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effective i m m u n o g e n s  unless adminis te red  a long  with  a 

power fu l  ad juvant .  Based on  these findings, it is very 

unl ikely tha t  the an t i -ZP  ant ibodies  found  in the se rum 

of  the h u m a n  female  are a n o r m a l  phys io logica l  conse- 

quence  o f  i so immun iza t i on  to her  own  ovu la ted  zona  

componen t s .  
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Summary. Resul ts  suggest  that  infec t ion  wi th  Eimeria nieschulzi (P ro tozoa)  interferes wi th  splenocyte  pro l i fe ra t ion  
induced  by infect ion wi th  Nippostrongylus brasiliensis (Nematoda ) .  
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N u m e r o u s  studies have  demons t r a t ed  that  some para-  
sites can al ter  i m m u n e  func t ion  in infected hosts  3. H o w -  

ever,  wi th  the except ion  o f  Toxoplasma gondii 4 few stud- 

ies have  been  publ i shed  demons t r a t i ng  depress ion o f  

mi togen - induced  lymphocy te  blastogenesis  by coccidia.  

Recent ly ,  however ,  Rose and Heske th  5 showed  tha t  se- 
r u m  f r o m  Eimeria tenella infected chickens is capable  o f  

depress ing mi togen  induced  T- and  B- lymphocy te  blasto-  

genesis in vi tro.  Since prev ious  research has demons t ra t -  

ed de layed expuls ion o f  he lmin ths  dur ing  concur ren t  in- 

fect ions wi th  Eimeria nieschulzi and Nippostrongylus 
brasiliensis 6, 7 as well as decreased numbers  o f  intest inal  

p o l y m o r p h o n u c l e a r  leukocytes ,  suppressed systemic 

g r a n u l o m a  fo rma t ion ,  and a suppress ion o f  eos inophi l  

release f r o m  the bone  m a r r o w  dur ing  E. nieschulzi infec- 
t ions v, 8 it was o f  interest  to us to explore  whe the r  se rum 

f r o m  rats infected wi th  E. nieschulzi is capable  o f  a l ter ing 

splenocyte  blastogenesis  since these cells are invo lved  in 

i m m u n e  regula t ion.  

Materials' and methods' 
F o r t y  speci f ic -pa thogen-f ree  male  T E X :  (SD) A M  

Sprague -Dawley  ou tb red  rats (Har lan  Breeding Labo ra -  

tories,  H o u s t o n ,  TX),  weighing 2 0 0 - 2 5 0  g each, were  

housed  in au toc laved  cages wi th  sterile w o o d  shavings 

for bedding.  Rats  were  given commerc i a l  roden t  c h o w  
and wate r  ad  l ibi tum, and kept  on a 12-h l igh t /dark  cycle. 

Af t e r  a l lowing  the animals  to accl imate  to the cages for  

2 weeks, feces were examined  for  ex t raneous  p r o t o z o a  
and he lmin th  ova  by f lo ta t ion  6. Rats  were then d iv ided 

on day 0 in to  4 g roups  o f  10 rats each. G r o u p  I served 
as uninfec ted  controls .  G r o u p  2 rats were each inocu la ted  

per  os wi th  2.5 x 105 sporu la ted  oocysts  o f  E. nieschulzi 
and sacrif iced on day  8 pos t inocu la t ion  (PI). Ra t s  in 

g roup  3 were  each admin is te red  subcutaneous ly  2000 L 3 

larvae o f  N. brasiliensis and sacrificed on day 16 PI. 

G r o u p  4 animals  were  inocula ted  with  N. brasiliensis 
larvae and  on day 8 PI,  E. nieschulzi was admin is te red ;  

rats were sacrificed on  day 16 PI  o f  the he lmin th  infec- 
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tion. Flotations were performed on intestinal contents of 
each animal at the time of sacrifice and examined micro- 
scopically to again ensure the absence of extraneous in- 
testinal parasites and the presence of patent N. brasilien- 

sis' and E. nieschulzi infections. Rats were etherized, 
blood was removed from each animal by cardiac punc- 
ture and allowed to clot overnight at 4 ~ After centrifu- 
gation of the blood, serum was removed, pooled, divided 
into equal aliquots, and stored at - 70 ~ until use. Oth- 
er tissues were removed from all groups after blood was 
obtained and processed for various studies. Results of 
these investigations were published by Up ton  et al. 7 
Blastogenesis assays were replicated three times using 
pooled sera from each of the 4 groups. Single cell suspen- 
sions were prepared from uninfected rats by teasing 
spleens through stainless steel mesh in RPMI  1640 (GIB- 
CO, Grand  Island, NY) supplemented with 1 mM L-glu- 
tamine, 100IU/ml  penicillin, and 100 pg/ml strepto- 
mycin. Splenocytes from a single rat were used for each 
replicate assay. Erythrocytes were lysed by placing the 
spleen suspension in ammonium chloride-Tris HCI, pH 
7.3, for 5 min at 37 ~ Cells were cultured in RPMI 1640 
with supplements at 37 ~ in 5 % CO2/95 % air in flat- 
bot tom microtiter plates at a concentrat ion of 1 x 106 
cells/well; wells contained 3 % rat serum (non-heated or 
heat inactivated at 56 ~ for 30 min) from one of the 4 
groups and + 1.0 pg phytohemagglutinin (PHA) (Phase- 

olus vulgaris; Sigma Chemical Company,  St, Louis, MO) 
in a total volume of 200 gl. At 52h, 0.5 ~tCi 3H- 
thymidine was added to each well and cultures reincubat- 
ed. Cells were harvested 18 h later onto microfiber filters, 
dried for 30 min at 50 ~ and the fiber discs placed in 
scintillation vials with 5.0 ml Aquasol-2 (New England 
Nuclear, Boston, MA). Radioactivity was measured with 
a Beckman LS 230 scintillation counter. Data  were ex- 
pressed as counts/min and the replicates pooled. Results 
were then expressed as the stimulation index (SI) ob- 
tained as follows: Mean counts/minute (cpm) of stimu- 
lated test culture/mean cpm of unstimulated test culture 
divided by the mean cpm of stimulated control culture/ 
mean cpm of unstimulated control culture 5. The unity 
value was set at 1.0 (no blastogenic effect) with SI values 
of > 2.0 considered to indicate enhanced stimulation of 
blastogenesis. 

Results  and discussion 
No extraneous protozoa or helminths were found in any 
of the rats used in the present study, thus, the effects 
observed are attributable only to the presence of N. 
brasiliensis and/or  E. nieschulzi. Results presented in the 
table illustrate that normal  splenocytes cultured with 
PHA and non-heat  inactivated sera from rats infected 
only with N. brasiliensis had a higher SI than splenocytes 
cultured in serum from either E. nieschulzi infected rats 
or rats harboring concurrent infections. This indicates 
that serum from rats infected with the helminth enhances 
the response to PHA. This effect proved to be heat labile. 

Response to phytohemagglutinin by normal spleen cells cultured in sera 
collected from rats infected with Eimeria nieschulzi (EN) and/or Nip- 
postrongylus brasiliensis (NB) 

Parasite* Day postinocu- Heat inactiva- SI + 
lation of sacrifice tion ( _+ ) 

EN 8 -- 1.1 
+ 0.8 

NB 16 -- 2.1 
+ 0.6 

EN/NB 8/16 - 0.8 
+ 0.7 

* N = 10 rats/group; sera pooled. + Stimulation index; values are means 
obtained from three replicate blastogenesis assays. 

Although the mechanism by which this phenomenon oc- 
curs is unknown,  it is not unexpected, considering the 
degree of immunost imulat ion known to occur during N. 
brasiliensis infections 9. Stockinger and Konig lo, howev- 
er, demonstrated suppression of T-lymphocyte blastoge- 
nesis using PHA and serum from a different strain of N. 
brasiliensis infected rats. 
Splenocytes cultured with PHA and sera from rats infect- 
ed singly with E. nieschulzi, or concurrently with the 
coccidian and helminth, had SI values near unity indicat- 
ing a lack of the splenocyte response to PHA; these SI 
values were not different from those obtained when the 
serum was heated to abolish the blastogenic effect. Thus, 
it can be inferred that infection with E. nieschulzi inter- 
feres with the stimulatory effect of N. brasiliensis infec- 
tion. This is the first report of this phenomenon being 
induced by a rodent coccidian, however, a similar re- 
sponse has been observed for normal chicken 
lymphocytes cultured in plasma from infected chickens s. 
The mechanism by which the coccidia modulate mitogen 
induced splenocyte proliferation is unknown,  however, it 
is clear that a serum factor(s) is (are) involved. Whether 
they are derived from the host or parasite is also un- 
known. A variety of serum soluble immunosuppressive 
factors have been demonstrated in parasitic infections, 
including immune complexes of Plasmodium cha- 

baudi 11 - 13 and (apparently) host generated suppressor 
substances in T. gondii and Trypanosoma cruzi infec- 
tions 4, 14. Whether or not the mechanism of Eimeria 

induced immune suppression is similar is unknown.  
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