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Abstract

Coccidiosis is a major parasitic disease of poultry industry and an ideal vaccine should induce long-lasting cross-species protec-
tive immunity. Broiler chickens (Cobb 500) were inoculated with single, double or triple injections of a synthetic peptide (derived
from sequences of Eimeria acervulina and Eimeria tenella antigens) homogenized in Freund�s complete and incomplete adjuvants.
The immune responses to the vaccine were assessed by evaluation of antibody and lymphocyte proliferation responses, and the
degree of resistance of vaccinated chickens to challenge with sporulated oocysts of E. acervulina or E. tenella determined by com-
parison of their oocyst output with those of control chickens. The results indicated that the synthetic peptide vaccine induced a high
level of antibody and cellular responses associated with partial cross-species protection against challenge with sporulated oocysts of
E. acervulina or E. tenella.
� 2005 Elsevier Inc. All rights reserved.

Index Descriptors and Abbreviations: E., Eimeria; FCA and FIA, Freund�s complete and incomplete adjuvants; pi, post-inoculation or post-
immunization

Keywords: Eimeria acervulina; Eimeria tenella; Vaccine; Synthetic peptide; Antibody and lymphocyte proliferation responses
1. Introduction

Avian coccidiosis is one of the most economically
important diseases of the poultry industry. To over-
come increasing drug resistance (McDougald and
Reid, 1991), cross-species immunization is being ac-
tively researched and various types of anti-coccidial
vaccines have been assessed (Chapman et al., 2002;
Danforth and Augustine, 1990; Kim et al., 1989; Lil-
lehoj and Lillehoj, 2000) and the protective efficacy of
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some of these vaccines has been evaluated (Crouch et
al., 2003; Guzman et al., 2003). The disadvantages of
conventional coccidiosis vaccines (Augustine et al.,
1993; Lillehoj and Trout, 1993) together with advan-
tages of synthetic peptide vaccines (Westwood, 2001)
have been encouraged research towards alternatives.
The development of peptide synthesis technology in
the past decade has generally enhanced the potential
of epitope mapping. In a technique described by Gey-
son et al. (1984), a series of small overlapping pep-
tides (derived from the sequence of a protein) are
synthesized on solid supports (‘‘pins’’) and may then
be used as the antigen in conventional immunological
assays (ELISA). Synthetic peptide vaccines have po-
tential as safe ‘‘designer’’ immunogens incorporating
beneficial T- and B-cell epitopes and as this type of
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vaccine does not include non-contributory protein,
possible side effects (Benjamini and Leskowitz, 1991)
are avoided. Since peptide vaccines are made from
synthetic materials, vaccine production would not re-
quire maintenance of the parasite and their stability
and transport is straightforward. Perhaps because of
the ability of short peptides to take up several confor-
mations in solution, such vaccines characteristically
produce responses of greater cross-reactivity than con-
ventional antigens. For example, FMD peptides can
cross the serotype barrier of protection (Doel et al.,
1990). This property could usefully be exploited in
avian coccidiosis where protection against several spe-
cies is required and conventional immunogens pro-
duce only species-specific immunity. So far,
immunization with synthetic peptide vaccines against
foot-and-mouth disease in cattle (DiMarchi et al.,
1986), bovine rotavirus (Ijaz et al., 1991), canine par-
vovirus (Langeveld et al., 1994), schistosomiasis and
fascioliasis (Vilar et al., 2003), and East Coast fever
in cattle (Bishop et al., 2003) has shown protective
capacity.

The available methods for assessment of immunity
include quantitative assessment of antibody and cellular
responses, weight gain, food conversion ratio, oocyst
production, and lesion scoring. Measurement of all
these parameters simultaneously in the same group of
chickens may be impossible. For example, scoring of le-
sions caused by each Eimeria species requires that the
chickens be killed when maximum damage is present,
and this is not compatible with assessment of oocyst
output, which requires the challenged chickens to be
kept alive until 8–10 days pi. However, percentage
reduction in oocyst output following challenge with
Eimeria species has been widely used by many investiga-
tors for assessment of immune status of chickens in
experimental studies (Lillehoj et al., 1990; Rose and
Mockett, 1983).

Recently, following observations on the presence of
high level of cross-reactivity among antisera raised
against major Eimeria species (Talebi and Mulcahy,
1995b), identification of conserved immunogenic
band(s) in oocyst protein from five avian coccidia
(Talebi, 1995) and recognition of a few non-relative
but hydrophilic motifs during epitope mapping stud-
ies (Talebi and Mulcahy, 1994), we constructed some
synthetic peptides as potential immunogens against
avian coccidiosis. The aim of this project was to
investigate the immunogenicity of a peptide, desig-
nated as CHAT-4, against E. acervulina and E. tenel-

la infections in chickens. The immunity induced by
CHAT-4 was assessed by evaluation of antibody
and lymphocyte proliferation responses as well as
by percentage reduction in oocyst output following
challenge with sporulated oocysts of E. acervulina or
E. tenella.
2. Materials and methods

2.1. Parasites

Oocysts of E. acervulina strain W119 were purchased
from the Central Veterinary Laboratory Weybridge
(Surrey, UK) and oocysts of E. tenella (Houghton
strain) were obtained from the Institute for Animal
Health, Compton Laboratory (Berkshire, England).
The oocysts of each species were sporulated as previ-
ously described (Davis, 1973).

2.2. Oocysts production and oocyst/sporozoite antigen

preparation

Six-week-old broiler chickens (Cobb 500) were inocu-
lated (Mockett and Rose, 1986) with a single optimal
dosage (Johnson and Long, 1989) of sporulated oocysts
of the Eimeria species for mass production of oocysts of
each species. Water-soluble oocyst/sporozoite antigens
of each species were prepared by homogenizing 2 ml of
a suspension containing 2 · l07/ml sporulated oocysts/
purified sporozoites in PBS as previously described
(Rose, 1977). Protein concentrations of the antigens
were determined using the bicinchoninic acid (BCA,
product Nos. 23225 and 23220, Pierce, Illinois, USA)
technique based on a standard curve constructed by
using bovine serum albumin (BSA, product No. A-
2153, Sigma Chemical) and the assay was carried out
according to the manufacturer�s instructions.

Oocyst and sporozoite antigens were used for immu-
nization of rabbits to prepare rabbit anti-oocyst/sporo-
zoite sera.

2.3. Preparation of synthetic peptide solutions

The sequence of the synthetic peptides vaccine anti-
gens was derived from partial published sequences of a
recombinant E. acervulina antigen expressed in sporozo-
ite and merozoite developmental stages (Castle et al.,
1991) and E. tenella antigens designated GX 3264 (Bho-
gal et al., 1992) and GX 5401 (Danforth et al., 1989) as
follows:

CHAT-4 = H2-N-L-S-N-E-Q-V-E-R-Q-L-P-P-S-E-Q-
V-E-T-C-COOH.

2.4. Immunization of chickens with synthetic peptides

Sequential batches of one-day-old chickens (Cobb
500) were fed on non-medicated broiler diet ad libitum

and raised in wire-floored cages under coccidia-free con-
ditions. At 2 weeks of age, the chickens were leg-banded
and each chicken was transferred into a separate cage.
Two groups of chickens (six chickens in each) were used
for each experiment. Experiment 1 was designed to as-
sess immunity produced following vaccination with a
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single dose (200 lg/bird) of vaccine 1 (prepared from
homogenizing CHAT-4 in PBS with an equal volume
of Freund�s complete adjuvant, FCA). Three weeks la-
ter, the chickens were challenged with l · l04 sporulated
oocysts of E. tenella. In Experiment 2, chickens were
immunized with a single dose (200 lg/bird) of vaccine
1 and 3 weeks later with another dose (200 lg/bird) of
vaccine 2 (prepared from homogenizing CHAT-4 in
PBS with an equal volume of Freund�s incomplete adju-
vant, FIA). Two weeks after the second vaccination, the
chickens were challenged with l · 104 sporulated oocysts
of E. tenella. Experiment 3 was designed to evaluate the
immunity produced by vaccination of chickens with a
single dose (200 lg/bird) of vaccine 1 followed (3 weeks
later) by two doses (200 lg/bird) of vaccine 2 at 2 weeks
intervals. Two weeks after the second vaccination, the
chickens were challenged with l · 105 sporulated oocysts
of E. acervulina. During each experiment, the weight of
each bird was recorded and blood samples were taken
on day 0 (pre-immunization), weekly post-immunization
(pi), before challenge, and at the end of the experiment.
The collected sera were inactivated at 56 �C for 30 min
and stored at �20 �C as previously described (Oz
et al., 1984).

2.5. Assessment of antibody responses

Antibody capture immunoassay (ELISA) was used
for determination of antibody levels of the sera as previ-
ously described (Oz et al., 1984). In brief, 96-well Nunc
II immunoplates were coated with 5 lg/ml of antigen in
0.1 m carbonate/bicarbonate buffer, pH 9.6 (100 ll/
well), incubated overnight at room temperature, washed
five times with PBS containing 0.1% Tween 20, and
dried on tissue paper. Serial 3-fold dilutions of the sera
were made in dilution buffer (1% sodium caseinate, 10%
sheep serum, and 0.1% Tween 20 in PBS), the immuno-
plates were incubated for 1 h at 37 �C, washed five times,
specific binding was detected by adding 100 ll/well of
1/400 rabbit anti-chicken horseradish peroxidase conju-
gate and 3,3,5,5-tetramethylbenzidine, the substrate
reaction was stopped after 10 min by adding 100 ll/well
of 10% H2SO4, the plates were read in an ELSA micro-
plate reader (Bio-Rad Model 3550) at 450 nm with
492 nm as the reference wavelength, and the antibody
levels of antisera were expressed as the optical density
(OD) at 450 nm.

2.6. Epitope mapping

An adaptation of the ELISA technique was used
with pin technology ‘‘Pepscan’’ to screen reactions of
sera from immunized chickens with sets of hexapep-
tides and to compare it with that of naturally infected
chickens as previously described (Talebi and Mulcahy,
1994).
2.7. Assessment of lymphocyte proliferation responses

For evaluation of cell-mediated immunity, whole
blood samples were taken from the vena cutanea ulnaris

(wing vein) using 1 ml syringes containing 100 IU hepa-
rin sulphate on day 0, before each vaccination, before
challenge, and at the end of the experiment. Lympho-
cyte proliferation assays were carried out using whole
blood of chickens under optimal conditions as previ-
ously determined (Talebi et al., 1995). Briefly, blood
samples were diluted 1 in 50 with Roswell Park Memo-
rial Institute (RPMI) medium containing 1% sodium
pyruvate, 25 mM Hepes buffer, and 1 mM L-glutamine
as well as penicillin–streptomycin (100 IU/ml + 100 lg/
ml, respectively). A volume of 20 ll of concanavalin-A
(con-A) at a concentration of 20 lg/ml in PBS (0.4 lg/
culture), a volume of 20 ll of oocyst antigen of E. tenella
or E. acervulina at a concentration of 20 lg/ml in PBS
(0.4 lg/culture), and a volume of 20 ll of synthetic pep-
tide (CHAT-4) at a concentration of 20 lg/ml in PBS
(0.4 lg/culture) were dispensed in triplicate into wells
of a 96-well flat-bottomed Nunc tissue culture micro-
plate. A volume of 200 ll of diluted blood from each
sample was transferred into each well of the plate (for
example, blood sample 1 into the wells of row A, blood
sample 2 into the wells of row B, and so on). The plates
were incubated for 48 h at 40 �C in a humidified atmo-
sphere containing 5% CO2. The cultures were pulsed
with 0.2 lCi/20 ll/culture of [3H]thymidine (37.0 kbq/
ml, 1 mCi/ml) using an Eppendorf combitip 18 h prior
to harvesting. The cells were harvested on filter mats
with a Skatron Combi cell harvester, the harvested cells
were dried, and disks containing cells were punched out
and placed into scintillation vials. After adding 2 ml
scintillation fluid (Parkard Instrument BV Chemical
Operations, The Netherlands), radioactivity of individ-
ual vials was measured by disintegration per minute
(DPM) using a liquid scintillation b-counter (Packard
1900 CA Liquid Scintillation Analyser, Packard Instru-
ment Company, 2200 Warranville Rood, Downers
Grove, IL 60515, USA). The stimulation index (SI) for
each blood sample was calculated according to the fol-
lowing formula:

SI ¼ Mean DPM of stimulated cultures

Mean DPM of unstimulated cultures
:

2.8. Assessment of oocyst output

During each experiment, faeces of each chicken were
collected for 4 days starting at the 5th day pi for chick-
ens infected with E. acervulina and at the 6th day pi in
the case of E. tenella. The oocysts were harvested and
counted using the McMaster method (Davis, 1973; Lil-
lehoj et al., 1988; Long et al., 1976) with some modifica-
tions as previously described (Talebi and Mulcahy,
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1995a). The immune status of the chickens used in the
experiments, judged by reduction in oocyst output,
was determined using the following formula described
by Rose and Mockett (1983) and Lillehoj et al. (1990):

% of reduction ¼ 100� 100

� No: of oocysts passed by immunizedþ challenged chickens

No: of oocysts passed by controlþ challenged chickens
:

2.9. Statistical analysis of the results

A two-tailed t test (using Microsoft Excel) was car-
ried out to assess the significance of the results. Differ-
ences between the mean values for groups of chickens
were considered significant when probability (P) values
of less than 0.05 were obtained.
Fig. 1. Comparison of immune responses of immunized and control
chickens during Experiment 2. (A) Mean antibody responses of the
chicken sera (dilution 1/270) to CHAT-4, oocyst antigens of E.

acervulina and E. tenella. Differences in antibody levels of immunized
and control chickens were significant (P = 0.015 for peptide, P = 0.04
for E. acervulina, and P = 0.001 for E. tenella). (B) Mean stimulation
index of lymphocytes by CHAT-4 and E. tenella.
3. Results

In Experiment 1, some antigen-specific responses in
immunized chickens (data not shown), increased slightly
but after challenge with sporulated oocysts of E. tenella,
there was no significant (P = 0.77) difference in mean
oocyst output between immunized and control chickens
(11.l · l07and 11.9 · 107, respectively).

In Experiment 2, as shown in Figs. 1A and B, both
antibody and lymphocyte proliferation responses in-
creased gradually following primary vaccination and
were boosted following secondary injection while those
of the control group remained relatively unchanged.
After challenge with E. tenella, the mean oocyst output
of vaccinated chickens was less than that of the control
group. Statistical analysis of the results showed that dif-
ferences in oocyst production between immunized and
control chickens (mean 5.82 · 107 and 8.12 · 107,
respectively) were significant (P = 0.015). As shown in
Fig. 1A, the antibody titers of immunized chickens at
6 weeks pi (prior to challenge) to the peptide and to oo-
cyst antigens of E. acervulina and E. tenella were high
and significantly (P = 0.015, P = 0.004, and P = 0.001,
respectively) differed from those of the control group.
As shown in Fig. 1B, proliferation of lymphocytes of
the immunized group in response to E. tenella antigen
and to the peptide also was higher than that of the con-
trol group. The level of protection resulting from the
vaccination protocol in this experiment against chal-
lenge with 1 · 104 sporulated oocysts of E. tenella was
calculated 29% using the formula (Lillehoj et al., 1990;
Rose and Mockett, 1983).

In Experiment 3, the kinetics of the immune response
of immunized chickens were similar to those observed in
Experiment 2. Analysis of the results obtained from this
experiment showed a significant difference in oocyst out-
put between immunized (8.23 · 108) and control
(11.1 · 108) groups (P = 0.03). As shown in Fig. 2A,
antibody titers for peptide, E. acervulina and E. tenella

(at 7 weeks pi, before challenge) of immunized chickens
differed significantly (P = 0.003, P = 0.006, and
P = 0.001, respectively) from those of the control group.
The antibody titers of immunized chickens boosted fol-
lowing challenge while those of the control group did
not change. As shown in Fig. 2B, the stimulation of lym-
phocytes from immunized chickens by peptide and
E. acervulina antigens was also higher than that of the
unimmunized group. The level of protection resulting
from the vaccination (triple injections) with the peptide
(CHAT-4) against challenge with 1 · 105 sporulated oo-
cysts of E. acervulina was 27% using the formula (Lil-
lehoj et al., 1990; Rose and Mockett, 1983).

Comparative epitope mapping studies of antisera
from immunized and naturally infected chickens demon-



Fig. 3. Comparison of antibody responses of sera from immunized chickens with CHAT-4 (prepared on day before challenge) and naturally infected
chickens using high-resolution of B-cell epitope mapping of an immunogenic sequence of E. tenella.

Fig. 2. Comparison of immune responses of immunized and control chickens during Experiment 3. (A) Mean antibody responses of the chicken sera
(dilution 1/270) to CHAT-4, oocyst antigens of E. acervulina and E. tenella. Differences in antibody levels immunized and control chickens were
significant (P = 0.003 for peptide, P = 0.006 for E. acervulina, and P = 0.001 for E. tenella). (B) Mean stimulation index of lymphocytes by CHAT-4
and E. acervulina.
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strated that reactivity of antibodies produced against the
peptide differed in all aspects from those of hyperim-
mune chickens infected naturally with E. tenella. As
shown in Fig. 3, a few epitopes were recognized by
homologous hyperimmune sera and there was an obvi-
ous lack of response to two regions (hexapeptides Nos.
19–30 and 49–65) from the sequence. Antisera from
immunized chickens had specific reactivity to these re-
gions of the sequence and the highest reaction was with
a hexapeptide containing the EQV motif (Fig. 3).
4. Discussion

In immune chickens, defense against coccidia is pre-
sumed to be dependent on the presence of sensitized
lymphocytes and available local antibody in the gut mu-
cosa (Long, 1983). Lack of complete cross-species pro-
tection following natural infection or conventional
vaccination suggests that the ideal vaccine should con-
tain conserved antigens of avian coccidia or a combina-
tion of several immunogens from Eimeria species to
provide cross-species protection against simultaneous
challenge with these parasites. The reasons that EQV
motif was selected for construction of synthetic peptides
were that this motif was conserved between E. acervulina

and E. tenella antigenic sequences and there was no
reaction against the EQV in screening of reaction of sera
from naturally infected chickens. This motif occurs in a
relatively hydrophilic region, suggesting that it is a po-
tential immunogenic epitope (Talebi and Mulcahy,
1994), but because of its hydrophilicity it is likely to
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be available as a B-cell epitope and the question remains
as to why it is not recognized by antibodies. It was pos-
tulated that this motif represents part of a functionally
important parasite structure, and is therefore flanked
by highly variable immunodominant sequences to
‘‘hide’’ it from the immune system, or it may represent
a T-cell epitope, which needs further investigation
(Hopp and Woods, 1981).

The results of Experiment 1 indicated that a single
injection of CHAT-4 in FCA was unable to induce an
effective antibody response or reduce significantly the
oocyst production following challenge with oocysts of
E. tenella (P = 0.77). In Experiments 2 and 3, the high
antibody levels of immunized chickens to the peptide
and oocyst antigen of E. tenella or E. acervulina indi-
cated that the peptide was able to induce a considerable
antibody response following repeated immunization. In
the case of Experiment 3, boosting antibody levels of
immunized chickens following challenge with E. acervu-

lina are a good indication of an effective secondary re-
sponse to the peptide vaccine. Significant proliferation
of lymphocytes from immunized chickens indicated that
the peptide was also able to induce cellular immune re-
sponses but the level of blastogenic responses varied be-
tween Eimeria species used. Comparison of Figs. 1B and
2B showed that the degree of lymphocyte stimulation
during Experiment 2 was higher than that in Experiment
3, indicating that the amino acids selected from the E.

tenella antigenic sequence were able to induce a greater
cellular response than those from E. acervulina. It
should be emphasized that blastogenic proliferation of
lymphocytes in whole blood assays is also influenced
by other factors including the genetic background
(Miggiano et al., 1976), breed (Lillehoj, 1986), strain
(Wakelin and Rose, 1978), and age of chickens (Talebi
et al., 1995). Considerable individual variation in the le-
vel of response in chickens of the same breed, strain, and
age has also been reported (Sharma and Belzer, 1992).
The level of partial cross-species protection obtained
in this study was small, but nevertheless demonstrates
the feasibility of using synthetic peptides as vaccines
for the control of avian coccidiosis. As shown in Fig.
3, epitope mapping studies of the immunized sera re-
vealed that the lack of responsiveness to some regions
of the sequence (such as EQV motif) following natural
infection could be overcome by immunization of chick-
ens with short peptide vaccines. To improve the level of
cross-species protection with synthetic peptide vaccines,
further epitope mapping studies would be necessary to
identify other conserved potentially immunogenic pro-
teins which are not recognized by antisera from the nat-
ural host and to present them in such a way not only to
overcome the lack of responsiveness but also to modu-
late the immune responses. An alternative strategy
would be to identify immunogenic epitopes (B- and T-
cell epitopes) present within antigenic sequences of each
pathogenic species of Eimeria and to include combina-
tion of the highly reactive epitopes in candidate peptides
for induction of adequate cross-species protective
immunity.
5. Conclusions

Synthetic peptide vaccines may allow the species-spe-
cific immunity barrier to be overcome in the design of
broad-spectrum anti-coccidial vaccines. This study dem-
onstrated that peptides are capable of eliciting high anti-
body responses and relatively good proliferation of
lymphocytes in chickens to Eimeria species, resulting
in partial cross-species protection against challenge with
E. acervulina and E. tenella. It also showed that lack of
responsiveness to conserved epitopes could be overcome
by immunization of chickens with the synthetic peptides.
References

Augustine, P.C., Danforth, H.D., Jenkins, M.C., 1993. Avian Eimeria:
effects of gamma irradiation on development of cross-species
immunity in foreign and natural host birds. Avian Diseases 37,
349–357.

Benjamini, B., Leskowitz, S., 1991. Immunoprophylaxis and immu-
notherapy. In: Benjamini, E. (Ed.), Immunology, A Short Course.
Wiley-Liss, New York, pp. 391–422.

Bhogal, B.S., Miller, G.A., Anderson, A.C., Jessee, E.J., Strausberg,
R., McCandliss, R., Nagel, J., Strausberg, S., 1992. Potential of a
recombinant antigen as a prophylactic vaccine for day-old broiler
chickens against E. acervulina and E. tenella infections. Veterinary
Immunology and Immunopathology 31, 323–335.

Bishop, R., Nene, V., Staeyert, J., Rowlands, J., Nyanjui, J., Osaso, J.,
Morzaria, S., Musoke, A., 2003. Immunity to East Coast fever in
cattle induced by a polypeptide fragment of the major surface coat
protein of Theileria parva sporozoites. Vaccine 21, 1205–1212.

Castle, M.D., Jenkins, M.C., Danforth, H.D., Lillehoj, H.S., 1991.
Characterization of a recombinant E. acervulina antigen expressed
in sporozoite and merozoite developmental stages. Journal of
Parasitology 77, 384–390.

Chapman, H.D., Cherry, T.E., Danforth, H.D., Richards, G., Shirley,
M.W., Williams, R.B., 2002. Sustainable coccidiosis control in
poultry production: the role of live vaccines. International Journal
for Parasitology 23, 617–629.

Crouch, C.F., Andrews, S.J., Ward, R.G., Francis, M.J., 2003.
Protective efficacy of a live attenuated anti-coccidial vaccine
administered to 1-day-old chickens. Avian Pathology 32, 297–304.

Danforth, H.D., Augustine, P.C., 1990. Control of coccidiosis:
prospects for subunit vaccine. In: Long, P.L. (Ed.), Coccidiosis
of Man and Domestic Animals. CRC Press, Boca Raton, Florida,
pp. 343–348.

Danforth, H.D., Augustine, P.C., Ruff, M.D., McCandliss, R.,
Strausberg, R.L., Likel, M., 1989. Genetically engineered antigen
confers partial protection against avian coccidial parasites. Poultry
Science 68, 1643–1652.

Davis, P.L., 1973. Techniques. In: Hammond, D.M., Long, P.L.
(Eds.), Coccidia. University Park Press, Baltimore, pp. 411–458.

DiMarchi, R.D., Brooke, R.G., Gale, C., Cracknell, V., Doel, T.R.,
Mowat, N., 1986. Protection of cattle against foot-and-mouth
disease by a synthetic peptide. Science 232, 639–641.



348 A. Talebi, G. Mulcahy / Experimental Parasitology 110 (2005) 342–348
Doel, T.R., Gale, C., Doamaral, C.M.C.F., Brooke, G., Mulcahy, G.,
Dimarchi, R.D., 1990. Heterotypic protection induced by a
synthetic peptide corresponding to three serotypes of FMDV.
Journal of Virology 64, 2260–2264.

Geyson, H.M., Meloen, R.H., Barteling, S., 1984. Use of peptide
synthesis to probe viral antigens for epitopes to a resolution of a
single amino acid. Proceedings of the National Academy of
Sciences of the United States of America 81, 3998–4002.

Guzman, V.B., Silva, D.A., Kawazoe, U., Mineo, J.R., 2003. A
comparison between IgG antibodies against Eimeria acervulina,
E. maxima, and E. tenella and oocyst shedding in broiler-
breeders vaccinated with live anticoccidial vaccines. Vaccine 21,
4225–4233.

Hopp, T.P., Woods, K.R., 1981. Prediction of protein antigenic
determinants from amino acid sequences. Proceedings of the
National Academy of Sciences of the United States of America
78, 3824–3829.

Ijaz, M.K., Attah-poku, S.K., Redmond, M.J., Parker, M.D., Sabara,
M.I., Babiuk, L.A., 1991. Heterotypic passive protection induced
by synthetic peptides corresponding to VP7 and VP4 of bovine
rotavirus. Journal of Virology 65, 3106–3113.

Johnson, J.K., Long, P.L., 1989. The fecundity and drug sensitivity of
precocious lines of avian Eimeria. In: Yvore, P. (Ed.), Coccidia and
Intestinal Coccidiomorphs, Proceedings of the Vth International
Coccidiosis Conference, Tours (France). Service des Publications,
INRA, Paris, pp. 671–676.

Kim, K.S., Jenkins, M.C., Lillehoj, H.S., 1989. Immunization of
chickens with live Escherichia coli expressing E. acervulina mero-
zoite recombinant antigen induces partial protection against
coccidiosis. Infection and Immunity 57, 2434–2440.

Langeveld, J.P.M., Casal, J.I., Osterhaus, A.D.E., Cortes, E., Vela, C.,
Dalsgaard, K., Puijk, W.C., Schaaper, W.M.M., Meloen, R.H.,
De-Swart, R., 1994. First peptide vaccine providing protection
against viral infection in the target animal: studies of canine
parvovirus in dogs. Journal of Virology 68, 4506–4513.

Lillehoj, H.S., 1986. Immune responses during coccidiosis in SC and
FP chickens. I. In vitro assessment of T-cell proliferation response
to stage-specific parasite antigen. Veterinary Immunology and
Immunopathology 13, 321–330.

Lillehoj, H.S., Jenkins, M.C., Bacon, L.D., 1990. Effects of major
histocompatibility genes and antigen delivery on induction of
protective mucosal immunity to E. acervulina: evaluation of the
cellular and antibody response to a recombinant coccidial antigen
in B-congenic chickens. Experimental Parasitology 67, 148–158.

Lillehoj, H.S., Jenkins, M.C., Bacon, L.D., Fetterer, R.H., Briles,
W.E., 1988. Eimeria acervulina: evaluation of the cellular and
antibody response to a recombinant coccidial antigen in B-
congenic chickens. Experimental Parasitology 67, 148–158.

Lillehoj, H.S., Lillehoj, E.P., 2000. Avian coccidiosis: a review of
acquired intestinal immunity and vaccination strategies. Avian
Diseases 44, 408–425.

Lillehoj, H.S., Trout, J.M., 1993. Coccidia: a review of recent advances
on immunity and vaccine development. Avian Pathology 22,
3–31.
Long, P.L., 1983. Prospects for the control of coccidiosis by
immunization. In: Post-Graduate Committee in Veterinary Science
(Ed.), Disease Prevention and Control in Poultry Production,
Proceedings No. 66, University of Sydney, Australia, pp. 27–37.

Long, P.L., Joyner, L.P., Millard, B.J., Norton, C.C., 1976. A guide to
laboratory techniques used in the study and diagnosis of avian
coccidiosis. Folia Veterinaria Latina 6, 201–217.

McDougald, L.R., Reid, W.M., 1991. Coccidiosis. In: Calnek, B.W.,
Barnes, H.J., Beard, C.W., Yoder, H.W., Jr. (Eds.), Diseases of
Poultry, Ninth Ed. Wolf Publishing, London, pp. 780–797.

Miggiano, V., North, M., Buder, A., Pink, J.R.L., 1976. Genetic
control of the response of chickens leukocytes to a T-cell mitogen.
Nature 263, 61–63.

Mockett, A.P.A., Rose, M.E., 1986. Immune responses to Eimeria:
quantification of antibody isotypes to E. tenella in chicken serum
and bile by mean of the ELISA. Parasite Immunology 8,
481–489.

Oz, H.S., Markham, R.J., Bermrick, W.J., Stromberg, B.E., 1984.
Enzyme-linked immunosorbent assay and indirect haemagglutina-
tion techniques for measurement of antibody responses of E.

tenella in experimentally infected chickens. Journal of Parasitology
70, 859–863.

Rose, M.E., 1977. Eimeria tenella: skin hypersensitivity to injected
antigen in the fowl. Experimental Parasitology 42, 129–141.

Rose, M.E., Mockett, A.P.A., 1983. Antibodies to coccidia: detection
by the enzyme-linked immunosorbent assay (ELISA). Parasite
Immunology 5, 479–489.

Sharma, J.M., Belzer, S.W., 1992. Blastogenic response of whole blood
cells of turkeys to a T-cell mitogen. Developmental and Compar-
ative Immunology 16, 77–84.

Talebi, A., 1995. Protein profiles of five avian Eimeria species. Avian
Pathology 24, 731–735.

Talebi, A., Mulcahy, G., 1994. High-resolution mapping of B-cell
epitopes within an antigenic sequence from Eimeria tenella.
Infection and Immunity 62, 4202–4207.

Talebi, A., Mulcahy, G., 1995a. Correlation between immune
responses and oocyst output in chickens monospecifically infected
with E. maxima. Avian Pathology 24, 485–495.

Talebi, A., Mulcahy, G., 1995b. Cross-reactivity among antisera raised
against five avian Eimeria species in natural host and in rabbits.
Avian Pathology 24, 537–548.

Talebi, A., Torgerson, P.R., Mulcahy, G., 1995. Optimal conditions
for measurement of blastogenic responses of chickens to conca-
navalin A in whole blood assays. Veterinary Immunology and
Immunopathology 46, 293–301.

Vilar, M.M., Barrientoes, F., Almeida, M., Thaumaturgo, N., Simp-
son, A., Garratt, R., Tendler, M., 2003. An experimental bivalent
peptide vaccine against schistosomiasis and fascioliasis. Vaccine 22,
137–144.

Wakelin, D., Rose, M.E., 1978. Immunity to coccidiosis. In: Long,
P.L. (Ed.), Coccidiosis of Man and Domestic Animals. CRC Press,
Boca Raton, Florida, pp. 281–306.

Westwood, O., 2001. Epitope Mapping—A Practical Approach.
Oxford University Press, London, UK.


	Partial protection against Eimeria acervulina and Eimeria tenella induced by synthetic peptide vaccine
	Introduction
	Materials and methods
	Parasites
	Oocysts production and oocyst/sporozoite antigen preparation
	Preparation of synthetic peptide solutions
	Immunization of chickens with synthetic peptides
	Assessment of antibody responses
	Epitope mapping
	Assessment of lymphocyte proliferation responses
	Assessment of oocyst output
	Statistical analysis of the results

	Results
	Discussion
	Conclusions
	References


