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GENERAL INTRODUCTION

A REVIEW OF THE LITERATURE



1 .

At th e  p re s e n t  tim e i t  i s  d i f f i c u l t  to  g e n e ra lis e  abou t th e  mode o f 

a c t io n  o f  th e  immune response  o f  man and an im als in  h e lm in th  in f e c t io n s .

T his i s  due to  a number o f f a c to r s  such a s  th e  zo o lo g ica l d iv e r s i ty  o f th e  

p a r a s i t e s ,  th e  v a r ie ty  o f  h a b i ta t s  in  th e  h o s t ,  and n o t l e a s t  by th e  s c a r c i ty  

o f w orkers in  t h i s  f i e l d .  Such in fo rm a tio n  a s  i s  a v a i la b le  has been w ell 

summarized in  re c e n t  rev iew s (S ou lsby , 1962, 1966; TJrquhart e t  a l . 1962) 

and in  t h i s  in tro d u c tio n  a t t e n t io n  w i l l  be focussed  p r im a r ily  on th e  p re s e n t 

s t a t e  o f  knowledge o f  immune mechanisms in  g a s t r o - in t e s t i n a l  nematode in 

f e c t io n s  o f  dom estic and la b o ra to ry  an im als .

M em ifesta tions o f  immunity

In  g en era l th e  e f f e c t s  o f  immunity a re  e x h ib ite d  in  fo u r  ways.

The f i r s t  i s  th e  s e l f - c u r e  phenomenon, a re a c t io n  which r e s u l t s  in  

th e  expu lsion  o f  a worm p o p u la tio n  from th e  stomach o r  i n t e s t i n e  o f  an 

in fe c te d  an im al. I t  may te rm in a te  bo th  prim ary o r  subsequent in fe c t io n s  

and has been reco rded  bo th  in  th e  f i e l d  cmd in  th e  la b o ra to ry . T hat th e  

e lim in a tio n  o f  th e  prim ary  in f e c t io n  i s  due to  an immune resp o n se  was 

shown f o r  N ippostrongy lus b r a s i l i e n s i s  by th e  re -e s ta b lish m e n t and con

tin u e d  egg p ro d u c tio n  which occu rred  a f t e r  a d u lt  worms were s u r g ic a l ly  

t r a n s fe r r e d  from r a t s  about to  s e l f - c u r e ,  to  normal r a t s  (C hand ler, 1956a; 

O g ilv ie , 1962 ; M ulligan  e t  a l , I 965) .  O ther evidence i s  p rov ided  by th e  

a b i l i t y  o f  c o r t is o n e  ( Coker, 1955; W einste in , 1955; Campbell, 1965;

O g ilv ie , 1965 ; TJrquhart e t  a l ,  I 965) and th e  whole body i r r a d i a t i o n  o f  th e
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h o s t  (Y arinsky , 1962) to  p rev e n t th e  e iqm lsion  o f th e  worms d u rin g  th e  

p rim ary  in f e c t io n .  The s e l f - c u r e  r e a c t io n  i s  review ed in  some d e ta i l  

in  th e  in tro d u c tio n s  to  S ec tio n  1 and 2.

In c re a sed  r e s i s ta n c e  a s  a r e s u l t  o f  p rev io u s in f e c t io n ,  dem onstrated  

by a s ig n i f ic a n t  re d u c tio n  in  th e  number o f  a d u lt  worms develop ing  from a 

ch a llen g e  in f e c t io n ,  i s  a f re q u e n tly  reco rded  m a n ife s ta tio n  o f  a cq u ired  

immunity. The re d u c tio n  may be caused by th e  dea th  o f  d eve lop ing  worms 

o r  by th e  in h ib i t io n  o f  l a r v a l  s ta g e s . The form er mechanism has been 

shown to  o p e ra te  in  in f e c t io n s  o f N. b r a s i l i e n s i s  and T r ic h in e l la  s p i r a l i s  

in  th e  r a t  (T a l ia f e r ro  and S a r le s ,  1939; McCoy, 1940)» T ric h o s tro n g y lu s  

re to r ta e fo rm is  in  th e  r a b b i t  (M ichel, 1955) and Cooperia p u n c ta ta  and 

D ic tyocau lus v iv ip a ru s in  c a t t l e  (S tew art emd Gordon, 1958» J a r r e t t  e t  a l , 

1959a).

In  some he lm in th  in f e c t io n s  th e  development o f a la rg e  p ro p o rtio n  o f  

th e  p a r a s i t e s  may become in h ib i te d  a t  a p a r t i c u la r  s ta g e  o f  th e  l i f e  c y c le . 

T his phenomenon o f  in h ib i t io n  i s  sometimes a s so c ia te d  w ith  r e s i s ta n c e  

fo llo w in g  p rev io u s  in f e c t io n .  D eveloping s ta g e s  o f  Oesophagostomum 

columbianum become in h ib i te d  and may rem ain v ia b le  f o r  many months in  th e  

mucosal nodu les o f  p re v io u s ly  in fe c te d  sheep (Monnig, 1949» Gordon, 1950). 

R e in fe c tio n s  o f  T. re to r ta e fo rm is  in  th e  r a b b i t  become in h ib i te d  a t  th e  

th i r d  l a r v a l  s ta g e  (M ichel, 1952) and r e in f e c t io n s  o f  sheep w ith  Haemonchus 

c o n to r tu s  may become in h ib i te d  a t  th e  fo u r th  and f i f t h  l a r v a l  s ta g e s  

(S ilverm an and P a t te r s o n , I9 6 0 ) .



3.

In h ib i t io n  has a ls o  been d e sc rib e d  under c ircum stances which seem to  

p rec lu d e  th e  agency o f  emy immune resp o n se . I t  has been shown to  occur 

a f t e r  th e  a d m in is tra t io n  o f  a s in g le  and u s u a l ly  la rg e  dose o f  in f e c t iv e  

la rv a e  in  bo th  Oesophagostomum c ircum cinc ta  (Som m erville, 1954» Dunsmore, 

i 960) and Haemonchus p la c e i  in f e c t io n s  (R o b erts , 1957)- Recent experim ents 

have suggested  th a t  in h ib i t io n  o f  O s te r ta g ia  o s te r ta g i  in  c a t t l e  i s  a 

g e n e t ic a l ly  determ ined t r a i t ,  and i s  t r ig g e re d  by seaso n al p h y s io lo g ic a l 

changes in  la rv a e  on th e  p a s tu re  (Anderson e t  a l . 1965; Armour e t  a l . 196?)• 

I n h ib i te d  la rv a e  may be subsequen tly  thrown o f f ,  w alled  o f f  and d estro y ed  o r  

th ey  may m ature a t  some l a t e r  tim e . Such subsequent m atu ra tio n  o f  in h ib i te d  

la rv a e  c o n s t i tu te s  an im p o rtan t phase in  th e  complex o f  bovine o s t e r ta g ia s i s  

(M artin  e t  a l . 1957; Anderson e t  a l , I 965) .

Worms which su rv iv e  th e  l a r v a l  h azard s may become a d u l t  b u t rem ain 

s tu n te d  in  s iz e  and have a reduced  egg la y in g  c a p a c ity . T h is has been 

shown to  occur a f t e r  r e in f e c t io n s  o f  N. b r a s i l i e n s i s  (C hand ler, 1952, 1958; 

T a l ia f e r ro  and S a r le s ,  1959; H urley , 1959)» T. c o lu b rifo rm is  (S tew art and 

Gordon, 1958), 0 . o s t e r ta g i  (M ichel, I 965) and H. c o n to r tu s  (R o b e rts , 1957)* 

T h is type  o f  immune r e a c t io n  has been p a s s iv e ly  t r a n s fe r r e d  to  chickens 

in fe c te d  w ith  A sc a r id ia  g a l l i  (Sadun, 1949).

The a n tig e n s

An in d iv id u a l  nematode la r v a ,  p a ss in g  through v a rio u s  developm ental 

s ta g e s , sheds a n tig e n s  n o t on ly  a s  su c ce ss iv e  l a r v a l  c u t ic le s  b u t a ls o  as
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a v a r ie ty  o f  o th e r  e x c re te d  coid s e c re te d  su b s ta n c es . In  a d d it io n  any 

nematodes %diich d ie  in  s i t u  expose th e  h o s t  to  a la rg e  number o f  som atic 

a n tig e n s . The c e n t r a l  problem  o f  th e  a n tig e n s  l i e s  in  th e  d e f in i t io n  

and i s o l a t i o n  o f  th o se  which s t im u la te  th e  phenomena a s s o c ia te d  w ith  

r e s i s t a n c e ,  a s  opposed to  th e  numerous in c id e n ta l  immune re sp o n se s .

I t  has been th e  g e n e ra l ex p erien ce  t h a t  in  o rd e r  to  produce good 

immunity i t  i s  n e c e ssa ry  to  i n f e c t  th e  h o s t  w ith  th e  l iv in g  p a r a s i t e ,  emd 

co n v erse ly  th a t  n o n -v ia b le  p a r a s i t i c  m a te r ia ls  g e n e ra lly  produce on ly  a 

low degree  o f  immunity. V acc in a tio n  w ith  a n tig e n s  made from dead whole 

worm m a te r ia l  lA i le  sometimes hav ing  some p ro te c t iv e  in f lu e n c e  has been 

on th e  whole d is a p p o in tin g  and even when su c c e ss fu l re q u ire d  la r g e  amounts 

o f  p a r a s i t i c  m a te r ia l  (C hand ler, 1932; McCoy, 1955; K err, 1958; C u lb ertso n , 

1942; O liv e r  G onzalez, 1956; Soulsby, 1957»; J a r r e t t  e t  a l . I9 6 0 ) .

In  c o n tr a s t  good immunity can in  many cases  be o b ta in ed  by a d m in is tra t io n  

o f  in f e c t iv e  la r v a e ,  e .g .  a g a in s t  A sc a r is  lum brico ides (S p re n t 6ind Chen, 1949; 

O liv e r  G onzalez, 1956), D. v iv ip a ru s  (Rubin and Lucker, 1956; J a r r e t t  e t  a l . 

1957; J a r r e t t  e t  a l . 1959h) and H. b r a s i l i e n s i s  ( T a l ia f e r ro  and S a r le s ,  1959)<

The s ta g e s  in  th e  p a r a s i t i c  l i f e  cy c le  re s p o n s ib le  f o r  th e  s tim u la tio n  

o f immunity vary  in  d i f f e r e n t  h o s t - p a r a s i t e  system s. W ith some sp e c ie s  o f 

nem atode, h o s t  r e s i s ta n c e  can be s tim u la te d  w ith  l a r v a l  s ta g e s  a lo n e . Using 

X - ir r a d ia te d  la r v a e ,  th e re b y  p re v e n tin g  development o f  most o f  th e  p a r a s i t e s  

beyond th e  f i n a l  l a r v a l  m oult, i t  was p o s s ib le  to  s t im u la te  r e s i s ta n c e  to  

T. s p i r a l i s  in  th e  r a t  (Levin and Evans, 1942; Gould e t  a l , 1955), to  D.
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v iv ip a ru s  in  c a t t l e  ( j a r r e t t  e t  a l . 1959b), U hcinaria  s ten o cep b a la  and 

Ancylostoma caninum in  dogs (Dow e t  a l . 1961; M il le r ,  196?) and E. c o n to rtu s  

in  sheep ( J a r r e t t  e t  a l . 1961 ) .  On th e  o th e r  hand immunity can be s tim u la te d  

by a d u lt  s ta g e s  a lo n e  in  N. b r a s i l i e n s i s  (C handler, 1956b; S p in d le r , 1956; 

O g ilv ie , 1962 ) ,  H. p la c e i  (R oss, I 965 ) and Oesophagostomum r a d ia tum in fe c t io n s  

(R oberts e t  a l , I 965) .

The f i r s t  ev idence o f  th e  p o s s ib le  im portance o f  th e  s e c re t io n s  o f  worms 

in  th e  immune response  o f  th e  h o s t  was th e  o b se rv a tio n  o f  p r e c ip i t a te s  formed 

around and a t  th e  o r i f i c e s  o f  N. b r a s i l i e n s i s  la rv a e  bo th  when m ig ra tin g  in  

th e  h o s t ( S a r le s  and T a l ia f e r r o ,  1956) and when immersed in  immune serum in  

v i t r o  ( S a r le s ,  1958). S im ila r  p r e c ip i t a te s  have been observed  w ith  T. 

s p i r a l i s  (O liv e r  G onzalez, 1940), A. caninum (O tto , 1940), A. lum brico ides 

(S ou lsby , 1957») »nd 0 . r a d ia  tum (D ouvres, 1962) .  I t  rem ains a dubious 

p o in t  w hether th e se  a n tig e n -a n tib o d y  in te r a c t io n s  c o n s t i tu te  an embarrassm ent 

to  th e  worm. O liv e r  Gonzalez ( 194O) re p o r te d  sho rtened  in  v i t r o  su rv iv a l 

tim es o f  T. s p i r a l i s  la rv a e  on which p r e c ip i t a te s  had form ed. However, 

a lth o u g h  s im ila r  p r e c ip i t a te s  were found by Jackson (1959) p a r a s i t i c i d a l  

a c t i v i t y  was n o t confirm ed. The f lu o re s c e n t  an tib o d y  tech n iq u e  employed by 

Jackson in  h is  experim ents showed th a t  th e  a n tig e n -a n tib o d y  r e a c t io n  was 

lo c a l iz e d  on th e  o ra l  and v u lv a r  o r i f i c e s  o f  th e  a d u lt  worms, and in  s e c t io n , 

on th e  d ig e s t iv e  and re p ro d u c tiv e  t r a c t s .  T ogether w ith  th e  d e s i r a b i l i t y  

o f  u s in g  l i v e  worms f o r  th e  s t im u la tio n  o f immunity, t h i s  ev idence drew 

a t t e n t io n  to  th e  so lu b le  m a te r ia ls  re le a s e d  by th e  worm in  l i f e .
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A ttem pts have been made to  lo c a te  such se c re te d  a n tig e n s  In  s o lu tio n s  

o f  m a te r ia ls  c o lle c te d  from l iv in g  worms. Thorson (1953) showed th a t  

v a c c in a tio n  w ith  c u l tu re  f l u id  in  which N. b r a s i l i e n s i s  la rv a e  had been 

in cu b a ted  co n fe rred  a degree  o f  p ro te c tio n  to  subsequent in f e c t io n .  The 

same a u th o r (1954») was f u r th e r  a b le  to  show th a t  w hile  l a r v a l  som atic 

em tigens could n o t remove th e  p r o te c t iv e  c a p a c ity  o f  immune r a t  serum, 

s o lu tio n s  o f  m e ta b o lite s  cou ld . S im ila r  r e s u l t s  have been o b ta in ed  w ith  

th e  e x c re tio n s  and s e c re t io n s  o f  T. s p i r a l i s  (Cam pbell, 1955)* T. c o lu b r ifo rm is , 

D. v iv ip a ru s  and S tro n g y lo id e s  p a p il lo s u s  (S ilverm an e t  a l . 1962).

I t  was f i r s t  suggested  by C handler (1935* 1953) t h a t  th e  p a r a s i t i c  

s e c re t io n s  and e x c re tio n s  m ig^t c o n ta in  enzymes which a re  im p o rtan t fo r  

d ig e s tio n  and m etabolism , o r  f o r  p e n e tra t io n  o f  th e  h o s t 's  t i s s u e s  d u rin g  

m ig ra tio n . T h is th eo ry  re c e iv e d  su p p o rt through th e  work o f  Thorson (1953) 

who showed th a t  th e  m etab o lic  s o lu t io n  ^ i c h  was su c c e ss fu l in  p r o te c t in g  

r a t s  a g a in s t  N. b r a s i l i e n s i s  co n ta ined  a l ip a s e ,  and th a t  a n tib o d ie s  were 

formed to  t h i s  d u rin g  in f e c t io n .  The same a u th o r (1956) u s in g  A. caninum 

showed th a t  oesophageal e x tr a c ts  co n ta ined  p ro te o ly t ic  enzymes whose a c tio n  

could  be in h ib i te d  by immune, though n o t norm al, dog serum. O ther a n tig e n ic  

enzymes now dem onstrated  in  p a r a s i t i c  he lm in ths a re  th o se  a s s o c ia te d  w ith  

in v as iv e n ess  o f  m ig ra tin g  forms (Lewert and Lee, 1954; Lee and Lew ert, 1957)* 

w ith  exsheathm ent o f  in f e c t iv e  la rv a e  (Som m erville, 1957; Rogers and 

Som m erville, 1957) »nd o th e r s ,  p robab ly  a s s o c ia te d  w ith  d ig e s tio n  and 

r e s p i r a t io n  (L ee, 1962a,b ; Tromba and B aisden , I 964) .  I t  was suggested
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t h a t  th e s e  a n t ig e n s  co u ld  In d u ce  a n t ib o d ie s  w hich, a c t in g  a s  su itienzym es, 

m i ^ t  i n t e r f e r e  w ith  p a r a s i t i c  developm ent.

Helm inth a n tig e n s  have been review ed by Soulsby (1962, 1965a ) ,  Kent 

(1965 ) and Thorson ( 1965 ) .

The mechanisms o f  th e  immune r e a c t io n

There i s  no evidence to  suppose t h a t  immune mechanisms d i f f e r in g  from 

th o se  d e sc rib e d  in  o th e r  im m unological system s o p e ra te  in  h e lm in th  immunity; 

however, th e  p re c is e  im p lic a tio n  o f a p a r t i c u l a r  an tib o d y  in  a d e fin ed  

p ro te c t iv e  r o le  i s  hampered by th e  h e te ro g e n e ity  o f  bo th  an tib o d y  and response.

In  some p a r a s i t i c  sy stem s, e .g .  N. b r a s i l i e n s i s , A s c a r id ia  g a l l i . T. 

s p i r a l i s  and D. v iv ip a r u s , th e  e f f e c t  o f  a n a t u r a l l y  a c q u ire d  r e s i s t a n c e  can 

be p a s s iv e ly  t r a n s f e r r e d  by serum ( S a r i es  emd T a l i a f e r r o ,  1936; Sadun, 1949; 

C u lb e r tso n , 1942; J a r r e t t  e t  a l , 1955).

F u r th e r  evidence o f  th e  e f f e c t  o f  humoral an tib o d y  i s  p rov ided  by th e  

work o f Crandal and Arean (1964 ) who p laced  2nd s ta g e  A. lu m b rico id es la rv a e  

in  M illip o re  d if fu s io n  chambers in  th e  p e r i to n e a l  c a v ity  o f m ice. C essa tion  

o f  growth o f  th e  p a r a s i t e  was dem onstra ted  when th e  chambers were p laced  in  

immune mice w ith  subsequent resum ption  o f  growth vdien th e  p a r a s i t e s  were 

re tu rn e d  to  norm al m ice. S ince th e  chambers excluded c e l l s  b u t n o t  serum 

p ro te in s  th e  observed e f f e c t  was a t t r ib u t e d  to  conv en tiona l a n tib o d ie s .

D e sp ite  th e  ev id en ce  o f  th e  e f f i c a c y  o f  a n t ib o d ie s  in  h e lm in th  im m unity.
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re so u rc e  to  th e  co n v en tio n a l s e ro lo g ic a l  tech n iq u es (such  a s  complement 

f ix a t io n ,  p r e c ip i t a t i o n ,  a g g lu t in a t io n  and h a e m a g lu tin a tio n ) ,  w h ile  o f te n  

p rov ing  o f d ia g n o s tic  i n t e r e s t ,  has f a i l e d  to  p rov ide  a method f o r  t i t r a t i n g  

p ro te c t iv e  c a p a c ity  (S te w a rt, 1 9 5 0 a ,b ,c ; S tew art, 1951; S oulsby , 1956, 1957b, 

I 96O; M ichel and C ornw all, 1959; T a f f s ,  1964a ,b ) .

I t  has a ls o  proved ex trem ely  d i f f i c u l t  to  dem onstra te  euiy d e le te r io u s  

e f f e c t  o f  immune serum on h e lm in th s in cu b a ted  in  v i t r o . Schwabe (1957) found 

th a t  th e  oxygen consum ption r a t e  o f  th e  f r e e  l iv in g  b u t n o t  th e  p a r a s i t i c  5rd 

s ta g e  la rv a e  o f  N. b r a s i l i e n s i s  was reduced  d u rin g  in c u b a tio n  in  immune serum. 

The fo rm ation  o f  p r e c ip i t a t e s  on v a rio u s  p a r a s i t e s  in cu b a ted  in  immune serum 

has a lre a d y  been m entioned. A ttem pts to  dem onstra te  th e  f ix in g  o f  an tib o d y  

onto th e  c u t i c l e  o f  A sc a r is  la rv a e  p re v io u s ly  exposed to  immune serum le d  

Soulsby ( 1965a )  to  develop two c e l l  adhesion  t e s t s .  One in v o lv ed  w hite  c e l l s  

(more s p e c i f i c a l ly  e o s in o p h ils  and m onocytes) id iich  were found to  adhere  to  

la rv a e  exposed to  immune though n o t norm al serum. The second re a c t io n  r e 

q u ir in g  complement invo lved  human red  c e l l s  which were l ik e w ise  found to  

adhere  to  la rv a e  exposed to  immune serum.

The f a i l u r e  o f  immune serum to  reduce  in  v i t r o  s u rv iv a l  tim e may be 

due to  th e  f a c t  t h a t  p a r a s i t e s  cannot be k e p t a l iv e  f o r  any pro longed  p e rio d  

in  v i t r o  in  any medium, and developm ent o f  methods f o r  ax en ic  c u l tu r e  may in  

f u tu re  g r e a t ly  in f lu e n c e  such t e s t s .  I t  may a ls o  be t h a t  f a c to r s  o th e r  than  

th o se  p re s e n t  in  h o s t  immune serum a re  re q u ire d  to  cause d e a th  o f  th e  p a r a s i t e .
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Complex c e l lu l a r  r e a c t io n s ,  which appear to  be d ire c te d  a g a in s t  th e  

in v ad in g  p a r a s i t e s ,  a re  f re q u e n tly  observed  in  th e  t i s s u e s  o f  in fe c te d  

an im als . The f i r s t  d e ta i le d  d e s c r ip t io n  o f  such a r e a c t io n  in  N. b r a s i l i e n s i s  

in fe c te d  r a t s  was by T a l ia f e r r o  and S a r le s  (1959). These a u th o rs  reached  th e  

conclu sion  th a t  th e  c e l l u l a r  f o c i  which th ey  observed were formed a f t e r  th e  

p a r a s i t e s  had a lre a d y  been im m obilized by an tibody  and th a t  t h e i r  prim e 

fu n c tio n s  were to  w a ll o f f  and to  phagocytose th e  p a r a s i t e .  A c e l lu l a r  

response  to  D. v iv ip a ru s  has been d e sc rib e d  in  d e ta i l  by J a r r e t t  and Sharp 

(1965 ) .  They d e sc r ib e d , in  response  to  th e  p resence  o f  dy ing  worms, th e  

development o f  a p e r ib ro n c h ia l  focus o f  an tib o d y  producing  c e l l s  (h aem acy to b la s ts , 

immature and m ature plasma c e l l s )  in  th e  lungs o f  ca lv es  w ith in  5 days o f r e 

in f e c t io n .  The accum ulation  o f  s im ila r  c e l l s  p robab ly  p roducing  an tib o d y  and 

s i tu a te d  in  th e  s u p e r f ic ia l  i n t e s t i n a l  mucosa, to g e th e r  w ith  th e  fo rm ation  o f 

ly m p h o re tic u la r  f o l l i c l e s  w ith  a c t iv e  germ c e n tre s  in  th e  low er p a r t  o f  th e  

mucosa and submucosa has been d e sc rib e d  in  0 . o s t e r ta g i  in f e c t io n s  in  c a lv es  

(Armour, I 967) .  F u r th e r  ev idence o f  lo c a l  an tibody  p ro d u c tio n  i s  p rov ided  

by C ran d all e t  a l  ( 1967 ) in  experim ents u s in g  f lu o re s c e n t  a n tib o d y  tec h n iq u e s .

A r e l a t i v e  in c re a s e  in  c o n ta in in g  c e l l s  i s  d e sc rib e d  in  th e  i n t e s t i n a l  

mucosa a f t e r  in f e c t io n  o f  r a b b i t s  w ith  T. s p i r a l i s  fo llow ed by an ap p aren t 

in c re a s e  in  c e l l s  w ith  IgG l a t e  in  in f e c t io n  and a f t e r  h y p e r in fe o tio n . I t  

i s  n o t y e t  c e r ta in  w hether th e se  an tib o d y  producing  s i t e s  p la y  any p a r t  in  

r e s i s ta n c e ,  o r  w hether th ey  a re  m erely concerned in  th e  p ro d u c tio n  o f  a n t i 

bod ies a g a in s t  he lm in th  som atic  a n tig e n s  which may have no p r o te c t iv e  fu n c tio n .
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E osinoph il leu c o cy te s  a re  a ls o  f re q u e n tly  observed a t  th e  s i t e  o f  p a r a s i t i c  

in f e c t io n ;  th e  fu n c tio n  o f  th e se  c e l l s  rem ains obscure a lth o u g h  se v e ra l 

i n te r e s t i n g  hypotheses have been advanced (A rcher, I960; S p e irs , 1958).

The fu n c tio n  o f two o th e r  c e l l  ty p es f re q u e n tly  found in  p a r a s i t i c  in fe c t io n  

i s  a ls o  unknown. These a re  th e  mast c e l l  and th e  g lo b u le  le u c o c y te . I t  

has been suggested  (Dobson, 1966a,b ; V/hur and G rac ie , 196?) th a t  th e  g lo b u le  

leu c o cy te  o r ig in a te s  from immunoglobulin producing  c e l l s  and th a t  i t s  fu n c tio n  

i s  to  c a rry  an tib o d y  in to  th e  i n t e s t i n a l  lumen. T his h y p o th es is  has been 

r e fu te d  ( J a r r e t t  e t  a l . 1967a ;  J a r r e t t  e t  a l , 1967b; Murray e t  a l , 1968 ) .

The l a t t e r  a u th o rs  have dem onstra ted  t h a t  th e  g lo b u le  leu c o cy te  i s  d e riv ed  

from th e  m ast c e l l ,  and p o s tu la te  a r o le  in  a lo c a l  a n a p h y la c tic  response  

f o r  bo th  th e  c e l l  ty p e s .

The t r a n s f e r  o f immunity u s in g  lymphoid c e l l s  has le d  some w orkers to  

imply th a t  de layed  h y p e r s e n s i t iv i ty  may p lay  a s ig n i f ic a n t  r o le  in  he lm in th  

in f e c t io n s .  I t  has been suggested  on t h i s  b a s i s ,  f o r  in s ta n c e ,  t h a t  

immunity to  T. s p i r a l i s  in  mice (L arsh  e t  a l . I 964) and T. c o lu b rifo rm is  in  

th e  guinea p ig  (Vagland and D ineen, I 965 ) i s  m ediated by a de layed  hyper

s e n s i t i v i t y  r e a c t io n .  However, i t  i s  p o s s ib le  th a t  th e  observed p ro te c tio n  

was due to  an tib o d y  p ro d u c tio n  by th e  t r a n s fe r r e d  c e l l s .  The l a t t e r  a u th o rs  

re p o rte d  f a i l u r e  to  t r a n s f e r  p ro te c tio n  a g a in s t  T. c o lu b rifo rm is  w ith  serum, 

b u t i t  was su b seq u en tly  shown by Connan ( 1965 ) u s in g  la r g e r  q u a n t i t ie s  o f 

serum th a t  t h i s  was p o s s ib le .
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In  g a s t r o in te s t in a l  p a r a s i t i c  in f e c t io n s  th e re  i s  th e  p a r t i c u l a r  

problem  o f th e  means o f access  o f  an tib o d y  in to  th e  g u t lumen. I t  has 

been suggested  (P ie rc e , 1959) th a t  th e  means o f access  o f humoral an tibody  

m ig^t be a ffo rd e d  by lo c a l  a l t e r a t io n s  in  t i s s u e  p e rm e a b ility ;  such 

a l t e r a t io n s  m ig^t p o s s ib ly  be induced by a lo c a l  a n a p h y la c tic  re a c t io n  

(M ulligan e t  a l , I 965 ) .  The occu rrence  o f  a lo c a l  an tib o d y  producing  c e l l  

response  fo llo w in g  in f e c t io n  has a lre a d y  been m entioned, and i t  i s  p o s s ib le  

th a t  lo c a l ly  produced a n tib o d y  p la y s  an im portan t r o le  in  g u t h e lm in th ia s is . 

The dem onstra tion  o f  h e lminth  s p e c i f ic  a n tib o d ie s  in  i n t e s t i n a l  mucous 

exudates in  h i ^ e r  t i t r e  them p re s e n t in  serum (Dobson, 1966c) and in  

i n t e s t i n a l  mucosal e x tr a c ts  (C ran d a ll e t  a l , 196?) o f  in fe c te d  an im als i s  o f 

p a r t i c u l a r  i n t e r e s t  in  t h i s  c o n te x t.
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THE LIFE CYCLE OF N. BRASILIENSIS IN A PRIMARY INFECTION

and ar e  e l imina ted  from 

the  ho st  (12-25 days  

af te r  Infect ion).

Eggs  In f a e c e s

of infected ho s t

wh ich  m a tu re  and b e c o m e  

fer t ile  ( 6  days  af ter infection)

mig ra t e  to small  In te s t ine  

(4 5 - 6 6  hour s  a f t e r  infect ion)  

and m ou l t  to b e c o m e  young adul ts ,

ha tch  and undergo two moults 

to b e c o m e  infective third 

s t a g e  la rvae  (L3 )

(op t imum  4 - 5  days ) ,

which pene t ra t e  the  skin 

of a new host

and migrate to t h e  lungs
( 1 1 - 2 0  hours af ter  Infection^ 

where a moult to the fourth 

s tage  occ u rs  (L^).
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The nem atode N ip p o s tro n g y lu s  b r a s i l i e n s i s  i s  a n a tu r a l  p a r a s i t e  o f  w ild  

r a t s  from  w hich i t  h as  been i s o l a t e d  in  many p a r t s  o f  th e  w o rld . I t  was 

f i r s t  d e s c r ib e d  in  1922 by Yokogawa who c a l le d  i t  Heligmosonrum m uris  Yokogawa 

b u t i t s  name h as  s in c e  been changed tw ic e , to  N ip p o s tro n g y lu s  m uris  and 

f i n a l l y  to  N ip p o s tro n g y lu s  b r a s i l i e n s i s . A p i c t o r i a l  summary o f  th e  l i f e  

c y c le  i s  shown o p p o s ite  and a rev iew  o f  th e  l i t e r a t u r e  r e l a t i n g  to  t h i s  w i l l  

be d e a l t  w ith  u n d e r fo u r  s e c t io n s  e n t i t l e d  's k in  s ta g e * , * lung s ta g e * , 

• i n t e s t i n a l  s ta g e  * and *te rm in a tio n  o f  in f e c t io n * .

Skin s ta g e

Yokogawa (1922) dem onstrated  th a t  th e  n a tu ra l  mode o f  in f e c t io n  was by 

sk in  p e n e tra t io n . The minimum tim e f o r  p e n e tra tio n  o f la rv a e  a f t e r  c o n ta c t 

i s  f iv e  m inutes (G harib , 1955) b u t Twohy (195^) no ted  th a t  a f t e r  one hour 

approx im ate ly  on ly  50?̂  o f  la rv a e  had p e n e tra te d  and th a t  maximal p e n e tra tio n  

occu rred  in  r a t s  exposed f o r  fo u r  h o u rs .

A ccording to  T a l ia f e r r o  and S a r le s  (1959) la rv a e  beg in  to  feed  soon 

a f t e r  p e n e tra t io n  o f th e  sk in  showing em in c re a s e  in  d iam ete r and enlargem ent 

o f in te r n a l  o rg an s . Twohy ( l9 5 5 a ,b , 195^) however re p o r te d  t h a t  th e  la rv a e  

f i r s t  underwent a la g  phase in  growth as  evidenced by a d e c rea se  in  t o t a l  

le n g th , in c re a s in g  in  s iz e  on ly  tow ards th e  end o f th e  sk in  so jo u rn . The 

la g  phase was t h o u ^ t  by Twohy to  be an in h e re n t c h a r a c t e r i s t i c  o f l a r v a l  

development s in c e  i t  o ccu rred  even i f  la rv a e  were shunted s t r a ig h t  to  th e  

lungs by in je c t io n  in to  th e  fem oral v e in .
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Yokogawa (1922) s ta te d  t h a t  a f t e r  p e n e tra t io n  o f  th e  h o s t 's  sk in  th e  

la rv a e  t r a v e l le d  v ia  th e  b lood stream  to  th e  lu n g s , and t h i s  view was 

supported  on th e  b a s is  o f  h i s to lo g ic a l  ev idence by T a l ia f e r r o  and S a r le s  

( 1959 ) .  On th e  o th e r  hand, G harib ( 196I )  f a i l e d  to  re c o v e r la rv a e  from 

th e  b lood b u t d id  so from most o f th e  body lymph nodes and so concluded 

th a t  th e  m ig ra tio n  ro u te  i s  v ia  th e  lym phatic  system . The m ig ra tio n  from 

sk in  to  lungs s t a r t s  11-12 hours and i s  com plete 19-20 hou rs p o s t  in f e c t io n  

(Yokogawa, 1922; Twohy, 1956).

Lung s ta g e

The la rv a e  rem ain in  th e  lungs f o r  approx im ate ly  55-50 hours (Yokogawa, 

1922 ) ,  undergoing  a t  f i r s t  a p e rio d  o f  lo g a rith m ic  growth (Twohy, 1955a» 

1956 ) .  The p ro ce ss  o f  th e  t h i r d  m oult b eg in s a t  about )2 hou rs a f t e r  

a r r i v a l  in  th e  lungs and su b seq u en tly  no f u r th e r  growth o c c u rs . W hether 

th e  occu rrence  o f  a lu n g  s p e c i f ic  phase i s  e s s e n t ia l  to  th e  developm ent o f 

th e  p a r a s i t e  has n o t been d e f i n i t e l y  e s ta b l is h e d .  Schwartz and A lic a ta  

( 1954) n o tic e d  th a t  a f t e r  o r a l  a d m in is tra t io n  o f  la rv a e  most were k i l l e d  

in  th e  i n te s t i n e  w ith  very  few rea ch in g  th e  lu n g s. They assumed th e re fo re  

th a t  a lung  s ta g e  i s  e s s e n t ia l .  But Twohy (l955b) claim ed th a t  la rv a e  

in je c te d  in to  th e  p o r ta l  v e in  and c a r r ie d  to  th e  l i v e r  develop  norm ally  

and reach  m a tu r ity  i f  fed  to  c lean  r a t s .  Twohy concludes t h a t  th e  lungs 

cannot be co n sid ered  th e  on ly  t i s s u e s  t h a t  p rov ide  th e  p h y s io lo g ic a l  r e 

quirem ent f o r  th e  e a r ly  growth o f  th e  p a r a s i t e .
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W einstein  and Jones (1956) s ta te d  t h a t  th e  c h ie f  food o f  th e  la rv a e  in  

th e  lungs was whole b lood .

M igra tion  from th e  lungs to  th e  i n te s t i n e  v ia  tra c h e a , oesophagus and 

stomach occurs on com pletion o r tow ards th e  end o f th e  t h i r d  m oult from 45 

hours to  60 hours a f t e r  in fe c t io n  (Yokogawa, 1922; Twohy, 1956; Hayley, 

1958).

The i n t e s t i n a l  s ta g e

The f i n a l  m oult occurs in  th e  i n t e s t i n e  between 90 and 125 hours a f t e r  

in fe c t io n  (Yokogawa, 1922) emd by 157 hours n e a r ly  a l l  fem ale worms co n ta in  

sperm and f e r t i l e  eggs (W einstein  and Jo n es, 1959). The f i r s t  appearance 

o f eggs in  th e  fa e c e s  has been most f re q u e n tly  re p o rte d  to  occur on day 6 

a f t e r  in f e c t io n .

The a d u lt  worms l i v e  in  th e  duodenum and jejunum where th ey  a re  found 

c o ile d  among th e  v i l l i .  Bram bell (1965) in  h is  s tu d ie s  on th e  d i s t r ib u t io n  

o f a p rim ary  in f e c t io n  in  th e  sm all i n t e s t i n e  no ted  th a t  a f t e r  day 12 la rg e  

numbers o f worms moved from a reg io n  low er down in  th e  duodenum where they  

had been u n t i l  t h a t  tim e , up to  th e  p y lo r ic  a re a . At th e  same tim e worms 

could  be found in  th e  jejunum  and ileum  en ro u te  to  th e  e x te r io r .

The p re c is e  mode o f fe e d in g  o f th e  p a r a s i te  rem ains obscu re ; acco rd in g  

to  P o r te r  (1935) and T a l ia f e r r o  and S a r le s  (1939) on th e  b a s is  o f  h i s to lo g ic a l  

ev idence , th e  p a r a s i t e s  feed  on t i s s u e  c e l l s  and b lood . Rogers and Lazarus
T O

( 1949) a f t e r  s tu d ie s  w ith  P concluded th a t  th e  p a r a s i t e  fed  on h o s t  t i s s u e s ,
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b u t th e  p resen ce  o f  h o s t  i n t e s t i n a l  f l a g e l l a t e s  in  th e  g u t o f  th e  p a r a s i t e  

has been regarded  a s  ev idence by W einste in  and Jones (1956) t h a t  in g e s tio n  

o f  i n t e s t i n a l  c o n te n ts  a ls o  o c c u rs .

T erm ination  o f th e  in f e c t io n

The egg count o f  in fe c te d  r a t s  becomes p o s i t iv e  abou t day 6 and r i s e s  

r a p id ly  to  th e  8 th -1 0 th  day a f t e r  in f e c t io n ,  rem ains s t a t i c  f o r  a few days 

and then  ra p id ly  f a l l s  to  low o r  zero  le v e l  13-20 days a f t e r  in f e c t io n  

(A fr ic a , 1931; Schw artz and A l ic a ta ,  1934» Graham, 1934). S h o rtly  a f t e r

th e  d e c lin e  in  egg count th e  h o s t  lo s e s  th e  m a jo r ity  o f  i t s  worms. T h is 

phenomenon o f  worm lo s s  in  N. b r a s i l i e n s i s  in f e c t io n  has been re p o r te d  by 

numerous a u th o rs  (A fr ic a , 1931» C handler, 1932; Graham, 1934; P o r te r ,

1935; H urley , 1959; H ayley, 1961; M ulligan e t  a l , 1965)» and forms th e  

s u b je c t  m a tte r  o f  th e  f i r s t  s e c tio n  o f  t h i s  t h e s i s .  A more d e ta i le d  review  

o f  th e  l i t e r a t u r e  r e l a t i n g  to  t h i s  to p ic  w i l l  be p re se n te d  in  th e  in tro d u c tio n  

to  S ec tio n s  1 and 2.



MATERIALS AND METHODS
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1 . E x p e rim en ta l an im a ls

a )  S t r a in  Eind so u rce

A ll  r a t s  u sed  were o f  th e  hooded L i s t e r  v a r i e t y .  The m a jo r i ty  o f  

th e s e  w ere o b ta in e d  r e g u la r ly  from  Animal S u p p lie rs  L td . ,  London. A sm all 

b re e d in g  u n i t  o f  in b re d  r a t s  ( o r i g i n a l l y  o b ta in e d  from M .F.A. W oodruff, 

E d in b u r g )  was a l s o  m a in ta in e d  to  p ro v id e  a su p p ly  o f  pre-w eem ing l i t t e r s .

b )  Age, w eig h t and sex

A nim als o f  two age  g roups w ere commonly o b ta in e d  from  Anim al S u p p lie rs .  

F o r ex p erim en ts  on a d u l t  r a t s ,  an im a ls  o f  ap p ro x im a te ly  8 weeks o f  a g e , 

w eigh ing  betw een 130-200 g . were u se d . F or ex p erim en ts  on young r a t s ,  

an im a ls  w ere s e n t  im m ed ia te ly  p o s t  w eaning , were 19-22 days o ld  on a r r i v a l  

and w eighed on av e ra g e  S 36 g . and 9 40 g . In  any ex p erim en t on young 

a n im a ls , r a t s  from  one so u rc e  o n ly  w ere alw ays u se d , b u t a t  no tim e  have 

any  s ig n if ic a m t  d i f f e r e n c e s  in  r e a c t io n  to  th e  p a r a s i t e  N. b r a s i l i e n s i s  

been n o t ic e d  betw een r a t s  from th e  two s o u rc e s . F o r th e  p u rp o se s  o f  

com parison on t h i s  p o in t  in  v e ry  young r a t s ,  o c c a s io n a l g roups o f  p re g n a n t 

fem ales  w ere o b ta in e d  from  th e  com m ercial s o u rc e .

Both m ale eind fem ale  r a t s  were u sed  in  a l l  e x p e rim en ts .

c )  M aintenance

The r a t s  w ere k e p t in  w ire  cages w ith  mesh f lo o r s  suspended  above 

s a w d u s t-c o n ta in in g t r a y s .  I n f e c te d  fa e c e s  were th u s  removed from  c o n ta c t
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w ith  r a t s .  Cages o f in fe c te d  an im als were washed a t  such in te r v a l s  a s  to  

p rec lu d e  th e  r e in f e c t io n  o f  th e  emimals w ith  la rv a e  developed from t h e i r  own 

fa e c e s . A cc id en ta l in f e c t io n  in  th e  anim al house d id  n o t occur on any 

o ccasio n . Animal house tem pera tu re  was m ain tained  a t  app rox im ate ly  2)^C. 

The r a t s  were fed  on a p e l le te d  d i e t  (D ie t 4I  su p p lied  by S h ea re rs  L td . , 

Glasgow), t h i s  suid w ater be in g  a v a i la b le  ad l ib i tu m .

2. P a r a s i te

a )  S tra in

The s t r a in  o f  N. b r a s i l i e n s i s  used ( o r ig in a l ly  o b ta in ed  from Dr. C. 

Hopkins, D ept, o f  Zoology, Glasgow U n iv e rs ity )  has been m ain ta ined  fo r  

se v e ra l y e a rs  in  t h i s  la b o ra to ry  by rep e a te d  su b in o c u la tio n  in  hooded 

L is te r  and o c c a s io n a lly  a lb in o  V is ta r  r a t s .

b ) C u ltu re

The c u ltu re  o f  N. b r a s i l i e n s i s  la rv a e  was a f t e r  th e  m odified  method 

o f  B akara t (1951) adap ted  by Jenn ings e t  a l  ( 196 ) ) .  Faeces were c o lle c te d  

from r a t s  w ith  a 7-10 day o ld  in fe c t io n  by p la c in g  paper ben ea th  th e  cages. 

The fa e c a l  p e l l e t s  were mixed to  a p a s te  w ith  a l i t t l e  w ater in  a m ortar 

and a p o r tio n  o f  th e  p a s te  was sp read  onto th e  c e n tre  o f  c i r c l e s  o f  Whatman's 

No. 1 f i l t e r  p ap e r, d iam ete r 7 cm., th e  o u te r  edges o f  th e  f i l t e r  papers 

be in g  k ep t c le a r  o f  fa e c e s . The f i l t e r  papers were then  m oistened and
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p laced  on c i r c le s  o f  p l a s t i c  foam o f l e s s e r  d iam ete r, s a tu ra te d  w ith  w a te r. 

These were p laced  in  d isp o sa b le  p l a s t i c  p e t r i  d ish e s  (Oxoid L td .) which 

were stacked  w ith  l i d s  on, in  a humid in c u b a to r  a t  27°C.

A f te r  4-5 days la rv a e  had m igra ted  outwards and could be seen c o l le c t in g  

in  a f r in g e  around th e  edges o f  th e  f i l t e r  p ap er. The la rv a e  were h a rv e s te d  

between 3 and 10 days a f t e r  s e t t i n g  up th e  c u l tu re .  T his was done by f lo o d in g  

th e  p e t r i  d ish  w ith  w ater a t  37^0 and w a itin g  f o r  approx im ate ly  1 m inute w hile  

th e  la rv a e ,  th u s  s tim u la te d , swam away from th e  f i l t e r  paper le a v in g  a f r in g e

o f  empty sh ea th s  s t i l l  a tta c h e d . The f i l t e r  paper and p l a s t i c  foam were then

l i f t e d  o u t and d isc a rd e d . The w ater c o n ta in in g  th e  la rv a e  was f i l t e r e d  under 

su c tio n  in  a la rg e  Buchner funnel through s tro n g  f i l t e r  paper (Greens Hydro 

904 , 18 .3  cms. d ia m e te r) . T his paper was then  p laced  in v e r te d  on an E ndecott

s ie v e  (mesh 4OO) in  a Baerman ap p ara tu s  f i l l e d  w ith  w ater a t  37°C. The

la rv a e  swam down through th e  s ie v e  and c o lle c te d  a t  th e  bottom  o f  th e  funnel

from which they  were subsequen tly  run o f f .  Larvae p repared  and c o lle c te d  in  

t h i s  fa sh io n  were th u s se p a ra ted  from any fa e c a l  r e s id u e .

3 . In fe c tio n  o f  r a t s

Counting o f  la rv a e  was c a r r ie d  o u t a s  fo llo w s. A 1 m l. scunple o f th e  

l a r v a l  suspension  was d i lu te d  w ith  w ater to  10 o r  100 m l. depending on con

c e n tra t io n ;  th e  la rv a e  p re s e n t in  0 .023  ml. a l iq u o ts  o f  t h i s  were counted 

under a d is s e c t in g  m icroscope u n t i l  a t o t a l  o f a t  l e a s t  4OO la rv a e  had been
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reached . The number o f  la rv a e  p re s e n t in  th e  o r ig in a l  suspension  was then  

c a lc u la te d , and t h i s  was d i lu te d  so t h a t  th e  req u ire d  number o f  la rv a e  fo r  

in f e c t io n  purposes was con ta ined  in  1 ml. o r  0 .1  ml. o f  th e  su spension .

The above coun ting  p rocedure  was then  rep ea ted  b u t u s u a l ly  w ithou t 

d i lu t io n  o f  th e  sam ple. Again a t o t a l  o f  400 la rv a e  was counted in  o rd e r 

to  have a dosing  e r r o r  o f  l e s s  than  10^. F in a l ad ju stm en ts  in  d i lu t io n  

were then  made i f  n e c e ssa ry .

The r a t s  were in fe c te d  by subcutaneous in o c u la tio n  o f  th e  la rv a e  in  

th e  g ro in  re g io n . Where baby r a t s  were in v o lv ed , th e  dose was con ta ined  

in  0 .1  ml. o f w ater in  which case  a d u lt  c o n tro l groups were a ls o  in je c te d  

w ith  th e  same volume. In  a l l  o th e r  experim ents th e  dose was made up in

1 .0  ml. o f  f l u id .  A l th o u ^  th e  n a tu r a l  mode o f in f e c t io n  o f  th e  p a r a s i te  

i s  by sk in  p e n e tra t io n , t h i s  method o f  subcutaneous in je c t io n  was p re fe r re d  

because o f  g r e a te r  accuracy  o f dosin g , h ig h e r p ercen tage  reco v ery  o f la rv a e  

(Twohy, 1956) and g en e ra l p r a c t i c a b i l i t y .

4 . F aeca l Egg Counts

A 3 g . sample o f  fae ce s  from in fe c te d  r a t s  was homogenized in  42 ml. 

w ater to  g ive  a t o t a l  volume o f 45 ml. T his was passed  th rough  a s ie v e  

(mesh 30) and 13 m l. o f  th e  f i l t r a t e  c e n tr ifu g e d  a t  2000 rpm f o r  2 m inutes, 

The su p e rn a ta n t was d isc a rd e d  w hile  th e  p e l l e t  c o n ta in in g  th e  eggs was r e 

suspended in  13 m l. o f  s a tu ra te d  sodium c h lo r id e  s o lu tio n  in  %diich th e
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eggs f l o a t .  W ith con tinuous a g i ta t io n  o f t h i s  su sp en sio n , sm all samples 

were withdrawn w ith  a p a s te u r  p ip e t te  and tira n sfe rre d  in to  th e  two coun ting  

chambers o f a McMaster s l i d e .  Both chambers, each re p re s e n tin g  0 .13  m l., 

were examined under th e  m icroscope f o r  p a r a s i te  eggs which f l o a t  to  th e  

su r fa c e . The mean v a lu e  from bo th  chambers when m u lt ip lie d  by 100 gave 

th e  number o f  eggs p re s e n t  in  13 m l. o f  homogenate and th u s  1 gram o f 

fa e c e s .

3- Recovery o f  worms from in fe c te d  r a t s

a )  From th e  lungs

I t  had been e s ta b l is h e d  in  th e  p ro cess  o f  making l a r v a l  a n tig e n s  

th a t  la rv a e  were ex trem ely  d i f f i c u l t  to  b reak  up by hom ogenization , many 

rem ain ing  i n t a c t  even a f t e r  s e v e ra l  m inutes a t  h ig ^  speed w ith  th e  

S ilv e rso n  hom ogenizer. T h is f a c t  was made use  o f in  th e  p re p a ra tio n  o f 

in fe c te d  lungs f o r  l a r v a l  co u n ts . The whole lung  o f each in fe c te d  r a t  

was f in e ly  chopped w ith  s c is s o r s  in  a u n iv e rs a l  b o t t l e .  The volume was 

made up to  23 ml. w ith  w a ter and th e  m ix ture  homogenized in  a 100 m l. 

beaker f o r  10-13 seconds w ith  th e  S ilv e rso n  run a t  minimum speed . T his 

p ro cess  broke th e  lung  t i s s u e s  in to  s in g le  o r  sm all clumps o f  c e l l s  b u t 

d id  n o t damage la rv a e .  A few drops o f  io d in e  were added to  th e  homo

g en a te , t h i s  s ta in in g  th e  la rv a e  deep brown a f t e r  app rox im ate ly  3 m in u tes , 

One ml. sam ples o f th e  homogenate were t r a n s fe r r e d  to  p e t r i  d ish e s  and
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th e  la rv a e  counted , each sample b e in g  c le a re d  w ith  a few drops o f sodium 

th io  su lpha te  s o lu t io n  in  w a te r. A minimum o f 3 sanqples was counted and 

th e  approxim ate number co n ta ined  in  th e  t o t a l  lung  homogenate c a lc u la te d .

b) From th e  i n t e s t i n e

R ats were k i l l e d  by a blow on th e  head , o r  by T r ile n e  a n a e s th e s ia  

fo llow ed  by a blow on th e  head . The e n t i r e  sm all i n t e s t i n e  was im m ediately 

removed and opened lo n g itu d in a l ly  w ith  b lu n t s c i s s o r s .  The opened 

i n te s t i n e  was p laced  in  a gauze bag which was then  suspended w ith  a g la s s  

rod in  a 230 ml. beaker f i l l e d  w ith  warm s a l in e .  T h is was in cu b a ted  a t  

37°C f o r  approx im ate ly  1 hour d u rin g  which tim e v i r t u a l l y  a l l  th e  worms had 

m igra ted  through th e  gauze Euid c o lle c te d  a t  th e  bottom  o f  th e  b eak e r.

A f te r  d é c a n ta tio n  o f  th e  f l u id ,  th e se  worms were then  counted in  p e t r i  

d ish e s  under a d is s e c t in g  m icroscope. Less than 600 worms were counted 

in  to to  b u t i f  la rg e  numbers o f  worms were p re s e n t th e se  were made up to  

30 o r  100 ml. w ith  w ater and s e v e ra l 3 m l. a l iq u o ts  were coun ted . The 

t o t a l  number o f  worms f o r  each r a t  was then  c a lc u la te d . Where a q u a n ti ty  

o f  a d u lt  worms was b e in g  c o lle c te d  m erely f o r  some o th e r  experim en t, th e  

g u ts , a f t e r  be in g  opened lo n g i tu d in a l ly ,  were p u t in  an E ndeco tt s ie v e  

(mesh 30) which was p laced  on a Baerman a p p ara tu s  f i l l e d  w ith  s a l in e  a t  

37^0. T his was k ep t warm by means o f  lam ps. W ithin 30 m inutes th e  

m a jo rity  o f a d u lt  worms f r e e  from i n t e s t i n a l  d e b ris  were re c o v e ra b le  a t  

th e  bottom  o f th e  f i l t e r  fu n n e l. These were run o f f  and counted by a 

d i lu t io n  tech n iq u e  a s  d e sc rib e d  above.
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6 . T ra n sp la n ta tio n  o f a d u lt  worm p o p u la tio n s

The method was a s  d e sc rib e d  by N eilson  ( 1965) .  A dult N. b r a s i l i e n s i s  

were i s o la te d  in  th e  manner j u s t  d e sc rib e d  from donor r a t s ,  in fe c te d  w ith  

la rv a e  te n  days p re v io u s ly  and th e  c o n c e n tra tio n  o f th e  worm suspension  was 

a d ju s te d  w ith  warm s a l in e ,  u n t i l  3-5  ml. con ta ined  th e  number o f worms to  

be t r a n s fe r r e d  to  a s in g le  r a t .

While th e  suspension  was k ep t c o n s ta n t ly  mixed to  ensu re  even d i s 

t r ib u t io n  o f worms, th e  a p p ro p r ia te  volume was withdrawn w ith  a broad 

mouthed p ip e t te  and d e liv e re d  in to  a tap e red  13 ml. c e n tr ifu g e  tu b e .

These tu b es  were k ep t in  a 37^C w a ter b a th  u n t i l  th e  worms were to  be 

t r a n s fe r r e d  and th roughou t th e se  o p e ra tio n s  c a re  was taken  to  expose th e  

worms to  a minimum o f mechemical damage. J u s t  b e fo re  t r a n s f e r  to  th e  

r e c ip ie n t  r a t ,  th e  worm sample in  1-2  ml. o f  th e  suspending  f l u id  was 

c a u tio u s ly  withdrawn by su c tio n  in to  a le n g th  o f po ly thene  c a th e te r  tu b in g  

(2  mm. d iam ete r) f ix e d  to  a 3 ml. sy r in g e . A number 1 n e ed le  (BSWG) was

then p laced  on th e  f r e e  end o f th e  tu b in g . The worms tended  to  swim ou t

a long  th e  c a th e te r  tu b in g  form ing a suspension  f r e e  from clumps which was 

e a s i ly  in je c ta b le .

The r e c ip ie n t  r a t  was a n a e s th e tiz e d  w ith  T r ile n e  ( t r ic h lo ro e th y le n e  

B .P ., I . e . I .  P h arm aceu tica ls  D iv is io n , Wilmslow, C hesh ire) and th e  abdomen 

shaved and washed.

A l e f t  param edian in c is io n  o f 1 -1 .3  cm. was made th rough  th e  sk in  and 

m uscu la tu re  app rox im ate ly  1 cm. caudal to  th e  x ip h is tem u m . The py lo ru s



2 5 .

was lo c a te d , u s u a l ly  j u s t  beneath  t h i s  in c is io n  and a sm all le n g th  o f 

duodenum was l i f t e d  th rough  th e  in c is io n .  The worms were then  slow ly 

in je c te d  d i r e c t l y  t h r o u ^  th e  w a lls  in to  th e  lumen o f th e  duodenum w ith  

th e  a p p a ra tu s  d e sc r ib e d . The i n t e s t i n a l  punctu re  wound was reaso n ab ly  

sm all and d id  n o t r e q u ire  s u tu r in g . A drop o r two o f  Terram ycin 

Suspension was dropped in to  th e  wound and th e  in c is io n  was c lo sed  in  two 

la y e r s  w ith  ny lon  s u tu re s .  Care was taken  to  ensure  t h a t  th e  s u rg ic a l  

p rocedure  was m odera te ly  a s c e p t ic .  Very few d ea th s  occu rred  and t r e a te d  

r a t s  u s u a l ly  showed f u l l  reco v ery  w ith in  1-2  days.

7 . P re p a ra tio n  o f  immune se ra

Serum p ro d u c tio n  r a t s  were in fe c te d  w ith  a su ccess io n  o f  in c re a s in g  

doses o f la rv a e  a t  app rox im ate ly  f o r t n i ^ t l y  in te r v a l s .  The f i r s t ,  

second, t h i r d  and fo u r th  doses r e s p e c t iv e ly  were 5 , 0 0 0 , 3 , 0 0 0 , 7 ,0 0 0  and

10,000 la rv a e .  The r a t s  were b led  g e n e ra lly  6 days a f t e r  th e  l a s t  i n 

f e c t io n  by c a rd ia c  p u n c tu re  under T r ile n e  a n a e s th e s ia . Serum was removed 

a f t e r  c lo t t in g  had o ccu rred  and was c e n tr ifu g e d  to  remove any suspended 

red  c e l l s .  T his serum w i l l  be r e f e r r e d  to  a s  hyperimmune serum.

8 . P re p a ra tio n  o f  whole worm a n tig en

A dult worms were o b ta in ed  from r a t s  10 days a f t e r  l a r v a l  in f e c t io n .

The worms were washed w ith  s a l in e ,  and f i n a l ly  suspended in  s a l in e  to  g ive
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1,000 worms p e r  m l. The worms were then  homogenized in  th e  co ld  u s in g  

th e  S ilv e rso n  hom ogenizer a t  h ig h  speed . Samples o f  th e  homogenate were 

withdrawn a t  app rox im ate ly  60 second in te r v a l s  and examined under th e  

m icroscope f o r  d i s in te g r a t io n  o f  th e  worms. When t h i s  was judged to  be 

s u f f i c i e n t  (u s u a l ly  a t  l e a s t  4 m inutes hom ogenization) th e  homogenate was 

c e n tr ifu g e d  a t  5,000  r .p .m . a t  4°C f o r  50 m inutes to  remove th e  p a r t i c u la te  

m a tte r . The su p e rn a ta n t was used w ithou t f u r th e r  p re p a ra tio n  f o r  a v a r ie ty  

o f p rocedures and was s to re d  a t  -70°C o r  -20°C w ithou t a p p a ren t lo s s  o f 

a c t i v i t y  f o r  p e rio d s  o f  s e v e ra l  months.

9. P a ss iv e  cutaneous an ap h y lax is

Sera to  be t e s te d  were s e r i a l l y  d i lu te d  w ith  s a l in e  and 0 .1  ml. o f 

each d i lu t io n  was in je c te d  in tra d e rm a lly  in  a shaved a re a  on th e  back of 

a norm al r a t .  Each r a t  could p ro v id e  6 in je c t io n  s i t e s ,  th r e e  on each 

s id e , p a r a l l e l  to  th e  v e r te b r a l  column. Three days a f t e r  in je c t io n  o f 

serum 0 .3  ml. o f  %diole worm a n tig e n  and 0 .3  m l. o f  1^ Eveuis Blue was 

in je c te d  in tra v e n o u s ly  in to  th e  t a i l  o f  each r a t .  A p o s i t iv e  response  

was in d ic a te d  by a d i s c r e te  b lu e  p a tch  which appeared  10-20  m inutes 

a f t e r  in je c t io n .  The r a t s  were u s u a l ly  k i l l e d  50 m inutes a f t e r  in je c t io n  

and th e  sk in s  p inned onto p o ly s ty re n e  t i l e s  and s to re d . The t i t r e  o f th e  

serum be in g  te s te d  was exp ressed  a s  th e  h ig h e s t  d i lu t io n  which gave a 

p o s i t iv e  re sp o n se . A ll  PGA t e s t s  were c a r r ie d  o u t in  d u p lic a te  on 

d i f f e r e n t  r a t s .



SECTION 1

QUANTITATIVE STUDIES ON THE N. BRASILIENSIS INFECTION IN ADUI/T RATS
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INTRODUCTION

I t  i s  g e n e ra lly  reco g n ised  th a t  in  many experim en tal in f e c t io n s  w ith  

h e lm in th s , on ly  a p ro p o rtio n  o f  th e  dose o f  la rv a e  becomes e s ta b l is h e d  in  

th e  d e f in i t iv e  s i t e ;  t h i s  number p e r s i s t s  f o r  a v a ry in g  p e rio d  and then a 

f u r th e r  phase ensues d u rin g  which th e  burden d im in ish es . A degree o f 

immunity i s  u s u a l ly  acq u ired  to  r e in f e c t io n  and i s  expressed  in  th e  e s ta b l is h 

ment o f a sm a lle r  p ro p o rtio n  o f th e  ch a llen g e  dose. The development o f such 

worms as  do e s ta b l is h  may be a f f e c te d .  They may remain in h ib i te d  a s  la r v a l  

s ta g e s ;  a l t e r n a t iv e ly  th o se  which m ature may be s tu n te d , th e  fem ales 

p roducing  r e l a t i v e ly  sm all numbers o f eggs.

A lth o u ^  th e  tim e s c a le  o f  th e se  phases v a r ie s  in  d i f f e r e n t  h o s t 

p a r a s i t e  system s i t  i s  p o s s ib le  th a t  th e  u n d e rly in g  mechanisms may be common 

to  many.

In  an a ttem p t to  throw l i g ^ t  on th e  mechanisms invo lved  N ippostrongylus 

b r a s i l i e n s i s  in  th e  r a t  was used as  a model system . Many a sp e c ts  o f  t h i s  

system  have a lre a d y  been d e sc rib e d  and i t  i s  w ell e s ta b l is h e d  th a t  prim ary 

in fe c t io n s  a re  te rm in a ted  a b ru p tly  by an imm unological r e a c t io n  c a l le d  th e  

" s e l f - c u r e " , and th a t  sub seq u en tly  r a t s  a re  r e l a t i v e ly  immune to  r e in f e c t io n .  

T h is was f i r s t  no ted  by A fric a  (1931) who re p o rte d  a ra p id  and p ro g re s s iv e  

re d u c tio n  o f eggs in  th e  fae ce s  o f r a t s  in fe c te d  w ith  200 la rv ae ,b e tw een  

th e  I6 th  and 24th  day a f t e r  in f e c t io n .  A lo s s  o f worms a ls o  occu rred  over 

t h i s  p e rio d  w ith  a g r e a te r  lo s s  o f  fem ale worms.
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F ind ings o f t h i s  k in d  were re p e a te d ly  confirm ed by subsequent w orkers 

(Schw artz e t  a l , 1931; C handler, 1932; Graham, 1934; P o r te r ,  1935) b u t a 

g re a t  d e a l o f confusion  a ro se  a s  to  th e  tim in g  o f th e  ev en t.

More re c e n t experim ents have rev e a le d  a number o f  f a c to r s  which may 

in f lu e n c e  th e  course  o f  in f e c t io n  Euid may account f o r  th e  ap p a ren t d i s 

c rep an c ies  o f th e  e a r l i e r  w o rk e rs ' r e s u l t s .  Prom inent among th e se  

m odifying fa c to rs ,w h ic h  have been review ed by Hayley (1962), a re  age o f 

th e  h o s t and s iz e  o f  th e  dose o f in f e c t iv e  la rv a e . More w i l l  be s a id  

about th e  e f f e c t  o f  age in  a subsequent s e c t io n ;  th e  e f f e c t  o f  s iz e  o f 

dose o f  la rv a e  on th e  lo n g e v ity  o f  a d u l t  N. b r a s i l i e n s i s  in  a prim ary  in 

f e c t io n  was e lu c id a te d  by Hayley and P a rk er ( 196I )  who found th a t  th e  lo s s  

from a p o p u la tio n  o f  l e s s  than  100 worms extended over a 30 day p e rio d  

a f t e r  in f e c t io n .  G re a te r  worm burdens were more ra p id ly  e lim in a te d  so 

th a t  on ly  app rox im ate ly  3^  rem ained by th e  20th  day o f in f e c t io n .  T his 

f a c t  was confirm ed by M ulligan e t  a l . I 963 .

The sm a lle s t  number o f  worms which produce a peak in  egg count and 

subsequent d e c lin e  i s  4O-6O (H urley , 1959); in f e c t io n s  o f  10-20 la rv a e  

r e s u l t  in  in f e c t io n s  w ith  low egg count curves w ith  no obvious c r i s i s  and 

no worm expu lsion  up to  day 28, a l t h o u ^  th e  r a t s  a re  su b seq u en tly  as 

immune to  r e in f e c t io n  a s  th o se  g iven  100 la rv a e .

S tu d ie s  on th e  r e a c t io n s  to  ch a llen g e  in fe c t io n s  o f  N. b r a s i l i e n s i s  

have been la r g e ly  p reoccup ied  w ith  th e  e f f e c t s  o f  a cq u ired  r e s i s ta n c e  on 

th e  m ig ra tio n , developm ent and e s tab lish m en t o f th e  ch a llen g e  in f e c t io n .
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Schwartz e t  a l  (1 9 )1 ) and Graham (1934) found th a t  a prom inent f e a tu re  o f 

r e in f e c t io n  was th e  r e te n t io n  o f  up to  30^ o f la rv a e  in  th e  lu n g s . A lthough 

endo rsing  t h i s  f in d in g , S e r ie s  and T a l ia f e r r o  (193^) and T a l ia f e r r o  and S e r ie s  

( 1939) concluded th a t  a f t e r  l i ^ t  r e in f e c t io n s  immunity a c te d  m ainly in  th e  

sm all i n t e s t i n e  to  cause delayed  m a tu ra tio n , s tu n t in g  o f growth and dep ressed  

egg count o f worms. The su c ce ss iv e  involvem ent o f lu n g  and sk in  b a r r i e r s  

was n o tic e d  on ly  a s  th e  numbers o f r e in f e c t io n s  in c re a s e d , w ith  th e  a k i n  

b a r r i e r  becoming e f f e c t iv e  a s  in f e c t io n s  were con tinued  over s e v e ra l months 

w ith  f i n a l  t o t a l  o f  up to  3 0 ,OCX) la rv a e .

In fo rm a tio n , however, re g a rd in g  th e  tim ing  o r  r a t e  o f worm expu lsion  

in  a ch a llen g e  in f e c t io n  i s  v i r t u a l l y  n o n -e x is ta n t  in  th e  l i t e r a t u r e  and 

th e  p u b lish ed  o b se rv a tio n s  o f  s e l f - c u r e  even in  a prim ary  in f e c t io n  have 

n o t been made in  s u f f i c i e n t  d e t a i l  to  ad eq u a te ly  q u a n t i ta te  th e  changes 

in  worm p o p u la tio n  a s s o c ia te d  w ith  th e  v a rio u s  phases .

The aim o f th e  p re s e n t  study  was to  d e fin e  in  q u a n t i ta t iv e  term s th e  

p ro cess  o f worm expu lsion  as  a fu n c tio n  o f tim e and to  determ ine  th e  e f f e c t  

o f p ro g re ss in g  immunity on th e  p ro c e ss . The p o p u la tio n  k in e t i c s  o f  p rim ary , 

secondary and t e r t i a r y  in f e c t io n s  w i l l  be d e sc rib e d .
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The course  o f a f i r s t ,  second and th i r d  in f e c t io n  
u s in g  a c o n s ta n t dose

E xperim ental P lan

The purpose o f t h i s  s e r ie s  o f experim ents was to  d e f in e  f o r  one 

dose r a t e  th e  p aram eters  o f  th e  N. b r a s i l i e n s i s  in f e c t io n .  T h is was

done f o r  two re a so n s . F i r s t ,  to  com pile q u a n t i ta t iv e  d a ta  on th e  

p ro p o rtio n  o f worms su rv iv in g  a t  each s i t e  a t  any g iven  tim e in  r a t s  o f 

d e fin ed  immune s t a tu s .  Such in fo rm a tio n  i s  e s s e n t ia l  to  th e  p lan n in g  

o f  fu tu re  experim en ta l s tu d ie s .  Secondly, i t  was f e l t  t h a t  a study  o f 

th e  k in e t ic s  o f  th e  e lim in a tio n  o f  th e  p a r a s i t e  from th e  i n t e s t i n e  was 

e s s e n t ia l  to  th e  u n d e rs tan d in g  o f  th e  mechanism in v o lv ed .

Worm s u rv iv a l  was s tu d ie d  in  a d u l t  r a t s  in fe c te d  f o r  th e  f i r s t ,  

second and th i r d  tim es w ith  3,000 N. b r a s i l i e n s i s  la rv a e .  The r e 

in fe c t io n s  were g iven  one month a f t e r  th e  p rev ious in f e c t io n .  The design  

o f th e  experim ents i s  shown in  Table 1 . Worms were i s o la t e d  and counted 

from th e  sm all i n t e s t i n e  o f  each in d iv id u a l an im al. The r a t i o  o f male 

to  fem ale worms was determ ined from th e  bulked sample o f  each d a i ly  

au topsy  group. Lung coun ts were c a r r ie d  o u t f o r  th e  f i r s t  fo u r  days 

in  F i r s t  In fe c t io n  A, in  Second In fe c t io n  B and bo th  t h i r d  in f e c t io n s .

On day 4 a f t e r  in f e c t io n ,  ve ry  few la rv a e  could be reco v ered  from th e  

lungs and counts were th e re fo re  d isc o n tin u ed  u n t i l  th e  l a s t  o r  p en u ltim a te  

au topsy  day. An a n a ly s is  o f re g re s s io n  (Snedecor, I 966 ) was c a r r ie d  ou t 

u s in g  th e  lo g a rith m s o f th e  d a i ly  worm co u n ts .



TABLE 1

DETAILS OF EXPERIMENTS COMPEŒSING SECTION 1

Experim ent
T o ta l an im als 

in  group Days o f  au topsy
No. o f r a t s  

a u to p s ie d /  day

F i r s t  in f e c t io n A 60 1 to  10, 20, 30 5

F i r s t  in f e c t io n B 100 9 to  18 10

Second in f e c t io n A 50 4 to  12, 1 4 , 1 7 . 19 4

Second in f e c t io n B 55 1 to  10, 20 5

T h ird  in f e c t io n A 40 1 to  7, 10 5

T h ird  in f e c t io n B 40 1 to  8 5
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B oring th e  p e rio d s  o f  zero  o rd e r  k in e t ic s  ( i . e . ,  when worm expu lsion  

i s  n o t o c c u rrin g )  group means a re  exp ressed  a r i th m e t ic a l ly ,  a s  in d iv id u a l 

worm counts a re  no rm ally  d i s t r ib u te d  about th e  mean; d u rin g  th e  p e rio d  

o f f i r s t  o rd e r  k in e t ic s  ( i . e . ,  when worm expu lsion  i s  o c c u rr in g )  group 

means a re  expressed  g e o m e tr ic a lly  a s  th e  in d iv id u a l  worm coun ts a re  

d i s t r ib u te d  lo g a r i th m ic a l ly .

The in d iv id u a l  worm counts and o th e r  d e ta i l s  r e l a t i n g  to  each ta b le  

w i l l  be found in  th e  ap p en d ices. F aeca l egg counts were made d a i ly  over 

th e  r e le v a n t  p e rio d s  and a re  shown in  th e  ta b le s .

RESUIffS

1 , The Course o f a F i r s t  In fe c t io n

The course  o f a prim ary  in f e c t io n  over th e  f i r s t  10 days can be 

fo llow ed from th e  egg coun ts and au topsy  r e s u l t s  o f F i r s t  I n f e c t io n  Â 

(T able 2 ) . In  t h i s  experim ent 5 r a t s  were k i l l e d  d a i ly  from days 1-10 

a f t e r  in f e c t io n  to  s tudy  th e  p a t te r n  o f  l a r v a l  m ig ra tio n  from sk in  to  

lungs Euid lung  to  i n t e s t i n e  and a ls o  th e  e s tab lish m en t o f worms in  th e  

in t e s t i n e .

The h ig h e s t  count in  th e  lung  o ccu rred  on day 1 , when a mean o f 617 

la rv a e  was found. T h is was fo llow ed by a sharp  d e c lin e  over days 2 and 

5, u n t i l  on days 4 and 10 a mean o f  on ly  10 and 2 la rv a e  r e s p e c t iv e ly  

rem ained in  th e  lu n g s .



TABLE 2

FIRST INFECTION (A ) WITH JOOO LARVAE

WORMS RECOVERED OVER THE LOSS PHASE 1 AND PLATEAU PERIODS

Days a f t e r  
in f e c t io n

E ggs/g . 
o f fae ce s Lungs 

MeEUi* ± S.D.

Worms Recovered

Small i n te s t i n e  
Mean* ± S.D.

Lungs and 
Small in te s t i n e  

log^Q Mean *

1 817 ± 419 0 2 .91
2 286 ± 200 664 ± 301 2 .9 8

3 20 ± 12 1270 ± 4 6 5 3.11

4 10 ± 12 1177 ± 465 3.07

5 0 936 ± 207 2.97
6 16 ,150 1228 ± 339 3.09

7 43 ,200 1150 ± 179 3.06

8 30,600 1434 ± 269 3 .15

9 43,700 1362 ± 407 3 .13
10 31,000 1008 ± 291 3 .00

*
A rith m e tic  means and s tan d a rd  d e v ia tio n s  a re  g iven th ro u g h o u t.
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D uring th e  f i r s t  fo u r  days o f th e  in fe c t io n  th e  sum o f  th e  number o f  

worms recovered  from th e  lungs and th a t  from th e  sm all i n t e s t i n e  was v i r t u a l l y  

a c o n s ta n t , th e  g r e a te r  number be in g  f i r s t  in  th e  lungs and then  in  th e  i n 

t e s t i n e .  From then  onwards u n t i l  day 10 no s ig n i f ic a n t  change in  th e  number 

o f  worms in  th e  i n t e s t i n e  o ccu rred . The t o t a l  mean i n t e s t i n a l  worm count 

over th e  p e rio d  o f  day 4-10 was 1185, t h i s  f ig u re  re p re s e n tin g  40^  o f  th e  

in je c te d  dose . I t  th e re fo re  appears th a t  a la rg e  number o f  la r v a e ,  i . e . ,

60^ o f th o se  in je c te d ,  have f a i l e d  to  reach  th e  i n t e s t i n e ,  th e  m ajor p a r t  

o f t h i s  lo s s  o c c u rr in g  d u rin g  th e  f i r s t  day, e i th e r  a t  th e  s i t e  o f  in je c t io n  

o r  d u rin g  th e  course  o f  m ig ra tio n  to  th e  lu n g s .

Autopsy o f  th e  rem ain ing  r a t s  on days 20 and 30 a f t e r  in f e c t io n  gave 

mean i n t e s t i n a l  worm numbers o f  40 and 48 r e s p e c t iv e ly .  The m a jo r ity  o f 

worms had th e re fo re  been l o s t  from th e  i n t e s t i n e  between days 10-20.

The m oult from fo u r th  l a r v a l  s ta g e  to  young a d u lt  occu rred  between 

days 3 and 5 a f t e r  in f e c t io n .  Eggs appeared  in  th e  fae ce s  on day 6 and 

th e  counts ro se  to  rem ain a t  a le v e l  o f  3O-4O x 10^ eggs p e r  gram between 

days 7-10 . The r a t i o  o f m ale:fem ale  worms rem ained a t  1 :1  u n t i l  day 10; 

on days 20 and 3O th e  m ale:fem ale  r a t i o  was 4 si*

The k in e t ic s  o f worm lo s s  from th e  i n t e s t i n e  in  a p rim ary  in fe c t io n  

were d e riv ed  from th e  au topsy  r e s u l t s  o f F i r s t  In fe c t io n  B, d u rin g  which 

groups o f  10 r a t s  were k i l l e d  d a i ly  from days 9-18 a f t e r  in f e c t io n .  On 

t h i s  occasion  th e  mean number o f  worms p re s e n t on day 9 was 1724 , i . e . , 57^ 

o f th e  in je c te d  dose . The geom etric  means o f worm su rv iv a l  (T able  3 ) and



TABLE 3

FIRST INFECTION ( b )  WITH 3000  LARVAE

WORMS RECOVERED FROM THE INTESTINE OVER THE LOSS PHASE 2 PERIOD

Days a f t e r  
in fe c t io n

E ggs/g . 
o f fa e c e s

Worms

Small i n te s t i n e  
Mean* ± S.D.

Recovered

Small i n t e s t i n e  
log^Q Mean* ± S.D.

6 53,200

7 108,400
8 111,900

9 127 ,400 1724  ± 151 5 .2 4
10 122 ,400 1939 3 .29  ± 0 .3 2

11 43 ,300 1403 2 .1 5  ± 0 .08
12 21 ,750 782 2.89  ± 0 .3 6

13 9 ,900 947 2.98  ± 0 .28

14 1,000 566 2 .7 5  ± 0 .4 0

15 250 263 2 .4 2  ± 0 .6 1

16 200 135 2 .1 3  ± 0 .6 2

17 0 73 1 .86  ± 0 .7 5
18 0 37 1 .5 7  ± 0 .4 9

*
On day 9 th e  a r i th m e t ic  mean and s ta n d a rd  d e v ia tio n  i s  g iv en ; th e

o th e r  f ig u re s  a re  t r e a te d  g e o m e tr ic a lly .
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th e  lo g  10 p lo t  o f  th e se  f ig u re s  a g a in s t  tim e (F ig . l )  show th a t  a ra p id  

and e x p o n en tia l ex pu ls ion  o f  worms from th e  i n t e s t i n e  o ccu rred  between 

days 11-18 a f t e r  in f e c t io n .  The v a lu e  f o r  th e  re g re s s io n  c o e f f ic ie n t  i s  

b = -0 .2 1  ± 0 .0 2 , th e  worm numbers th u s  f a l l i n g  a t  a r a t e  o f  1 log^o 

in  4 .6  days.

The fa e c a l  egg count o f  t h i s  in fe c t io n  (T able j )  ro se  r a p id ly  to  

reach  a maximum on days 8-10 o f  122 x 10^ eggs p e r  gram; i t  th en  f e l l  

s te e p ly  over days 11-14 to  reach  zero on day 17 a f t e r  in f e c t io n .  Over 

th e  p e rio d  d u rin g  ifdiich worms were e x p e lled  from th e  i n te s t i n e  th e  m ale: 

fem ale r a t i o  changed p ro g re s s iv e ly  from approx im ate ly  1 :1  to  4 :1  by day 18.

A comparison o f th e  r e s u l t s  o f  th e  experim ents A and B in d ic a te  th a t  

th e  la rv a e  used in  th e  l a t t e r  were o f g re a te r  i n f e c t i v i t y .  The mean 

number o f  a d u lts  e s ta b l is h e d  on day 9 in  experim ents A and B were 1)62 and 

1724 r e s p e c t iv e ly  and th e  maximum fa e c a l  egg count was 3 tim es g r e a te r  in  

Experim ent B. The p re c is e  reaso n s f o r  th e se  v a r ia t io n s  in  i n f e c t i v i t y  o f 

th e  la rv a e  on d i f f e r e n t  occasions rem ain obscure .

To f a c i l i t a t e  th e  p re s e n ta tio n  and d isc u ss io n  o f th e  subsequent 

experim en ts, th e  main course  o f ev en ts  d u rin g  a f i r s t  in f e c t io n  o f  3,000 

la rv a e  can now be sum marised. On th e  b a s is  o f th e  appearance o f th e  curve 

o f log^Q worms su rv iv in g  a g a in s t  tim e (F ig . l ) ,  i t  i s  proposed to  d iv id e  

th e  in fe c t io n  in to  4 p h ases .

The f i r s t  i s  Loss Phase 1 , which i s  a r e s u l t  o f  th e  f a i l u r e  o f a 

c e r ta in  p ro p o rtio n  o f la rv a e  to  reach  th e  sm all i n t e s t i n e  (se e  n e x t



F ig . 1, The k in e t ic s  o f worm su rv iv a l in  f i r s t  in f e c t io n s  A and B.
Mean worm recovery  from th e  in te s t in e  a t  d a i ly  in te r v a ls  
over th e  f i r s t  ten  days ( f i r s t  in fe c tio n  A • )  and over days 
9-18 ( f i r s t  in f e c t io n  B o ) ;  re g re s s io n  c o e f f ic ie n t  (b ) = 
-0 .2 1  ± 0 .0 2 . R egression  c a lc u la te d  on in d iv id u a l  worm 
coun ts .

I

C
3
(/)
s
ÛC
O

C3
O

4

3

2

1

5 10 15

DAYS



52.

experim en t). I t  i s  co n sid ered  th a t  t h i s  lo s s  occurs p r im a r ily  b e fo re  th e  

la rv a e  reach  th e  lungs s in c e  th e  number o f  worms a r r iv in g  in  th e  lungs 

approxim ates to  th a t  o f th e  f i n a l  i n t e s t i n a l  p o p u la tio n  when la rv a e  a re  no 

lo n g e r p re s e n t in  th e  lu n g s.

When a l l  th e  p a r a s i t e s  have a r r iv e d  in  th e  i n te s t i n e  t h i s  marks th e  

o n se t o f th e  P la te a u  Phase d u rin g  %diich worms su rv iv e  in  th e  i n t e s t i n e  

w ith  no change in  t h e i r  num bers. T his phase in  a p rim ary  in f e c t io n  l a s t s  

from day 5-4 u n t i l  day 11. D uring th e  e a r ly  p a r t  o f t h i s  p e rio d  th e

p a r a s i t e  undergoes th e  f i n a l  m oult (day 5-5)> becomes se x u a lly  m ature and

la y s  la rg e  numbers o f  eggs.

The P la te a u  Phase i s  fo llow ed by a phase o f  ra p id  e x p o n en tia l ex

p u ls io n  o f woms (Loss Phase 2) which i s  rem arkable fo r  i t s  sudden o n se t.

F in a l ly  th e  l a s t  o r  T hresho ld  Phase re p re s e n ts  th e  con tinued  p resence  

o f a sm all number o f worms which have su rv ived  th e  expu lsion  phase and 

rem ain in  th e  i n t e s t i n e s  o f  th e  h o s t f o r  r e l a t i v e ly  long  p e r io d s . The 

m a jo r ity  o f th e se  a re  male worms and th e  fem ale worms p re s e n t  a re  la r g e ly  

s t e r i l e .

Loss Phase 1 in  F i r s t  In fe c t io n s  o f D if fe re n t  S izes

In  F i r s t  In fe c t io n s  A and B, a mean o f àfjfo emd 579̂  r e s p e c t iv e ly  o f 

th e  la rv a e  in je c te d  developed to  m a tu r ity  in  th e  sm all i n t e s t i n e ,  i . e . , th e  

rem ainder were l o s t  d u rin g  Loss Phase 1 . Each r a t  had re c e iv e d  5000 la rv a e .
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More in fo rm a tio n  on th e  r e la t io n s h ip  between numbers o f  la rv a e  in je c te d  

and numbers o f  worms dev elo p in g  in  th e  sm all i n t e s t i n e  was o b ta in ed  by in 

f e c t in g  4 groups o f 10 r a t s  w ith  in d iv id u a l  doses o f  1000, 2000, 4000 and 

8000 la rv a e  r e s p e c t iv e ly .  The r a t s  were a u to p s ie d  8 days l a t e r .  The 

r e s u l t s  (T able 4 ) show th a t  means o f  511 58» 6 l and 459  ̂ r e s p e c t iv e ly  o f th e  

d i f f e r e n t  doses were reco v ered  a s  a d u l t  worms and in d ic a te  t h a t ,  w ith in  

l im i t s .  Loss Phase 1 i s  a r e l a t i v e l y  f ix e d  p ro p o rtio n  o f  th e  in f e c t in g  dose .

2 . The Course o f a Second In fe c t io n

The purpose o f  th e  f i r s t  o f  th e  r e in f e c t io n  experim ents was to  determ ine 

th e  tim e euid r a t e  o f i n t e s t i n a l  worm ex p u ls io n  in  r a t s  which had recovered  

from a p rev io u s  in f e c t io n .  Groups o f  4 r a t s  were th e re fo re  a u to p s ie d  d a i ly  

from days 4-12 suid th e r e a f t e r  on days I 4 , 17 and 19.

Due to  a sh o rta g e  o f  la rv a e  th e  prim ary  o r  immunising in f e c t io n  dose 

was 2400 . F aeca l egg coun ts o f  th e  immunising in f e c t io n  fo llow ed  th e  p a t te rn  

d e sc rib e d  p re v io u s ly  and worm counts o f  groups o f  5 r a t s  a u to p s ie d  on days 10 

and 20 gave means and s ta n d a rd  d e v ia tio n s  o f  1022 ± 1 2 5  and 58 ± 59 re s p e c t iv e ly ,

T h ir ty  days a f t e r  th e  f i r s t  in f e c t io n  a l l  b u t 5 o f th e  r a t s  were r e in fe c te d

w ith  5000 la rv a e .  The 5 an im als which were n o t r e in f e c te d  were a u to p s ie d

on th e  l a s t  day o f  th e  experim ent to  de term ine  th e  r e s id u a l  number o f worms

from th e  imm unising in f e c t io n .

The r e s u l t s  o f  th e  d a i ly  i n t e s t i n a l  worm counts and f a e c a l  egg counts 

a re  shown in  T able 5* The phase o f worm e x p u ls io n , i . e . , Loss Phase 2,



TABLE 4

LOSS PHASE 1 IN FIRST INFECTIONS OF DIFFERENT SIZES

Worms 
Recovered 

Day 8

L arval dose z  10'

1 2 4 8

499 1420 2800 4140
692 1440 2500 4220
452 960 2610 2200
565 1)00 1050 2750
482 1100 )060 5250
576 640 2520 5600
474 1240 1240 1980
598 1580 I 84O 5700
620 820 5820 d ied
551 1550 2000 It

508 1155 2444 5450

101 555 882 1106

Mean

S.D.

io worms su rv iv in g  
Loss Phase 1 51 58 61 45



TABLE 5

SECOND INFECTION ( a )  WITH JOOO LARVAE

WORMS RECOVERED FROM THE SMALL INTESTINE OVER THE LOSS PHASE 2 PERIOD

Days a f t e r  
in f e c t io n

E ggs/g . 
o f fae ce s

Worms
Small i n te s t i n e  
Mean* i  S.D.

Recovered
Small i n t e s t i n e  

log^Q Mean* ± S.D.

4 0 639 ± 211 2.80

5 0 593 2 .7 7  ± 0 .18
6 0 322 2 .5 1  ± 0 .3 3

7 0 153 2 .1 2  ± 0 .3 7

8 0 83 1 .9 2  ± 0 .7 0

9 0 49 1 .6 9  ± 0 .5 6
10 100 27 1 .4 2  ± 0 .5 7

*
On day 4 th e  a r i th m e tic  meem and s ta n d a rd  d e v ia tio n  i s  g iv en ; th e
o th e r  f ig u re s  a re  t r e a te d  g e o m e tr ic a lly .
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has occu rred  between days 3 and 10 o f th e  second in fe c tio n *  The re g re s s io n  

c o e f f ic ie n t  f o r  th e  ex pu ls ion  p e rio d  (Fig* 2) i s  b ■ -0 .2 7  ± 0 .05  and th e  

expu lsion  r a t e  i s  1 log^^ u n i t  in  3-7 days. The d if fe re n c e  between t h i s  

s lo p e  emd th a t  o f th e  f i r s t  in f e c t io n  was c a lc u la te d  (G o ld s te in , 19^4) and 

i s  h ig h ly  s ig n i f ic a n t  (P < O.OOO5 )* The expu lsion  o f worms o c c u rr in g  d u rin g  

Loss Phase 2 o f  th e  second in f e c t io n  th e re fo re  d i f f e r s  from th a t  o f th e  f i r s t  

in f e c t io n  in  bo th  tim e o f o n se t and ra te *

Since no change in  worm numbers occu rred  in  r a t s  a u to p s ie d  a f t e r  day 10 

th e  number o f worms on day 10 and th e  fo llo w in g  days re p re s e n t  th e  T hreshold  

Phase. The l a s t  group was k i l l e d  on day 19 to g e th e r  w ith  th e  5 r a t s  k ep t 

a s  r e s id u a l  in f e c t io n  c o n tro ls  f o r  th e  immunising in fe c tio n *  The mean worm 

counts Euid s ta n d a rd  d e v ia tio n s  f o r  th e se  groups r e s p e c t iv e ly  were 44 -  37 

and 43 ± 95*

The r e s u l t s  o f  second in fe c t io n  A have been confirm ed in  second in fe c t io n  

B. In  t h i s  experim ent lung  counts were c a r r ie d  o u t as an a d d it io n a l  fe a tu re  

s in c e  e a r l i e r  w orkers have re p o r te d  th e  tra p p in g  suid d ea th  o f la rv a e  in  th e  

lungs o f immune an im als ( T a l ia f e r ro  emd S a r le s ,  1939)* On t h i s  occasion  bo th  

immunising and second in f e c t io n s  c o n s is te d  o f 3OOO la rv a e .  The r e s u l t s  o f 

th e  experim ent a re  shown in  Table 6 .

For an unknown b u t presum ably te c h n ic a l  reason  th e  numbers o f  la rv a e  

counted in  th e  lungs were c o n s id e ra b ly  low er than  th e  number o f worms ^ i c h  

appeared  in  th e  i n t e s t i n e .  However th e re  was no in d ic a t io n  o f tra p p in g  o f 

la rv a e  in  th e  lungs s in c e  a f t e r  day 3 th e  m a jo rity  o f  lu n g  coun ts were n e g a tiv e ,



F i g .  2 .  The k i n e t i c s  o f  worm s u r v i v a l  i n  s e c o n d  i n f e c t i o n  A;
r e g r e s s i o n  c o e f f i c i e n t  ( b )  = - 0 .2 7  -  O .0 5 .
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TABLE 6

SECOND INFECTION ( b )  WITH JOGO LARVAE

WORMS RECOVERED OVER THE LOSS PHASE 1 ,  PLATEAU AND LOSS PHASE 2 PERIODS

Worms Recovered

Days a f t e r  
in fe c t io n

E ggs/g . 
o f  fa e c e s

Lungs Small i n t e s t i n e Lungs and 
Small i n t e s t i n e

Mean* ± S.D. Mean* ± S.D. log^Q Mean* ± S.D.

1 0 438 ± 129 54 ± 62 2.68

2 379 ± 132 210 ± 87 2 .77

3 56 ± 26 1120 ± 686 3.07

4 2 ± 3 1324 ± 352 3.12

5 0 877 2 .9 4  ± 0 .1 9
6 100 357 2 .5 5  ± 0 .28

7 200 182 2. 25  ± 0 .5 3
8 169 2. 25  ± 0 .57

9 9 0 .9 4  ± 0 .9 3
10 150 16 1.21  ± 0 .7 1

*
On days 1 -4  a r i th m e tic  means cmd s ta n d a rd  d e v ia tio n s  a re  g iven ; th e  o th e r  
f ig u re s  a re  t r e a te d  g e o m e tr ic a lly .
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Worm expu lsion  o ccu rred  between days 4 and 10; th e  s lo p e  o f th e  

re g re s s io n  l in e  i s  b = -0 .5 5  ± O.O4 and i s  an expu lsion  r a t e  o f  1 log^^ 

u n i t  in  2 .9  days (F ig . 5)* The d if fe re n c e  between t h i s  s lo p e  and th a t  o f 

th e  f i r s t  in f e c t io n  i s  a ls o  h i g ^ y  s ig n i f ic a n t  (p < O.OOO5 ) whereas th e  

slo p e  d if fe re n c e  between th e  two second in fe c t io n s  i s  n o t .

In  bo th  th e  second In fe c t io n s  10-20^ o f th e  p a r a s i te s  d id  n o t m oult, 

th e  rem ainder do ing  so on days 5 and 6 . A dult worms rem ained sm a lle r  

and p a le r  in  co lo u r than  th o se  o f  th e  f i r s t  in f e c t io n  and egg p ro d u c tio n  

was a lm ost t o t a l l y  su p p ressed .

From th e se  r e s u l t s  th e  main d if fe re n c e s  between a f i r s t  and second 

in fe c t io n  can be summarised a s  fo llo w s . The ex pu ls ion  o f worms from 

th e  i n t e s t i n e  d u rin g  a second in f e c t io n  occurs 5 o r  6 days e a r l i e r  thsin 

in  a f i r s t  in f e c t io n ,  so t h a t  by dsiy 10 th e  T hreshold  Phase has been reached, 

The expu lsion  a ls o  proceeds a t  a s ig n i f ic a n t ly  f a s t e r  r a t e .  I t  i s  s im ila r  

to  th a t  in  a f i r s t  in f e c t io n  in  th e  sudden o n se t and e x p o n en tia l k in e t i c s .  

O ther e f f e c t s  on th e  worms in  th e  i n t e s t i n e  a re  th e  d e lay  in  f i n a l  moult 

by 1-2 days w ith  up to  20^ o f la rv a e  rem ain ing  a t  th e  fo u r th  s ta g e , s tu n t in g  

and p a l lo r  o f  th e  a d u l t  worms and a se v e re ly  dep ressed  egg o u tp u t.

A f u r th e r  p o in t  i s  th e  p o s s ib i l i t y  t h a t  an immune component m ight 

become superim posed on th e  Loss Phase 1 o f  a r e in f e c t io n  th u s  making i t  

g r e a te r  than  in  a p rim ary  in f e c t io n .  The mean numbers o f  worms in  th e  

i n t e s t i n e  on day 4 were 659 and I 524 in  second in fe c t io n s  A and B r e s 

p e c t iv e ly ;  th e  form er f ig u re  a t  l e a s t  su g g ests  th e  p o s s ib i l i t y  o f an 

in c re a se d  Loss Phase 1 .



F i g .  5* The k i n e t i c s  o f  worm s u r v i v a l  i n  s e c o n d  i n f e c t i o n  B;
r e g r e s s i o n  c o e f f i c i e n t  ( b )  = - 0 . 5 5  -  O.O4 .
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To check on t h i s  a dose o f 5OOO la rv a e  from a common suspension  was 

given to  each r a t  in  two groups o f r a t s .  The f i r s t  group had been in fe c te d  

w ith  5000 la rv a e  20 days e a r l i e r  and th e  second group had n o t been p re v io u s ly  

in fe c te d .

The r e s u l t s  o f  th e  a u to p s ie s  a re  shown in  Table 7* Those on day 4 

in d ic a te  t h a t ,  fo llo w in g  r e in f e c t io n ,  Loss Phase 1 i s  app rox im ate ly  )0^  

g r e a te r  than th a t  o f a p rim ary  in f e c t io n .  The r e s u l t s  on day 9 confirm  

th a t  th e  behav iour o f  bo th  f i r s t  and second in fe c t io n  was s im ila r  to  th a t  

re p o rte d  above.

5 . The Course o f a T h ird  In fe c t io n

Animals rem ain ing  from second in f e c t io n  B formed th e  t h i r d  in f e c t io n  A 

group o f r a t s .  These were in fe c te d  50 days a f t e r  th e  p rev io u s  in fe c t io n  

and a t  th e  same tim e as  f i r s t  in f e c t io n  A u s in g  th e  same l a r v a l  su sp en sio n .

The r e s u l t s  o f t h i s  experim ent (T able  8) confirm  th a t  Loss Phase 1 i s  

in c re a se d  in  an immune an im al. The h ig h e s t  i n t e s t i n a l  worm count occu rred  

on day 4 and re p re s e n ts  on ly  18^ o f th e  in je c te d  dose. By com parison, in  

f i r s t  in f e c t io n  A 40^ o f th e  same in je c te d  dose became e s ta b l is h e d  in  th e  

i n t e s t i n e .  There has th u s  been a d if fe re n c e  in  'tak e *  o f  22^ o f  th e  i n 

f e c t in g  dose , between r a t s  in fe c te d  f o r  th e  f i r s t  and th i r d  tim e s .

The worms seen in  th e  i n t e s t i n e  on day 1 o f th e  t h i r d  in f e c t io n  a re  

th e  r e s id u a l  p o p u la tio n s  o f th e  two p rev io u s in f e c t io n s .  I f  th e  numbers 

o f worms in  th e  lungs and i n te s t i n e s  on day 2 a re  added, t h i s  sum approxim ates



TABLE 7

A COMPARISON OF LOSS PHASE 1 IN A FIRST AND SECOND INFECTION

4 days a f t e r  in f e c t io n  

F i r s t  in f e c t io n  Second in fe c t io n

9 days a f t e r  in f e c t io n  

F i r s t  in f e c t io n  Second in fe c t io n

Mean

S.D.

1 ,900 670 900 39
480 293 1 ,700 31

1 ,8 4 0 518 1 ,520 117
1 ,6 6 0 522 1 ,500 15
1 ,6 4 0 887 1 ,3 4 0 121
1 ,4 0 0 863 385 64
1 ,4 2 0 248 1,880 63
1 ,460 611 1 ,060 22
1 ,7 6 0 225 1 ,460 84
1 ,780 497 1,800

1,434 513 1,354 62

423 237 433 37



TABLE 8

THIRD INFECTION ( a ) WITH JOOO LARVAE

WORMS RECOVERED OVER THE LOSS PHASE 1 ,  PLATEAU AND LOSS PHASE 2 PERIODS

Days a f t e r  
in f e c t io n

E ggs/g . 
o f  fae ce s

Lungs 

Mean* ± S.D.

Worms Recovered

Small i n t e s t i n e  S m a l T S t ^ t i n e  
Mean* ± S.D. log^^  Mean* ± S.D.

1 0 522 ± 175 67 ± 73 2 .5 0

2 189 ± 68 366 ± 2 5 8 2 .7 4

3 17 ± 10 374 ± 187 2 .57

4 52 ± 22 514 2 .7 1  ± 0 .1 7

5 50 210 2 .52  ± 0 .5 4
6 50 31 1 .4 9  ± 0 .3 7

7 250 28 1 .4 4  ± 0 .4 6

10 150 20 1 .2 9  ± 0 .5 5

*
On days 1-5  arith m etic  means and standard d ev ia tion s are given; the other
f i g u r e s  a r e  t r e a t e d  g e o m e t r i c a l ly .
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c lo s e ly  to  th e  h ig h e s t  worm count in  th e  i n t e s t i n e  l a t e r  in  th e  in f e c t io n .  

A f te r  day 2 th e  number o f worms in  th e  lungs f a l l s  ra p id ly  and so even in  

th e  t h i r d  in f e c t io n  th e re  i s  n e i th e r  r e a l  n o r c irc u m s ta n t ia l  ev idence o f 

worm re te n t io n  in  th e  lu n g s .

The P la te a u  Phase in  t h i s  in f e c t io n  has become sh o rten ed  a lm ost to  

e x t in c t io n  l a s t i n g  a t  most 1 o r  2 days. The worm expu lsion  phase occu rred  

v ery  r a p id ly ,  s t a r t i n g  on day 4 and b e in g  com plete by day 6-7 (F ig . 4 ) .

The s lo p e  v a lu e  o f  th e  re g re s s io n  l i n e  i s  b = -O .4 5  ± O.O9 , and so expu lsion  

occu rred  a t  th e  r a t e  o f 1 log^^  u n i t  in  2 .3  days. T h is ex p u ls io n  r a t e  was 

s ig n i f ic a n t ly  f a s t e r  than  th a t  o f  bo th  second in f e c t io n s  A and B (p  <1 O.OOO5 

and p (  0 .01 r e s p e c t iv e ly ) .

The m oult from th e  fo u r th  l a r v a l  s ta g e  in  th e  i n t e s t i n e  was delayed  

as  in  th e  second in f e c t io n .  T h is meant th a t  in  th e  t h i r d  in f e c t io n  th e  

m a jo r ity  o f  worms were e x p e lle d  b e fo re  m ou lting . Again a s  in  th e  second 

in f e c t io n s  th e  egg count rem ained ex trem ely  low.

T h ird  in f e c t io n  B (T able  9) was done to  confirm  th e  r a t e  o f  expu lsion  

seen in  t h i r d  in f e c t io n  A. The r e s u l t s  show a p a t te rn  o f worm e lim in a tio n  

s im ila r  to  t h a t  o f  th e  t h i r d  in f e c t io n  A, though a p p a re n tly  one day l a t e r  

in  o n se t . The v a lu e  o f  b -  -O .4O ± O.O7 (F ig . 5 ) and th e  ex p u ls io n  r a t e  

i s  1 log^Q u n i t  in  2 .5  d ays. T h is r a t e  i s  again  s ig n i f ic a n t ly  d i f f e r e n t  

from th o se  o f bo th  second in f e c t io n s  (p  ^  0.0025 and p <1 O.O5 r e s p e c t iv e ly )  

b u t n o t s i g n i f i c a n t ly  d i f f e r e n t  from th a t  o f th e  th i r d  in f e c t io n  A.



F i g .  4 . The k i n e t i c s  o f  worm s u r v i v a l  in  t h i r d  i n f e c t i o n  A ( # ) .
F o r  c o m p a r iso n  f i r s t  i n f e c t i o n  A ( o )  i s  shown o v e r  t h e
sam e p e r io d .  R e g r e s s io n  c o e f f i c i e n t  ( h )  = -O .43  ± O.O9 ,
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TABLE 9

THIRD DïPECTION ( b )  WITH 5000  LARVAE

WORMS RECOVERED OVER THE LOSS PHASE 1 ,  PLATEAU AHD LOSS PHASE 2 PERIODS

Days a f t e r  
in f e c t io n

Egge/g. 
o f fae ce s Lungs 

Mean* ± S.D.

Worms Recovered

Small i i^ te s t ln e  s m a l T ^ C L e  
Mean* ± S.D. log^^  Mean* ± S.D.

1 0 171 t  102 98 ± 100 2.43
2 282 ± 255 228 ± 75 2 .70

5 95 ± 72 514 t  572 2.78

4 41 ± 18 476 2 .68  ± 0 .43

5 0 558 2 .75  ± 0 .29
6 150 301 2 .48  ± 0 .12

7 0 91 1 .96  ± 0 .60
8 0 36 1 .5 6  ± 0 .2 9

*
On days 1-5  arith m etic  means and standard d ev ia tion s are given; the other
f i g u r e s  a r e  t r e a t e d  g e o m e t r i c a l ly .



F i g .  5 . K i n e t i c s  o f  worm s u r v i v a l  i n  t h i r d  i n f e c t i o n  B;
r e g r e s s i o n  c o e f f i c i e n t  ( b )  = - 0 , 4 0  ± O.O7 .
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DISCUSSION

The r e s u l t s  o f th e se  experim ents p rov ide  a com prehensive view o f th e  

k in e t ic s  o f e s ta b lish m e n t and ex pu ls ion  o f N. b r a s i l i e n s i s  in  norm al and 

immune r a t s .  E s s e n t ia l ly  th e  course  o f  each in fe c t io n  i s  c h a ra c te r is e d  

by fo u r  p h ases . These a r e :  Loss Phase 1 -  Follow ing in f e c t io n  a

p ro p o rtio n  o f la rv a e  a re  im m obilized o r  d e stro y ed  a t  th e  s i t e  o f in je c t io n  

o r  d u rin g  th e  course  o f  m ig ra tio n  v ia  th e  lungs to  th e  i n t e s t i n e .  The 

P la te a u  Phase -  The su rv iv in g  la rv a e  develop  to  m a tu r ity  in  th e  sm all 

i n t e s t i n e .  T h e ir  numbers rem ain s t a t i c  and th ey  la y  eggs f o r  a number 

o f days. Loss Phase 2 -  A f te r  a c e r ta in  p e rio d  in  th e  i n t e s t i n e  the  

worms a re  ra p id ly  e x p e lle d  in  an e x p o n en tia l fa sh io n . T hresho ld  Phase -  

A sm all r e s id u a l  p o p u la tio n  o f worms su rv iv e s .

Loss Phase 1 (L P l)

In  a prim ary  in f e c t io n  Loss Phase 1 was a lm ost c e r ta in ly  n o t an 

acq u ired  immune response  s in c e  i t  o ccu rred  w ith in  a day o r  so a f t e r  i n 

f e c t io n ;  indeed a s  no ted  p re v io u s ly  th e  bu lk  o f th e  lo s s  p robab ly  occurs 

b e fo re  th e  la rv a e  reach  th e  lu n g s . Over a wide range o f  p rim ary  in 

f e c t io n s  from 1000-8000 la r v a e ,  LPl ranged between o f  th e  in je c te d

dose . T his r e s u l t  i s  in  accordance w ith  t h a t  o f Twohy (1958) who found 

th a t  up to  40^  o f  subcu taneously  in je c te d  la rv a e  rem ained a t  th e  s i t e  o f 

in o c u la t io n . Twohy concluded from th e  sm all s iz e  emd u n h ea lth y  appearance 

o f th e se  la rv a e  t h a t  th ey  were u n l ik e ly  ev er to  m ig ra te . W ithin t h i s  range
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th e  d i f f e r e n t  r e s u l t s  encoun tered  a s  LPl were p robab ly  due to  m inor v a r ia b le s  

in  h a n d lin g  tech n iq u es  which a f f e c te d  l a r v a l  v i a b i l i t y .

Age o f  th e  c u l tu r e  p e r  se  seems to  be o f r e l a t i v e ly  m inor im portance 

s in c e  Hayley and C l i f f o r d  (1958* I 980 ) found c u ltu re s  to  be o f c o n s ta n t i n -  

f a c t i v i t y  u n t i l  a t  l e a s t  fo u r  weeks o ld . The tre a tm e n t o f  la rv a e  a f t e r  

h a rv e s t in g  may be more c r i t i c a l ;  Thorson (1954b) has shown f o r  in s ta n c e  

th a t  h o ld in g  o f  la rv a e  f o r  pro longed  p e rio d s  in  d i s t i l l e d  w a te r r e s u l t s  in  

low er a d u l t  worm r e c o v e r ie s .  I t  seems im p o rtan t th e re fo re  t h a t  a minimum 

o f  tim e be invo lved  in  i s o l a t i o n  in  th e  Baerman a p p a ra tu s  b e fo re  in o c u la tio n  

in to  th e  an im al. Hayley (1962) o b ta in ed  an in c re a s e  o f  249  ̂ in  a d u l t  worm 

reco v ery  by keep ing  in f e c t iv e  la rv a e  in  0.99^ s a l in e  in s te a d  o f d i s t i l l e d  

w a te r.

K assai e t  a l  ( 1966) have d e sc rib e d  an in c re a s e  in  i n f e c t i v i t y  in  N. 

b r a s i l i e n s i s  la rv a e  fo llo w in g  low doses o f  X - i r r a d ia t io n .  In  one experim ent 

means o f )29  and 901 worms were reco v ered  from doses o f 1000 norm al and 

X - ir r a d ia te d  (lO  k r )  la rv a e  r e s p e c t iv e ly .  A subsequent experim ent in d ic a te d  

th a t  th e  i n f e c t i v i t y  o f  fem ale worms in  th e se  c ircum stances was o f th e  o rd e r  

o f  100^. These o b se rv a tio n s  c o rro b o ra tin g  th o se  o f C io rd ia  and B iz z e l l  

( i 960) a re  o f  p a r t i c u l a r  i n t e r e s t  in  view o f th e  f a c t  t h a t  th e  f a i l u r e  o f  a 

p ro p o rtio n  o f p a r a s i t e s  to  rea ch  th e  d e f in i t iv e  s i t e ,  has u s u a l ly  been 

a t t r ib u t e d  to  a s e r i e s  o f  l a r v a l  a c c id e n ts  o c c u rr in g  d u rin g  th e  course  o f 

m ig ra tio n . These r e s u l t s ,  however, le a d  to  th e  conclu sion  t h a t  a s p e c i f ic  

he lm in th  f a c to r  i s  in v o lv ed  in  th e  chain  o f even ts th a t  r e s u l t  in  LPl and 

th a t  t h i s  f a c to r  i s  r a d io s e n s i t iv e .
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F i r s t  and second r e in f e c t io n s  were c h a ra c te r is e d  by an in c re a s e  in  th e  

m agnitude o f LPl which was o f th e  o rd e r  o f 80^ o f th e  in je c te d  dose , i . e . ,  

g r e a te r  than  in  a p rim ary  in f e c t io n .  T h is was presum ably due to  th e  a d d it io n  

o f a s p e c i f ic  immune component to  th e  non-im m unological r e a c t io n  in v o lv ed  in  

th e  LPl o f a prim ary  in f e c t io n .

P la te a u  Phase

In  a prim ary  in f e c t io n  worms which su rv iv ed  LPl were found in  th e  

i n t e s t i n e  where t h e i r  numbers rem ained c o n s ta n t between th e  4th  and 10 th  

days a f t e r  in f e c t io n .  The l a s t  m oult was com pleted by th e  5 th  day a f t e r  

in f e c t io n  and eggs appeared  in  th e  fa e c e s  on day 6 to  r i s e  and rem ain a t  

a h i ^  c o n s ta n t le v e l  u n t i l  day 10. W ithin  th e  n e x t day o r  so , b u t u s u a l ly  

on day 11, a sharp  d e c lin e  in  fa e c a l  egg count occu rred  and con tinued  over 

th e  n e x t few days to  rea ch  zero  by days 15-17*

In  a second and th i r d  in f e c t io n  th e  P la te a u  Phase was d r a s t i c a l l y  

reduced  bo th  in  numbers o f worms eind in  d u ra tio n , l a s t i n g  a t  most on ly  1-5 

d ays. I t  becomes obvious t h a t  in  d e a lin g  w ith  r a t s  o f  in c re a s in g  immune 

s ta tu s  a p o in t  would v e ry  soon be reached  where a P la te a u  Phase would n o t 

be a p p a re n t. In  such c a se s , s in c e  worms would n o t accum ulate in  th e  in 

t e s t i n e ,  th e  e x p e lle d  r a th e r  than  th e  su rv iv in g  p ro p o rtio n  would have to  

be counted to  g e t an e s tim a te  o f  th e  t o t a l  number o f worms re a c h in g  th e  

i n t e s t i n e .  O ther m a n ife s ta t io n s  o f  immunity on worms which su rv iv ed  th e  

f i r s t  day o r two o f  th e  ex pu ls ion  phase were a d e lay  in  th e  occu rrence  o f
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th e  l a s t  m oult and an I n a b i l i t y  to  r e a l i s e  t h e i r  f u l l  a d u l t  s iz e  and 

re p ro d u c tiv e  p o te n t i a l .

Loss Phase 2 (LP2)

The P la te a u  Phase in  bo th  prim ary  and subsequent in f e c t io n s  was te rm in a ted  

by a phase o f worm e lim in a tio n  from th e  sm all i n t e s t i n e .  In  p rim ary  in f e c t io n s  

t h i s  occu rred  between days 11-18 and i f  th e  lo g arith m s o f th e  numbers o f worms 

in  th e  i n t e s t i n e  on th e se  days a re  p lo t te d  a g a in s t  tim e a s t r a ig h t  l in e  i s  

o b ta in e d . The lo s s  o f worms was th u s  ex p o n en tia l w ith  a d e c rea se  o f 1 log^^

u n i t  in  4 .6  days. T h is phase th e re fo re  shows a form com patib le  w ith  f i r s t  

o rd e r  k in e t ic s  and i s  c o n s is te n t  w ith  an a n tig e n -a n tib o d y  r e a c t io n .  I t  i s  

n o t o f course  p ro o f o f  t h i s  s in c e  o th e r  p ro cesses  m ight r e s u l t  in  th e  same 

form .

The r a t e  o f LP2 i s  in c re a se d  w ith  each succeeding  r e in f e c t io n .  The 

ex pu ls ion  r a t e s  in  th e  two second in f e c t io n  experim ents were 1 log^^ u n i t  

in  5 .7  and 2 .9  days and in  th e  two th i r d  in f e c t io n  experim ents were 1 lo&^o 

u n i t  in  2 .5  and 2 .5  d ays. The ex pu ls ion  c o e f f ic ie n ts  o f bo th  th e  second 

in f e c t io n s  were s ig n i f i c a n t ly  g r e a te r  than  th a t  o f  th e  f i r s t  in f e c t io n ,  and 

th o se  o f th e  th i r d  in f e c t io n s  a ls o  d i f f e r e d  s ig n i f ic a n t ly  from th o se  o f bo th  

second in f e c t io n s .  The s lo p e  v a lu e  may th e re fo re  be regarded  a s  a measure 

o f  th e  immune s ta tu s  o f  th e  h o s t  and may be a d i r e c t  r e f l e c t io n  o f lo c a l  

an tib o d y  t i t r e  in  th e  sm all i n t e s t i n e .
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I t  i s  an in t e r e s t i n g  f e a tu r e  t h a t  LP2 began a b ru p tly , i . e . ,  th e re  was 

a sharp  p o in t o f in f le x io n  between th e  two phases, t h i s  appeared  to  occur 

in  a l l  cases  w ith in  a 24 hour p e r io d . I f  i t  i s  assumed th a t  worm expu lsion  

i s  th e  r e s u l t  o f  a n tig e n -a n tib o d y  in te r a c t io n  and s in c e  th e  p ro cess  once 

i n i t i a t e d  p roceeds a t  a c o n s ta n t r a t e ,  th e  im p lic a tio n  i s  t h a t  s u f f i c i e n t  

an tibody  i s  p re s e n t  a t  th e  p o in t  o f  in f le x io n  to  e f f e c t  t h i s  r a t e  o f change.

I t  i s  to  be assumed, however, t h a t  an tib o d y  le v e ls  were r i s i n g  b e fo re  t h i s  

tim e and i f  an tib o d y  was f r e e ly  a v a i la b le  to  n e u tr a l iz e  th e  worms then  one 

would have expected  th e  expu lsion  curve to  begin  w ith  a sh o u ld e r l a s t i n g  

over se v e ra l days. T hat t h i s  has n o t occu rred  im p lie s  t h a t  an tib o d y  i s  

suddenly re le a s e d  o r made a v a i la b le  f o r  in te r a c t io n  w ith  a n tig e n . Whether 

t h i s  i s  due to  th e  o p e ra tio n  o f an e f f e c to r  mechanism which i s  a c t iv a te d  on 

a th re sh o ld  b a s is  o r  some o th e r  mechanism in h ib i t in g  th e  a c t io n  o f  an tibody  

i s  n o t y e t  c le a r ly  e s ta b lis h e d  ( j a r r e t t  e t  a l , 1967b ) .

T hreshold  Phase

Loss Phase 2 d id  n o t r e s u l t  in  com plete expu lsion  o f th e  worms; a mean 

o f approx im ate ly  40 worms rem ained in  th e  sm all i n t e s t i n e ;  emd was observed 

to  p e r s i s t  f o r  a t  l e a s t  2 m onths. T h is phenomenon d id  n o t seem to  be 

a f fe c te d  by changes in  th e  immune s ta tu s  a s  s im ila r  numbers o f worms were 

found fo llo w in g  second and th i r d  in f e c t io n s .  T his burden p o s s ib ly  re p re s e n ts  

a t ru e  th re sh o ld  below which th e  immunity o f th e  h o s t cannot be exp ressed .
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These experim ents have shown th a t  th e  k in e t ic s  o f  N. b r a s i l i e n s i s  in 

f e c t io n  can be used to  ex p ress  th e  immune s ta tu s  w ith  a much g r e a te r  degree 

o f p re c is io n  than  th e  u su a l method o f k i l l i n g  euiimals a t  a s in g le  f ix e d  tim e 

a f t e r  c h a lle n g e . For exam ple, au topsy  o f  r a t s  on day 20 o n ly  would n o t have 

re v e a le d  any d if f e r e n c e s  in  th e  immunity o f th e  groups o f  r a t s  d isc u sse d  in  

th e se  experim en ts. L ikew ise a com parison on any s in g le  o ccasio n  between 

days 5 and 10, o f  th e  numbers o f  worms in  r a t s  from th e  second and th i r d  

in f e c t io n s  would be most u n l ik e ly  to  re v e a l s ig n i f ic a n t  d if f e r e n c e s  in  

immune s t a tu s .  I t  may be t h a t  th e  s lo p e  o f  th e  l i n e ,  i . e . ,  th e  c o e f f ic ie n t  

o f e x p u ls io n ,p ro v id e s  th e  most s e n s i t iv e  in d ic a to r  o f  th e  l e v e l  o f  immunity 

a s  i t  does f o r  example in  in  v i t r o  v iru s  n e u tr a l i z a t io n  and in  v ivo  a n tig en  

e lim in a tio n  d e te rm in a tio n s .

The b a s ic  p a t te r n  o f  in f e c t io n  and expu ls ion  d e sc rib e d  above may be 

common to  many he lm in th  in f e c t io n s .  The d a ta  p re sen te d  by W ilson (1966) 

show a s im ila r  sequence in  D. v iv ip a ru s  in  th e  guinea p ig , a d m itte d ly  an 

abnormal h o s t  and a tru n c a te d  in f e c t io n .  I t  i s  c le a r  t h a t  in  a p rim ary  

in f e c t io n  he o b ta in ed  a P la te a u  Phase fo llow ed  by an ex p o n en tia l ex pu ls ion  

phase; in  second in f e c t io n s  th e  immune an im als responded to  ch a lle n g e  by 

e x p e llin g  th e  worms e a r l i e r ,  e x p o n e n tia lly  and a t  a f a s t e r  r a t e  than  in  a 

f i r s t  in f e c t io n .  Armour e t  a l  ( 1966 ) and Armour ( 1967 ) have suggested  

t h a t  a s im ila r  p a t te r n  may be invo lved  in  O s te r ta g ia  in f e c t io n s  in  sheep 

and c a t t l e .
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In  most in s ta n c e s  in  th e  l i t e r a t u r e  o f  th e  s e l f - c u r e  re a c t io n  i n s u f f i c i e n t  

an im als have been used d u rin g  th e  n e c e ssa ry  p e rio d  o f tim e to  a llo w  o f  

q u a n t i ta t iv e  a n a ly s is  o f  th e  k in e t ic s  o f th e  ex p u ls iv e  phase; t h i s  f i e l d  

r e q u ire s  c o n s id e ra b le  e x p lo ra tio n  in  o rd e r  to  determ ine i f  th e  phenomena des

c rib e d  above a re  a common fe a tu re  o f many helm in th  in f e c t io n s .
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SUMMARY

T his se c tio n  d e sc r ib e s  th e  q u a n t i ta t iv e  a sp e c ts  o f e s tab lish m en t and 

expu lsion  o f N ippostrongy lus b r a s i l i e n s i s  in  th e  normal and immune r a t .

I t  i s  proposed t h a t  t h i s  he lm in th  in fe c t io n  may be d e sc rib e d  in  term s o f 4 

phases . These a re ;  l )  Loss Phase 1 (L P l). A p ro p o rtio n  o f  th e  in f e c t in g  

dose o f  la rv a e  i s  im m obilised o r  d es tro y ed  b e fo re  o r  d u rin g  th e  course o f 

m ig ra tio n  v ia  th e  lungs to  th e  i n t e s t i n e .  2) The P la te a u  Phase. The 

worm number rem ains s t a t i c  in  th e  p re d i le c t io n  s i t e ,  3) Loss Phase 2 (LP2). 

T h is i s  analagous to  th e  s e l f - c u r e  re a c t io n  and d u rin g  t h i s ,  worms a re  ex

p e lle d  from th e  i n t e s t i n e  o f th e  h o s t  by an immunological mechanism. The 

o n se t o f  th e  expu lsion  i s  sudden and th e  p ro cess  i s  e x p o n e n tia l. I t  con

t in u e s  a t  a s tead y  r a t e  u n t i l  a th re s h o ld  i s  reached , 4) T hreshold  Phase.

A sm all r e s id u a l  p o p u la tio n  o f worms i s  n o t e x p e lled  and su rv iv e s  f o r  a 

f a i r l y  pro longed p e r io d . The p a t te r n  i s  m ain tained  in  immune anim als under

going second o r  t h i r d  in f e c t io n s  b u t th e re  a re  q u a n t i ta t iv e  d if f e r e n c e s .

With in c re a s in g  number o f in f e c t io n s  LPl becomes g r e a te r ,  th e  P la te a u  Phase 

i s  sho rtened  and th e  expu lsion  r a t e  o f LP2 in c re a s e s . I t  i s  suggested  th a t  

th e  r a t e  c o e f f ic ie n t  o f  t h i s  phase i s  an a c c u ra te  measure o f  th e  immune 

s ta tu s  o f th e  an im al. The T hreshold  Phase i s  o f a s im ila r  o rd e r  in  f i r s t ,  

second and th i r d  in f e c t io n s .  These r e s u l t s  a re  d isc u sse d  w ith  reg a rd  to  

t h e i r  s ig n if ic a n c e  a s  a m easure o f  th e  immune s ta tu s  o f  th e  h o s t ,  t h e i r  

im p lic a tio n  re g a rd in g  th e  mechanism o f he lm in th  expu lsion  and t h e i r  re lev an ce  

to  o th e r  he lm in th  in f e c t io n s .



SECTION 2

STUDIES ON THE MECHANISM OF WORM EXPULSION
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INTRODUCTION

Helm inth p a r a s i t e s  may he e x p e lle d  from th e  stomach o r  i n t e s t i n e s  o f 

in fe c te d  anim als under two a p p a re n tly  q u i te  d i f f e r e n t  c ircum stances bo th  

o f which have come to  be c a l le d  s e l f - c u r e .

In  one o f  th e s e  s i tu a t io n s  which i s  exem p lified  by N ippostrongy lus 

in f e c t io n  o f r a t s ,  worm ex p u ls io n  b eg in s a t  a s p e c i f ic  tim e a f t e r  in f e c t io n .  

The p e rio d  o f  worm s u rv iv a l  b e fo re  th e  o n se t o f  expu lsion  co rresponds to  

th e  tim e re q u ire d  f o r  th e  developm ent o f  th e  immune response  and becomes

reduced  w ith  each subsequent r e in f e c t io n .  O ther in f e c t io n s  which a re

a p p a re n tly  te rm in a ted  in  a s im ila r  fa sh io n  a re  th o se  o f A. g a l l i  in  th e  

fowl (Sadun, 1948) and T. r e to r ta e fo rm is  in  th e  r a b b i t  (M ichel, 1952, 1954)*

In  th e  o th e r  s i tu a t io n  worm expu ls ion  o f a p r e - e x is t in g  in f e c t io n  i s

induced by th e  in ta k e  o f a f u r th e r  dose o f  in f e c t iv e  la r v a e .  T h is

phenomenon was f i r s t  c a l le d  s e l f - c u r e  by S to l l  (1929) who observed  a sudden 

drop in  f a e c a l  egg count o f  two H. con to r tu s  in fe c te d  sheep which were 

g ra z in g  p a s tu re  contam inated w ith  t h i s  p a r a s i t e .  I t  was su b seq u en tly  

shown by S tew art (l9 5 0 b , 1953* 1955) t l ia t  th e  drop in  fa e c a l  egg count i s  

u s u a l ly  due to  th e  ex pu ls ion  o f a p ro p o r tio n , o r  a l l  o f  th e  a d u l t  p o p u la tio n , 

a lth o u g h  o c c a s io n a lly  m erely  due to  a tem porary sup p ress io n  o f egg la y in g . 

The re a c t io n  could  be b r o u ^ t  abou t n o t on ly  by n a tu r a l  o r a l  in f e c t io n ,  

b u t a ls o  by th e  in je c t io n  o f exsheathed  3rd s ta g e  H. c o n to r tu s  la rv a e  in to  

th e  abomasa o f laparo to in ized  sheep . I t  was a ls o  found (Gordon, 1948;
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S tew art, 1950b) th a t  th e  p a r a s i t e s  which provoke th e  r e a c t io n  may them selves 

develop to  m a tu r ity ,

A number o f th e o r ie s  have been advanced to  ex p la in  th e  mechanism o f 

th e  s e l f - c u r e  r e a c t io n .  S tew art showed th a t  Haemonchus s e l f - c u r e  was 

accompanied by a r i s e  in  whole b lood h is tam in e  and th a t  th e  drop in  f a e c a l  

egg  count could o f te n  be p reven ted  by th e  a d m in is tra tio n  o f a n tih is ta m in e .

These f a c t s  le d  to  th e  development o f a th eo ry  o f lo c a l  h y p e r s e n s i t iv i ty  

and t h i s  was supported  by th e  occu rrence  o f  a lo c a l  r e a c t io n  when la rv a e  

were d i r e c t l y  im plan ted  in to  th e  abomasa o f  in fe c te d  sheep. T his re a c t io n  

which was m an ifes ted  by in c re a se d  p e r i s t a l s i s  and segm entation  and th e  

occu rrence  o f abomasal oedema p e r s i s te d  f o r  approxim ately  two hours a f t e r  

im p la n ta tio n . The abomasa o f  worm f r e e  sheep rem ained f l a c c id  and normal 

when su b je c ted  to  th e  seune tre a tm e n t.

The f a c t  th a t  th e  h is tam in e  response  occu rred  between th e  2nd and 4 th  

day a f t e r  r e in f e c t io n  was taken  by Soulsby (1959) a s  an in d ic a t io n  th a t  th e  

a n tig en  provoking s e l f - c u r e  was a s s o c ia te d  w ith  th e  l a r v a l  s ta g e s  which had 

undergone some degree o f developm ent. Soulsby and S tew art (1960 ) dem onstrated  

by k i l l i n g  sheep s e r i a l l y  a f t e r  a ch a llen g e  dose o f la rv a e  th a t  an a d u lt  

p o p u la tio n  o f worms c o -e x is te d  in  th e  abomasum w ith  th e  p o p u la tio n  o f th e  

develop ing  la rv a e  u n t i l  such tim e as  th e  la rv a e  moulted to  th e  fo u r th  s ta g e . 

A f te r  t h i s  tim e th e  a d u lts  were found d is in te g r a t in g  in  th e  sm all i n t e s t i n e .  

S ince m oulting  o f H. c o n to r tu s  la rv a e  i s  i n i t i a t e d  48 hours a f t e r  in f e c t io n  

(V eg lia , 1915) th e  a s s o c ia t io n  o f th e  s e l f - c u r e  re a c t io n  w ith  th e  m oulting  

p ro cess  was s tro n g ly  su sp ec ted . When serum taken  a f t e r  s e l f - c u r e  was te s te d
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by ag a r d i f fu s io n  a marked p r e c ip i t i n  response  was found to  occur a g a in s t  

ex sh ea th in g  f l u id  produced a t  th e  tim e o f  ecd y sis  o f in f e c t iv e  la rv a e .

T his a n tig e n  i s  norm ally  r e le a s e d  in to  th e  rumen (Rogers and Som m erville, 

1957)» and i s  u n l ik e ly  to  be th e  one invo lved  in  s e l f - c u r e  f o r  a number 

o f reaso n s in c lu d in g  i t s  d i l u t i o n , d eg rad a tio n  and th e  tim e o f  i t s  r e le a s e .  

The marked s e ro lo g ic  re a c t io n  w ith  ex sh ea th in g  f l u id ,  however, suggested  

t h a t  an a n t ig e n ic a l ly  s im ila r  m a te r ia l  was a ls o  re le a s e d  d u rin g  th e  m oult 

from 3rd to  4 ih  l a r v a l  s ta g e s  emd i t  was p o s tu la te d  t h a t  t h i s  a n tig en  

i n i t i a t e d  a lo c a l  a n a p h y la c tic  r e a c t io n  which r e s u l te d  in  s e l f - c u r e .

In  so f a r  a s  th e  r e a c t io n  could  remove n o t only  H. c o n to r tu s  b u t a lso  

a number o f o th e r  abomasal and sm all i n t e s t i n a l  p a r a s i te s  such a s  0̂ . 

c irc u m c in c ta , T. a x e i and T. c o lu b r ifo rm is , i t  seemed th a t  th e  p h y s ic a l 

e f f e c t s  o f  th e  a n a p h y la c tic  r e a c t io n  r e s u l te d  in  worm ex p u ls io n , r a th e r  

than  euiy s p e c i f ic  an tigen -em tibody  re a c t io n  w ith  th e  a d u lt  worm. Although 

s e l f - c u r e  o f th e  abomasal p a r a s i t e s  caused e lim in a tio n  o f  th e  sm all in 

t e s t i n a l  p a r a s i t e s  th e  re v e rse  was n o t t r u e .

A number o f th e o r ie s  have been advanced to  e x p la in  th e  mechanism o f 

th e  s e l f - c u r e  r e a c t io n  in  N ippostrongy lus in f e c t io n .  One o f th e se  (S a r le s  

and T a l ia f e r r o ,  1956) p o s tu la te d  a prim ary  r o le  fo r  serum a n tib o d ie s  a c t in g  

a t  s p e c i f ic  lo c a l  s i t e s ,  i . e . ,  sk in , lungs and sm all i n t e s t i n e .  In  support 

o f  t h i s  th eo ry  th e  a u th o rs  were a b le  to  p a s s iv e ly  p r o te c t  r a t s  w ith  serum 

taken  from r a t s  hyperimmune to  th e  p a r a s i t e .  I t  was sub seq u en tly  shown 

(M ulligan e t  a l ,  1965) t h a t  th e  p a ss iv e  t r a n s f e r  o f immune serum to  r a t s



4 9 .

would co n fe r a s ig n i f ic a n t  degree o f p ro te c tio n  n o t only  to  l a r v a l  in fe c t io n  

b u t a ls o  a g a in s t  a tra n s p la n te d  p o p u la tio n  o f a d u lt  N. b r a s i l i e n s i s . I t  was 

suggested  th a t  t h i s  a c t io n  o f  th e  immune serum need n o t n e c e s s a r i ly  have a 

d i r e c t  anti-w orm  e f f e c t ,  b u t m ight depend on p a ss iv e  s e n s i t iz a t io n  o f th e  

i n t e s t i n e .  Subsequent an ap h y lax is  s tim u la te d  by a n tig e n  from th e  tra n s p la n te d  

a d u lts  m i ^ t  produce an u n s u i ta b le  environm ent fo r  th e  worms s u rv iv a l .

The o p e ra tio n  o f such a mechanism would b r in g  s e l f - c u r e  in  N. b r a s i l i e n s i s  

in fe c t io n  in to  l i n e  w ith  th e  th eo ry  suggested  by S tew art (1953) to  ex p la in  

s e l f - c u r e  in  Haemonchus c o n to r tu s  in f e c t io n .  T his th eo ry  was supported  by 

th e  f a c t  t h a t  r a t s  which have undergone s e l f - c u r e  could be shocked w ith  an 

in trav en o u s in je c t io n  o f N. b r a s i l i e n s i s  a n tig en  (U rquhart e t  a l , 19^5)» th e  

re a c t io n  be in g  p r in c ip a l ly  expressed  in  g ro ss  a l t e r a t io n s  in  th e  sm all in 

t e s t i n e ,  i . e . ,  in c re a se d  c a p i l l a r y  p e rm e a b ility , hyperaem ia and in c re a se d  

mucous p ro d u c tio n .

In  a study  o f th e  p a th o g en es is  o f N. b r a s i l i e n s i s  in f e c t io n  i t  has been 

shown by J a r r e t t  and Sharp (p e rso n a l communication) t h a t  a v i l l a r  le s io n  

develops in  which th e  ep ith e liu m  becomes sep a ra ted  from th e  u n d e rly in g  

c a p i l l a r i e s  and th a t  th e  space so formed i s  f i l l e d  w ith  p ro te in  c o n ta in in g  

f l u id .  The p resence  o f th e  la rg e  volume o f f lu id  causes marked s t r e tc h in g  

o f th e  e p i t h e l i a l  s h e e t . I f  th e  dye Evans b lue  i s  in je c te d  in tra v e n o u s ly  

i n to  in fe c te d  r a t s ,  a re a s  o f in te n s e  b lu e  s ta in in g  o f  th e  sm all i n t e s t i n a l  

mucosa a re  found a t  au topsy  and f re q u e n tly  b lue  s ta in e d  f l u id  i s  p re s e n t in  

th e  lumen (U rquhart e t  a l .  1965).
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T his evidence o f  leakage  and th e  p resence  o f a m ic ro sco p ica l e x tr a -  

v a sc u la r  'l e a k  le s io n *  su g g est a th i r d  p o s s ib le  mechanism f o r  N ippostrongy lus 

s e l f - c u r e ;  namely th a t  th e  in c re a se d  c a p i l la r y  p e rm e a b ility  a s s o c ia te d  w ith  

a lo c a l  a n a p h y la c tic  r e a c t io n  m ight be im p o rtan t a s  a means o f  a llo w in g  a 

s ig n i f ic a n t  amount o f  an tib o d y  in to  th e  g u t lumen, where i t  may then  a c t  

d i r e c t l y  on th e  worms. Such a p o s s ib i l i t y  was f i r s t  suggested  by P ie rc e  

(1959).

The p re s e n t s e c tio n  i s  a d e s c r ip t io n  o f th e  development o f  th e  'l e a k  

l e s io n ' under d i f f e r e n t  c ircum stances o f in f e c t io n .  An experim ent i s  

d e sc rib e d  in  which th e  le s io n  was reproduced in  u n in fe c te d  r a t s  by a 

h e te ro lo g o u s system . T his system  was then  used to  study  th e  e f f e c t  o f 

th e  le s io n  in  r a t s  in fe c te d  w ith  tra n s p la n te d  a d u lt  worms, and p a s s iv e ly  

Immunized w ith  serum.
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1 . The in f lu e n c e  o f th e  s iz e  o f in fe c t io n  euid o f th e  e f f e c t  o f c o r tiso n e  

tre a tm e n t on th e  development o f th e  i n t e s t i n a l  'l e a k  l e s io n '

In tro d u c tio n

The a b i l i t y  o f c o r t iso n e  and r e la te d  drugs to  i n h ib i t  th e  immune response  

i s  w ell documented and i t  has been shown th a t  th e  immune resp o n se  to  nematodes 

may a ls o  be in h ib i te d .  One e f f e c t  o f t h i s  type  o f  drug i s  th e  p ro lo n g a tio n  

o f many p a r a s i t i c  in f e c t io n s  beyond th e  tim e when worm e lim in a tio n  has occu rred  

in  c o n tro l suiim als. Such an e f f e c t  has been d e sc rib e d  f o r  T. s p i r a l i s  and 

T r ic h u r is  m uris in f e c t io n s  o f mice (Coker, 1955; Geunpbell, 196)) and N. 

b r a s i l i e n s i s  in f e c t io n s  o f r a t s  (O g ilv ie , 196), U rquhart e t  a l , 1 9 6 )) . In

th e  l a t t e r  in f e c t io n  worm e lim in a tio n  can be delayed  f o r  a s  lo n g  a s  c o r tiso n e  

tre a tm e n t i s  c a r r ie d  o u t b u t i s  r e - e s ta b l is h e d  some days a f t e r  th e  a d m in is tra t io n  

i s  d isc o n tin u e d . The mechanism whereby c o rtiso n e  has t h i s  a c t io n  rem ains 

obscu re .

The purpose o f th e  p re s e n t  experim ent was tw ofo ld ; f i r s t  to  make a 

com parative study  o f  th e  p a th o g en es is  o f N, b r a s i l i e n s i s  in f e c t io n s  o f normal 

and c o r t iso n e  t r e a te d  r a t s  w ith  p a r t i c u l a r  re fe re n c e  to  th e  developm ent o f 

th e  le a k  l e s io n .  I f  c o r t is o n e  could  be shown to  d im in ish  o r  a b o lis h  th e  

le a k  le s io n  some u se fu l  ev idence would be ob ta in ed  to  su p p o rt th e  th eo ry  

th a t  t h i s  le s io n  p layed  a s ig n i f ic a n t  r o le  in  th e  s e l f - c u r e  r e a c t io n .  The 

second purpose was to  e s tim a te  th e  e f f e c t  o f th e  s iz e  o f th e  worm burden on 

th e  e x te n t o f th e  le a k  le s io n .



52.

M a te ria ls  and Methods

Pour groups o f 2 ) r a t s  were in fe c te d  a s  fo llo w s:

Group 1 a s in g le  in f e c t io n  o f  2000 la rv a e

Group 2 a s in g le  in f e c t io n  o f 5000 la rv a e

Group 5 a s in g le  in f e c t io n  o f  5000 la rv a e  and c o r t is o n e  trea tm e n t
from one day b e fo re  in f e c t io n  onwards

Group 4 a s in g le  in fe c t io n  o f 5000 la rv a e  fo llow ed by c o r t iso n e  

tre a tm e n t from th e  8 th  day o f in fe c tio n  onwards.

The c o r t iso n e  tre a tm e n t c o n s is te d  o f 0 .1  mg. o f B e tso lan  ( Betam ethazone, 

Glaxo L a b o ra to r ie s )  subcutcm eously on a l t e r n a te  days over th e  p e rio d s  

d e s ig n a te d . Terram ycin 2 .5  mg. was given s im u ltaneously  w ith  each in je c t io n  

o f th e  c o r t is o n e .

Two r a t s  from each o f th e  f i r s t  )  groups were a u to p s ie d  on every  second 

day from days 4-20 in c lu s iv e  a f t e r  in f e c t io n .  Autopsy o f group 4 was s ta r te d  

on day 10.

The c h a r a c t e r i s t i c  le s io n  in  n ip p o s tro n g y lo s is  was lo c a te d  by th e  

fo llo w in g  method. Each r a t  was in je c te d  in tra v e n o u s ly  w ith  0 .5  m l. o f a 

Vfo s o lu tio n  o f Evans b lu e . T h ir ty  m inutes l a t e r  th e  an im als were k i l l e d  

and th e  e n t i r e  sm all i n t e s t i n e  opened lo n g itu d in a l ly  and examined m acro sco p ica lly  

to  a s se s s  th e  e x te n t and in te n s i ty  o f b lu e  s ta in in g  o f  th e  mucosa and th e  

amount o f leakage  o f b lu e  s ta in e d  f l u id  in to  th e  lumen. Two u n in fe c te d  c o n tro l

r a t s  were s im ila r ly  in je c te d  w ith  Evans b lu e  on th e  f i r s t  day o f  th e  experim ent 

and were a u to p s ie d  to  determ ine  th e  degree o f b lue  s ta in in g  o f  th e  mucosa in  

u n in fe c te d  an im als .
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Blocks f o r  h ls to p a th o lo g ic a l  exam ination were cu t from Evans b lu e  s ta in e d  

(EB) a re a s  and from a d ja c e n t n o n -s ta in e d  (NEB) a r e a s , were f ix e d  in  c o rro s iv e  

form ol (C a rle to n  and D rury, 1957)» d eh y d ra ted , c le a re d  in  6un a lcoho l-am yl 

a c e ta te -c h lo ro fo rm  s e r ie s  and embedded in  p a ra f f in  wax. The s e c t io n s  were 

s ta in e d  r o u t in e ly  w ith  haemalum and e o s in .

Egg counts were c a r r ie d  ou t on a l l  fo u r  groups th roughou t th e  experim ent 

and a re  shown in  T able 10.

R e su lts

A. U ninfected  r a t s : The i n te s t i n e s  o f th e  c o n tro l r a t s  were th in -w a lle d  

and o f r e g u la r  d iam e te r. The e n t i r e  mucosa was a d i f f u s e  eind even p a le

b lu e  c o lo u r; no b lu e  s ta in e d  f l u id  was found in  th e  lumen. On m ic ro sco p ica l

exam ination th e  v i l l i  appeared  s le n d e r , e lo n g a te  and evenly  spaced .

B. A 2000 and a 5000 l a r v a l  in f e c t io n  (Groups 1 and 2)

Day 4 : On day 4 th e  worms were s t i l l  v e ry  sm a ll, were ly in g  q u ite  deep ly  in

th e  mucosa and appeared  a s  dark  sp eck les  on a d i f fu s e  b lue  background (F ig . 6 ) .  

Many more worms were p re s e n t  in  th e  h ig h e r  dose group. In  bo th  groups th e  

ileum  was d is ten d e d  w ith  v is c id  yellow  mucous which was b lo o d -s ta in e d  in  th e  

case  o f one o f th e  group 2 r a t s .

S ince th e re  were no a re a s  o f in te n s e  b lue  s ta in in g  on t h i s  day,

b locks f o r  h is to p a th o lo g y  were taken  from a re a s  o f g r e a te s t  worm d e n s i ty .  A 

n o ta b le  h is to lo g ic a l  f e a tu re  was th e  p resence  o f numerous p a r a s i t e s  ly in g  between



TABLE 1 0

EGG COUNTS OF RATS INFECTED WITH 2000 OR 5000 N. BRASILIENSIS LARVAE 
( groups 1 & 2) AND RATS TREATED WITH TWO REGIMENS OF CORTISONE AND 

INFECTED WITH 5000 LARVAE (GROUPS )  & 4)

Day 1
2000 la rv a e

2
5000 la rv a e

GROUP

3
5000 la rv a e  + 
c o rt iso n e  from 
D-1 onwards

4
5000 la rv a e  + 
c o r t iso n e  from 
D8 onwards

7 29,400 85 ,300 185,200 250,200

8 44,200 80,000 114,100 125,700

9 35,000 74 ,600 73,500 150,000

10 15 ,000 64 ,900 176,000 170 ,000

11 4 ,600 5,400 57,000 105,500

12 7 ,6 0 0 1 ,5 0 0 91,900 184,600

14 100 200 71,100 83 ,800

15 0 0 89,600 189,000

16 42,600 75,000

17 37,900 56,500

19 58,800 47,900



P ig . 6 . Gross appearance o f  duodenal mucosa on day 4 showing 
immature a d u l t  worms.

g

F ig . 7« P a r a s i te s  ly in g  between v i l l i  on day 4» th e  v i l l i  a re  
f re q u e n tly  in d e n te d , and th e  e p i t h e l i a l  c e l l s  a d ja c e n t 
to  th e  worms a re  f l a t t e n e d .  (x  350)
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v i l l i  which had become in d en ted  to  ' f i t *  round them (P ig . ? )•  The 

e p i th e l i a l  c e l l s  a d ja c e n t to  th e  worms were f re q u e n tly  f l a t te n e d  to  a 

la y e r  o f ex trem ely  th in  c e l l s  w ith  dark  s t r a p - l ik e  n u c le i .  In  group 2, 

s l i g h t  v i l l a r y  oedema was a lre a d y  a p p aren t on day 4, e s p e c ia l ly  a t  the  

t i p s  o f th e  v i l l i .  In  t h i s  group a ls o ,  th e  v i l l a r  c a p i l l a r i e s  were con

g ested  and some q u ite  e x te n s iv e  haemorrhage had o ccu rred , u s u a l ly  a t  th e  

bases o f th e  v i l l i .

Day 6 ; The in te s t i n e s  o f  bo th  gjroups b e fo re  be ing  opened appeared  d is ten d ed  

and dark  b lu e -b la c k  in  th e  a re a  co rrespond ing  to  th e  h ig h e s t  c o n ce n tra tio n  

o f worms (P ig . 6 ) .  T h is d is te n t io n  was more marked in  th e  h ig h e r  dose 

group. I t  was found on opening th e  i n t e s t i n e s  th a t  th e  worms, which now 

appeared red  in  c o lo u r , were a lm ost e x c lu s iv e ly  confined  to  an a re a  ly in g  

between th e  3rd and 6 th  in ch es o f th e  duodenum. The mucosa in  t h i s  a re a  

was s ta in e d  deep ly  b lu e  in  a m o ttled  fa sh io n  (P ig . 9 ) , th e  degree o f 

s ta in in g  be ing  g r e a te r  in  group 2 suid be in g  p ro p o r tio n a l to  th e  d e n s ity  

o f worms p re s e n t a t  a p a r t i c u l a r  s i t e .  O utside th e  l im i t s  o f  th e  'worm 

p a tc h ' th e  i n te n s i t y  o f  b lu e  s ta in in g  faded  a b ru p tly . The w a lls  o f th e  

i n t e s t i n e  were sw ollen and oedemato u s . In  th e  h ig h e r dose group t h i s  

oedema was more extrem e and much th in  yellow  f lu id  was p re s e n t  in  th e  

lumen.

S ec tio n s  c u t from th e  Evans b lu e  s ta in e d  (EB) a re a s  showed th a t  

v i l l a r y  oedema o ccu rred  on day 6 in  th e  2000 dose group b u t was much more



F ig , 8 . Appearance o f th e  i n t a c t  duodenum fo llo w in g  Evans b lu e  
in je c t io n  on day 6 (Group 2 ) ,  showing marked d is te n s io n  
and d is c o lo u ra tio n  o f th e  a re a  where th e  worms a re  
lo c a te d .



F ig . 9* The opened in te s t i n e  on day 6 , showing b lu e  s ta in in g  
o f  th e  mucosa and th e  p resen ce  o f  m ature a d u l t  worms.
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sev ere  in  th e  5000 dose group. Almost a l l  v i l l i  in  EB s e c t io n s  were very  

d i s to r te d  (F ig . 1 0 ). Over th e  t i p s  o f th e  v i l l i  and ex ten d in g  down th e  

l a t e r  fa c e s  th e  ep ith e liu m  had been 'l i f t e d *  o f f  th e  u n d e rly in g  lam ina 

p ro p r ia  and th e  space so formed was f i l l e d  w ith  oedema f lu id  (F ig . 11 and 1 2 ). 

The v i l l a r  c a p i l l a r i e s  were congested , e s p e c ia l ly  a t  th e  p e rip h e ry  o f th e  

v i l l i  (F ig . 1 3 ) and w idespread haemorrhage in to  th e  lam ina p ro p r ia  had 

o ccu rred . A g e n e ra l in c re a s e  in  th e  number o f  e p i th e l i a l  c e l l s  a s  was 

d esc rib e d  by J a r r e t t  and Murray (p e rso n a l communication) had become obvious. 

T his was m euiifest by convo lu tion  and th ic k e n in g  o f  th e  lum enal ep ith e liu m , 

an in c re a s e  in  th e  number o f c ry p t c ro ss  se c tio n s  emd by an in c re a se d  number 

o f m ito t ic  f ig u re s  in  th e  e p i t h e l i a l  c e l l s  o f th e  c ry p t a re a .

S ec tio n s  c u t from n o n -E v an s-b lu e -s ta in ed  (NEB) a re a s  a d ja c e n t to  th e  

EB a re a s  gave in  bo th  groups a h is to lo g ic a l  appearance d i f f e r in g  l i t t l e  

from th a t  o f  u n in fe c te d  c o n tro l in te s t i n e s  (F ig . I 4 ) .  Very few worms were 

seen in  th e se  s e c t io n s ,  v i l l a r y  oedema was ab sen t and th e  mucosa was a lso  

much th in n e r  than  in  th e  EB a re a s .

Day 8 ; The d is te n t io n  o f  th e  i n t e s t i n e  commented on in  th e  day 6 in f e c t io n  

s t i l l  occuirred b u t was l e s s  marked in  th e  low er dose group. In  t h i s  group 

a ls o ,  b lu e in g  o f  th e  mucosa was l e s s  in te n s e  and more d i f f u s e  than  on day 6. 

Very many worms were p re s e n t  in  th e  5OOO dose group b u t were found in  an 

a re a  s l i g h t ly  low er down than  on day 6 . Blue s ta in in g  in  t h i s  group was 

s t i l l  in te n s e  w ith  la rg e  dark  b lu e  m o ttled  a re a s  in  th e  reg io n  o f th e  worms.
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F ig . 10. H is to lo g ic  appearance o f Evans b lu e  s ta in e d  a re a  o f 
th e  mucosa showing oedemato u s  and d i s to r te d  v i l l i  on 
day 6 . (x  50)

f

F ig . 11. D e ta il  o f t i p  o f v i l l u s  showing th e  s u b - e p i th e l ia l  
•leak* le s io n .  Day 6. (x  550)



P ig . 12. D e ta il  o f  v i l l u s  to  dem onstra te  th e  ex ten sio n  o f 
s u b - e p i th e l ia l  oedema down th e  l a t e r a l  fa c e s .
Day 6 . (x  245 )

P ig . 1 5 . C ongestion o f th e  p e r ip h e ra l  v i l l a r  c a p i l l a r i e s  on 
day 6 . (x  550)



F ig , 14* Appearance o f  th e  u n s ta in e d  mucosa on day 6 ; th e  le a k  
le s io n  i s  a b sen t and th e  v i l l i  a re  r e g u la r .  (x  50)
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The h i s to lo g ic a l  p ic tu r e  o f  v i l l a r y  oedema appeared  much th e  same a s  on 

day 6 b u t was i f  a n y th in g  l e s s  marked. A sm all degree o f  oedema was found 

on day 6 in  some o f th e  NEB s e c t io n s .  A c e l lu l a r  r e a c t io n  c o n s is t in g  o f 

e o s in o p h ils ,  lym phocytes and plasma c e l l s  which had been b u ild in g  up s in c e  

day 4 was approach ing  maximum a t  t h i s  tim e . T h is re a c t io n  and e s p e c ia l ly  

th e  in c re a s e  in  th e  number o f  e o s in o p h ils  was more marked in  group 2 . An 

ap p aren t in c re a s e  in  th e  number o f  Paneth  c e l l s  was n o tic e d  to  be o c c u rr in g  

d u rin g  th e  in f e c t io n  e s p e c ia l ly  in  group 2 . On day 8 , 4-5  Paneth  c e l l s  

could  be reco g n ised  in  many c ry p t c ro s s  s e c tio n s  in  t h i s  g roup . Most o f 

th e se  c e l l s  were w ell g ra n u la te d  b u t ,  as th e  tim e a f t e r  in f e c t io n  in c re a se d , 

many came to  have a r e t i c u l a te d  appearance . Some appeared  to  be d isc h a rg in g  

g ran u le s  in to  th e  c ry p t lum ina w h ile  o th e rs  were v acu o la ted  and appeared  to  

be empty.

Day 10; On day 10 th e  worm p o p u la tio n  was more evenly  d i s t r ib u t e d  over th e  

E u iterio r h a l f  o f  th e  sm all i n t e s t i n e  though s t i l l  o f  h ig h e s t  d e n s i ty  in  th e  

p re v io u s ly  d e fin e d  worm a re a .  The worms were no lo n g e r a d h e ren t to  th e  

mucosa b u t were suspended in  much f l u id .  The b lue  m o tt l in g  had become 

l e s s  marked in  b o th  groups emd was fa d in g  in to  th e  g e n e ra l d i f f u s e  background 

b lu e  o f th e  worm a re a .

H is to lo g ic a l ly  v i l l a r y  oedema in  bo th  groups appeared  to  be reduced 

w ith  v i l l i  assum ing a more norm al and e lo n g a te  p a t te r n .  C ongestion o f 

v i l l u s  t i p  c a p i l l a r i e s  s t i l l  o ccu rred  in  th e  hig^i dose group b u t th e re  was
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l e s s  haem orrhage than  seen p rev io u sly #  E p i th e l ia l  desquam ation e s p e c ia l ly  

over th e  t i p s  o f  th e  v i l l i  was n o tic e d  in  t h i s  group. The m acroscopical 

re d u c tio n  in  c o n tr a s t  between EB and NEB a re a s  was r e f l e c te d  a ls o  in  th e  

h is to lo g y ;  most o f  th e  NEB a re a s  a t  t h i s  s ta g e  in  th e  experim ent showed 

le s io n s  o f  s im ila r  i n t e n s i t y  to  th o se  seen in  th e  EB a re a s  a l t h o u ^  c a p i l la r y  

congestion  was p robab ly  l e s s .

Day 12 ; The two r a t s  o f  group 1 k i l l e d  on t h i s  day bo th  s t i l l  harboured  

many worms and th e  mucosa was pa tchy  b lu e  in  th e  worm a re a  in  which a la rg e  

p ro p o rtio n  o f  th e  worms were found. In  bo th  group 2 r a t s  th e re  were 

a p p a re n tly  l e s s  worms and a few sm all i s o la te d  b lu e  a re a s  co rresp o n d in g  to  

worm clumps were found in  th e  jejunum  and ileum . Thick b lu e  mucus was 

p re s e n t  in  th e  lumen a t  th e  worm a re a  and th e  mucosa was th ick en ed  h ere  

b u t th e re  was no ev idence o f  th e  w atery  oedema seen on days 6 and 8 .

H is to lo g ic a l ly  th e  v i l l a r y  oedema was more marked th an  on day 10; 

w hether t h i s  r e f l e c t s  a r e a l  in c re a s e  o r  a chance v a r ia t io n  in  ' t a k e s '  

between d i f f e r e n t  r a t s  i s  n o t  known. At t h i s  s ta g e  o f th e  in f e c t io n  

however th e  oedema was com plicated  by a c e l lu l a r  r e a c t io n .

Day 14 : On day 14 th e  r a t s  o f  bo th  groups harboured  n o tic e a b ly  l e s s  worms 

and th e se  were sp read  o u t over a la rg e  a re a  o f th e  duodenum. The mucosa 

was on ly  s l i ^ t l y  more s ta in e d  in  th e  worm a re a  than  e lsew here  b u t deeper
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co loured  mucous f l u id  was s t i l l  p re s e n t over t h i s  s i t e .  T h inner b lu e-g reen  

f l u id  was found f u r th e r  down in  th e  i n t e s t i n e .

V i l la ry  oedema was m arkedly reduced , in  many a re a s  to  a b a re ly  p e r

c e p t ib le  v i l l u s  t i p  oedema; th e re  was no v i s ib le  d i s t in c t io n  between EB 

and NEB a re a s .

A f te r  day I 4 th e  appearance o f th e  sm all i n t e s t i n e  re v e r te d  r a p id ly  

to  th a t  o f  normal u n in fe c te d  an im als . A few worms were s t i l l  o c c a s io n a lly  

seen b u t were n o t a p p a re n tly  s u f f i c i e n t  to  r e s u l t  in  th e  p e rs is te n c e  o f 

th e  le a k  le s io n .

C. C o rtisone  t r e a te d  r a t s ; Exam ination o f group 5 r a t s  which had been 

c o rt iso n e  t r e a te d  s in c e  th e  day b e fo re  in fe c t io n  showed u n t i l  th e  10 th  day 

a f t e r  in f e c t io n  on ly  r e l a t i v e ly  m inor d if f e r e n c e s ,  o f  deg ree  r a th e r  than 

k in d , in  th e  le s io n s  d e sc rib e d  f o r  group 2 r a t s .  The worms were d i s t r ib u te d  

in  a s im ila r  fa sh io n  b u t Evans b lu e  s ta in in g  o f th e  mucosa d id  n o t appear to  

be q u ite  as in te n s e  a s  in  th e  n o n -c o rtiso n e  t r e a te d  an im als . Much f lu id  

was o f te n  p re s e n t in  th e  lumen b u t th e  i n t e s t i n a l  d is te n s io n  seen in  group 2 

r a t s  on days 6-8 was l e s s  marked in  th e  c o rtiso n e  t r e a te d  group.

H is to lo g ic a l ly  v i l l a r y  oedema occu rred  in  group 3 a s  in  group 2 b u t 

was m arg in a lly  l e s s  se v e re . A lthough e p i t h e l i a l  p r o l i f e r a t io n  appeared 

to  have occu rred  to  a s im ila r  e x te n t to  th a t  in  n o n -c o rtiso n e  t r e a te d  r a t s  

i t  was f e l t  t h a t  th e  e o s in o p h il and plasma c e l l  re a c t io n  was reduced .

On day 12 a f t e r  in f e c t io n  th e  p a t te rn  o f v i l l a r y  oedema in  bo th  groups 

o f c o r tiso n e  t r e a te d  r a t s  resem bled th a t  o f  th e  m ild e r day o in f e c t io n  o f
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u n tre a te d  r a t s .  T h is appearance con tinued  u n t i l  day 20 when th e  experim ent

was te rm in a te d . At t h i s  tim e th e  i n t e s t i n e s  o f  th e  u n tre a te d  r a t s  resem bled

c lo s e ly  th o se  o f  th e  u n in fe c te d  c o n tro l an im als .

I t  th e re fo re  appears  th a t  between days 10 to  20 a f t e r  in f e c t io n  most 

o f th e  d if fe re n c e s  in  appearance between th e  i n t e s t i n e s  o f  th e  c o r t iso n e  

t r e a te d  and u n tre a te d  r a t s  could  be a t t r ib u t e d  to  th e  con tinued  p resence  o f 

th e  worms in  th e  form er g roups. S e lf -c u re  d id  n o t occur in  e i t h e r  o f th e  

c o r t is o n e  t r e a te d  groups and no d if fe re n c e s  were n o tic e d  in  th e  m acroscopical 

o r  h ls to p a th o lo g ic a l  p ic tu r e  o f  group 3 and 4 d e s p i te  th e  d i f f e r e n t  dosing  

regim ens. From day 12 onwards th e  worms in  th e se  groups were no lo n g e r 

confined  to  th e  worm a re a  b u t became s c a t te r e d  th r o u ^ o u t  th e  sm all i n te s t in e .  

S im ila r ly  oedema and Evans b lu e  s ta in in g  sp read  in  th e  wake o f  th e  worm 

movement.

D iscussion

On exam ination o f  th e  sm all i n t e s t i n e  o f  in fe c te d  r a t s  which have been 

in tra v e n o u s ly  in je c te d  w ith  th e  dye Evans b lu e , p a tc h es  o f  in te n s e  b lue  

s ta in in g  o f  th e  mucosa a re  seen . These have been found on m ic ro sco p ica l 

exam ination to  correspond  to  a v a sc u la r  and oedemato u s le s io n  o f  th e  v i l l i  

and th e  e x te n t and i n te n s i t y  o f  th e  b lu e in g  was shown to  p ro v id e  a g ro ss  

e s tim a te  o f  th e  s e v e r i ty  o f  t h i s  le s io n .

The le s io n  b a s ic a l ly  c o n s is ts  o f  th e  development o f  a la rg e  f l u id -  

f i l l e d  space between th e  blood v e s s e ls  and th e  e p ith e liu m  o f  th e  v i l l u s .
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Since th e  Evans b lu e  m olecule combines w ith  albumin i t s  p resen ce  in  th e  sub- 

e p i t h e l i a l  spaces Euid in  th e  i n t e s t i n a l  lumen in d ic a te s  t h a t  th e  le s io n  i s  

r e la te d  to  a s p e c i f ic  s i t e  o f m acrom olecular le a k .

The s e v e r i ty  o f th e  le a k  le s io n  has been found to  be p ro p o r tio n a l  to  

th e  dose o f la rv a e  g iven ; th e  b lu e  m o ttled  a re a s  were in v a r ia b ly  found in  

th e  reg io n  o f clumps o f worms and were more in te n s e  and covered a l a r g e r  

a re a  in  th e  group o f r a t s  which were in fe c te d  w ith  5000 a s  opposed to  2000 

la rv a e .

The tim e o f  o n se t o f  th e  le a k  le s io n  was dependent on th e  s iz e  o f th e  

in f e c t io n .  In  th e  h i ^  dose group i t  was d e te c ta b le  m ic ro sc o p ic a lly  on th e  

4 th  day a f t e r  in f e c t io n ;  in  bo th  groups i t  was g ro s s ly  and m ic ro sc o p ic a lly  

ap p aren t and a t  a maximum on th e  6 th  day p o s t in f e c t io n .  S ubsequently  th e  

le s io n  rem ained r e l a t i v e l y  s t a t i c  in  i n t e n s i t y  u n t i l  abou t day 10 when i t s  

s e v e r i ty  re g re s s e d , a lth o u g h  b lu e  s ta in e d  f l u id  was s t i l l  v i s i b l e  in  th e  

lumen o f th e  i n t e s t i n e .  Around t h i s  tim e th e  worms were a ls o  found to  be 

sp read  over a much l a r g e r  a re a  than  th a t  to  which th ey  had been confined  

f o r  th e  f i r s t  8-10 d ays.

In  th e  c o r t is o n e  t r e a te d  r a t s  (groups 5 and 4 ) a l l  th e  components o f 

th e  le a k  le s io n  a ls o  o ccu rred  a lth o u g h  n o t to  th e  same d e g re e . The most 

s t r i k in g  d if fe re n c e  was th e  p e rs is te n c e  o f th e  le s io n  in  bo th  c o r t is o n e  

t r e a te d  groups u n t i l  day 20 when th e  experim ent was te rm in a te d . D uring 

t h i s  p e rio d  when s e l f - c u r e  was o p e ra tin g  in  th e  u n tre a te d  groups i t  was 

very  a p p aren t in  th e  c o r t is o n e  t r e a te d  groups th a t  th e  p e r s i s t in g  worm
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p o p u la tio n s  were sp read  th r o u ^ o u t  th e  whole sm all i n t e s t i n e .  P o s s ib ly  

because o f t h i s ,  i . e . ,  th e  low er d e n s i ty  o f  worms p e r  u n i t  a re a  o f i n t e s t i n e ,  

no dark  p a tch es  o f  Evans b lu e  o c cu rred , th e  whole i n t e s t i n e  showing m oderate 

s ta in in g  and le a k ag e .

One o f th e  p rim ary  o b je c ts  o f t h i s  experim ent was to  f in d  i f  c o r t iso n e  

a b o lish e d  th e  le a k  l e s io n .  S ince on th e  evidence p re se n te d  h e re  i t  does 

n o t appear to  do so , one must c o n s id e r  a l t e r n a t iv e  ways in  which c o rt iso n e  

m ight i n t e r f e r e  w ith  th e  e x p re ss io n  o f  th e  s e l f - c u r e  r e a c t io n .  One p o s s ib le  

ex p la n a tio n  r e c e n t ly  re p o r te d  elsew here ( J a r r e t t  e t  a l . 1967b ) depends on th e

o b se rv a tio n  th a t  c o r t is o n e  tre a tm e n t u s in g  th e  same regim en a s  d e sc rib e d

h e re  m arkedly reduces th e  t o t a l  number o f mast c e l l s  in  th e  mucosa o f th e  

sm all i n t e s t i n e .  When c o r t iso n e  tre a tm e n t i s  stopped th e  m ast c e l l s  reap p ea r 

in  q u a n ti ty ;  s h o r t ly  a f t e r  s e l f - c u r e  o c c u rs . The p o s s ib le  a s s o c ia t io n  between

th e  mast c e l l  and s e l f - c u r e  i s  d isc u sse d  e lsew here .
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2. The development o f th e  i n t e s t i n a l  le a k  le s io n  fo llo w in g  t r a n s p la n ta t io n  

o f a d u lt  worms

In tro d u c tio n

The r e s u l t s  o f  th e  p rev io u s  experim ent have shown th a t  when a s u f f i c i e n t ly  

la rg e  dose i s  u sed , th e  i n t e s t i n a l  le a k  le s io n  may develop a s  soon a s  fo u r days 

a f t e r  l a r v a l  in f e c t io n ,  i . e . , on ly  48 hours o r  so a f t e r  th e  f i r s t  worms have 

a r r iv e d  in  th e  sm all i n t e s t i n e .  T h is p e rio d  i s  a su s p ic io u s ly  s h o r t  one fo r  

th e  developm ent o f an a n a p h y la c tic  le s io n .

The experim ent to  be d e sc rib e d  h e re  was c a r r ie d  ou t to  de term ine  th e  

tim e o f o n se t o f Evans b lu e  leakage  and th e  oedema le s io n  in  r a t s  in fe c te d  

by laparotom y w ith  a tra n s p la n te d  a d u lt  worm p o p u la tio n .

Both t h i s  and th e  fo llo w in g  experim ent were c a r r ie d  o u t in  p re p a ra tio n  

fo r  an o th e r experim ent, designed  to  t e s t  th e  r o le  o f th e  le a k  le s io n  in  worm 

ex p u ls io n , emd d e sc rib e d  l a t e r  in  t h i s  s e c t io n .

M a te r ia ls  and Methods

Two groups o f  12 r a t s  were in fe c te d  a s  fo llo w s;

Group 1 T ransplem t o f 700 a d u l t  worms

Group 2 T ransplem t o f  3OOO a d u lt  worms.

The a d u lt  worms f o r  t r a n s p la n t  were removed on th e  10 th  day o f  in fe c t io n  

from a group o f donor r a t s .  The method o f  trem sp lem ta tio n  i s  d e sc rib e d  in  

th e  M a te r ia ls  emd Methods s e c t io n .
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Two r a t s  from each group were k i l l e d  on days 2, 4 , 6 and 9 fo llo w in g  th e  

in je c t io n  o f Evans b lu e  a s  d e sc rib e d  in  th e  p rev io u s experim en t.

R e su lts

On th e  second day a f t e r  in f e c t io n  th e  r a t s  which had re c e iv e d  5OOO la rv a e  

showed ty p ic a l  Evans b lu e  m o ttl in g  o f  th e  sm all i n t e s t i n a l  mucosa in  th e  reg io n  

where th e  worms were found. Blue f l u id  was p re s e n t in  th e  lumen and su r

rounding  th e  worms. The r a t s  o f  th e  low er dose group showed no Evans b lu e  

s ta in in g  o r  le a k  on day 2 .

H is to lo g ic a l ly  th e  le a k  le s io n  was p re s e n t in  bo th  groups on day 2. In  

group 1 , c a p i l l a r y  congestion  and v i l l a r  t i p  oedema was d is c e rn a b le  b u t was 

n o t marked o r  e x te n s iv e . The group 2 le s io n  was a lre a d y  sev e re  and th e  v i l l i  

had a lre a d y  become b lu n te d  and appeared  fu sed  over la rg e  a re a s .

On day 4 and a f t e r  bo th  groups showed s im ila r  le s io n s  v a ry in g  on ly  in  

degree emd th e se  were id e n t ic a l  to  th o se  d esc rib e d  in  th e  p rev io u s  experim ent.

D iscussion

The r e s u l t s  have shown th a t  s t a r t i n g  a t  2 days and prom inent a t  4 days 

a f t e r  re c e iv in g  a t r a n s p la n t  o f  a d u lt  worms, th e  sm all i n t e s t i n e  o f  r a t s  

showed p a tch es o f  deep b lu e  s ta in in g  which were r e la te d  to  th e  p resence  o f  

la rg e  clumps o f worms. These a re a s  were a s so c ia te d  w ith  th e  c h a r a c te r i s t i c  

le a k  le s io n  lo c a te d  im m ediately  below th e  ep ith e liu m  o f  th e  v i l l i .
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Because o f  th e  sh o rtn e ss  o f  th e  tim e which e la p se s  between th e  p resence  

o f  th e  worms in  th e  i n t e s t i n e  emd th e  o n se t o f  t h i s  le s io n ,  i . e . , 2-4 days, 

i t  i s  u n l ik e ly  th a t  th e  m ed ia to rs a re  re le a s e d  by an immunologic r e a c t io n  in  

t h i s  in s ta n c e .
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5- The le a k  le s io n  produced by ovalbumin induced an ap h y lax is

In tro d u c tio n

I n t e s t i n a l  le s io n s  s im ila r  to  th o se  which have been d e sc r ib e d  fo r  

n ip p o s tro n g y lo s is  occur in  se v e ra l d is e a s e  e n t i t i e s  o f  d i f f e r e n t  e tio lo g y ; 

th e se  in c lu d e  t r o p ic a l  sp rue  (B u tte rw o rth  and P e rez -S a n tia g o , 1958) and 

A s ia t ic  ch o le ra  in  man and experim en ta l anim als (S p rin z , I 96I ) .  S im ila r  

i n t e s t i n a l  le s io n s  a re  a ls o  a s s o c ia te d  w ith  experim ental shock induced by 

v a rio u s  methods. They a re  seen in  r a t s  fo llo w in g  th e  in je c t io n  o f th e  

h is tam in e  l ib e r a t o r  48/ 8O and o f h is tam in e  and 5 . hydroxytryp tam ine ( F e l l ,

Boyne and C u thbertson , I 96I ) .

In  o rd e r to  t e s t  th e  p o s s ib le  r o le  o f  th e  le a k  le s io n  i t  was found 

d e s ira b le  to  produce th e  le s io n  by a system  n o t a s s o c ia te d  w ith  N ippostrongy lu s. 

Follow ing i r r e g u la r  r e s u l t s  w ith  th e  in je c t io n  o f 48 /80 , h is tam in e  o r  5 HT a 

s a t i s f a c to r y  le a k  producing  system  was o b ta in ed  by ovalbumin induced 

Euiaphylaxis.

M a te r ia ls  and Methods

R ats were s e n s i t iz e d  to  ovalbumin a f t e r  th e  method o f Seinyal and V est 

( 1958) .  Each r a t  was in je c te d  I n t r a p e r i to n e a l ly  w ith  1 m l. o f  4 p e r cen t 

(w /v) ovalbumin ( Sigma Chemical Co. L td .,  S t .  L ouis, M isso u ri)  to g e th e r  w ith  

1 ml. o f P e r tu s s is  a d ju v an t 20,000 x 10^ organism s p e r m l. (k in d ly  su p p lied  

by Burroughs Wellcome, Park  L ang ley). Shock was induced 12 days a f t e r
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s e n s i t iz a t io n  by th e  in tra v en o u s  in je c t io n  o f 1 ml. o f th e  ovalbumin s o lu t io n . 

Evans b lue  was used a s  a m arker o f p ro te in  le a k  a s  d e sc rib e d  p re v io u s ly  and 

was in je c te d  (O .5 oc. o f a 1 p e r  cen t s o lu t io n )  to g e th e r  w ith  th e  shocking 

dose o f a n tig e n .

R ats were a u to p s ie d  a t  i n te r v a l s  o f  15 m inutes to  2 hours a f t e r  in je c t io n  

o f th e  shocking dose.

R e su lts

A pproxim ately 2 m inutes a f t e r  th e  in je c t io n  o f th e  shocking  dose o f 

a n tig e n  th e  r a t s  became p r o s t r a te  and dyspnoeaic . Gross exam ination of 

th e  sm all i n t e s t i n e  a t  15 m inutes and ^0 m inutes a f t e r  in f e c t io n  showed 

extrem e hyperaem ia o f th e  sw ollen mucosa and in te n se  Evans b lu e  s ta in in g  

a long  th e  e n t i r e  le n g th  o f th e  sm all i n t e s t i n e .  There was much b lue  

mucus in  th e  lumen.

H is to lo g ic a l ly  v i l l a r  c a p i l l a r y  congestion  and oedema was seen . A 

s u b - e p i th e l ia l  f l u id  f i l l e d  space a s  d e sc rib e d  f o r  n ip p o s tro n g y lo s is  had 

formed by 15 m inutes emd was even more extrem e a t  JO m inutes a f t e r  in 

je c t io n  (F ig . 1 5 ) .  A lso a t  t h i s  tim e th e  t i p s  o f many v i l l i  gave the  

appearance o f  hav ing  exploded under th e  f lu id  p re s su re  and e p i th e l i a l  c e l l s  

were ly in g  f r e e  in  th e  lumen.

At 2 hours a f t e r  in je c t io n  th e  above le s io n s  a lth o u g h  s t i l l  p re s e n t 

appeared  to  be re g re s s in g .



F ig . 1 5 . S u b -e p i th e l ia l  'le a k *  le s io n  in  v i l l u s  o f sm all
i n t e s t i n e  produced by o v a lb u m in -p e rtu ss is  anaphy lax is,
( i  245)
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D iscussion

The i n t e s t i n a l  le s io n s  produced in  r a t s  by ovalbum in-induced anaphy lax is 

resem ble th e se  p re s e n t  in  in fe c te d  r a t s  b e fo re  and a t  th e  tim e o f  s e l f - c u r e ,  

a lth o u g h  th e  d i s t r ib u t io n  and d u ra tio n  o f  th e  le s io n s  i s  d i f f e r e n t .  In  th e  

ovalbumin shocked r a t s  th e  whole sm all i n t e s t i n e  shows d i f f u s e  b lu e  s ta in in g  

o f th e  sw ollen  mucosa and t h i s  i s  a s s o c ia te d  w ith  th e  d if f u s e  d i s t r ib u t io n  

o f th e  v i l l a r  le s io n ,  b u t t h i s  p e r s i s t s  fo r  on ly  a few h o u rs .
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4 . The r o l e  o f  th e  l e a k  l e s i o n  I n  worm e x p u ls io n  from  th e  i n t e s t i n e

In tro d u c tio n

T his p a r t  d e sc r ib e s  an experim ent which was designed  to  t e s t  th e  r o le  

o f  th e  le a k  le s io n  in  th e  expu ls ion  o f worms from th e  sm all i n t e s t i n e s .

Two a l t e r n a t iv e  fu n c tio n s  have been p o s tu la te d  f o r  th e  c m a p h y la c tic - lik e  

s t a t e  o f  which th e  le a k  le s io n  i s  a symptom (se e  in tro d u c tio n  to  t h i s  s e c t io n ) ;  

f i r s t ,  t h a t  th e  a s s o c ia te d  s t r u c tu r a l  and fu n c tio n a l  changes p rov ided  an 

environm ent which i s  u n s u ita b le  f o r  worm s u rv iv a l ,  o r  secondly  t h a t  th e  

le a k in e s s  a s s o c ia te d  w ith  th e  a l t e r e d  s t a t e  p ro v id es th e  means o f  access  o f 

an tiw orm -antibody in to  th e  i n t e s t i n a l  lumen; th e  an tib o d y  may then  a c t  

d i r e c t l y  on th e  worms.

In  £ui e f f o r t  to  o b ta in  more in fo rm atio n  on th e  s p e c i f ic  mechanisms 

invo lved  a comparison was made between two methods o f  a tte m p tin g  to  produce 

prem ature expu lsion  o f  worms in  r a t s  in fe c te d  w ith  a t r a n s p la n te d  a d u lt  

p o p u la tio n . Both groups were su b je c te d  to  h e te ro lo g o u s i n t e s t i n a l  

a n ap h y lax is ; th e  second group was a ls o  p a s s iv e ly  immunized.

The r e s u l t s  in d ic a te  a p o s s ib le  r o le  f o r  th e  le a k  le s io n  in  worm ex

p u ls io n .

E xperim ental P lan

A ll m a te r ia ls  and methods a re  a s  d e sc rib e d  in  th e  M a te r ia ls  and Methods 

s e c t io n , o r  a s  p re v io u s ly  d e sc rib e d  in  t h i s  s e c t io n .
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The experim ent o u tlin e d  in  Table 11, was designed  to  determ ine  i f  th e  

p ro d u ctio n  o f h e te ro lo g o u s  a n a p h y la c tic  shock would induce prem ature s e l f 

cure  in  p a s s iv e ly  p ro te c te d  (Group A) o r normal r a t s  (Group C) h a rb o u rin g  

a t r a n s fe r r e d  a d u l t  in f e c t io n .

W hether o r  n o t a degree o f worm expu lsion  had o ccu rred  was determ ined 

by coun ting  th e  number o f worms in  th e  r a t s  a t  au topsy  56 hou rs a f t e r  shock, 

and comparing th e se  w ith  th e  numbers o f  worms p re s e n t in  un shocked r a t s  

(Groups B and D) which had re c e iv e d  hyperimmune serum and norm al serum 

re s p e c t iv e ly .

S ince i t  i s  known th a t  t r a n s fe r r e d  a d u lt  worms a re  n o t e x p e lle d  from 

p a s s iv e ly  p ro te c te d  r a t s  f o r  a t  l e a s t  5 days (Mulligem e t  a l . 1965; N e ilso n , 

1965 ) th e  numbers o f worms in  th e  group B r a t s  (hyperimmune serum a lo n e ) 

were expected  to  be s im ila r  to  th o se  o f  group D r a t s  (norm al serum a lo n e ) 

a t  th e  tim e o f au to p sy . I f  th e  numbers o f worms in  group C r a t s  (an ap h y lax is  

a lo n e ) were s ig n i f ic a n t ly  reduced , i t  could  be concluded th a t  th e  p h y s ic a l 

changes a s s o c ia te d  w ith  euiaphylaxis p e r  se  were re s p o n s ib le  f o r  th e  expu lsion  

o f th e  worms. I f  on th e  o th e r  hand th e  mean number o f worms in  t h i s  group 

was s im ila r  to  groups B and D and th a t  o f  group A a lone  was s ig n i f ic a n t ly  

reduced , i t  would in d ic a te  t h a t  th e  r o le  o f euiaphylaxis had been confined  to  

f a c i l i t a t i n g  th e  passage  o f  an tiw orm -antibody in to  th e  i n t e s t i n a l  lumen.

R e su lts

R e su lts  a re  shown in  T able 12.
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TABLE 12

THE RESUI/TS OF ATTEMPTS TO PRODUCE ACCELERATED EXPULSION IN RATS INFECTED WITH
TRANSFERRED ADULT WORMS

A
Hyperimmune serum 

and shock

B C 

Hyperimmune serum Shock

D

Normal serum

No. worms recovered 216 462 419 360
181 596 256 324
169 256 253 319
165 256 251 317
165 215 221 292
164 187 218 253
151 173 207 232
104 172 159 199

74 170 152 173
37 132 151 5

69

Mean 140 241 214 247

S.D. 51 101 85 99

T es t o f s ig n if ic a n c e  
( t  t e s t ) P .  0 .01 NS NS
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The r a t s  which re c e iv e d  hyperimmune serum and were l a t e r  subjected , to  

anaphy lax is had a meein burden and s tan d a rd  d e v ia tio n  o f I 40 ± 5I  worms.

T his was s ig n i f ic a n t ly  low er than  th e  burden o f th e  r a t s  which re c e iv e d  

hyperimmune serum a lo n e  ( 24I  ± 101 ) ,  o r  th o se  which were shocked w ithou t 

serum (214  ± 8 5 ). The burdens o f th e se  two l a t e r  groups were n o t s ig 

n i f i c a n t l y  d i f f e r e n t  from th e  group o f  r a t s  which re c e iv e d  normal serum only

(247  ± 9 9 ).

A ll o f  th e  shocked r a t s  showed c l i n i c a l  s ig n s  o f an ap h y lax is  ( i . e . ,  

p r o s t r a t io n ,  dyspnoea) o f medium s e v e r i ty  l a s t i n g  n o t l e s s  than  one and n o t 

more than  10 h o u rs . Two r a t s  from groups A and C were k i l l e d  30 m inutes 

a f t e r  in je c t io n  o f th e  shocking dose o f a n tig e n  and th e  p resen ce  o f  th e  

c h a r a c te r i s t i c  i n t e s t i n a l  le s io n  was confirm ed g ro ss ly  and m ic ro sc o p ic a lly .

D iscussion

In  th e  experim ent d e sc r ib e d  above in  which r a t s  in fe c te d  w ith  an a d u lt  

p o p u la tio n  o f N ippostrongy lus b r a s i l i e n s i s  were su b je c ted  to  i n t e s t i n a l  

an aphy lax is  induced by ovalbumin and Haemophilus p e r tu s s i s  i t  was found th a t  

th e  consequent p h y s ic a l a l t e r a t i o n  o f th e  mucosa d id  n o t r e s u l t  in  th e  ex

p u ls io n  o f worms.

On th e  o th e r  hand th e  p ro d u c tio n  o f i n t e s t i n a l  an ap h y lax is  in  p a s s iv e ly  

immunized r a t s  produced a s ig n i f ic a n t  expu lsion  o f worms compared to  r a t s  

which were on ly  p a s s iv e ly  immunized. These r e s u l t s  sug g est t h a t  th e  p h y s ic a l 

changes a s s o c ia te d  w ith  an ap h y lax is  had f a c i l i t a t e d  th e  e x tra v a s c u la r  passage
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o f an tibody  where i t s  e f f e c t  was s p e c i f i c a l ly  d ire c te d  a g a in s t  th e  worms. 

T h is su p p o rts  th e  id ea  th a t  th e  le s io n  found in  th e  i n t e s t i n e s  o f  in fe c te d  

r a t s  may p la y  a s im ila r  r o le  in  th e  s e l f - c u r e  r e a c t io n .
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5. F a i lu re  o f  a tte m p ts  to  a c c e le r a te  s e l f - c u r e  in  p rim ary  in f e c t io n s

In tro d u c tio n

In  p a r t  4 o f  t h i s  s e c tio n  an experim ent was d e sc rib e d  in  which a d u lt  

worms were t ra n s p la n te d  in to  th e  sm all i n t e s t i n e  o f u n in fe c te d  r a t s  by 

laparo tom y. T h is experim en t, undertaken  to  e lu c id a te  th e  mechanism o f 

s e l f - c u r e ,  in d ic a te d  th a t  th e  re a c t io n  m ight depend on th e  a v a i l a b i l i t y  o f 

an tiw orm -antibody  which had gained  a c c e ss  to  th e  worms v ia  an i n t e s t i n a l  

le a k  l e s io n .

I f  t h i s  h y p o th es is  i s  c o r r e c t  i t  m ight be rea so n ab ly  in f e r r e d  th a t  a 

prim ary  in f e c t io n  could  be p rem atu re ly  te rm in a ted  by th e  in je c t io n  o f hyper

immune serum, s in c e  th e  le s io n  component i s  p re s e n t  from th e  5 th  day onwards,

Some ev idence which s u p e r f ic i a l ly  su p p o rts  t h i s  h y p o th es is  i s  p re sen te d  

in  S ec tio n  3 which i t  i s  shown th a t  th e  s iz e  o f a prim ary  in f e c t io n  i s  

reduced by th e  a d m in is tra t io n  o f  hyperimmune serum b e fo re  and d u rin g  th e  

e a r ly  s ta g e s  o f a l a r v a l  in f e c t io n ;  on r e f l e c t io n ,  t h i s  i s  r a th e r  equ ivocal 

s in c e  i t  i s  p o s s ib le  th a t  th e  e a r ly  m ig ra tin g  s ta g e s  a re  a f f e c te d  by th e  

tre a tm e n t.

In  th e  f i r s t  experim ent d e sc r ib e d  below, serum was a d m in is te re d  on th e  

5 th  and 7 th  day a f t e r  in f e c t io n  in  an a ttem p t to  advance th e  o n se t o f  Loss 

Phase 2.
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E x p e r im e n t 1 -  The u s e  o f  hyperim m une serum  a lo n e

Plein

Two groups o f 8 r a t s  were in fe c te d  w ith  1,000 la rv a e . The r a t s  o f one 

group (group l )  re c e iv e d  6 m l./lOO g. o f hyperimmune serum in t r a p e r i to n e a l ly  

on days 5 smd 7 a f t e r  in f e c t io n .  The o th e r  c o n tro l group (group 2) rece iv ed  

no serum. Both groups o f r a t s  were au to p s ie d  on th e  10 th  day a f t e r  in f e c t io n ,  

t h i s  be ing  b e fo re  th e  normal o n se t o f  LP2.

R e su lts

The r e s u l t s  shown in  T able 13 in d ic a te  th a t  expu lsion  had n o t been 

advanced in  group 1 r a t s  by tre a tm e n t w ith  hyperimmune serum s in c e  mesuis o f 

283 and 331 worms were recovered  from th e  t r e a te d  and c o n tro l groups r e s 

p e c t iv e ly .

D iscussion

One p o s s ib le  ex p la n a tio n  o f th e  f a i l u r e  o f hyperimmune serum to  

produce prem ature s e l f - c u r e  i s  th a t  th e  le a k  le s io n  in  prim ary  in fe c t io n s  

a lthough  e s ta b l is h e d  by th e  5 th  day a s  measured by g ro ss  and h i s to lo g ic a l  

c r i t e r i a  may la c k  some e s s e n t ia l  component u n t i l  th e  12 th  day. A second 

experim ent was th e re fo re  c a r r ie d  ou t to  in v e s t ig a te  t h i s  h y p o th e s is .

Experim ent 2 -  The use  o f hyperimmune serum and h e te ro lo g o u s  anaphy lax is

Plan

Two groups o f 10 r a t s  (groups A and D) were s e n s i t iz e d  to  ovalbumin



TABLE 13

ATTEMPTS TO ADVANCE THE ONSET OF LOSS PHASE 2 IN A PRIMARY INFECTION

1 . A d m in is tra tio n  o f hyperimmune serum on day 5 and 7 a f t e r  in fe c t io n

I n t e s t i n a l  worm count on day 10 

Group 1 Group 2

325 540
361 433
292 439
290 405
281 368
263 324
261 362
189 223

237 
173 
234

Mean ± S.D. 283 ± 50 331 ± 115
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as d e sc rib e d  in  p a r t  3 o f  t h i s  s e c t io n . E i ^ t  days l a t e r  bo th  th e se  groups 

and 2 o th e r  groups (groups B and C) were in fe c te d  w ith  1 ,000 la rv a e . On 

th e  5th  day o f in f e c t io n ,  th e  r a t s  o f  group A ( s e n s i t iz e d )  and group B 

rec e iv e d  6 ml. o f hyperimmune serum p e r  100 g, in t r a p e r i to n e a l ly .  On th e  

6 th  day a f t e r  in f e c t io n  ( I 4 days a f t e r  s e n s i t iz a t io n )  th e  r a t s  o f  bo th  o f 

th e  ovalbumin s e n s i t iz e d  groups (A and B) were shocked by in tra v en o u s  

ovalbumin in je c t io n s .  As in  th e  p rev io u s experim ent a l l  groups were 

a u to p s ie d  on th e  10 th  day a f t e r  in f e c t io n .

R e su lts

I t  i s  aga in  ap p a ren t (T able I 4 ) t h a t  t h i s  combined system  f a i l e d  to  

advance th e  o n se t o f worm ex p u ls io n .

D iscussion

From th e  r e s u l t s  o f th e  2 experim ents i t  seems l i k e l y  th a t  th e  i n 

a b i l i t y  o f th e  immune serum to  induce s e l f - c u r e  in  a prim ary  in f e c t io n  i s  

due to  a f a c to r  o th e r  than  th e  f a i l u r e  to  develop a com petent le a k  le s io n .  

T his su b je c t  i s  f u r th e r  d isc u sse d  in  th e  General D iscussion  o f  t h i s  s e c t io n .



TABLE 1 4

ATTEMPTS TO ADVANCE THE ONSET OP LOSS PHASE 2 IN A PRIMARY INFECTION 

2. A d m in is tra tio n  o f hyperimmune serum and shock

I n t e s t i n a l  worm count on day 10

Groups

Mean ± S.D.

A B C D
Derimmune serum Hyperimmune serum No serum No serum

+ shock No shock + shock

69 128 6 188
184 328 112 209
258 91 279 395
235 168 201 363
294 120 153 322
119 121 90 197
136 251 243 302
311 19 289 223
269 179 266 78
227 229 361
251 180 421
398 157 87
511 278 98

58 173 212
492 144 245
246 187 409
118 384 540

66 181
240 107
238 93
356

244 ± 131 191 ± 93 220 ± 137 253 ± 101
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GENERAL DISCUSSION

In  S ec tio n  1 i t  was shown th a t  th e  o n se t o f worm ex p u ls io n  in  a 

N ippostrongy lus in f e c t io n  was sudden, h u t once i n i t i a t e d ,  proceeded in  an 

e x p o n en tia l fa s h io n . T h is o b se rv a tio n  suggested  th a t  th e  mechanism whereby 

a d u l ts  a re  e x p e lle d  m ight be a tw o -stag e  re a c t io n  depending f i r s t  on th e  

p resen ce  o f  an tiw orm -antibody  and second ly  on a s p e c i f ic  f a c to r  which p e r 

m itte d  th e  sudden e x p re ss io n  o f  t h i s  a n tib o d y .

I t  was co n sid ered  th a t  th e  s p e c i f ic  f a c to r  m ig^t be th e  developm ent 

o f a le s io n  which f a c i l i t a t e d  th e  passage  o f an tib o d y  from th e  blood o r 

connec tive  t i s s u e  o f  th e  v i l l i  onto th e  mucosal s u r fa c e . Such a le s io n  

was shown to  e x i s t .  B a s ic a lly ,  i t  c o n s is ts  o f  th e  developm ent o f a la rg e  

f l u i d - f i l l e d  space between th e  b lood v e s s e ls  and e p ith e liu m  o f  th e  v i l l u s ;  

i t  i s  a s p e c i f ic  s i t e  o f  m acrom olecular le a k  a s  shown by th e  p resen ce  o f 

Evans b lu e  in  th e  s u b - e p i th e l i a l  spaces emd in  th e  i n t e s t i n a l  lumen.

Subsequent work, however, showed two reaso n s why i t  i s  u n l ik e ly  th a t  

th e  le a k  le s io n  i s  s o le ly  re s p o n s ib le  f o r  th e  sudden o n se t o f  worm ex p u ls io n . 

F i r s t ,  i f  s u f f i c i e n t l y  la rg e  in f e c t io n s  a re  used th e  le s io n  may develop a s  

soon a s  4 days a f t e r  l a r v a l  in f e c t io n  and 2 days a f t e r  a d u l t  worm t r a n s p la n t .

I t  then  p e r s i s t s  u n t i l  th e  tim e o f s e l f - c u r e .  Secondly, M ulligan  (p e rso n a l

comm unication) in  experim ents u s in g  i s o to p ic a l ly  la b e l le d  p o ly v in y l p y rro lid o n e

51and C r- la b e lle d  human album in has shown th a t  th e re  i s  a p ro g re s s iv e  in c re a s e  

in  th e  passage o f  th e s e  su b s tan ces  from th e  c i r c u la t io n  in to  th e  i n t e s t i n a l  

lumen d u rin g  th e  in f e c t io n .  I t  i s  th e re fo re  u n l ik e ly  t h a t  i n t e s t i n a l
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p e rm e a b ility  a r i s in g  from th e  le a k  le s io n  p e r se  (a s  d e fin e d  by th e  techn ique  

used ) i s  th e  sudden o n se t even t re sp o n s ib le  f o r  an tib o d y  r e le a s e .

D e ta ile d  s tu d ie s  o f  th e  e tio lo g y  and development o f  th e  le a k  le s io n  

have in d ic a te d  a p a r t i c u l a r  a sp e c t \d iich  may be s ig n i f ic a n t  in  th e  sudden 

r e le a s e  o f a n tib o d ie s .

I t  has been shown u s in g  th e  dye Evans b lue  th a t  th e  m agnitude o f  th e  

le s io n  i s  dose-dependent and th a t  th e  s i t e s  o f leakage from th e  blood 

v e s s e ls  a re  c o r r e la te d  e x a c tly  w ith  th e  p o s i t io n  o f th e  worms. T his a lso  

occurs in  c o r t iso n e  t r e a te d  an im als which do n o t s e l f - c u r e .  I t  has a lso  

been re c e n t ly  dem onstrated  ( J a r r e t t  e t  a l , 1967b) th a t  deg rsinu la tion  o f th e  

i n t e s t i n a l  mast c e l l  p o p u la tio n  occurs a t  approx im ately  th e  same tim e as 

th e  o n se t o f th e  le a k  le s io n .  S ince t h i s  tim e i s  though t to  be too  e a r ly  

to  a t t r i b u t e  th e  o n se t o f th e  le a k  le s io n  to  th e  im m unologically  re le a s e d  

m ed ia to rs , i t  i s  h i ^ l y  p robab le  t h a t  bo th  th e  mast c e l l  d e g ra n u la tio n  and 

th e  a s so c ia te d  oedema o f th e  v i l l i  a re  m ediated by a p e rm e a b ility  in d u c in g  

f a c to r  produced by th e  worm. In  suppo rt o f  t h i s  th e o ry , a sm all m olecu lar 

w eight and non-EUitig^enic m ast c e l l  d e g ra n u la to r  has r e c e n t ly  been i s o la te d  

from th e  p a r a s i t e  A sca ris  suus by Uvnas and Wolde ( 1967 ) .  I t  h as a lso  

r e c e n t ly  been found (unpub lished  r e s u l t s )  th a t  a n tig en  p rep a red  from N. 

b r a s i l i e n s i s  c o n ta in s  a substance  which d e g ra n u la te s  r a t  sk in  m ast c e l l s .

I t  may be in  th e  p a r a s i t e 's  i n t e r e s t  to  invoke t h i s  re a c t io n  in  th e  i n t e s t i n e ,  

p o ss ib ly  a s  p a r t  o f th e  fe e d in g  mechanism.

I t  i s  a ls o  e v id e n t th a t  h y p e r s e n s i t iv i ty  r e s u l t s  from N. b r a s i l i e n s i s  

in f e c t io n s .  T his i s  shown by th e  a b i l i t y  to  induce suiaphylaxis expressed  

p r im a r ily  in  i n t e s t i n a l  changes in  immune r a t s  w ith  N. b r a s i l i e n s i s  Eintigen
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(M ulligan e t  a l , 19^5) and by th e  appearance o f r e a g in ic  a n tib o d ie s  in  th e  

serum o f r a t s  1-2 weeks a f t e r  s e l f - c u r e  (O g ilv ie , 1964)» s tim u la te d  by th e  

s e c re t io n  by th e  p a r a s i t e  o f  a s p e c i f ic  a l le r g e n .  We have a ls o  r e c e n t ly  

found (J a r r e t t  e t  a l , 1967b) t h a t  fo llo w in g  th e  o r ig in a l  d e g ra n u la tio n  r e 

f e r r e d  to  above th e  m ast c e l l  p o p u la tio n  rea p p ea rs  and in c re a s e s  by th e  

tim e o f  s e l f - c u r e  to  2-5 tim es i t s  o r ig in a l  number. T h is i s  fo llow ed  by 

a second d e g ra n u la tio n  o r  amine d isc h a rg e  around th e  tim e o f  s e l f - c u r e .

T h is su b je c t  i s  to  be f u l l y  d isc u sse d  in  a Ph.D. th e s i s  to  be subm itted  

by M il le r .  I t  i s  p o s s ib le  t h a t  th e  a c t io n  o f a l le rg e n s  and re a g in ic  

a n tib o d ie s  r e s u l t  in  th e  r i s e  and subsequent second d e g ra n u la tio n  o f th e  

mast c e l l s  euid t h a t  t h i s  in  tu rn  c o n tr ib u te s  q u a n t i ta t iv e ly  o r  q u a l i t a t iv e ly  

to  th e  p e rm e a b ility  i n i t i a t e d  by th e  worms. I n c id e n ta l ly ,  t h i s  th e o ry , i f  

c o r r e c t ,  m i ^ t  e x p la in  our f a i l u r e  re p o r te d  e a r l i e r  to  a c c e le r a te  th e  o n se t 

o f s e l f - c u r e  in  a p rim ary  in f e c t io n  by th e  a d m in is tra t io n  on th e  5 th  and 

7 th  day p o s t - in f e c t io n  o f hyperimmune serum a lone  o r fo llow ed  by albumin 

induced shock. As m entioned above, g ra n u la te d  mast c e l l s  a re  a lm ost 

ab sen t a t  t h i s  tim e .

L o ca lly  a v a i la b le  a n tib o d ie s  have been shown to  be o f  p rim ary  im portance 

in  defence a g a in s t  a v a r ie ty  o f  pa thogen ic  b a c te r ia ,  p ro to zo a  and v iru s e s  

( se e  review  by P ie rc e ,  1959). Pathogens a f fe c te d  by such a n tib o d ie s  a rc  

u s u a l ly  c h a ra c te r is e d  by t h e i r  n o n -in v as iv e n ess  b e in g  con fined  to  mucous 

su rfa c e s  o r  in  th e  s u p e r f ic i a l  mucosa. A r i s e  in  lo c a l  an tib o d y  t i t r e  may 

be a r e f l e c t io n  o f e i th e r  lo c a l  a n tib o d y  p ro d u ctio n  o r th e  e x tra v a s a tio n  o f
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humoral an tib o d y  a r i s in g  from lo c a l  a l t e r a t io n s  in  t i s s u e  p e rm e a b ility .

I t  has been suggested  th a t  th e  second mechanism may be th e  fu n c tio n  o f th e  

i n t e s t i n a l  le a k  le s io n  seen in  n ip p o s tro n g y lo s is  and i t  has been dem onstrated 

t h a t  a s im ila r  le s io n  produced a r t i f i c i a l l y  w i l l  f a c i l i t a t e  th e  passage of 

an tibody  in to  th e  g u t lumen and th e reb y  ex p ed ite  worm e x p u ls io n . I t  seems 

rea so n ab le  to  a t t r i b u t e  a s im ila r  r o le  to  th e  n a tu ra l  le s io n .

C urren t work in  t h i s  f i e l d  i s  d ir e c te d  towards th e  e lu c id a t io n  o f the  

p o s s ib le  r o le  o f lo c a l ly  produced eintibody in  N ippostrongy lus in f e c t io n .

I t  i s  p o s s ib le  th a t  p a ss iv e  p ro te c tio n  induced by th e  in je c t io n  o f hyper

immune serum produces i t s  e f f e c t  by a method which i s  n o t th e  most s ig n i f ic a n t  

in  th e  n a tu ra l  in f e c t io n ;  in  th e  l a t t e r  an tibody  may be produced lo c a l ly  in  

th e  i n t e s t i n a l  mucosa and may come in to  c o n ta c t w ith  worms in  c o n ce n tra tio n  

f a r  g re a te r  than  occurs in  th e  serum.

With reg a rd  to  th e  c la s s  o f immunoglobulin in v o lv ed , i t  i s  known th a t  

IgA. i s  th e  predom inant type o f ^ -g lo b u lin  found in  many s e c re t io n s  (Tomasi 

e t  a l , 1965) and th a t  th e  p ro d u ctio n  o f IgA. i s  th e  prim ary  r o le  o f th e  

plasma c e l l s  in  th e  i n t e s t i n a l  t r a c t  (Crabbe e t  a l , 19^5; Crabbe and Heremans, 

1966) .  Local a n tib o d ie s  to  p o lio  v iru s  in  duodenal f l u id  have been dem onstrated  

to  occur in  t h i s  type  o f  immunoglobulin (B erger e t  a l , I 967) .

In  n ip p o s tro n g y lo s is  th e re  i s  bo th  a t i s s u e  m ig ra tin g  and a lo c a l  

i n t e s t i n a l  phase; i t  i s  l i k e l y  t h a t  se v e ra l types o f a n tib o d y  o f d i f f e r e n t  

c la s s e s  a re  produced bo th  lo c a l ly  and sy s te m ic a lly  and th a t  t h e i r  r e l a t i v e  

c o n c e n tra tio n s  may a l t e r  n o t on ly  d u rin g  a prim ary in f e c t io n  b u t a lso  in
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su ccess iv e  r e in f e c t io n s .  Thus th e  in te r a c t io n  o f th e  d i f f e r e n t  an tibody  

c la s s e s  to  produce th e  spectrum  o f  imm unological e f f e c t s  may be more 

complex than  was h i th e r to  t h o u ^ t .

The p re s e n t approach in c lu d e s  f lu o re s c e n t  l a b e l l in g  experim ents u s in g  

a n t i s e r a  s p e c i f ic  f o r  each o f  th e  r a t  immunoglobulin c la s s e s ,  to  determ ine 

which ty p es o f  an tib o d y  a re  b e in g  produced o r  f ix e d  lo c a l ly ,  d u rin g  each 

s ta g e  o f  th e  N ippostrongy lus in f e c t io n .  A ttem pts to  i s o l a t e  an tib o d y  from 

th e  i n t e s t i n a l  mucosa a re  a ls o  in  p ro g re ss .
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SUMMARY

Experim ents undertaken  to  e lu c id a te  th e  mechanism o f  worm expu lsion  

from th e  i n t e s t i n e  a re  d e sc r ib e d . O bservation  o f th e  sudden o n se t o f LP2,

8Lnd th e  subsequent e x p o n en tia l k in e t ic s  su g g ests  th a t  th e  mechanism whereby 

a d u lts  a re  ex p e lle d  m ight be a two s ta g e  r e a c t io n , depending f i r s t  on th e  

p resence  o f an tiw orm -antibody  euid secondly  on a s p e c i f ic  f a c to r  which 

pe rm its  th e  sudden ex p ress io n  o f t h i s  an tib o d y . I t  was co n sid ered  th a t  th e  

s p e c i f ic  f a c to r  m i ^ t  be th e  development o f a s t a t e  o f  p e rm e a b ility  o f th e  

v a sc u la r  a n d /o r  e p i t h e l i a l  t i s s u e s  which f a c i l i t a t e s  th e  passage  o f  an tibody  

from th e  blood o r  connec tive  t i s s u e  o f th e  v i l l i  onto th e  i n t e s t i n a l  mucosal 

su r fa c e . A le s io n  which g iv es r i s e  to  such a s t a t e  was shown to  e x is t .

I t  c o n s is ts  b a s ic a l ly  o f  th e  development o f a la rg e  f l u i d - f i l l e d  space 

between th e  b lood v e s s e ls  and th e  e p ith e liu m  o f th e  v i l l u s .  I t  i s  a s p e c i f ic  

s i t e  o f  m acrom olecular le a k  as  shown by th e  p resence  o f Evans b lue  in  th e  

s u b - e p i th e l ia l  spaces and in  th e  i n t e s t i n a l  lumen. The le s io n  develops as 

soon as  fo u r days a f t e r  in f e c t io n  w ith  N. b r a s i l i e n s i s  la rv a e  and two days 

a f t e r  a t r a n s p la n t  in f e c t io n  o f a d u lt  worms; i t  i s  co n sid ered  th a t  i t s  

m ed ia to rs a re  produced by th e  worm i t s e l f  a t  l e a s t  d u rin g  th e  e a r ly  p a r t  o f 

th e  in f e c t io n .

In  Eui experim ent in  which th e  le s io n  was produced by a h e te ro lo g o u s 

system , i t s  p resen ce  appeared  to  f a c i l i t a t e  th e  passage o f p a s s iv e ly  t r a n s 

f e r re d  an tib o d y  in to  th e  i n t e s t i n a l  lumen, causing  th e  p rem ature expu lsion
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o f a t ra n s p la n te d  a d u l t  worm p o p u la tio n . By i t s e l f  th e  le s io n  had no 

e f f e c t  on th e  worms. The r e s u l t s  a re  d isc u sse d  in  r e l a t io n  to  re c e n t 

f in d in g s  concern ing  th e  i n t e s t i n a l  mast c e l l  and re a g in ic  a n tib o d ie s .



SECTION 5

N. BRASILIENSIS INFECTION OF YOUNG RATS
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INTRODUCTION

I t  i s  w e ll e s ta b l is h e d  th a t  th e  immune response  o f  v e ry  young anim als 

may be d e fe c t iv e  bo th  in  q u a l i ty  and q u a n ti ty . I t  i s  a ls o  p o s s ib le  th a t  

a n tig e n ic  s t im u la tio n  d u rin g  t h i s  p e rio d  may produce a s t a t e  o f  s p e c i f ic  

imm unological un resp o n siv en ess which can p e r s i s t  in to  a d u l t  l i f e  (se e  review  

by Gk)od and P aperm aster, I 964) .

S ince bo th  an im als and man a re  f re q u e n tly  exposed to  h e lm in th  in fe c t io n  

in  very  e a r ly  l i f e  th e  p o s s ib i l i t y  e x is ts  t h a t  im m unological im m aturity  and 

u n responsiveness may p la y  s ig n i f ic a n t  r o le s  in  th e  epidem iology and pa th o 

g en esis  o f  p a r t i c u l a r  he lm in th  d is e a s e s .  The su b je c t  i s  a s  y e t  la r g e ly  

unexp lo red . Im munological im m aturity  to  in fe c tio n  w ith  Haemonchus con to r tu s  

has been d e sc rib e d  in  s e v e ra l b reeds o f  B r i t i s h  sheep aged 6 months o r l e s s  

(Manton e t  a l , 1962; U rquhart e t  a l . I 966) ;  in  th e  E as t A frican  Merino 

th e  p e rio d  i s  a p p a re n tly  even lo n g e r (Lopez and U rq u h art, I 968 ) .  Immunological 

u n responsiveness has been re p o r te d  to  occur in  c a lv es  in f e c te d ,  when under 5 

days o f  age , w ith  C y s tice rcu s  b ov is  o r M esls to c e rm s d ig i t a tu s  (S ou lsby , 1965b ) .  

In  a l l  o f  th e se  in s ta n c e s  th e  f a i l u r e  o f  th e  immune response  was dem onstrated 

by th e  r e l a t i v e  i n a b i l i t y  o f  th e  h o s t to  r e s i s t  s u c c e s s fu lly  a second in f e c t io n .

An experim en ta l approach to  th e  problem in  la rg e  an im als p re s e n ts  a l l  

th e  u su a l d i f f i c u l t i e s  encountered  in  such in v e s t ig a t io n s ,  th e  c o s t o f th e  

experim ents and accommodation re q u ire d  be in g  b u t two. A la b o ra to ry  model o f 

djnmunological un resp o n siv en ess  to  a he lm in th  p a r a s i t e  would overcome th e se  

problem s eind p ro v id e  a conven ien t system  fo r  o b ta in in g  a background o f
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experim en tal f a c t .  T h is was th e  o b je c t  o f  th e  experim ents d e sc rib e d  in  

t h i s  s e c t io n .

In  he lm in th  immunity p a r t  o f th e  an tib o d y  response  i s  a s s o c ia te d  w ith  

fu n c tio n a l  immunity which, in  N. b r a s i l i e n s i s  in f e c t io n ,  i s  re s p o n s ib le  f o r  

s e l f - c u r e  emd r e s i s ta n c e  to  r e in f e c t io n .  But a s  in  o th e r  he lm in th  i n 

f e c t io n s  th e  immune response  i s  accompanied by a d iv e rse  an tib o d y  response  

which may be measured by a v a r ie ty  o f  s e ro lo g ic a l  te c h n iq u e s . There i s  no 

evidence t h a t  th e se  a n tib o d ie s  p la y  any im portan t p a r t  in  th e  immune mechanism 

o r t h a t  t h e i r  t i t r e  i s  an in d ic a t io n  o f th e  immune s ta tu s  o f  th e  an im al; th e  

p resence  o f th e se  a n tib o d ie s  may be q u i te  in c id e n ta l  to  fu n c t io n a l  immunity 

and may m erely r e f l e c t  th e  la rg e  number o f a n tig e n s  to  which th e  h o s t i s  

exposed a s  a r e s u l t  o f  he lm in th  in f e c t io n .  I t  i s  re le v a n t  in  t h i s  co n tex t 

t h a t  a ttem p ts  to  produce com prehensive im m unological to le ra n c e  to  fo re ig n  

complex a n tig e n s  such a s  b a c te r ia  o r a m ix tu re  o f p ro te in  a n tig e n s  have been 

la r g e ly  u n su c ce ss fu l (Sm ith , 1961; Smith e t  a l , 1965; Hyde e t  a l , 1965;

Ben S haul, 1962, 1965)» a lth o u g h  in  th e se  cases  to le ra n c e  may be induced to  

some d e te rm in an ts  w hile  an tib o d y  response  occu rs to  o th e r s .

The q u e s tio n  then  a r i s e s  a s  to  how unresponsiv eness should  be b e s t  

i d e n t i f i e d  and m easured. O bviously u n responsiveness to  th e  in c id e n ta l ,  i . e . ,  

n o n -p ro te c tio n  in d u c in g  a n tig e n s , i s  o f  l i t t l e  p r a c t ic a l  im portance . P ro te c t iv e  

an tib o d y  on th e  o th e r  hand a t  p re s e n t  can on ly  be d e te c te d  by a d i r e c t  in  vivo 

e f f e c t  on th e  p a r a s i t e .

I t  was th e  in te n t io n  a t  th e  o u ts e t  o f t h i s  work to  ex p lo re  in  baby r a t s
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some a sp e c ts  o f th e  N ippostrongy lus in f e c t io n  which p e r ta in e d  e s p e c ia l ly  to  

problem s o f u n resp o n siv en ess .

These w ere: -

1. The behav iou r o f an in f e c t io n  in  young r a t s ;  would norm al s e l f - c u r e  

occur? I f  n o t ,  how would th e  p a t te rn  o f in fe c t io n  d i f f e r  from th a t  o f 

a d u l t  r a t s ?

2. The re a c t io n  to  l a t e r  r e in f e c t io n ;  would th e re  be any ev idence o f th e  

in d u c tio n  o f  to le ra n c e  o r  a l t e r n a t iv e ly  would an in f e c t io n  when young 

produce a s  good an immune response  a s  when a d u lt?

As i t  t r a n s p ir e d  a form o f u n responsiveness a p p a re n tly  u n re la te d  to  

im m unological to le ra n c e  occu rred  and th e  mechanism o f t h i s  w i l l  be d isc u sse d  

in  th e  l i ^ t  o f c u rre n t  in fo rm a tio n  o f un responsiven ess and th e  s e l f - c u r e  

r e a c t io n .
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P a r t  1 The P a t t e r n  o f  I n f e c t i o n  i n  Y oung R a ts

In tro d u c tio n

The course  o f  N ippostrongy lus in f e c t io n  in  young a s  compared to  a d u lt  

r a t s  has n o t been p re v io u s ly  in v e s t ig a te d .  However, s e v e ra l  a u th o rs  d u rin g  

s tu d ie s  on th e  developm ent o f age r e s is ta n c e  to  th e  p a r a s i t e  compared some 

i s o la te d  f e a tu re s  o f th e  in fe c t io n  between young and o ld e r  r a t s .  Using th e  

course  o f egg p ro d u c tio n , A fr ic a  ( 1951) found t h i s  to  be much h ig h e r  in  2 

month o ld  than  in  8 month o ld  r a t s .  A s im ila r  r e s u l t  was re p o r te d  by Graham 

( 1955 ) .  C handler (1932) u s in g  th e  number o f worms recovered  a t  au topsy  as 

th e  c r i t e r io n  found th a t  young, i . e . ,  4-5 week o ld , r a t s  harboured  about one 

th i r d  more worms a t  approx im ate ly  10 days a f t e r  in fe c t io n  than  d id  o ld e r  

Euiimals.

The experim ents to  be d e sc rib e d  in  p a r t  1 o f t h i s  s e c tio n  were designed  

to  show th e  p a t te rn  o f in f e c t io n  and s e l f - c u r e  in  baby r a t s  and to  determ ine 

i f  t h i s  d i f f e r e d  from th e  c h a r a c t e r i s t i c  sequence seen in  a d u l ts  (se e  S ec tion  

1 ) .  The experim ents f a l l  in to  two groups; f i r s t  e x p lo ra to ry  in f e c t io n s  o f 

baby r a t s  and secondly  more q u a n t i ta t iv e  experim ents designed  on th e  b a s is  

o f th e  in fo rm a tio n  o b ta in ed  from th e  p re lim in a ry  work.

M a te r ia ls  and Methods

The method o f  in f e c t io n  o f  baby r a t s  and a l l  o th e r  tech n iq u es were as 

d e sc rib e d  in  th e  M a te r ia ls  and Methods s e c t io n . The dose o f  la rv a e  suid age
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o f r a t s  in fe c te d  in  th e  in d iv id u a l  experim ents o f t h i s  p a r t  a re  in c lu d ed  in  

th e  t e x t  where a p p ro p r ia te .

1. P re lim in a ry  experim ents

R e su lts  

Experim ent 1

In  th e  f i r s t  experim ent two groups o f  baby r a t s  were in fe c te d  w ith  ^00 

la rv a e  each. We have shown in  th e  course  o f o th e r  experim ents th a t  t h i s  

dose o f la rv a e  w i l l  cause a norm al s e l f - c u r e  re a c t io n  in  a d u l t  r a t s .  The 

groups in fe c te d  were aged 3-4 weeks and 5-6 weeks r e s p e c t iv e ly .  H alf o f 

each group was k i l l e d  -on days 10 and 26 f o r  exam ination o f  th e  i n t e s t i n a l  

worm burden. On day 26,  ̂ o f  th e  young r a t s ,  2 from th e  f i r s t  and 3 from 

th e  second group, were te s te d  f o r  s u s c e p t ib i l i t y  to  s p e c i f ic  an ap h y lax is  by 

th e  in trav en o u s in je c t io n  o f 0 .5  ml. N ippostrongylus a n tig e n  w ith  0 .5  ml.

Vfi Evans b lu e . A ll th e  r a t s  k i l l e d  on day 26 were b led  and th e  serum from 

each group was pooled and t i t r a t e d  f o r  PGA a c t iv i t y .

The r e s u l t s ,  l i s t e d  in  T able 15, show th a t  th e  in fe c t io n  had n o t been 

e lim in a te d  by day 26, by which tim e in  a d u lt  r a t s  s e l f - c u r e  i s  com plete.

On th e  o th e r  hand, a l l  th e  young r a t s  in je c te d  w ith  N ippostrongy lus 

a n tig e n  showed s ig n s  o f sev ere  shock, i . e . ,  p r o s t r a t io n ,  dyspnoea, e t c . ,  

and one o f  th e se  r a t s  d ied  10 m inutes a f t e r  in je c t io n .  The sm all i n te s t i n e s  

o f th e se  r a t s  were oedematous and th e  mucosa was deep ly  b lu e  s ta in e d  w ith



TABLE 15

500 LARVAL INFECTION IN TWO AGE GROUPS OF YOUNG RATS;

WORMS RECOVERED FROM SMALL INTESTINE

10

Days a f t e r  in fe c tio n

26

*
Group 1 Group 2^ Group 1 Group 2

225 148 198 570

223 155 144 271

94 145 226 201

155 175 181 250

175 518 206 167

145 204 177 230

97 264 574 179

177 17

Mean 177 195 215 210

S.D. 82 65 75 101

*
Group 1 -  r a t s  aged 3-4  weeks a t  in f e c t io n

^ Group 2 -  r a t s  aged 5-6  weeks a t  in f e c t io n
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Evans b lu e . H is to lo g ic a l  exam ination shoved th e  ty p ic a l  shock le s io n  (see  

S ec tio n  2) in  th e  sm all i n t e s t i n e  o f  a l l  o f  th e se  an im als . In  t h i s  f e a tu re  

t h e i r  r e a c t io n  i s  s im ila r  to  th a t  o f  a d u l t  r a t s .  The PGA t i t r e  o f  th e  pooled 

serum was in  th e  reg io n  o f  I / 6OO f o r  bo th  groups. T h is t i t r e  i s  s im ila r  to  

th a t  o f  a d u l t  r a t s  r e c e iv in g  th e  same in f e c t io n .

T h is experim ent showed th a t  s e l f - c u r e  o f  a 5OO la r v a l  in f e c t io n  d id  n o t 

occur b e fo re  day 26 in  r a t s  aged up to  6 weeks. However, d e s p i te  th e  la c k  

o f  t h i s  immune re a c t io n  th e  young r a t s  had developed th e  s u s c e p t ib i l i t y  to  

shock and a h i ^  serum t i t r e  o f re a g in s .

Experim ent 2

The second experim ent was designed  to  a s c e r ta in  th e  d u ra tio n  o f a prim ary 

in f e c t io n  in  baby r a t s .  F ive  l i t t e r s  aged between 2-3 weeks re c e iv e d  5OO 

l a r v a e / r a t .  Egg counts were made a t  weekly in te r v a l s  on each l i t t e r .  S ince 

th e  r e s u l t s  from th e  in d iv id u a l  l i t t e r s  were very  s im ila r ,  mean v a lu es  only  

a re  shown in  T able 16. A lthough an a p p re c ia b le  f a l l  o ccu rred  in  th e  egg 

o u tp u t between days 12-25  a f t e r  in f e c t io n ,  th e  le v e l  then  rem ained between 

5 i  and 3& thousÉuad e .p .g .  f o r  over f iv e  weeks. In  view o f  th e  c o n tin u in g  egg 

coun t, groups o f r a t s  were f i r s t  a u to p s ie d  on day 52 and su b seq u en tly  on day 

67 and 87 a f t e r  in f e c t io n .  The r e s u l t s  o f th e  worm counts on th e s e  days a re  

a ls o  shown in  T able 16.

I t  i s  a p p aren t t h a t  th e se  r a t s  had n o t undergone th e  s e l f - c u r e  re a c t io n  

and s t i l l  harboured  th e  m ajor p a r t  o f t h e i r  a d u lt  worm burden a s  l a t e  as day 

67 and a la rg e  p a r t  s t i l l  on day 87 o f th e  in f e c t io n .



TABLE 16

500 LARVAL INFECTION IN 2-3 WEEK OLD RATS; WORMS

recovered from the small in testin e  and eggs/ gram

OF FAECES

52

Days a f t e r  in fe c tio n

67 87

191 155 158
132 182 121
141 148 55
128 90 92
124 148 54

95
25

± T d . ± 27 140 ± 55 83 ± 48

Days a f t e r in f e c t io n E.P.G*

7 14,700
12 27,250
19 13,600
25 4 ,500
53 5,500
59 4 ,500
48 3,600
55 2,500
61 2 ,100
67 3,600
74 1 ,600
81 1 ,200
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On day 52 o f  th e  in f e c t io n  a group o f 10 o f th e se  r a t s  a t  t h i s  tim e 

9-10 weeks o ld  were cha llenged  w ith  an in fe c t io n  o f 3,000 la rv a e  to g e th e r  

w ith  a c o n tro l group o f  6 u n in fe c te d  r a t s  o f  th e  same age . The egg counts 

o f  t h i s  in f e c t io n ,  and worm co u n ts , fo llo w in g  au topsy  on days 10 and l6  

a re  shown in  Table 17.

W hile th e  egg count r e s u l t s  show some d ep ress io n  o f  egg o u tp u t in  th e  

r e in fe c te d  r a t s ,  th e  worm counts show no m a n ife s ta tio n  o f immune e lim in a tio n  

e i th e r  due to  an in c re a se d  LPl o r  an e a r l i e r  LP2, i . e . ,  on day 10 th e  mean worm 

burden o f th e  r e in f e c te d  and c o n tro l r a t s  was th e  same. By day 16 bo th  th e  

ch a llen g e  and c o n tro l group a re  undergoing  LP2, t h i s  o c c u rr in g  p o s s ib ly  r a th e r  

more r a p id ly  in  th e  p re v io u s ly  un responsive  them th e  c o n tro l r a t s .  However 

t h i s  p o in t ,  due to  th e  sm all group s iz e s ,  cannot be taken  a s  confirm ed.

D iscussion

The p re lim in a ry  experim ents in d ic a te d  th a t  i f  r a t s  were in fe c te d  ^ e n  

under 6 weeks o f  age w ith  500 la rv a e  th ey  d id  n o t undergo d u rin g  th e  second 

week a f t e r  in fe c t io n  th e  c h a r a c t e r i s t i c  s e l f - c u r e  r e a c t io n  th a t  i s  a f e a tu re  

o f th e  response  o f a d u lt  r a t s .  In s te a d  th e se  anim als underw ent a prolonged 

in f e c t io n  th a t  extended w ell in to  a d u lt  l i f e  and which cemnot th e re fo re  be 

a t t r ib u te d  s o le ly  to  imm unological im m atu rity .

In  t h i s  a sp e c t th e re fo re  th e  r a t s  were u n responsive ; however an an tibody  

response  to  a t  l e a s t  one worm a n tig e n , p robab ly  th e  a l le rg e n  d e sc rib e d  by 

Jones and O g ilv ie  ( 1967) ,  was dem onstrated  by th e  s u s c e p t ib i l i t y  o f  th e  r a t s  

to  s p e c i f ic  an ap h y lax is  and by th e  p roduction  o f r e a g in ic  an tib o d y .



TABLE 17

CHALLENGE INFECTION OF UNRESPONSIVE AND CONTROL RATS: WORMS RECOVERED
FROM THE SMALL INTESTINE AND EGGS PER GRAM OF FAECES

Days a f t e r  in f e c t io n  

10 16

U n resp o n siv e  r a t s C o n tro l r a t s U n responsive  r a t s C o n tro l r a t s

1500 1450 195 283
1495 1220 385 231
1330 46 5 261

524 29
92 4

Mean 927 905 123 258

S.D . 684 719 166 26

E .P .G .

Days a f t e r  i n f e c t io n U n resp o n siv e  r a t s C o n tro l r a t s

7 46 ,700 41 ,200
8 30,050 53,400
9 31,700 87 ,300

10 4,200 25 ,600
11 2,000 18,000
12 1,200 6 ,4 0 0
14 100 400
15 0 100
16 0 0
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The evidence a t  t h i s  s ta g e  m ight le a d  one to  sp e c u la te  th a t  c la s s ic a l  

imm unological to le ra n c e  (B illingham  e t  a l , 1956) had been induced to  a worm 

p a r a s i t e  in f e c t io n .  In  common w ith  t i s s u e  tran sp le in t to le ra n c e , th e  con

tin u o u s p resence  o f  a n tig e n  m ight p red isp o se  to  th e  upkeep o f such a s t a t e .

In  t h i s  co n tex t th e  dem onstra tion  o f one em tigen -an tibody  r e a c t io n  need n o t 

be a t  odds, s in c e  s p l i t  to le ra n c e , i . e . ,  th e  sim ultaneous e x is te n c e  o f 

to le ra n c e  to  one a n tig e n  and a n tib o d y  response  to  a n o th e r , has been dem onstrated 

n o t on ly  in  th e  hom ograft system  (B ren t and Courtney, 1962) b u t a ls o  w ith  

b a c te r ia  (Sm ith e t  a l , 1963 ) and m ix tu res o f  p ro te in  a n tig e n s  (Ben Shaul, 1962,

1965).
Less a u sp ic io u s  f o r  th e  fu r th e ra n c e  o f th e  to le ra n c e  concep t, however, 

i s  th e  age up to  which t h i s  un responsive  s t a t e  i s  in d u ca b le , i . e . ,  

approx im ate ly  6 weeks. T his i s  w ell beyond th e  re p o r te d  l im i t s  o f th e  

p o s tn a ta l  p e rio d  in  r a t s  d u rin g  which th e  in d u c tio n  o f to le ra n c e  has been 

p o s s ib le .  With th e  hom ograft system  t h i s  p e rio d  o f to le ra n c e  resp o n siv en ess  

in  r a t s  has been found to  extend  on ly  in to  th e  f i r s t  p o s tn a ta l  week 

(B illingheun e t  a l . I 962 ) a l t h o u ^  Woodruff euid Simpson (1955) found th a t  a 

sm all p ro p o rtio n  o f r a t s  could  s t i l l  be made to le r a n t  by in o c u la tio n s  as 

l a t e  a s  2 weeks a f t e r  b i r t h .

W hile i t  i s  now reco g n ised  th a t  to le ra n c e  can be produced even in  th e  

a d u lt  an im al, i t  must be p o in te d  o u t t h a t  th e  r a t s  in  t h i s  case  had been 

exposed to  a r e l a t i v e ly  sm all amount o f a n tig e n .

In  a d d it io n , th e  r e s u l t s  o f th e  p re lim in a ry  ch a llen g e  in f e c t io n  make
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i t  u n l ik e ly  t h a t  to le r a n c e  i s  in v o lv e d . Thus th e  f i r s t  i n f e c t io n  g iven  

when young and s t i l l  p e r s i s t i n g  a t  th e  tim e o f  c h a lle n g e , w h ile  n o t  h av in g  

s tim u la te d  th e  h ig h  d e g ree  o f  r e s is te m c e  to  r e in f e c t io n  c h a r a c t e r i s t i c  o f  

a d u l t  r a t s  d id  n o t  on th e  o th e r  hand i n t e r f e r e  w ith  th e  developm ent o f  an 

immune re sp o n se  to  th e  c h a lle n g e  i n f e c t io n .  The ev id en ce  s u g g e s ts  t h a t  

t h i s  o c c u rre d  in  a  manner s im i la r  to  t h a t  o f  r a t s  w hich a r e  e x p e r ie n c in g  

a p rim ary  i n f e c t io n .

2 . The re sp o n se  o f  young r a t s  to  d i f f e r e n t  doses

The u n re sp o n s iv e n e ss  to  N ip p o s tro n g y lu s  d em o n stra ted  in  th e  p re l im in a ry  

ex p erim en ts  fo llo w e d  in f e c t io n  w ith  a dose o f  ^00 la r v a e  w hich le d  to  an 

e s ta b l i s h e d  i n f e c t io n  o f  140-200 worms. The o b je c t  o f  th e  n e x t  ex p erim en t 

was to  e n la rg e  on t h i s  r e s u l t  and f in d  o u t i f  th e  u n re sp o n s iv e  s t a t e  induced  

in  th e s e  r a t s  would be a l t e r e d  e i t h e r  q u a n t i t a t i v e l y  o r  in  d u ra t io n  by 

in c r e a s in g  th e  s iz e  o f  th e  f i r s t  l a r v a l  in f e c t io n .

R e s u lts  

E xperim ent 1

One hundred  r a t s  aged betw een 19-22 days were d iv id e d  in to  5 groups 

and in f e c te d  a s  fo llo w s :
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Group 1 - 3 3  r a t s  in fe c te d  w ith  5OO la rv a e  p e r r a t

Group 2 - 3 3  r a t s  in fe c te d  w ith  1,000 la rv a e  p e r r a t

Group 3 - 3 4  r a t s  in fe c te d  w ith  2,000 la rv a e  p e r r a t .

Egg counts in  each group were made a t  fre q u e n t i n t e r v a l s .  The r a t s  

were s a c r i f i c e d  in  groups o f 10 to  12 from each group on days 12, 24 and 48 

a f t e r  in f e c t io n .

The r e s u l t s  o f  th e  f a e c a l  egg counts a re  shown in  T able 18. The h ig h e s t 

counts were found in  th e  group in fe c te d  w ith  2,000 la rv a e , b u t in  t h i s  a s  in  

th e  o th e r  groups th e  counts f e l l  u n t i l  by day 20 th e  coun ts o f  a l l  3 groups 

were a t  th e  2 ,000-3 ,000  e .p .g .  l e v e l .  From then  onwards u n t i l  day 48 th e  

s i tu a t io n  rem ained unchanged w ith  th e  egg count in  a l l  3 groups f lu c tu a t in g  

between 1 ,000-4 ,000  e .p .g .

The means o f th e  worm burdens o f  th e  r a t s  on days 12, 24 and 48 a f t e r  

in f e c t io n  a re  shown in  T able 19 and g ra p h ic a lly  in  F ig . 16. The a d u lt  worm 

burden e s ta b l is h e d  from a dose o f 5OO la rv a e  on day 12 was 102 i  38 worms 

and th e  r e s u l t s  o f subsequent a u to p s ie s  on days 24 and 48 showed th a t  t h i s  

had n o t changed s ig n i f i c a n t ly .  S im ila r ly  th e  group o f r a t s  r e c e iv in g  1,000 

la rv a e  in  which 269 -  175 worms were e s ta b l is h e d  on day 12 showed no s ig n i f ic a n t  

d if f e re n c e  in  worm burden a s  l a t e  a s  day 4 8 . In  bo th  th e se  groups i t  i s  

ap p aren t th a t  expu lsion  o f th e  a d u lt  worms had n o t o ccu rred . On th e  o th e r  

hand in  th e  t h i r d  group in fe c te d  w ith  2,000 la rv a e  th e  worm burden f e l l  from 

696 ± 369 on day 12 to  409 ± 323 on day 24 emd f i n a l ly  to  253 -  80 on day 48 

a f t e r  in f e c t io n .



TABLE 18

DOSE RESPONSE EXPERIMENT 1 . THE EGG COUNT (E .P .G .)  

OF RATS INFECTED WHEN 19-22 DAYS OLD WITH A SINGLE

DOSE OF lARVAE

Days a f t e r  
in f e c t io n

Dose

500

o f la rv a e  

1000 2000

7 21,900 53,400 172,000
8 18,300 50,000 43 ,950
9 11 ,250 28,600 63 ,900

12 7,000 15,800 19,700
13 5,750 18,000 26,300
14 4,400 10,800 17 ,100
15 8 ,300 16,800 13 ,400
16 5,850 7,350 8 ,9 0 0
20 2,000 3,200 1 ,9 0 0
21 1,450 3,700 1 ,700
22 2 ,900 7,500 2,200
24 2 ,050 2,200 1,600
27 2,350 4,500 3,150
28 3,750 3,950 2 ,500
29 4,100 4,100 2 ,850
34 3,400 3,900 2 ,950
35 2,750 4,950 3 ,350
36 1,250 2,750 4 ,0 5 0
37 2 ,050 2,600 2 ,700
41 2,850 2 ,050 4,000
42 1,850 3,200 3,150
43 2,350 1,750 4,200
48 2,600 2,500 1 ,350



TABLE 19

*

DOSE RESPONSE EXPERIMENT 1. THE MEAN NUMBER OF 
WORMS RECOVERED AT AUTOPSY FROM GROUPS OF RATS 
KILLED AT INTERVALS AFTER INFECTION WITH A SINGLE 

DOSE OF LARVAE

Days a f t e r  Dose o f la rv a e
in f e c t io n  ^oo 1000 2000

12 102 + 38 269 ± 175 696 ± 369

24 96 + 57 254 ± 122 409 ± 323

48 121 + 46 208 ± 111 253 ± 80

*
± s ta n d a rd  d e v ia t io n



P i g .  1 6 . Baby D o se  R e s p o n s e  E x p e r im e n t 1 .  The num bers o f  worms
su rv iv in g  in  3 groups o f r a t s  in fe c te d  when 3-4 weeks o ld . 
The groups were in fe c te d  w ith  2 ,000 , 1,000 and 500 la r v a e /  
r a t ,  and appear in  th a t  o rd e r  from top  to  bottom  in  th e  
f ig u r e .

<
>
>
cc
3
C/)

ÛCo 

o  o

4

3

2

50

DAYS AFTER I N F E C T I O N



9 2 .

In  summary th e  r e s u l t s  o f t h i s  experim ent showed th a t  in f e c t io n  of 

young r a t s  w ith  a dose o f 500 o r  1 ,000 la rv a e  r e s u l te d  in  th e  e s tab lish m en t 

o f an a d u lt  worm p o p u la tio n  which was n o t e lim in a ted  e i t h e r  a t  th e  expected 

tim e o f s e l f - c u r e  o r  a t  any tim e up to  day 48 a f t e r  in f e c t io n .  An in c re a se  

in  dose to  2,000 la rv a e  r e s u l te d  in  an a d u lt  worm in f e c t io n ,  tw o -th ird s  o f 

which was e lim in a te d  by day 48, by which tim e th e  mean worm burdens o f th e  

groups in fe c te d  w ith  1 ,000 and 2,000 la rv a e  were n u m erica lly  id e n t i c a l .  I t  

would thus appear th a t  by in c re a s in g  th e  dose o f la rv a e  and hence th e  s iz e  o f 

th e  a d u lt  worm p o p u la tio n  an immune response  o f s o r t s  can be evoked in  baby 

r a t s .  T his response  a ls o  d i f f e r e d  from th e  response  o f  a d u lt  r a t s  in  th a t  

worm e lim in a tio n  o ccu rred  over a g r e a te r  p e rio d  than th a t  which norm ally  

spans th e  s e l f - c u r e  phase . Whether worm e lim in a tio n  would have continued  

a f t e r  day 48 in  t h i s  group was n o t e s ta b l is h e d .

Experim ent 2

The second dose response  was designed  to  answer two q u e s tio n s  a r i s in g  

from th e  f i r s t  experim ent. F i r s t ,  would worm e lim in a tio n  have con tinued  

a f t e r  day 48 in  th e  group in fe c te d  w ith  2,000 la rv a e , o r , hav ing  reached  a 

le v e l  which in  th e  1 ,000 group was be in g  co n tin u o u sly  t o le r a t e d ,  would i t  

rem ain s t a t i c ?  Secondly, would th e  immune response  be in c re a se d  by fu r th e r  

in c re a s in g  th e  s iz e  o f th e  l a r v a l  in fe c tio n ?

T h irte e n  l i t t e r s ,  i n i t i a l l y  89 r a t s ,  aged between I -4  weeks, were 

d iv id ed  in to  3 groups and in fe c te d  a s  fo llo w s;
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Group 1 -  30 r a t s  in fe c te d  w ith  800 la rv a e  p e r  r a t

Group 2 - 2 9  r a t s  in fe c te d  w ith  1,600 la rv a e  p e r r a t

Group 3 - 5 0  r a t s  in fe c te d  w ith  3»200 la rv a e  p e r  r a t .

Egg counts were c a r r ie d  o u t on th e  bulked faeces  sam ples from each 

group a t  freq u e n t in te r v a l s .  F ive  o r more r a t s  from each group were 

a u to p s ie d  f o r  th e  purpose o f  i n t e s t i n a l  worm counts on days 10, 2 5» 50 and

70 a f t e r  in f e c t io n .  A ll  th e  r a t s  k i l l e d  on th e  l a s t  au topsy  day were b led

Eind th e  serum o f each r a t  k ep t s e p a ra te . The in d iv id u a l  s e ra  o f  5 r a t s  in  

each group were t i t r a t e d  f o r  PCA a c t iv i t y .

The r e s u l t s  o f th e  fa e c a l  egg counts a re  shown in  T able 20. As in  

th e  p rev io u s experim ent, th e  egg counts in  a l l  3 groups f e l l  d r a s t i c a l l y  

a f t e r  day 11. The f a l l  in  egg count a t  t h i s  tim e a f t e r  in f e c t io n  in  young 

r a t s  i s  s im ila r  to  th a t  which occurs w ith  a d u lt  r a t s  b u t d i f f e r s  from i t  in  

t h a t  i t  does n o t f a l l  to  zero .

R e su lts  o f worm counts a t  au topsy  a re  shown in  T able 21 and F ig . 17•

The mean a d u lt  worm burdens which had e s ta b l is h e d  in  th e  3 groups on day 10 

from la r v a l  doses o f  800, 1 ,600 and 3»200 were 357 ± 178, 776 ± 255 and 

1 ,275  -  565 r e s p e c t iv e ly .  Between days 10 and 25 a f t e r  in f e c t io n  a v a r ia b le  

p ro p o rtio n  o f th e  worm burden was e lim in a te d  in  each group, w ith  th e  r e s u l t  

t h a t  on day 25 th e  means o f  th e  th re e  groups ranged between 202-235  worms. 

Having reached  t h i s  le v e l  f u r th e r  worm expu lsion  d id  n o t occur f o r  a t  l e a s t  

a n o th e r 25 days, s in c e  on day 50 th e  worm numbers were s t i l l  th e  same. 

However, by day 70 th e  mean worm burdens had f a l l e n  to  between IO3 and I I 3 

worms in  a l l  groups.



TABLE 20

DOSE RESPONSE EXPERIMENT 2. THE EGG COUNT (E .P .G .) 
OF RATS INFECTED WHEN 1-4  WEEKS OLD WITH A SINGLE

DOSE OF LARVAE

Days a f t e r  
in fe c t io n 800

Dose o f la rv a e
1 ,600  5,200

7 48,600 44,500 44 ,100
9 25,100 64,900 85 ,600

11 15 ,600 50,400 10 ,700
15 7,500 7 ,900 6 ,1 0 0
15 1 ,1 0 0 2,500 500
19 1,650 2,000 650
20 5,000 5,250 650
22 5,550 2 ,500 1 ,5 0 0
26 1,250 1 ,750 1 ,500
28 5,250 2,700 1 ,600
55 5,950 5,200 1 ,000
55 1,750 2,700 450
57 5,550 4 ,500 400
41 1 ,600 2,000 5,650
42 2,750 5,500 6 ,2 5 0
47 2 ,250 1 ,500 5,650
50 500 4 ,000 1,850
55 2 ,100 2 ,400 700
57 550 1,200 800
65 250 450 500
65 1 ,600 1 ,150 1 ,750
69 400 750 2 ,5 5 0
70 200 800 900



TABLE 21

*

DOSE RESPONSE EXPERIMENT 2. THE MEAN NUMBERS OF 
WORMS RECOVERED FROM GROUPS OF RATS KILLED AT 

INTERVALS AFTER INFECTION WITH A SINGLE DOSE OF

LARVAE

Days a f t e r  
in fe c t io n

Dose o f la rv a e  
800 1,600 3,200

10 357 ± 178 776 ± 255 1273 ± 363

25 202 ± 110 202 ± 98 255 ± 50

50 171 ± 62 216 ± 81 226 ± 79

70 105 ± 67 115 ± 78 107 ± 89

*
± s tan d ard  d e v ia tio n



F ig , 1 7 . Baby Dose Response Experim ent 2. The numbers o f worms
su rv iv in g  in  5 groups o f r a t s  in fe c te d  when I -4  weeks old, 
The groups were in fe c te d  as fo llo w s;

Group 1 800
Group 2 1 ,600
Group 3 3,200
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T i t r a t io n  o f th e  r a t  s e ra  f o r  PGA a c t i v i t y  on day 70 gave t i t r e s  o f 

l e s s  than  1 :8  f o r  a l l  r a t s  te s te d  in  each group.

Comparison o f  th e  E xpulsion  Phase in  Young and A dult R ats

Since th e  2 dose response  experim ents show th a t  a p a r t i a l  lo s s  o f  th e  

a d u lt  worm burden o c cu rred , u s u a l ly  b e fo re  day 2 5 , in  young r a t s  in fe c te d  

w ith  th e  h ig h e r  l a r v a l  d o ses , 2 experim ents were c a r r ie d  o u t to  compare t h i s  

incom plete  worm ex p u ls io n  o c c u rr in g  in  baby r a t s  w ith  t h a t  o f  s im ila r ly  i n 

fe c te d  a d u l t s .

Experim ent 5

A group o f young euid a group o f  a d u l t  r a t s  were in fe c te d  w ith  2,500 

la rv a e .  The young r a t s  aged 19-22 days a t  in fe c t io n  o r ig in a l ly  numbered 

25 b u t 5 o f th e se  d ied  in  th e  f i r s t  2-5 days a f t e r  in f e c t io n .  The r a t s  

were th e re fo re  k i l l e d  in  groups o f 4 on a l t e r n a te  days from 9 to  17 a f t e r  

in f e c t io n .

The r e s u l t s  o f  worm counts a t  au topsy  (T able 22) show t h a t  th e  a d u lt  

group had a s  expected  l o s t  th e  g r e a te r  p a r t  o f t h e i r  worm burden between 

days 11-17 ( re g re s s io n  c o e f f ic ie n t  (b ) = - 0 .1 5  ± 0 .0 2 ) , th e  ex p u ls io n  

o c c u rr in g  a t  a r a t e  o f 1 log^^  u n i t  in  6 .6  days. In  c o n tr a s t  th e  worm 

burdens o f  th e  baby r a t  group rem ained r e l a t i v e ly  even over th e s e  days and 

th e  f ig u re  su g g e s ts  t h a t  expu lsion  s t a r te d  only  tow ards th e  end o f  t h i s  

p e r io d .



TABLE 22

COMPARISON OP LP2 IN YOUNG AND ADUI/T RATS INFECTED WITH 2,500 LARVAE

Days a f t e r  
in fe c t io n

Mean i n t e s t i n a l  worm 

Young r a t s

recovery  ± s ta n d a rd  d e v ia tio n  

A dult r a t s

9 1520 ± 570 1315 + 462

11 1400 ± 363 1275 165

13 1160 ± 298 800 + 335

15 1070 ± 256 491 + 305

17 941 ± 607 225 + 103
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A lth o u ^  worm ex pu ls ion  had n o t occu rred  by day 17 in  th e  young r a t s ,  

th e  2 dose response  experim ents had shown th a t  i t  was a lm ost in v a r ia b ly  

com plete by day 25 a f t e r  in f e c t io n .  C onsequently , a second experim ent was 

c a r r ie d  o u t to  o b ta in  more in fo rm a tio n  on th e  tim ing  and r a t e  o f  th e  ex

p u ls io n  phase in  young r a t s .

Experim ent 4

A group o f 65 young r a t s  in fe c te d  w ith  2,500 la rv a e  were au to p s ie d  

in  groups o f 5 between days 10 and 22. The r e s u l t s  a re  shown in  Table 2 ) .

Between th e se  days th e  worm burden f e l l  from a mean o f  1498 ± 509 to  

a mean o f 305 ± 149. T h is worm lo s s  occu rred  very  much more g ra d u a lly

than  th a t  in  a d u l t s ;  because o f  t h i s  and th e  la rg e  s ta n d a rd  d e v ia tio n  i t  

i s  d i f f i c u l t  to  say p r e c is e ly  when worm expu lsion  began. T h is p o in t  i s  

i l l u s t r a t e d  in  F ig . 18. R egression  a n a ly s is  u s in g  th e  geom etric  mean worm 

burdens from days 15-22 in c lu s iv e  shows th a t  over t h i s  p e rio d  expu lsion  

occu rred  a t  th e  r a t e  o f 1 log^g u n i t  in  12 .5  days ( re g re s s io n  c o e f f ic ie n t  

(b )  = -0 .0 8  ± 0 . 007 ) .  T h is was a lm ost e x a c tly  h a l f  th e  r a t e  o f th e  worm 

expu lsion  seen in  th e  a d u l t  group in fe c te d  w ith  th e  same dose .

D iscussion

When an a d u lt  r a t  i s  su b je c te d  to  a s in g le  in f e c t io n  o f 500 o r  more 

la rv a e  a r e l a t i v e ly  f ix e d  p ro p o r tio n , o f  th e  o rd e r  o f 50-60^, f a i l s  to  

become e s ta b l is h e d  in  th e  i n t e s t i n e .  T his has been c a l le d  Loss Phase 1



TABLE 23

INFECTION OF YOUNG EATS WITH 2 ,5 0 0  LARVAE. WORMS

RECOVERED OVER THE LOSS PHASE 2 PERIOD

Days a f t e r  
in fe c t io n

Eggs/gram 
o f fae ce s

Mean worm recovery  ± 
s tan d ard  d e v ia tio n

10 261,000 1498 ± 509

13 151,800 1340 ± 421

14 57,000 1060 ± 278

15 33,000 1064 ± 316

16 14 ,900 936 ± 517

17 12,000 780 ± 5 2 3

18 2,850 668 i  347

19 3,750 658 i  277

20 1,800 514 + 211
21 2,100 358 t  153
22 305 t  149



F ig . 18. A comparison o f th e  worm expu lsion  r a t e s  in  young and a d u lt  
r a t s  in fe c te d  w ith  2 ,500  la rv a e  on day 0.

A dult r a t s  ▲

Young r a t s  o Exp. 3 

•  Exp. 4

R egression  c o e f f ic ie n t  (b ) = -0 .1 5  -  0 .02 

R egression  c o e f f ic ie n t  (b ) = -0 .0 8  ± 0.00 '
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(S ec tio n  l ) .  The rem ainder become a d u lt  by day 5 and t h e i r  number p e r s i s t s  

unchanged ( th e  P la te a u  Phase) u n t i l  about day 11 when th e  g re a t  m a jo r ity  a re  

e x p e lled  e x p o n e n tia lly  a t  a m easurable r a t e .  T his im m unological re a c tio n  

has been term ed Loss Phase 2 a lthough  i t  i s  more g e n e ra lly  r e f e r r e d  to  as 

th e  s e l f - c u r e  phenomenon. By day 20 on ly  a sm all r e s id u a l  p o p u la tio n  in  th e  

reg io n  o f 40 worms rem ains in  th e  i n t e s t i n e  ( th e  T hreshold  P h ase ).

The response  o f  young r a t s  was found to  be very  d i f f e r e n t  in  th a t  r a t s  

in fe c te d  w ith  500 N. b r a s i l i e n s i s  \dien under 6 weeks o f age f a i l e d  to  undergo 

th e  Loss Phase 2 r e a c t io n .  In s te a d  th e  P la te a u  Phase p e r s i s te d  w ell in to  

th e  a d u lt  l i f e  o f  th e  r a t .  S im ila r  r e s u l t s  have been su b seq u en tly  re p o rte d  

by O g ilv ie  and Jones ( 1967) and K assai and A itken ( 1967) a lth o u g h  th e  un

resp o n siv en ess  seen in  t h e i r  b reeds o f r a t s  was n o t a s  d ram atic  a s  th a t  seen 

in  our la b o ra to ry  w ith  hooded L is te r  r a t s .  These o b se rv a tio n s  r a is e d  5 

p o in ts .  F i r s t  th e  cause o f  th e  i n a b i l i t y  o f  th e  young r a t  to  develop a 

normal immune resp o n se ; second ly , th e  reason  f o r  i t s  f a i l u r e  to  develop even 

when th e  r a t  had become a d u l t ;  t h i r d ly ,  th e  subsequent response  o f such r a t s  

when su b je c te d  to  r e in f e c t io n .  The experim ents re p o rte d  in  p a r t  1 o f t h i s

se c tio n  a re  p r im a r ily  concerned w ith  th e  f i r s t  q u e s tio n .

The r e s u l t s  o f  th e  dose response  experim ents confirm ed th a t  Loss Phase 2 

d id  n o t occur in  th e  group o f r a t s  which rec e iv e d  5OO la rv a e ,  th e  P la te a u  o f 

100 worms p e r s i s t in g  u n t i l  th e  ejqperiment was te rm in a ted  on day 43* A p a r t i a l  

Loss Phase 2 d id  occur in  th e  r a t s  o f th e  o th e r  groups which were dosed w ith  

l a r g e r  numbers o f  la rv a e ,  a l t h o u ^  in  r e t r o s p e c t  i t s  i n te n s i t y  appears to  be
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r e la te d  to  th e  a c tu a l  numbers o f worms which e s ta b l is h e d  in  th e  i n t e s t i n e  

r a th e r  than to  th e  numbers o f  la rv a e  ad m in is te re d . Thus in  th e  f i r s t  ex

perim ent a sm a lle r  number o f a d u lt  worms and a l e s s  marked LP2 developed 

from a dose o f 1 ,000 la rv a e  than  from a dose o f 800 la rv a e  in  th e  second 

experim ent.

When th e  in f e c t io n s  from bo th  experim ents a re  a rran g ed  in  o rd e r  o f 

s iz e  o f th e  a d u lt  worm burden a t  days 10-12 (T able 2 4 ), th e  fo llo w in g  

p a t te rn  emerges. When th e  number o f worms which becomes e s ta b l is h e d  from 

th e  in f e c t in g  dose i s  around 250 o r  l e s s  Loss Phase 2 does n o t  o ccu r. I f  

c o n sid e rab ly  more than  250 worms a re  e s ta b l is h e d  Loss Phase 2 occurs b u t 

t h i s  i s  incom plete  compared w ith  t h a t  which occurs in  a d u lts  in  th a t  i t  

te rm in a te s  vdien th e  worm p o p u la tio n  f a l l s  to  a mean o f app rox im ate ly  200. 

T his has o ccu rred  in  4 o u t o f  5 groups by day 25 a f t e r  in f e c t io n .  As seen 

p re v io u s ly  th e se  a d u lt  worm in f e c t io n s  then  p e r s i s t  u n t i l  a t  l e a s t  day 50 , 

t h e r e a f t e r  d e c l in in g  to  approx im ate ly  100 worms by day 70. T h is d e c lin e  

i s  p o s s ib ly  due to  a senescence o f th e  worms r a th e r  than  to  any s p e c i f ic  

immune e f f e c t .

I t  i s  th u s a p p aren t t h a t  a worm th re sh o ld  o f 200-250 o p e ra ted  in  r a t s  

in fe c te d  when immature in  th e  sense  th a t  when l e s s  than  t h i s  number o f 

worms was p re s e n t in  th e  i n t e s t i n e  th e  expu lsion  mechanism d id  n o t o p e ra te . 

T his occurred  i r r e s p e c t iv e  o f w hether t h i s  f ig u re  had nev er been exceeded 

o r  w hether i t  had dropped down to  t h i s  th re sh o ld  le v e l  a s  a r e s u l t  o f  Loss 

Phase 2. The s i tu a t io n  i s  analogous to  th a t  o f a d u lt  r a t s  in  which more



TABLE 24

SUMMARIZED RESUI/TS OF DOSE RESPONSE EXPERIMENTS 
IN YOUNG RATS WITH GROUPS ARRANGED IN ORDER OF 
SIZE OF INITIAL INTESTINAL INFECTION. MEAN 

NOS. WORMS IN INTESTINE

P la te a u  burden 
day 10-12

Days a f t e r  in fe c t io n

24-25  48-50  70

102 96 121 -

269 254 208 -

357 202 171 103

696 409 253 -

776 202 216 113

1273 233 226 107
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than  approx im ate ly  40 worms a re  re q u ire d  f o r  s e l f - c u r e  to  occur (H urley ,

1959 ) and in  which a mean o f 40 worms rem ains a f t e r  LP2 i s  com plete (S ec tio n

1 ) .  The f a c t  t h a t  th e re  a re  s i m i l a r i t i e s  between th e  th re s h o ld s  o f  m ature 

and immature r a t s  i s  su g g e s tiv e  o f a s im ila r  b u t q u a n t i ta t iv e ly  d i f f e r e n t  

mechanism f o r  t h e i r  o p e ra tio n .

Loss Phase 2 in  r a t s  in fe c te d  when immature was a ls o  c h a ra c te r is e d  by 

i t s  r e l a t i v e ly  l a t e  o n se t around day 15 and by i t s  slow er r a t e  (F ig . 1 8 ),

The e x p la n a tio n  f o r  th e  d i f f e r e n t  sequence o f even ts  in  r a t s  in fe c te d  

when immature a s  compared to  a d u lt  depends u l t im a te ly  on an adequate  ex

p la n a tio n  o f th e  mechanism o f Loss Phase 2.

I t  has been suggested  (se e  S ec tio n s  1 and 3 ) t h a t  Loss Phase 2 could 

be a tw o-stage  r e a c t io n  depending, f i r s t ,  on th e  p ro d u ctio n  o f antiworm - 

an tib o d y  and secondly  on i t s  l ib e r a t io n  in to  th e  i n t e s t i n a l  lumen by em 

e f f e c to r  mechanism which may be a c t iv a te d  on a th re sh o ld  b a s i s .  I t  i s

th e re fo re  p o s s ib le  th a t  e i th e r  d e fe c t iv e  euitibody p ro d u c tio n , o r  reduced 

s e n s i t i v i t y  o f th e  e f f e c to r  mechanism, o r  b o th , may e x p la in  th e  c h a r a c te r i s t i c  

f e a tu re s  o f  Loss Phase 2 in  young r a t s .

On g en e ra l grounds q u a l i t a t iv e  o r q u a n ti ta t iv e  d e fe c ts  in  an tibody  

p ro d u c tio n  o f  th e  young r a t  a re  a p o s s ib i l i t y  (se e  review  by Good and 

P aperm aster, I 964 ; B inaghi e t  a l , 1966; D eichm uller and Dixon, I960;

S te rz y l and T m ka, 1957) and could ex p la in  th e  a p p aren t requ irem en t fo r  

a g r e a te r  dose o f a n tig e n  f o r  Loss Phase 2 to  occur in  th e  young r a t ,  euid 

i t s  delayed o n se t and slow er r a t e .
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A lte rn a t iv e ly  o r  a d d i t io n a l ly  th e  e f f e c to r  mechanism may be d e f ic ie n t .

We have shown th a t  i n t e s t i n a l  mast c e l l s  a re  p re s e n t in  la rg e  numbers a t  

th e  o n se t o f Loss Phase 2 in  a d u lt  r a t s  and have suggested  th a t  th e  a c tio n  

o f worm a lle rg e n  and re a g in ic  an tib o d y  on th e se  c e l l s  may c o n s t i tu te  a t  

l e a s t  a p a r t  o f th e  e f f e c to r  mechanism f o r  th e  r e le a s e  o f an tiw orm -antibody 

in to  th e  i n t e s t i n a l  lumen ( j a r r e t t  e t  a l , 1967b ) ,  The much sm a lle r  number 

o f i n t e s t i n a l  mast c e l l s  in  th e  young r a t  may be o f s ig n if ic a n c e  in  th i s  

c o n te x t. An e f f e c to r  mechanism which i s  q u a n t i ta t iv e ly  d e f ic ie n t  may 

r e s u l t  in  a reduced r a t e  o f  worm expu lsion  and may re q u ire  a h i ^ e r  number 

o f worms f o r  i t s  a c t iv a t io n .

The p re s e n t r e s u l t s  do n o t pe rm it d isc r im in a tio n  between th e se  

h ypo theses; f u r th e r  eaqperiments a re  in  p ro g ress  to  a ttem p t to  c l a r i f y  

th e  s i tu a t io n .

S ince even r a t s  showing no evidence o f p ro te c t iv e  an tib o d y  have h igh  

t i t r e s  o f re a g in  a few weeks a f t e r  in f e c t io n  i t  i s  p o s s ib le  th a t  th e  a l le rg e n  

i s  a n t ig e n ic a l ly  ’s tro n g er*  (Grood and Paperm aster, I 964) than  th e  a n tig e n  o r 

a n tig e n s  invo lved  in  th e  in d u c tio n  o f p ro te c t iv e  an tib o d y  o r  a l t e r n a t iv e ly  

t h a t  th e  immunoglobulin c la s s  o f th e  re a g in s  can be sy n th e s ize d  e a r l i e r  in  

th e  young an im al. However, an i n te r e s t i n g  p o in t i s  t h a t  by th e  70th  day 

a f t e r  in fe c t io n  th e  re a g in  t i t r e  in  th e se  r a t s  w ith  an average  worm burden 

o f 100 worms has f a l l e n  to  l e s s  than  1 in  8 in  a l l  c a se s . The im p lic a tio n s  

o f t h i s  f in d in g  w i l l  be d isc u sse d  l a t e r  in  t h i s  s e c t io n .
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While th e  hypo theses d isc u sse d  above may account f o r  th e  reduced o r 

a b sen t p r o te c t iv e  response  o f immature r a t s  they  do n o t a d eq u a te ly  ex p la in  

th e  subsequent f a i l u r e  o f th e se  r a t s  to  develop th e  f u l l  r e a c t io n  to  th e  

to le r a te d  worm burden on rea ch in g  m a tu r ity . T h is p o in t  w i l l  be d isc u sse d  

in  a l a t e r  p a r t .
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P a r t  2 The immune s ta tu s  fo llo w in g  in fe c t io n  a t  an e a r ly  age 

In tro d u c tio n

I n i t i a l l y  th e  experim ents in  young r a t s  were designed  to  answer two 

q u e s tio n s : f i r s t ,  would th e  immune response  o f th e  young anim al to  a

helm in th  in fe c t io n  d i f f e r  from th a t  o f th e  a d u l t ,  and secondly  would such 

an e a r ly  in f e c t io n  a f f e c t  th e  euiimal’ s a b i l i t y  to  respond to  a subsequent 

in fe c t io n  a t  a l a t e r  age?

R egarding th e  f i r s t  q u e s tio n , i t  has been shown th a t  th e  p r o te c t iv e  

immune response  o f  young r a t s  i s  d e f ic ie n t  when compared w ith  th a t  o f a d u l t s .  

In  young r a t s  th e  e x te n t o f LP2, i . e . ,  th e  s e l f - c u r e  r e a c t io n ,  i s  d i r e c t l y  

p ro p o r tio n a l to  th e  s iz e  o f th e  worm burden e s ta b lis h e d  d u rin g  th e  P la te a u  

Phase: when t h i s  i s  in c re a se d  above a c e r ta in  le v e l  an immune response

does o ccu r, b u t i s  d im in ished  and incom plete . Follow ing in f e c t io n ,  and 

i r r e s p e c t iv e  o f dose , a l l  young r a t s  ha rbour a worm burden which in  i t s e l f  

i s  n u m erica lly  s u f f i c i e n t  to  s t im u la te  expu lsion  in  r a t s  in fe c te d  a t  an 

o ld e r  age b u t t h i s  abnorm ally  h igh  burden i s  n o t e lim in a te d  even when the  

r a t s  become a d u l t .  S ince th e  type o f un responsiveness which has been 

found i s  t h o u ^ t  to  be u n re la te d  to  immunological to le ra n c e  and on ly  d u rin g  

th e  i n i t i a l  p a r t  o f th e  in f e c t io n  due to  immunological im m atu rity , th e  

mechanism o f th e  pro longed u n responsiveness which a llow s th e  p e rs is te n c e  o f 

th e  o r ig in a l  p a r a s i t i c  worm burden re q u ire s  to  be in v e s t ig a te d .
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The second q u e s tio n  th e re fo re  becomes more complex. Groups o f  young 

r a t s  which have shown a p a r t i a l  e lim in a tio n  resp o n se , o r a n i l  re sp o n se , d u rin g  

th e  prim ary in fe c t io n  a re  in d is t in g u is h a b le  from each o th e r  on th e  b a s is  o f 

worm burden when a d u l t .  The re a c t io n  o f bo th  o f th e se  ty p es o f  an im als may 

be d i f f e r e n t .

With reg a rd  to  th e  above c o n s id e ra tio n s  i t  seemed r e le v a n t  to  study  

two a sp e c ts  o f th e  immune s ta tu s  fo llo w in g  baby in f e c t io n s .

F i r s t ,  th e  problem  o f th e  p e r s i s t in g  prim ary  in fe c t io n  m e rits  th e  i n 

v e s t ig a t io n  o f th e  Eintibody s ta tu s  o f  r a t s  du rin g  t h i s  p e r io d . In  o th e r  

words, i s  th e  phenomenon due to  absence o r  in s u f f ic ie n c y  o f  p ro te c t iv e  

an tib o d y , o r  a l t e r n a t iv e ly  i s  such an tibody  p re s e n t b u t by some mechanism 

f r u s t r a t e d  in  i t s  a c t io n .  To t e s t  f o r  th e  p resence  o f  a n tib o d y , p a ss iv e  

p ro te c tio n  t e s t s  were c a r r ie d  o u t u s in g  th e  se ra  o f r a t s  in fe c te d  when 

young euid b led  some tim e a f t e r  in f e c t io n .

Secondly a more d i r e c t  measurement o f immunity to  r e in f e c t io n  was 

o b ta in ed  by ch a llen g e  o f  th e  r a t s  a f t e r  th ey  had reached  a d u l t  s i z e ,  w ith  

a second in f e c t io n .

The r e s u l t s  o f  th e se  two methods o f  approach a re  p re se n te d  s e p a ra te ly  

and a re  summarised a t  th e  end o f  t h i s  s e c t io n .

M a te r ia ls  and Methods

P a ss iv e  p ro te c tio n  t e s t s

Two ways o f a s s e s s in g  th e  p a ss iv e  p ro te c t iv e  e f f e c t  o f  serum were used .
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The f i r s t  c o n s is te d  o f  t r a n s f e r r in g  by laparotom y a 10 day o ld  a d u l t  worm 

p o p u la tio n  to  a d u lt  r a t s  which subsequen tly  rece iv ed  th e  t e s t  serum i n t r a -  

p e r i to n e a l ly  a t  a d o s e - w e i^ t  r a t i o  o f 4 m l./lOO g . Evidence o f  an tibody  

a c tio n  was a sse sse d  by a s ig n i f i c a n t ly  decreased  number o f  worms a t  au topsy  

5 days l a t e r  (Mulligein e t  a l , I 965) in  th e  r a t s  re c e iv in g  th e  t e s t  serum.

Two c o n tro l groups were u sed , one group re c e iv in g  s a l in e  in t r a p e r i to n o a l ly  

and a n o th e r r e c e iv in g  hyperimmune serum. T his second c o n tro l was in c lu d ed  

to  ensure  th e  e f fe c t iv e n e s s  o f  th e  t e s t  system .

The second method was by in t r a p e r i to n e a l  in je c t io n  o f  th e  t e s t  serum 

in to  a d u lt  r a t s  a t  th e  same d o s e - w e i^ t  r a t i o  on every  second day, s t a r t i n g  

one day b e fo re  a l a r v a l  in f e c t io n  fo llow ed  by au topsy  and worm counts b e fo re  

day 12. C ontro l groups a s  above were ag a in  in c lu d ed .

Sera

1 . Baby in fe c t io n  serum was o b ta in ed  from r a t s  which had been in fe c te d  %dien 

under 4 weeks o f age. The in fe c t io n  o f th e se  serum p ro d u c tio n  r a t s  was 

fo llow ed by egg counts and worm counts were done when th e  r a t s  were b led  o u t.

The r a t s  were b led  excep t where o th erw ise  s ta te d  on day 50 a f t e r  in f e c t io n .

At t h i s  tim e th ey  weighed between IOO-I6O g.

2. Hyperimmune serum was p repared  in  a d u lt  r a t s  su b je c te d  to  a s e r ie s  o f 

in fe c t io n s  o f in c re a s in g  s iz e  a s  d e sc rib e d  in  th e  M a te r ia ls  and Methods s e c t io n .

The techn ique  o f a d u lt  worm t r a n s p la n t  and a l l  o th e r  methods used in  t h i s  

p a r t  a re  d esc rib e d  in  th e  M a te r ia ls  eind Methods s e c t io n .
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1 . P ass iv e  p ro te c tio n  t e s t s  u s in g  serum from r a t s  in fe c te d  when young 

R e su lts

Three experim ents o f  t h i s  k ind  were c a r r ie d  o u t. In  one o f th e se  

experim ents th e  p a s s iv e ly  immunized r a t s  were in fe c te d  w ith  a d u l t  worms 

and in  th e  o th e r  two w ith  la rv a e .

Experim ent 1

The t e s t  serum was taken  from 4I  r a t s  which had been in fe c te d  a t  

th e  age o f 8-12 days w ith  800 la rv a e .  The r a t s  were b led  on day 50 when 

t h e i r  mean worm burden was 157 -  120.

Three groups o f 10 r a t s  were in fe c te d  by laparotom y w ith  1,000 a d u lt  

worms p e r r a t .  The t e s t  serum was in je c te d  24 hours a f t e r  laparotom y in to  

each r a t  o f  group 1 , groups 2 and 5 re c e iv in g  hyperimmune serum and s a l in e  

r e s p e c t iv e ly .

The r e s u l t s  o f egg counts d u rin g  th e  f i r s t  fo u r  days and worm counts 

on day 5 a f t e r  in fe c t io n  a re  shown in  Table 25 . I t  w i l l  be seen th a t  th e  

s a l in e  c o n tro l group a t  t h i s  tim e harboured  a mean o f 620 worms w hile  in  

th e  group in je c te d  w ith  hyperimmune serum a mean o f  on ly  555 worms su rv iv ed . 

The group in je c te d  w ith  th e  baby in f e c t io n  serum harboured  a mean burden o f 

409 worms. A t e s t  o f s ig n if ic a n c e  (S tu d e n t’ s t  t e s t ,  Snedecor, I 965 ) showed 

th a t  whereas th e  d if fe re n c e  between th e  s a l in e  and hyperimmune serum in je c te d  

groups was s ig n i f ic a n t  (p (  O.O5 ) t h a t  between th e  s a l in e  group and th e  baby 

in fe c t io n  serum group was n o t (p « 0 .1 ) .



TABLE 25

AN ATTEMPT TO ASSESS THE ANTIBODY CONTENT OF BABY INFECTION SERUM USING A PASSIVE

PROTECTION TEST IN RATS TRANSPLANTED WITH AN ADUI/T WORM INFECTION. EXPERIMENT 1 .

Days a f t e r  
in f e c t io n

Group 1 
Baby in f e c t io n  serum

Group 2 
Hyperimmune serum

Group 3 
S a lin e

Eggs 2 45,900 55,100 56,400

p e r 5 45,200 32,100 50,900

gram 4 34,800 10,000 21,700

Worms 5 511 402 224
172 412 561Xli 185 455 598

i n te s t i n e 670 831 28
505 156 774
584 597 756
489 69 879
552 171 796

514 1142
129 648

Mean 409 555 620

S.D. 180 238 529

t  t e s t Group 1 and 5 P = 0 .1

Group 2 and 5 P <  0 .0 5
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Since i t  vas f e l t  t h a t  th e  d if fe re n c e  between th e  s a l in e  c o n tro l and 

th e  group in je c te d  w ith  baby serum was su g g estiv e  even i f  n o t s ig n i f ic a n t ,  

an a ttem p t was then  made to  improve on th e  p a ss iv e  p ro te c tio n  ro u tin e  by 

u s in g  th e  second o f th e  two tech n iq u es o u tlin e d  in  th e  M a te r ia ls  and M ethods,

Experim ent 2

The baby in f e c t io n  serum f o r  t h i s  experim ent was o b ta in ed  from 52 r a t s  

on th e  50th day a f t e r  in f e c t io n .  The r a t s  were in fe c te d  when under 4 weeks 

o f age w ith  500 la r v a e .  The meeua burden and s tan d a rd  d e v ia tio n  a t  au topsy  

on day 50 was 179 -  106 worms.

Three groups o f  r a t s  were in fe c te d  w ith  1000 N. b r a s i l i e n s i s  la rv a e .

One o f th e se  groups was in je c te d  w ith  th e  t e s t  baby in fe c t io n  serum i n t r a -  

p e r i to n e a l ly  a t  th e  dose r a t e  o f 4 m l./lOO g . on th e  day b e fo re  in f e c t io n ,  

th e  day o f  in f e c t io n  and su b seq u en tly  on days 2, 4 and 7 a f t e r  in f e c t io n .

The second group re c e iv e d  hyperimmune serum acco rd ing  to  th e  same schedule  

and th e  th i r d  group re c e iv e d  no serum. S ince each r a t  was g iven  a la rg e  

t o t a l  amount o f serum (approx . )0 m l.) th e  group s iz e s  were o f n e c e s s i ty  

l im ite d  to  4 r a t s .

T able 26 shows th e  r e s u l t s  o f egg counts a f t e r  in f e c t io n ,  and worm

counts on day 8 a f t e r  in f e c t io n  when a l l  th e  r a t s  were a u to p s ie d . There

was no evidence o f an tib o d y  a c tio n  on th e  group in je c te d  w ith  baby in fe c t io n  

serum, s in c e  th e  mean worm count f ig u re s  f o r  t h i s  group and th e  un in je c te d  

c o n tro l group were s im ila r .  The group in je c te d  w ith  th e  hyperimmune serum



TABLE 26

AN ATTEMPT TO ASSESS THE ANTIBODY CONTENT OF BABY INFECTION SERUM USING A

PASSIVE PROTECTION TEST IN RATS INFECTED WITH LARVAE. EXPERIMENT 2 .

Days a f t e r  
in fe c t io n

Group 1 
Baby in fe c t io n  serum

Group 2 
Hyperimmune serum

Group 3 
No serum

Eggs 6 8,200 0 2,100
p e r 7 23,600 750 26,100
gram 8 19.700 0 20,600

Worms 8 427 80 342
in 506 305 457
i n te s t i n e 155 62 501

156 73 572
Mean 5 Ï Ï Î5Ô 368

S.D. 182 117 66

t  t e s t Group 2 and 3 p < 0 .0 2
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on th e  o th e r  hand showed a s ig n i f i c a n t  d ec rease  in  worm burden (p  ^  0 .0 2 ) 

when compared w ith  th e  c o n tro l : o th e r  s ig n s  o f th e  a c tio n  o f  th e  hyperimmune

serum were th e  v e ry  low egg count o f  t h i s  group emd marked s tu n t in g  o f th e  

worms recovered  a t  au to p sy .

The baby in f e c t io n  se ra  used so f a r  in  th e se  experim ents had been taken 

from r a t s  which re c e iv e d  low la r v a l  d o ses , i . e . ,  500-800 la r v a e ,  doses which 

have been shown to  cause l i t t l e  i f  any worm expu lsion  in  th e  in fe c te d  baby 

r a t s .  S ince h i ^ e r  l a r v a l  doses than  th e se  do r e s u l t  in  a m easure o f  worm 

lo s s  im ply ing  th e  p resen ce  o f  an tib o d y , i t  was decided  to  r e p e a t  th e  above 

experim ent u s in g  serum from r a t s  which had shown some r e a c t io n .

Experim ent 3

A pool o f  serum which had been taken  from th e  r a t s  o f  a l l  groups in  

th e  baby dose response  experim ents on days 24-25  and 48-50 was a v a i la b le ;  

t h i s  serum was used a l t h o u ^  i t  was n o t considered  id e a l  f o r  th e  purpose 

s in c e  i t  co n ta ined  serum from se v e ra l groups some o f which had n o t shown 

a marked LP2.

The serum was in je c te d  in to  a group o f 3 r a t s  a t  th e  same dose r a t i o  

and on th e  same days a s  in  th e  p rev io u s  experim ent b u t in  a d d it io n  on day 

10 a f t e r  in f e c t io n .  A c o n tro l group o f  3 r a t s  rec e iv e d  no serum. The 

r a t s  were in fe c te d  w ith  1000 la rv a e  and a u to p s ie d  on day 11 a f t e r  in f e c t io n .

The r e s u l t s  a re  shown in  T able 27. I t  w i l l  be seen th a t  on t h i s  

occasion  th e  baby in f e c t io n  serum has co n fe rred  a s ig n i f i c a n t  m easure o f



TABLE 27

AN ATTEMPT TO ASSESS THE ANTIBODY CONTENT OF BABY INFECTION SERUM

USING A PASSIVE PROTECTION TEST IN RATS INFECTED WITH LARVAE.

EXPERIMENT 5 .

Days a f t e r  
in fe c t io n

Group 1 
Baby in fe c t io n  serum

Group 2 
No serum

6 350 16 ,250

Eggs 7 48,000 28,700

p e r 9 3,500 42 ,900

gram 10 2,400 31,500

11 1 ,700 25,600

Worms 11 180 387
in 91 512
i n te s t i n e 155 273

Mean 142 590

S.D. 46 120

t  t e s t 0 .0 5  >  p > 0 .0 2
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p ro te c tio n  (p <( O.O5 ) when compared w ith  th e  n o n -in fe c te d  c o n tro ls .  T his 

r e s u l t  i s  s u b s ta n t ia te d  by th e  marked d if fe re n c e  in  th e  egg  count between 

th e  groups.

D iscussion

In  th e  th re e  experim ents j u s t  d e sc r ib e d , th e  serum from r a t s  in fe c te d  

when young was te s te d  f o r  th e  p resence  o f p ro te c t iv e  an tib o d y  by p a ss iv e  

p ro te c tio n  tec h n iq u e s . The r e s u l t s  have shown th a t  p ro te c t iv e  an tib o d y  i s  

p re s e n t in  th e  serum o f  groups o f r a t s  in fe c te d  when young w ith  more than 

800 la rv a e ,  b u t have f a i l e d  to  re v e a l an tibody  a c t iv i t y  in  r a t s  in fe c te d  

w ith  l e s s e r  d o ses. However, i t  i s  considered  th a t  a n e g a tiv e  r e s u l t  w ith  

t h i s  tech n iq u e , because o f  i t s  r e l a t i v e  i n s e n s i t i v i t y ,  cannot be in te rp re te d  

a s  in d ic a t in g  th e  com plete absence o f  a n tib o d y .

One o f th e  main o b je c tiv e s  o f  th e  p a ss iv e  p ro te c tio n  t e s t  approach has 

th e re fo re  n o t been f u l ly  r e a l i s e d .  The q u estio n  o f w hether o r  n o t th e  

500-800 la rv a e  in fe c t io n  r a t s  do produce an tib o d y  i s  o f im portance in  the  

c o n s id e ra tio n  o f mechanisms o f  u n resp o n siv en ess . The p o s s i b i l i t i e s  a re  

s e v e r a l2 F i r s t ,  t h i s  amount o f  a n tig e n  may be su b -th re sh o ld  f o r  th e  

p roduction  o f an tib o d y  in  th e  immature r a t  and young r a t s  in fe c te d  w ith  

such doses o f la rv a e  may in  f a c t  produce no an tib o d y . Secondly , a sm all 

amount o f an tib o d y  may be produced b u t be o f in s u f f i c i e n t  t i t r e  to  e x e r t  

an e f f e c t  on th e  worms. T h ird ly , i t  i s  p o s s ib le  t h a t  s u f f i c i e n t  an tib o d y , 

p o te n t i a l ly  capab le  o f  e x p e llin g  worms, i s  sy n th e s iz e d , b u t cannot e x e r t  

i t s  a c t io n  f o r  one o f  s e v e ra l re a so n s . For in s ta n c e , th e  amount o f an tibody
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sy n th esized  o r a n tig e n  re le a s e d  may be in s u f f i c i e n t  to  t r ig g e r  an an tib o d y  

re le a s e  mechanism. A lthough th e  i n t e s t i n a l  mast c e l l  has n o t a s  y e t  been 

d e f in i t e ly  im p lic a te d  in  t h i s  r e le a s e  mechanism, i t  i s  o f i n t e r e s t  th a t  le s s  

than  h a l f  th e  number o f  mast c e l l s  seen in  a d u lt  r a t s  a re  p re s e n t  in  young 

an im als.

F in a l ly ,  i t  has been shown th a t  in  young anim als in  g e n e ra l p roduction  

p recedes IgG p roduction  by se v e ra l weeks (Good and P aperm aster, I 964 ) ,  and 

B inaghi e t  a l  ( 1966) have dem onstra ted  th a t  in  2-3 week o ld  r a t s  a n a p h y la c tic  

suatibody can be produced a t  a tim e when th e  p r e c ip i t in  p roducing  c a p a c ity  i s  

s t i l l  d e f i c ie n t .  T his b e in g  so , i t  i s  p o s s ib le  th a t  in  th e  young r a t  i n 

fe c te d  w ith  N ip p o stro n g y lu s , antiw orm -euatibodies o f a d i f f e r e n t  c la s s  from 

th a t  which norm ally  o p e ra te s  a re  p r e f e r e n t i a l ly  produced. Such an tibody  m ight 

a c tu a l ly  b lock  th e  a c tio n  o f sm all amounts o f p ro te c t iv e  an tib o d y  sy n th e s iz e d . 

I t  i s  im possib le  on p re s e n t evidence to  d isc r im in a te  between th e se  v a rio u s  

p o s s i b i l i t i e s .

2. The C hallenge o f R ats In fe c te d  When Young

R e su lts

C hallenge Experim ent 1

Two groups o f young r a t s  and 2 groups o f a d u lt  r a t s  re c e iv e d  a prim ary 

in fe c t io n  as fo llo w s:
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Group No. o f  r a t s  Age o f  Rat Dose o f  la rv a e

1 10 A dult 5,200
2 10 A dult 1 ,600
3 19 2-4 weeks 5,200
4 16 2-4 weeks 1,600

Egg counts o f  th e  in f e c t io n  were c a r r ie d  ou t a t  in te r v a l s  a f t e r  day 10

d u rin g  th e  p rim ary  in f e c t io n  and th e  r e s u l t s  (T able 28) show th a t  in  th e

young r a t s  th e  u su a l p ro longed  egg count o ccu rred . T his tended  to  rem ain 

un ifo rm ly  h i ^ e r  in  th e  low er dose group b u t a f t e r  day 50 f e l l  in  bo th  g roups.

The egg count o f  th e  young r a t s  in fe c te d  w ith  3,200 la rv a e  f e l l  to  a very  low 

le v e l  between days 19 and 25 a f t e r  in f e c t io n  w ith  a subsequent r i s e .  A tte n tio n  

i s  drawn to  a s im ila r  f in d in g  in  th e  p rev io u s  p a r t  (se e  Dose Response Experim ent

2) b u t th e  s ig n if ic a n c e  o f  t h i s  f in d in g  i s  n o t y e t  known. The egg count o f 

bo th  a d u l t  groups a lth o u g h  u n u su a lly  low fo llow ed th e  expected  p a t te r n  and had 

f a l l e n  to  zero by day 19.

On day 70 a f t e r  in f e c t io n ,  4 r a t s  were au to p s ie d  from each o f th e  groups 

in fe c te d  a s  b ab ie s  to  de term ine  th e  worm burden rem ain ing  from th e  prim ary  

in f e c t io n .  These worm burdens f o r  groups 3 and 4 were 155 i  58 and 105 -  77

re s p e c t iv e ly .  At t h i s  tim e th e  r a t s  w e i r e d  between I 50 and 210 grams. On

th e  same day th e  rem ain ing  r a t s  in  a l l  4 groups were ch a llen g ed  w ith  1,000 

la rv a e  and a n o th e r  group o f 10 a d u lt  r a t s  (Group 5 ) which had n o t been p re v io u s ly  

in f e c te d ,  was given th e  same dose . The r a t s  were k i l l e d  in  2 groups on days 

8 and 23 a f t e r  in f e c t io n .



TABLE 28

CHALLENGE EXPERIMENT 1. EGG COUNT OF THE PRIMARY 
INFECTION OF YOUNG AND ADULT RATS

Day o f 
in f e c t io n

1 ,600

Young
r a t s

Eggs/gr

la rv a e
A dult
r a t s

am

5,200

Young
r a t s

la rv a e

A dult
r a t s

10 16,500 8 ,200 26,700 7 ,500

11 20,100 3,600 13,100 8 ,6 5 0

12 12,000 1 ,550 5,500 5,200

15 7,000 250 2,550 550

14 5,700 100 1,800 100
18 5,000 0 4,800 0

19 4,500 0 0 0
20 5,200 0 0 0
21 5,750 0 200 0

25 15,240 0 100 0

51 4 ,900 1,800

55 4 ,450 8 ,400

41 1 ,500 400

45 2 ,550 6 ,050

50 200 50

57 100 50

68 500 850

71 1,000 50



no.

The egg  c o u n t s  a f t e r  t h e  c h a l l e n g e  i n f e c t i o n  a r e  shown i n  T a b le  29*

The h ig h e s t  count occurred  in  th e  c o n tro l group 5 which re c e iv e d  th e  1,000 

la rv a e  a s  a prim ary in f e c t io n .  In  c o n tr a s t ,  a l l  th e  o th e r  groups %diich 

had been p re v io u s ly  in fe c te d  and were challenged  w ith  1,000 la rv a e  had 

d ep ressed  egg co u n ts . T his was l e a s t  marked in  group 4 , i . e . , th e  r a t s  

p re v io u s ly  in fe c te d  w ith  th e  low er dose o f  la rv a e  \dien under fo u r  weeks o f 

age.

The mean worm counts a t  au topsy  a re  shown in  T able )0 . On day 8 

a f t e r  in f e c t io n ,  th e  tak e  ( i . e . ,  p la te a u )  from a dose o f 1 ,000 la rv a e  in  

th e  p re v io u s ly  u n in fe c te d  r a t s  (group 5) was 416 ± 123 worms. In  bo th  

groups o f r a t s  which had been f i r s t  in fe c te d  when a d u lt  a com bination o f 

in c re a se d  Loss Phase 1 and advanced Loss Phase 2 had r e s u l te d  in  worm lo s s  

to  th e  th re sh o ld  le v e l  by day 8 . T his was a lso  th e  case  f o r  th e  group o f 

r a t s  id iich  had been i n i t i a l l y  in fe c te d  w ith  3,200 la rv a e  when under 4 weeks 

o f age (group 3 ) . However, th e  group in fe c te d  w ith  1,600 la rv a e  a t  under 

4 weeks (group 4 ) had a s im ila r  number o f worms on day 8 a f t e r  ch a llen g e  to  

th e  group o f c o n tro l r a t s  which had n o t been p re v io u s ly  in fe c te d  (group 5) .

I t  must be remembered however th a t  approx im ate ly  100 worms p e r  r a t  presum ably 

rem ained in  t h i s  group from th e  o r ig in a l  in f e c t io n .  N e v e rth e le ss  i t  would 

seem in  t h i s  group, as in  th e  c o n tro l group, th a t  Loss Phase 2 had n o t occurred  

b e fo re  day 8. On day 23 a f t e r  ch a llen g e  th e  worm burdens o f  a l l  th e  groups 

had f a l l e n  to  low th re s h o ld  v a lu e s .



TABLE 29

CHALLENGE EXPERIMENT 1. EGG COUNT AFTER THE CHALLENGE INFECTION

Day o f ch a llen g e  
in fe c t io n Group 1 Group 2

Eggs/gram 
Group 3 Group 4 Group 5

6 300 0 300 2 ,400 15 ,500

7 1 ,0 5 0 200 450 4,000 25,350
8 450 300 500 1 ,250 34,800

9 150 150 410 300 26,300

12 0 0 0 0 6,800

13 0 0 350 50 1,850



TABLE 30

CHALLENGE EXPERIMENT 1 . MEAN NUMBERS OP ADULT WORMS IN DIFFERENT GROUPS OF RATS

CHALLENGED WITH 1000 LARVAE AND AUTOPSIED 8 AND 23 DAYS LATER

Group trea tm e n t b e fo re  ch a llen g e Numbers o f worms a f t e r  
8 days

ch a llen g e  ± S.D. 

23 days

Group 1 3200 la rv a e  when a d u lt 6 ± 4 7 ± 7
Group 2 1600 la rv a e  when a d u lt 58 ± 102 3 ± 5

Group 3 3200 la rv a e  when 2 -4  weeks o ld 23 ± 14 46 ± 34
Group 4 1600 la rv a e  when 2 -4  weeks o ld 478 ± 275 17 ± 27

Group 5 None 416 ± 123 54 ± 36
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From th e se  r e s u l t s  i t  seems th a t  r a t s  in fe c te d  a t  an e a r ly  age may respond 

in  a d u lt  l i f e  to  a subsequent ch a llen g e  in f e c t io n  in  one o f two ways. They may 

show a secondary re sp o n se , a s  do a d u lt  r a t s  which have been p re v io u s ly  in fe c te d , 

which i s  m an ifes t by worm expu ls ion  o c c u rrin g  b e fo re  day 8 (se e  S ec tio n  l ) .  

A l te rn a t iv e ly  th ey  may respond in  th e  same way as  do normal a d u lt  r a t s  which have 

n o t p re v io u s ly  experienced  th e  a n tig e n , i . e . ,  by worm expu lsion  o c c u rr in g  between 

days 12-20. The type  o f response  i s  determ ined by th e  s iz e  o f th e  i n i t i a l  in 

f e c t io n ,  th e  secondary response  o c c u rrin g  in  th e  group o f r a t s  which had p re v io u s ly  

been in fe c te d  w ith  a h igh  dose o f la rv a e  and th e  prim ary response  in  r a t s  p re v io u s ly  

in fe c te d  w ith  a low er dose . The worm count on day 25 shows th a t  th e  r a t s  have 

l o s t  n o t on ly  th e  ch a llen g e  b u t a ls o  th e  r e s id u a l  prim ary worms. These r e s u l t s  

a re  confirm ed in  th e  n e x t experim en ts.

C hallenge Experim ent 2

In  t h i s  in fe c t io n  th e  p rim ary  in fe c t io n  c o n s is te d  o f 2 ,000 la r v a e .  Two 

groups o f  r a t s  were s e t  up a s  fo llo w s:

Group 1 . 40 r a t s  aged 19-22 days g iven 2,000 l a r v a e / r a t

Group 2 . 28 r a t s  aged 19-22 days n o t in f e c te d .

I t  was considered  th a t  th e  response  o f  a d u lt  r a t s  to  a second in fe c t io n  i s  

s u f f i c i e n t ly  w ell documented so an a d u lt  group was n o t in fe c te d  a t  t h i s  tim e .

The egg count o f th e  p rim ary  in f e c t io n  fo llow ed th e  u su a l p a t te r n  (T able 51)•



TABLE 31

CHALLENGE EXPERIMENT 2. EGG COUNT OF THE PRIMARY 
INFECTION OF YOUNG RATS WITH 2000 LARVAE, AND OF 

THE CHALLENGE INFECTION WITH 1000 LARVAE

Day o f  p rim ary  
in fe c t io n

Group 1 
2000 L.

Eggs/gram
Group 2 

C hallenge 
c o n tro l

10 24,900
12 10 ,400
14 9 ,500
16 2,000
18 800
20 2 ,350
24 2,100
28 3,800
52 5,500
36 2 ,150
40 2 ,500
44 2 ,950
49“ T hibenzole 1 ,2 5 0
50 0
54“ Both groups in fe c te d  w ith  1000 la rv a e

Day o f  ch a llen g e  
in fe c t io n

6 2,000 14 ,700
7 900 12,600
8 850 17 ,000

12 100 2 ,700
13 0 800
15 0 0
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On day 49 a f t e r  in fe c t io n  3 r a t s  from group 1 were k i l l e d  to  determ ine 

th e  worm burden from th e  prim ary  in f e c t io n .  The mean burden and s tan d a rd  

d e v ia tio n  was 243 i  I 63 worms; t h i s  confirm ed th e  expected s t a t e  o f  u n re s 

ponsiveness to  t h i s  in f e c t io n .  The rem ain ing  r a t s  o f group 1 were t r e a te d  

by stomach tube w ith  th ib e n z o le  a t  a dose r a t e  o f 40 mg. p e r  100 g . , i t  hav ing  

been p re v io u s ly  e s ta b l is h e d  th a t  t h i s  dose i s  e f f e c t iv e  in  e lim in a tin g  v i r t u a l l y  

th e  e n t i r e  i n t e s t i n a l  worm burden. Egg counts a f t e r  th ib e n z o le  tre a tm e n t f e l l  

to  ze ro .

On day 54 a f t e r  th e  p rim ary  in fe c t io n  bo th  groups o f r a t s ,  now w e i r i n g  

between 120-150 g . , were in fe c te d  w ith  1 ,000 la rv a e . The r a t s  were k i l l e d  in  

groups o f seven on days 5, 9 , 15 and 20 a f t e r  th e  ch a llen g e  in f e c t io n .

The egg counts o f  th e  ch a llen g e  in fe c t io n  seen in  Table 3I  show th a t  egg 

o u tp u t was dep ressed  in  th e  p re v io u s ly  in fe c te d  r a t s .  The worm counts a re  

shown in  Table 32. On day 5 th e  number o f  worms in  bo th  groups was very  

s im ila r .  T h is shows th a t  th e re  had n o t been an in c re a s e  in  Loss Phase 1 in  

th e  p re v io u s ly  in fe c te d  r a t s  in  comparison w ith  th e  r a t s  in fe c te d  f o r  th e  f i r s t  

tim e . On day 9 th e  worm count o f group 1 i s  reduced . T his re d u c tio n  in  worm 

burden i s  n o t s ig n i f ic a n t  b u t su g g ests  th a t  Loss Phase 2 has s t a r te d  in  th e  form er 

group and th a t  a p ro p o rtio n  o f th e  worm burden has a lre a d y  been e x p e lle d . On 

days 15 and 20 th e  worm burdens o f bo th  groups a re  d e c re a s in g , th e  r a th e r  h igh  

mean seen on day I 5 in  group 1 be in g  c o n tr ib u te d  to  by one h igh  worm count in  

t h i s  group (se e  A ppendix).



TABLE 52

CHALLENGE EXPERIMENT 2 . MEAN NUMBERS OF ADULT WORMS IN RATS CHALLENGED

WITH 1000 LARVAE

Group trea tm e n t 
b e fo re  ch a llen g e

Number
day

5

o f  worms a f t e r  ch a llen g e  ± S.D.
day day day 

9 15 20

Group 1 . 2000
la rv a e  when 19-22 370 ± 211 165 ± 81 81 ± 142 15 ± 28
days o ld

Group 2. None 320 ± 185 288 ± 232 29 ± 58 5 ± 5
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T his r e s u l t  i s  in  harmony w ith  t h a t  o f th e  p rev io u s experim ent where 

i t  was seen th a t  young r a t s  in fe c te d  w ith  3,200 la rv a e  underw ent a secondary 

type  o f response  and th o se  in fe c te d  w ith  1,600 la rv a e  a prim ary  resp o n se .

In  t h i s  experim ent th e  prim ary  dose o f 2,000 la rv a e  la y  between th o se  used 

in  th e  p rev io u s e^qperiment. As a r e f l e c t io n  o f t h i s  i t  seems th a t  th e  r a t s  

on ch a llen g e  gave a response  midway between th e  two seen in  th e  f i r s t  ex

p erim en t. Thus worm expu lsion  s t a r te d  a t  some tim e a f t e r  day 5 b u t was 

n o t com plete by day 9. I t  was com plete in  th e  m a jo rity  o f  r a t s  by day 15.

From th e  egg o u tp u t o f th e se  r a t s  th e re  was a lso  evidence o f  enhanced immunity 

to  th e  ch a llen g e  in f e c t io n .

C hallenge Experim ent 3

The e f f e c t  o f th e  s iz e  o f th e  prim ary in fe c t io n  o f  baby r a t s  in  de te rm in ing  

th e  response  to  th e  ch a llen g e  in fe c t io n  has been e s ta b l is h e d .  In  th e  p rev ious 

experim ents r a t s  were ch a llenged  w ith  1,000 la rv a e . In  t h i s  experim ent baby 

r a t s  in fe c te d  w ith  500 la rv a e  were subsequen tly  challenged  w ith  th e  same dose 

a f t e r  re c e iv in g  th ib e n z o le  tre a tm e n t to  e lim in a te  th e  prim ary  in f e c t io n  burden. 

I t  was thought t h a t  t h i s  sm all p rim ary  in f e c t io n ,  fo llow ed by an e q u a lly  sm all 

ch a llen g e  m i ^ t  a llow  u n in te r ru p te d  ex p ress io n  o f th e  un resp o n siv en ess o c cu rr in g  

to  th e  prim ary in f e c t io n .

Two groups o f r a t s  aged 1-3 weeks were s e t  up a s  fo llo w s:

Group 1 . 50 r a t s  given 500 la rv a e  each

Group 2 . 25 r a t s  n o t in fe c te d .
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Follow ing la rg e  l i t t e r  m o r ta l i t i e s  on ly  $1 r a t s  rem ained in  group 1 

and 17 in  group 2 a t  th e  tim e o f c h a lle n g e . On day 50 a f t e r  in f e c t io n  th e  

r a t s  s t i l l  w e i r e d  on ly  on average  80-95 g . so th e  ch a llen g e  in fe c t io n  was 

delayed  u n t i l  day 79 when th e  r a t s  weighed between 140-200 g . On day 75 

th e  r a t s  o f  group 1 were t r e a te d  w ith  th ib e n z o le  a t  th e  same dose-w eig^ t 

r a t i o  as in  th e  p rev io u s  experim ent. Four r a t s  from t h i s  group were k i l l e d  

and had a mean burden and s ta n d a rd  d e v ia tio n  o f 96 ± 18 worms. Follow ing the  

ch a llen g e  in fe c t io n  o f 500 la rv a e  th e  r a t s  o f bo th  groups were a u to p s ie d  in

groups o f 5 o r 7 on days 5» 8 and 15 a f t e r  in f e c t io n .  The r e s u l t s  o f th e  egg

count o f  th e  p rim ary  and th e  ch a llen g e  in fe c t io n  a re  shown in  T able 33. I t  

w i l l  be seen th a t  a f t e r  ch a llen g e  th e  egg count o f th e  p re v io u s ly  in fe c te d  

r a t s  was dep ressed  in  comparison w ith  t h a t  o f th e  c o n tro l group. The worm 

counts (T able 34) show th a t  in  bo th  th e  p re v io u s ly  in fe c te d  group and th e  

c o n tro ls  worm expu lsion  occu rred  between days 8 and 15. The p re v io u s ly  in 

fe c te d  r a t s  have th u s undergone a ty p ic a l  prim ary response  a s  m an ife s t by 

worm expu lsion  a l t h o u ^  th e  dep ressed  egg count o f t h i s  group g iv es  evidence 

o f a degree o f enhanced immunity. There i s  no evidence o f th e  c o n tin u a tio n  

o f th e  un responsive  s t a t e  to  th e  ch a llen g e  worm burden in  t h a t  on day 15 a f t e r

in fe c t io n  a mean o f 10 worms on ly  rem ained in  th e  sm all i n t e s t i n e .

C hallenge Experim ent 4

The evidence o f th e  p rev io u s experim ent s tro n g ly  su g g ests  an a n tig e n ic  

d if fe re n c e  between th e  o ld  and th e  new worm p o p u la tio n s , a lth o u g h  i t  m ight be



TABLE 35

CHALLENGE EXPERIMENT 3. EGG COUNT OF THE PRIMARY 

INFECTION OF YOUNG RATS WITH 500 LARVAE, AND OF THE 
SUBSEQUENT CHALLENGE INFECTION WITH 500 LARVAE

Day o f prim ary 
in fe c t io n

Eggs/gram

Group 1 Group 2 
500 la rv a e  C hallenge 

c o n tro l

10 15,900
15 6,150
20 450
25 1 ,500
30 5,100
35 6 ,300
40 2,800
45 4,800
50 4,600
55 4,200
60 1 ,300
65 3,300
70 600
75 -  T hibenzole  
79 -  Both groups in fe c te d  w ith 500 la rv a e

Day o f ch a llen g e  
in fe c t io n

7 2 ,500 14,700
8 1,200 13,900

10 6 ,300 19,500
11 1,550 12,600
12 400 6 ,500
13 0 350
15 0 0



TABLE 34

CHALLENGE EXPERIMENT 5. MEAN NT3MBERS OF ADTJIff WORMS IN EATS CHALLENGED

WITH 500 LARVAE

Group trea tm e n t 
b e fo re  ch a llen g e

Numbers o f worms a f t e r  ch a llen g e  

day 5 day 8
± S.D. 
day 15

Group 1. 500 la rv a e  
when under 4 weeks o ld 203 ± 91 181 ± 61 10 ± 16

Group 2. None 153 ± 101 172 ± 100 31 ± 11
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argued th a t  i t  i s  th e  experience  o f th e  l a r v a l  a n tig e n s  t h a t  has provoked 

worm e lim in a tio n  in  th e  p re v io u s ly  un responsive  r a t s .  T h is experim ent 

was designed  to  e f f e c t  th e  s u b s t i tu t io n  o f a new, s u r g ic a l ly  t ra n s p la n te d , 

worm burden fo r  th e  a lre a d y  e x is t in g  one in  un responsive  r a t s .  By th i s  

method s tim u la tio n  w ith  l a r v a l  a n tig e n s  would be avo ided . A p lan  o f th e  

experim ent i s  shown in  F ig . 19.

E ig h t l i t t e r s  aged between 8-13 days were d iv id ed  in to  two groups 

and th e  r a t s  o f  one group were in fe c te d  w ith  500 N. b r a s i l i e n s i s  la rv a e  

each (group l ) .  The o th e r  group rem ained u n in fe c te d  (group 2 ) .  The 

egg count o f  group 1 a f t e r  in fe c t io n  was ty p ic a l  f o r  baby r a t  in f e c t io n s .

On day 52 a f t e r  in f e c t io n  when bo th  groups o f r a t s  weighed between 110-150 

g . 17 o f th e  in fe c te d  r a t s  were t r e a te d  w ith  th ib e n z o le  a t  th e  u su a l dose 

r a t e .  Egg counts a f t e r  th ib e n z o le  trea tm e n t were n e g a tiv e . F ive  r a t s  o f 

t h i s  group 1 were a u to p s ie d  on t h i s  day to  e s ta b l is h  th e  e x is t in g  worm 

burden. T his was 173 -  104 worms. A rem aining  3 r a t s  were l e f t  u n tre a te d  

to  se rv e  a s  r e s id u a l  in f e c t io n  c o n tro ls  on th e  l a s t  au topsy  day . Four days 

a f t e r  th ib e n z o le  tre a tm e n t th e  r a t s  o f  bo th  groups were g iven an a d u lt  

t r a n s p la n t  o f 500 worms. T his dose was c a lc u la te d  to  g ive  r i s e  to  a worm 

burden n u m erica lly  s im ila r  to  t h a t  p re v io u s ly  p re s e n t in  th e  th ib e n z o le  

t r e a te d  r a t s .  The egg coun ts o f bo th  groups f e l l  to  low le v e ls  by day 7 

a f t e r  r e in f e c t io n  w ith  t h a t  o f group 1 r a t s  f a l l i n g  s l i g h t l y  more r a p id ly .

The r a t s  were a u to p s ie d  in  groups o f 5 o r more on days 7» 14 and 21 

to  e s ta b l is h  w hether s e l f - c u r e  was p rem ature , normal o r  a b se n t.



FIG. 19

TRANSPLANTATION OF AN ADDI/T WORM POPULATION TO UNRESPONSIVE RATS. PLAN

OF EXPERIMENT

Days a f t e r  
in fe c t io n Group 1 Group 2

33 r a t s  8-13  days o ld  
500 la rv a e  s . c .

29 r a t s  8- I 3 days o ld  
n o t in fe c te d

52 5 r a t s  
au to p s ie d  

fo r  worm count

3 r a t s  
u n tre a te d

A utopsied  
on l a s t  
day o f ex
perim ent

16 r a t s  
o ra l  

th ib e n z o le

a d u lt  t r a n s p la n t  
500 worms

A utopsied in  
3 groups on 
days 7 , 14 &
23 a f t e r  a d u lt  
t r a n s p la n t

23 r a t s  
a d u lt  t r a n s p la n t  

500 worms

A utopsied  in  
3 groups on 
days 7 , 14 &
23 a f t e r  a d u lt  
t r a n s p la n t
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The r e s u l t s  shown in  Table 35 were somewhat unexpected in  th a t  a l t h o u ^  

s e l f - c u r e  occurred  in  th e  p re v io u s ly  un responsive  r a t s  t h i s  was a p p a re n tly  

delayed  in  comparison to  th e  p re v io u s ly  u n in fe c te d  r a t s ,  s in c e  th e  f ig u re s  

fo r  th e  day I 4 worm counts a re  s ig n i f ic a n t ly  d i f f e r e n t  (p  ^  O.O5 ) .  In  bo th  

groups s e l f - c u r e  was com plete by day 21 a f t e r  in f e c t io n .  On t h i s  day ( i . e . ,  

day 79 o f th e  o r ig in a l  in f e c t io n )  th e  3 rem ain ing  re s id u a l  c o n tro l  r a t s  were 

au to p s ie d  and found to  have a burden o f 75 -  25 worms. T h is was s t i l l  m arkedly 

h ig h e r than  th e se  r a t s  which rec e iv e d  th e  s u b s t i tu te  in f e c t io n .

D iscussion

In  th e se  experim ents i t  has been shown th a t  when r a t s ,  which have been 

in fe c te d  when immature, a re  cha llenged  when a d u lt  se v e ra l ty p es  o f  response  

may o ccu r. The response  may be o f a p rim ary  o r secondary  n a tu r e , o r  a 

r e a c t io n  in te rm e d ia te  between th e  two, and appears to  depend on th e  s iz e  o f 

th e  o r ig in a l  in f e c t io n .

In  experim ent 1, young r a t s  which had rece iv ed  a p rim ary  in fe c t io n  of 

3000 la rv a e  underwent Loss Phase 2 in  th e  manner o f a secondary  response  

fo llo w in g  ch a llen g e  in f e c t io n .  In  c o n tra s t  in  th e  r a t s  i n i t i a l l y  in fe c te d  

w ith  1 ,600  la rv a e  Loss Phase 2 occu rred  between days 8-23 d u rin g  which p e rio d  

th e  p re v io u s ly  u n in fe c te d  c o n tro ls  a ls o  s e l f -c u re d .  In  t h i s  experim ent n o t 

only  th e  ch a llen g e  in f e c t io n  b u t a ls o  th e  r e s id u a l  un responsive  in f e c t io n  was 

e x p e lled  d u rin g  th e  r e a c t io n .

In  th e  subsequent experim ents th e  o r ig in a l  r e s id u a l  in f e c t io n  was e lim in a te d



TABLE 35

THE FATE OF A TRANSPLANTED ADTJI/T WORM INFECTION IN 
UNRESPONSIVE RATS AFTER REMOVAL OF THE ORIGINAL 

POPULATION WITH THIBENZOLE

Days a f t e r  
t r a n s p la n t

In fe c te d  and th ib e n z o le  
t r e a te d  r a t s

P re v io u s ly
u n in fe c te d

r a t s

7 146 ± 131 119 ± 85

14 111 ± 64 28 ± 25

21 14 ± 12 18 ± 21
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w ith  th ib e n z o le  to  p rov ide  an uncom plicated p ic tu re  o f th e  c h a lle n g e  in fe c t io n  

k in e t i c s .  In  th e  second experim ent a p rim ary  in fe c t io n  dose in te rm e d ia te  

between th e  two o f th e  f i r s t  experim ent was used and an in te rm e d ia te  type of 

response  a ls o  occu rred  on c h a lle n g e . Thus worm expu lsion  was a l i t t l e  advanced 

in  comparison w ith  th e  c o n tro l prim ary in fe c t io n  b u t d id  n o t occur a t  th e  r a t e  

o f a secondary in f e c t io n .

I t  m i ^ t  be sp e cu la te d  from th e se  r e s u l t s  th a t  re d u c tio n  o f th e  dose o f 

th e  prim ary in fe c t io n  to  minimum s iz e  and subsequent ch a llen g e  w ith  an eq u a lly  

sm all dose m i ^ t  a llow  u n in te r ru p te d  eaqpression o f th e  s t a t e  o f u n resp o n siv en ess . 

In  experim ent 3» in  which r a t s  were bo th  in fe c te d  and ch a llenged  w ith  500 la rv a e , 

t h i s  was n o t found to  be th e  case ; Loss Phase 2 again  o ccu rred  in  th e  manner o f 

a prim ary in f e c t io n .  However even in  t h i s  group a low degree  o f p r e - e x is t in g  

immunity i s  evidenced by th e  dep ressed  egg ou tp u t o f th e  experim en ta l group.

In  experim ent 4 in  which a tra n s p la n te d  a d u lt  in f e c t io n  was s u b s t i tu te d  

f o r  th e  o r ig in a l  un responsive  in f e c t io n  s e l f - c u r e  again  o ccu rred  more o r l e s s  

in  th e  manner o f a p rim ary  re sp o n se , b u t p o ss ib ly  was s l i g h t l y  de layed .

These r e s u l t s  have given no r e a l  evidence o f a s t a t e  o f  un responsiveness 

o r  imm unological to le ra n c e  fo llo w in g  th e  ch a llen g e  in f e c t io n .  K assai and 

A itken  ( 1967) have re p o r te d  th e  in d u c tio n  o f imm unological to le ra n c e  to  

N ippostrongylus in  r a t s  o f  th e  a lb in o  W ista r s t r a in .  S ev e ra l p o in ts  a r i s in g  

from t h e i r  work a re  w orthy o f comment. F i r s t ,  in  one experim ent in  which 

young r a t s  were given a prim ary  in fe c t io n  (experim ent l )  th ey  r e p o r t  th e  

dem onstra tion  o f to le ra n c e  in  one experim ental group. The mean d if fe re n c e  

o f t h i s  from th e  c o n tro l group i s  however only  15 worms, which in  our e s tim a tio n
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i s  n o t a s ig n i f ic a n t  d if f e r e n c e .  In  any case th e  worm burden o f a l l  the  

groups was a t  th e  expected  le v e l  f o r  th e  a d u lt  T hreshold  Phase ( i . e . ,  

approx im ate ly  40 worms). In  an o th e r experim ent (experim ent 3 ) a s t a t e  o f 

to le ra n c e  i s  claim ed fo llo w in g  a s in g le  o r double r e in f e c t io n  in  young r a t s .

The tim e o f ch a llen g e  was always in  th e  reg io n  o f 6-7 weeks, and w hile  i t  i s  

d i f f i c u l t  to  draw com parisons between d i f f e r e n t  s t r a in s  o f r a t s  i t  i s  p o ss ib le  

th a t  th e  worm burdens which th e se  a u th o rs  a t t r i b u t e  to  induced to le ra n c e  a re  

in  f a c t  a m a n ife s ta tio n  o f in f e c t io n  d u rin g  th e  o r ig in a l  un responsive  p e rio d . 

A l te rn a t iv e ly  i t  may be found th a t  th e  tim e between th e  o r ig in a l  and ch a llen g e  

in fe c t io n s  i s  c r i t i c a l  f o r  th e  con tinuance  o f  th e  un responsive  s t a t e .  This 

p o s s ib i l i t y  i s  b e in g  in v e s t ig a te d .  F in a l ly ,  th e se  a u th o rs  a t t r i b u t e  th e  

f a i l u r e  o f p rev io u s w orkers to  induce to le ra n c e  in  p a r a s i t i c  system s to  th e  

use o f n e o n a ta l in f e c t io n s  which were too sm all. From th e  r e s u l t s  shown in  

P a r t  2 o f t h i s  s e c tio n  t h i s  assum ption a t  l e a s t  as f a r  as concerns N ippostrongylus 

i s  seen to  be in c o r r e c t ,  s in c e  la r g e r  prim ary  in fe c t io n s  evoke an immune response  

whereas sm all ones do n o t.

The r e s u l t s  o f t h i s  p a r t  confirm  th o se  o f th e  p rev io u s  p a r t  in  which i t  

was shown th a t  baby r a t s  in fe c te d  w ith  a s u f f i c i e n t ly  la rg e  dose o f la rv a e  

d id  develop an immune response  a lth o u g h  th i s  was i n f e r i o r  to  th a t  o f s im ila r ly  

in fe c te d  a d u lt  r a t s .  In  a d d it io n , th e  r e s u l t s  o f th e  c h a lle n g e  experim ents 

show th a t  such r a t s  develop  im m unological memory o f th e  N. b r a s i l i e n s i s  a n tig en  

a s  evidenced by t h e i r  more ra p id  response  to  a ch a llen g e  in f e c t io n .  In  con

t r a s t  a dose o f la rv a e  which i s  su b th re sh o ld  f o r  th e  developm ent o f th e  immune
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response  in  young l i f e  does n o t evoke a memory response  to  subsequent 

c h a lle n g e . C onversely th e re  i s  no evidence th a t  i t  has le d  to  a con

tin u o u s s t a t e  o f u n responsiveness to  th e  r e le v a n t  a n tig e n s , s in c e  a 

ch a llen g e  in f e c t io n  i s  d e a l t  w ith  n o t l e s s  e f f i c i e n t l y  than  by an anim al 

in fe c te d  f o r  th e  f i r s t  tim e . A p o s s ib le  excep tion  to  t h i s  was seen in  

experim ent 4 .

I t  i s  a lm ost c e r ta in  t h a t  s e v e ra l f a c to r s  a re  in te r a c t in g  to  produce 

th e  complex o f phenomena observed a f t e r  in fe c t io n  o r r e in f e c t io n  o f young 

r a t s  w ith  N. b r a s i l i e n s i s . The p o s s ib le  f a c to r s  invo lved  in  th e  i n i t i a l  

im m unological im m aturity  which r e s u l t s  in  th e  f a i l u r e  to  s e l f - c u r e  a f t e r  

th e  f i r s t  in f e c t io n  have a lre a d y  been d isc u sse d . I t  was co nsidered  most 

l i k e ly  t h a t  e i th e r  q u a l i t a t iv e  o r q u a n t i ta t iv e  d e fe c ts  in  an tib o d y  p ro d u c tio n , 

o r a d e f ic ie n t  e f f e c to r  mechanism o r a com bination o f bo th  was re s p o n s ib le . 

T h is , however, d id  n o t ex p la in  th e  f a i l u r e  to  e lim in a te  th e  o r ig in a l  200 

worm burden when th e  r a t s  subsequen tly  became im m unologically  m ature. The 

dem onstra tion  o f th e  e f fe c t iv e n e s s  o f s u b s t i tu t in g  th e  o ld  un responsive  

in fe c t io n  f o r  a new b u t n o t l a r g e r  in fe c t io n  le a d s  to  th e  in t e r e s t i n g  

sp e c u la tio n  th a t  th e re  i s  an a n tig e n ic  d if fe re n c e  between th e  two worm 

p o p u la tio n s . T his would mean th a t  th e  o ld  p o p u la tio n  o f worms, n o t recog

n ise d  in  e a r ly  l i f e  due to  im m atu rity , i s  n o t subsequen tly  reco g n ised  as 

th e  r a t  m atures due to  th e  lo s s  o f an e s s e n t ia l  a n tig e n ic  component. T his 

may be in tro d u ced  w ith  th e  new in fe c t io n  a s  i t  were f o r  th e  f i r s t  tim e.

I t  i s  a ls o  p o s s ib le  th a t  s e l f - c u r e  a f t e r  r e in f e c t io n  in  experim ents 3
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and 4 was a t  l e a s t  p a r t ly  due to  th e  reco v ery  of a d e p le te d  c e l lu l a r  response  

d u rin g  th e  f iv e  days* p e rio d  between a n th e lm in tic  trea tm e n t and th e  r e in f e c t io n .  

T his l a t t e r  f a c to r  m i ^ t  a ls o  ex p la in  in  experim ent 4 th e  d e lay  in  s e l f - c u r e  

o f th e  r e in fe c te d  group when compared w ith  p re v io u s ly  u n in fe c te d  c o n tro ls .

R esearch in  t h i s  f i e l d  i s  s t i l l  co n tin u in g  in  our la b o ra to ry  a t  th e  tim e 

o f w r i t in g , and i t  i s  d i f f i c u l t  a t  p re s e n t to  be more p re c is e  about the  

mechanism o f a c tio n  o f  t h i s  in t e r e s t i n g  m a n ife s ta tio n  o f u n resp o n siv en ess .
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SUMMARY

S ec tio n  5 r e p o r ts  a s tudy  o f N. b r a s i l i e n s i s  in fe c t io n  in  young r a t s .  

P re lim in a ry  experim ents in d ic a te d  th a t  i f  r a t s  were in fe c te d  when under 6 

weeks o f  age w ith  500 la rv a e  th ey  d id  n o t undergo d u ring  th e  second week 

th e  c h a r a c te r i s t i c  s e l f - c u r e  re a c t io n  (LP2) th a t  i s  a f e a tu re  o f  th e  response  

o f a d u lt  r a t s .  In s te a d  th e se  an im als underwent a prolonged in f e c t io n  th a t

extended w ell in to  a d u lt  l i f e  and which cannot th e re fo re  be a t t r ib u t e d  s o le ly

to  immunological im m atu rity .

The p a t te r n  o f p rim ary  N. b r a s i l i e n s i s  in f e c t io n s  o f  d i f f e r e n t  s iz e s  

was fo llow ed in  young r a t s .  I t  i s  shown in  th e se  dose response  experim ents 

th a t  when th e  number o f  worms which becomes e s ta b lis h e d  from th e  in f e c t in g  

dose i s  around 250 o r  l e s s  worm expu lsion  as  seen in  a d u lt  r a t s  does n o t 

o ccu r. I f  c o n s id e ra b ly  more than  250 worms a re  e s ta b l is h e d , worm expu lsion

occurs b u t i s  incom plete in  comparison w ith  th a t  o f a d u lt  r a t s  in  th a t  i t

s t a r t s  l a t e r ,  p roceeds a t  a slow er r a t e ,  and te rm in a te s  when th e  worm 

p o p u la tio n  f a l l s  to  a mean o f approx im ate ly  200. These worm in f e c t io n s  

then  p e r s i s t  w e ll in to  a d u lt  l i f e  o f th e  r a t .

Using p a ss iv e  p ro te c tio n  t e s t s  i t  was shown th a t  th e  serum o f r a t s  in 

fe c te d  when young w ith  th e  h ig h e r  doses o f  la rv a e  co n ta in s  p ro te c t iv e  a n t i 

b o d ie s . Such a n tib o d ie s  could  n o t be dem onstrated in  th e  serum from r a t s  

in fe c te d  w ith  low doses o f la rv a e .

When r a t s  which have been in fe c te d  when immature a re  ch a llenged  when
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a d u l t ,  th e  response  may be o f a prim ary o r secondary n a tu re  o r  a re a c t io n  

in te rm e d ia te  between th e  two and appears to  depend on th e  s iz e  o f th e  o r ig in a l  

in f e c t io n .  D uring th e  r e a c t io n  to  th e  ch a llen g e  in fe c t io n  th e  p re v io u s ly  

to le r a te d  worm burden i s  a lso  e x p e lle d .

A ttem pts a re  made to  i n t e r p r e t  th e se  f a c t s  in  th e  l i ^ t  o f c u rre n t 

in fo rm a tio n  on imm unological un responsiveness and th e  s e l f - c u r e  r e a c t io n .
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APPENDIX 1 (T ab le  2)

FIRST INFECTION (a ) WITH 3000 LARVAE

WORMS RECOVERED FROM THE LUNGS AND SMALL INTESTINE OVER THE LOSS PHASE 1 AND PLATEAU PERIODS

1 2 3 4 5

Days a f t e r  in fe c tio n  
6 7 8 9 10 20

Larvae
recovered
from
lungs

578
761
910
564

1470

567
57

286
572
147

23
21

0
34
22

10
0
0

11
30

0
8
2
0
0

Mean

S.D.

817

419

286

200

20

12

10

12

2

Worms
recovered
from
i n te s t i n e

0 886 710 1900 873 1370 1410 1520 1612 870 69
0 680 1482 1310 616 1590 1030 1260 1720 1450 19
0 449 1463 726 1100 906 990 1850 1680 1080 36
0 287 870 1120 1130 1443 1060 1380 640 980 18
0 1018 1826 830 960 830 1260 1160 1160 660 59

Mean

S.D.

0 664

301

1270

465

1177

465

936

207

1228

339

1150

179

1434

269

1362

407

1008

291

40



APPENDIX 2 (T ab le  5)

FIRST INFECTION (B) WITH 5000 LARVAE

WORMS RECOVERED FROM THE SMALL INTESTINE OVER THE LOSS PHASE 2 PERIOD

9 10 11

Days a f t e r  in fe c tio n

12 13 14 15 16 17 18

2070 2390 1210 1800 1690 810 484 213 97 6
2650 2120 1070 510 820 1400 59 10 4 141
1750 1430 1600 920 680 850 74 21 11 78

Worms
Recovered

2150 1950 1570 770 221 101 1260 109 182 36
2050 1890 1090 165 1115 288 685 44 61 79
1490 1880 I 85O 1390 700 1305 290 45 56 4
2300 2130 1320 865 640 135 1050 248 21 53
2000 1980 1460 980 1930 1080 1110 660 98 34
1150 1760 1420 1000 1590 950 95 1160 980 80
1700 2020 1640 680 1810 670 27 1090 801 42

Mean 1724 1955 1423 908 1119 758 513 360 231 55

S.D. 151 253 253 450 494 461 482 447 354 41

Mean (lo g ^^ ) 3.27 3 .29 3 .15 2.89 2.98 2.75 2.42 2 .1 3 1.86 1 .57

S.D. 0 .10 0 .3 2 0.08 0 .3 6 0 .28 0 .4 0 0.61 0.62 0 .7 5 0 .4 9



APPENDIX 5 (T ab le  5 )

SECOND INFECTION (A) WITH 5OOO IAE7AE

WORMS RECOVERED FROM THE SMALL INTESTINE OVER THE LOSS PHASE 2 PERIOD

Days a f t e r  in fe c tio n

4 5 6 7 8 9 10

625 570 164 455 446 171 40

Worms 410 528 191 84 24 98 4
Recovered 920 780 855 62 18 47 41

605 850 404 157 247 7 75

Mean 659 652 403 179 185 81 40

S.D. 211 255 519 175 205 71 29

Geometric 
Mean (lo g ^^ ) 2 .7 9 2 .77 2 .51 2 .12 1 .9 2 1 .6 9 1 .42

S.D. 0 .1 9 0.18 0 .3 3 0 .5 7 0 .7 0 0 .5 6 0 .5 7



APPENDIX 4  (T ab le  6 )

SECOND INFECTION ( b ) WITH 3000 lARVAE

WORMS RECOVERED FROM THE LUNGS AND SMALL INTESTINE OVER THE LOSS PHASE 1, PLATEAU AND
LOSS PHASE 2 PERIODS

- 1 2 3 4

Days a f t e r  in fe c t io n

5 6 7 8 9 10 20

Larvae
recovered
from
Itm gs

480
598
250
390
473

300
297
544
256
498

46
53

100
50
31

0
6
4
0
0

0
0
6
0
0

Mean

S.D.

438

129

379

132

56

26

2

3

1

Worms
recovered
from
g u ts

16 164 1100 1060 435 288 327 294 77 32 30
0 212 1140 1620 1325 625 93 140 0 12 65

29 192 160 1680 934 793 115 86 10 69 26
73 126 1100 1400 1420 175 504 36 64 41 17

153 354 2100 860 680 231 113 1092 0 0 46

Mean 54 210 1120 1324 959 422 230 329 30 31 37

S.D. 62 87 686 352 419 271 108 436 38 27

Geom etric
Mean 1 .3 4 2 .2 9 2.93 3.11 2 .9 4 2 .5 5 2 .2 5 2.28 0 .9 4 1.20
( lo g ic )

S.D. 0.84 0.28 0 .4 2 0 .1 3 0 .1 9 0.28 0 .3 3 0 .5 7 0.93 0 .71



APPENDIX 5 (T ab le  8)

TEHm INFECTION (A) WITH 3000 lARVAE

WORMS RECOVERED FROM THE LUNGS AND SMALL INTESTINE OVER THE LOSS PHASE 1 , PLATEAU AND LOSS
PHASE 2 PERIODS

Days a f t e r  in fe c tio n
1 2 3 4 5 6 7 8 9 10

Larvae
recovered
from
Lungs

457
529
70

280
296

79
192
244
246
184

23
25

0
14
21

35
33
29
62

0

0
0

13
0
0

Mean 322 189 17 32 3

S.D. 175 68 10 22 5

Worms
recovered
from
guts

3
158

2
129

42

320
271
318
773
149

396
312
674
321
169

453
468
513
945
348

32
124
473
583

37

9
69
32
85
17

5
22
57
33
78

59
8

10
26
23

Mean 67 366 374 534 250 42 39 21

S.D. 73 238 187 232 259 33 29 21

Geometric 
Mean (lo g ^q ) 1.34 2 .5 0 2 .5 3 2 .71 2 .32 1 .4 9 1 .4 4 1 .2 9

S.D. 0.71 0 .26 0.22 0 .1 7 0 .5 4 0 .3 7 0 .4 6 0 .3 5



APPENDIX 6 (T ab le  9 )

THIRD INFECTION ( b ) WITH 3000 LARVAE

WORMS RECOVERED FROM THE LUNGS AND SMALL INTESTINE OVER THE LOSS PHASE 1 ,

PLATEAU AND LOSS PHASE 2 PERIODS

1 2
Days a f t e r  in fe c tio n  

3 4 5 6 7 8

Larvae
recovered
from
lungs

108
45

270
151
279

697
223
119
198
175

16
145

11
133
168

20
60
24
44
57

10
8

16
8

Mean 171 282 95 41 11

S.D. 102 235 72 18 4

Worms
recovered
from
g u ts

19
5

257
97

112

261
210
320
230
120

258
318
170
829
996

749
290

1073
108
973

436
204
704
726

1120

257
498
269
271
265

197
272

72
18

50
59
17

Mean 98 228 514 639 638 312 140 42

S.D. 100 73 372 423 344 104 100 22

Geometric 
Mean (lo g ^^ ) 1.68 2 .3 4 2.61 2.68 2 .75 2 .4 8 1 .9 6 1 .57

S.D. 0 .4 8 0 .1 5 0 .3 3 0 .4 3 0 .2 9 0.12 0 .6



APPENDIX 7 (T a b le  1 9 )

DOSE RESPONSE IN YOUNG RATS (EXP. l ) .  WORMS RECOVERED FROM INTESTINES AT INTERVALS
AFTER INFECTION WITH A SINGLE DOSE OF LARVAE

Dose 500 la rv a e 1000 la rv a e 2000 la rv a e

Days 12 24 48 12 24 48 12 24 48

105 179 118 444 515 443 1201 1230 404
105 158 127 405 327 176 858 580 337
125 61 150 282 304 350 790 510 335
118 119 163 279 500 218 402 408 317

84 40 208 575 262 108 104 350 218
83 86 94 338 210 279 770 235 211
64 153 70 129 156 208 860 205 279
49 42 74 104 127 170 500 179 176

129 10 138 62 88 157 820 130 189
159 111 69 77 252 111

72
644 264 178

155
234

Mean 102 96 121 269 254 208 696 409 253

S.D. 38 57 46 175 122 111 369 323 80

Geom etric 2.01 1.98 2.08 2.61Mean (lo g ^^ ) 2 .4 3 2 .4 0 2 .32 2.84 2 .4 0
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APPENDIX 9 (T a b le  2 2 )

COMPARISON OF LP2 IN YOUNG AND ADUI/T RATS INFECTED WITH 2 ,5 0 0  LARVAE

Days a f te r  in fe c tio n

9 11 13 15 17

Worms recovered  
from baby r a ts

1820
2060
1460

740

1080
1880
1160
1480

1580
1160

980
920

940
1220
1340

780

1006
1760

712
286

Mean 1520 1400 1160 1070 941

S.D. 570 363 298 256 607

Geometric Mean 
( lo g io ) 5.15 3.14 3.05 3.02 2.89

S.D. 0.51 0.11 0.11 0 .13 0 .33

Worms recovered  
from adu lt ra ts

i960
860

1240
1200

1420
1080
1200
1400

480
560
980

1180

225
238
820
680

159
311
65

134

Mean 1515 1275 800 491 223

S.D. 462 163 335 305 103

Geometric Mean 
( lo g io )

5.10 3.10 2.87 2.62 2.16

S.D. 0 .24 0 .06 0.18 0.29 0 .28



APPENDIX 1 0  (T a b le  25 )

INFECTION OF YOUNĜ RATS WITH 2, 500 LARVAE. WORMS RECOVERED OVER THE LOSS PHASE 2 PERIOD

Days a f t e r  in fe c t io n

10 13 14 15 16 17 18 19 20 21 22

Worms recovered  
from sm all 
I n t e s t in e

980
1490

960
1950
2100

760
1080
1500
1560
1820

960
1100

640
1240
1360

1260
1280
1060

520
1200

520
1320

960
1120

720

720
360

1480
1120

220

652
190
600
740

1160

211
840
920
680
640

209
449
601
524
786

513
486
189
207
396

521
232
201
175
397

Mean 1498 1340 1060 1064 936 780 668 658 514 358 305

S.D. 509 421 278 316 317 523 347 277 211 153 149

Geom etric 
Mean (lo g ^g ) 3 .15 3.11 3.01 3.01 2.93 2.80 2.76 2 .7 8 2 .67 2 .52 2 .4 5

S.D. 0.16 0 .1 5 0.12 0.16 0.16 1.08 1 .3 5 0.26 0.22 0 .20 0.21



APPENDIX 11  (T a b le  3 0 )

CHALLENGE EXPERIMENT 1 .  ADULT WORMS IN DIFFERENT GROUPS OF RATS

CHALLENGED WITH 1 ,0 0 0  LARVAE

8 days a f t e r  in f e c t io n 23 days a f t e r  in fe c t io n

Groups* 1 2 3 4 5 1 2 3 4 5

Worms
recovered
from
in te s t in e

8
13

2
6
3

7
24

241
12

9

32
10
45
31

543
347
163
438
902

395
399
615
276
395

16
5
0
7

7
2
0
3

15
30
48
91

0
0

15
65

6

89
29

9
18

Mean 6 58 23 478 416 7 3 46 17 34

S.D. 4 102 14 275 123 7 3 34 27 36

* Group tre a tm e n t b e fo re  cha llenge

1 3,200 la rv a e  when a d u lt
2 1,600 la rv a e  when a d u lt
3 3,200 la rv a e  when 4 weeks o ld
4 1,600 la rv a e  when 4 weeks o ld
5 None



APPENDIX 12  (T a b le  52 )

CHALLENGE EXPERIMENT 2 .  ADULT WORMS IN RATS CHALLENGED WITH 1 ,0 0 0

LARVAE, FOLLOWING AN INFECTION OF 2 ,0 0 0  LARVAE GIVEN WHEN YOUNG

Worms recovered from in te s t i n e

Days a f t e r  
in fe c t io n 5 9 15 20

Group 1
( in fe c te d  w ith  
2,000 L. when 
young)

339
200
690

84
525
497
259

275
129
209
166
157

16
202

0
1
5

74
112

4
368

68
1
2

32
2
4
0

Mean ± S.D. 570 ± 211 165 ± 81 81 ± 142 16 ± 28

309 137 2 1
162 41 0 3

Group 2 61 272 16 7
(n o t p re v io u s ly 622 513 13 0
in fe c te d ) 395 684 90

436 264 65
255 107 4

Mean ± S.D. 320 ± 185 288 ± 232 29 ± 38 3 ± 3



APPENDIX 15 (T a b le  54 )

CHALLENGE EXPERIMENT 5 . ADULT WORMS IN RATS CHALLENGED WITH

500 LARVAE FOLLOWING AN INFECTION OF 500 LARVAE GIVEN WHEN YOUNG

Worms recovered  from in te s t i n e

Days a f t e r  in fe c t io n 5 8 15

97 150 46
167 103 5

Group 1 253 246 3
( in fe c te d  when 147 214 6
young) 314 83 8

127 186 3
321 188 2

Mean ± S.D. 203 ± 91 181 ± 61 10 ± 16

134 36 18
57 102 42

Group 2 59 205 21
(n o t p re v io u s ly 254 241 50
in fe c te d ) 263 279 27

24
34

Mean ± S.D. 153 ± 101 172 ± 100 31 ± 11



APPENDIX 1 4  (T a b le  3 5 )

THE FATE OF A TRANSPLANTED ADULT WORM INFECTION IN UNRESPONSIVE RATS AFTER 

REMOVAL OF THE ORIGINAL POPULATION WITH THTBENZOLE

7

Days a f t e r  in fe c t io n

14 21

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

21 190 136 25 33 11
290 128 151 9 7 0

4 42 165 3 6 2
257 23 98 66 27 28
157 211 5 37 15 6

13 35

Mean 146 119 111 28 14 18

S.D. 131 85 64 25 12 21

t  t e s t P a 0 .0 5



IMMUNITY TO NIPPOSTEONGYLUS INFECTION 

IN THE RAT

A summary o f  a t h e s i s  su b m itte d  f o r  

th e  d e g re e  o f  D o c to r o f  P h ilo so p h y  

in  th e  F a c u lty  o f  M ed ic in e , th e  

U n iv e r s i ty  o f  G lasgow, by E lle n  

E l iz a b e th  E velyn  J a r r e t t ,  I9 6 0 .



I n f e c t io n  o f  th e  r a t  w ith  th e  nem atode p a r a s i t e  N ip p o s tro n g y lu s  

b r a s i l i e n s i s  p ro v id e s  a c o n v e n ie n t l a b o r a to r y  model f o r  th e  i n v e s t i g a t io n  

o f  many a s p e c t s  o f  th e  r e l a t i o n s h i p  betw een nem atode p a r a s i t e s  and t h e i r  

mammalian h o s t s .  T h is  i s  p a r t i c u l a r l y  so in  th e  f i e l d  o f  im m unity 

w here i t  i s  w e ll  e s t a b l i s h e d  t h a t  p rim a ry  i n f e c t i o n s  w ith  t h i s  p a r a s i t e  

a r e  te rm in a te d  a b r u p t ly  by an im m unological r e a c t io n  c a l l e d  th e  *s e l f 

cure*  and t h a t  su b s e q u e n tly  r a t s  a r e  r e l a t i v e l y  immune to  r e i n f e c t i o n .

T h ree  a s p e c t s  o f  th e  im m unolog ical re sp o n se  have  been  s tu d ie d  by 

th e  a u th o r .  F i r s t  th e  k i n e t i c s  o f  worm p o p u la t io n s  in  immune and norm al 

r a t s ,  se c o n d ly  th e  m echanism s r e s p o n s ib le  f o r  th e  s e l f - c u r e  r e a c t io n  and 

t h i r d l y  th e  c h a r a c t e r i s t i c s  o f  th e  immune re s p o n se  in  im m ature r a t s .

In  S e c tio n  1 th e  q u a n t i t a t i v e  a s p e c ts  o f  e s ta b l is h m e n t  and e x p u ls io n  

o f  N ip p o s tro n g y lu s  b r a s i l i e n s i s  in  th e  norm al and immune r a t  a r e  d e s c r ib e d  

I t  i s  p ro p o sed  t h a t  th e  k i n e t i c s  o f  a p rim a ry  i n f e c t i o n  may be d e s c r ib e d  

in  4 p h a s e s . T hese a r e :

1 ) Loss P hase  1 (L P l) .  A f te r  i n f e c t io n  a p r o p o r t io n  o f  th e  i n 

f e c t i n g  d ose  o f  l a r v a e  f a i l s  to  d e v e lo p  and i s  im m o b ilise d  o r  d e s tro y e d  

b e fo re  o r  d u r in g  th e  c o u rse  o f  m ig ra tio n  v ia  th e  lu n g s  to  th e  i n t e s t i n e .

2 ) The P la te a u  P h a se . The rem a in d e r o f  th e  l a r v a e  d e v e lo p  to  

m a tu r i ty  in  th e  i n t e s t i n e ,  t h e i r  number rem a in in g  c o n s ta n t  f o r  a d e f in e d  

p e r io d  o f  d a y s .



3) Loss P hase  2 (L P 2 ). T h is  i s  synonymous w ith  th e  s e l f - c u r e  

r e a c t i o n .  D uring  t h i s  p h ase  th e  worms a r e  e x p e l le d  from  th e  i n t e s t i n e  

o f  th e  h o s t  by an im m unolog ical m echanism . The o n s e t  o f  th e  e x p u ls io n  

i s  sudden b u t  th e  p ro c e s s  once i n i t i a t e d  i s  e x p o n e n t ia l .  I t s  r a t e  i s  

m easu rab le  in  te rm s o f  th e  r e g r e s s io n  c o e f f i c i e n t .  T h is  p h ase  te rm in a te s  

when a th r e s h o ld  o f  worm num bers i s  re a c h e d .

4 ) T h re sh o ld  P h a se . T h is  d e s c r ib e s  th e  r e s i d u a l  p o p u la t io n ,  

u s u a l ly  o f  a p p ro x im a te ly  40  worms, w hich i s  n o t  e x p e l le d  and  w hich s u r 

v iv e s  f o r  a f a i r l y  p ro lo n g e d  p e r io d .

T hese f o u r  p h a se s  a l s o  o c c u r  in  immune a n im a ls  s u b je c te d  to  second 

o r  t h i r d  i n f e c t i o n s  b u t  th e r e  a r e  q u a n t i t a t i v e  d i f f e r e n c e s .  W ith i n 

c r e a s in g  num bers o f  i n f e c t i o n s  th e  p ro p o r t io n  o f  l a r v a e  d e s tro y e d  d u r in g  

LPl becomes g r e a t e r ,  th e  P la te a u  i s  sh o r te n e d  and th e  e x p u ls io n  r a t e  o f  

LP2 in c r e a s e s .  I t  i s  su g g e s te d  t h a t  th e  r a t e  c o e f f i c i e n t  o f  t h i s  t h i r d  

p h ase  i s  an a c c u r a te  m easure  o f  th e  immune s t a t u s  o f  th e  a n im a l. The 

T h re sh o ld  P hase  i s  o f  a s i m i l a r  o rd e r  in  f i r s t ,  second  and t h i r d  i n 

f e c t i o n s .  T hese r e s u l t s  a r e  d is c u s s e d  w ith  r e g a rd  to  t h e i r  s ig n i f ic a n c e  

a s  m easurem ents o f  th e  immune s t a t u s  o f  th e  h o s t ,  t h e i r  im p l ic a t io n  f o r  

th e  mechanism  o f  h e lm in th  e x p u ls io n  and t h e i r  r e le v a n c e  to  o th e r  h e lm in th  

i n f e c t i o n s .



E x p erim en ts  u n d e rta k e n  to  e lu c id a te  th e  mechanism  o f  worm e x p u ls io n  

from  th e  i n t e s t i n e  a r e  d e s c r ib e d  in  S e c tio n  2 , I t  i s  th o u g h t t h a t  th e  

sudden o n s e t  o f  LP2, and th e  su b seq u e n t e x p o n e n tia l  k i n e t i c s ,  i n d ic a t e  

t h a t  th e  m echanism w hereby a d u l t s  a r e  e x p e l le d  m igh t be  a two s ta g e  

r e a c t io n ,  d ep en d in g  f i r s t  on th e  p re s e n c e  o f  a n tiw o rm -a n tib o d y  and 

se c o n d ly  on a s p e c i f i c  f a c t o r  w hich p e rm its  th e  sudden e x p re s s io n  o f  

t h i s  a n t ib o d y . I t  was c o n s id e re d  t h a t  th e  s p e c i f i c  f a c t o r  m igh t be 

r e l a t e d  to  th e  developm ent o f  a s t a t e  o f  p e rm e a b i l i ty  o f  th e  v a s c u la r  

a n d /o r  e p i t h e l i a l  t i s s u e s  w hich f a c i l i t a t e s  th e  p a ssa g e  o f  a n tib o d y  

from  th e  b lo o d  o r  c o n n e c tiv e  t i s s u e  o f  th e  v i l l i  on to  th e  i n t e s t i n a l  

m ucosa. A l e s io n  w hich g iv e s  r i s e  to  such  a s t a t e  was shown to  e x i s t .

I t  c o n s i s t s  b a s i c a l l y  o f  th e  developm ent o f  a l a r g e  f l u i d - f i l l e d  sp ace  

betw een th e  b lo o d  v e s s e l s  and th e  e p ith e l iu m  o f  th e  v i l l u s .  The 

p re s e n c e  o f  i n t r a v a s c u l a r l y  i n j e c t e d  Evans b lu e  in  th e  s u b - e p i t h e l i a l  

sp a c e s  and in  th e  i n t e s t i n a l  lumen i n d ic a t e s  t h a t  i t  i s  a s p e c i f i c  s i t e  

o f  e x t r a v a s c u la r  and e x t r a - e p i t h e l i a l  p e rm e a b i l i ty  to  m acro m o lecu les .

In  an e x p erim e n t in  w hich th e  l e s io n  was p ro d u ced  by a h e te ro lo g o u s  

sy stem , i t s  p re s e n c e  a p p ea re d  to  f a c i l i t a t e  th e  p a ssa g e  o f  p a s s iv e ly  

t r a n s f e r r e d  a n tib o d y  i n to  th e  i n t e s t i n a l  lum en, c a u s in g  th e  p rem a tu re  

e x p u ls io n  o f  a  t r a n s p la n te d  a d u l t  worm p o p u la t io n .  By i t s e l f  th e  l e s io n  

had no e f f e c t  on th e  worms.



A lthough  th e s e  r e s u l t s  su p p o r t  th e  c o n ce p t t h a t  th e  le a k  l e s io n  

f a c i l i t a t e s  th e  p a ssa g e  o f  a n tiw o rm -an tib o d y  i n to  th e  i n t e s t i n a l  lumen 

th e  o b s e rv a t io n  t h a t  th e  l e s io n  i s  p r e s e n t  from  a s  soon a s  f o u r  days 

a f t e r  i n f e c t i o n  s u g g e s ts  t h a t  th e  m echanism w hereby a n tib o d y  g a in s  

a c c e s s  to  th e  worms in  th e  n a t u r a l  i n f e c t i o n  i s  in  f a c t  more com plex.

The s u b je c t  i s  d is c u s s e d  w ith  p a r t i c u l a r  r e f e r e n c e  to  r e c e n t  f in d in g s  

c o n c e rn in g  th e  p re s e n c e  o f  i n t e s t i n a l  m ast c e l l s  in  N. b r a s i l i e n s i s  

i n f e c t i o n .

S e c tio n  3 r e p o r t s  a  s tu d y  o f  N. b r a s i l i e n s i s  i n f e c t i o n  in  young 

r a t s .  P re l im in a ry  e x p e rim e n ts  in d ic a te d  t h a t  i f  r a t s  w ere in f e c te d  

when u n d e r  6 weeks o f  age  w ith  5OO la r v a e  th e y  d id  n o t  undergo  d u r in g  

th e  second  week th e  c h a r a c t e r i s t i c  s e l f - c u r e  r e a c t io n  (LP2) t h a t  i s  a 

f e a t u r e  o f  th e  re s p o n se  o f  a d u l t  r a t s .  I n s te a d  th e s e  a n im a ls  u n d e r

went a p ro lo n g e d  i n f e c t i o n  t h a t  ex ten d ed  w e ll  i n to  a d u l t  l i f e  i n d i c a t i n g  

t h a t  i t s  d u r a t io n  c o u ld  n o t  be s o l e ly  a t t r i b u t e d  to  im m unolog ical 

im m a tu r ity .

S u b se q u e n tly  th e  p a t t e r n  o f  p rim a ry  N. b r a s i l i e n s i s  i n f e c t i o n s  o f  

d i f f e r e n t  s i z e s  was fo llo w e d  in  young r a t s .  I t  i s  shown t h a t  when th e  

number o f  a d u l t  worms w hich becomes e s t a b l i s h e d  in  a young r a t  from  th e  

i n f e c t i n g  d ose  i s  a ro u n d  230  o r  l e s s ,  worm e x p u ls io n  a s  seen  in  a d u l t  

r a t s  does n o t  o c c u r  and th e  i n f e c t i o n  p e r s i s t s  u n t i l  weeks a f t e r  th e  r a t  

becomes a d u l t .  I f  c o n s id e ra b ly  more th a n  25O worms a r e  e s t a b l i s h e d



worm e x p u ls io n  o c c u rs  b u t  i s  in c o m p le te  in  com parison  w ith  t h a t  o f  an 

a d u l t  r a t  in  t h a t  i t  s t a r t s  l a t e r ,  p ro c e e d s  a t  a  s lo w e r  r a t e  and t e r 

m in a te s  when th e  worm p o p u la t io n  f a l l s  to  a mean o f  a p p ro x im a te ly  200. 

T h is  r e s i d u a l  worm in f e c t i o n  a l s o  p e r s i s t s  i n to  th e  a d u l t  l i f e  o f  th e  

r a t .

U sing  p a s s iv e  p r o te c t io n  t e s t s  i t  i s  shown t h a t  th e  serum  o f  r a t s  

in f e c te d  when young w ith  l a r g e r  num bers o f  worms c o n ta in s  p r o t e c t i v e  

a n t ib o d ie s .  Such a n t ib o d ie s  co u ld  n o t  be d e m o n s tra te d  in  th e  serum 

from  r a t s  i n f e c te d  w ith  sm a ll num bers o f  worms.

When r a t s  w hich have been in f e c te d  when im m ature a r e  c h a lle n g e d  

when a d u l t ,  th e  immune re s p o n se  te n d s  to  be d i r e c t l y  p r o p o r t io n a l  to  

th e  s i z e  o f  th e  o r i g i n a l  a d u l t  worm i n f e c t i o n  and may be o f  a p rim ary  

o r  seco n d a ry  n a tu r e  o r  a r e a c t io n  in te r m e d ia te  betw een th e  tw o. D uring  

th e  r e a c t io n  to  th e  c h a l le n g e  i n f e c t i o n  th e  p r e v io u s ly  t o l e r a t e d  worm 

burden  i s  a l s o  e x p e l le d .

I t  i s  c o n s id e re d  m ost l i k e l y  t h a t  im m unolog ical im m a tu r ity  e i t h e r  

in  te rm s o f  a n tib o d y  p ro d u c tio n  o r  in  th e  developm ent o f  an e f f e c t o r  

mechanism i s  r e s p o n s ib le  f o r  th e  red u c ed  re sp o n se  o f  th e  young r a t .

T h is  how ever does n o t  e x p la in  th e  su b seq u e n t f a i l u r e  to  e l im in a te  th e  

p e r s i s t i n g  worm burden  when th e  r a t s  become a d u l t .  F o r v a r io u s  re a so n s  

i t  i s  c o n s id e re d  t h a t  im m unolog ical to le r a n c e  i s  u n l ik e ly  to  be in v o lv e d  

and a p o s s ib le  a l t e r n a t i v e  e x p la n a t io n  i s  d is c u s s e d .


