (Mitche11,1979). However, these effects are not 
always correlated with ecologically significant parameters

such as worm burden and reproductive rate (see Wake 1in, 1985b)
or disease (Jones & Kusel,1985; Blackwe11,1985).
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Inheritance of innate resistance and/or susceptibility 
to H .polygyrus has been shown by selection of high and low 
responder mice from an initial (Quackenbush x wild)Fl mouse 
population (Brindley & Dobson,1981). Presumably, the 
introduction of 'wild' type genes increased the genetic 
variability of the.outbred Quackenbush mice. Partial 
linkage between the genes controlling innate and acquired 
immunity has been shown using challenge infections 
(Sitepu & Dobson,1982; Brindley & Dobson,1983).

The host-parasite system that was chosen to demonstrate 
the heritability of innate resistance/susceptibility to 
a nematode infection was outbred, laboratory MF1 and 
H .polygyrus. Following a standard dose of infective larvae, 
mice were designated as high and low responders to H .polygyrns 
on the basis of the phenotypic character 'total faecal 
parasite eggs/mouse/16h ' . Mice excreting large numbers 
of parasite eggs/16h were considered low responders i.e. 
they harboured more worms than the high responders (those 
mice excreting few parasite eggs/16h). The shortcomings 
of the use of egg counts to predict parasite burdens will 
be discussed in this chapter and also in chapter 4.

Four generations of mice in these two ' lines 1 were 
selected in a two-way selection program (FaIconer,1981). 
Environmental effects were kept to a minimum and controlled 
by maintaining an unselected outbred mouse population.
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The long-term aim was, therefore, having demonstrated 
the genetic control of infection levels, to establish 
high and low responder mice. These selected mice could 
then be used to investigate the dynamics of parasite 
acquisition and loss under conditions of repeated exposure 
of mice to infection. The results of repeated infections 
in two inbred mouse strains designated as high and low 
responders to H .polygyrus will be reported in chapter 5.
These two inbred mouse strains were chosen such that they 
were of different haplotypes (the major histocompatibility 
complex corresponding to HLA in man).

This chapter is organised as follows. First, the 
relevant theoretical background necessary for the analysis 
of selection experiments is reviewed in section 3.2, 
followed by a detailed account of the experimental design 
in section 3.3. An account of the results on the measure­
ment of metric characters and estimates of their heritability 
over several generations is given in section 3.4. Finally, 
the results are discussed in relation to host-parasite 
population dynamics in section 3.5.
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3.2 The theoretical model of selection

Before a discussion of the mathematical basis for 
the selection experiment, the statistical methods commonly 
used to analyse the resemblance between parent and 
offspring (in the absence of selection) will be briefly 
discussed. The theoretical details have been developed 
and discussed by Hi11(1971;1972a,b), Falconer(1981) and 
Bulmer(1980). The purpose of this discussion is, therefore, 
to provide a template for the analysis of the data from 
the selection experiment.

In a randomly breeding population where there is 
neither interaction nor correlation between the environ­
mental (V ) and genetic (V ) components of variance, the E G
phenotypic variance (V ) will be given by (Falconer,1981) :

VP V + VG E [3.1]

where the environmental component of variance is the sum 
total of all variation due to, in this specific case, 
the technique of infection, inherent biological variability 
in parasite reproduction - including density-dependent 
effects on parasite fecundity and the environmental 
circumstances under which the experiment is conducted.
If this environmental variance is kept to a minimum by 
careful experimental design, then the degree of genetic 
determination will be given by

[3.2]
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We can therefore define a further component, the additive 
variance, V , which specifies the degree of genetic 
resemblance between offspring and parents. The proportion 
of the additive variance over the phenotypic variance 
is defined as the estimate of the her itability, h2-, where

h2 = VA / Vp [3.3]

Thus, if the genetic character was measured between both 
parents and offspring, the regression coefficient (bAp) 
is an estimate of the heritability

h 2 = bAp [3.4]

In the case of offspring-one parent regression, the 
heritability estimate is given by

h2 = 2bftp [3.5]

This simple statistical procedure enables the estimation 
of the heritability of a character and its standard error 
in a randomly mating population. The underlying assumptions 
in the model are the linearity between the parental and 
offspring values and equality of variance (Hill,1971;
Bulmer,1980).

If we denote the phenotypic value of one offspring 
per pair of parents at generation i as y^ and that of 
parents as x^, then the slope, 9̂ , of the regression line 
(Bulmer,1980)

y. = a + fix, + e, [3.6]i > i i
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is estimated in the usual way by

 ̂ = ^ ( x i-x)(yi~ y) x> [3.7]

where = h2 [3.8]

The residual mean square estimates the error term e .i
var (e^) = (1 - 2^ 2)V [3.9]

Falconer(1981) estimates the variance associated with p in 
the case of offspring-mid/parent regression as

var (£) 1
N - 2

var (x^)
var (y.)i

- 0 2 [3.10]

where N = number of families or paired observations, and
var (x.) and var (y.) are the variances of the mean value i i
of mid-parents and offspring, respectively. For offspring- 
one parent regression, the standard error of the estimated 
heritability is approximately

S .E . (h2) = 2 Op [3.11]

whereas for offspring-mid/parent regression, it is simply

S .E . (h 2) = Op [3.12]

So far, only empirical methods for estimating genetic 
parameters in the absence of selection have been considered. 
A linear model [3.6] was formulated to capture the essential 
features of offspring-parent regression with the additional 
assumptions of no epistasis i.e. no genetic and environ­
mental interactions, and linkage disequilibrium.
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Under selection, a different approach is needed. 
Selection has three main effects. First, the gene 
frequencies are likely to be altered independently of 
random drift and secondly, the assumption of equal 
variance is violated and hence, the regression may also 
change during selection. Thirdly, and clearly, during 
selection mating is assortative rather than random 
(Hill,1971; 1972; Buimer, 1980 ; Falconer,1981).

Bulmer1s (1980) empirical model assumes linear 
regression where the expectation of regression of offspring 
on parents is given by

E(YQ | Yp ) = a + bYp [3.13]

and Yq and Yp are the mean phenotypic values of offspring 
and parents respectively, assuming no sex differences. 
Following selection, the mean phenotypic value of k 
number of parents selected for breeding from N, the total 
population, will be Yp . From equation [3.13], the 
expected phenotypic value in their offspring will be

E(Y0 I Yp ) = a + bYp [3.14]

and the predicted value, in the absence of selection, is 
from [3.6] ,

E ' (YO Y ) P Pa + bY ' [3.15]
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Therefore, the change in the mean value among parents 
due to selection or the selection differential,S, is 
given by

S = Yp - Yp [3.16]

and the predicted response to selection (R) is the 
deviation of the mean phenotypic value of the offspring 
of selected parents from the whole parental generation 
before selection. Combination of equations [3.14] and 
[3.15] gives

R = b(Y - Y^) = bS [3.17]

which is equivalent to

R = /3S = h2S [3.18]

and fi> is the regression coefficient and is defined, in the 
case of no sex differences) as  ̂= 2b; and h2 is the 
realized heritability. The realized heritability,h2, can 
be of some predictive, practical value in breeding 
programmes (Falconer,1981). From the relationship

S = i(T p [3.19]

it follows that the expected or predicted response, R, is

R = ih2 <T [3.20]

where CTp = phenotypic standard deviation; i = intensity 
of selection.
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The precision of the parameter, h2, will be under­
estimated since the regression is computed from mean 
values only (Falconer,1981). Hill(1971) has discussed
the optimal design to reduce this lack of precision. 
Divergent selection i.e. selection in two directions, and 
to a lesser extent, maintenance of a control, unselected 
population to monitor the effects of random drift improves 
the estimate (Hill,1971) . Selection of parents reduces 
the variance in equation [3.10] and so will inbreeding 
(Falconer,1981) . There is an optimal proportion of 
parents to be selected in order to reduce the error of 
the estimate and this proportion is a function of the 
heritability value (Hill,1971). In general, proportions 
of 0.15-0.20 are efficient (Soller & Genizi,1967; Hill, 
1971). Replicated selection itself enables the calculation 
of the standard error, but may be excluded if it is 
very time consuming (Falconer,1981).

3.3 Experimental design I
1

Fifty male and 50 female outbred MF1 parental stock 
(G.I) bred at Q.E.TI College (see Materials and Methods) 
were brought into the Department of Pure & Applied Biology, 
Imperial College. All mice were individually marked and 
used at 6-8 weeks old. Information on parents, day of 
mating and weaning was kept. Weaned mice were housed in 
groups of 10 of each sex. Each mouse was infected with

100L3 H .polygyrus in 0.1ml distilled water after carefully
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adjusting the concentration of larvae. Three weeks after 
infection, all mice were transferred to individual cages 
and the 16h faecal output of each mouse collected. Faecal 
parasite egg counts were performed from each mouse and 
expressed as eggs/16h. For practical purposes, the three 
breeding lines were infected at weekly intervals in order 
to facilitate egg counting.

Ten pairs of mice with the lowest egg counts (=high 
responders(H)) and 10 pairs of mice with the highest 
egg counts (=low responders(L)) were selected for paired 
mating (representing 20-30% of all mice). All other mice 
were killed and their worm burdens assessed. Mice 
selected for breeding were each treated with 50 mg/kg 
body weight pyrantel tartrate to remove all worms. In this 
way, the possibility of maternal transfer of protection 
was eliminated (Brindley & Dobson,1981). A control random 
(Rd) group of uninfected outbred MF1 mice was also 
maintained by breeding at least 10 pairs or in harems 
of 1 male to 5 females. Only, and all, the first litters 
were used for breeding in the next generation. Inbreeding 
was kept to a minimum by avoiding brother-sister matings 
where possible. In some cases, reproductive failure 
within the 3-6 weeks mating period occurred and such 
breeding pairs were excluded. Offspring from the three 
breeding lines were weaned from their mothers at 3 weeks
of age and the sexes, separated.
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The progeny (G.II) of G.I mice were all infected 
and ranked in the same way as G.I for high and low faecal 
parasite egg counts. Mice from the Rd line were also 
infected to check the infectivity of larvae and acted as 
a 'breeding control' for environmental effects. This 
procedure was repeated until G.IV offspring were obtained.

3.4 Results from the selection experiment

3.4.1 The relationship between the total number of eggs/16h

There was a significant positive, linear relationship 
between the number of female H .polygyrus and their 16h egg 
output from both male (t=10.84; D.F.=27; P<0.001) and
female (t=12.93; D.F.=25; P<0.001) MF1 mice (Fig. 3.1a,b). 
The regressions of log(10) transformed egg counts (to 
normalize the data) on worm burden were also highly 
significant (P<0.001).

The results in Fig. 3.2 show the 95% confidence 
limits of the mean egg counts from groups of female worms 
(recovered from female MF1 in Rd G.I and G.II). They 
clearly indicate that (by lack of overlap between the 
95% C.L. of the extreme groups) within the experimental 
range of infection dose (100 H .polygyrus) employed in 
this study, mice excreting many eggs, can be distinguished 
from those excreting few parasite eggs. \

and the number of female H.polygyrus.



88

Figure 3.1. The relationship between the number of
female H.polygyrus and the total number of 
eggs/I6h/mouse from singly infected male (a) 
and female (b) outbred MF1 mice.

Squares - observed points; solid line - predictions
of a best fit linear model (constrained through
zer o) of the form y = bx, with parameter values ;
(a) b = 477 ; P < 0.0 01 ;
(b) b = 3 8 2; P<0.001.
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(a )
MALE MF1

(b)
FEMALE MF1

NO.OF FEMALE H.POLYGYRUS
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F i g u r e  3 . 2 . The r e l a t i o n s h i p  b e t w e e n  t h e  number  o f  eg g s  

p e r  16h p e r  mouse and g r o u p s  o f  f e m a l e  

H . p o l y g y r u s  (worm c l a s s ) .  D a t a  f r o m  g e n e r a t i o n s  

I  and  I I  ( R d )  m i c e  was  c o m b in e d  f o r  a n a l y s i s .

S q u a r e s  - o b s e r v e d  p o i n t s ;  v e r t i c a l  b a r s  - 95% 

c o n f i d e n c e  l i m i t s  o f  t h e  mean c o u n t s .
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3 . 4 . 2  S e l e c t i o n  o f  h i g h  and l o w  r e s p o n d e r  m ic e

The f r e q u e n c y  d i s t r i b u t i o n  o f  p a r a s i t e  e g g s / 1 6 h  i n  

m ice  o f  random ( R d ) , h i g h  (H) and low  ( L )  p h e n o t y p e s  f r o m  

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

F i g .  3 . 3 .  T h e s e  r e s u l t s  i n d i c a t e  an a s y m m e t r i c  r e s p o n s e  

o f  m ic e  t o  i n f e c t i o n  w i t h  H . p o l y g y r u s  t h a t  became p r o g r e s s ­

i v e l y  s i g n i f i c a n t  as  s e l e c t i o n  p r o g r e s s e d  ( T a b l e s  3 . 1 a  and  

3 . 2 b ) .  I n  o t h e r  w o r d s ,  t h e r e  was  an i n c r e a s i n g  d i s p a r i t y  

b e t w e e n  h i g h  and  lo w  r e s p o n d e r  m i c e  d u r i n g  s e l e c t i o n .

The v a r i a n c e  t o  mean r a t i o  o f  t h e  f a e c a l  p a r a s i t e  egg 

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

among s e l e c t e d  p a r e n t s ,  as  s e l e c t i o n  p r o g r e s s e d  ( T a b l e  3 . 1 b )  

The c o n t r o l  ( Rd )  p o p u l a t i o n  ( u n s e l e c t e d )  m a i n t a i n e d  a 

c o n s t a n t  p r o p o r t i o n  o f  a p p r o x i m a t e l y  65% ' h i g h '  and 15%

' l o w '  r e s p o n d e r s  ( T a b l e  3 . 2 a ) .

3 . 4 . 3  E s t i m a t i o n  o f  t h e  h e r i t a b i l i t y

T h e o r e t i c a l  c o n s i d e r a t i o n s  ( s e e  3 . 2 )  s u g g e s t  t h a t  i t  

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

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

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

r a n d o m l y  b r e e d i n g  p o p u l a t i o n .  Our  e x p e r i m e n t a l  d e s i g n ,  

t h a t  o f  k e e p i n g  t h e  p a r e n t a l  Rd m ic e  u n i n f e c t e d ,  c o u l d  

t h e r e f o r e  n o t  p e r m i t  s u c h  an e s t i m a t e .  A c r u d e  e s t i m a t e  o f  

t h e  h e r i t a b i l i t y  by  r e g r e s s i o n  o f  o f f s p r i n g  ( I I )  on p a r e n t s

( I ) ,  on t h e  a s s u m p t i o n  t h a t  t h e  gene  f r e q u e n c i e s  w o u ld  n o t  

c h a n g e  s u b s t a n t i a l l y  was  f o u n d  t o  be 0 .1 7  ± 0 .0 8  ( T a b l e  3 . 3 )
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F i g u r e  3 . 3 .  The f r e q u e n c y  d i s t r i b u t i o n  o f  H . p o l y g y r u s  

e g g s  p e r  16h i n  m i c e  w h i c h  w e r e  s e l e c t e d  

as  h i g h  (H) and  lo w  ( L )  r e s p o n d e r s  f r o m  a 

c o n t r o l  o u t b r e d  MF1 random  (Rd )  p o p u l a t i o n

d u r i n g  4 g e n e r a t i o n s .
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T a b l e 3 . 1 ( a ) .  Summary o f t h e mean p a r a s i t e e g g s / 1 6 h / m o u s e

i n  o u t b r e d MF1 (Rd )  m i c e  s e l e c t e d f o r  h i g h

( H ) and  l o w  ( L ) r e s p o n s i v e n e s s  t o H . p o l y g y r u s

(P=num ber o f  p a r e n t s ;  0 = number o f o f  f  s p r  i  ng -

m a le  and  f e m a l e ; .Gn = g e n e r a t i o n ) - n = n o . o f  m i c e ) .

Gn n
(H)

E g g s / 1 6 h n
(Rd )

E g g s / 1 6 h n
( L )

E g g s / 1 6 h

± s . d . ± s . d . ± s . d .

I 99 1 12265

±11778

I I P 18 1551 P 19 31253

±1645 ±11876

0 99 14979 67 17705 0 6 6 16187 N . S .

±10496 ±13674 ±11840

I I I P 2 0 4696 P 20 28548

0 71 13399 40 12777 0 84 17475 *

±10851 ±11142 ±15918

I V P 2 0 3771 P 20 38422

0 74 4288 40 13903 0 55 25 729 * * *

±8434 ±14934 ±24192

t - t e  s t (H v s  L )  : P >0.05 - N o t s i g n i f  i c a n t (N .  S . )
P < 0 . 0  5 - * ; P < 0 . 0  01 * * *

T a b l e  3 . 1 ( b ) . The v a r i a n c e  t o  mean r a t i o  ( VMR) o f  p a r a s i t e  

e g g s / 1 6 h / m o u s e  i n  Rd ,  H and  L l i n e s  d u r i n g  

s e l e c t i o n  o f  MF1 m ic e  i n f e c t e d  w i t h  H . p o l y g y r u s .

VMR

Gn (H) (R d ) ( L )

I 11310

I I P 1745 P 4513

0 7355 10561 0 8660

I I I p 695 P 5434

0 8788 9716 0 14500
I V p 1175 P 5692

0 16589 16041 0 22747
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T a b l e  3 . 2 ( a ) . The r e l a t i v e  p r o p o r t i o n  o f  c o n t r o l  MF1 (Rd )

m ic e  c l a s s i f i e d  a r b i t r a r i l y  as  ' h i g h '
3

(<15 x 10 e g g s / I 6 h / m o u s e ) and ' l o w '
3(> 25 x 10 e g g s / I 6 h / m o u s e ) r e s p o n d e r s  

d u r i n g  s e l e c t i o n .

P r o p o r t i o n  (% )

G e n e r a t i o n H i g h  r e s p o n d e r Low r e s p o n d e r

I 6 8 .7 1 1 . 0

I I 5 6 .7 22.3
I I I 6 5 .0 1 5 .0

I V 6 7 .5 1 7 .5

T a b l e  3 . 2 ( b ) . The r e l a t i v e  e f f i c a c y  o f  s e l e c t i o n  f o r  

h i g h  (H) and  l o w  ( L )  r e s p o n d e r s  f r o m  a 

p a r e n t a l  o u t b r e d  MF1 (Rd )  mouse p o p u l a t i o n . 

(The  p r o p o r t i o n  s e l e c t e d  was  a p p r o x i m a t e l y  

20-30% )  .

P r o p o r t i o n  (% )

G e n e r a t i o n  H i g h  r e s p o n d e r  Low r e s p o n d e r

I V 8 2 .7 5 2 .8
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3 . 4 . 4  E s t i m a t i o n  o f  t h e  r e a l i z e d  h e r i t a b i l i t y

The r e a l i z e d  h e r i t a b i l i t y  was  e s t i m a t e d  f r o m  t h e  

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

d i f f e r e n t i a l  o v e r  4 g e n e r a t i o n s  ( T a b l e  3 . 4 ) .  The 

h e r i t a b i l i t y  was  0 . 2 1  ± 0 .2 9  f o r  t h e  h i g h  l i n e ;

0 .2 5  ± 0 .0 4  f o r  t h e  lo w  l i n e  and 0 .2 6  ± 0 .1 2  f o r  t h e  

d i v e r g e n c e  b e t w e e n  t h e  two  l i n e .  N o te  t h e  l a r g e  s t a n d a r d  

e r r o r s  o f  t h e  e s t i m a t e .

3 . 4 . 5  P h e n o t y p i c  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  

e g g / m o u s e / 1 6 h  and  mouse l i t t e r  s i z e

T h e r e  was a n e g a t i v 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  e g g s /  

m ouse/16h  and mouse l i t t e r  s i z e  ( F i g .  3 . 4 ) .  t h e  P e a r s o n  

c o r r e l a t i o n  c o e f f i c i e n t  was  o n l y  s i g n i f i c a n t  i n  G . I I

( P < 0 . 0 5 )  and  n o t  s i g n i f i c a n t  i n  G . I I I  and G . I V  ( P > 0 . 0 5 ) .
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F i g u r e  3 . 4 .

G e n e r a t i o n

G e n e r a t i o n

G e n e r a t i o n

The r e l a t i o n s h i p  b e t w e e n  mouse l i t t e r  s i z e  

and  t h e  p h e n o t y p i c  c h a r a c t e r  ' f a e c a l  

p a r a s i t e  e g g s / 1 6 h / m o u s e 1 d u r i n g  s e l e c t i o n  

f o r  h i g h  and  lo w  r e s p o n d e r s  f r o m  o u t b r e d  

MF1 m i c e .

2:  C o r r e l a t i o n  

3:  C o r r e l a t i o n  

4:  C o r r e l a t i o n

c o - e f f i c i e n t  = 

c o - e f f i c i e n t  = 

c o - e f f i c i e n t  =

- 0 .6 2 7  ; P < 0 . 0  5 

- 0 . 1 6 0 ;  P > 0 . 0  5 

- 0 .0 8 2  ; P >0 .0 5
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T a b l e  3 . 3 . The e s t i m a t e d  h e r i t a b i l i t y  o f  t h e  p h e n o t y p i c  

c h a r a c t e r  ' f a e c a l  p a r a s i t e  e g g s / 1 6 h / m o u s e 1 i n  

o u t b r e d  MF1 m i c e .  The  h e r i t a b i l i t y  was e s t i m a t e d  

f r o m  o f f s p r i n g - p a r e n t  r e g r e s s i o n  ( h e r i t a b i l i t y  
e s t i m a t e s  f r o m  s i n g l e  p a r e n t s  = x 2 ) .

O f f s p r i n g  - p a r e n t  r e g r e s s i o n s  ± S . E .

F a t h e r  M o t h e r  M i d - P a r e n t

S o n s  0 .1 5 1  ± 0 . 1 1  0 .1 6 7  ± 0 .1 2  0 .1 6 0  ± 0 .0 5 8

D a u g h t e r s  0 .1 5 9  ± 0 . 1 5  0 .1 7 4  ± 0 .1 6  0 .1 6 7  ± 0 .0 7 6

T a b l e  3 . 4 . T h e . r e a l i z e d  h e r i t a b i l i t y  ( h 2 ) e s t i m a t e d  f r o m  

r e g r e s s i o n  o f  r e s p o n s e  t o  s e l e c t i o n  and 

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

M F l  m i c e  i n f e c t e d  w i t h  100 L3 H . p o l y g y r u s  d u r i n g

4 g e n e r a t i o n s .

Mouse c o l o n y h 2 ± S . E . r  2 P ( <* = 0

H ig h 0 .2 0 6  ± 0 . 2 9 7 0 .1 9 >0.05

Low 0 .2 5 1  ± 0 .0 4 3 0 .9 4 <0.05

D i v e r g e n c e

(= (H - L )  ) 0 . 2 6 4  ± 0 .1 2 3 0 .6 9 >0.05
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3 . 5 D i s c u s s  i o n

The d a t a  p r e s e n t e d  i n  F i g .  3 .3  and T a b l e s  3 .3  and

3 .4  s u g g e s t  t h a t  t h e  p h e n o t y p i c  c h a r a c t e r  ' f a e c a l  p a r a s i t e  

e g g s / 1 6 h / m o u s e ' i s  g e n e t i c a l l y  a c q u i r e d  b e t w e e n  p a r e n t a l  

m i c e  and t h e i r  o f f s p r i n g .  T h i s  d a t a  c a n  be i n t e r p r e t e d  

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

n e m a t o d e ,  H . p o l y g y r u s , b y  an o u t b r e d  l a b o r a t o r y  mouse 

s t r a i n .

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

MF1 m ic e  r e v e a l e d  an a s y m m e t r i c a l  r e s p o n s e  w h i c h  s e p a r a t e d ,  

as  s e l e c t i o n  p r o g r e s s e d ,  m i c e  e x c r e t i n g  many p a r a s i t e  

e g g s / 1 6 h  f r o m  t h o s e  e x c r e t i n g  f e w e r  p a r a s i t e  e g g s / 1 6 h .

B a s e d  on t h e  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  f a e c a l  p a r a s i t e  

e g g s / 1 6 h  and  t h e  number  o f  f e m a l e  worms r e c o v e r e d  ( F i g .

3 . 1 ) ,  i t  m us t  be c o n c l u d e d ,  t h e r e f o r e ,  t h a t  m i c e  b e l o n g ­

i n g  t o  t h e  f i r s t  c a t e g o r y  i . e .  e x c r e t i n g  many p a r a s i t e  

eg gs  a r e  l o w  r e s p o n d e r s  o r  i n n a t e l y  more s u s c e p t i b l e  t h a n  

t h e  h i g h  r e s p o n d e r s  ( t h o s e  e x c r e t i n g  f e w e r  p a r a s i t e  e g g s  

p e r  1 6 h ) .  A r e l a t i v e l y  h i g h  r e a l i z e d  h e r i t a b i l i t y  o f  25% 

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

h e r i t a b i l i t y  e s t i m a t e s  o f  45-55% r e p o r t e d  by  B r i n d l e y  & 

D obson  (1 9 8 1 )  and  S i t e p u  & D o b so n  ( 1 9 8 2 ) ,  b u t  i s  s i m i l a r  

t o  t h e  e s t i m a t e  (b y  s i b - a n a l y s i s ) r e p o r t e d  by  B r i n d l e y  & 

D obson  ( 1 9 8 3 ) .  The s t a n d a r d  e r r o r s  a s s o c i a t e d  w i t h  t h e s e  

e s t i m a t e s  a r e  t o o  h i g h  t o  show  an y  d i f f e r e n c e s  b e t w e e n

t h e  s e p a r a t e  e s t i m a t e s  ( H i l l , 1 9 7 1 ) .
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Genetic control of H .polygyrus in FI (Quackenbush x 
wild) mice is believed to be under the control of 2 or 3 
genes (Brindley & Dobson,1981). The results reported here 
confirm Brindley & Dobson's (1981) data based on eggs per 
gram of faeces. Data based on eggs/gram faeces can be
unreliable in the assessment of the intensity of intestinal

/parasitic infections due to the flt*;ctuations in host (
faecal output and rhythmic parasite egg deposition (see 
Lewis & Shava,1977; Kerboeuf & Jacob,1983; Anderson & 
Schad,1985; Keymer & Hiorns,1986). To increase accuracy, 
it is desirable to collect faeces from mice over at 
least 12h (Kerboeuf & Jacob,1983).

The limited data shown here suggests that an outbred 
laboratory mouse (MFl) population is genetically hetero­
geneous, consistent with theoretical expectation (Rice &
0 ' Brien, 1980) . However, the use of small numbers of mice 
may lead to differing population dynamic patterns since 
the proportion of high and low responders may vary between 
different experiments ( see Vaupel & Yashin,1985).

The genetic control of parasitism has far-reaching 
implications both for the evolutionary relationships 
between host and parasite (Price,1980; Holmes,1982;
Wake 1in, 1985a) , animal productivity (Dargie, 1982) and 
for the control of parasitic infections (Anderson & May, 
1982; 1985a). The interaction between host fecundity
and host responsiveness reflect a balance between the gain
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associated with high host fecundity and the cost of 
being hyper-responsive (Cohen,Altmann & Friedman,1985). 
Moreover, transmission of resistant or susceptible genes 
in natural mouse populations may be affected by the 
relationship between behavioural dominance and territoria 
(Wilson,1975). Parasites may alter the dominance- 
subordinate relationships in mice (Free land,1981;
Rau,1983a,b; 1984). Thus, there exists a possibility 
that resistant and therefore, dominant mice, may be at 
a reproductive advantage over the heavily infected 
subordinate mice (DeFries & McClearn,1970). Random drift 
may be important because of the small size of effective 
breeding mouse colonies (Reimer & Petrus,1967).
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Chapter 4

Single and challenge infections



4.1 Introduction

Many experimental models of human hookworm infection, 
including self infections, have been suggested. The 
outbred mouse-H.polygyrus system has been widely used in 
the screening of anthelmintics (Jenkins,1982; Ibarra & 
Jenkins,1984), in nutritional (Bawden,1969; Slater &
Keymer, 1986) , physiological (Croll ejt ^_1,1981), immuno­
logical (Panter,1969 ; Cypess t̂. a^,1976; Bartlett & Ball, 
1974 ; Day e_t a_l, 1980 ; Pritchard, Williams & Behnke, 1983 ;
Ali & Behnke, 1985) , genetic (Behnke & Wake 1in, 1977 ;
Prowse _̂t a 1,19 7 9; Brindley & Dobson, 1982 ; Behnke &
Robinson,1985) and other experimental studies described 
in chapter 1. Nippostrongylus brasiliensis in rats has 
also been employed as a model of hookworm infection 
(Kassai,1981) but has the disadvantage that, unlike human 
hookworm, the infection is not chronic.

Other laboratory models include the dog-Ancylostoma 
caninum system which has been used, inter alia, in the 
development of a vaccine for dog hookworm (Mi 1ler,1971; 1978) 
and to investigate the biochemical properties of the 
parasite's proteolytic enzymes (Hotez et: al, 1985) .
Necator americanus in neonatal hamsters, has also been 
used (Sen & Seth,1967; Behnke, Paul & Rajasekariah,1986;
Carr & Pritchard,1986). Recently, the human strain of 
A .ceylanicum in dogs has provided a useful model of human 
hookworm infection and is thought to be likely to improve 
the prospects for the development of a human hookworm 
vaccine (Carroll & Grove,1984;1985). However, financial
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costs, difficulty in handling and ethical issues prohibit 
the widespread use of dogs as experimental models.

Mouse-H.polygyrus models are particularly amenable 
to laboratory investigation because of the relatively 
short generation time of the parasite, the ease of maint­
enance, availability and genetic characterization of mice 
(Festing,1982; Wakelin,1982). Thus, if the purpose of 
an experiment is to mimic the transmission of hookworm 
in natural populations, outbred mice may be used with the 
assumption that such mice are genetically heterogeneous 
(Rice & 0'Brien,1980). Theoretically, one would expect 
a low degree of genetic heterogeneity in inbred mice and 
therefore, similar responses between individuals (Festing, 
1982; Green,1981), but, their homogeneity has been 
questioned recently (Bailey,1982).

Despite the wealth of information available at 
present, quantitative estimates of the parameters determining 
the transmission of H .polygyrus in mice remains limited. 
Knowledge of such parameter estimates is essential to the 
interpretation and analysis of parasite population growth 
and transmission. The main aim of this chapter is, 
therefore, to describe simple, single infection experiments 
in order to obtain initial parameter estimates. These 
estimates will be used in the analysis of more complex 
repeated infection experiments. A diagrammatic flow chart 
of the population processes involved in the transmission

of H .polygyrus is shown in Fig. 4.1 and the relevant rate-
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Figure 4.1. Diagrammatic representation of the direct
life-cycle trichostrongyloid nematode parasite, 
Heligmosomoides polygyrus showing the various 
rate-determining population parameters 
controlling the transmission of the parasite
(After Anderson, 1976) .
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determining parameters are displayed in Table 4.1.

The importance of biological processes in the 
regulation of host and parasite populations (e.g. the 
age- and density-dependent regulation of parasite growth, 
fecundity and survivorship) has already been emphasized 
(Anderson & May,1978; May & Anderson,1978; Anderson,1978). 
Anderson (1976) has suggested that an ecological appraisal 
of host-parasite populations and a better understanding 
of their dynamical properties may help to improve 
approaches to community-based control of helminth 
infections (Anderson & May,1982).

This chapter describes single infection (=primary) 
experiments and the variability inherent in the larval 
estimation technique is examined (4.2.1). Also, the 
relationship between the dose of infective larvae and 
the establishment of adult worms (4.2.2); the survivor­
ship characteristics of these established worms (4.2.3.1); 
their reproductive rate over time and their dependence 
on age and density of the parasite population (4.2.3.2), 
are investigated. In addition, the significance of the 
level of primary infection on the subsequent acquisition 
of graded challenge infections, following chemotherapeutic 
clearance of existing primary infections, is assessed(4.3). 
The results are discussed (4.4) and their relevance to 
the overall dynamics of host-parasite relationships is
briefly considered.
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Tab 1e 4.1. Estimates of the various population rate­
determining parameters in the transmission
of H. polygyrus (__________ /parasite or host/
unit of tim e ) . •. !

Parameter Symbol Value References

Instantaneous birth 
rate of host

aH

Instantaneous death 
rate of host

bH

Instantaneous parasite- 
induced host mortality 
rate

10'3I44x10
Forrester(1971);
Keymer & Hiorns(1986); 
this study.

Instantaneous birth 
rate of parasite eggs 
per day

Xi 500 - 
1200

this study.

Instantaneous birth 
rate of larvae X 2 - -

Rate of parasite 
establishment in host \ 4 0.45 - 

0.66
this study

Time to maturity in host T^ 

Instantaneous rate of uPparasite mortality
Average life-span of 1/Mp
the parasite
Maximum life-span of Tp
parasite
Instantaneous rate of u 
mortality of the free- 
living parasite egg 
population
Instantaneous rate of p 
mortality of free-living 
larval population

8- 10 d Bryant(1973)
Bartlett & Ball(1974).

,-7
0.03 - this study;
0.10 Keymer & Hiorns{1986).

9- 35 wks this study
Keymer & Hiorns(1986).

32 wks Ehrenford(1954)

Duration of acquired 
resistance
Negative binomial 
Sex ratio 
Mating habits

1 / o r

k
approx.1:1 

polygamous ?

a_l (19 73 ) .

s 2 >x) 
this study

>50 wks Van Zandt et 

C Lewis(1968a)(
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4.2 Results from single infection experiments

4.2.1 Estimation of the number of infective larvae

The accuracy of the estimated infective larval dose 
was assessed by counting the number of larvae per 0.1 ml 
from a stock suspension of a known volume, in 10 replicates, 
under a dissecting microscope. The suspension was then 
diluted to give the required number of larvae/0.1ml 
(intended dose). Sample 0.1ml volumes (n=10) were then 
dispensed and the total number of larvae counted to 
obtain an 'estimated dose'. The results in Fig. 4.2(a) 
show that the accuracy of the intended dose was very high 
(r2=0.998). The variance of the mean counts increased 
with increasing counts (b=1.93)(Fig. 4.2b).

There are several methods for measuring the variab­
ility in a measurement (Elliott,1977; Southwood,1978?
Taylor,1961). In general, the degree of overdispersion 
or aggregation can be estimated from the departure of the 
variance to mean ratio from unity. The distribution 
will be aggregated if s2/x > 1; random (Poisson) if 
s2/x = 1 and uniform (underdispersed), if s2/x < 1 
(Elliott,1977). Also, the parameter, k, of the negative 
binomial probability distribution provides an inverse 
measure of overdispersion (= aggregation, heterogeneity or 
contagion) (Bliss & Fisher,1953). An empirical relation­
ship between the variance (s2) and the mean (x) for
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Figure 4.2. The relationship between the 'intended1 and 
'estimated' dose of infective H.polygyrus 
larvae.

(a) Squares - observed mean number of larvae/0.1 ml; 
vertical lines - 95% confidence limits (n=10); 
solid line - best fit linear model constrained 
through the origin (y=bx). Parameter values;
b = 1.0118; r2 = 0.998.

(b) Squares - the log(10) variance plotted against 
the log(10) mean; solid line - best fit linear 
model of the form y = a + bx where a = -1.8808; 
b = 1.9306; r2 = 0.904.
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ecological data is given by Taylor (1961), where 
s2 = a x . A plot of log(10) variance against log(10) 
mean gives a slope, b, and the y-intercept is equal to 
log(10) a. For b=l, the distribution is Poisson (random) 
and if b>l , the pattern is aggregated.

4.2.2 Establishment of adult worms

The rate of establishment of adult worms in hosts 
depends on several factors such as the strain, sex and age 
of host, the number of infective stages and the infection 
technique. The rate of establishment of adult H.polygyrus 
in outbred and inbred mice was assessed by post-mortem 
dissection of mice 14 days post-infection with larvae.

Seventy outbred female MF1 mice were infected, in 
groups of 8-10 mice, at 6-8 weeks of age with 20, 40,
100, 160, 300, 500 and 800 infective H .polygyrus larvae
per mouse. Fourteen days after infection, the number of 
worms in these mice were counted following a 16h faecal 
egg collection (see 4.2.3). Similarly, 55 female, 6-8 
week old, inbred CBA/Ca mice were divided into groups of
6-10 mice and infected with 50, 100, 200, 300, 400 and
500 H .polygyrus larvae per mouse; 41 female, 6-8 week old, 
inbred NIH mice were divided into groups of 5-9 mice and 
infected with 10, 25, 50, 100, 230 and 450 H.polygyrus
larvae per mouse and their worm burdens determined 14 days
after infection



T h e  r e s u l t s  i n  F i g .  4 . 3  ( a , b , c )  s h o w  t h e  r a t e  o f

establishment of H .polygyrus in the three strains of mice. 
On average, 44% of the worms established in outbred 
female MF1; 66% established in inbred female CBA/Ca and 
57% established in inbred female NIH mice. Within the 
experimental ranges employed in these studies, the 
establishment of H .polygyrus was related directly to the 
density of infective larvae. However, a high degree of 
variability with increasing doses of infection was 
observed in the rate of establishment of H ♦polygyrus in 
all strains of mice (Fig. 4.4 a,b,c).

On average, the adult worm sex-ratio (female/tota1) 
was biased towards a preponderance of female parasites 
in all three strains of mice (Table 4.2). Sex ratio 
analyses and their significance levels are presented in 
Table 4.2 (a) . A departure from the 1:1 sex ratio was
observed at the high doses of infection. Although the 
rate of parasite establishment was found to be dose- 
independent in this study (Fig. 4.3), a heterogeneity 
chi-square analysis (Zar,1984) indicated that it would 
not be justifiable to pool all the data (over all doses 
of infection)(heterogeneity in variance) for CBA, but 
not for NIH and MF1 mouse strains (Table 4.2b).
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F i g u r e  4 . 3 . The o b s e r v e d  mean worm b u r d e n s  i n  i n b r e d  

C BA /C a  and  N IH  and  o u t b r e d  MF1 m i c e ,

14 d a y s  a f t e r  i n f e c t i o n  w i t h  v a r y i n g  

d o s e s  o f  H . p o l y g y r u s  l a r v a e .

S q u a r e s  - o b s e r v e d  worm b u r d e n s  i n  ( a )  C B A / C a ,  

(b )  N IH  and ( c )  MF1 m i c e ;  v e r t i c a l  b a r s  - 

95% c o n f i d e n c e  l i m i t s ;  s o l i d  l i n e s  - b e s t  f i t  

l i n e a r  m o d e l s  o f  t h e  f o r m  y = bx ( c o n s t r a i n e d  

t h r o u g h  t h e  o r i g i n ) .  P a r a m e t e r  v a l u e :

( a ) b = 0 . 6 6 ; = 0 . 9 8 9 7 ;

(b ) b = 0 . 5 7 ; 2 = 0 . 9 9 5 8 ;

( c ) b = 0 . 4 4 ; r  2 = 0 . 9 1 6 6 .
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F i g u r e  4 . 4 . A p l o t  o f  t h e  l o g ( 1 0 )  v a r i a n c e  a g a i n s t  

t h e  l o g ( l Q )  mean worm b u r d e n  i n  i n b r e d  

C B A / C a ,  N IH  and  o u t b r e d  M F l  m i c e ,  14 d a y s  

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

S o l i d  l i n e s  - b e s t  f i t  l i n e a r  m o d e l s  o f  t h e  f o r m  

y  = a + b x ,  w i t h  p a r a m e t e r  v a l u e :

( a ) C B A / C a : a = 0 . 0 0 2 9 ; b = 1 . 6 0 8 2 ; r  2 = 0 . 8 7 9 9 ;

(b ) N IH  : a = - 0 .4 9 3 5 ; b = 1 . 5 3 1 4 ; r  2 = 0 . 8 6 0 6 ;

( c ) M F l  : a = 0 . 1 7 5 9 ; b = 1 . 5 6 4 1 ;  ̂2 = 0 .9 6 0 1  .
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T a b l e  4 . 2 ( a ) . A n a l y s i s  o f  worm s e x  r a t i o s  i n  i n b r e d  C B A / C a ,  

N IH  and  o u t b r e d  MF1 m ic e  i n f e c t e d  w i t h  v a r y i n g  

s i n g l e  d o s e s  o f  H . p o l y g y r u s .  The e s t a b l i s h m e n t  

o f  worms was  a s s e s s e d  14 d a y s  a f t e r  i n f e c t i o n .

N IH  C B A / C a  MF1

d o se F / T X 2 * P d o s e F / T X 2 P do se F /T X 2 P

1 0 0 .5 7 0 .3 0 > . 50 50 0 .5 3 0 .5 9 >. 25 2 0 0 .5 0 0 .0 6 >. 75
25 0 .5 9 1 .9 2 >. 1 0 1 0 0 0 . 5 0 0 . 0 0 2 >. 95 40 0 .5 4 0 .5 8 >. 25
50 0 .5 0 0 .0 0 8 > . 90 2 0 0 0 .5 2 1 .9 3 > . 1 0 1 0 0 0 .5 7 7 . 71F < . 0 1

1 0 0 0 .5 7 6 . 67F < . 0 1 300 0 . 5 4 1 0 . 7F < . 0 1 160 0 .5 7 1 0 .4  F < . 005

230 0 .5 7 1 6 . 5F < . 0 0 1 400 0 . 4 6 8 . 44M < . 0 1 300 0 .5 6 2 6 . 3F < . 0 0 1

450 0 .5 2 2 . 87F >.05 500 0 . 5 2 4 . 56F < . 05 500 0 .5 5 1 9 . 6F < . 0 0 1

800 0 .5 6 3 8 . 6F < . 0 0 1

* b i a s  i n  s e x - r a t i o  (F= f e m a l e ;  M= m a l e ;  T = t o t a l  worms)

H : s e x  r a t i o  ( F : M )  = 1 :1o
H : s e x  r a t i o  = 1 : 1A

P = p r o b a b i l i t y  (0 (  = 0 . 0 5 )

T a b l e  4 . 2 ( b ) . H e t e r o g e n e i t y  c h i - s q u a r e  a n a l y s i s  o f  t h e  d a t a

i n  T a b l e 4 . 2  ( a ) f r o m i n b r e d C B A / C a ,  N IH  and
o u t b r e d MF1 m i c e .

N IH C BA / C a MF1

D . F . D . F . D . F

T o t a l  X 2= 2 8 . 217 6 2 6 .1 9 9 6 1 0 3 .1 6 4  6

X 2  ̂ . =22 .696  1 t o t a l 4 .7 3 3 1 1 0 2 .4 3 8  1

X 2 = 5 . 5 2 1  5 
( h e t e r o ­
g e n e i t y  )

2 1 .4 6 6 5 0 .7 2 6  5

0 .2  5 <P<0.50 P < 0 .0 0 1 0 . 9  75 <P < 0 .9 9
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4 . 2 . 3  Age-  and d e n s i t y - d e p e n d e n t  worm s u r v i v o r s h i p  

and  f e c u n d i t y

4 . 2 . 3 . 1  E s t i m a t i o n  o f  p a r a s i t e  m o r t a l i t y

S i n g l e  i n f e c t i o n  e x p e r i m e n t s  i n  w h i c h  h o s t s  a r e  

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

i n  t h e  a s s e s s m e n t  o f  p a r a s i t e  s u r v i v i o r s h i p  o v e r  t i m e .  

S u r v i v o r s h i p  c a n  be d e t e r m i n e d  by  d e s t r u c t i v e  s a m p l i n g  a t  

i n t e r v a l s  f r o m  an i n i t i a l  c o h o r t  o f  h o s t s  a l l  i n f e c t e d  

a t  t h e  same p o i n t  i n  t i m e .  The  a s s u m p t i o n s  b e i n g  t h a t  

s u c h  p a r a s i t e s  do n o t  r e p l i c a t e  w i t h i n  t h e  h o s t ;  t h e r e  i s  

no i m m i g r a t i o n  o r  r e c r u i t m e n t  o f  t h e  p a r a s i t e  and p r o v i d e d  

t h e y  a r e  c h o s e n  a t  r a n d o m ,  t h e  s a m p le s  w i l l  be r e p r e s e n t ­

a t i v e  o f  t h e  o r g i n a l  p o p u l a t i o n .

T h r e e  e x p e r i m e n t s ,  u s i n g  t h r e e  d i f f e r e n t  mouse 

s t r a i n s ,  w e r e  c o n d u c t e d .  One h u n d r e d  and f i f t y  i n b r e d ,  

f e m a l e  6 - 8  week  o l d  C B A / C a  m i c e  w e r e  d i v i d e d  i n t o  4 g r o u p s  

o f  36 m i c e  e a c h .  E a c h  g r o u p  o f  m ic e  was  i n f e c t e d  w i t h  

50 ,  100,  200 and  400 H . p o l y g y r u s  l a r v a e  p e r  mouse on d a y  0.

A t  a b o u t  2 - w e e k l y  i n t e r v a l s ,  6 m i c e  f r o m  e a c h  g r o u p  w e r e  

s e l e c t e d  a t  random  and  k i l l e d  t o  d e t e r m i n e  t h e i r  worm 

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

40 i n b r e d ,  f e m a l e  6 - 8  w e e k  o l d  N IH  m i c e ,  i n  two g r o u p s  o f  

20 m i c e  e a c h ,  w e r e  i n f e c t e d  w i t h  50 and  100 H . p o l y g y r u s  

l a r v a e  p e r  m ouse .  T h i s  was  r e p e a t e d  w i t h  105 o u t b r e d ,  

f e m a l e  6 - 8  week  o l d  MF1 m ic e  i n  t h r e e  g r o u p s  e a c h  i n f e c t e d

w i t h  100 ,  200 and  400 H . p o l y g y r u s  l a r v a e  p e r  mouse .
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The r e s u l t s  a r e  shown  i n  F i g .  4 .5  and T a b l e  4 . 3 .

The mean worm b u r d e n s  d e c r e a s e d  s l o w l y  s u g g e s t i n g  t h a t  

w i t h i n  t h e  e x p e r i m e n t a l  p e r i o d  e m p lo y e d  i n  t h i s  s t u d y ,  

t h e  r a t e  o f  p a r a s i t e  m o r t a l i t y  was l o w .  The v a r i a n c e  

t o  mean r a t i o s  (VMR) i n d i c a t e d  t h a t  t h e  p a r a s i t e ' s  

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

MF1 m ic e  ( T a b l e  4 . 3 ) .  The p r o p o r t i o n  o f  f e m a l e  worms 

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

w h e r e a s  more m a le  worms w e r e  r e c o v e r e d  i n  o u t b r e d  m ice  

d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  i n f e c t i o n  ( T a b l e  4 . 3 ) .

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

i s  made d i f f i c u l t  by  t h e  h i g h  d e g r e e  o f  v a r i a b i l i t y  b e t w e e n  

m ic e  r e c o r d e d  i n  t h e  e x p e r i m e n t s .  Our  e s t i m a t e s  o f  t h e  

d e a t h  r a t e  (p )  r e l y  on worm s u r v i v o r s h i p  d a t a  a s  h a s  b e e n  

done f o r  v a r i o u s  o r g a n i s m s  ( A n d e r s o n  & W h i t f i e I d , 1 9 7 5 ;

A s c h  & D r a n e , 1 9 72 ;  G a r g ,  Rao  & Redm ond ,1 9 7 0 ;  S m i t h  & 

G r e n f e l l , 1 9 8 4 ) .  A s s u m i n g  t h a t  t h e  number  o f  worms s u r v i v ­

i n g  a t  d i f f e r e n t  t i m e s  d u r i n g  t h e  c o u r s e  o f  an i n f e c t i o n  

c a n  be d e s c r i b e d  b y  a p u r e  d e a t h  p r o c e s s  ( t h e r e  i s  no 

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

t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t ) ,  a d e t e r m i n i s t i c  m ode l  

( A n d e r s o n  & W h i t f i e I d , 1 9 7 5 )  c a n  be u s e d  t o  d e s c r i b e  t h e  

c h a n g e  i n  N , t h e  mean number  o f  p a r a s i t e s  s u r v i v i n g  a t  

t i m e ,  t :

dN
_____! _  = -MN [ 4 . 1 ]

d t

w h e r e  p = t h e  i n s t a n t a n e o u s  d e a t h  r a t e  p e r  p a r a s i t e  p e r  

u n i t  o f  t i m e  ( a s s u m e d  t o  be c o n s t a n t  t h r o u g h o u t  t h e  

p a r a s i t e s ' s  l i f e - s p a n ) .
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F i g u r e  4 . 5 . The mean number  o f  a d u l t  H . p o l y g y r u s  

s u r v i v i n g  o v e r  a p e r i o d  o f  up t o  24 

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

i n  i n b r e d  C BA/Ca  m i c e .

S q u a r e s  - o b s e r v e d  p o i n t s  (n= 6-10 )  ; s o l i d  l i n e s -  

b e s t  f i t  e x p o n e n t i a l  m o d e l s  o f  t h e  fo rm  

N ( t )  = N (0 )  e x p ( - | J t ) ;  v e r t i c a l  b a r s  - 95% c o n f i d e n c e  

l i m i t s .  P a r a m e t e r  v a l u e s :

( a ) D o s e = 5 0 L 3 ;  I n N ( 0 ) = 2 . 8  81 ; H ( ± s . e . ) = 0 .0 0 9 8 + 0 . 0 2 9 ;

(b ) D o s e = 1 0 0 L 3 ; I n N ( 0 ) = 4 . 2 90; M ( ± s . e . ) = 0 .0 2 4 + 0 . 0 2 4 ;

( c ) D o s e = 2 0 0 L 3 ; I n N ( 0 ) = 4 . 8  5 2 ; M( ± s . e . ) = 0 .0 2 4 + 0 . 0 1 7 ;

(d ) D o s e = 4 0 0 L 3 ; I n N ( 0 ) = 5 . 6 5 1  ; M ( ± s . e . ) = 0 .0 5 4 + 0 . 0 7 1 .
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T a b l e  4 . 3 . The mean num ber  o f  s u r v i v i n g  a d u l t  H . p o l y g y r u s  

f o l l o w i n g  s i n g l e  i n f e c t i o n  o f  o u t b r e d  MF1 and 

i n b r e d  C BA /C a  and  N IH  m ic e  w i t h  v a r y i n g  i n i t i a l  
d o s e s  o f  i n f e c t i o n .

MF1

dose = 100 L 3 d o s e  = 2 0 0 L 3 d o se  = 400 L3
week n MWB V/M F / T n MWB V/M F /T n MWB V/M F / T

±se ±se ±se

4 6 7 7 .8 3  
± 17 .0

2 2 .3 0 .5 7 6 1 3 6 .3 3
±24 .9

2 7 .2 0 .5 2 6 2 1 4 .0  
± 45 . 8

5 8 .8 0 . 5 6

8 6 3 4 .3 3  
±6 .45

7 . 3 0 .6 7 6 8 3 . 5 0
± 24 .4

4 6 .7 0 .5 8 6 9 1 .8  
±17 .3

1 9 .7 0 . 5 5

1 2 6 1 0 .1 7  
±9 . 8

5 6 .3 0 . 2 9 6 2 3 . 0 0
±2 2 . 2

1 2 8 .7 0 .3 9 6 4 3 .2  
±27 .6

105 0 . 4 3

16 8 0 . 8 7  
± 0 . 7

5 . 0 0 8 8 .7 5  
± 6 . 6

4 0 .4 0 .3 8 6 9 . 5 
±9 . 5

5 7 .1 0 . 1 9

2 0 6 0 - - 6 0 - - 6 ■ 0 - -
24 1 0  0 - - 9 1 .4 4  

± 1 . 4
1 3 .0 0 1 0 9 . 2 

±5 . 2
2 9 .4 0 . 1 2

28 1 0  0 - - 1 0 0 - - 8 9 .4  
±9 .4

7 4 .9 0.16

NIH

do se = 50 L 3 d o s e = 1 0 0  L 3
week n M W B (± s . e . ) V/M F /T n MWB( ± s . e . ) V/M F / T

2 5 2 2 . 4±11 . 4 2 8 .8 0 .5 0 5 3 3 . 8 ±6 .9 7 . 1 0 .5 6
6 5 6 . 0 ± 1 . 8 2 .7 0 .9 7 5 3 4 . 6 ±7 .1 7 . 3 0 .6 3
9 5 9 . 2 ± 0 . 7 0 . 2 0 .7 4 5 4 . 8 ± 1 . 2 1 .4 0 .7 5
1 2 5 5 . 0 ± 2  . 6 6 .5 0 .8 4 5 2 . 0 ± 0 . 8 1 . 7 1 . 0 0



1 2 5

T a b l e  4 .3  ( c o n t i n u e d )

C BA/Ca

do se = 50 L 3 d o se = 100 L3

week n MWB± ( s . e . ) V/M F / T n MWB ( ± s . e . ) V/M F / T

3 6 1 7 . 8  3 ± 2 .5 2 . 1 0 . 5 4 6 7 3 . 00±9 .2 6 .9 0 . 4 8
5 6 1 7 . 8 3 1 1 . 9 1 .3 0 .5 3 6 5 3 .3  3 ±1 1 .3 1 4 .5 0 . 4 9
7 6 1 8 .5  0 ± 2 .4 1 .9 0 . 5 9 6 3 5 . 50±7.6 9 .7 0 . 5 6
9 6 9 . 0  0 ± 2 .3 3 . 6 0 . 5 4 6 4 7 . 8 3 1 1 2 . 5 1 9 .6 0 . 5 6
1 1 6 2 0 . 60± 5 .2 6 . 6 0 .5 2 6 6 3 . 0 0 1 1 9 . 2 2 9 .3 0 . 5 5
13 6 1 1 . 6  0 ±1 .4 0 .9 0 . 6 4 6 4 1 . 0 0 1 8 . 7 7 .4 0 . 5 9

do se = 200 L 3 do s e = 4 0 0 L 3

week n M W B ( i s . e . ) V/M F / T n MWB( I s . e . ) V/M F / T

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

1 1 6 4 2 . 2 0 1 1 4 . 3 2 9 .0 0 .5 3 6 1 2 8 . 2 0 1 3 7 .9 5 6 .3 0 . 4 9
13 - - - 6 1 1 7 . 8 0 1 2 5 . 9 2 8 .7 0 . 4 8
24 6 5 7 . 6 7 1 2 1 . 9 4 9 . 6 0 . 3 7 — _ _

MWB = mean worm b u r d e n

V/M = v a r i a n c e  t o  mean r a t i o

F / T  = r a t i o  o f  f e m a l e  worms t o  t o t a l  worms

n = number  o f  m i c e  u s e d
s . e . =  s t a n d a r d  e r r o r  o f  t h e  mean
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G i v e n  t h a t  t h e r e  a r e  N worms a t  t h e  s t a r t  o f  t h e  i n f e c t i o no
( t = 0 ) ,  e q u a t i o n  [ 4 . 1 ]  h a s  t h e  f o l l o w i n g  s o l u t i o n :

N = N exp ( - p t )  t  o [ 4 . 2 ]

T h i s  e q u a t i o n  [ 4 . 2 ] ,  d e s c r i b e s  s i m p l e  e x p o n e n t i a l  d e c l i n e  

i n  p o p u l a t i o n  s i z e .  B a s e d  on t h e  a s s u m p t i o n  t h a t  1 jj ' 

i s  a p p r o x i m a t e d l y  c o n s t a n t  d u r i n g  one s m a l l  t im e  i n t e r v a l ,  

i t  i s  p o s s i b l e  t o  e s t i m a t e  |j ( N , t ) , t h e  a g e -  and d e n s i t y -  

d e p e n d e n t  i n s t a n t a n e o u s  p a r a s i t e  m o r t a l i t y  r a t e  ( s e e  

A n d e r s o n  & W h i t f i e 1d , 1975 ; A n d e r s o n , 1976 ;  M i l l s ,  A n d e r s o n  

& W h i t f i e I d , 1 9 7 ? ) .  P a r a s i t e  d e a t h  r a t e  o v e r  a d e f i n e d  

u n i t  o f  t i m e ,  c a n  be e s t i m a t e d  f r o m  t h e  e q u a t i o n ,

Mt
I n I n t  + 1

5

[ 4 . 3 ]

The r e l a t i o n s h i p  b e t w e e n  (j and  t i m e  ( w e e k s )  i s  shown

i n  F i g .  4 . 6 .  I t  i s  c l e a r  t h a t  a t  a l l  i n i t i a l  p a r a s i t e

d e n s i t i e s  t e s t e d  i n  t h i s  e x p e r i m e n t ,  t h e  s l o p e s  (b )  o f

t h e  b e s t - f i t  l i n e a r  m o d e l  ( u = u + b t ,  w h e r e  b and p a r eo o

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

( F ( a ) = 0 . 6 5 8 , P > 0 . 25;  F ( b ) = 1 . 1 1 8 , P > 0 .2 5 ;  F ( c ) = 0 . 5 4 1 , P >0 .25  ; 

F ( d ) = 0 . 8 0 8 , P > 0 .25 )  and  t h e r e f o r e  t h e  d e a t h  r a t e  o f  t h e  

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

up t o  24 w e e k s .  The e s t i m a t e d  l i f e - s p a n  o f  H . p o l y g y r u s  

(1 / j j )  was  9 . 9  w e e k s ,  8 . 9  w e e k s  and  3 5 .8  w e e k s  i n  MF1,

N IH  and  C BA/Ca  mouse s t r a i n s ,  r e s p e c t i v e l y  ( T a b l e  4 . 4 ) .
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F i g u r e  4 . 6 .  The  i n s t a n t a n e o u s  p a r a s i t e  d e a t h  r a t e s

( p e r  p a r a s i t e  p e r  w e e k )  i n  i n b r e d  C BA/Ca  

m i c e  i n f e c t e d  w i t h  v a r y i n g  i n i t i a l  

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

S q u a r e s  - o b s e r v e d  p o i n t s ;  s o l i d  l i n e s  - b e s t  

f i t  l i n e a r  m o d e l s  o f  t h e  f o r m  (j = a + b t .  

P a r a m e t e r  v a l u e s :

( a ) N (0 )  = 1 7 . 8 3 ; a — 0 . 0 0 2 1 ; b = 0 . 0 0 0 9 6 ;

(b ) N (0 )  = 7 3 . 0 0 ; a = 0 .0 9 5 2  ; b = - 0 .0 0 8 9 5 ;

( c ) N (0 )  = 1 2 8 . 0 0 ; a = 0 . 0 4 9 5 ; b = - 0 .0 0 2 7 9 ;

(d ) N (0 )  = 2 8 4 . 5 0 ; a = 0 . 2 3 9 3 ; b = - 0 .0 2 5 5 .
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T a b l e  4 . 4 . The a v e r a g e  i n s t a n t a n e o u s  r a t e  o f  m o r t a l i t y ,  p,  

o f  H. p o l y g y r u s  i n  o u t b r e d  MF1, and i n b r e d

C BA/Ca  and  N IH  m i c e .

Mouse s t r a i n  D e a t h  r a t e ( / w o r m / w e e k )  E x p e c t e d  l i f e - s p a n

( ± s . e . ) ( w e e k s )

MF 1 0 .1 0 0 5  ± 0 .0 2 3 1  9 .9 5

CBA/Ca 0 . 0 2 7 9  ± 0 .0 0 9 3  3 5 .8

N IH 0 .1 1 1 5  ± 0 .0 0 1 5  8 .9
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An i n c r e a s e  i n  t h e  i n s t a n t a n e o u s  d e a t h  r a t e / p a r a s i t e /  

w eek  w i t h  i n c r e a s i n g  i n i t i a l  d o se  o f  i n f e c t i o n  was 

a p p a r e n t  ( F i g .  4 . 7 )  and  a s i n g l e  f a c t o r  a n a l y s i s  o f  

v a r i a n c e  r e v e a l e d  a s i g n i f i c a n t  d i f f e r e n c e  ( F = 3 . 3 2 9 ;

0 .  025<P < 0 .0 5 )  i n  t h e  d e a t h  r a t e  o v e r  t h e  r a n g e  o f  d o s e s  

e m p lo y e d  i n  t h i s  e x p e r i m e n t .  The p o w e r  o f  t h e  ANOVA

f o r  \)=3, \), = 15 ,  0 = 1 . 7 5  was  e s t i m a t e d  a t  0 .7 0  ( Z a r , 1984)

1 .  e .  t h e r e  was  a 30% c h a n c e  o f  h a v i n g  c o m m i t t e d  a T ype  I I  

e r r o r  o r  n o t  r e j e c t i n g  t h e  Hq ( n u l l  h y p o t h e s i s )  when t h e  

h y p o t h e s i s  was  f a l s e .

The s e x - r a t i o  was  f e m a l e  b i a s e d ,  b u t  n o t  c o n s i s t e n t l y  

so ( T a b l e  4 . 3 ) .  A X. 2 t e s t  f o r  g o o d n e s s - o f - f i t  f o r  t h e  

p o o l e d  d a t a  on CBA m i c e  was  n o t  s i g n i f i c a n t  ( P > 0 .5 0 )  and  t h e  

h e t e r o g e n e i t y  c h i - s q u a r e  v a l u e  was  s i g n i f i c a n t  ( P < 0 . 0 0 1 ,

D . F . =  22) s u g g e s t i n g  t h a t  a X 2 t e s t  on t h e  p o o l e d  d a t a  

was  n o t  j u s t i f i e d .

4 . 2 . 3 . 2  E s t i m a t i o n  o f  p a r a s i t e  r e p r o d u c t i v e  r a t e

D i r e c t  m e a s u r e m e n t  o f  t h e  i n t e n s i t y  o f  i n t e s t i n a l  

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

h a b i t a t  o c c u p i e d  by  t h e  p a r a s i t e .  I n d i r e c t  m e a s u r e m e n t  

o f  t h e  i n t e n s i t y  o f  p a r a s i t e s  h a s ,  t h e r e f o r e ,  r e l i e d  o n ,  

i n t e r  a l i a , t h e  c o r r e l a t i o n  b e t w e e n  t h e  s i z e  o f  t h e  

p a r a s i t e  p o p u l a t i o n  and  num ber  o f  r e p r o d u c t i v e  s t a g e s  

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

( S t e v e n s , 1978 ;  H a l l , 1 9 8 1 ) .  S u c h  a c r i t e r i o n  i s ,  h o w e v e r ,  

f r a u g h t  w i t h  c o m p l i c a t i o n s ,  n o t  l e a s t  o f  w h i c h  a r e  t h e
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F i g u r e  4 . 7 . The r e l a t i o n s h i p  b e t w e e n  t h e  i n s t a n t a n e o u s  

d e a t h  r a t e  p e r  p a r a s i t e  p e r  week  and t h e  

i n i t i a l  d o s e  o f  i n f e c t i o n  o f  CBA/Ca  m ice  

w i t h  H . p o l y g y r u s  .

□ □

□

------ 1------1------1------1------1------1------1------1—
0 100 200 300 400

DOSE OF INFECTION

S q u a r e s  - o b s e r v e d  d e a t h  r a t e / p a r a s i t e / w e e k  . 

A n a l y s i s  o f  v a r i a n c e  t e s t ,  F = 3 . 3 2 9 ;  P < 0 .0 5 .

( 1 ) ,  3 ,1 5 3.29) .
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e r r o r s  a s s o c i a t e d  w i t h  m e a s u r e m e n t  and t h o s e  due t o  t h e  

c o m p l e x i t y  o f  t h e  b i 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  h o s t  

and p a r a s i t e  ( M A F F , 1 9 7 7 ;  H a l l , 1982 ;  A n d e r s o n , 1 9 7 8 ) .

The o b s e r v e d  n o n - l i n e a r i t y  i n  d e n s i t y - d e p e n d e n c e  i n  

i n t e s t i n a l  h e l m i n t h  f e c u n d i t y  ( A n d e r s o n , 1978 ;  C r o l l  

e t  ^ 1 , 1 9 8 1 ;  K e y m e r ,  1982 ) and  t h e  a p p a r e n t  a g e - d e p e n d e n t  

p a r a s i t e  f e c u n d i t y  ( A n d e r s o n ,  1976 ; K e r b o e u f , 1982)  a r e  

e x a m p le s  o f  t h i s  c o m p l e x i t y .  The p u r p o s e  o f  t h e  p r e s e n t  

e x p e r i m e n t s  was  t o  i n v e s t i g a t e  t h 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 e  d e n s i t y  and f e c u n d i t y  i n  m ic e  i n f e c t e d  o nce  

w i t h  H . p o l y g y r u s . An i m p o r t a n t  co m po ne n t  o f  t h i s  a im  

was t o  a s s e s s  t h e  a c c u r a c y  o f  f a e c a l  egg c o u n t s  as  

m e a s u r e s  o f  p a r a s i t e  i n t e n s i t y .

4 . 2 . 3 . 2 . 1  D e n s i t y - d e p e n d e n t  p a r a s i t e  f e c u n d i t y

F a e c e s  w e r e  c o l l e c t e d  f r o m  i n d i v i d u a l  m i c e  f ro m  

g r o u p s  o f  o u t b r e d ,  f e m a l e  a n d  m a le  MF1,  and  i n b r e d ,  

f e m a l e  C BA/Ca  and  N IH  m i c e ,  w h i c h  had  b e e n  i n f e c t e d  w i t h  

v a r y i n g  num bers  o f  i n f e c t i v e  H . p o l y g y r u s  l a r v a e  b e f o r e  

p o s t - m o r t e m  e x a m i n a t i o n  f o r  a d u l t  worms ( s e e  4 . 2 . 2 . 1 ) .

I t  was  t h e r e f o r e  p o s s i b l e  t o  r e l a t e  t h e  f a e c a l  egg 

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

f e m a l e  worms r e c o v e r e d  a t  p o s t - m o r t e m . F i g .  4 . 8  shows 

t h e  r e s u l t s  f r o m  C BA /C a  m ic e  e x p r e s s e d  as  t h e  p e r  c a p i t a  

egg p r o d u c t i o n  p e r  f e m a l e  H . p o l y g y r u s  p e r  16h ( F i g .  4 . 8 a )  

and t h e  p e r  c a p i t a  egg  p r o d u c t i o n  p e r  gram o f  f a e c e s

( F i g .  4 . 8 b ) . The p a t t e r n  o f  egg  p r o d u c t i o n  i s  c l e a r l y
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F i g u r e  4 . 8 .  D e n s i t y - d e p e n d e n t  p e r  c a p i t a  egg  p r o d u c t i o n  

by  f e m a l e  H . p o l y g y r u s  i n  i n b r e d  C BA/Ca  m i c e .

S q u a r e s  - o b s e r v e d  f e c u n d i t y ;  s o l i d  l i n e s  - b e s t
bf i t  n o n - l i n e a r  p o w e r  m o d e l s  o f  t h e  f o r m  y = ax .

( a )  E g g s / f e m a l e / 1 6 h  : a = 1 3 6 9 . 9 9 ;  b = - 0 . 1 2 9 ;  r 2= 0 .9 8 1 ;

(b )  E g g s / g  f a e c e s / f e m a l e : a 8 2 5 . 6 ; b  = - 0 . 4 3 1 ;  r 2= 0 .9 8 1 .
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d e n s i t y - d e p e n d e n t  w i t h i n  t h e  e x p e r i m e n t a l  r a n g e  o f  0-250 

f e m a l e  worm s .  A n o n - l i n e a r  ( l e a s t  s q u a r e s )  p o w e r  m ode l  o f  

t h e  f o r m  y = a x , w h e r e  t h e  p a r a m e t e r  ' b 1 d e n o t e s  t h e  

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

was  f i t t e d  t o  t h e  d a t a .  S i m i l a r  p a t t e r n s  w e r e  o b t a i n e d  

f r o m  m a le  and f e m a l e  o u t b r e d  MF1 and i n b r e d ,  f e m a l e  N IH  

m ic e  ( F i g .  4 . 9 ) .

4 . 2 . 3 . 2 . 2  A g e - d e p e n d e n t  p a r a s i t e  f e c u n d i t y

F a e c e s  f r o m  i n d i v i d u a l  m i c e  w e r e  a l s o  c o l l e c t e d  f o r  

p a r a s i t e  egg  c o u n t s  f r o m  i n b r e d  C BA/Ca  m ic e  i n f e c t e d  

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

a p e r i o d  o f  up t o  24 w e e k s  ( s e e  4 . 2 . 3 . 1 ) .  The p e r  c a p i t a  

f e c u n d i t y  o f  H . p o l y g y r u s  was  f o u n d  t o  be m a r k e d l y  ag e-  

d e p e n d e n t  ( F i g .  4 . 1 0 ) .  A n o n - l i n e a r  m ode l  o f  t h e  f o r m :

y = a t .  e x p ( - b t )  [ 4 . 4 ]

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

an  e m p i r i c a l  m o d e l ,  e q u a t i o n  [ 4 . 4 ]  a d e q u a t e l y  d e s c r i b e s  

t h e  p a t t e r n  o f  p a r a s i t e  egg  p r o d u c t i o n  as  a f u n c t i o n  o f  

a g e .  A t w o - f a c t o r  a n a l y s i s  o f  v a r i a n c e  t e s t  w i t h  e q u a l  

r e p l i c a t i o n  on l o g ( 1 0 ) t r a n s f o r m e d  egg c o u n t s  ( t o  r e d u c e  

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

on t h e  p e r  c a p i t a  p a r a s i t e  f e c u n d i t y  (X) due t o  t h e  d o se

o f  i n f e c t i o n ,  b u t  n o t  t h e  t i m e  a f t e r  i n f e c t i o n  ( T a b l e  4 . 5 ) .



1 3 6

F i g u r e  4 . 9 . D e n s i t y - d e p e n d e n t  f e c u n d i t y  p e r  f e m a l e  

H . p o l y g y r u s  i n  m a le  ( a )  and  f e m a l e  (b )  

o u t b r e d  MF1 m ic e  and i n  i n b r e d  N IH  

m i c e  ( c ) .

S q u a r e s —  o b s e r v e d  f e c u n d i t y ;  s o l i d  l i n e s  - 

b e s t  f i t  p o w e r  m o d e l s  o f  t h e  f o r m  y = a x ^ ,  

w i t h  p a r a m e t e r  v a l u e s :

( a ) a = 1 2 8 9 . 5 2 ; b = - 0 . 3 5 9 4 ; 2 = 0 . 9 6 1 5 ;

(b ) a = 2 6 5 7 . 0 7 ; b = - 1 . 3 9 3 8 ; r  2 = 0 .9 6 4 3  ;

( c ) a = 2 5 8 3 . 7 6 ; b = - 1 . 3 5 8 5 ; r  2 = 0 . 9 7 3 7 .
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F i g u r e  4 . 1 0 . A ge -  and  d e n s i t y - d e p e n d e n t  egg  p r o d u c t i o n

by  f e m a l e  H . p o l y g y r u s  i n  i n b r e d  C BA/Ca  m i c e .

S q u a r e s  - o b s e r v e d  p a r a s i t e  f e c u n d i t y ;  v e r t i c a l  

b a r s  - t h e  s t a n d a r d  e r r o r  o f  t h e  mean (n = 6 ) ;  

s o l i d  l i n e s  - p r e d i c t i o n s  o f  an  e m p i r i c a l  n o n ­

l i n e a r  m o d e l  o f  t h e  f o r m  y = a t . e x p ( - b t ) ; 

P a r a m e t e r  v a l u e s  (±95% c o n f i d e n c e  l i m i t s ) :

( a ) Dose 50L3 ; a = 6 2 4 .8 2 + 2 2 8 . 0 ; b = 0 . 1 9 6 9 ± 0 . 0 6 4 ;

(b ) Dose 100L3 ; a = 6 5 9 .4 3 + 1 3 6 . 5 ; b = 0 . 1 7 2 3 ± 0 .029 ;

( c ) Dose 200L3 ; a = 5 8 2 .8 5 + 7 5 . 4 ; b = 0 . 1 6 5 4 ± 0 .017 ;

(d )  rj o s e  400L3 ; a 5 4 3 .3 5  ± 3 0 4 . 6 ;  b 0 . 1833± 0 . 1 1 7 .
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The maximum per capita parasite fecundity in

CBA/Ca mice can be estimated, by way of an example, from

equation [4.4] and\ , found at time 1/b (=5 weeks p.i.)max
was estimated at 1240 ± 70 parasite eggs/16h/female.

The total egg production by a female H .polygyrus, T, 

given an estimated life-span of 35.5 weeks (Table 4.4), 

was estimated at 18950 ± 1630 eggs from the equation,

fta
T =] at. exp(-bt) dt [4.5]

where t is the pre-patent period and t^ is the expected 

life-span of the parasite. To obtain the total egg 

production by a cohort of parasites at time t, (N,t), 

this term (N,t) is included in equation [4.5] above 

(Mills, Anderson & Whi t f i e I d ,1979).

4.2.3.2.3 Results from 'imm une1 mice

Single infections in naive mice provide a means of 

estimating the survivorship and fecundity of parasites 

in the absence of past experience of infection. In 

nature, the host response to infection e.g. via immunity, 

has been found to adversely affect both parasite 

survivorship and fecundity (Wake 1i n , 1985a ) .

It was of interest, therefore, to investigate the 

survivorship and fecundity of H .polygyrus in 36 CBA/Ca 

mice (6-8 week old) immunized by three weekly oral

infections of 55 L3 H.polygyrus/mouse. Mice immunized in
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Table 4 . 5 . A two-way analysis of variance on log(10)

transformed faecal H.polygyrus eggs/16h, with

equa 1 r e plication, to test the influence of

dose of infection and time after infection

of CBA/Ca mice.

Source of variation S . S . d. f . M. S . F P

Total 6.3849 99

Dose of infection 0.5406 3 0.1802 3.445 < 0.025

Weeks after
infection 0.0924 4 0.0231 0.442 N.S.

Dose x Weeks 1.5658 12 0.1305 2.495 < 0.005

Error 4.1861 80 0.0523

N . S .  =  n o t  s i g n i f i c a n t  ( P ( & )  =  0 . 0 5 ) )
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this way are known to acquire significant levels of 

immunity (Van Zandt,1961; Panter f 1969; Van Zandt ejt a 1 ,

1973 ; Behnke & Wake 1 i n , 1977) . Following immunization, 

all mice were treated with ivermectin to.remove both 

immature and mature worms. One week later, all mice 

were challenged with 200 H .polygyrus larvae per mouse.

At 2-weekly intervals, 6 mice were chosen at random and 

killed to determine their worm burdens after assessing 

their faecal parasite egg counts.

The results in Fig. 4.11(a) show that whereas 

parasite establishment was only 30% (lower than the rate 

of establishment of 55% in control mice), once established, 

worms survived throughout the period of investigation 

with a small death rate,|j, equal to 0.00075 ±0.03 3 

(Fig. 4.11a), comparable to the ones reported in primary 

infection. However, the variance to mean ratio indicated 

that the distribution of the adult worms was greatly 

overdispersed. The fecundity of indiviual worms was 

age-dependent (Fig. 4.11b) but similar to that of worms 

from naive mice (Fig. 4.10).

4.3 Results from challenge infections

The influence of primary infections on the dynamics 

of H .polygyrus after challenge infections in mice has 

been examined by a variety of workers (Dobson, Sitepu & 

Brindley, 1985 ; Behnke & Wake 1i n , 1977 ; Behnke & Hannah, 1979;
Behnke & Robin s o n ,1985; Kerboeuf & Jolivet,1980; H o s i e r ,1974).
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Figure 4 . 1 1 . The mean number of H.polygyrus(a) and 

the per capita fecundity of female

H.polygyrus(b) in inbred CBA/Ca mice

immunized by three weekly infections

of 55 L3/mouse and then challenged

with 200 L3 after chemotherapy.

(a) Squares - observed data (±s.e.); solid line - 

best fit survivorship model, N (t ) =N ( 0 ) exp ( - jj t )

(see main text). Parameter values:

Dose = 200L3; In N(0)= 4.03; [i = 0.00075^1 0.033 .

(b) Squares - observed fecundity (±s.e.); solid line- 

best fit non-linear empirical model of the form

y = at.exp(-bt). Parameter values (±95% confidence 

limits):

Dose = 200L3; a = 808.8 ± 249.8; b = - 0 .2228±0.064.
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In the majority of these studies, however, the level of 

primary infections was varied whereas the challenge dose, 

given after removal of the primary infections by chemo­

therapy, was constant between 100-200 L3 H .polygyrus. 

Experiments designed to investigate the contribution of 

varying sizes of primary infection to the subsequent 

acquisition of challenge infections of varying magnitude 

in outbred mice were performed. A total of 125 female, 

6-8 week old, outbred MF1 mice were used. Primary and 

challenge infections of 25, 150 and 500 L3, representing

low, medium and high doses of infection, respectively, 

were given to individual mice. Challenge infections 

were administered 1 week following treatment of mice 

with pyrantel tartrate to remove 14-day old primary 

infection worms. Control groups for the infectivity or 

establishment of both primary and challenge worms in 

naive mice, and also for drug efficacy, were employed 

(Fig. 4.12).

The mean number of worms recovered 14 days after 

primary and challenge control infections in naive mice 

was about 50% of the original dose and did not differ, 

at each dose of infection, between the two control groups 

(Table 4.6). Therefore, it may be concluded that the 

infectivity of the larvae was not changed during the 

experiment. The drug was found to be 100% effective 

against 14-day old worms in all drug treatment groups.
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Figure 4 . 1 2 . Experimental protocol to investigate the

influence of primary infection level on the 

subsequent establishment of challenge infections 

of outbred MFl mice with H.polygyrus larvae.

Primary infection Challenge infection k
(day 0-14)

Rx

(day 21 - 35) (day

A ) . 1(25) 1
Rx

----  1(25) k

1(150) 1 -----
Rx

----  1(25) k

1(500) 1 ---------  1(25) k

B) . 1(25)
Rx

-- 1(150) k

I (150)
Rx

-- 1(150) k

1(500)
Rx
1 ---------- 1(150) k

C) . 1(25)
Rx
1 ---------- 1(500) k

1(150)
Rx
1 ---------- 1(500) k

I (500)
Rx

-- I (500) k

I (x) = number of infective H .polygyrus larvae/mouse

Rx = treatment of mice with pyrantel tartrate. Interval 
between primary and challenge infection is 1 week.

k = killing of mice for determination of worm burdens.
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The mean number of worms recovered 14 days after 

challenge infections from mice given primary infections 

was lower than that recovered from control (naive) mice 

(Table 4.6). The protection conferred to all mice which 

were given a challenge dose of 25 L3 H .polygyrus was 

greater than 50% in all groups. However, this protection 

was not significant between the groups infected previously 

with low, medium and high primary infections (AOV: F=0.80).

Fewer challenge worms established in mice given a 

high (500L3) than a low (25L3) primary infection when the 

challenge was intermediate (150L3). Also, high protection 

levels were observed in mice given high than low primary 

infections when challenged with the high dose (500L3).

In mice given an intermediate (150L3) primary infection, 

the overall protection was less for those mice given a 

high (500L3) than a low (25L3) challenge infection. In 

all experiments, the distribution of worms was highly 

aggregated (as indicated by a large variance to mean ratio) 

after challenge infections. This could indicate, hetero­

geneity in acquisition of resistance to infection. In 

general, high protection levels were recorded from mice 

infected with a large primary infection and challenged 

with a large infection. Although this observation could 

reflect a high degree of immunity due to large antigenic 

challenge, severe gastritis (Cypess et al,1974) was evident

in mice given high doses of H .polygyrus.
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Table 4 . 6 . The mean worm burdens in outbred, female MF1
mice given varying levels of primary and challenge 
infections of H.polygyrus. Worms were recovered 
14 days after infection (see Fig. 4.12 in text). 

Primary Infections
Group n Dose of infection MWB ± S.D.

A 5/6 25 . 13.60 ± 4.0
B 6/6 150 49.67 ± 15.5
C 3/5 500 251.00 ± 49.4

C h a 11e n ge infections

Group
C h

MWB ± S.D. 
(Control)

MWB ± S .D 
c h

%Prc tn P*

A 6/6 25 25 14.0 ± 3.2 6/6 3.8312.7 72.6 0.000 2
6/6 150 25 6.8315.3 51.2 0.023
5/6 500 25 5.6013.8 60.0 0.006

B 6/6 25 150 69.33114.5 6/6 46.67141.5 32.7 0.25
6/6 150 150 29.00121.3 58.2 0.005
5/6 500 150 23.20131.7 65.9 0.03

C 6/6 25 500 238.25127.3 4/6 233.33155.1 2 . 1 0.86
5/6 150 500 169.001102 29.1 0.22
6/6 500 500 25.00149.9 89.5 0.0001

n = number of surviving mice (out of t otal)
Ip = primary infection I = challenge infection
MWB = mean worm burden (± standard deviation)
Prctn = percentage protection (of challenge)
* = t-test (experimental(MWB^^) vs challenge control)
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Mortality of the infected mice was observed to be

higher in those mice given high doses of infection than

those given low doses of infection. Parasite-induced
-4host mortality was estimated at 3.78 x 10 /parasite/ 

mouse/unit of time.

4.4 Discussion

Single infection experiments have been described 

and estimates of the rate parameters that determine the 

population dynamics of H .polygyrus infection in laboratory 

mice are provided. The parameters will be useful in the 

analysis of repeated infection experiments described in 

chapter 5.

Establishment of H .polygyrus was found to be dose- 

dependent within the range of doses tested, but the rate 

of parasite establishment was found to be independent of 

the strain of the mouse. Density-dependence in parasite 

survivorship and fecundity was observed. Parasite mort­

ality and fecundity were only adversely affected at very 

high parasite burdens. The form of density-dependence 

was such that reduced fecundity was evident at low to 

moderate parasite burdens but tended to attain a stable 

level, around 300 eggs/female worm/16h, for worm burdens 

of 50 or more females (Figs. 4.8 & 4.9).

Density-dependent parasite fecundity is important

in the regulation of parasite populations (Anderson,1978).
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The precise form of such a regulatory effect will critically 

depend on the statistical distribution of parasite numbers 

per host (Anderson & M a y , 1978). Very high parasite 

burdens per host are unlikely to be encountered frequently 

in H .polygyrus infections in its natural hosts (Lewis,1 9 6 8 a ; 

Murua,1978). Therefore, the severity of density-dependent 

constraints in the regulation of natural H .polygyrus 

infections remains to be demonstrated.

Clearly, the use of egg counts will tend to under­

estimate parasite burden at low parasite burdens, and 

overestimate it at high parasite abundance. The need to 

take account of such variability in the assessment of 

epidemiological studies of nematode infections (Croll et a 1,

1981; Hall, 1982 ; Keymer, 1982 ; Anderson & Schad, 1985) and 

Schistosoma mansoni infections in man (Medley & Anderson,

1985) has already been emphasized.

The absence of a marked reduction in parasite fecundity 

and mortality in mice which were 'immune' (Fig. 4.11) 

suggests that fecundity was reduced due to parasite

senescence, rather than host responses in low responder | ,--v

CBA/Ca mice. Immunity in mice may suppress fecundity of 1 

H . po ly gyrus (Pritchard & Behnke, 1985 ; Sitepu ejt a 1,1 9 8 5 ) .;

Acquired resistance in outbred MF1 mice was related 

to the past experience of a primary infection. In general, 

high doses of primary infections conferred greater resistance 

to large rather than small challenge infections. No residual 

immunosuppression of mice by adult worms was observed.
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Chapter 5

Population dynamics of H .polygyrus in

high and low responder inbred mice



5 . 1  I n t r o d u c t i o n

Previous studies of acquired resistance to helminth 

infections have employed large single, challenge or 

multiple dose experimental infections (Dineen & Wagland, 

1966; Jarrett, Jarrett & Urquh a r t ,1968; Miller,1978; 

Brindley & Dobson,1983; Dean,1983; Carroll & Grove,1985; 

Behnke & Robinson, 1985) . However, it has been suggested 

that studies that involve the exposure of laboratory 

hosts to long-term repeated infections have many 

advantages over the conventional experimental designs 

(Crombie & Ander s o n , 1985 ; Anderson & May, 1985b). Long­

term trickle infections, incorporating the quantitative 

sampling of the host and parasite populations, provide 

information on the dynamical changes in parasite 

establishment and mortality in the hosts. Trickle 

infection experiments can, therefore, help in the inter­

pretation of observed epidemiological trends in parasitic 

infections in human and animal communities (Crombie & 

Anderson, 1985) .

Circumstantial evidence suggests that in endemic 

areas, helminth infections such as hookworm, are acquired 

continually at low levels of exposure over long periods 

of time (Mi 1ler, 1979 ; Schad, Nawalinski & Kochar, 1983) . 

Studies of the survival of hookworm larvae using damp 

pads have revealed a highly overdispersed distribution 

of larvae at the topmost surface layer of the soil

(Hominick, Dean & Schad,1986; Nwosu & Anya,1980).
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A d v e r s e  e n v i r o n m e n t a l  f a c t o r s  c o m b in e d  w i t h  human a v o i d ­

a n c e  o f  c o n t a m i n a t e d  s o i l  p l a y  an i m p o r t a n t  r o l e  i n  

d e t e r m i n i n g  t h e  r a t e  o f  i n f e c t i o n  ( S c h a d  e t  a 1 ,1983  ) . 

M a s s i v e  i n f e c t i o n s  a r e  l i k e l y  t o  be r a r e  ( S c h a d  e_t a 1 ,

1983)  b u t  an i s o l a t e d  c a s e  o f  v e r y  h e a v y  i n f e c t i o n  w i t h  

A s c a r i s  a c q u i r e d  o v e r  a s h o r t  i n t e r v a l  o f  t i m e  has  b e e n  

r e p o r t e d  ( B a i r d ,  M i s t r e y ,  P i m s l e r  & C o n n o r , 1 9 8 6 ) .  The 

r a t e  o f  i n f e c t i o n  o f  h o s t s  by  p a r a s i t e s  o f  v e t e r i n a r y  

i m p o r t a n c e  ( s u c h  as  t h e  g a s t r o i n t e s t i n a l  n e m a t o d e s  o f  

s h e e p  and  c a t t l e )  i n c r e a s e s  t h r o u g h  t i m e  ( a s  t h e  h o s t  

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

p r o l o n g e d  g r a z i n g  on a s i n g l e  h a b i t a t  ( M i c h e l , 1 9 6 3 ;  1970 ;

K e r b o e u f J o 1 i v e t , 1984 ; S m i t h  & G r e n f e 1 1 , 1 9 8 5 ) .  H o w e v e r ,  

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

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

t h e  a b s e n c e  o f  d e t a i l e d  i n f o r m a t i o n  on t h e  t e m p o r a l  

p a t t e r n  o f  e x p o s u r e .

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

i n v o l v e d  mammal h o s t - n e m a t o d e  p a r a s i t e  m o d e l s .  The 

e a r l y  e x p e r i m e n t s  o f  M i c h e l  (19 6 3 )  w i t h  O s t e r t a g i a  

o s t e r t a g i a  i n  c a l v e s ;  H a e m o n ch u s  c o n t o r t u s  i n  sh e e p  

( D i n e e n  & W a g l a n d ,  19 66 ;  P r a d h a n  & J o h n s t o n e ,1 9 7 2 )  and 

more r e c e n t l y  - e m p l o y i n g  r a d i o l a b e l l e d  p a r a s i t e s  as  

t r a c e r s  i n  s h e e p  e x p o s e d  t o  6 00 ,  1200 ,  2400 and 4800

H . c o n t o r t u s  l a r v a e / s h e e p / w e e k  ( B a r g e r ,  L e J a m b r e ,  G e o r g i  

& D a v i e s , 1985 ;  B a r g e r , 1986 )  - i n d i c a t e  t h e  r e l e v a n c e

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

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

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

5 and  50 l a r v a e / r a t / w e e k  d a y  i n  S p r a g u e - D a w l e y  r a t s  

( J e n k i n s  & P h i  11 i p s o n , 1 9 7 1 ;  1 9 7 2 ) ,  T r i c h u r i s  m u r i s  i n  

o u t b r e d  m ic e  (Wake 1 i n , 1973 )  an d  t h e  f i l a r i a l  p a r a s i t e  

B r u g i a  p a h a n g i  i n  c a t s  (Denham ,  P o n n u d u r a i ,  N e l s o n ,

R o g e r s  & G r a y , 1 9 7 2 ) .  E x p e r i m e n t a l  r e p e a t e d  i n f e c t i o n s  

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

s y s t e m s .  A n d e r s o n  (1 9 7 6 )  r e p o r t e d  e x p e r i m e n t s  i n  w h i c h  

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

e x p o s e d  t o  T r a n s v e r s o t r e m a  p a t i a l e n s e  a t  t h e  r a t e  o f  

2 c e r c a r i a e / f i s h / w e e k  o v e r  a 20-week  p e r i o d .

\ } i
The mouse hoo kw orm ,  H . p o l y g y r u s  i n  o u t b r e d  m ic e  1

h as  b e e n  s u g g e s t e d  a s  a u s e f u l  m o de l  t o  s t u d y  t h e  d e v e l o p ­

ment  o f  a c q u i r e d  r e s i s t a n c e  i n  man ( B a r t l e t t  & B a l l , 1 9 7 2 ) .  

O u t b r e d  m ic e  a r e  h e t e r o g e n e o u s  ( P r i c e  & O ' B r i e n ,1980  ;

F e s t i n g ,1 9 8 2 )  and  t h e i r  u s e  c o u l d  r e f l e c t  t h e  e x p e c t e d  

r e s p o n s e s  i n  n a t u r a l  h o s t  c o m m u n i t i e s  ( W a k e l i n , 1982)  .

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

t o  h e l m i n t h  i n f e c t i o n s ,  h o w e v e r ,  i n b r e d  m ic e  a r e  

p r e f e r a b l e  ( M i t c h e 1 1 ,1 9 7 9  ; Wake 1 i n , 1982)  . Homogeneous  

r e s p o n s e s  t o  i n f e c t i o n  c a n  be e x p e c t e d  f r o m  i n b r e d  m ic e  

( B a i l e y , 1980 )  . A l s o ,  g e n e t i c a l l y - d e f i n e d  mouse s t r a i n s  

a r e  w i d e l y  a v a i l a b l e  ( W a k e l i n , 1 9 8 5 b ) ,  t h u s  f a c i l i t a t i n g

l a b o r a t o r y  e x p e r i m e n t a t i o n .



1 5 6

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

( L i  u , 1 9 6 6 ; C y p e s s  & Z i d i a n , 1 9 7 5 ;  L u e k e r  & H e p l e r , 1 9 7 5 ;  

B e h n k e  & Wake 1 i n , 1977 ; P r o w s e ,  M i t c h e l l ,  E y  & J e n k i n ,

1 9 79 ;  B e h n k e  & R o b i n s o n , 1985 )  . T h e r e f o r e ,  a n a l y s i s  o f  

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

i n t o  a c c o u n t  t h e  s t r a i n  o f  mouse e m p lo y e d  i n  t h e  

e x p e r i m e n t a l  d e s i g n  ( P r o w s e  & M i t c h e 1 1 ,1 9 8 0 )  and t h e  

t y p e s  o f  p a r a m e t e r s  m e a s u r e d  ( T a b l e  5 . 1 ) .

To o b t a i n  q u a n t i t a t i v e  i n f o r m a t i o n  on t h e  r o l e  o f  

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

p o p u l a t i o n s ,  two i n b r e d  mouse s t r a i n s  N IH  ( h a p l o t y p e  

H-2q )  and  C BA /C a  ( H - 2 k ) ,  d e s i g n a t e d  as  h i g h  and low 

r e s p o n d e r s  r e s p e c t i v e l y ,  w e r e  c h o s e n  f o r  s t u d y  ( s e e  

T a b l e  5 . 2 ) .  The e x p e r i m e n t a l  a p p r o a c h  was t o  e x p o se  

c o h o r t s  o f  N IH  and  C B A / C a  m i c e  t o  r e p e a t e d  i n f e c t i o n  

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

t h r o u g h  t i m e .  The lo w  ( 1 0 L 3 / m o u s e / w e e k ) ,  medium 

( 2 5 L 3 / m o u s e , w e e k ) and  h i g h  ( 5 0 L 3 / m o u s e / w e e k ) d o s e s  o f  

i n f e c t i o n  w e r e  c h o s e n  t o  m i m i c  l o w ,  medium and h i g h  

t r a n s m i s s i o n  i n t e n s i t i e s  i n  a r e a s  e n d e m ic  f o r  i n t e s t i n a l  

p a r a s i t e s .  N e x t ,  t h e  c h a n g e s  i n  p a r a s i t e  e s t a b l i s h m e n t  

and  m o r t a l i t y  w e r  m o n i t o r e d  b y  s a m p l i n g  t h e  p a r a s i t e  

p o p u l a t i o n s  a t  2 - w e e k l y  i n t e r v a l s ,  d u r i n g  a 12-week

e x p e r i m e n t a l  p e r i o d .
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Table 5.1 Parameters measuring the resistance of mice 
to infection with H. polygyrus.

A )  I n n a t e  r e s i s t a n c e

1. P a r a s i t e  e s t a b l i s h m e n t ,  s u r v i v a l ,  f e c u n d i t y  

2 P a r a s i t e - i n d u c e d  h o s t  m o r t a l i t y

3. H o s t  s e x  d i f f e r e n c e s
4. H o s t  s p e c i f i c i t y

B )  A c q u i r e d  r e s i s t a n c e

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

mode o f  i n f e c t i o n ,  c h e m o t h e r a p y

2. P a r a s i t e  s u r v i v a l  and  e x p u l s i o n

3. H o s t  s e x  d i f f e r e n c e s

4. I m p a c t  o f  p a r a s i t e  on h o s t  g r o w t h  and  s u r v i v a l

5.  I m m u n o l o g i c a l  r e s i s t a n c e

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

b)  im m u n o m o d u l a t i o n  o f  h o s t  by  a d u l t  worms

c )  p r o d u c t i o n  o f  a n t i b o d y

d) p a s s i v e  t r a n s f e r  o f  a n t i b o d y

e )  i m m u n i z a t i o n  w i t h  a d u l t  worms

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

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

h)  i m m u n i z a t i o n  w i t h  worm e x t r a c t s

i )  c e l l - m e d i a t e d  r e s p o n s e s
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T a b l e  5 .2  P a r a m e t e r s  m e a s u r i n g  p h e n o t y p i c  v a r i a t i o n  

i n  r e s p o n s e  o f  i n b r e d  m ic e  t o  H . p o l y g y r u s

Mouse P h e n o t y p e  H-2 h a p l o t y p e  P a r a m e t e r  R e s p o n s e  R e f e r e n c e *  
s t r a i n  +

N IH  h i g h  q

r e s p o n d e r

C BA/Ca  lo w  k
r e s p o n d e r

(1) v e r y

good
a , b

(2 ) good c

(3 ) good d

(4 ) r e d u c e d d

(5 ) good d

(6 ) a v e r a g e b

(9 ) v e r y  good d

(7 )  , (8 ) - N.D .

(1) p o o r e , b , f

(2 ) p o o r g / h
(3 ) p o o r h
(4 ) good d

(5 ) good d

(9 )

(6 )  , (7 )  ,

good d

(8 ) - N .D .

+ 1.  Worm b u r d e n  f o l l o w i n g  c h a l l e n g e

2. Worm b u r d e n  f o l l o w i n g  m u l t i p l e  i n f e c t i o n s

3. H o s t  s u r v i v a l  and  g r o w t h

4.  P a r a s i t e  f e c u n d i t y  and  g r o w t h

5. A n t i b o d y  p r o d u c t i o n

6 . C e l l  t r a n s f e r
7. C e l l - m e d i a t e d  i m m u n i t y

8 .  C y s t - g r a n u l o m a t a  r a t i o

9. V a c c i n a t i o n  w i t h  i r r a d i a t e d  l a r v a e

* ( a )  B e h n k e  & P a r i s h / 19 79 ;  (b )  B e h n k e  & R o b i n s o n ,1 9 8 5 ;

( c )  B e h n k e  & Wake 1 i n , 19 7 7 ; (d )  t h i s  s t u d y ;  ( e )  P r o w s e  ejt a l ,

1979 ;  ( f )  P r o w s e  & M i t c h e 1 1 ,1 9 8 0  ; (g )  M i t c h e 1 1 ,1 9 7 9 ;
(h )  M i t c h e l l  & P r o w s e , 1979 ;  N .D .=  n o t  d o n e .
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The e x p e r i m e n t s  a l s o  p r o v i d e d  an o p p o r t u n i t y  t o  t e s t  

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

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

i n  human c o m m u n i t i e s  i n f e c t e d  w i t h  i n t e s t i n a l  n e m a t o d e s  

( A n d e r s o n , 1976 ;  A n d e r s o n  & M a y , 1 9 8 5 a , b ) .  M a t h e m a t i c a l  

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

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

d y n a m i c s .  T h e y  c a n  a l s o  be e m p lo y e d  t o  g e n e r a t e  t e s t a b l e  

h y p o t h e s e s  and  t h e r e b y  a i d  i n  t h e  d e s i g n  o f  e x p e r i m e n t s .  

T h e y  c a n  a l s o  s e r v e  as  s t a n d a r d s  a g a i n s t  w h i c h  o b s e r v e d  

e m p i r i c a l  and  n a t u r a l  p a t t e r n s  c a n  be c o m p a re d  ( A n d e r s o n ,  

19 76 ;  1986 ;  P i e l o u , 1 9 8 1 ) .

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

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

i n f e c t i o n s  i n  man ( W a r r e n , 1 9 73 ;  A n d e r s o n  & M a y , 1 9 8 5 a , b )  

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

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

W h i t f i e l d ,  D ob so n  & K e y m e r , 1 9 7 9 ;  B r a d l e y , 1 9 7 4 ;  C r o f t o n ,  

1971 ;  A n d e r s o n  & G o r d o n , 1 9 82 ;  A n d e r s o n  & M e d l e y , 1985;  

Wassom ,  D i c k ,  A r n a s o n ,  S t r i c k l a n d  & G r u n d m a n n , 1 9 8 6 ) .

The f a c t o r s  t h a t  p r e d i s p o s e  man t o  hookworm ( S c h a d - &

A n d e r s o n , 1985)  , A s c a r i s  l u m b r  i  co  i d e  s ( E l k i n s ,  E l k i n s  & 

A n d e r s o n , 1986)  , T r i c h u r  i s  t r i c h u i r a  ( B u n d y ,  Thom pson ,  

C o o p e r ,  G o l d e n  & A n d e r s o n , 1986 )  and  S c h i s t o s o m a  m a n s o n i  

( B e n s t e d - S m i t h , A n d e r s o n ,  B u t t e r w o r t h ,  C a p r o n ,  C o r d i n g l e y ,  

D a l t o n ,  D u nn e ,  K a r i n k i ,  K i m a n i ,  K o e c h ,  M ugam b i ,  Ouma, 

P r e n t i c e ,  R i c h a r d s o n ,  S i o n g o k ,  S t u r r o c k  & T a y l o r , 1986)  a r e

u n c l e a r  a t  p r e s e n t ,  b u t  e x p e r i m e n t a l  s t u d i e s  i m p l i c a t e



1 6 0

g e n e t i c ,  n u t r i t i o n a l  a n d  b e h a v i o u r a l  m e c h a n ism s  ( W a k e l i n ,  

1 9 8 5 a ;  S l a t e r  & K e y m e r , 1 9 8 6 b ;  A n d e r s o n  êjt a 1 ,1 9 7 9 ;

H o l m e s , 1 9 7 3 ) .  The s i g n i f i c a n c e  o f  t h e  i n f l u e n c e  o f  t h e  

i n t e r a c t i o n  b e t w e e n  t h e s e  f a c t o r s  and  c h e m o t h e r a p y  o r  

v a c c i n a t i o n ,  on t h e  d y n a m i c s  o f  h e l m i n t h  i n f e c t i o n s  i n  

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

u n d e r s t o o d  a t  p r e s e n t  ( A n d e r s o n  & M a y , 1 9 8 5 b , c ;  A n d e r s o n  & 

M e d l e y , 1 9 8 5 ) .

T h i s  c h a p t e r  i s  o r g a n i s e d  as  f o l l o w s :  i n  s e c t i o n  5 . 2 ,

r e s u l t s  a r e  p r e s e n t e d  s h o w i n g  t h e  mean worm b u r d e n s / m o u s e  

and p a r a s i t e  f e c u n d i t y  i n  b o t h  lo w  and  h i g h  r e s p o n d e r  

m i c e ,  and  i n  o u t b r e d  m i c e  d u r i n g  r e p e a t e d  i n f e c t i o n .

The i n f l u e n c e  o f  t h e  f r e q u e n c y  o f  t r i c k l e  i n f e c t i o n  i s  

e x a m in e d  i n  lo w  r e s p o n d e r  m i c e  i n  s e c t i o n  5 . 2 . 2 .  I n  

s e c t i o n  5 . 3 ,  a p u r e  i m m i g r a t i o n - d e a t h  m o de l  ( A n d e r s o n , 1976)  

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

r e s p o n d e r  m i c e .  V a r i o u s  m e c h a n i s m s  ca n  g e n e r a t e  t h e  

o b s e r v e d  p a t t e r n s  o f  worm b u r d e n s  i n  t h e  e x p e r i m e n t s ,  a n d  

s e c t i o n  5 . 4  e x a m i n e s  t h e  r o l e  o f  d i f f e r e n t i a l  p a r a s i t e  

e s t a b l i s h m e n t  as  a f u n c t i o n  o f  t h e  a c c u m u l a t e d  p a s t  

e x p e r i e n c e  o f  i n f e c t i o n  i n ' . t h e  two mouse s t r a i n s .  I n  

s e c t i o n  5 . 5 ,  a m o d e l  d e v e l o p e d  by  A n d e r s o n  & May ( 1 9 8 5 b )  , 

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

im m u n i t y  and  h e t e r o g e n e i t y  i n  r e s p o n s e  t o  p a r a s i t e s  i s  

e m p l o y e d .  The m a in  a s s u m p t i o n  o f  t h e  A n d e r s o n  & May ( 1 9 8 5 b )  

m ode l  i s  t h a t  p a r a s i t e  e s t a b l i s h m e n t  i n  h o s t s  r e p e a t e d l y  

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

p a s t  e x p e r i e n c e  o f  i n f e c t i o n .  T h i s  m o de l  has  as  y e t  o n l y
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o n l y  b e e n  t e s t e d  on e x p e r i m e n t a l  d a t a  f rom  S . m a n s o n i  

i n  m i c e  ( C r o m b ie  & A n d e r s o n , 1 9 8 5 ) .  I n  s e c t i o n  5 . 6 ,  t h e  

e f f e c t s  o f  t h e  h o s t  i m m u n o s u p p r e s s i o n  v i a  i n f e c t i o n  by 

H . p o l y g y r u s  ( S h i m p ,  C r a n d a l l  & C r a n d a l l , 1975 ;  Chapman 

e t  a 1 , 1 9 7 9 a ;  B e h n k e  et a_l ,1 9 83  ; P r i t c h a r d  & B e h n k e , 1 9 8 5 ;  

S i t e p u ,  Dob so n  & B r i n d l e y , 1985 ; S i t e p u  & B r i n d l e y , 1985)  

and i n c r e a s e d  p a r a s i t e  d e a t h  d u r i n g  r e p e a t e d  i n f e c t i o n ,  

a r e  i n c o r p o r a t e d  i n t o  a new m o d e l  b u i l t  i n t o  t h e  

A n d e r s o n  & May ( 1 9 8 5 b )  f r a m e w o r k .

I n  o r d e r  t o  g a i n  more  i n f o r m a t i o n  on t h e  i n f l u e n c e  

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

i n f e c t i o n s ,  t h e  e x p e r i m e n t s  w e r e  e x t e n d e d  t o  i n c l u d e  t h e  

i n v e s t i g a t i o n  o f  t h e  i m p a c t  o f  c h e m o t h e r a p y  ( s e c t i o n  5 . 7 )  

and  v a c c i n a t i o n  ( s e c t i o n  5 . 8 )  on t h e  d y n a m i c s  o f  t r i c k l e  

i n f e c t i o n s  i n  b o t h  lo w  and  h i g h  r e s p o n d e r  m i c e .  The 

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

t h e  a s s e s s m e n t  o f  t h e  d u r a t i o n  o f  a c q u i r e d  r e s i s t a n c e  

i n  m i c e  ( s e c t i o n  5 . 9 ) .  ' I m m u n o l o g i c a l  m em ory '  t o  h e l m i n t h  

i n f e c t i o n s  i s  l i t t l e  u n d e r s t o o d  a t  p r e s e n t  ( B u l l i c k ,  

R u s s e l l  & C a s t r o , 1984 ;  W a k e l i n ,  G r e n c i s  & D o n a c h i e , 1 9 8 2 ;  

P a l m a s ,  B o r t o l e t t i ,  C o n c h e d d a  & G a b r i e l e , 1 9 8 6 ;  C r o m b ie  & 

A n d e r s o n , 1 9 8 5 ) .  I t  i s  w i d e l y  b e l i e v e d  t o  be s h o r t - l i v e d  

i n  man (C o h e n  & W a r r e n , 1982 ;  B a r r i g a , 1 9 8 0 ;  L l o y d , 1981;

Wake 1i n , 1984)  . F i n a l l y ,  t h e  r e s u l t s  a r e  d i s c u s s e d  i n  

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

i n f e c t i o n s  and  t h e  p r o s p e c t s  f o r  t h e i r  c o n t r o l .
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5 .2  R e s u l t s  f r o m  t r i c k l e  i n f e c t i o n s

5 . 2 . 1  R e s u l t s  f r o m  i n b r e d  lo w  (C BA )  and h i g h  ( N IH )  r e s p o n d e r  

mouse s t r a i n s

One h u n d r e d  and  e i g h t y  ( 1 8 0 ) ,  6-8 week o l d  CBA/Ca

f e m a l e  m i c e  w e r e  d i v i d e d  i n t o  t h r e e  g r o u p s  o f  60 m ic e  

e a c h .  G r o u p  I  m i c e  w e r e  g i v e n  a lo w  dose  o f  i n f e c t i o n  

o f  10 H . p o l y g y r u s  l a r v a e / m o u s e / w e e k  f o r  12 w e e k s .

G r o u p s  I I  and I I I  m i c e  w e r e  e a c h  e x p o s e d  t o  medium and 

h i g h  d o s e s  o f  i n f e c t i o n  c o r r e s p o n d i n g  t o  25 L 3 / m o u s e / w e e k  

and  50 L 3 / m o u s e / w e e k , r e s p e c t i v e l y .  A t  t w o - w e e k l y  

i n t e r v a l s ,  10 m i c e  f r o m  e a c h  g r o u p  w e r e  c h o s e n  a t  random  

and  k i l l e d  t o  a s s e s s  t h e i r  worm b u r d e n s  a f t e r  d e t e r m i n a t i o n  

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

se ru m  f r o m  e a c h  i n d i v i d u a l  m o u s e .  A t  2 - w e e k l y  i n t e r v a l s ,  

f i v e  n a i v e ,  a g e - m a t c h e d  C B A / C a  m ic e  w e r e  i n f e c t e d  a t  t h e  

same t i m e  as  t h e  e x p e r i m e n t a l  m i c e  t o  a s s e s s  t h e  i n f e c t -  

i v i t y  o f  t h e  l a r v a e  ( i . e .  30 m i c e  w e r e  u s e d  as  i n f e c t i v i t y

c o n t r o l s ) .  The e x p e r i m e n t  w as  r e p e a t e d  u s i n g  one h u n d r e d  

and f i f t y  ( 1 5 0 ) ,  6-8 w eek  o l d ,  f e m a l e  N IH  m i c e .  The m i c e

w e r e  d i v i d e d  i n t o  t h r e e  g r o u p s  o f  50 m ic e  e a c h  and  i n f e c t e d  

as  f o r  C BA /C a  m i c e .  T h i r t y  n a i v e ,  a g e - m a t c h e d  N IH  m ic e  

w e r e  e m p lo y e d  t o  c h e c k  t h e  i n f e c t i v i t y  o f  t h e  l a r v a e

e m p lo y e d  i n  t h e  e x p e r i m e n t .
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5 . 2 . 1 . 1  Mean worm b u r d e n s

The mean number  o f  w orm s/m ouse  r e c o v e r e d  f r o m  t h e s e  

two mouse s t r a i n s  a r e  shown  i n  F i g .  5 . 1 .  The lo w  r e s p o n d e r  

m ic e  a c c u m u l a t e d  t h e  num ber  o f  p a r a s i t e s  i n  a manner  

r e l a t e d  t o  t h e  i n t e n s i t y  o f  i n f e c t i o n  f o r  t h e  f i r s t  

6  w e e k s  o f  t r i c k l e  i n f e c t i o n  ( F i g .  5 . 1 a ) .  H o w e v e r ,  f r o m  

6  w e e k s  a f t e r  i n i t i a l  i n f e c t i o n  t o  week 12,  t h e  worm 

b u r d e n s  i n  C BA / C a  m i c e  e x p o s e d  t o  low  and medium d o s e s  

o f  i n f e c t i o n  d i d  n o t  i n c r e a s e  l i n e a r l y .  I n  m ic e  e x p o s e d  

t o  t h e  h i g h  d o s e  o f  i n f e c t i o n ,  worm b u r d e n s  c o n t i n u e d  

t o  i n c r e a s e .  B y  10 t o  12 w e e k s  o f  i n f e c t i o n ,  t h e r e  was  

a h o s t  m o r t a l i t y  o f  20 and  30% a t  t h e  h i g h e s t  d o se  o f  

i n f e c t i o n  w h e r e a s  a l l  m i c e  s u b j e c t  t o  t h e  lo w  and medium 

d o s e s  o f  i n f e c t i o n  s u r v i v e d .

I n  h i g h  r e s p o n d e r  N IH  m i c e  ( F i g .  5 . 1 b ) ,  t h e  i n c r e a s e  

i n  t h e  mean worm b u r d e n s  was  a l s o  r e l a t e d  t o  t h e  i n t e n s i t y  

o f  e x p o s u r e  t o  i n f e c t i o n .  T he  worm b u r d e n / m o u s e  r o s e  t o  

a p l a t e a u  i n  t h e  lo w  d o s e  b u t  d e c l i n e d  by w eek  12 a f t e r  

f i r s t  e x p o s u r e .  A t  t h e  h i g h e s t  d o se  o f  i n f e c t i o n ,  a 

p e a k  i n t e n s i t y  i n  mean worm b u r d e n  was a t t a i n e d  as  e a r l y  

as  2 w e e k s  a f t e r  t h e  f i r s t  i n f e c t i o n  and t h e  p a r a s i t e  

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

d u r i n g  t h e  e x p e r i m e n t .

T h e  d i s t r i b u t i o n  o f  H . p o l y g y r u s  p e r  m o u s e  i n  b o t h  

i n b r e d  h i g h  a n d  l o w  r e s p o n d e r  h o s t s  b e c a m e  i n c r e a s i n g l y  \ j \

a g g r e g a t e d  a s  t h e  e x p e r i m e n t  p r o g r e s s e d  ( F i g .  5 . 2 ) .
/



1 6 4 a

F i g u r e  5 . 1 . The  mean number  o f  p a r a s i t e s  r e c o v e r e d  

f r o m  lo w  and  h i g h  r e s p o n d e r  i n b r e d  m ic e  

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

( a )  O b s e r v e d  mean worm b u r d e n s  ( ± S . E . )  i n  lo w

r e s p o n d e r  C BA /C a  m ic e  (10 m i c e  p e r  g r o u p )  e x p o s e d  

t o  a l o w  ( s q u a r e s ) ,  med ium ( c r o s s e s )  and  h i g h  

( d i a m o n d s )  d o s e s  o f  i n f e c t i o n  c o r r e s p o n d i n g  t o  

10 ,  25 and  50L3 p e r  mouse p e r  w e e k .

(b )  As  f o r  ( a ) ,  b u t  worms r e c o v e r e d  f r o m  h i g h  

r e s p o n d e r  N IH  m i c e .  N o t e  t h a t  g r a p h s  ( a )  and 

(b )  a r e  p l o t t e d  on t h e  same s c a l e  f o r  e a s e  o f  

c o m p a r i s o n .
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WEEKS AFTER 1ST INFECTION□  LOW DOSE + MEDIUM DOSE « HIGH DOSE
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F i g u r e  5 . 2 . The  c h a n g e s  i n  t h e  v a r i a n c e  t o  mean r a t i o  

o f  t h e  number  o f  H . p o l y g y r u s  i n  l o w  ( a )  

and  h i g h  (b )  r e s p o n d e r  i n b r e d  m ic e  d u r i n g  

t r i c k l e  i n f e c t i o n .

G r o u p s  o f  8-10 m ic e  w e r e  e x p o s e d  t o  10 ( s q u a r e s ) ,  

25 ( c r o s s e s )  and  50 ( d i a m o n d s )  L3 p e r  mouse p e r  

w e e k .  The h o r i z o n t a l  l i n e  d e n o t e s  a P o i s s o n  

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

mean r a t i o  i s  e q u a l  t o  1.

)
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5.2.1.2 Prevalence of infection

The prevalence or proportion of mice infected was 
always high (100%) in the low responder mice irrespective 
of the dose of infection (Fig. 5.3a). In high responder 
mice, the proportion of mice harbouring the infection 
(measured as the presence of worms) decreased to about 
10% by the 12th week of infection (Fig. 5.3b). This 
suggests that 90% of high responder NIH mice became 
refractory to infection despite continued exposure.

5.2.1.3 Parasite sex-ratios

The sex-ratios of the worms in the two mouse strains 
changed significantly from a 1:1 ratio during the latter 
part of the experimental period (Fig. 5.4)'. More female 
than male worms prevailed towards the end of the experiment 
(i.e. 8-12 weeks).

5.2.1.4 Parasite fecundity

The per capita fecundity of H .polygyrus in low 
responder mice was stable at a level of about 600 eggs per 
female worm per 16h during the course of the trickle 
infection (Fig. 5.5a). Since worm fecundity is age- 
dependent during single infections (chapter 4), the 
observation of a stable egg production suggests that 
there was a 'turnover' of worms and/or acquired resistance
in low responder mice did not have a substantial effect 
on parasite fecundity.
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Figure 5.3. Changes in the proportion of mice infected 
(% prevalence) with time in low (a) and 
high (b) responder mice exposed to repeated 
infection with H.polygyrus.

Groups of 8-10 mice were exposed to infection at 
the low - 10L3/mouse/week (squares), medium - 25L3/ 
mouse/week (crosses) and high - 50L3/mouse/week 
(diamonds) doses of infection.
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O LOW DOSE WEEKS AFTER INFECTION + MEDIUM DOSE ❖ HIGH DOSE
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Figure 5.4. Changes in the sex-ratio (female/male) of 
H.polygyrus in low (a) and high (b) 
responder mice repeatedly exposed to 
infection.

Groups of 8-10 mice were exposed to low (squares), 
medium (crosses) and high (diamonds) doses of 
infection corresponding to 10, 25 and 50 L3 per
mouse per week, respectively. The horizontal line 
denotes a female to male ratio of 1:1.
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In high responder mice, the per capita fecundity 
of H .polygyrus was severely reduced to a lower peak of 
about 150 eggs/female/16h (Fig. 5.5b). It can be 
inferred, therefore, that acquired resistance had a 
great effect on worm fecundity in NIH mice.

5.2.2 The influence of the frequency of exposure

The influence of the frequency of repeated exposure 
on the dynamics of the parasite population was examined 
by infecting low responder CBA/Ga mice with 50 H.polygyrus 
larvae per mouse per 2 weeks. Forty-eight (48) female 
CBA/Ca mice were infected and 6-8 mice were killed at 
2-weekly intervals during the experimental period of 
16 weeks. Twenty (20), sex and age-matched naive CBA/Ca 
mice were used to assess the infectivity of the larvae.

The results in Fig. 5.6(a) show that the CBA/Ca 
mice accumulated parasites during the experimental period. 
The mean worm burden appeared to reach a plateau of about 
70 worms/mouse from week 8-16. Care must be taken in 
the interpretation of this trend because of the high 
degree of variability seen within the individual mice 
(Fig. 5.6b). The overall pattern is, however, different 
from the one displayed in Fig. 5.1(a) for CBA/Ca mice 
exposed to a more frequent high dose of 50 L3/mouse/week.
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Figure 5.5. Changes in the per capita fecundity of 
H.polygyrus in low (a) and high (b) 
responder inbred mice repeatedly exposed 
to inf ection.

Groups of 8-10 mice were exposed to low (squares), 
medium (crosses) and high (diamonds) doses of 
infection corresponding to 10, 25 and 50 L3 per
mouse per week. Vertical bars represent one 
standard error of the mean (SEM).



174

WEEKS AFTER 1 ST INFECTION□ LOW DOSE + MEDIUM DOSE o HIGH DOSE

D LOW DOSE WEEKS AFTER 1 ST INFECTION + MEDIUM DOSE o HIGH DOSE



175

Figure 5.6. The dynamics of repeated infection of
low responder inbred CBA/Ca mice exposed 
to a high dose of 50 L3 H.polygyrus per 
mouse per 2 weeks.

(a) Squares - observed mean worm burdens (6-8 mice 
per group) ; vertical bars - standard error of 
the mean.

(b) Squares - the changes in the variance to mean 
ratio of the mean number of worms/mouse with
time post-initial infection.
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5.2.3 Results from outbred MF1 mice

Forty-eight (48) male, outbred MF1 mice were exposed 
to a trickle infection of 50 L3 H.polygyrus/mouse/week 
for 6 weeks and their mean worm burdens were determined 
thereafter, at weekly intervals. The observed mean worm 
burden/mouse rose to a peak at 4 weeks after the first 
exposure and then declined by 6 weeks of infection (Fig. 5.7a) 
The variance to mean ratio was high during the trickle 
infection (Fig. 5.7b), indicating an increasing 
variability among mice in the number of parasites they 
harboured.

5.3 The immigration-death model

It has been shown that for parasitic species that 
do not multiply within the definitive host, the number 
of parasites/host is simply a funtion of the rate at 
which parasites enter (=immigration rate) and the death 
rate of the parasite.(Anderson,1976). In the absence 
of density-dependent factors or host immune responses, 
a simple immigration-death model describes the rate of 
change of M(t), the number of parasites at time t :

dM(t)/dt = /\ - pM (t) [5.1]

Here /\ is the immigration or infection rate/host/unit 
of time and |j is the death rate/parasite/unit of time.
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Figure 5.7. The dynamics of repeated infection of 
outbred MF1 mice with a high dose of 
50 L3 H.polygyrus/mouse/week.

(a) Squares - observed mean worm burdens (8 mice 
per group); vertical bars - the standard error 
of the mean.

(b) Changes in the variance to mean ratio of the 
number of H .polygyrus per mouse with time.
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G i v e n  t h e  i n i t i a l  c o n d i t i o n  M ( 0 )  = 0, w h e r e  M (0 )  i s

t h e  number o f  p a r a s i t e s  w i t h i n  t h e  h o s t  a t  t im e  t  = 0, 

t h e n  t h e  s o l u t i o n  o f  e q u a t i o n  [ 5 . 1 ]  i s  :

M ( t ) = M ( 0 ) exp  ( - |J t ) + A/p[l - e x p ( - p t ) ]  [ 5 . 2 ]

T h i s  m o de l  ( eq n  5 . 1 ) ,  p r e d i c t s  t h a t  t h e  p a r a s i t e  p o p u l a t i o n  

w i l l  g row  m o n o t o n i c a l l y  t o  a t t a i n  an e q u i l i b r i u m  s i z e  M* 

w h e r e

M* = A / M [ 5 . 3 ]

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

o f  t h e  p a r a m e t e r s  A and  p.

T h e  v a l u e  o f  A ( o r  A ̂  t o  d e n o t e  a  p a r t i c u l a r  e x p e r i m e n t )  

i s  d e t e r m i n e d  b y  t h e  e x p e r i m e n t a l  c o n d i t i o n s  w h e r e  t h e  

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

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

A . = b \  . 1 5 .4 ]l l

and  X   ̂ d e f i n e s  t h e  e x p e r i m e n t a l  i n f e c t i o n  r a t e  and 

i  = 1, 2,  3 ( i . e .  = 1 0 L 3 / m o u s e / w e e k ; X 2 = 2 5 L 3 / m o u s e / w e e k ;

X^  = 5 0 L 3 / m o u s e / w e e k ) and  t h e  p a r a m e t e r ,  b , i s  t h e  s l o p e  

o f  t h e  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  d o se  o f  i n f e c t i o n  

and  t h e  e s t a b l i s h e d  a d u l t  p a r a s i t e s  ( s e e  c h a p t e r  4 ) .
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The p r e d i c t i o n s  o f  t h e  i m m i g r a t i o n - d e a t h  m ode l  a r e  

c o m p a re d  t o  t h e  o b s e r v e d  d a t a  f r o m  t h e  e x p e r i m e n t s  i n  

lo w  r e s p o n d e r  m i c e  and  a l s o  i n  o u t b r e d  MF1 m ic e  ( F i g s .  

5 . 8 a ,  5 . 9 a ) .  B y  d e f i n i t i o n ,  t h e  ' h i g h '  r e s p o n d e r  m ic e

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

d e a t h  m o d e l  o w in g  t o  t h e  e x i s t e n c e  o f  a s i g n i f i c a n t  

immune r e s p o n s e  i n  t h e s e  m i c e  ( A n d e r s o n , 1 9 7 6 ) .  The m o de l  

p r o v i d e s  a r e a s o n a b l e  f i t  t o  t h e  d a t a  f r o m  lo w  r e s p o n d e r s  

e x p o s e d  t o  lo w  d o s e s  o n l y  d u r i n g  t h e  e a r l y  (0-6  w e e k s )  

p a r t  o f  t h e  e x p o s u r e  p e r i o d .  T h e r e a f t e r  (6-12  w e e k s ) , 

t h e  d i s c r e p a n c y  b e t w e e n  t h e  p r e d i c t i o n s  o f  t h e  mode l  and  

o b s e r v e d  d a t a  be com e s  a p p a r e n t  ( F i g .  5 . 8 a ) . The p o o r  

f i t  o f  t h e  m o d e l  t o  t h e  h i g h  d o s e - i n f e c t i o n  d a t a  f r o m  

C BA / C a  m i c e  and  o u t b r e d  MF1 m i c e  ( F i g .  5 . 9 a )  i s  l i k e l y  

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

p a r a s i t e  m o r t a l i t y  a s  e x p e r i e n c e  o f  p a s t  i n f e c t i o n  r i s e s  

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

5 .4  P a r a s i t e  e s t a b l i s h m e n t  a s  a f u n c t i o n  o f  p a s t  

 e x p e r i e n c e  o f  i n f e c t i o n _________________________________

I n  o r d e r  t o  i n v e s t i g a t e  f u r t h e r  t h e  r e a s o n s  f o r  t h e  

a p p a r e n t  p o o r  f i t  o f  t h e  i m m i g r a t i o n - d e a t h  m ode l  t o  t h e  

o b s e r v e d  d a t a ,  e x p e r i m e n t s  w e r e  c o n d u c t e d  w i t h  t h e  a im  

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

e s t a b l i s h m e n t  o f  p a r a s i t e s  i n  h o s t s  w i t h  d i f f e r i n g  p a s t

e x p e r i e n c e s  o f  i n f e c t i o n .
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F i g u r e  5 . 8 . The  o b s e r v e d  and  p r e d i c t e d  mean worm

b u r d e n s  i n  l o w  r e s p o n d e r  C BA / C a  i n b r e d  

m ic e  e x p o s e d  r e p e a t e d l y  t o  H . p o l y g y r u s .

G r o u p s  o f  10 m i c e  w e r e  e x p o s e d  t o  10 ( s q u a r e s ) , 

25 ( d i a m o n d s )  and  50 ( c r o s s e s )  l a r v a e  p e r  mouse 

p e r  w e e k .

( a )  S o l i d  l i n e  - p r e d i c t i o n s  o f  t h e  m o d e l  d e f i n e d

by  e q ns  ( 5 . 1 ) ,  ( 5 . 2 )  and  ( 5 . 4 )  i n  t h e  t e x t .

P a r a m e t e r  v a l u e s :  b = 0 . 6 6 ;  = 10 L 3 ;

^ 2  = 25 L 3 ;  \ = 50 L3 ; |J = 0 . 1 4 ,  d e f i n e d  p e r

w e e k .

(b )  S o l i d  l i n e s  - p r e d i c t i o n s  o f  t h e  m o de l  d e f i n e d

by  eq ns  ( 5 . 4 ) ,  ( 5 . 5 ) ,  ( 5 . 1 3 )  and  ( 5 . 1 4 )  i n  t h e

m a in  t e x t .  P a r a m e t e r  v a l u e s :  b and  )  . as  d e f i n e d  

i n  ( a )  a b o v e ;  |J = 0 . 1 4 ;  jS = 0 .0 0 3 1  ; <T= 0 . 0 1 ,  a l l  

d e f i n e d  p e r  w e e k .
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F i g u r e  5 . 9 . The o b s e r v e d  and  p r e d i c t e d  mean worm 

b u r d e n s  i n  o u t b r e d  MF1 m i c e  e x p o s e d  

r e p e a t e d l y  t o  50 L3 H . p o l y g y r u s  p e r  

mouse p e r  w e e k .

G r o u p s  o f  8 m i c e  w e r e  e x p o s e d  t o  a h i g h  d o se  

( s q u a r e s ) .

( a )  S o l i d  l i n e  - p r e d i c t i o n  o f  t h e  m o d e l  d e f i n e d

by  e q n s  ( 5 . 1 ) ,  ( 5 . 2 )  and  ( 5 . 4 )  i n  t h e  m a in

t e x t .  P a r a m e t e r  v a l u e s :  b = 0 . 4 4 ;  \= 50 L 3 ;

p = 0 . 1 0 0 5 ,  a l l  d e f i n e d  p e r  w e e k .

(b )  S o l i d  l i n e  - p r e d i c t i o n  o f  t h e  m o d e l  d e f i n e d

by  e q n s  ( 5 . 5 ) ,  ( 5 . 1 3 )  and  ( 5 . 1 4 )  i n  t h e  t e x t .

P a r a m e t e r  v a l u e s :  b and  as  f o r  ( a )  a b o v e ;

p = 0 . 2 9 ;  £ =  0 . 0 0 6 3  ; (T = 0 . 0 1 ,  a l l  d e f i n e d

p e r  w e e k .
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U n d e r  t h e  c o n d i t i o n s  o f  r e p e a t e d  i n f e c t i o n ,  a m a j o r

p r o b l e m  a r i s e s  i n  a t t e m p t s  t o  i d e n t i f y  i m m i g r a n t  p a r a s i t e s

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

be c i r c u m v e n t e d  by t h e  u s e  o f  r a d i o - l a b e 11 i n g  t e c h n i q u e s .

F o r  e x a m p l e ,  t h e  m e tho d  o f  l a b e l l i n g  c h a l l e n g e  i n f e c t i o n
14p a r a s i t e s  w i t h  C and  t h e i r  s u b s e q u e n t  i d e n t i f i c a t i o n

by  a u t o r a d i o g r a p h y  h a s  b e e n  e m p lo y e d  i n  H . p o l y g y r u s  i n

o u t b r e d  S w i s s  m i c e  ( B a r t l e t t  & B a l l , 1 9 7 2 ) .  R e c e n t l y ,

75H . p o l y g y r u s  l a r v a e  l a b e l l e d  w i t h  S e - m e t h i o n i n e  h a v e

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

r e s p o n d e r  o u t b r e d  LAF1  m i c e  ( G i b s o n ,  J a c o b s o n  & S a y l e s ,
7 51 9 8 3 ) .  S e - m e t h i o n i n e  l a b e l l i n g  h a s  a l s o  b e e n  s u c c e s s ­

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

i n  s h e e p  r e p e a t e d l y  e x p o s e d  t o  i n f e c t i o n  ( G e o r g i  & L e J a m b r e ,  

1983 ;  B a r g e r ,  L e J a m b r e ,  G e o r g i  & D a v i e s , 1985 ;  B a r g e r , 1 9 8 6 ) .  

A u t o r a d i o g r a p h y  s u f f e r s  f r o m  t h e  s l i g h t  d i s a d v a n t a g e  t h a t ,  

d e p e n d i n g  on t h e  l a b e l l i n g  e f f i c i e n c y ,  t h e  d e v e l o p m e n t  o f  

t h e  e x p o s e d  f i l m  c a n  t a k e  a l o n g  t i m e  and  t h e  t e c h n i q u e  

i s  cu m b e rs o m e .  I d e a l l y ,  r a d i o a c t i v i t y  c a n  be m e a s u r e d  

f r o m  t h e  gamma e m i s s i o n s  o f  t h e  l a b e l l e d  p a r a s  i t e s  us i n g  

a gamma c o u n t e r .

C h e m o t h e r a p y  h a s  b e e n  e m p l o y e d  t o  rem o ve  e x i s t i n g  

worms i n  o r d e r  t o  f a c i l i t a t e  t h e  d i s t i n c t i o n  b e t w e e n  

c h a l l e n g e  and  e s t a b l i s h e d  worms ( M i c h e l , 1 9 6 9 ;  1 9 7 0 ) .

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

t i m e  i n t e r v a l  a f t e r  d r u g  t r e a t m e n t ,  and  t h e r e  i s  no 

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

i n t e r a c t i o n  b e t w e e n  c h e m o t h e r a p y  and i n f e c t i o n s  o f  

H . p o l y g y r u s  i n  m i c e  ( K e r b o e u f  & J o l i v e t , 1980)  and t h e  

p o s s i b l e  r e l a x a t i o n  o f  h o s t  i m m u n o s u p p r e s s i o n  f o l l o w i n g  

t h e  r e m o v a l  o f  a d u l t  worms ( B e h n k e  & P a r i s h , 1 9 7 9 ;

D ob so n  e_t a_l, 1985 ; P r i t c h a r d  & B e h n k e ,  1985)  n e e d  t o  

be b o r n e  i n  m in d .

G r o u p s  o f  i n b r e d  l o w  r e s p o n d e r  ( C B A / C a ) , h i g h  

r e s p o n d e r  ( N IH )  and  o u t b r e d  MF1 w e r e  e x p o s e d  t o  50L3 

H . p o l y g y r u s /m o u se / w e e k  f r o m  w eek  0 t o  week  8. One week  

l a t e r ,  5-10 m ic e  w h i c h  h a d  e x p e r i e n c e d  t h e  i n f e c t i o n  

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

T h e y  w e r e  t r e a t e d  w i t h  i v e r m e c t i n  t o  rem o ve  t h e  e x i s t i n g  

i n f e c t i o n  and  t h e n  c h a l l e n g e d  1 w eek  l a t e r  w i t h  5 0 L 3 / m o u s e .  

M i c e  g i v e n  a c h a l l e n g e  i n f e c t i o n  w e r e  k i l l e d  14 d a y s  l a t e r  

t o  a s s e s s  t h e i r  worm b u r d e n s .  T h i s  p r o c e d u r e  was  r e p e a t e d  

u s i n g  m i c e  g i v e n  5 0 L 3 / m o u s e / w e e k  f o r  2 ( i . e .  1 0 0 L 3 ) ,

3 ( 1 5 0 L 3 ) ,  4 ( 2 0 0 L 3 ) . . .  up t o  8 w e e k s ,  b e f o r e  d r u g  t r e a t ­

m e n t ,  f o l l o w e d  by  a c h a l l e n g e  i n f e c t i o n  ( F i g .  5 . 1 0 ) .

M i c e  t h a t  w e r e  g i v e n  o n l y  t h e  d r u g  ( i . e .  no p r e v i o u s  

e x p o s u r e  t o  i n f e c t i o n )  b e f o r e  c h a l l e n g e  i n f e c t i o n  w e r e  

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

t r e a t m e n t .  N a i v e ,  a g e - m a t c h e d  m ic e  o f  e a c h  s t r a i n  s e r v e d

as  c h a l l e n g e  i n f e c t i o n  c o n t r o l s .
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F i g u r e  5 . 1 0 . D e s i g n  o f  t h e  e x p e r i m e n t  t o  i n v e s t i g a t e  t h e  

e f f e c t  o f  t h e  summed p a s t  e x p e r i e n c e  o f  

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

Group
Rx

1 .
r i 1 t 1 c h

2 .
h * 2

R x

1 t 1  c h

3 .
1 2 1 3

R x
t 1 c h

4  .
* 2 1 3 * 4

R x

1 t 1 c h

5 .
1 2 * 3 * 4 * 5

R x

1 t

£iu
H11

6  .
h * 2 1 3 1 4 1 5 1 6

R x

1 t  ^ c h

7 .
1 2 1 3 1 4 1 5 1 6 1  7

R x i i i
rt
l 1 1 1 1 H O EJ*

8  .
x i * 2 1 3 1 4 1 5 1 6 1  7 1 8

R x
1 t  * c h

Rx = t r e a t m e n t  w i t h  i v e r m e c t i n

I  = i n f e c t i o n  w i t h  50 L 3 / m o u s e / w e e k  ( i  = 1 , 2 , 3 , . . . . 8 )

t  = t i m e  i n t e r v a l  b e t w e e n  t r e a t m e n t  and  c h a l l e n g e
i n f e c t i o n  (= 1 w e e k )

I  , = c h a l l e n g e  i n f e c t i o n  o f  50 L 3 / m o u se .ch



189

The r e s u l t s  f r o m  t h e  h i g h  and lo w  r e s p o n d e r  m ic e  

a r e  shown i n  F i g .  5 . 1 1 ,  w h e r e  t h e  mean worm b u r d e n s  i n  

e x p e r i m e n t a l  m i c e  a r e  c o m p a r e d  t o  t h o s e  i n  c h a l l e n g e  

c o n t r o l  m i c e .  I t  c a n  be s e e n  t h a t  i n  N IH  m i c e ,  t h e  

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

( a f t e r  2x50L3  i n f e c t i o n s )  when o n l y  10% o f  t h e  c h a l l e n g e  

i n f e c t i o n  e s t a b l i s h e d  and  t h e r e a f t e r ,  m i c e  became 

r e f r a c t o r y  t o  f u r t h e r  i n f e c t i o n  ( F i g .  5 . 1 1 b ) .  A l t h o u g h  

r e d u c e d  p a r a s i t e  e s t a b l i s h m e n t  was  e v i d e n t  i n  CBA/Ca  

m i c e ,  t h e  r a t e  a t  w h i c h  t h e  e s t a b l i s h m e n t  o f  t h e  

p a r a s i t e s  was  r e d u c e d  was  n o t  as  r a p i d  as  i n  N IH  m i c e .  

A b o u t  10% o f  t h e  c h a l l e n g e  i n f e c t i o n  was  r e c o v e r e d  a f t e r  

4x50L3  i n f e c t i o n s  ( F i g .  5 . 1 1 a ) .  I n  b o t h  mouse s t r a i n s ,  

t h e  e s t a b l i s h m e n t  o f  p a r a s i t e s  was  n o t  a f f e c t e d  by t h e  

c h a n g e  i n  t h e  age  o f  t h e  mouse w i t h i n  t h e  e x p e r i m e n t a l  

p e r i o d  (P > 0 .2 5 )  .

The r e s u l t s  o b t a i n e d  f r o m  t h e s e  e x p e r i m e n t s  a r e  

c o m p a re d  t o  o t h e r  s t u d i e s  i n  F i g .  5 . 1 2 .  I t  i s  c l e a r  

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

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

e x p e r i e n c e  o f  i n f e c t i o n  i n  b o t h  i n b r e d  and  o u t b r e d  m i c e .  

T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  i m m i g r a t i o n - d e a t h  m o de l  

( A n d e r s o n , 1976 )  s h o u l d  be  m o d i f i e d  t o  i n c l u d e  t h e  o b s e r v e d  

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

o f  p r e v i o u s  e x p e r i e n c e  o f  i n f e c t i o n .  No d a t a  i s  a v a i l ­

a b l e ,  a s  y e t ,  on t h e  e f f e c t  o f  r e s i s t a n c e  on t h e  d e a t h  

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

h o p e d  t h a t  t h e  u se  o f  r a d i o l a b e 11 i n g  t e c h n i q u e s  c a n
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F i g u r e  5 . 1 1 . The mean number  o f  c h a l l e n g e  worms 

r e c o v e r e d  f r o m  m i c e  e x p o s e d  t o  a 

r e p e a t e d  i n f e c t i o n  w i t h  50L3 H . p o l y g y r u s  

p e r  mouse p e r  week  ( e x p e r i m e n t a l )  

c o m p a re d  t o  t h e  number  o f  worms i n  

a g e - m a t c h e d  c h a l l e n g e  c o n t r o l  m i c e , 

as  a f u n c t i o n  o f  t h e  c u m u l a t i v e  d o se  

o f  i n f e c t i o n .

( a )  L o w  r e s p o n d e r  C B A / C a  i n b r e d  m i c e ;

( b )  H i g h  r e s p o n d e r  N I H  i n b r e d  m i c e .
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p r o v i d e  s o m e  i n f o r m a t i o n  o n  t h i s  i m p o r t a n t  a s p e c t  o f  

a c q u i r e d  r e s i s t a n c e  t o  i n f e c t i o n .  H o w e v e r ,  t h e  s h o r t  

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

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

5 . 5  T h e  a c q u i r e d  i m m u n i t y  m o d e l

T h e  a s s u m p t i o n s  i n c o r p o r a t e d  i n t o  t h e  i m m i g r a t i o n -  

d e a t h  m o d e l  a r e  t h a t  t h e  i m m i g r a t i o n  r a t e  i s  i n d e p e n d e n t  

o f  t h e  p r e v i o u s  e x p e r i e n c e  o f  i n f e c t i o n  a n d  t h a t  t h e r e  

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

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

d e a t h  r a t e  o f  w o r m s  ( A n d e r s o n , 1 9 7 6 ) .  H o w e v e r ,  i m m u n o ­
l o g i c a l  r e s p o n s e s  t o  a v a r i e t y  o f  h e l m i n t h  p a r a s i t e s  

h a v e  b e e n  d e s c r i b e d  i n  man ( O g i l v i e  & D e S a v i g n y , 1 9 8 2 ;
C o h e n  & W a r r e n , 1 9 8 2 ;  W a r r e n  & M a h m o u d , 1 9 8 4 )  a n d  i n  o t h e r  

a n i m a l s  ( W a k e l i n , 1 9 7 8 ;  1 9 8 4 ;  B a r r i g a , 1 9 8 0 ) .

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

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

p a r a s i t e  m o r t a l i t y  ( W a k e l i n , 1 9 8 4 ) .  T h e  p r e c i s e  f o r m  o f  

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

a n d  r a t e s  o f  e x p o s u r e ,  e s t a b l i s h m e n t  a n d  m o r t a l i t y  o f  

h e l m i n t h  p a r a s i t e s ,  i s  p o o r l y  u n d e r s t o o d  ( A n d e r s o n  &
M a y , 1 9 8 5 b ) .  R e c e n t l y ,  m a t h e m a t i c a l  m o d e l s  o f  h o s t -  
h e l m i n t h  i n t e r a c t i o n s  h a v e  t a k e n  e x p l i c i t  a c c o u n t  o f  t h e  

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

r a t e - d e t e r m i n i n g  p a r a m e t e r s  i n  t h e  t r a n s m i s s i o n  o f  h e l m i n t h
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p a r a s i t e s  ( A n d e r s o n  & M a y , 1 9 8 5 b ) .  T h e  m o d e l s  h a v e  b e e n  

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

( A n d e r s o n , 1 9 8 5 )  a n d  S c h i s t o s o m a  m a n s  o n  i  i n  l a b o r a t o r y  

m i c e  ( C r o m b i e  & A n d e r s o n , 1 9 8 5  ; A n d e r s o n  & C r o m b i e , 1 9 8 5 )  .

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

m e a n  w o r m  b u r d e n / h o s t ,  M ( t ) ,  w i t h  t i m e  t  a s  f o l l o w s :

d M ( t ) / d t  = / \ [ 1  -  0  I  < t )  ] -  MM(t )  [ 5 . 5 ]

w h e r e  J\ i s  d e f i n e d  a s  t h e  i m m i g r a t i o n / i n f e c t i o n  r a t e  o f  

p a r a s i t e s  a s  i n  e q n  [ 5 . 4 ] ,  a n d  |j i s  t h e  r a t e  o f  p a r a s i t e  

m o r t a l i t y  ( p e r  p a r a s i t e  p e r  u n i t  t i m e ) ;  i t  i s  a s s u m e d  

t o  b e  c o n s t a n t  t h r o u g h o u t  t h e  e x p e r i m e n t .  T h e  b a s i c  

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

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

e x p e r i e n c e  o f  i n f e c t i o n  d u e  t o  t h e  e f f e c t s  o f  a c q u i r e d  

r e s i s t a n c e  ( I ( t ) )  d e f i n e d  a s

I ( t )  = |  M ( t  ' ) e x p  [ -  (T( t - t  ' ) ] d t  ' [ 5 . 6 ]
J D

w h e r e  04 f>I ( t ) ^ 1 .
H e r e  ^  i s  a  c o n s t a n t  d e n o t i n g  t h e  e f f i c a c y  o f  t h e  a c q u i r e d  

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

T h e  c o n s t a n t ,  O' , i s  d e f i n e d  a s  t h e  p e r s i s t e n c e  o f  t h e  

a c q u i r e d  r e s i s t a n c e  ( ' i m m u n o l o g i c a l  m e m o r y ' )  i n  t h e  h o s t  

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

T h e  t e r m  1 /g -  d e f i n e s  t h e  a v e r a g e  d u r a t i o n  o f  t h e  h o s t  

r e s i s t a n c e  i . e .  w h e n  (j* —> 0 ,  t h e  r e s i s t a n c e  i s  l o n g - l i v e d
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a n d  w h e n  <T—> oO , i t  i s  s h o r t - l i v e d .  E x p e r i m e n t a l  a s s e s s ­
m e n t  o f  t h e  d u r a t i o n  o f  r e s i s t a n c e  i n  S w i s s - W e b s t e r  

o u t b r e d  m i c e  ( h i g h  r e s p o n d e r s )  i n d i c a t e d  a d u r a t i o n  o f  

5 0  w e e k s ,  w i t h  99% p r o t e c t i o n  r e c o r d e d  i n  f e m a l e  m i c e  

( V a n  Z a n d t ,  C y p e s s  & Z i d i a n , 1 9 7 3 ) .  T h u s ,  t h e  v a l u e  o f  

CT i s  p r o b a b l y  l e s s  t h a n  0 . 0 2 .  U s i n g  a t r i c k l e  i n f e c t i o n  

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

b y  p a r a s i t e  e s t a b l i s h m e n t )  w a s  f o u n d  t o  b e  95% a t  7 w e e k s  

i n  l o w  r e s p o n d e r  C B A / C a  m i c e  ( s e e  s e c t i o n  5 . 9 ) .

T h e  m o d e l  d e f i n e d  i n  e q u a t i o n [ 5 . 5 ]  c a n  b e  m o d i f i e d  

t o  t a k e  i n t o  a c c o u n t  t h e  o b s e r v e d  h e t e r o g e n e i t y  i n  

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

l a b o r a t o r y  a n i m a l s  ( W a k e  1 i n , 1 9 8 5 a , b ) . G e n e t i c  v a r i a b ­
i l i t y  i n  i m m u n i t y  t o  p a r a s i t e s  h a s  b e e n  d e s c r i b e d  i n  

o u t b r e d  m i c e  ( W a k e l i n , 1 9 8 5 b ) . A m o d e l  d e s c r i b e d  b y  

A n d e r s o n  & May ( 1 9 8 5 b )  a n d  A n d e r s o n  ( 1 9 8 5 )  i n c l u d e s  

t h e  i n t e r a c t i o n  b e t w e e n  h e t e r o g e n e i t y  i n  ' i m m u n o ­
l o g i c a l  r e s p o n s i v e n e s s '  a n d  e x p o s u r e  t o  i n f e c t i o n  b y  
c o n s i d e r i n g  a p o p u l a t i o n  c o n s i s t i n g  o f  a p r o p o r t i o n  f  

o f  ' h i g h '  a n d  f ^  o f  ' l o w '  r e s p o n d e r  p h e n o t y p e s .  T h e  

t o t a l  p o p u l a t i o n  i s  g i v e n  b y

f± + f2 = 1 [ 5 . 7 ]

M ^ ( t )  a n d  M2 ( t )  a r e  d e f i n e d  a s  t h e  m e a n  w o r m  b u r d e n s  o f  

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

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

e q u a t i o n  [ 5 . 5 ]  a s  f o l l o w s :

dM1 ( t ) / d t  = A  [ l - ^ 1 !  ( t )  ] -  M1 M1 ( t )  [ 5 . 8 ]

d M 2 ( t ) / d t  =  A  [ 1 - ^ 2 I 2 ( t )  ] -  M 2 M 2 ( t )  [ 5 . 9 ]

w h e r e  t h e  s u b s c r i p t s  1 a n d  2 r e f e r  t o  t h e  h i g h  a n d  l o w  

r e s p o n d e r s  a n d

1 1 ( t ) = j  IV̂  ( t ) e x p  [ -  (T1 ( t-t ' ) ] dt

I 2 ( t )  = M2 ( t ) e x p  [ -  <T 2 ( t - t  ' ) ] d t  '

[ 5 . 1 0 ]

[ 5 . 1 1 ]

N o t e  t h a t  t h e  a v e r a g e  m e a n  w o r m  b u r d e n  a t  t i m e  t  i n  t h e  

o u t b r e d  ( m i x e d )  p o p u l a t i o n  w i l l  b e  g i v e n  b y

2
M ( t ) = 5 ~  f  .M.  ( t )  [ 5 . 1 2 ]. , l l1 = 1

T h e  s o l u t i o n  o f  t h e  a c q u i r e d  i m m u n i t y  m o d e l  ( e q n  5 . 5 )  i s  

g i v e n  b y  A n d e r s o n  & M a y / 1 9 8 5 ( b )  a s  f o l l o w s .  F o r  

4 p A <  ( p -(F) 2 ,

M ( t ) = A +  [ ( p 1 + C T ) / p 1 e x p  ( p 1 t ) -  ( p 2 + c r ) / P 2 e x p  ( p 2 t ) ]

[ 5 . 1 3 ]
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w h e r e  A = A(T/  ( crjJ + $f\) ; p = [ -  ( p + CT- A) ] /  2 ;

p 2 = -(p +(T + A)/2 a n d  X =  [ (P - O ' ) 2 - 4 ^ A  ]*.

When 4 p>/V > (p -  <J ) 2 , t h e n  t h e  s o l u t i o n  o f  e q n  [ 5 . 5 ]  i s

M ( t )  = A + e x p  ( -  p + (T) t ^ 2 [ 2 A / &  s i n  ( - ^ | )  [ 1 - A  ( p + <r ) / 2  A] -
A c o s  ( ^ | )  ] [ 5 . 1 4 ]

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

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

w o r m  b u r d e n  w i t h  t i m e  ( o r  h o s t  a g e ) .  M o d e l  p r e d i c t i o n s  

a r e  c o m p a r e d  w i t h  t h e  o b s e r v e d  d a t a  i n  F i g s .  5 . 8 b  a n d  

5 . 9 b .  T h e  c l o s e n e s s  o f  f i t  o f  t h e  m o d e l  t o  t h e  o b s e r v e d  

d a t a  i n  o u t b r e d  m i c e  ( F i g .  5 . 9 b )  s u g g e s t s  t h a t  MF1 o u t b r e d  

m i c e  c o n s i s t  o f  a l a r g e r  p r o p o r t i o n  o f  ' h i g h '  r e s p o n d e r s  

t h a n  ' l o w '  r e s p o n d e r s .  T h e  m o d e l  a l s o  p r o v i d e s  a 

s a t i s f a c t o r y  f i t  t o  t h e  d a t a  f r o m  l o w  r e s p o n d e r  C B A / C a  

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

t o  m i m i c  t h e  d y n a m i c s  o f  w o r m  b u r d e n  c h a n g e  i n  C B A / C a  

m i c e  g i v e n  t h e  h i g h e r  d o s e  o f  5 0 L 3 / m o u s e / w e e k  ( F i g .  5 . 8 b ) .  

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

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

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

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

t i m e  o f  i n f e c t i o n  ( A n d e r s o n  & M a y , 1 9 8 5 b ) .  T h e  d i s c r e p a n c y  

b e t w e e n  t h e  c o n v e x i t y  p r e d i c t e d  b y  t h e  m o d e l  a t  h i g h  

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

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

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

p a t t e r n  o f  i n f e c t i o n )  w h e n  a c r u d e  e s t i m a t e  o f  t h e  c o n s t a n t  

p a r a s i t e  d e a t h  r a t e  (fj = 0 . 1 )  o b t a i n e d  f r o m  s i n g l e  i n f e c t i o n s  

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

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

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

o f  i n f e c t i o n  ( F i g .  5 . 1 2 ) .

5 . 6  A n e w  m o d e l  i n c o r p o r a t i n g  r e d u c e d  p a r a s i t e  e s t a b l i s h ­
m e n t  , i n c r e a s e d  p a r a s i t e  d e a t h  r a t e  a n d  h o s t  i m m u n o s u p p r e s  s  i o n

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

o f  t h e  p o p u l a t i o n  b i o l o g y  o f  H . p o l y g y r u s  i n  l a b o r a t o r y  

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

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

o f  t h e  s u m m e d  e x p e r i e n c e  o f  p a s t  i n f e c t i o n  i n  m i c e  

( F i g .  5 . 1 2 ) .  S e c o n d l y ,  t h e  c r u d e  e s t i m a t e  o f  p a r a s i t e  

m o r t a l i t y  r a t e  o b t a i n e d  f r o m  s i n g l e  i n f e c t i o n  e x p e r i m e n t s  

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

o f  r e s i s t a n c e  a c q u i r e d  d u r i n g  r e p e a t e d  e x p o s u r e  ( s e e ,  f o r  

e x a m p l e ,  F i g .  5 . 1 b ) .  A l t h o u g h  p a r a s i t e  s u r v i v o r s h i p  i n  

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

n a i v e  m i c e  ( c h a p t e r  4 ) ,  t h e  r e p e a t e d  i n f e c t i o n  r e g i m e  i s  

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

s t a g e  l a r v a e  a r e  i m m u n o g e n i c  i n  m i c e  ( B e h n k e  & P a r i s h , 1 9 8 1 ;  

P r o w s e  e_t a 1 , 1 9  7 9 ; J a c o b s o n  e  t  a_l ,  1 9 8 2 ) .  T h e  e f f e c t  o f  an  

i n c r e a s e d  i m m u n e  r e s p o n s e  o n  t h e  o b s e r v e d  r a p i d  e x p u l s  i o n ( R E )  

a n d  e x p o n e n t i a l  l o s s  o f  g a s t r o i n t e s t i n a l  w o r m s  b e c a u s e  o f  
a h o s t  m u c o s a l ,  i m m u n o - i n f l a m m a t o r y  r e s p o n s e  h a s  b e e n
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F i g u r e  5 . 1 2 .  T h e  o b s e r v e d  m e a n  n u m b e r  o f  H.  p o l y g y r u s
e s t a b l i s h i n g  f r o m  a c h a l l e n g e  i n f e c t i o n  o f  

5 0  L 3 / m o u s e ,  a s  a p r o p o r t i o n  o f  t h e  m e a n  

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

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

i n b r e d  a n d  o u t b r e d  m i c e .

i  ) o u t b r e d MFI m i c e -  t h i s
i i  ) o u t b r e d CFW m i c e -  B a r t
i i i ) o u t b r e d s-w m i c e -  C y p e
i v ) i n b r e d C B A / C a  m i c e -  t h i s

i n b r e d  NIH m i c e

s t u d y ;
l e t t  & B a l l  - ( 1 9 7 2 ) ;  
s s ,  V a n  Z a n d t  & Z i d i a n  ( 1 9 7 3 )  

s t u d y ;
v ) t h i s s t u d y .
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r e v i e w e d  b y  M i l l e r  ( 1 9 8 4 ;  1 9 8 6 ) .  T h u s ,  p a r a s i t e  m o r t a l i t y
r a t e  i s  l i k e l y  t o  i n c r e a s e  d u r i n g  r e p e a t e d  e x p o s u r e  o f  

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

i m m u n o s u p p r e s s  c e r t a i n  s t r a i n s  o f  m i c e  ( B e h n k e  e_t a 1 , 1 9 8 3  ; 
P r i t c h a r d  & B e h n k e , 1 9 8 5 ;  D o b s o n  & C a y z e r , 1 9 8 3 ;  C h a p m a n  

e t  a _ l , 1 9 7 9 a  , b ) . T h e  i m m u n o s u p p r e s s i o n  i s  d o s e - d e p e n d e n t  

( D o b s o n  e_t a_l ,  1 9 8 5  ; S i t e p u  ejt a_l ,  1 9 8 5 )  a n d  f a c i l i t a t e s  

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

o f  o t h e r  p a r a s i t e s  s u c h  a s  Tr  i  c h u r  i s  mur i s  ( B e h n k e ,  A l i  

& J e n k i n s , 1 9 8 4 ;  J e n k i n s  & B e h n k e , 1 9 7 7 ) ;  T r i c h i n e l l a  

s p i r a l i s  ( B e h n k e ,  W a k e l i n  & W i l s o n , 1 9 7 8 ;  H a g a n  & W a k e l i n ,  

1 9 8 2 ) ;  N i p p o s t r o n g y l u s  b r a s i l i e n s i s  ( J e n k i n s , 1 9 7 5 )  a n d  

H y m e n o l e p i s  d i m i n u t a  ( A l g h a l i ,  H a g a n  & R o b i n s o n , 1 9 8 5 ) .

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

b e t w e e n  t h e s e  t h r e e  e f f e c t s  d e s c r i b e s  t h e  c h a n g e  i n  m e a n  

w o r m  b u r d e n s  w i t h  t i m e ,  M ( t ) ,  a s  f o l l o w s :

d M ( t ) / d t  = A U - / V  ( t )  ] " MM [1+p^I ( t )  ] [ 5 . 1 5 ]

w h e r e  t h e  p a r a m e t e r s  A  » ^ , M/ a r e  a s  d e s c r i b e d  b e f o r e  a n d  
I ( t )  i s  a s  d e f i n e d  i n  e q n  [ 5 . 6 ] .  T h e  s u b s c r i p t s  1 a n d  2 

r e f e r  t o  t h e  s t r e n g t h  o f  a c q u i r e d  i m m u n i t y  a s  i t  a f f e c t s  

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

To  i n c l u d e  t h e  e f f e c t  o f  h o s t  i m m u n o s u p p r e s s i o n  o n  

p a r a s i t e  e s t a b l i s h m e n t ,  t h e  i m m i g r a t i o n  t e r m  i n  e q n  [ 5 . 1 5 ]
c a n  b e  f o r m u l a t e d  a s  f o l l o w s :
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A U - ( 0  -<X )i (t) ] [ 5 . 1 6 ]
w i t h  t h e  c o n s t r a i n t ,  0^  1 -  ( 0 -0C) I ( t ) <: 1 / b  , a n d  b i s  a s  d e f i n e d  

i n  e q n [ 5 . 4 ]  a n d  OC i s  a c o n s t a n t  d e f i n i n g  t h e  e f f i c a c y  o f  t h e  

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

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

a n d  h a s  b e e n  e s t i m a t e d  t o  l a s t  f o r  7 w e e k s  ( D o b s o n  e_t a 1 , 
1 9 8 5 ) .  When (X i s  v e r y  s m a l l  c o m p a r e d  t o  ^ ( e . g .  i n  h i g h  

r e s p o n d e r  m i c e ) ,  t h e  i m m i g r a t i o n  t e r m  i n  e q n  [ 5 , 1 6 ]  b e c o m e s  

A  (1  ~ 0  I  ( t ) ) a s  i n  e q n  [ 5 . 1 3 ] .  As  C( ( = i m m u n o s u p p r  e s  s  i o n ) 
i n c r e a s e s  ( e . g .  l o w  r e s p o n d e r  m i c e ) ,  s o  t h e  m o d e l  m o v e s  

t o w a r d s  t h e  i m m i g r a t i o n - d e a t h  m o d e l  ( e q n  5 . 5 ) ,  a n d  p r e d i c t s  

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

p l a t e a u .  When  (X>j3 , t h e  w o r m  b u r d e n  w i l l  r i s e  f o r  l o n g e r ,  

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

i m m i g r a t i o n - d e a t h .  T h e  v a l u e  o f  0  c a n  b e  c r u d e l y  e s t i m a t e d  

( a s s u m i n g  cr= 0 )  f r o m  a p l o t  o f  t h e  s u mme d  e x p e r i e n c e  o f  

i n f e c t i o n , \ M ( t ' ) d t 1 , a g a i n s t  t h e  p r o p o r t i o n  o f  c h a l l e n g e  

p a r a s i t e s  e s t a b l i s h i n g ,  ( 1 - 0 1 ( t ) ) ,  w h e r e  t h e  s l o p e  o f  t h e  

l i n e a r  r e l a t i o n s h i p  a p p r o x i m a t e s  0 .  T h e  c u m u l a t i v e  d o s e

d e s i g n  d o e s  n o t  p r o v i d e  a n  e s t i m a t e  o f  t h e  i n c r e a s e d  d e a t h  

r a t e  ( p ' )  d u e  t o  a c q u i r e d  r e s i s t a n c e .  A b e s t  f i t  

( b y  n o n - l i n e a r  s t a t i s t i c a l  p r o c e d u r e s  ( C o n w a y ,  W i l c o x  & 

G l a s s ,  1 9 7 0 )  ) p ' e s t i m a t e d  f r o m  a l l  t h e  d a t a  o n  NIH m i c e

w a s  u s e d  a s  a n  a p p r o x i m a t i o n F o r  t h e  h i g h

r e s p o n d e r  N I H ,  t h e  v a l u e  o f  0  w a s  e s t i m a t e d  a s  0 . 0 1  a n d  f o r  

t h e  l o w  r e s p o n d e r  C B A / C a ,  0  = 0 . 0 0 3 .  T h e  e x p e r i m e n t a l

was found to be p 1 0 . 7 .
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T h e  p r e d i c t i o n s  o f  t h i s  m o d e l  p r o v i d e d  a s a t i s f a c t o r y  

f i t  t o  t h e  d a t a  f r o m  h i g h  r e s p o n d e r  m i c e  ( F i g .  5 . 1 3 ) ,  

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

s o l u t i o n  o f  e q n  [ 5 .  5 ] .  W i t h  o n l y  / \  a d j u s t a b l e  f o r  t h e
t h r e e  l e v e l s  o f  i n f e c t i o n ,  t h e  m o d e l  i s  a b l e  t o  c r u d e l y  

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

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

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

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

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

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

t h e  m e a n  w o r m  b u r d e n s  i n  m i c e  e x p o s e d  t o  t h e  h i g h  d o s e  

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

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

l o w  m e a n  i n t e n s i t y  o f  p a r a s i t e s  i n  ' o l d e r '  a g e  g r o u p s  

o f  t h e  p o p u l a t i o n  n e e d  n o t  r e f l e c t  r e d u c e d  e x p o s u r e  t o  

i n f e c t i o n .  I n d e e d ,  i t  ma y  r e f l e c t  t h e  c o n v e r s e  s i t u a t i o n  

( F i g . 5 . 1 3 ) .

5 . 7  T h e  d y n a m i c s  o f  t r i c k l e  i n f e c t i o n s  a f t e r  c h e m o t h e r a p y

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

a v a i l a b l e  ( V a n  d e n  B o s s c h e , 1 9 7 8  ; R o g e r s , 1 9 8 6 )  . A s i d e  f r o m  

b i o c h e m i c a l  a n d  r e s i s t a n c e  p r o b l e m s  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  a n d  u s e  o f  d r u g s  ( W a n g , 1 9 8 2 ) ,  k n o w l e d g e  o f  

t h e i r  e f f e c t i v e  u s e  t o  c o n t r o l  h e l m i n t h  i n f e c t i o n s  i n  

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

( A n d e r s o n  & M a y , 1 9 8 2 ;  A n d e r s o n  & M e d l e y , 1 9 8 5 ) .  T h e  p r o b l e m
i s  e x e r c e b a t e d  b y  t h e  o b s e r v e d  r a p i d  r e - i n f e c t i o n  r a t e s  i n
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WEEKS AFTER FIRST INFECTION
D LOW DOSE +  MEDIUM DOSE O HIGH DOSE

F i g u r e  5 . 1 3 .  T h e  o b s e r v e d  a n d  p r e d i c t e d  m e a n  wo r m b u r d e n s  

i n  i n b r e d  h i g h  r e s p o n d e r  NIH m i c e  e x p o s e d  

r e p e a t e d l y  t o  H . p o l y g y r u s .
G r o u p s  o f  1 0  m i c e  w e r e  e x p o s e d  t o  1 0  L3 ( s q u a r e s ) ,
25  L3 ( c r o s s e s )  a n d  5 0  L3  ( d i a m o n d s )  p e r  m o u s e  p e r  w e e k .

S o l i d  l i n e s  -  p r e d i c t i o n s  o f  t h e  m o d e l  d e f i n e d  b y  

e q n s  [ 5 . 4 ]  a n d  [ 5 . 5 ]  i n  t h e  m a i n  t e x t .
P a r a m e t e r  v a l u e s :  b  = 0 . 5 7 ;  X = 1 0  L3 ; X 2= ^5 L3 ;
X 3 = 5 0  L 3 ; m = 0 . 7 1 ;  jS = 0 . 0 1 1 7 ;  <T = 0 . 0 1 ,  a l l  d e f i n e d  

p e r  w e e k .
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a r e a s  e n d e m i c  f o r  i n t e s t i n a l  n e m a t o d e  i n f e c t i o n s  ( A n d e r s o n  

& M a y , 1 9 8 5 a ) .  I t  i s  a p p a r e n t ,  t h e r e f o r e ,  t h a t  b e t t e r  

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

c h e m o t h e r a p y  ( W a r r e n , 1 9 8 1 )  . M a t h e m a t i c a l  m o d e l s  w h i c h  

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

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

p r o g r a m m e s  ( A n d e r s o n  & M a y , 1 9 8 2 ;  1 9 8 5  a , b ;  A n d e r s o n , 1 9 8 5 ;
A n d e r s o n  & M e d l e y , 1 9 8 5 ) .

I n  t h i s  s e c t i o n ,  t h e  s i g n i f i c a n c e  o f  c h e m o t h e r a p y  

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

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

H . p o l y g y r u s  h a s  s e v e r a l  c o n s e q u e n c e s .  F i r s t ,  a n d  o b v i o u s l y ,  

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

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

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

r e s i s t a n c e  t o  i n f e c t i o n  f o l l o w i n g  c h e m o t h e r a p y  ( B e h n k e  &
Wake  1 i n , 1 9 7 7  ; C y p e s s  & Z i d i a n , 1 9 7 5  ; K e r b o e u f  & J o 1 i v e t , 1 9 8 0 ) ,  

w h i c h  may  b e  l i n k e d  t o  t h e  g e n e t i c  b a c k g r o u n d  o f  t h e  m i c e  

( Wake  1 i n , 1 9 8 5 b ) . T h i r d ,  r e m o v a l  o f  a d u l t  w o r m s  b y  

c h e m o t h e r a p y  h a s  t h e  e f f e c t  o f  r e d u c i n g  t h e  h o s t  i m m u n o ­
s u p p r e s s i o n  ( P r i t c h a r d  & B e h n k e ,  1 9 8 5  ; D o b s o n  e t  a l , 1 9 8 5 )  .

A p a r t  f r o m  t h e  w o r k  o f  K e r b o e u f  & J o l i v e t  ( 1 9 8 0 )  

u s i n g  o u t b r e d  CD1 m i c e  e x p o s e d  t o  i n c r e a s i n g  i n f e c t i o n s  

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

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

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

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

p r e s e n c e  o f  w o r m s  i n  t h e  h o s t .

E x p e r i m e n t s  u s i n g  h i g h  r e s p o n d e r  NIH a n d  l o w  

r e s p o n d e r  C B A / C a  m i c e  w e r e  p e r f o r m e d  i n  o r d e r  t o  a s s e s s  

t h e  i m p a c t  o f  c h e m o t h e r a p y  o n  t h e  d y n a m i c s  o f  r e p e a t e d  

i n f e c t i o n s .  Two h u n d r e d  a n d  f o r t y  ( 2 4 0 )  C B A / C a  f e m a l e  

m i c e  w e r e  d i v i d e d  i n t o  t w o  g r o u p s  o f  1 2 0  m i c e  e a c h .
G r o u p  I m i c e  r e c e i v e d  i n i t i a l  t r i c k l e  i n f e c t i o n s  f o r  a 

p e r i o d  o f  3 w e e k s  a t  t h e  l o w  r a t e  o f  1 0 L 3 / m o u s e / w e e k  

( 6 0  m i c e )  a n d  a h i g h  r a t e  o f  5 0 L 3 / m o u s e / w e e k  ( 6 0  m i c e )  

b e f o r e  d r u g  t r e a t m e n t .  One  w e e k  a f t e r  t r e a t m e n t ,  a l l  

m i c e  w e r e  e x p o s e d  t o  a s e c o n d  r o u n d  o f  t r i c k l e  i n f e c t i o n  

a t  t h e  s a m e  r a t e  a s  b e f o r e  c h e m o t h e r a p y ,  f o r  a f u r t h e r  

1 0  w e e k s .  A t  2 - w e e k l y  i n t e r v a l s ,  1 0  m i c e  f r o m  e a c h  

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

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

i n d i v i d u a l  m i c e .  G r o u p  I I  m i c e  ( 1 2 0  m i c e )  w e r e  t r e a t e d  

s i m i l a r l y  ‘t o  G r o u p  I  m i c e ,  e x c e p t  t h a t  t h e  i n i t i a l  t r i c k l e  

i n f e c t i o n  w a s  e x t e n d e d  t o  a p e r i o d  o f  6 w e e k s  ( F i g .  5 . 1 4 ) .  

T h e  f a e c a l  p a r a s i t e  e g g  c o u n t s  i n  o n e  g r o u p  o f  1 0  m i c e  

i n  G r o u p  I I  m i c e  e x p o s e d  t o  t h e  h i g h  d o s e  o f  5 0 L 3 / m o u s e /  

w e e k  w e r e  m o n i t o r e d  a t  a p p r o x i m a t e l y  2 - w e e k l y  i n t e r v a l s .

S i m i l a r  e x p e r i m e n t s  s h o w e d  t h a t  NIH m i c e  g i v e n  a 

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

r e f r a c t o r y  t o  f u r t h e r  i n f e c t i o n .  T h e  r e s u l t s  i n  F i g .  5 . 1 5  

s u g g e s t  t h a t  l o w  r e s p o n d e r  C B A / C a  m i c e  w e r e  p a r t i a l l y
r e s i s t a n t  t o  f u r t h e r  i n f e c t i o n  f o l l o w i n g  e a r l y  (3 w k ) d r u g
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Figure 5.14. Experimental design to investigate the
impact of chemotherapy on the dynamics of 
repeated infection of low responder mice 
with H. polygyrus at the low (10L3/mouse/wk) 
and high (50L3/mouse/wk) doses of infection.

Pre-treatment Post-treatment

(a) I „ I „ I _ 1 2  3
Rx

I1 12 13 14 10

(b) I I I I I I 1 2 3 4 5 6
Rx

I1 12 13 14 10

1^ = Infection with 10 or 50 L3/mouse/week ( i = l,2,3, . . . 10 )
Rx = treatment of mice with ivermectin
t = time interval between treatment and re-trickle 

infection (= 1 week).
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treatment. The mean worm burdens after drug treatment 
were significantly lower than the pre-treatment mean 
worm burdens only in mice exposed to the high dose of 
infection (P<0.01). There was no significant difference 
between the pre- and post-treatment mean worm burdens, 
at all times during the infection, in mice exposed to the 
low dose of infection (P>0.05) (Fig. 5.15a) . The post­
treatment mean worm burdens in mice given the high dose 
of infection were sometimes significantly higher than 
those given the low infection dose (P ( 6wk)=0.0002 ;
P ( 8)=0.0 3 8 ; P (10)=0.186; P(12)=0.66; p(14)=0.29). Mice 
which had a longer (6wk) exposure to trickle infection 
prior to drug treatment accumulated worms in a dose- 
dependent manner (Fig. 5.15b) . Following treatment, however, 
all mice were highly resistant despite continued exposure 
as judged by the significantly lower post-treatment mean 
worm burdens compared to pre-treatment worm burdens 
(P<0.001). The differences between the high and low dose 
groups in post-treatment worm burdens was not consistently 
significant (P (8wk)=0.0002; P(10)=0.076; P(12)=0.237;
P (14)=0.033; P (16)=0.028) .

The per capita fecundity of worms recovered from 
these experiments are shown in Fig. 5.16. The reproductive 
rate of H .polygyrus was similar between pre- and post­
treatment counts in mice exposed to an early (3 wk) 
initial trickle infection (Fig. 5.16a). The fecundity 
was markedly convex in shape. However, this pattern does 
not closely mimic the observed age-dependent parasite 
fecundity (see chapter 4).
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Figure 5.15.

Squares

The observed mean worm burdens (±S.E.) 
in groups of 10 low responder CBA/Ca 
mice exposed to a 3-week (a) and a 
6-week (b) initial trickle infection 
before the application of chemotherapy 
(arrow).

- low dose (10L3 H.polygyrus/mouse/week);
Crosses high dose (50L3 H.polygyrus/mouse/week).
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WEEKS AFTER 1ST INFECTION □ LOW DOSE + HIGH DOSE

WEEKS AFTER 1ST INFECTION□ LOW DOSE + HIGH DOSE
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Figure 5.16. The per capita fecundity (±S.E.) of 
H.polygyrus from groups of 10 low 
responder CBA/Ca mice exposed to a 
3-week (a) and a 6-week (b) initial 
trickle infection before chemotherapy 
(arrow).

Squares - low dose of 10 L3/mouse /week;
Crosses - high dose of 50 L3/mouse/week.
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WEEKS AFTER 1ST INFECTION D LOW DOSE + HIGH DOSE

WEEKS AFTER 1ST INFECTION□ LOW DOSE + HIGH DOSE
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Following a longer trickle infection before treatment, 
the fecundity of H .polygyrus was reduced considerably 
throughout the experimental period (Fig. 5.16b). This 
can be interpreted as the effect of acquired resistance 
induced gradually by a longer experience of infection 
on the fecundity of the worm. This hypothesis is clearly 
supported by the evidence in Fig. 5.17 which shows the 
results of total eggs per mouse recovered from the same 
individuals over the 16-week period of trickle infection 
plus chemotherapy.

5.8 The impact of vaccination on repeated infections

The potential for vaccination against helminth 
parasites of man and animals has been discussed by a 
number of people in recent years (Lloyd,1981; Miller,1978; 
Clegg & Smith, 1978; Newell, 1985 ; Smithers, 1986;Simpson, 1986) . 
The formulation of ideal strategies for the use of 
vaccines to control helminth infections on a community 
level has also benefited from recent mathematical studies 
(Anderson & May,1982; 1985c; Anderson,1985). To be
successful, a vaccine must be able to, inter alia, confer 
long-lasting immunity to susceptibles despite continued 
exposure to infection and to achieve a high level of 
conversion of non-responders to responders. Essentially, 
vaccines to gastrointestinal parasites must be able to 
induce local immuno-inflammatory protective responses
(Miller,1986).
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Figure 5.17. Changes in the total number of H. polygyrus 
eggs excreted by same mice exposed to 50 L3/
mouse/week for 6 weeks before chemotherapy
and 1 week thereafter, following infection
for a further 10 weeks . Ten (10) mice were
monitored.
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Irradiated larvae have been employed as vaccines 
against the lungworm of cattle, Dictyocaulus viviparous 
(Clegg & Smith,1978) and the dog hookworm, Ancylostoma 
caninum (Mi 1ler, 1978) . Irradiated H .polygyrus larvae 
induce immunity in mice (Hagan, Behnke & Parish,1981;
Behnke & Robinson,1985) although the precise mechanism 
of induction of resistance is not well understood 
(Behnke, Parish & Hagan, 1980) .

The efficacy of oral vaccination of high (NIH) and 
low (CBA/Ca) responder mice with irradiated H.polygyrus 
larvae (courtesy of Dr. J. Behnke, Nottingham University) 
and the resultant protection to repeated infection with 
normal infective larvae in these two mouse strains was 
assessed. Ten (10) CBA/Ca female mice and 11 female 
NIH mice were each immunized by infection with 250 irradiated 
larvae on week 0. One week later, all 21 mice were 
exposed to 50L3 H .polygyrus/mouse/week for 6 weeks.
Faecal parasite egg counts were performed from individual 
mice in order to monitor the infection. Infectivity of 
irradiated and normal larvae was checked by infection 
of 10 mice with 250 irradiated larvae and 10 mice with 
250 normal larvae. Five mice from each infectivity 
control group were killed at 2 weeks post-infection and 
the other five mice were killed at the same time as the 
mice in the experimental groups (i.e. 7 weeks) to check
the survivorship of irradiated worms. Ten CBA/Ca and 
10 NIH mice were also given 50 normal L3/mouse /week at 
the same time as the vaccinated mice to serve as 'trickle'
controls .
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The results presented in Fig. 5.18 show that 
vaccination of high responder conferred even greater 
resistance to infection (P=0.015) although mice that 
were not vaccinated were also >95% protected. This result 
appears to support the suggestion made earlier, that 
the genetic background and the phenotype of a mouse strain 
chosen for dissection of mechanisms of resistance should be 
taken into account. Interestingly, CBA/Ca (low responders) 
mice were also significantly protected compared to non- 
vaccinated mice (P=0.0034). The level of protection 
attained by CBA/Ca mice was, however, lower than that 
observed in high responder NIH mice (P<0.0001).

Examination of parasite egg counts from individual 
mice (especially in CBA/Ca) with high initial parasite 
burdens (indicated by high egg counts) suggested that 
these mice always had high parasite burdens throughout 
the experimental period (as tested by the Spearman's 
rank correlation method) probably due to variability 
induced by the exposure technique (Fig. 5.19). This 
observation may hint at the operation of chance events 
(e.g. the probability of a host being exposed initially 
to high infection which induces immunosuppression) in 
determining the level of response to subsequent infections. 
Further work is needed to investigate this observation.



ME
AN
 W
OR
M 
BU
RD
EN

215

HIGH RESPONDERS LOW RESPONDERS
(NIH) (CBA/C a)

Figure 5.18. The impact of vaccination of low and high 
responder inbred mice with 250 irradiated 
H. polygyrus larvae on the dynamics of 
repeated infection with normal larvae at 
the rate of 50 L3/mouse/week.(n = 10-11 mice).

Mean worm burdens (±SEM) in control mice given 
a single dose of 250 irradiated larvae at 2 weeks p.i. 
= 29.8 ± 5.7; at 7 weeks p.i. = 2.2 ± 0.6.
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Figure 5.19. Changes in the total egg production of 
H.polygyrus/16h/mouse in individual 
high (a) and low (b) responder mice 
repeatedly infected with 50 L3/mouse/ 
week, one week after vaccination with 
250 irradiated larvae. (Irradiated worms 
did not produce any eggs).

Spearman rank correlation co-efficients:

(a) NIH : wk 2 vs wk 3 - rs = 0.07; P >0.50
wk 2 vs wk 4 - rs

CNCNO1II P>0.50
wk 2 vs wk 6 - rs = 0.34; P >0.50

(b) CBA : wk 2 vs wk 3 - rs

i—ir"-oII P<0.05
wk 2 vs wk 4 - rs = 0.67; P<0.05
wk 2 vs wk 6 - rs = 0.51; P >0.20
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5.9 The duration of resistance in mice repeatedly exposed 

to infection

The significance of chemotherapy (section 5.7) and 

vaccination (section 5.8) as determinants of the ability 

of mice to acquire resistance was investigated by repeat­

edly exposing mice to an initial trickle infection follow­

ed by a second round of trickle infection after a short 

interval of one week following chemotherapy or vaccination. 

Drug control tests showed that ivermectin did not have 

a residual effect on subsequent H .polygyrus infections 

given as soon as 7 days after treatment (see Fig. 5.11).

In order to assess the duration of resistance, it is 

necessary to extend the interval between chemotherapy and 

the second trickle exposure.

Few studies have attempted to assess the duration of 

acquired resistance, despite its obvious importance. 

Moreover, the immunological basis for this resistance 

remains poorly understood at present (Palmas, Bortoletti, 

Conchedda & Gabriele,1986; Wakelin, Grencis & Donachie, 

1982), although T-memory cells are thought to be 

involved (Palmas e_t a l , 1986) . Studies using single and 

challenge infections on the long term duration of the 

rapid rejection of Trichine 11a spiralis by rats have 

indicated that this capacity persists for up to 18 months 

(Bullick, Russell & C a s t r o ,1984). In mice, the ability to

reject T.spiralis infective larvae wanes within a few
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weeks (Wakelin & Lloyd,1976). Hymenolepis nana primary 

infections in mice also confer protection against 

‘homologous challenge infection for up to 180 days 

(Palmas e t a_l, 1986). The study of the duration of 

resistance to H .polygyrus in Swiss outbred mice immunized 

by 3 weekly infections of 50L3/mouse/week, followed by 

chemotherapy, have shown that protection levels to a 

single challenge of up to 99% persisted for at least 

50 weeks in female mice (Van Zandt e_t a 1 ,19 7 3 ) .

Forty (40) female CBA/Ca mice were divided into 

4 groups of 10 mice each. Group A mice were further 

divided into 5 age-matched control and 5 experimental 

mice. The experimental mice were exposed to a repeated 

infection of 50L3 H.polygyrus/mouse/week for 3 weeks, 

then treated with ivermectin to remove all stages of 

the parasite. The second round of trickle infection of 

the same number of both experimental and naive mice was 

continued again after 1 week following drug treatment, for 

a further 4 weeks. Groups B, C and D were re-trickled 

after 3, 5 and 7 weeks interval between chemotherapy and

second round of trickle infection, respectively (Fig. 5.20) 

A further group of 5 mice vaccinated with 250 irradiated 

larvae was exposed to trickle infection 7 weeks after

vaccination.
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Figure 5 . 2 0 . Experimental design to assess the duration 

of resistance induced by repeated infection 

plus chemotherapy and vaccination of low 

responder mice during repeated exposure of 

mice to 50 L3 H.polygyrus/mouse/week.

Pre-treatment Post-treatment/vaccination

A

B

B

D

I1 12 I3
Rx

I1 1 2 13
Rx

I1 1 2 1 3
Rx

I1 12 1 3
Rx

*4 k 

J4 k 

X4 k 

*4 k

E V. k

I. = infection with 50 L3/mouse/week ( where i = 1,2/3,..) i
= vaccination with 250 irradiated larvae/mouse 

Rx = treatment of mice with ivermectin

t. = time interval between treatment and second round of 
trickle infection (where i = 1, 3, 5 and 7 weeks)

k = all mice were killed for determination of worm burdens.
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The mean worm burdens recovered from the drug-treated 

and vaccinated mice are shown and compared to their 

respective controls in Fig. 5.21. It can be seen that 

both chemotherapy and vaccination conferred resistance 

which lasted for up to 7 weeks (protection levels of >95%) 

in these low responder CBA/Ca mice despite continued 

re-infection.

5.10 Discussion

As previously mentioned in the introductory section, 

a monotonic rise in worm burdens to a stable level and a 

convex-age intensity or prevalence patterns are discern­

ible in helminth infections in human communities, depend­

ing on the level of transmission and the interplay 

between immunity and exposure to infection (Anderson &

M a y ,1985 a ,b ).

In this chapter, emphasis was placed on the host 

genetic factors that may generate such epidemiological 

patterns. By employing a r e p e a t e d 'infection-experimental 

design in inbred laboratory mice, it has been possible 

to exclude differences in exposure to infection in the 

generation of age-convexity in parasite burden. The 

results must therefore be interpreted as evidence that 

acquired resistance plays an important role in determining 

the dynamic changes in parasite acquisition and loss in 

host populations. The strength of this argument lies in

the fact that empirical findings have combined with a
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Figure 5.2 1 . The duration of resistance to H.polygyrus 

in low responder mice. Resistance was 

induced by either repeated infection and 

chemotherapy or vaccination of mice with 

irradiated l a r v a e .

The mean worm burdens from experimental mice are 

compared to control mice which had only the second 

round of trickle infections ( 5 mice per group).

Note that mean worm burdens at t=l week interval 

are significantly higher than at other periods 

(P<0.001, ANOVA on log (10) (x + 1) transformed

mean worm burdens) .
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biologically realistic mathematical model that was able 

to generate, with only a change in the infection rate A  t 
an increase in parasite burden with time in low responder 

mice and also in high responder mice subject to low 

infection doses. The model was able to predict a convex 

age-intensity pattern in the high responder mice exposed 

to a high infection rate. In nature, it is likely that 

susceptible individuals will be important in parasite 

transmiss i o n .

The application of both chemotherapy and vaccination 

in mice was able to generate a level of acquired resistance 

which was sustained at a high level for 7 weeks in low 

responder mice. The ability of vaccines to convert 

'susceptible' individuals into the 'responder' class is 

encouraging in view of the current drive to develop

vaccines for human helminth parasites.
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Chapter 6

Serum antibody responses to and characterization 

of larval and adult antigens of H .polygyrus



6.1 Introduction

The population characteristics of acquired resist­

ance to parasitic infections can in principle be readily 

quantified. These include the measurement of parasite 

burdens after infection; parasite reproductive stages 

(eggs or larvae); behavioural and morphological changes; 

parasite-induced host mortality, growth, or physiological 

status (Mitchell,1979; Wakelin,1985; Miller,1986).

The mechanisms of resistance, whether they be immuno- 

logically-based or not, are less easily characterized.

Their dissection, however, forms a first step toward an 

understanding of immunity to parasitic infections (Barriga, 

1981; Cohen & Sadun,1981; W a k e l i n ,1984). Further, a 

better understanding of the mechanisms of immunity to 

parasitic infections at the molecular and cellular levels 

is desirable in the context of the development of prophyl­

actic control methods (Cox,1978; Lloyd,1981) or the 

manipulation of immunoregulatory factors in the pathology 

of disease (Mitche 11,1979 ; Roitt ^t _al_, 1.985). Unravelling 

the mechanisms of immunity to parasites helps to shed 

light on the biological relationships between host and 

parasite.

The quantitative measurement of the parameters 

relating to the expression of immunity such as antibody 

or cell-mediated effects and the demonstration of their 

parasite specificity and killing effect both in vitro and
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in vivo is, therefore, of great interest at present.

Having established a link between host responses and 

host protection, the parasite antigens which elicit such 

protection need to be characterized and their immuno- 

genicity demonstrated. Subsequently, using modern molecular 

and biochemical techniques, purification and production 

of these antigens can be attempted (recombinant DNA 

technology) as an initial step in the production of 

effective vaccines (see Selkirk £jt a 1,198 6 ) .

The objectives of this chapter are, first, to review 

(in sections 6.2 and 6.5) the recent developments in the 

anlysis of the mechanisms of immunity to H .polygyrus in 

laboratory systems. Secondly, to provide a critical 

assessment of current research on antibody and cell- 

mediated immunity to H .polygyrus and attempts at the 

characterization of surface antigens of the parasite 

in order to identify 'gaps' in our knowledge of immunity 

to H ♦polygyrus. Results from experiments designed to 

contribute further to our present knowledge of serum 

antibody responses to H .polygyrus are presented in 

section 6.3 and characterization of surface antigens of 

H ♦polygyrus by radiolabelling, immunoprecipitation and 

SDS-PAGE techniques is reported in section 6.4. Specifically, 

immunological parameters in high and low responder mice 

subject to long-term repeated oral infection with 

H .polygyrus larvae are related to the dynamics of parasite

acquisition and loss, as assessed by worm burdens in mice.
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In section 6.5, the results are discussed in relation 

to the broader issues of genetic control of parasitic 

infections and their implications for community-based 

control of intestinal helminths.

6.2 Serum antibody responses

Immunity to H .polygyrus in mice is mediated by 

various cells in the presence or absence of antibody.

Before discussing the specific role of antibody, therefore, 

mention of the role played by cellular immunity is 

necessary.

A role for macrophages in immunity to H .polygyrus 

has been reported (Chaicumpa, Jenkin & Fischer,1977; 

Chaicumpa & Jenkin, 1978 ; Prowse, Ey & Je n k i n , 1978) . 

Macrophages, in the presence of fresh immune serum, are 

able to adhere to and damage parasitic stages of H .polygyrus 

in vitro (Pentilla, Ey & J e n k i n ,1983), suggesting that 

only 'activated' macrophages are able to mediate immunity 

to H .p o l y gyrus.

A marked serum eosinophilia has been described in 

H.polygyrus-infected mice (Ali, Behnke & Manger,1985;

Cypess, 1972 ; Jones, 1974 ; Prowse ê_t a_l, 1978) and tissue 

eosinophilic infiltration has been reported (Liu, Cypess & 

Van Zandt,1974; Jones & Rubin,1974). A more direct 

in vitro role for eosinophils has been described by

Hurley & Vadas (1983) by demonstration of eosinophil
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adherence to infective larvae and their subsequent killing 

in the presence of antibody. The in vivo effect of 

eosinophils remains to be demonstrated (Pentilla, Ey,

Lopez & J e n k i n , 1985) . Schmitz et a_l (1982) has provided 

supportive evidence to show that the presence of activated 

oxygen species from 'metabolic burst' of granulocytes 

from rats and mice given a primary infection of H .polygyrus 

was responsible for host resistance. Interestingly, the 

demonstration of differential eosinophilia (using cyclo­

phosphamide treatment and bone marrow chimaera techniques) 

in two inbred mouse strain- the high responder (to 

H .polygyrus) BALB/c and the low responder CBA/H mice- was 

correlated with heterogeneity in the acquisition of 

resistance (as assessed by worm burdens) in these two 

mouse strains (Hurley & V a d a s ,1983).

More attention has been focussed on the eosinophil 

rather than the neutrophil in cell-mediated resistance 

to parasitic helminths (Butterworth,1980; Kay,1985;

Gleich St Loegering, 198 4 )  , but, the role of the neutrophil 

in resistance to H .polygyrus has recently been emphasized 

(Pentilla et a l , 1985) ♦ Demonstration of neutrophil- 

mediated immunity in vivo in the presence of antibody 

(Pentilla, Ey & Je n k i n ,1984 a ) and the reduced infectivity 

of L3 cultured in vitro in the presence of neutrophil 

and eosinophil-rich immune serum (not normal serum) have 

been reported (Pentilla, Ey & Jenkin,1983; Pentilla, Ey & 

Jenkin,1984b). Reduced infectivity of L3 is thought to

be mediated by antibody in the presence of complement via
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the alternative pathway of activation (Prowse, Ey & Jenkin, 

1979). Taken as a whole, these results suggest that 

only activated macrophages and 'altered neutrophils' are 

able to effect host protection (Pentilla ert a l , 1985) .

It has also been suggested that neutrophils play an 

important role in early immunity to H .polygyrus in mice 

via studies of the resistance induced following the 

in vivo selective depletion of neutrophils with rat 

monoclonal antibodies specific for mouse granulocytes 

(Pentilla et a 1 ,1985) .

Hypothymic (nude) mice have also been used to 

demonstrate the role of T-cellular immunity to H .polygyrus 

(Mitchell,1979). It has been observed that, following 

multiple infections, nu/nu mice would not expel their 

worms whereas their FI littermates (nu/+) did expel their 

worms (Prowse, Mitchell, Ey & J enkin,1978). Transfer 

of immune mesenteric lymph node cell (IMLNC) to these 

mice restored their ability to produce IgG antibody but 

was not translated into increased resistance as assessed 

by worm burdens (Prowse ^t_ a 1 ,19 78 ) .

Subpopulations of thymus-derived cells play an 

important part in immune regulation (Roitt e_t a 1,1985 ;

Hood e_t a_l, 1984) . For example, mice subject to the anti- 

T-suppressor cell agent, 2'-deoxyguanosine, had their 

immune responses to H .polygyrus restored but the immunity 

elicited was not host protective since worm burdens in mice

were not significantly reduced (Pritchard, Ali & Behnke,1984)
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The observed increase in IL-2 secretions (the T-cell 

growth stimulating factor) from T-cells of mice infected 

with H .polygyrus (Prowse,1982) further supports the 

involvement of T-cells in immunity to this parasite. 

Preliminary studies using FACS (Flourescent activated 

cell sorter) techniques suggest that in low responder 

CBA mice infected with H .pol y g y r u s , there was an increase 

in T-cellular activity in the lymphoid tissues of these 

mice and that the ratio of cell surface marker phenotypes 

suggested a balance in favour of T-helper cells (Parker 

& Inchley,1985).

More generally, it has been shown that antibody 

responses in mice during infection with a variety of 

parasites, including H .p o l y g y r u s , are markedly T-cell 

dependent (M itche11,1979; Mitchell, Anders, Brown, Handman, 

Roberts-Thompson, Chapman, Forsyth, Kahe & Cruise,1982). 

Further studies are obviously needed to test the effect 

of chemical agents known to alter the T-cell component 

of the immune response e.g. anti-Thy antiserum, or the 

use of mouse strains with specific genetic defects in 

cell-mediated immunity. In addition, the use of the 

recently available T-cellular assay systems would greatly 

contribute to our present knowledge on the mechanisms of 

immunity to chronic infections such as H .polygyrus.

The role for antibody in the expression of immunity 

to H .polygyrus has also been assessed. Jenkins & Carrington,

(1981) showed that Biozzi mice with known high and low
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a n t i b o d y  r e s p o n s e s  t o  a v a r i e t y  o f  a n t i g e n s ,  b u t  

e q u i v a l e n t  c e l l - m e d i a t e d  and m a c ro p h a g e  a c t i v i t y  ( B i o z z i  

e t  a_l, 1 9 7 9 ) ,  r e s p o n d e d  d i f f e r e n t l y  t o  m u l t i p l e  i n f e c t i o n s  

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

l y  more r e s i s t a n t  i . e .  h a d  f e w e r  worm s ,  t h a n  low  r e s p o n d e r  

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

m e d i a t e d  b y  a n t i b o d y  ( J e n k i n s  & C a r r i n g t o n , 1 9 8 1 ) .

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

r e s i s t a n c e  t o  H . p o l y g y r u s  h a s  come f ro m  t h e  s u c c e s s f u l  

p a s s i v e  t r a n s f e r  o f  i m m u n i t y  by  immune se rum  t o  n a i v e  

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

d i c t o r y  ( J o n e s  & R u b i n , 19 74 ;  B a r t l e t t  & B a l l , 1 9 7 4 ) .

M i c e  g i v e n  immune s e r u m  e x p e l l e d  a d u l t  H . p o l y g y r u s  

( B e h n k e  & P a r i s h , 1979 )  and  t r a n s f e r  o f  im m u n i t y  was  

shown t o  i n v o l v e  t h e  c o - o p e r a t i o n  b e t w e e n  l y m p h o i d  c e l l s  

and  a n t i b o d i e s  ( B e h n k e  & P a r i s h , 1 9 8 1 ) .  The g e n e t i c s  and  

s e x  o f  t h e  d o n o r  h o s t  - f e m a l e  m i c e  b e i n g  more e f f i c i e n t  

a t  t r a n s f e r  t h a n  m a l e s -  i n f l u e n c e  t h e  d e g r e e  t o  w h i c h  

im m u n i t y  c o u l d  be  p a s s i v e l y  t r a n s f e r r e d  (Dobson  & Owen,

19 78 ;  D o b s o n ,  B r i n d l e y  & S i t e p u , 1 9 8 2 ) .  The q u a n t i t y  

and q u a l i t y  o f  t h e  s e r u m  ( D o b s o n , 1982)  and t h e  t i m i n g  o f  

s e ru m  a d m i n s t r a t i o n  ( B e h n k e  & P a r i s h , 1979)  a r e  a l s o  

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

t r a n s f e r r e d  immune s e r u m  i s  t h e  a b i l i t y  o f  t h e  se rum  t o  

k i l l  and r e d u c e  t h e  i n f e c t i v i t y  o f  l a r v a e  (Do bso n  &

C a y z e r , 1 9 8 2 ) .  H o w e v e r ,  l a r v a e  i n c u b a t e d  i n  immune se rum  

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

se ru m  as  j u d g e d  by  t h e  s t u n t i n g  o f  a d u l t  worms and a l t e r e d
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se x  r a t i o s  (Do bso n  & C a y z e r , 1 9 8 2 ) .  A n o t h e r  m echa n ism  

w o u ld  be as  e n v i s a g e d  i n  t h e  t w o - s t e p  p r o c e s s  o f  p a r a s i t e  

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

b r a s i l i e n s i s  ( O g i l v i e  & L o v e , 1974)  and T r i c h u r i s  m u r i s  

(Wake 1 i n , 1975 ) , w h e r e  a n t i b o d y  b i n d s  t o  and damages t h e  

w o rm s ,  and  t h e n  c e l l u l a r  r e s p o n s e s  e f f e c t  worm e x p u l s i o n .

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

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

( C h a i c u m p a ,  J e n k i n  & R o w l e y , 1 9 7 6 ;  C y p e s s , 1 9 7 0 ;  P a n t e r ,

1 9 6 9 ) .  S u c h  f a i l u r e  c o u l d  be  due t o  t h e  u se  o f  p r i m a r y  

i n f e c t i o n  s e rum  ( W i l l i a m s  & B e h n k e , 1 9 8 3 ) ,  i n s u f f i c i e n t  

and  lo w  q u a l i t y  s e r u m  ( D o b s o n , 1982)  and i m m u n o s u p p r e s s i v e  

worm p r o d u c t s  (D o b so n  & C a y z e r , 1 9 8 2 ;  P r i t c h a r d  & B e h n k e ,

1985)  .

H a v i n g  d e m o n s t r a t e d  t h e  h o s t  p r o t e c t i v e  e f f e c t  o f  

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

t h e  s p e c i f i c  s e rum  c o m p o n e n t s  and  t h e n  t o  c o r r e l a t e  t h e i r  

p r e s e n c e  w i t h  h o s t  p r o t e c t i o n  ( W i l l i a m s  & B e h n k e , 1 9 8 3 ) .

S e ru m  i m m u n o g l o b u l i n  l e v e l ,  as  a s s e s s e d  by  e i t h e r  

s i n g l e  r a d i a l  i m m u n o d i f f u s i o n  o r  r a d i o i m m u n o a s s a y ,  i n  

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

w i t h i n  2 w e e k s  o f  c h a l l e n g e  i n f e c t i o n .  I g G l  i s  t h e  

p r e d o m i n a n t  i s o t y p e  ( M o l i n a r i ,  E b e r s o l e  & C y p e s s , 1 9 7 8 ;  

C r a n d a l l ,  C r a n d a l l  & F r a n c o , 1 9 7 4 ;  P r o w s e ,  E y  & J e n k i n , 1978 ;  

P r o w s e ,  M i t c h e l l ,  E y  & J e n k i n , 1978 ;  Chapman,  K n o p f ,  A n d e r s

& M i t c h e l l , 1979 ;  P r o w s e , M i t c h e l l ,  E y  & J e n k i n , 1979;
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P r i t c h a r d ,  W i l l i a m s ,  B e h n k e  & L e e , 1983;  W i l l i a m s  & B e h n k e ,  

19 83 ;  P r i t c h a r d ,  B e h n k e  & W i 1 1 i a m s ,1 9 8 4 )  and  I g G l  

h y p e r g a m m a g l o b u l i n a e m i a , e s p e c i a l l y  d u r i n g  h i g h  dose  

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

' b l o c k i n g  a n t i b o d y '  r a t h e r  t h a n  h o s t  p r o t e c t i v e  ( M i t c h e l l  

e t  a_l, 1977 ; 1982 ; Chapman e t  a 1 , 1 9 7 9 ) .

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

I g G l  f r o m  immune s e rum  o b t a i n e d  f r o m  m ic e  s u b j e c t  t o  m u l t i p l e  

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

p r o t e c t i o n  ( P r i t c h a r d  e t  a l , 1983 )  , b u t  I g G l  f r o m  p r i m a r y  

i n f e c t i o n  se ru m  was n o t  f o u n d  t o  b l o c k  h o s t  p r o t e c t i o n  

( P r i t c h a r d  e_t a 1 ,1 9 8 4  ) .

I t  i s  t h o u g h t  t h a t  t h i s  I g G l  h y p e r g a m m a g l o b u l i n a e m i a  

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

d o se  c h r o n i c  a n t i g e n  e x p o s u r e  ( P r o w s e  e t  a 1 ,1 9  7 8 ;  Chapman 

e t  a_l, 1979a )  s i n c e  h e t e r o l o g o u s  a n t i g e n  ( S R B C )  c a n  i n d u c e  

a s i m i l a r  e f f e c t  (Chapm an  e t  a l , 1 9 7 9 b ) . As m o s t  o f  t h i s  

I g G l  was  t o t a l  r a t h e r  t h a n  p a r a s i t e  s p e c i f i c ,  i t  h as  b e e n  

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

an i m b a l a n c e  i n  t h e  c o n c e n t r a t i o n  o f  I g G 2 a  (Chapman ejb a 1 , 

1979 ;  M i t c h e l l  e t  a 1 , 1 9 8 2 )  . H o w e v e r ,  i n c r e a s e d  c a t a b o l i s m  

o f  I g G l  i n  i n f e c t e d  m i c e  c o u l d  be one m e c h a n i s m  w h e r e h y  

t h e  p a r a s i t e  e v a d e s  t h e  immune r e s p o n s e  ( B r o w n ,  C r a n d a l l

& C r a n d a l l , 1 9 7 6 ;  Chapman e t  a l , 1 9 7 9 b ) .
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I t  h a s  b e e n  shown t h a t  a s u b s t a n t i a l  p a r t  o f  t h i s  

I g G l  i s  p a r a s i t e  s p e c i f i c  ( J a c o b s o n ,  B r o o k s  & C y p e s s , 1982 )  

r a n g i n g  f r o m  25% ( C y p e s s , E b e r s o l e  & Mo1i n a r i , 1 9 7 7 ) ,  45%

( M o l i n a r i  f E b e r s o l e  & C y p e s s ,  1978)  t o  48% ( P r i t c h a r d  

e t  a 1 ,1 9  8 3) o f  t o t a l  s e r u m  I g G .  The m ethod  was th e  

q u a n t i t a t i v e  a n t i b o d y - b i n d i n g  m ethod  o f  N ash  & H e rem an s  

( 1 9 6 9 ) ,  a p r o c e d u r e  b a s e d  upon  t h e  d e t e r m i n a t i o n  o f  

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

by  o p t i m a l l y  c o n c e n t r a t e d  H . p o l y g y r u s  a n t i g e n .  Se rum  

I g A ,  IgM  and  I g G 2 a  a p p e a r  n o t  t o  r e v e a l  an y  s i g n i f i c a n t  

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

w i t h  t h e  a p p e a r a n c e  o f  h o s t - p r o t e c t i v e  a n t i b o d i e s  

( W i l l i a m s  & B e h n k e , 1 9 8 3 ) .

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

showed  an i n c r e a s e  i n  I g G l  and  I g A ,  a l t h o u g h  i t  was n o t  

i m m e d i a t e l y  c l e a r  w h e t h e r  t h i s  i n c r e a s e  was  due to  l o c a l  

a n t i b o d y  o r  l e a k e d  p l a s m a  p r o t e i n s  ( C y p e s s ,  E b e r s o l e  & 

M o l i n a r i , 1 9 7 7 ) .  L o c a l  a n t i b o d y  o r  c e l l  p r o d u c t i o n  i s  

l i k e l y  t o  be i m p o r t a n t  i n  l u m e n - d w e l l i n g  p a r a s i t e s  w h e r e  

a n t i g e n  ho m in g  o u g h t  t o  be e f f e c t i v e l y  a c h i e v e d  ( B e f u s  & 

B i e n e s t o c k , 1 9 7 9 ) .

I n b r e d  mouse s t r a i n s  o f  t h e  N IH  and  CBA/Ca  g e n o t y p e s  

when s u b j e c t  t o  l o n g - t e r m  r e p e a t e d  l o w - l e v e l  i n f e c t i o n s  

w i t h  H . p o l y g y r u s  show d i f f e r e n t i a l  p a t t e r n s  o f  worm 

a c q u i s i t i o n  and  l o s s  ( s e e  c h a p t e r  5 ) .  N IH  m ic e  a r e  o f  

t h e  ' h i g h  r e s p o n d e r '  p h e n o t y p e  and C BA/Ca  a r e  ' l o w

r e s p o n d e r s ' .  The q u e s t i o n  a r i s e s ,  t h e r e f o r e ,  w h e t h e r
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t h i s  d i f f e r e n t i a l  r e s i s t a n c e ,  m a n i f e s t  as  lo w  and h i g h  

worm b u r d e n s  i n  N IH  and  C B A / C a ,  r e s p e c t i v e l y ,  c o r r e l a t e s  

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

p r o t e c t i v e  a n t i b o d i e s .  I t  a l s o  b e a r s  on t h e  p r o b l e m  o f  

w h e t h e r  q u a n t i t a t i o n  o f  a n t i b o d y  c a n  be u s e d  t o  a s s e s s  

t h e  i n t e n s i t y  o f  p a r a s i t i c  i n f e c t i o n s  o f  man i n  e n d e m ic  

a r e a s .  E x p e r i m e n t s  a r e  d e s c r i b e d  i n  w h i c h  s e r a  f r o m  

i n d i v i d u a l  m i c e  w e r e  c o l l e c t e d  and a n a l y s e d  by  E L I S A ,  

i m m u n o p r e c i p i t a t i o n , S D S - P A G E  and  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 .

6 .3  R e s u l t s  f r o m  E L I S A

6 . 3 . 1  A n t i b o d y  r e s p o n s e s  i n  l o w  r e s p o n d e r  C BA/Ca  m ic e

S e ru m  a n t i b o d y  r e s p o n s e s  i n  lo w  r e s p o n d e r  CBA/Ca  

m ic e  d u r i n g  r e p e a t e d ,  w e e k l y ,  i n f e c t i o n  a t  t h r e e  d o se  

l e v e l s  f o r  12 w e e k s  t o  o p t i m a l l y  c o n c e n t r a t e d  c r u d e  a d u l t  

H ♦p o l y g y r u s  a n t i g e n  a r e  shown i n  F i g .  6 . 1 .  The two g r a p h s ,  

( a )  and  ( b ) ,  show a n t i - H . p o l y g y r u s  a n t i b o d i e s  o f  t h e  

I g G l  and  IgM  c l a s s e s ,  r e s p e c t i v e l y .  A n t i b o d i e s  o f  e i t h e r  

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

c o m p a re d  t o  n o r m a l  mouse s e r a  ( N M S ) .  The a n t i - H . p o l y g y r u s  

a n t i b o d i e s  i n  m i c e  e x p o s e d  t o  t h e  lo w  ( 1 0 L 3 / m o u s e / w e e k ) 

and  medium ( 2 5 L 3 / m o u s e / w e e k ) d o s e s  o f  i n f e c t i o n  w e r e ,  

h o w e v e r ,  s i m i l a r  ( F i g .  6 . 1 ) .  A t  t h e  h i g h  d o s e  o f  i n f e c t i o n  

( 5 0 L 3 / m o u s e / w e e k ) ,  s p e c i f i c  a n t i - p a r a s i t e  I g G l  a n t i b o d i e s  

r o s e  r a p i d l y  w i t h i n  2 w e e k s  a f t e r  t h e  i n i t i a l  i n f e c t i o n
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)

F i g u r e  6 . 1 . S e ru m  a n t i b o d i e s  o f  t h e  I g G l  ( a )  and 

IgM  (b )  i s o t y p e s  i n  lo w  r e s p o n d e r  

C BA /C a  m ic e  e x p o s e d  t o  H . p o l y g y r u s  a t  

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

1 2 -week  p e r i o d .

S q u a r e s  - lo w  d o se  o f  i n f e c t i o n  ( 1 0 L 3 / m o u s e / w e e k ) 

C r o s s e s  - medium d o se  o f  i n f e c t i o n ( 2 5 L 3 / m o u s e / w k )  

D ia m o n d s -  h i g h  d o s e  o f  i n f e c t i o n  ( 5 0 L 3 / m o u s e / w k ) ;  

T r i a n g l e s -  N o r m a l  mouse s e rum  ( N M S ) ( = c o n t r o l ) .

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

t h e  mean (n=10 m ic e  p e r  g r o u p ) .



0.D
.(4

90
) 

0.D
.(4

90
)

2 3 7

WEEKS AFTER 1ST INFECTION□  LOW + MEDIUM ❖  HIGH A NMS

WEEKS AFTER 1ST INFECTION□  LOW + MEDIUM ❖  HIGH A NMS



2 3 8

and  r e m a i n e d  s t a b l e  f r o m  6 w e e k s  o n w a r d s  ( F i g .  6 . 1 a ) ,  

w h e r e a s  IgM a n t i b o d i e s  r e m a i n e d  e l e v a t e d  b u t  s t a b l e  

d u r i n g  t h e  i n f e c t i o n  p e r i o d  o f  12 w eek s  ( F i g .  6 . 1 b ) .

6 . 3 . 2  C o m p a r a t i v e  a n t i b o d y  r e s p o n s e s  i n  low  (C B A /C a )  

_________ and  h i g h  ( N IH )  r e s p o n d e r  i n b r e d  m ice________________

Se ru m  a n t i - H . p o l y g y r u s  a n t i b o d i e s  f r o m  lo w  and h i g h  

r e s p o n d e r  m ic e  e x p o s e d  t o  a h i g h  i n f e c t i o n  d o se  o f  50L3 

p e r  mouse p e r  w eek  a r e  c o m p a r e d  i n  F i g .  ( 6 . 2 ) .  I n  

F i g .  6 . 2 ( a ) ,  a n t i b o d i e s  o f  t h e  I g G l  i s o t y p e  w e r e  s i g n i f i ­

c a n t l y  e l e v a t e d  i n  t h e  two  mouse s t r a i n s ,  b u t  a n t i b o d y  

l e v e l  i n  t h e  lo w  r e s p o n d e r  CBA mouse s t r a i n  w e r e  much 

h i g h e r  t h a n  t h o s e  i n  t h e  h i g h  r e s p o n d e r  N IH  m ic e  t h r o u g h ­

o u t  t h e  e x p e r i m e n t a l  p e r i o d .  The IgM a n t i b o d y  r e s p o n s e s  

d i d  n o t  a p p e a r  t o  d i f f e r  b e t w e e n  t h e  two mouse s t r a i n s .

The mean number  o f  worms r e c o v e r e d  f r o m  t h e  lo w  and  

h i g h  r e s p o n d e r  mouse s t r a i n s  d u r i n g  r e p e a t e d  i n f e c t i o n  

a r e  a l s o  c o m p a re d  i n  F i g .  6 . 3 .  Worm b u r d e n s  w e r e  h i g h e r  

i n  t h e  l o w  r e s p o n d e r  m i c e ' t h a n  i n  t h e  h i g h  r e s p o n d e r  m i c e  

d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d .
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F i g u r e  6 . 2  . C o m p a r i s o n  o f  s e ru m  a n t i b o d i e s  t o  a d u l t  

H . p o l y g y r u s  i n  lo w  (C B A / C a )  and h i g h  

( N IH )  r e s p o n d e r  m i c e  r e p e a t e d l y  e x p o s e d  

t o  i n f e c t i o n  a t  a h i g h  d o se  o f  50L3 p e r  

mouse p e r  week  f o r  12 w e e k s .

( a )  s h o w i n g  l e v e l s  o f  I g G l  a n t i b o d i e s  and

(b) IgM antibodies.
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F i g u r e  6 . 3 . "The mean worm b u r d e n s  i n  l o w ( C B A / C a )  and h i g h

( N IH )  r e s p o n d e r  i n b r e d  m ic e  d u r i n g  r e p e a t e d

i n f e c t i o n  w i t h  50 L3 H . p o l y g y r u s / m o u s e / w e e k .

S q u a r e s  - o b s e r v e d  p o i n t s  (n = 5 N IH  m i c e ) ; 

C r o s s e s  - o b s e r v e d  p o i n t s  (n = 10 CBA/Ca  m i c e )  ; 

V e r t i c a l  b a r s  - s t a n d a r d  e r r o r  o f  t h e  mean.
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6 .4  C h a r a c t e r i z a t i o n  o f  H . p o l y g y r u s  a n t i g e n s

D e s p i t e  t h e  c o n v e n t i o n a l  ' t e x t  b o o k '  p e r c e p t i o n  o f  

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

i n e r t  and s e r v i n g  o n l y  t o  p r  ov'Ldl., phy  s i c a  1 p r o t e c t i o n ,  

i n f o r m a t i o n  now a v a i l a b l e  sho w s  t h a t  t h e  nem a tod e  c u t i c l e
;

i s  c o m p l e x ,  c o n s i s t i n g  o f  a d y n a m i c  o u t e r  h y p o d e r m a l  ' 

membrane w i t h  am in o  a c i d - d e r i v e d  c o l l a g e n o u s  m a t e r i a l  

( L e e  & A i t k i n s o n , 1 9 7 6 ) .  The c u t i c l e  i s  p h y s i o l o g i c a l l y  

a c t i v e  ( L e e ,  1972 ) and  a n t i g e n i c a l l y  d y n a m i c  ( P h i l i p p  e t  a 1 , 

1980 ;  O g i l v i e  e_t a 1 , 1 9 8 0 ;  P r i t c h a r d  e_t a_l , 19 8 6) .

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

i n  v i t r o  r e l e a s e d  p r o d u c t s  ( I V R )  a l s o  known as  e x c r e t o r y -  

s e c r e t o r y  ( E S )  p r o d u c t s ,  h a v e  r e c e n t l y  r e c e i v e d  a g r e a t  

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

( M a i z e l s  e_t a_l, 1 9 8 2 ) .  T h e i r  p o t e n t i a l  r o l e  i n  immuno- 

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

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

on t h e  f u n c t i o n  and  s t r u c t u r a l  c o n s e r v a t i o n  o f  n e m a t o d e s  

i s  c l e a r l y  i m p o r t a n t  ( P h i l i p p  e t  a_l, 198 0 ;  P a r k h o u s e  e t  a 1 , 

1981 ;  P h i l i p p  & R u m j a n e k , 1984 )  .

The b i o c h e m i c a l  and  m o l e c u l a r  a p p r o a c h  t o  t h e  s t u d y  

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

a n t i g e n  may be l a b e l l e d  w i t h  r a d i o a c t i v e  m a t e r i a l  a n d / o r  

t h e n  e x t r a c t e d  by  h o m o g e n i z a t i o n  o r  s o n i c a t i o n ,  o r  l a b e l l e d  

a f t e r  r e l e a s e  i n t o  i n c u b a t i n g  med ium ( P a r k h o u s e  e_t a l , 1981 )  

A l s o ,  s u r f a c e  a n t i g e n s  may be s e l e c t i v e l y  s t r i p p e d  o f f  t h e  

s u r f a c e  by  u se  o f  i o n i c  d e t e r g e n t s  ( P r i t c h a r d  e t  a l , 1986 ;
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G r e n c i s  e_t a_l, 1 9 8 6 ) .  F o l l o w i n g  s o l u b i l i z a t i o n ,  l a b e l l e d  

a n t i g e n s  may be a n a l y s e d  by  g e l  e l e c t r o p h o r e s i s  and t h e i r  

i m m u n o g e n i c i t y  c o n f i r m e d  by  i m m u n o p r e c i p i t a t i o n  o r  immuno- 

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

i d e n t i f y  s e t s  o f  a n t i g e n s ,  and  w h e t h e r  o r  n o t  t h e s e  a n t i g e n s  

a r e  s p e c i e s  o r  s t a g e  s p e c i f i c ,  and t o  d e t e r m i n e  t h e  e x t e n t  

o f  c r o s s - r e a c t i v i t y  w i t h  h o m o lo 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 r a n s l a t i o n  p r o d u c t s  c a n  be s y n t h e s i z e d  i n  v i t r o  

by  mRNA i s o l a t e d  f r o m  t h e s e  p a r a s i t e  p r o d u c t s  and t e s t e d  

f o r  t h e i r  i m m u n o g e n i c i t y  ( C a r r  & P r i t c h a r d , 1986 ;  S f i l k i r k  

e t  a l , 1 9 8 6 ) .
I-'■'.A 1 "(' ' ! r  '

U s i n g  t h e s e  t e c h n i q u e s ,  s e v e r a l  n em a to d e  p a r a s i t e s  

h a v e  b e e n  shown t o  p o s s e s s  a r e s t r i c t e d  s e t  o f  a n t i g e n s .  ' 
T h e s e  i n c l u d e  N . b r a s i l i e n s i s  ( M a i z e l s  e t  a_l, 1 9 8 2 ) ;  1

T r i c h i n e l l a  s p i r a l i s  ( P h i l i p p  £t_ a_ l , 1980 ; 1981 ; P a r k h o u s e  f, 

e t  a j . , 1 9 8 1 )  ; B r  u g i a  ( S u t a n t o  e t  a_l, 1985 ;  M a i z e l s  e t  a l ,

1983 ; 1985 ; P a r k h o u s e  e t  a l , 198 5 ; P h i l i p p  et a 1 ,1 9  8 6) ;

O n c h o c e r c a  ( O u i s s i  e_t a_ l ,198- l ;  P h i l i p p  e t  a_l, 1984)  and 

more r e c e n t l y ,  W u c h e r e r i a  b a n c r o f  t i  ( M a i z e l s  ^_t a l , 1986 ; 

M o rg a n  e t  a 1 , 1 9 8 6 )  , t h e  h o o k w o r m s ,  N e c a t o r  a m e r i c a n u s  

( C a r r  & P r i t c h a r d ,  1986 )  and  A n c y l o s  toma can  inum ( H o t e z  

e t  a_l, 1985 )  ; A s c a r i s  spp  ( K e n n e d y  ^t_ a_l, 1986)  and T o x o c a r a  

c a n i s  ( M e g h j i  & M a i z e l s , 1986)  .

S t a g e - s p e c i f i c  a n t i g e n s  o f  t h e  mouse hookworm 

H . p o l y g y r u s  h a v e  r e c e n t l y  b e e n  a n a l y s e d  b y  SDS-PAGE  

( P r i t c h a r d  ^_t a_l, 1984 ;  P r i t c h a r d  e t  a l ,  1 9 8 6 ) .  The t i s s u e  

L4 s t a g e  e x p r e s s e d  im m u n o g e n i c  a n t i g e n s  w i t h  an a p p a r e n t
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m o l e c u l a r  w e i g h t  o f  16 kDa and  t h e  a d u l t  a n t i g e n  r e s o l v e d  

a t  60-70 kDa as  r e v e a l e d  by  i m m u n o p r e c i p i t a t i o n  w i t h  

immune mouse s e rum  ( P r i t c h a r d ,  M a i z e l s ,  B e h n k e  & A p p l e b y ,

1 9 8 4 ) .  I t  h as  b e e n  s u g g e s t e d  t h a t  t h e  a p p a r e n t  d i f f e r ­

e n c e s  i n  t h e  e x p r e s s i o n  o f  s u r f a c e  a n t i g e n s  d u r i n g  t h e  

m a t u r a t i o n  o f  t h e  p a r a s i t e  i s  a c a n d i d a t e  m e c h a n i s m  o f  

p a r a s i t e  e v a s i o n  o f  h o s t  immune r e s p o n s e s  ( P r i t c h a r d  e_t a 1 ,

1 9 8 4 ) .  H e r e ,  t h e  r e s u l t s  f r o m  s i m i l a r  b i o c h e m i c a l  and 

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

i n  l o w  r e s p o n d e r  (C B A / C a )  a n d  h i g h  r e s p o n d e r  ( N IH )  m ic e  

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

6 .5  R e s u l t s  f r o m  SD S - P A G E  a n d  a u t o r a d i o g r a p h y

6 . 5 . 1  R a d i o l a b e 11 i n g  and  i m m u n o p r e c i p i t a t i o n

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

t h e  B o 1t o n - H u n t e r  o r  C h l o r a m i n e - T  m e tho d s  due t o  i t s

a p p a r e n t l y  l i m i t e d  p e n e t r a t i o n  o f  t h e  c u t i c l e  ( S e l k i r k

12 5e t  a ^ ,  1 9 8 6 ) .  A n t i n g e n s  l a b e l l e d  w i t h  I  w e r e  s o l u b i l ­

i z e d  u s i n g  1% d e o x y c h o l a t e  an d  f u r t h e r  r e d u c e d  w i t h  

5% 2 - m e r c a p t o e t h a n o l  a f t e r  i m m u n o p r e c i p i t a t i o n  w i t h  

immune s e r u m .

L a b e l l e d  a n t i g e n s  w e r e  r o u t i n e l y  c o u n t e d  on a gamma 

c o u n t e r  d u r i n g  p r e p a r a t i o n  f o r  S D S - P A G E .  T a b l e  6 .1  shows  

t h e  l a b e l l i n g  e f f i c i e n c y  o f  t h e  m ethod  f o r  H . p o l y g y r u s  

s u r f a c e  a n t i g e n s .  A d u l t  worm a n t i g e n s  w e r e  p o o r l y  TCA

p r e c i p i t a b l e , i m p l y i n g  t h a t  t h e r e  w e r e  f e w  p e p t i d e -
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T a b l e  6 . 1 . The e f f i c i e n c y  o f ______ I - l a b e l l i n g  o f  s u r f a c e

a n t i g e n s  ( I o d o g e n  m e tho d )  o f  6 - d a y  o l d  f o u r t h -  

s t a g e  l a r v a e  (D 6 L4 )  and a d u l t  H . p o l y g y r u s  and  

t h e  p e r c e n t  T C A - p r e c i p i t a b l e  s u p e r n a t e s * .

( D a t a  i n  c o u n t s  p e r  m in u t e  ( c p m ) / | J l )

cpm/ [j 1 % T C A - p r e c i p i t a b l e

D6L4 2900 40

Adu 11 3500 2 0

* F o l l o w i n g  i m m u n o p r e c i p i t a t i o n  w i t h  t r i c k l e  i n f e c t i o n  

s e r a ,  t h e  a v e r a g e  cpm f o r  d e o x y c h o l a t e  r e d u c e d  s o l u b l e  

p r e p a r a t i o n  was  2640 c p m / p l  and  19080 c p m / p l  f o r  t h e  

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

m a t e r i a l  was  s a t i s f a c t o r i l y  l a b e l l e d  ( = 4 0 % ) .  T h u s ,  

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

a c t i v i t y  t h a n  l a r v a l  m a t e r i a l  and t h e  a d u l t  m a t e r i a l  was  

n o t  e a s i l y  i d e n t i f i e d  by  a u t o r a d i o g r a p h y  e v e n  a f t e r  2 w e e k s  

o f  e x p o s u r e  o f  t h e  f i l m .

6 . 5 . 2  SD S-PA G E  and  a u t o r a d i o g r a p h y

Immune mouse s e ru m  f r o m  h i g h  and  lo w  r e s p o n d e r  m i c e  

showed  r e a c t i v i t y  t o  a r e s t r i c t e d  number  o f  b a nd s  when 

r e s o l v e d  by  S D S- P A G E  ( P l a t e ' 6 . 1 ) .  Two m a j o r  co m p o n e n t s  

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

w e i g h t s  ( M ^ ) , 16 kDa and  65-67 kDa i n  p r e p a r a t i o n s  f r o m

b o t h  mouse s t r a i n s  d u r i n g  t h e  12-week  r e p e a t e d  i n f e c t i o n  

p e r i o d .  I n  b o t h  mouse s t r a i n s ,  h o w e v e r ,  q u a l i t a t i v e  

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

o f  t h e  b a n d s  w i t h  t i m e .  I n  l a n e s  1 , 2 , 6  and 7 ( r e p r e s e n t i n g  

2-4 w e e k s  a f t e r  t h e  f i r s t  i n f e c t i o n ) ,  t h e  b a nd s  w e r e  l e s s  

i n t e n s e  t h a n  i n  l a n e s  3-5 and  8-10 ( r e p r e s e n t i n g  6-12 w eeks  

a f t e r  f i r s t  i n f e c t i o n ) .  N o r m a l  mouse se rum  ( l a n e  11) 

r e s o l v e d  o n l y  f a i n t l y  a t  65 k D a ,  s u g g e s t i n g  t h a t  t h i s  

b a nd  c o u l d  i n c l u d e  h o s t  a l b u m i n ,  n o t w i t h s t a n d i n g  e l a b o r a t e

e f f o r t s  t o  p e r f o r m  t h e  a n a l y s i s  u n d e r  r e d u c i n g  c o n d i t i o n s .
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P l a t e  6 . 1 . An a u t o r a d i o g r a p h  o f  SD S-PA G E  a n a l y s e d  

i m m u n o p r e c i p i t a t e s  ( u n d e r  r e d u c i n g

c o n d i t i o n s )  m a n u f a c t u r e d  b e t w e e n 125 I -

l a b e l l e d  ( I o d o g e n ) s u r f a c e  a n t i g e n s  o f

6 - d a y  o l d  l a r v a l  H . p o l y g y r u s  and se rum

f r o m  h i g h  and low r e s p o n d e r  m ic e

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

50 L 3 / m o u s e / w e e k .

P o o l e d  s e r a  w e r e  o b t a i n e d  f r o m  lo w  r e s p o n d e r  

C BA / C a  m ic e  ( l a n e s  1-5 )  and h i g h  r e s p o n d e r  N IH  

m ic e  ( l a n e s  6-10 )  a t  2 w e e k s  ( l a n e s  1 , 6 ) ,

4 w eek s  ( l a n e s  2 , 7 ) ,  6 w eek s  ( l a n e s  3 , 8 ) ,

8  w e e k s  ( l a n e s  4 , 9 )  and  12 w e e k s  ( l a n e s  5 , 1 0 )  

p o s t - i n i t i a l  e x p o s u r e .  N o r m a l  mouse s e rum  i s  

shown i n  l a n e  11 .  M o l e c u l a r  w e i g h t  m a r k e r s  (M r )  

a r e  shown as  a r r o w s .



P L A T E  1

1 2  3  4 5  6  7  8  9  1 0  1 1

M r
(kda)
< - 6 7

- 4 3

- 3 0

- 2 0

- 1 4 - 4
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6 . 6  D i s c u s s i o n

The e x p e r i m e n t s  h a v e  a t t e m p t e d  t o  show ,  f o r  t h e  

f i r s t  t i m e ,  t h 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 o l o g i c a l  and  

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

r e s p o n d  d i f f e r e n t l y  t o  l o n g - t e r m  t r i c k l e  i n f e c t i o n  w i t h  

H . p o l y g y r u s . The mean worm b u r d e n s  i n  t h e s e  m ic e  w e r e  

s i m i l a r  u n t i l  2 w e e k s  f o l l o w i n g  t h e  f i r s t  i n f e c t i o n ,  when 

N IH  h i g h  r e s p o n d e r  m i c e  l o s t  a l m o s t  a l l  t h e i r  worms 

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

r e s p o n d e r  CBA/Ca  m ic e  c o n t i n u e d  t o  g a i n  worms t h r o u g h o u t  

t h e  e x p e r i m e n t a l  p e r i o d  ( F i g .  6 . 3 ) .  T h e s e  r e s u l t s  a r e  

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

o f  t h e s e  two  mouse g e n o t y p e s  t o  a c q u i r e  r e s i s t a n c e  t o  

i n f e c t i o n  w i t h  t h i s  p a r a s i t e  ( s e e  a l s o  c h a p t e r  5 ) .

S e ru m  I g G l  a n t i b o d i e s  ( w i t h  o r  w i t h o u t  immune l y m p h o i d  

c e l l s )  h a v e  b e e n  shown t o  be h o s t  p r o t e c t i v e  as  j u d g e d  

by t h e  r e d u c e d  number and  s i z e  o f  worms i n  m ice  g i v e n  o r  

p r o d u c i n g  e l e v a t e d  l e v e l s  o f  t h i s  i s o t y p e  ( W i l l i a m s  & 

B e h n k e , 1 9 8 3 ;  P r i t c h a r d ,  W i l l i a m s ,  B e h n k e  & L e e , 1983;  

P r i t c h a r d ,  B e h n k e  & W i 1 1 i a m s , 1 9 8 4 ) .  Much d e b a t e  has  

c e n t e r e d  on t h e  a b i l i t y  o f  I g G l  a n t i b o d i e s  t o  m e d i a t e  

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

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

t o  h o s t  r e s i s t a n c e  i . e .  I g G l  i s  ' b l o c k i n g '  a n t i b o d y  

(Chapman e t  a l , 1 9 7 9 b ;  M i t c h e 1 1 , 1 9 7 9 ;  Dobson  & C a y z e r , 1 9 8 2 ) .
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The r e s u l t s  i n  F i g .  6 . 1  i n d i c a t e  t h a t  lo w  r e s p o n d e r  m ic e  

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

i n  a d o s e - d e p e n d e n t  m a n n e r .  I n  f a c t ,  r e l a t i v e  I g G l  

a n t i b o d y  l e v e l s  w e r e  more e l e v a t e d  i n  lo w  t h a n  i n  h i g h  

r e s p o n d e r  m ic e  ( F i g .  6 . 2 ) .  T h e s e  r e s u l t s  add  s u p p o r t  t o  

t h e  h y p o t h e s i s  t h a t  h i g h  l e v e l s  o f  I g G  do n o t  i m p l y  

p r o t e c t i o n  a g a i n s t  i n f e c t i o n .  The p r e s e n c e  o f  h i g h  a n t i ­

p a r a s i t e ,  h o s t - p r o t e c t i v e  a n t i b o d y  l e v e l s  i n  t h e s e  ' l o w '  

r e s p o n d e r  m ic e  i s  p u z z l i n g .  T h i s  r e s u l t  q u e s t i o n s  t h e  

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

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

e c o l o g i c a l  s t u d i e s  ( c f .  V o l l e r  & De S a v i g n y , 1 9 8 1 ) .  The 

i n t e r p r e t a t i o n  o f  s e r o e p i d e m i o l o g i c a l  d a t a  f o r  i n t e s t i n a l  

n e m a t o d e s  i s  l i k e l y  t o  p r e s e n t  p r o b l e m s  due t o  t h e  

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  c l a s s e s  o f  t h e  

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

o r  a r e  immune t o  i n f e c t i o n .

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

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

i n  lo w  o r  h i g h  r e s p o n d e r  m i c e .  I t  h as  b e e n  p o s t u l a t e d  

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

I g G l  a n t i b o d i e s  c o u l d  be due t o  i n c r e a s e d  T - s u p p r e s s o r  

c e l l  a c t i v i t y  ( P r i t c h a r d  e t  a 1 ,1 9 8 3 )  . F u r t h e r  w o rk  on t h e  

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

a c q u i r e d  r e s i s t a n c e  i n  m i c e , s i n c e  N IH  and CBA/Ca  m ic e  

e x p o s e d  t o  t h e  same h i g h  dose  i n f e c t i o n  r e v e a l e d  w i d e l y  

d i f f e r i n g  p a t t e r n s  o f  worm b u r d e n s  and  a n t i - p a r a s i t e  

I g G  a n t i b o d i e s .  A t  t h e  2-week  t i m e  p o i n t  o f  t h e  t r i c k l e  

i n f e c t i o n ,  N IH  m ic e  h ad  h i g h e r  a n t i b o d y  l e v e l s  t h a n  

C BA /C a  m i c e ,  and t h e r e a f t e r ,  t h e  s i t u a t i o n  was r e v e r s e d  

( F i g .  6 . 2 a ) .  The p o s s i b i l i t y ,  t h e r e f o r e ,  t h a t  t h i s  2-week  

p e r i o d  c o u l d  r e p r e s e n t  a ' w i n d o w '  t h r o u g h  w h i c h  t h e  mouse 

g e n o t y p e  d e t e r m i n e s  w h e t h e r  t h e  mouse s t r a i n  becom es  

a ' l o w '  o r  ' h i g h '  r e s p o n d e r  i s  w o r t h y  o f  i n v e s t i g a t i o n .

( M i t c h e 1 1 , 1 9 7 9 ;  Wake 1 i n , 1985a ) .

A d d i t i o n a l  e v i d e n c e  f r o m  SD S-PA G E  a n a l y s i s  o f  

i m m u n o p r e c i p i t a t e s  m a n u f a c t u r e d  b e t w e e n  mouse s e r a  d u r i n g  

t r i c k l e  i n f e c t i o n ,  and  s u r f a c e  a n t i g e n s  o f  t h e  l a r v a l  

p a r a s i t e  ( P l a t e  6 . 1 )  g i v e s  t h e  o v e r a l l  i m p r e s s i o n  t h a t  

t h e  N IH  and  C BA/Ca  mouse s t r a i n s  do n o t  d i f f e r  g r e a t l y  

i n  t h e i r  a b i l i t y  t o  ' r e c o g n i z e '  s u r f a c e  a n t i g e n s  o f  

H . p o l y g y r u s . S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  f ro m  lo w  

r e s p o n d e r  C3H and h i g h  r e s p o n d e r  B a l b / c  m ic e  u n d e r  

d i f f e r e n t  c o n d i t i o n s  o f  e x p o s u r e  t o  t h e  o ne s  d e s c r i b e d  

h e r e  ( M a i z e l s ,  u n p u b l i s h e d  o b s e r v a t i o n s ) .  The r e s u l t s  

do s u p p o r t  P r i t c h a r d ,  M a i z e l s ,  B e h n k e  & A p p l e b y ' s (19 8 4 )  

o b s e r v a t i o n  t h a t  t h e  16 kDa a n d  67 kDa co m p o n e n t s  a r e  

im m u n o g e n i c .  A d d i t i o n a l  e x p e r i m e n t s  w o u ld  b e n e f i t  f r o m  

f u r t h e r  im m u n o c h e m ic a l  a n a l y s i s  o f  t h e  p r o p e r t i e s  o f  

t h e s e  c o m p o n e n t s .  R e c e n t l y ,  t h e  a b i l i t y  o f  t h e  c a t i o n i c  

d e t e r g e n t ,  c e t y l t r i m e t h y l a m m o n i u m  b r o m id e  (CTAB )  t o
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s e l e c t i v e l y  e l u t e  s u r f a c e  a n t i g e n s  o f  t h e  n e m a to d e s  

H . p o l y g y r u s , T . s p i r a l i s  and  N . a m e r i c a n u s  i n  r e a s o n a b l e  

q u a n t i t i e s  and a c c e p t a b l e  p u r i t y  ( P r i t c h a r d ,  C r a w f o r d ,

Duce  & B e h n k e , 1 9 8 5 ) , h a s  g i v e n  im p e t u s  t o  t h e i r  p o s s i b l e  

u se  as  immunogens  i_n v i v o . M i c e  i n j e c t e d  w i t h  50 pg o f  

C T A B - e l u t e d  a n t i g e n  i n  FCA w e r e  s i g n i f i c a n t l y  p r o t e c t e d  

f ro m  c h a l l e n g e  i n f e c t i o n  w i t h  T . s p i r a l i s  ( G r e n c i s ,  C r a w f o r d ,  

P r i t c h a r d ,  B e h n k e  & Wake 1 i n , 1986 )  .

The a n t i b o d y  r e s p o n s e  t o  s t a g e - s p e c i f i c ,  s u r f a c e

a n t i g e n s  o f  T r i c h i n e  11a s p i r a l i s  h a s  b e e n  c o m p a re d  b e t w e e n

s t r o n g  r e s p o n d e r  ( N IH )  and  w eak  r e s p o n d e r  (C3H)  i n b r e d

mouse s t r a i n s  ( J u n g e r y  & O g i l v i e , 1 9 8 2 ) .  I n  t h i s  s t u d y ,

t e m p o r a l  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  p r i m a r y  i n f e c t i o n

se rum  f r o m  t h e  two  mouse s t r a i n s  t o  m e d i a t e  e o s i n o p h i l
12 5a d h e r e n c e  t o ,  and  t o  i m m u n o p r e c i p i t a t e  1 - l a b e l l e d ,  

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

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

t h e  two  mouse s t r a i n s  h a s  b e e n  l i n k e d  t o  t h e  g e n e t i c  

c o n t r o l  o f  t h e  r e j e c t i o n  o f  T . s p i r a l i s  f r o m  t h e  m ice  

( J u n g e r y  & O g i l v i e , 1 9 8 2 ) .  I t  w o u ld  be i n t e r e s t i n g  t o  

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

m ic e  d u r i n g  r e p e a t e d  e x p o s u r e  t o  i n f e c t i o n .

The b i o c h e m i c a l  and  i m m u n o l o g i c a l  a p p r o a c h  t o  t h e  

s t u d y  o f  t h e  a n t i g e n s  o f  t h e  m a j o r  hookworm and  o t h e r  

g a s t r o - i n t e s t i n a l  n e m a t o d e  p a r a s i t e s  e . g .  N. a m e r i c a n u s  

and A.  l u m b r i c o i d e s  ( C a r r  & P r i t c h a r d , 1986 ;  K e n n e d y ,

Q u r e s h i ,  H a s w e 11- E l k i n s  & E l k i n s , 1 9 8 6 ) ,  i s  l i k e l y  t o

y i e l d  a d d i t i o n a l  i n f o r m a t i o n  on i m m u n i t y  t o  t h e s e  p a r a s i t e s
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i n  man. A 33 kDa c o m p o n e n t  o f  ES  a n t i g e n s  o f  N . a m e r i c a n u s  

was r e c o g n i z e d  by  s e r a  o f  human s u b j e c t s  i n f e c t e d  w i t h  

hookworm ( C a r r  & P r i t c h a r d , 1 9 8 6 ) .  T h i s  33 kDa co m p o ne n t  

i s  a c a n d i d a t e  f o r  i m m u n o d i a g n o s i s  o f  N. a m e r i c a n u s  

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

A s c a r i s  and  T r i c h u r i s  w o u l d  n o t  c r o s s - r e a c t  w i t h  i t  

( C a r r  & P r i t c h a r d , 1986)  . T h e s e ,  and  o t h e r  f i n d i n g s ,  

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

i n t e s t i n a l  p a r a s i t e s  ( K e n n e d y  e_t a_l, 1986 ;  C a r r  & P r i t c h a r d ,  

1986)  s i n c e  w h o l e  worm a n t i g e n s  a r e  p o o r  s o u r c e s  o f  

f u n c t i o n a l l y  i m p o r t a n t  a n t i g e n s  and  h e n c e ,  p o o r  immuno-

d i a g n o s t i c  t o o l s  ( O g i l v i e  & De S a v i g n y , 1 9 8 2 ) .
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C h a p t e r  7

Summary  d i s c u s s i o n
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T h i s  f i n a l  c h a p t e r  a t t e m p t s  a s y n t h e s i s  o f  t h e  m a j o r  

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

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

n e m a to d e  i n f e c t i o n s .  The  g a p s  i n  o u r  k n o w le d g e  a b o u t  

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

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

a r e  d i s c u s s e d .

G e n e t i c  c o n t r o l  o f  p a r a s i t i c  i n f e c t i o n s  by h o s t s  

h as  r e c e n t l y  r e c e i v e d  w i d e  a t t e n t i o n  ( W a k e l i n , 1 9 8 5 a ) .

The p r i m a r y  and  o r i g i n a l  i m p e t u s  f o r  t h i s  i n t e r e s t  l i e s  

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

a n i m a l s  t h a t  a r e  e c o n o m i c a l l y  b e n e f i c i a l  t o  t h e  n eed s  o f  

man ( i . e .  t o  b r e e d  d i s e a s e  r e s i s t a n t  a n i m a l s )  ( D a r g i e , 1982 ;  

A l b e r s  & G r a y / 1 9 8 6 ) .  M o r e o v e r ,  t h e  i m p l i c a t i o n s  o f  

g e n e t i c  c o n t r o l  o f  p a r a s i t i s m  t o  t h e  c o n t r o l  o f  p a r a s i t e s  

by  c h e m o t h e r a p y  o r  v a c c i n a t i o n  h a v e  r e c e n t l y  been  

e m p h a s i z e d  ( A n d e r s o n  & M a y , 1 9 82 ;  A n d e r s o n  & M a y , 1985 b , c ) .  

G e n e t i c  c o n t r o l  o f  p a r a s i t i c  i n f e c t i o n s  i n  man i s  d i f f i c u l t  

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

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

on t h e  a s s o c i a t i o n  b e t w e e n  g e n e t i c  l o c i  s u c h  as  t h e  HLA 

c o m p le x  and  p a r a s i t i c  d i s e a s e s .  C o n s e q u e n t l y ,  l a b o r a t o r y  

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

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

b e t w e e n  h o s t s  and  p a r a s i t e s .
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E x p e r i m e n t s  h a v e  b e e n  d e s c r i b e d  i n  w h i c h  a 

h e t e r o g e n e o u s  o u t b r e d  mouse s t r a i n  (MF1) was s e l e c t e d  f o r  

' h i g h '  and ' l o w '  p a r a s i t e  egg c o u n t s  f o l l o w i n g  a s t a n d a r d  

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

t r a i t  ' f a e c a l  p a r a s i t e  eg g  c o u n t s '  was  shown t o  be 

q u a n t i t a t i v e  r a t h e r  t h a n  q u a l i t a t i v e  ( s e e  B r i n d l e y ,  He ,  

S i t e p u ,  P a t t i e  & D o b s o n , 1 9 8 6 ) ,  w i t h  an e s t i m a t e d  

h e r i t a b i l i t y  s c o r e  o f  a p p r o x i m a t e l y  0 .2  p e r  g e n e r a t i o n .

T h i s  o b s e r v a t i o n  s u g g e s t s  t h a t  f u t u r e  w o rk  must  a im  a t  

s e l e c t i n g  t h e  h o s t  o v e r  10 o r  more g e n e r a t i o n s  i n  o r d e r  

t o  g a i n  more i n f o r m a t i o n  on t h e  d e g r e e  o f  h e r i t a b i l i t y  

o f  t h i s  t r a i t .  A n o t h e r  p o s s i b l e  a p p r o a c h  w o u ld  be t o  

c r o s s  t h e  h i g h  and  lo w  i n b r e d  r e s p o n d e r  m i c e  ( c h a p t e r  5) 

and t h e n  b a c k  s e l e c t  t h e  m i c e  f r o m  t h e  F I  g e n e r a t i o n .

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

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

a l l y  c o n t r o l l e d  and  t h a t  o u t b r e d  m ic e  c o n s i s t  o f  a 

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

t h e i r  r e s p o n s e  t o  H ♦p o l y g y r u s  i n f e c t i o n .

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

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

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

r e g u l a t e  t h e  p a r a s i t e  p o p u l a t i o n  i s  l i n k e d  t o  many r a t e ­

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

p r e s e n c e  o r  a b s e n c e  o f  d e n s i t y - d e p e n d e n c e  i n  t h e  p a r a m e t e r s

w i l l  d e t e r m i n e  t h e  d e g r e e  t o  w h i c h  t h e  h o s t  c a n  r e g u l a t e
V\

t h e  g r o w t h  o f  t h e  p a r a s i t e  p o p u l a t i o n  (Andersoj>fl 976) .
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B o t h  d e n s i t y -  and  a g e - d e p e n d e n t  f e c u n d i t y  o f  H . p o l y g y r u s  

w e r e  d e m o n s t r a t e d  i n  l a b o r a t o r y  m ice  ( c h a p t e r  4 ) .  The 

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

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

be c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  t h e  a d v e r s e  e n v i r o n ­

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

f a c t o r s  ( e . g .  s e a s o n a l i t y  i n  t r a n s m i s s i o n )  a f f e c t i n g  t h e  

t r a n s m i s s i o n  o f  p a r a s i t e s .

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

o u r  u n d e r s t a n d i n g  o f  more  c o m p le x  n a t u r a l  c o m m u n i t i e s .

I t  o f t e n  h e l p s  t o  make s i m p l i f y i n g  a s s u m p t i o n s  i n  a t t e m p t s  

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

L a b o r a t o r y  s t u d i e s  c a n  be p e r f o r m e d  u n d e r  r i g o r o u s l y  

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

i n v e s t i g a t e  s e v e r a l  f a c t o r s  one  a t  a t i m e .  One v e r y  

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

f i n d i n g s  may n o t  be a n a l o g o u s  t o  t h e  r e a l  w o r l d .  H o w e v e r ,  

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

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

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

W i t h  t h i s  i n  m in d ,  e x p e r i m e n t s  i n  w h i c h  m i c e  o f  h i g h  

and  lo w  r e s p o n d e r  p h e n o t y p e s  w e r e  r e p e a t e d l y  e x p o s e d  t o  

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

i n  o r d e r  t o  m im ic  t h e  e p i d e m i o l o g y  o f  i n t e s t i n a l  n e m a t o d e s  

( e . g .  hookworm )  i n  a r e a s  e n d e m i c  f o r  t h e s e  p a r a s i t e s .

The c h o i c e  o f  mouse s t r a i n s  was  made i n  o r d e r  t o  g a i n  

more i n s i g h t  i n t o  t h e  i n f l u e n c e  o f  h o s t  g e n e t i c s  on t h e

d y n a m i c s  o f  h e l m i n t h  t r a n s m i s s i o n .  M a t h e m a t i c a l  m o d e l s
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p r o v i d e  an a d d i t i o n a l  s e t  o f  a n a l y t i c a l  t o o l s  w i t h  

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

r e l a t i o n s h i p s  ( A n d e r s o n , 1 9 8 6 ) .

U s i n g  t h i s  e x p e r i m e n t a l  a p p r o a c h ,  d i s t i n c t  p a t t e r n s  

w e r e  g e n e r a t e d  i n  lo w  a n d  h i g h  r e s p o n d e r  m i c e ,  d e p e n d i n g  

on t h e  mouse s t r a i n  and  t h e  l e v e l  o f  e x p o s u r e  t o  i n f e c t i o n .  

I n  lo w  r e s p o n d e r  m i c e  mean worm b u r d e n s  i n c r e a s e d  

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

6 w e e k s  o f  i n f e c t i o n ,  b u t  a p p e a r e d  t o  d e c r e a s e  s l o w l y  

t o w a r d s  t h e  end  o f  t h e  e x p e r i m e n t  a t  t h e  l o w e r  d o s e s  o f  

i n f e c t i o n  ( F i g .  5 . 1 ) .  The  i m m i g r a t i o n - d e a t h  m o d e l ,  

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

p a r a s i t e  p o p u l a t i o n  g r o w t h ,  was  a b l e  t o  m im ic  t h e  g e n e r a l  

p a t t e r n  o f  c h a n g e  i n  worm b u r d e n s / h o s t  t h r o u g h  t i m e .

C a r e f u l  e x a m i n a t i o n  o f  t h e  d a t a  s u g g e s t e d  t h a t  w h e r e a s  

m ic e  e x p o s e d  t o  t h e  lo w  i n f e c t i o n  d o s e s  a p p e a r e d  t o  

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

m ic e  e x p o s e d  t o  t h e  h i g h  d o s e  o f  i n f e c t i o n  c o n t i n u e d  t o  

g a i n  more p a r a s i t e s .  T h i s  r e s u l t  h a s  b e e n  i n t e r p r e t e d  

as  e v i d e n c e  o f  h i g h - d o s e  h o s t  im m u n o s u p p r e s s i o n  ( B e h n k e  

e t  a_l, 1983 ; Dob so n  ejt ^ 1 , 1 9 8 5 ) .  S w i t c h i n g  t h e  d o se  o f  

i n f e c t i o n  d u r i n g  t r i c k l e  i n f e c t i o n s  and s u p e r i m p o s i n g  

t h e  e f f e c t s  o f  p r o t e i n  m a l n u t r i t i o n  ( S l a t e r  & K e y m e r , 1 9 8 6 b ) 

on t h e  h o s t  g e n o t y p e  may y i e l d  more i n f o r m a t i o n  on t h i s

a s p e c t  o f  h o s t  im m u n i t y  t o  H . p o l y g y r u s .
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The p r e s e n c e  o f  p u t a t i v e l y  h o s t - p r o t e c t i v e ,  p a r a s i t e -  

s p e c i f i c  a n t i b o d i e s  ( I g G l )  i n  l a r g e  q u a n t i t i e s  i n  t h e s e  

lo w  r e s p o n d e r  m i c e  ( F i g .  6 . 2 )  s u g g e s t s  t h a t  p e r h a p s  t h e  

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

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

im m u n i t y  as  o p p o s e d  t o  s e r u m - a n t i b o d y  m e d i a t e d .  I t  i s  

hop ed  t h a t  f u t u r e  w o r k  w i l l  a t t e m p t  t o  u n d e r s t a n d  t h i s  

i n t r i g u i n g  p h en o m en o n .  The f a c t  t h a t  t h e  o b s e r v e d  i n c r e a s e  

i n  worm b u r d e n s  i n  C B A / C a  m i c e  ( h o s t  i m m u n o s u p p r e s s i o n )  i s  

n o t  a p p a r e n t  i n  N IH  m ic e  t e s t i f i e s  t o  t h e  i m p o r t a n c e  o f  

h o s t  g e n e t i c s  i n  d e t e r m i n i n g  t h e  d y n a m i c s  o f  worm 

a c q u i s i t i o n  and  l o s s  ( F i g .  5 . 1 ) .  I n  N IH  m ic e  ( h i g h  

r e s p o n d e r s ) ,  c o n v e x  a g e - i n t e n s i t y  and p r e v a l e n c e  p a t t e r n s  

w e r e  g e n e r a t e d  a t  t h e  h i g h  d o s e  o f  i n f e c t i o n  ( F i g .  5 . 1 3 )  .

As t h e  p e r i o d  o f  r e p e a t e d  i n f e c t i o n  i n c r e a s e d ,  mean worm 

b u r d e n s  becam e h i g h e r  i n  m i c e  e x p o s e d  t o  t h e  low  r a t h e r  

t h a n  t h e  h i g h  d o se  o f  i n f e c t i o n ,  a theme c a p t u r e d  

s a t i s f a c t o r i l y  by t h e  m a t h e m a t i c a l  m ode l  i n c o r p o r a t i n g  

i n c r e a s e d  p a r a s i t e  d e a t h  r a t e  and  r e d u c e d  p a r a s i t e  

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

A m a j o r  c o n c l u s i o n  t o  be  d r a w n  f r o m  t h e s e  r e s u l t s  i s  t h a t  

a c q u i r e d  im m u n i t y  i n  h o s t s  c a n  g e n e r a t e  c o n v e x i t y  i n  

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

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

g e n e r a t i n g  s i m i l a r  p a t t e r n s  i n  man c a n n o t  be e x c l u d e d

a t  p r e s e n t .
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B e r d i n g ,  M u r r a y ,  S l a t e r  & K e y m e r (1986 )  h a v e  

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

a n a l y s i s  o f  c h a n g e s  i n  a c q u i r e d  im m u n i t y  i n  m i c e  as  a 

f u n c t i o n  o f  h o s t  n u t r i t i o n a l  f a c t o r s .  The m a in  d i f f e r e n c e  

b e t w e e n  t h e i r  m o d e l  and  t h e  one  e m p lo y e d  h e r e  l i e s  i n  

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

on i n t e s t i n a l  p a r a s i t e s .  B e r d i n g  e_t a _ l (1 9 86 )  h a v e  

assu m ed  a t h r e s h o l d  e f f e c t  o f  im m u n i t y  on t h e  m o r t a l i t y  

o f  p a r a s i t e s  w h e r e a s  t h e  m o d e l  b a s e d  on t h e  A n d e r s o n  &

May ( 1 9 8 5 b )  f r a m e w o r k  d e s c r i b e d  i n  t h i s  s t u d y  assum es  

a l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  summed e x p e r i e n c e  o f  

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

and i n c r e a s e d  p a r a s i t e  d e a t h  r a t e .  F u t u r e  g e n e r a t i o n s  

o f  m a t h e m a t i c a l  m o d e l s  c o u l d  i n c o r p o r a t e  more co m p le x  

n o n - l i n e a r  r e l a t i o n s h i p s  b e t w e e n  p a r a s i t e  e s t a b l i s h m e n t  

a n d / o r  d e a t h  r a t e  and  p a s t  e x p e r i e n c e  o f  i n f e c t i o n .

H o w e v e r ,  f u r t h e r  e x p e r i m e n t a l  w o r k  on q u a n t i f y i n g  t h e  

p r e c i s e  mode o f  a c t i o n  o f  h o s t  im m u n i t y  on p a r a m e t e r s  

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

i s  c l e a r l y  n e e d e d .

T a k e n  t o g e t h e r  w i t h  t h e  r e s u l t s  d e s c r i b e d  i n  c h a p t e r  6,  

t h e  e l e v a t e d  p a r a s i t e - s p e c i f i c  a n t i b o d i e s  i n  t h e  two mouse 

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

s e n s i t i v i t y  o f  s e r o d i a g n o s i s  t o  d e t e c t  n e m a to d e  i n f e c t i o n s .  

The a p p l i c a b i l i t y  o f  t h e  t e c h n i q u e  w i l l  u l t i m a t e l y  d e p e n d  

on t h e  d e g r e e  o f  c r o s s - r e a c t i v i t y  w i t h  o t h e r  h e l m i n t h  

i n f e c t i o n s  ( S e l k i r k  e t  a 1 , 1 9 8 6 ;  Denham e t  a 1 , 1 9 8 6 ;

S m i t h e r s , 1 9 8 6 ;  P h i l i p p  & R u m j a n e k , 1 9 8 4 ) .
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The r e s u l t s  a r e  som ewha t  d i s c o n c e r t i n g  i n  t h a t  t h 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 e  b u r d e n  and h o s t  immune 

s t a t u s  may n o t  be o b v i o u s  f r o m  q u a n t i t a t i v e  c o m p a r i s o n s  

o f  a n t i b o d y  t i t r e s  and  p a r a s i t e  c o u n t s .  The s i m i l a r i t y  

i n  t h e  a b i l i t y  o f  h i g h  and  l o w  r e s p o n d e r  mouse s e r a  to  

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

( P l a t e  6 . 1 )  a l s o  p o s e s  s e v e r a l  q u e s t i o n s  w o r t h y  o f  

i n v e s t i g a t i o n .  F o r  e x a m p l e ,  i s  i t  t h e  g e n e t i c  c a p a c i t y  

o f  t h e  h o s t  a n d / o r  t h e  e v a s i v e  m e c h a n i s m s  e v o l v e d  by t h e  

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

i n  i n d i v i d u a l  m i c e ?

The e n h a n c e m e n t  o f  l o n g - l a s t i n g  r e s i s t a n c e  ( F i g .  5 . 2 1 )  

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

( F i g .  5 . 1 5 )  o r  v a c c i n a t i o n  w i t h  i r r a d i a t e d  l a r v a e  

( F i g .  5 . 1 8 )  s u g g e s t s  t h a t  t h e  r e m o v a l  o f  a d u l t  worms by 

d r u g  t r e a t m e n t  and  t h e  p r e s e n t a t i o n  o f  a n t i g e n  t o  t h e  

h o s t  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  i s  c r u c i a l  

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

p r e s e n t a t i o n  o f  a n t i  1g e n s  s u c h  as  a n t i - r i n g - n e c k e d  

p h e a s a n t  eg g  w h i t e  l y s o z y m e  a n d  a n t i - h e n  egg  w h i t e  

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

r e s p o n d e r  m i c e  h a s  b e e n  r e p o r t e d  ( A d o r i n i  & D o r i a , 1 9 8 1 ) .

P r e d i s p o s i t i o n  t o  h e i l m i n t h  i n f e c t i o n s  i n  man 

( A n d e r s o n ,1 9 8 6 )  may h a v e  a g e n e t i c  b a s i s ,  a l t h o u g h  i t  

i s  more l i k e l y  t h a t  g e n e t i c ,  b e h a v i o u r a l  and  n u t r i t i o n a l  

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

h e l m i n t h  p a r a s i t e  i n t e n s i t i e s  i n  human and a n i m a l  

c o m m u n i t i e s .  F rom  t h e  p o i n t  o f  v i e w  o f  co m m u n i t y  c o n t r o l
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o f  h e l m i n t h  i n f e c t i o n s ,  t h e  e l u c i d a t i o n  o f  p r e d i s p o s i t i o n  

may be a c a d e m i c  a s ,  r e g a r d l e s s  o f  t h e  f a c t o r s  t h a t  

g e n e r a t e  i t ,  o n c e  i d e n t i f i e d ,  t r e a t m e n t  c a n  be f o c u s s e d  

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

t o  h e a v y  i n f e c t i o n  ( A n d e r s o n  & M e d l e y , 1985 ;  A n d e r s o n , 1 9 8 6 ;  

H a s w e l l - E l k i n s , E l k i n s  & A n d e r s o n , 1 9 8 6 ) .  The c o n t r o l  o f  

h e l m i n t h  i n f e c t i o n s  i n  a g i v e n  a r e a  w i l l  a l s o  d e p e n d  on 

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

b e t t e r  s a n i t a t i o n  and  n u t r i t i o n ,  w i d e s p r e a d  e d u c a t i o n ,  

r e d u c e d  p o v e r t y  and  b e t t e r  s t a n d a r d s  o f  l i v i n g .  The 

u l t i m a t e  t e s t  o f  i n s i g h t s  g e n e r a t e d  by  l a b o r a t o r y  and 

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

i n f e c t i o n s  ( s u c h  as  e x p o u n d e d  i n  t h i s  p r o j e c t )  r e s t s  i n  

t h e  f i e l d .  I t  seems c l e a r ,  h o w e v e r ,  t h a t  an i m p r o v e d  

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

t r a n s m i s s i o n  and  p a r a s i t e  p o p u l a t i o n  r e g u l a t i o n  s h o u l d  

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

m e a s u r e s  t o  c o n t r o l  h e l m i n t h  i n f e c t i o n s  i n  man.



S U M M A R Y

The m a in  f i n d i n g s  o f  t h i s  s t u d y  may be s u m m a r i s e d  

as  f  o 1 l o w s :

1) A s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  

number  o f  f e m a l e  H . p o l y g y r u s  and e g g s / f e m a l e / 1 6 h

was f o u n d  i n  o u t b r e d  MF1 m ic e  g i v e n  a p r i m a r y  i n f e c t i o n .

2) The f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  p r o p o r t i o n  o f  

o u t b r e d  MF1 m i c e  e x c r e t i n g  h i g h  and  lo w  p a r a s i t e  e g g s  

d u r i n g  s e l e c t i o n  was  f o u n d  t o  be a s y m m e t r i c  by t h e  

f o u r t h  g e n e r a t i o n  o f  i n b r e e d i n g .

3) The e s t i m a t e d  h e r i t a b i l i t y  o f  t h e  t r a i t  ' f a e c a l  

p a r a s i t e  e g g s / 1 6 h '  i n  MF1 m ic e  was  0 .1 7  ± 0 . 0 8 .

The r e a l i z e d  h e r i t a b i l i t y  e s t i m a t e d  f r o m  t h e  r e g r e s s i o n  

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

s e l e c t i o n  d i f f e r e n t i a l  o v e r  4 g e n e r a t i o n s  was 

0 .2 1  ± 0 .2 9  i n  t h e  ' h i g h '  l i n e  and  0 .2 5  ± 0 .0 4  i n  

t h e  ' l o w ' l i n e .

4) A s i g n i f i c a n t  n e g a t i v e  p h e n o t y p i c  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  e g g s / m o u s e / 1 6 h  and mouse l i t t e r  s i z e  was  

f o u n d  i n  g e n e r a t i o n  I I  m i c e ,  b u t  was n o t  o b s e r v e d

i n  g e n e r a t i o n s  I I I  and  I V .

5) The r a t e  o f  p a r a s i t e  e s t a b l i s h m e n t  i n  b o t h  i n b r e d  

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

H . p o l y g y r u s  was  f o u n d  t o  be l i n e a r l y  d e p e n d e n t  on
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t h e  d o se  o f  i n f e c t i o n  i n  t h e  r a n g e  1 0  t o  800 H . p o l y g y r u s  

p e r  m ouse .  On a v e r a g e ,  44% o f  t h e  worms e s t a b l i s h e d  

i n  o u t b r e d  MF1;  6 6 % e s t a b l i s h e d  i n  i n b r e d  CBA/Ca  and  

57% e s t a b l i s h e d  i n  i n b r e d  N IH  m i c e .

6 ) The s e x - r a t i o  o f  a d u l t  H . p o l y g y r u s  was  f o u n d  t o  

d i f f e r  s i g n i f i c a n t l y  f r o m  a 1 : 1  r a t i o ,  e s p e c i a l l y  i n  

m ic e  g i v e n  a h i g h  d o s e  o f  i n f e c t i o n .  More  f e m a l e

t h a n  m a le  worms w e r e  r e c o v e r e d  d u r i n g  a s i n g l e  i n f e c t i o n  

o f  1 2  w e e k s  d u r a t i o n  i n  i n b r e d  m ic e  b u t  t h e  p a t t e r n  

was  r e v e r s e d  i n  o u t b r e d  m ic e  o v e r  a 28-week  p e r i o d .

7) The d i s t r i b u t i o n  o f  p a r a s i t e  n u m b e r s / h o s t  d u r i n g  a 

12-24 w eek  i n f e c t i o n  p e r i o d  was  o v e r d i s p e r s e d  i n  b o t h  

i n b r e d  and  o u t b r e d  m i c e .

8 ) The i n s t a n t a n e o u s  r a t e  o f  p a r a s i t e  m o r t a l i t y  was

f o u n d  t o  d i f f e r  b e t w e e n  mouse s t r a i n s ,  and was 

e s t i m a t e d  a t  ( / p a r a s i t e / w e e k ) :  0 . 1 0  i n  o u t b r e d  MF1

m i c e ;  0 . 1 1  i n  i n b r e d  N IH  m i c e  and  0 .0 2 8  i n  i n b r e d  

C BA/Ca  m i c e .  T h u s ,  t h e  a v e r a g e  p a r a s i t e  l i f e - s p a n  

was  a b o u t  9 . 9 ,  8 . 9  and 3 5 . 8  w eek s  i n  MF1,  N IH  and

CBA/Ca  m i c e ,  r e s p e c t i v e l y .  M o r t a l i t y  o f  t h e  p a r a s i t e  

was i n d e p e n d e n t  o f  age  a n d  o n l y  r e l a t e d  t o  t h e  d o s e  

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

9) The p a t t e r n  o f  p e r  c a p i t a  egg  p r o d u c t i o n  r a t e  was  

f o u n d  t o  be a g e - d e p e n d e n t  w i t h i n  t h e  e x p e r i m e n t a l  

p e r i o d  o f  12-24 w e e k s .  P e a k  f e c u n d i t y  o f  H . p o l y g y r u s

was  1240 e g g s / f e m a l e / 1 6 h  and  t h e  e s t i m a t e d  l i f e - t i m e
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egg p r o d u c t i o n  by  a f e m a l e  worm was a p p r o x i m a t e l y  

18950 eg gs  i n  C B A / C a  m i c e .

10) D e n s i t y - d e p e n d e n t  p e r  c a p i t a  f e c u n d i t y  i n  H . p o l y g y r u s  

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

was  o b s e r v e d  i n  b o t h  i n b r e d  and o u t b r e d  m i c e .

11) P a r a s i t e  e s t a b l i s h m e n t  was  r e d u c e d  t o  30% i n  ' im m u n e '  

C BA/Ca  m ic e  c o m p a r e d  t o  55% i n  n a i v e  c o n t r o l  m i c e .

The i n s t a n t a n e o u s  r a t e  o f  p a r a s i t e  m o r t a l i t y  i n  t h e s e  

immune m ic e  was f o u n d  t o  be  0 .0 0 0 7 5  ± 0 . 0 3 3 ,  and  was  

t h e r e f o r e  c o m p a r a b l e  t o  t h e  m o r t a l i t y  r a t e  i n  n a i v e  

m i c e .  The d i s t r i b u t i o n  o f  H . p o l y g y r u s /mouse i n  t h e  

immune C BA/Ca  m i c e  was  h i g h l y  o v e r d i s p e r s e d .

12) M i c e  e x p o s e d  t o  l a r g e  p r i m a r y  i n f e c t i o n s  w e r e  p r o t e c t e d  

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

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

13) The d y n a m i c s  o f  r e p e a t e d  i n f e c t i o n  was  d i f f e r e n t  i n  

h i g h  and  lo w  r e s p o n d e r  i n b r e d  m i c e  d u r i n g  a 1 2 -week  

e x p o s u r e  p e r i o d .  Low r e s p o n d e r  CBA/Ca  m ice  a c c u m u l a t e d  

worms i n  a d o s e - d e p e n d e n t  m a n n e r .  A t  lo w  and med ium 

i n f e c t i o n  i n t e n s i t i e s  o f  10 and  25 L 3 / m o u s e / w e e k , 

r e s p e c t i v e l y ,  t h e r e  was  an a p p a r e n t  l o s s  o f  worms f r o m

6 t o  1 2  w e e k s  a f t e r  t h e  i n i t i a l  i n f e c t i o n ,  w h e r e a s  

m ic e  e x p o s e d  t o  t h e  h i g h  d o se  o f  50 L 3 / m o u se / w e e k  

c o n t i n u e d  t o  a c c u m u l a t e  worms d u r i n g  t h e  same p e r i o d .

An i m m i g r a t i o n - d e a t h  m o d e l  was  u s e d  t o  d e s c r i b e  t h e  

p a t t e r n  o f  p a r a s i t e  i n t e n s i t y  i n  t h e s e  m i c e .
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14) I n  h i g h  r e s p o n d e r  N IH  m i c e ,  a c o n v e x  a g e - i n t e n s i t y  

c u r v e  was  g e n e r a t e d  a t  t h e  h i g h  i n f e c t i o n  dose

( 5 0 L 3 / m o u s e / w e e k ) .  A m a t h e m a t i c a l  m ode l  i n c o r p o r a t i n g  

t h e  e f f e c t s  o f  a c q u i r e d  im m u n i t y  on b o t h  p a r a s i t e  

e s t a b l i s h m e n t  and  m o r t a l i t y  was u se d  t o  a n a l y s e  t h e  d a t a .

15) The d i s t r i b u t i o n  o f  p a r a s i t e s / h o s t  i n  b o t h  t h e  i n b r e d  

and o u t b r e d  m i c e  d u r i n g  r e p e a t e d  i n f e c t i o n  became 

more o v e r d i s p e r s e d  as  t h e  d u r a t i o n  o f  e x p o s u r e  

i n c r e a s e d .

16) The p r o p o r t i o n  o f  m i c e  i n f e c t e d  d u r i n g  r e p e a t e d  

e x p o s u r e  t o  i n f e c t i o n  was  1 0 0 % i n  lo w  r e s p o n d e r  m i c e ,  

b u t  d e c l i n e d  t o  a b o u t  1 0 % by t h e  1 2 t h  week  o f  i n f e c t i o n  

i n  h i g h  r e s p o n d e r  m i c e .

17) M ore  f e m a l e  t h a n  m a l e  worms w e r e  r e c o v e r e d  d u r i n g  t h e  

l a t t e r  p e r i o d  o f  t h e  t r i c k l e  i n f e c t i o n s  i n  b o t h  s t r a i n s  

o f  m i c e .

18) The p e r  c a p i t a  f e c u n d i t y  o f  H . p o l y g y r u s  was  s t a b l e

a t  600 e g g s / f e m a l e / 1 6 h  i n  lo w  r e s p o n d e r  m i c e ,  b u t  was  

s e v e r e l y  r e d u c e d  ( w i t h  a p e a k  o f  150 e g g s / f e m a l e , 1 6 h ) 

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

19) The d y n a m i c s  o f  r e p e a t e d  i n f e c t i o n  i n  CBA/Ca  m ic e  

e x p o s e d  t o  5 0 L 3 / m o u s e / 2  w e e k s  d i f f e r e d  q u a n t i t a t i v e l y  

f r o m  t h o s e  i n  m i c e  g i v e n  w e e k l y  i n f e c t i o n s .

20) O u t b r e d  m a le  MF1 m i c e  e x p o s e d  t o  r e p e a t e d  i n f e c t i o n
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e x h i b i t e d  d y n a m i c s  o f  i n f e c t i o n  s i m i l a r  t o  a ' h i g h '  

r e s p o n d e r  mouse s t r a i n .

21) P a r a s i t e  e s t a b l i s h m e n t  i n  i n b r e d  and  o u t b r e d  m ice  

e x p o s e d  t o  r e p e a t e d  i n f e c t i o n  was  r e d u c e d  i n  a m anner  

r e l a t e d  t o  t h e  summed e x p e r i e n c e  o f  p a s t  i n f e c t i o n .

22) H ig h  r e s p o n d e r  m i c e  w e r e  h i g h l y  r e f r a c t o r y  t o  f u r t h e r  

i n f e c t i o n  f o l l o w i n g  c h e m o t h e r a p y  and  v a c c i n a t i o n  w i t h  

i r r a d i a t e d  l a r v a e .

23) Low r e s p o n d e r  m i c e  w e r e  more r e s i s t a n t  t o  f u r t h e r  

r e p e a t e d  i n f e c t i o n  when e x p o s e d  t o  t h e  h i g h  d o se  o f  

t r i c k l e  i n f e c t i o n  f o r  6 a s  o p p o s e d  t o  3 w eek s  o f  

i n f e c t i o n  b e f o r e  d r u g  t r e a t m e n t .  The p e r  c a p i t a  

f e c u n d i t y  o f  H . p o l y g y r u s  i n  lo w  r e s p o n d e r  m i c e  was 

r e d u c e d  s i g n i f i c a n t l y  i n  m i c e  g i v e n  a 6 -week  i n i t i a l  

t r i c k l e  i n f e c t i o n  when c o m p a r e d  w i t h  m ic e  g i v e n  a 

3-week  i n i t i a l  t r i c k l e  i n f e c t i o n .

24) V a c c i n a t i o n  o f  lo w  r e s p o n d e r s  w i t h  i r r a d i a t e d  l a r v a e  

i n d u c e d  a h i g h  d e g r e e  o f  r e s i s t a n c e  (60% )  t o  r e p e a t e d  

i n f e c t i o n  i n  t h e s e  m i c e .

25) The r e s i s t a n c e  i n d u c e d  i n  lo w  r e s p o n d e r  m i c e  by  b o t h  

a r e p e a t e d  i n f e c t i o n  f o l l o w e d  by  c h e m o t h e r a p y  and 

v a c c i n a t i o n  p e r s i s t e d  a t  a h i g h  l e v e l  o f  >95% f o r

7 w e e k s .
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26) S e ru m  a n t i - a d u l t  H . p o l y g y r u s  a n t i b o d i e s  o f  t h e  I g G l  

and IgM i s o t y p e s  w e r e  s i g n i f i c a n t l y  e l e v a t e d  when 

c o m p a re d  t o  n a i v e  mouse se rum  d u r i n g  r e p e a t e d  i n f e c t i o n  

i n  b o t h  h i g h  and l o w  r e s p o n d e r  h o s t s .

27) I n  lo w  r e s p o n d e r s ,  a n t i - a d u l t  worm a n t i b o d i e s  w e r e  

h i g h e r  i n  m ic e  e x p o s e d  t o  t h e  h i g h  d o s e  t h a n  t h e  lo w  

d o s e s  o f  i n f e c t i o n .  A t  t h e  h i g h  d o se  o f  i n f e c t i o n ,  

s e rum  I g G l  a n t i b o d i e s  t o  a d u l t  H . p o l y g y r u s  w e r e  h i g h e r  

i n  lo w  r e s p o n d e r s  t h a n  i n  h i g h  r e s p o n d e r s  f r o m  t h e  

s e c o n d  w eek  t o  t h e  end  o f  t h e  t r i c k l e  i n f e c t i o n  p e r i o d .

28) T h e r e  was  no a p p a r e n t  d i f f e r e n c e  i n  t h e  a b i l i t y  o f  

s e r a  f r o m  lo w  and h i g h  r e s p o n d e r s  e x p o s e d  t o  r e p e a t e d  

i n f e c t i o n  o f  H . p o l y g y r u s  t o  ' r e c o g n i z e '  t h e  s u r f a c e  

a n t i g e n s  o f  t h e  f o u r t h - s t a g e  l a r v a e  as  a s s e s s e d  by  

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

a n t i g e n s ,  SD S-PA G E  and a u t o r a d i o g r a p h y .

29) The r e s u l t s  w e r e  d i s c u s s e d  i n  r e l a t i o n  t o  t h e  p o p u l a t i o n  

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

i n f e c t i o n s  i n  h o s t  c o m m u n i t i e s .
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A P P E N D IX

A . 5 .1  T r i c k l e  i n f e c t i o n s  i n  lo w  r e s p o n d e r  CBA/Ca  m ic e

R a t e  o f  
i n f e c t i o n  
( / w k / m o u s e )

Weeks  a f t e r  
f i r s t  

i n f e c t i o n

number  
o f

m i c e

MWB ± S . E . VMR E g g s / 1 6 h  
/ m o u s e / ^  

w o r m l S . E

1 OL 3 2 1 0 5 . 7 ± 1 .1 2 .7 5751248
4 1 0 1 3 . 9±1 .9 2 . 8 8531150
6 1 0 2 5 . 7 1 3.1 3 . 7 10051 8 6
8 1 0 1 7 .9  ± 4 .9 1 3 ,9 6491169

1 0 1 0 1 4 .8  ± 3 .7 9 .4 3051121
1 2 1 0 7 .3  ± 3 . 1 1 3 .2 2331111

2 5 L 3 2 1 0 2 2 . 6 ±2 . 2 2 .9 6071117
4 1 0 4 0 . 8± 4 .6 5 . 1 10751119
6 1 0 5 8 . 3±8.9 1 3 .5 9391 76
8 1 0 3 5 . 1 1 3 . 7 3 .9 12311144

1 0 1 0 2 6 . 0 1 8 . 6 2 8 .7 6321130
1 2 1 0 3 0 . 7 1 9 . 2 2 7 .5 7551134

5 OL 3 2 1 0 3 4 . 8 1 3 . 8 4 .1 6561 62
4 1 0 7 7 . 0 1 6 . 4 7 .5 7381 65
6 1 0 8 7'. 3 1 1 1 .1 1 4 .1 7741110
8 1 0 1 0 1 . 2 1 1 9 . 9 3 9 .3 6391107

1 0 8 / 1 0 1 4 3 . 4 1 2 1 . 8 2 6 .6 9981 89
1 2 7/10 1 5 0 . 6 1 1 6 . 2 1 2 . 1 7961 82

A . 5 . 2  T r i c k l e  i n f e c t i o n s  i n  h i g h  r e s p o n d e r  N IH  m ice

R a t e  o f  W eeks  a f t e r  number
i n f e c t i o n  f i r s t  o f
( / w k / m o u s e ) i n f e c t i o n  m i c e

1OL 3 2 8
4 8
6 8
8 8

10 8
12 10
2 8
4 8
6 8
8 8

10 8
12 10

M W B I S . E . VMR E g g s / 1 6 h /  
m o u s e / 1? 
worm 1 S . E

3 . 7 1 0 . 8 1 .4 8 4 .7 1 32
5 . 6 1 2 . 0 5 . 7 8 . 5 1 . 8
3 . 9 1 1 . 4 4 . 2 7 2 0 .3 1 4 7 5
1 . 4 1 0 . 6 2 . 1 0
2 . 6 1 1 . 7 8 . 8 0
0 . 1 1 0 . 1 1 . 0 0

1 1 . 7 1 1 . 7 1 .9 1 2 3 .9 1 43
6 . 1 1 1 . 5 3 . 0 1 1 .5 1 9
4 . 9 1 1 . 6 4 .4 2 5 .7 1 26
1 . 2 1 0 .5 1 .5 0
0 . 9 1 0 . 6 3 .4 0
0 . 1 1 0 . 1 1 . 0 0

25L3
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A . 5 . 2  ( c o n t i n u e d )

R a t e  o f  W ee ks  a f t e r  
i n f e c t i o n  f i r s t  
( / w k / m o u se )  i n f e c t i o n

number
o f

m ic e

MWB ± S . E . VMR E g g s / 1 6 h /  
mouse/  
worm 1S . E

5 0L 3 2 8 3 2 .9  ± 9 .9 2 3 .9 1 5 1 .2 1  23
4 8 1 3 .9  ± 7 .9 3 6 .4 3 0 .1 1  28
6 8 9 .4  ± 3 .9 1 3 .0 2 4 .3 1  21
8 8 2 .5 ± 0 .5 0 .7 0

1 0 8 1 . 0 ± 0 . 6 2 . 6 0

1 2 ' 1 0 0 . 2 1 0 . 1 0 .9 0

MWB = mean worm b u r d e n
VMR = v a r i a n c e  t o  mean r a t i o  

B . 5 . 1  T r i c k l e  i n f e c t i o n s  i n CBA/Ca  m ice w i  t h c h e m o t h e r a p y  *
( c h e m o t h e r a p y  a f t e r  3 w eek s  o f  i n i t i a l t r i c k l e  i n f e c t i o n )

R a t e  o f W ee ks  a f t e r number  M W B 1 S .E . E g g s / 1 6 h / f e m a l e
i n f e c t i o n f i r s t o f worm I S . E .
( / w k / m o u s e ) i n f e c t i o n m ic e

10L 3 0 _ 0 0
3 1 0 1 2 . 8 1 2 . 1 8531150
4 - 0 0

6 1 0 4 . 8 1 1 . 2 3471129
8 1 0 1 2 . O i l  . 4 11861 93

1 0 1 0 7 . 8 1 2 . 3 8431176
1 2 1 0 8 . 8 1 1 . 6 2581 8 8

14 1 0 6 . 8 1 2 . 2 41 3

50L3 0 - 0 0
3 1 0 3 9 . 4 1 1 3 . 3 7381 65
4 - 0 0
6 1 0 2 0 . 4 1 2 . 8 4761 77
8 1 0 2 3 . 5 1 4 . 6 9251141

1 0 1 0 1 2 . 6 1 2 . 6 3871100
1 2 1 0 1 0 . 3 1 2 . 9 771 42
14 1 0 2 0 . 9 1 1 2 . 5 451 31

* 1 0  mg/kg b o d y  w e i g h t
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B . 5 . 2  T r i c k l e  i n f e c t i o n s  i n  CBA/Ca  m ice  w i t h  c h e m o t h e r a p y
( c h e m o t h e r a p y  a f t e r  6 w eeks  i n i t i a l  t r i c k l e  i n f e c t i o n )

R a t e  o f  W eeks  a f t e r  
i n f e c t i o n  f i r s t  
( / w k / m o u se )  i n f e c t i o n

number
o f

m ic e

MWB ± S . E . E g g s / 1 6 h / f e m a l e  
worm ± S . E .

50L3 0 0 0

2 1 0 3 4 . 8±3 . 8 65 6 ± 62
3 1 0 3 9 . 4 ±13 . 3
4 1 0 7 7 . 0±6 .4 73 8 ± 65
6 1 0 1 1 2 . 2±9.7 7741110
7 0 0

8 1 0 1 4 . 7±1.9 1 64± 85
1 0 1 0 1 1 . 0  ± 2 .5 2 7 8 ± 91
1 2 1 0 1 9 . 1±11 .1 1 1 7± 54
14 1 0 6 . 1 ± 1 . 8 5 7± 39
16 1 0 9 . 6 ± 2 . 8 481 28

10L3 0 0 0

2 1 0 5 . 7 ± 1 .1 5751248
3 1 0 1 2 . 8  ± 2 . 1

4 1 0 1 3 . 9±1.9 8531150
6 1 0 2 7 . 4±3.7 10051 8 6

7 0 0

8 1 0 2 . 6 ±0 .4 1 0 1  1 0

1 0 1 0 5 . 6±1 . 3 5561115
1 2 1 0 4 .9  ± 1 . 6 1281 43
14 1 0 1 .4  ± 0 .5 0

16 1 0 2 . 2  ± 0 .5 1301 87



3 1 9

C . 5 .1  L o n g - t e r m  d u r a t i o n  o f  a c q u i r e d  r e s i s t a n c e  i n  C BA /C a  
m ic e  d u r i n g  r e p e a t e d  i n f e c t i o n  w i t h  H . p o l y g y r u s

I n t e r v a l  b e t w e e n  
i n i t i a l  and  s e c o n d  
r o u n d  o f  t r i c k l e  
i n f e c t i o n  a f t e r  
c h e m o t h e r a p y /  
v a c c i n a t i o n

Mean worm b u r d e n s 1 S . E .  (n )

C o n t r  o 1 E x p e r i m e n t a l

1  week 7 7 . 0 1 6 . 4 ( 1 0 ) 2 3 .5 1 4 . 6 ( 1 0 )

3 w eeks 6 2 . 6 1 6 . 2 ( 5 ) 1 .6 1 0 . 6 ( 5 )

5 w eek s 6 0 . 0 1 9 . 2 ( 5 ) 7 . 2 1 4 . 7 ( 5 )

7 w eeks 6 1 . 8 1 4 . 9 ( 5 ) 1 . 2 1 0 . 4 ( 5 )

7 w eek s 6 1 . 8 1 4 . 9 ( 5 ) 4 .5 1 0 . 6 ( 5 )
( v a c c i n a t i o n )

n = number  o f  m ic e

C . 5 .2  V a c c i n a t i o n  o f  h i g h  ( N IH )  and lo w  ( C B A / C a ) r e s p o n d e r  
m i c e  w i t h  250 i r r a d i a t e d  H . p o l y g y r u s  l a r v a e

Mean worm b u r d e n s  ± S . E .  (n )

C o n t r o l  E x p e r i m e n t a l

H ig h  r e s p o n d e r s  9 . 4 ± 3 . 9 ( 8 )  0 . 5 ± 0 . 3  (11 )

Low r e s p o n d e r s 8 7 . 3  ±1 1 . 1 ( 1 0 ) 3 4 . 8 1 1 3 . 0  (10 )


