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Immunity to Coccidiosis: Gut Permeability Changes 

Circu la t ing  an t ibod ie s  d e m o n s t r a b l e  b y  agg lu t ina t ion ,  
p rec ip i t a t ion ,  lysis, c o m p l e m e n t  f i xa t ion  a n d  f luorescent  
s t a in ing  are  assoc ia ted  w i t h  t he  in fec t ion  of m a n y  hos t  
species w i t h  t h e i r  pa ras i t i c  tHmeria,  b u t  t h e i r  role in  
res i s tance  to  re - infec t ion  is unclear .  S e r u m  f rom infec ted  
or r ecen t ly  recovered  an ima l s  ha s  a n  adve r se  effect  on  
s tages  of t he  specific pa r a s i t e  exposed  to  i t  in  v i t ro ;  
lysis is obse rved  in t h e  presence  of c o m p l e m e n t  and,  in  
i ts  absence,  o t h e r  morpho log ica l  changes  coupled  w i t h  
r educed  in f ec t i v i t y  (see rev iew b y  R o s E  X). However ,  
p r o t e c t i o n  f rom infec t ion  b y  t he  t r a n s f e r  of large  a m o u n t s  
of such  se rum (or g lobul in  f ract ions)  f rom recovered  to 
suscept ib le  an ima l s  has  n o t  been  recorded  2 6 excep t  
w h e n  t h e  in fec t ion  was induced  i .vd.  I n  t he  l a t t e r  case, 
t he  t i m e  i n t e r v a l  e laps ing be tween  in fec t ion  a n d  t h e  
in jec t ion  of s e rum was cr i t ica l ;  if t h e  a d m i n i s t r a t i o n  of 
s e rum was  de layed  un t i l  t h e  invas ive  s tages  h a d  p e n e t r a t e d  
hos t  ceils, no  p ro t ec t i on  occurred.  This  suggests  t h a t  
h u m o r a l  an t ibod ie s  can  be  effect ive  in res i s t ance  to  
coccidiosis, p rov ided  t h a t  t h e y  are b r o u g h t  in to  d i rec t  
c o n t a c t  w i t h  t he  o rgan i sm and  we h a v e  p o s t u l a t e d  t h a t  
th i s  m i g h t  occur  if t he  invas ion  of t h e  gu t  of a p rev ious ly  
in fec ted  a n i m a l  is a ccompan ied  b y  all increase  in local  
pe rmeab i l i ty ,  poss ib ly  due to a h y p e r s e n s i t i v i t y - t y p e  
reac t ion  1. 

I n t r a v e n o u s l y  in jec ted  p o n t a m i n e  sky  blue  (PSB) has  
r ecen t ly  been  used to d e m o n s t r a t e  changes  in gu t  per-  
m e a b i l i t y  d u r i n g  p r i m a r y  infec t ions  of ch ickens  w i t h  
Eimer ia  acervulina and  E. praecox s,9. W e  h a v e  now used 
th i s  m e t h o d  to  s t u d y  gu t  p e r m e a b i l i t y  in  r e s i s t a n t  an d  
suscept ib le  ch ickens  g iven  E. acervulina, E .  max ima ,  E.  
acervulina or E. praecox. 

The ch ickens  used for t he  E. praecox a n d  E. acervulina 
e x p e r i m e n t s  were L igh t  Sussex (LS . )  a n d  for t h e  E. 
m a x i m a  in fec t ions  e i the r  B r o w n  Legho rn  (B.L.) or R h o d e  
I s l and  Red  ( R . I R . )  T h e y  were k e p t  in  coecidia-free 
cond i t ions  un t i l  infec ted  a n d  fed a s t a n d a r d  r a t i o n  free 
f rom cocc id ios ta t s ;  t he  m e t h o d s  of h a n d l i n g  a n d  enu-  
m e r a t i n g  t h e  pa ras i t e s  h a v e  been  descr ibed  10,11. I n  each  
e x p e r i m e n t  ha l f  the  b i rds  were i m m u n i z e d  b y  crop 
inocu la t ion  once or twice  w i t h  a suspens ion  of v iab le  
oocysts  to  p rov ide  the  ' r e s i s t an t '  groups.  Af te r  a n  i n t e r v a l  
these  a n d  t h e  u n - i m n m n i z e d  cont ro l s  ( ' suscept ib le '  
groups) were g iven  large n u m b e r s  of oocys ts  of t h e  rel- 
e v a n t  species. P o n t a m i n e  sky  blue  (PSB)  was in jec ted  
i.v. as a 2% so lu t ion  a t  t he  r a t e  of 40 m g / k g  20 m i n  
before t he  b i rds  were kil led b y  t he  i.v. i n j ec t ion  of pen to -  
b a r b i t o n e  sod ium solu t ion  ( 'Saga ta l ' ,  May  a n d  Baker) .  
The  in te s t ines  were r e m o v e d  and  a l e n g t h  f rom the  gizzard 
to  a p p r o x i m a t e l y  mid - in t e s t i ne  opened  up  a n d  ti le surface 
of the  m u c o s a  a n d  c o n t e n t s  e x a m i n e d  for b lue  s ta in ing.  
This  va r i ed  f rom an  in tense  b lue -b lack  to  a pa le -green ish  
b lue  a p p e a r a n c e  and  was g raded  accord ing ly  f rom + + + + 
to  (+) .  Colour p h o t o g r a p h s  were t a k e n  a n d  a t  t h e  con- 
clusion of all exper imen t s ,  t he  g rad ing  was  reassessed 
a f te r  e x a m i n a t i o n  of all t h e  colour  slides. 

Pieces of gu t  were t a k e n  f rom some b i rds  no t  used in 
the  dye  tes t s  t owards  t he  end  of in fec t ion  to  check  
res i s tance  and  suscept ib i l i ty .  These  were f ixed in fo rmal  
s u b l i m a t e  a n d  s t a ined  w i t h  h e m a t o x y l i n  a n d  eosin for 
h is to logical  e x a m i n a t i o n .  

Resu l t s  are p r e s e n t e d  in t h e  Table .  T h e y  show t h a t  a t  
31/2 a n d  7 h a f t e r  infect ion,  t he re  was a leak  of dye  in 
tile suscep t ib le  a n d  i m m u n e  groups.  T h i n  sect ions  t a k e n  
a t  th i s  t i m e  (by Dr. D. L. LEE of t h i s  D e p a r t m e n t )  
showed t h a t  sporozoi tes  were p e n e t r a t i n g  or  h a d  pen-  
e t r a t e d  t h e  hos t  cells. Thus  the  p e n e t r a t i o n  of t he  hos t  
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cells b y  sporozoi tes  p rovoked  a r eac t ion  r e su l t i ng  in 
increased  vascu la r  pe rmeab i l i t y .  Th i s  occur red  in  m o s t  
ch ickens  i r respec t ive  of w h e t h e r  t h e y  h a d  been  pre-  
v ious ly  in fec ted  or  not ,  t h u s  i t  was  n o t  exc lus ive ly  t h e  
resu l t  of sens i t iza t ion .  There  was, however ,  some indi -  
ca t ion,  especial ly  in  t h e  E. m a x i m a  in fec ted  group,  t h a t  
dye  leakage  was g r ea t e r  in  t h e  i m m u n i z e d  g roup  a n d  t h i s  
was  p a r t i c u l a r l y  so a t  31/2 h a f t e r  infect ion.  

One of t h e  m a n y  p rope r t i e s  of cor t i sone  a n d  i ts  de r iva -  
t ives  is to  decrease  cap i l la ry  p e r m e a b i l i t y  (see rev iew 
KASS a n d  FINLAND le), c o n s e q u e n t l y  a g roup  of b i rds  
i m m u n i z e d  w i t h  E. max ima,  t o g e t h e r  w i t h  a suscep t ib le  
con t ro l  group,  were g iven  da i ly  in jec t ions  of 1 m g  be t a -  
m e t h a s o n e  ( 'Be t so lan ' ,  Glaxo) for 6 days  ( the las t  injec-  
t ion  be ing  on  t h e  d a y  of t e s t i ng  for  dye  leakage)  a n d  
t h e  tes t s  car r ied  o u t  as before.  Resu l t s  are  a t  t h e  foot  
of t h e  Tab le  a n d  in t h e  F igure ;  t h e y  show t h a t  t h e  v e r y  
cons iderab le  leak  of dye  in t h e  i m m u n i z e d  group  could  
be  comple t e ly  suppressed  b y  b e t a m e t h a s o n e  t r e a t m e n t .  
I n  th i s  expe r imen t ,  t h e r e  was v e r y  l i t t le  leak of dye  in 
t h e  suscept ib le  g roup  i n d i c a t i n g  t h a t  t h e  increased  
vascu la r  p e r m e a b i l i t y  f o u n d  in t h e  i m m u n i z e d  g roup  
was a consequence  of p rev ious  c o n t a c t  w i t h  t h e  pa ras i t e .  

The  e x p e r i m e n t s  d e m o n s t r a t e  a possible  m e a n s  b y  
which  a n y  an t i - p a r a s i t i c  fac tors  p re sen t  in  s e rum m a y  
gain  access to  t h e  i nvas ive  stages.  Pa ra s i t e s  could  be  

Dye-leakage in intestines of 4 resistant birds, with and without 
betamethasone treatment, 3.5 h after challenge dose of 5x10 ~ 
E. maxima oocysts. 
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Dye (pontamine sky blue) staining of intestines of birds at 31/2 or at 7 h after infection with E. praecox, E. acervulina or E. maxima. Dye 
injected 20 min before killing 

Detail~ No. and species Group Dye staining of intestines at 2 time intervals after infection 
of immunizing infections of ooeysts used for 

challenge infection 

L.S. given 10 6 E. praecox 
oocysts at 7 and 11 weeks 

L,S. given 10 6 
E. acovulina 
oocysts at  7 a~d 11 weeks 

B . L  given 500 E. maxima 
ooeysts at 3 weeks 

R.LR. given 5000 oocysts 
at 4.5 weeks and 
10,000 ooeysts at 10.5 weeks 

None None 

10rE.  praecox 
at 14.5weeks 

l0 T E. acervuhna 
at 14.5 weeks 

10 ~ E. maxima 
at 7 weeks 

5 X 106 E, maxima 
at 14weeks 

3 .5h  7 .0h  

susceptible -9 -9 + -9 

resistant + -9 -9 ( -9 ) 
+ +  (+)  

susceptible -9 -9 -9 -9 
+ - 9 + +  -9 

resistant -9 -9 -9 -9 -9 
- 9 + +  + +  

susceptible ? ( -9 ) ( -9 ) ? 
? (+)  (+)  ? 

resistant (+  +)  + + (+)  - -  
( + + )  ( + + )  ( + + )  - -  

( + + )  

s u s c e p t i b l e  + - -  -9 -9 -9 ? 
__ __ ( + + )  - -  

_ _  - -  - 9  - -  

susceptible + . . . .  
betamethasoae . . . . .  

_ _  - -  _ _  ? 

resistant -9 -9 -9 -9 (+)  -9 -9 -9 (+)  
+ + + +  + +  + +  ( + + )  

(+)  (+ )  

resistant + . . . .  
betamethas0ne . . . . . . .  

+ values indicate intensity of staining from + + + + = blue-black to (+)  = pale blue-green, ? = doubt{ul. Each grading represents one bird. 

a f f e c t e d  in  t h e  l u m e n  or  o n  t h e  m u c o u s  s u r f a c e s  a n d  
p o s s i b l y  w i t h i n  h o s t  cei ls  if t h e s e  a l so  a r e  a f f e c t e d  b y  
t h e  c o n d i t i o n s  a c c o m p a n y i n g  s p o r o z o i t e  p e n e t r a t i o n .  I t  
is k n o w n  t h a t  s o m e  s p o r o z o i t e s  i n v a d e  t h e  i m m u n e  h o s t  
b u t  fa i l  t o  c o m p l e t e  t h e i r  l i fe c y c l e s  1a J4 a n d  i t  h a s  a l so  
b e e n  s u g g e s t e d  t h a t  t h e r e  m a y  be,  in  a d d i t i o n ,  a c u t -  
d o w n  in  t h e  n u m b e r s  o f  s p o r o z o i t e s  w h i c h  s u c c e e d  in  
p e n e t r a t i n g  ( f r e sh ly  i n v a d e d  s p o r o z o i t e s  a r e  a l w a y s  d i f -  
f i cu l t  to  f i n d  in  i m m u n e  h o s t s ) .  P a r a s i t i c i d a l  f a c t o r s  in  
t h e  i n t e s t i n a l  m u c u s  o f  i m m u n e  b i r d s  h a v e  n o t  b e e n  
d e m o n s t r a t e d ~ ,  1~, b u t  t h e  r e s u l t s  o b t a i n e d  h e r e  i n d i c a t e  
h o w  s u c h  f a c t o r s  m i g h t  p a s s  f r o m  t h e  c i r c u l a t i o n  in  
r e s p o n s e  t o  t h e  s t i m u l u s  of  i n v a s i o n .  A p r o p o r t i o n  of  
a f f e c t e d  s p o r o z o i t e s  m i g h t  s t i l l  b e  c a p a b l e  of  p e n e t r a t i o n  
b u t  n o t  of  f u r t h e r  d e v e l o p m e n t  w h i l s t  t h e  r e m a i n d e r  
w o u l d  fai l  t o  p e n e t r a t e .  T h e  e x u d a t e  s h o w n  t o  o c c u r  in  
u n - i m m u n i z e d  b i r d s  s h o u l d  p r o v e  r e l a t i v e l y  h a r m l e s s  t o  
t h e  p a r a s i t e  as  n o r m a l  s e r u m ,  ha s ,  if a n y t h i n g ,  a b e n -  
ef ic ia l  e f f ec t  o n  i n v a s i v e  s t a g e s  15, a l t h o u g h  t h e r e  is s o m e  
c o n f l i c t i n g  e v i d e n c e  2,1s. 

T h i s  m e c h a n i s m  m a y  a l so  p l a y  a p a r t  in  t h e  e x t r e m e  
h o s t - s p e c i f i c i t y  o f  the Eimer{a;  E. stiedae s p o r o z o i t e s  
p e n e t r a t e  t h e  e p i t h e l i a l  ce i ls  of  c h i c k e n  i n t e s t i n e ,  a n  
a b n o r m a l  h o s t ,  b u t  ta i l  t o  d e v e l o p  a n d  we  h a v e  s h o w n  
t h a t  t h e  s e r a  of  a d u l t  d u c k ,  t u r k e y ,  qua i l ,  ch i ck ,  p ig ,  

c a t t l e ,  r a b b i t ,  ho r s e ,  ca t ,  d o g  a n d  h u m a n  l y s e  E. lenella 
s p o r o z o i t e s .  A v a s c u l a r  l e a k  in  r e s p o n s e  to  s p o r o z o i t e  
p e n e t r a t i o n  w o u l d  a l low t h e  ' h o s t i l e '  s e r u m  of t h e  
a b n o r m a l  h o s t  c o n t a c t  w i t h  t h e  p a r a s i t e  17. 

Zusammen[assung.  M i t  e i n e r  n e u e n  M e t h o d e  w i rd  ge-  
ze ig t ,  d a s s  d ie  I n v a s i o n  de s  D a r m e p i t h e l s  y o n  i m m u n e n  
H i i h n e r n  d u r c h  S p o r o z o i t e n  v e r s c h i e d e n e r  E i m e r i a - A r t e n  
zu  e ine r  v e r m e h r t e n  D u r c h l / ~ s s i g k e i t  d e r  Gef/~sse f i ih r t .  
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