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Abstract
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For many years, prophylactic use of anticoccidial drugs has been the primary means of
controlling chicken coccidiosis in broiler industry and has played a major role in the growth of this
industry. Also the use of live vaccines is well established in the control of the disease. Three groups
of live vaccines can be distinguished based on the characteristics of the Eimeria species included
in the product: vaccines based on live virulent strains, vaccines based on live attenuated strains,
vaccines based on live strains that are relatively tolerant to the ionophores, and non-live subunit
vaccines. The mounting problem of drug resitance of Eimeria species has prompted major research
efforts to seek alternative means of control through increased knowledge of understanding the
immunomodulation, natural-product feed additives, advances in live and recombinant vaccines.
This article reviews the above mentioned methods in control of chicken coccidiosis.

Chickens, anticoccidial drugs, vaccines, immunomodulators, Eimeria, immunity

Chicken coccidiosis is an intestinal infection caused by the intracellular protozoan parasite
of the genus Eimeria. Seven species have been recognised to infect chickens: Eimeria
tenella, Eimeria necatrix, Eimeria acervulina, Eimeria maxima, Eimeria brunetti, Eimeria
mitis, and Eimeria praecox. Each species has its own characteristics with respect to preferred
site of infection, pathogenicity and immunogenicity. It is the major parasite disease of
poultry, with substantial economic burden estimated to cost the industry more than $ 800
million in annual losses worldwide (Williams 1998). These estimates include the costs of
prophylactic in-feed medication for broilers and broiler breeders, alternative treatments if
medication fails, and losses due to mortality, morbidity, impaired growth rate, temporary
reduction of egg production in layers and poor feed conversion of chickens that survive
outbreaks.

Modern intensive poultry production is largely dependent upon chemoprophylaxis for the
control of coccidiosis (Chapman 1999; Allen and Fetterer 2002), although there is
arising problem of drug resistant strains of Eimeria. In addition the use of live vaccines for
control of coccidiosis is also well established (Williams 2002).

The life cycle of Eimeria comprises intracellular, extracellular, asexual and sexual stages,
so it is not surprising that host immunity is also complex and involves many facets of non-
specific and specific immunity (cellular and humoral immune mechanism) (Lillehoj
1998), and their pathogenicity varies in birds of different genetic background. Therefore, in
the natural host, the immunity is species specific (e.g. chickens immune to one species of
Eimeria are susceptible to others). Additionally, Eimeria species exhibit different tissue and
organ specificity in the infected host, so, understanding the interplay between the host and
the parasites in the intestine is crucial for the design of novel control approaches agaist
coccidiosis (Dalloul and Lillehoj 2005). The introduction of alternative prevention
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measures such as non-chemical feed supplements that effectively enhance productivity and
non-specific immunity may help to limit the use of anticoccidials in control of chicken
coccidiosis.

Control using anticoccidial drugs

The effective use of anticoccidial drugs over the past 50 years has played a major role in
the growth of poultry industry and has allowed the increased availability of high quality,
affordable poultry products to the consumer. Numerous products were introduced, many of
which are available and used today. However, there is increasing concern about rising levels
of drug resistance (Chapman 1997). The anticoccidial drugs can be classified as 1)
Synthetic drugs (chemicals), 2) Polyether ionophores. Synthetic drugs have specific modes
of action against parasite metabolism, sulphamides and related drugs compete for the
incorporation of paraminobenzoic acid (PABA) and metabolic of folic acid, amprolium
compete for absorption of thiamine by the parasite. Quinoxaline and clopidol inhibit energy
metabolism in the cytochrome system of coccidia. The quinolones and ionophores arrest or
kill the sporozoite or early trophozoite, nicarbazin, robenidine and zoalene destroy the first
or second generation schizonts and the sulphonamides act on the developing schizonts and
also on the sexual stages. The ionophores kill coccidia by interfering with the balance of
important ions such as sodium and potassium. The host cells are able to manage these ions
in the presence of ionophores, but the parasites cannot.

1. Synthetic drugs: These drugs were introduced first, then the ionophores followed and
are now an important component of coccidiosis control. The recent anticoccidial drugs in
control of coccidiosis are diclazuril and toltrazuril (Chapman 1999). The use of toltrazuril
as the sole anticoccidial for two consecutive days in the drinking water between days 10 and
14 would be the best time for good coccidiosis control (Mathis et al. 2004). Mehlhorn et
al. (1988) reported that toltrazuril is effective against all species of Eimeria infecting
chickens. Mehlhorn et al. (1984) also reported that toltrazuril is active against all
intracellular developmental stages including those of schizogony and gametogony. It has
been reported that despite high efficacy toltrazuril does not intrefere with the development
of natural immunity but can even enhance it (Greif 2000). Mathis et al. (2003)
demonstrated that toltrazuril was an effective aid to certain anticoccidial program as well as
effective as a stand alone anticoccidial. Vanparijs et al. (1989ab, 1990), McDougald et
al. (1900ab) reported that diclazuril has a potent, broad-spectrum anticoccidial activity
against Eimeria species and it was noted to be highly effective against the six major
pathogenic species of Eimeria (Eimeria acervulina, E. maxima, E. tenella E. brunetti,
E. necatrix and E. mitis). Chapman et al. (2004) reported that roxarsone has important
anticoccidial activity particularly against E. tenella and works very well in combination with
ionophores. Also combinations of anticoccidials such as salinomycin and roxarsone with
a digestive enhancer such as bacitracin are widely used in the starter and grower feeds of
broilers for control of coccidiosis and improvement of growth in broilers (Chapman and
Johnson 2002). It is quite clear that some degree of resistance to all anticoccidial drugs,
including ionophores, has developed (Chapman 1997). To minimize the effects of
resistance, poultry producers rotate the use of various anticoccidials with successive flocks,
where drugs from different classes are used sequentlly on a single crop of birds, one class
might be used in starter feed, another in growers, returning to the first for the finisher diet,
followed by a withdrawal diet (Sangster 2001).

2. Polyether ionophores: Since 1971 the preferred drugs for coccodiosis prevention have
been ionophore antibiotics. These drugs still achieve sufficient control despite resistance
being common; for example, salinomycin, narasin, monensin, lasalocid, maduramicin and
semduramicin remain useful agents except in situation of heavy parasite challenge
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(Chapman 1997). In addition it has been demonstrated that some ionophores can be used
in combination with live virulent vaccines, therefore the use of ionophores-tolerant
resistant strains would probably have a wider application of the development of
anticoccidial vaccines for suitable control of coccidiosis (Danforth 2000; Vermeulen
et al. 2000a). The advantage of such ionophores is that they prevent infection during the
first 3-4 weeks of age when immunity is not developed, such use limits the increase of
infection pressure due to the expanding field strains during the development of immunity,
which further reduces the overall risk of contracting coccidiosis (Vermeulen et al.
2000a; 2001). It is known that coccidiosis is aggravated by microflora, for example
Clostridium perfringens interacting with intestinal mucosa damage as well as the
developmental stages of Eimeria parasites. This problem can be reduced by the use of
antibacterial properties of the ionophores. The use of ionophores such as monensin,
narasin and salinomycin in combination with live virulent vaccines (Nobilis COX ATM)
can protect birds against coccidiosis as well as necrotic enteritis. Advantages claimed for
this method are protection by the ionophore against coccidiosis (due to wide-type strains)
in the period before effective immunity has developed, protection against species not
included in the vaccine and effectiveness against bacterial diseases such as necrotic
enteritis due to the additional properties of the ionophores (Chapman et al. 2002;
Vermeulen et al. 2000ab).

Common anticoccidial drugs

Class Names Acts on life cycle stage
Ionophores Monensin, lasalocid, narasin, Trophozoite/sporozoite
Maduramicin and semduramicin
Sulphonamides Sulphaquinoxaline
(+DHFR inhibitors) Second and later schizont
Quinolones Decoquinate Sporozoite
Pyridones Clopidol Sporozoite
Thiamine mimics Amprolium First generation schizont
Halofuginone Asexual stages
Guanidine Robenidine, nicarbazin,
Diclazuril and toltrazuril Multiple stages

Vaccines against Eimeria parasites

It is known that when chickens are infected with low number of Eimeria parasites,
protective immunity is induced after two or three consecutive infections (Joyner and
Norton 1973; Long et al. 1986). Therefore, it would seem obvious that vaccines could
offer excellent alternatives to drugs as a means of controlling coccidiosis. Thereby live
vaccines have been used mostly in breeder stocks and, to a lesser extent, in commercial
broilers and replacement hens. This strategy is based on the well-documented protective
immunity that develops in chickens after a primary coccidial infection (Williams 2002).

Three groups of live vaccines are used in control of disease:
1) Live, virulent strains

These vaccines comprise a varible number of wild type strains depending on their
formulation and field of application (Lee 1987). For broiler-breeders up to eight Eimeria
species are included in these products (Coccivac® D, Immuncox® C2). For use in the broiler
industry this number is restricted to up to four species (Coccivac® B, Immucox® C1).

The advantage of live virulent vaccines is that they can provide equal or superior
performance compared with prophylactic medication when given in gel form on day | of
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age because this method ensures the synchronous exposure of all birds to small uniform
number of oocysts (Danforth etal. 1997a). The disadvantage of virulent vaccines is a risk
of introducing unwanted Eimeria species in the environment.

2) Live, attenuated strains

This type of vaccines can be obtained by repeated selection for early maturation (pre-
cociousness) or serial passage through embryonated eggs (TA lines) (Long 1972; Jeffers
1975). This has led to the development of two attenuated vaccines, Paracox® (precocious
strains, Shirley and Millard 1986; Shirley 1989; Williams 1992) and Livacox®
(precocious and TA strains, Bedrnik 1989).

The advantage of live attenuated vaccines is that they have low productive potentials, thus
avoiding crowding in the specific mucosal areas of infection and resulting in the
development of optimal immunity with minimal tissue damage (Williams 1994) and there
is no risk of introducing Eimeria species into the environment. Furthermore, a major
advantage of these vaccines is that they cannot induce coccidial drug resistance (Williams
1992).

The virulent or attenuated vaccines are given to chickens in the first week of age, which
results in early low-level infection followed by cycling of the vaccine parasites through the
litter and induction of immunity against a heavy field challenge. Any use of therapeutics or
feed additives that interfere with Eimeria development cannot be used during the period of
development of immunity. Hence, when vaccination is used to control coccidiosis the risk
of contracting coccidiosis is higher at the early age (weeks 1-3), and decreases as immunity
has developed from weeks 3 to 4 onwards (Vermeulen etal. 2001).

3) Live, tolerant to ionophores

There is a new development that made live Eimeria strains relatively tolerant to
ionophores. An experimental vaccine comprising a strain of E. acervulina and a strain
from E. maxima, both of which were partially tolerant to salinomycin, has been used in
USA (Danforth 2000). A live vaccine that can be used with different ionophores has
been also introduced (Nobilis® COX ATM) to the market (Schetters et al. 1999).
Vermeulen et al. (2000ab) reported that the combination of Nobilis COX ATM and
narasin gave good results in protection of chickens against challenge infection. The
vaccine comprises strains of three different species (E. acervulina, E. maxima and E.
tenella) which are relatively tolerant to ionophores. The advantage of these vaccines is
that they allow the use of ionophores during the first 3-4 weeks when immunity is not
complete. Such use limits the increase of infection pressure due to expanding field
strains during the period of development of immunity, which further reduces the overall
risk of contracting coccidiosis (Vermeulen et al. 2001). Also the vaccine is claimed
to protect chickens against coccidiosis as well as necrotic enteritis (Chapman et al.
2002).

Recently a new subunit vaccine (CoxAbic vaccine) against coccidiosis has been
registered. This vaccine consists of affinity purified sexual stages (gametocyte) antigens
(APGA) isolated from Eimeria maxima. It is a novel vaccine that unlike the currently
available vaccines is based on the concept of transmission blocking immunity.
Immunization of breeding hens prior to the start of lay, gives rise to a protective
immunuglobulin G (IgG) response, which is transferred to the developing embryo
providing protection to their offspring broiler chickens (Wallach 2002). In
a multinational field trial involving four countries, it was observed that chickens
vaccinted with CoxAbic showed reduced oocyst shedding of the three major species of
Eimeria (Eimeria tenella, E. acervulina and E. maxima) that cause coccidiosis in
chickens, and they performed at least as well as the coccidiostat fed broiler controls
(Michael 2002).
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Recombinant vaccines

Due to emergence of drug-resistant Eimeria strains and high cost in manufacturing live
vaccines much research has focused on recombinant vaccination strategies as potential
alternative methods of disease control. The conception of genetic vaccines emerged from
the observation that injection of naked plasmid DNA resulted in transfection of murine
muscle cells and production of the plasmid-encoded protein B-galactosidase (Wolff et al.
1990). Later, analyzing the mechanism of operation made it clear that DNA not only is
simply a vehicle to ensure protein production in transfected cells but it also has intrinsic
adjuvant properties because of the presence of immunostimulatory CpG dinucleotide in the
backbone of the bacterial DNA (Krieg 2002).

Identification of antigens specific to parasite life cycle stages conveying protective
immunity is a pivotal step in subunit vaccine development. In Eimeria spp. recombinant
forms of both parasite surface antigens and internal antigens have been examined as vaccine
candidates (Min etal. 2004; Schaap etal. 2004). Belli etal. (2004) cloned and expressed
two recombinant proteins of the genes gam56, and gam82, encoding the immunodominant
components of a commercial subunit vaccine called CoxAbic® derived from E. maxima
gametocytes. This vaccine has been shown to provide partial protection against E.
acervulina, E. maxima and E. tenella (W allach 2002), but its production is both laborious
and costly (Belli et al. 2004).

After multiple immunization with recombinant proteins, alone or in combination, breeding
hens elicited a dose-dependent antibody response indicative of similar antigenic and
immunogenic properties to the native protein vaccine. These proteins can be potentially used
in developing recombinant vaccines at lower costs than with CoxAbic®. Ding et al. (2004)
used a purified E. acervulina recombinant protein (3-1E) to vaccinate chickens in ovo against
both alone and with expression plasmid encoding the IL-1, IL-2, IL-6, IL-8, IL-15,IL-16, IL-
17,1L-18, or IFN-y genes. They revealed that in ovo vaccination with 3-IL protein enhanced
protective immunity against E. acervulina infection as measured by reduced fecal oocyst
shedding and increased body weight gain compared with non-vaccinated controls.

Also, covaccination with 3-IL plus the IL-2, IL-15, IL-17, IL-18, or IFN-y genes further
reduced the oocyst output beyond that induced by 3-IE protein alone. A second potential
recombinant protein was evaluated as a coccidiosis vaccine, its gene (EtMIC2) was cloned,
the encoded protein expressed and purified, and the efficacy of in ovo immunization to
protect against Eimeria infections was determined (Lillehoj et al. 2005). They
demonstrated that in ovo vaccination with recombinant EtMIC2 protein induced
significantly higher antibody responses, lower fecal shedding, and increased weight gains
after E. tenella infection compared with negative controls. Furthemore, combined embryo
immunization with the EtMIC2 protein plus cytokine or chemokine genes (IL-8, IL-16,
TGF-P4, and lymphotactin) demonstrated enhanced protection compared with vaccination
with EtMIC2 alone (Lillehoj et al. 2005). Taken together, these results provide the first
evidence that in ovo vaccination with the recombinant 3-IE and EtMIC2 Eimeria species
(spp.) proteins induced protective intestinal immunity against coccidiosis. Furthermore,
their protective effects were enhanced by coadministration of genes encoding immune
related cytokines, paving the way for a potentially effective method to control coccidiosis.

On the other hand, DNA vaccines use genes encoding immunogenic proteins of pathogens
rather than the proteins themselves. They are administered directly in conjuction with
appropriate regulatory (e.g., promotors, enhancers) permitting the encoded protein to be
expressed in its native form and thereby to be recognized by the host’s immune system in
a manner that stimulates natural infection. Kopko et al. (2000) were able to ligate SO7’,
a reflactile body encoding gene derived from E. tenella sporozoites, to the mammalian
expression vector pcDNA3. After intramuscular injection of the pcDNA3-SO7’ construct
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and subsequent E. tenella challenge, significant protection against cecal lesions and weight
loss was achieved. Recently, Wu et al. (2004) constructed two DNA vaccines based on
antigens present on E. tenella sporozoites. After DNA immunization and E. tenella
challenge, there was reduced oocyst shedding as well as decreased weight loss. Lillehoj et
al. (2000) observed immune protection manifested by significantly reduced fecal oocyst
shedding in chickens vaccinated subcutaneously with a cDNA encoding E. acervulina 3-1E
protein. Further protection was obtained when the 3-IEcDNA was administered in
conjuction with cDNAs encoding chicken IFN-yor IL-2. Later, Min etal. (2001) examined
the effect of injecting a plasmid encoding the 3-IE gene in combination with a plasmid
encoding IL-IB, IL-2, IL-8, IL-15, IFN-a, I[FN-y, TGF-4, or lymphotactin and delivered
twice subcutaneously to chickens, followed by challenge 1 week later. Body weight loss was
significatly reduced in chickens given the DNA vaccine with the IFN-o., or the lympotactin-
encoding plasmid, whereas parasite replication was reduced in chickens injected with the
IL-8, lymphotactin, IFN-y, IL-15, TGF-f4or IL-1B-encoding plasmids compared with
chickens vaccinated with the 3-IE DNA vaccine alone.

Furthermore, the groups of chickens that were given the IL-8 or IL-15 genes had
significantly increased number of CD3* T cells compared with the other groups. More
recently, Lillehoj et al. (2005) used a similar scheme to inject the 3-IE and cytokine
encoding plasmid in ovo and assess its protection against E. acervulina infection. In ovo
vaccination with the 3-IE gene generated an antibody response against the expressed parasite
protein that was enhanced by covaccination with the IL-1, IL-2, IL-15, or IFN-y genes. In ovo
vaccination with 3-1E demonstrated protective immuinty against E. acervulina infection as
measured by reduced oocyst shedding and improved body weight gain compared with
nonvaccinated controls. The data also showed that covaccination of 3-1E with the IL-2,
IL-15, or IFN-y genes further curtailed oocyst output and exceeded weight gain beyond that
induced by 3-E alone.

Alternative controls including nutritional and probiotics (immunomodulators)
or natural-feed additives

Natural medicinal products as feed supplements have been widely used as growth and
health promotors in farm animals in China (Li 1998). A current estimation of the number
of immunoactive natural medicinal products ranges between 200 and 300 and most
products originate from plants and fungi (Li 2000). The immunoactive components of
these plants and fungi include polysaccharides, glycosides, alkaloids, volatile oils, and
organic acids, of which polysaccharides are considered to be the most important (Xue and
Meng 1996; Li 2000). Polysaccharides may act as immune enhancers or
immunomodulators, and these components may display antibacterial activity (Xia and
Cheng 1988) and could affect both innate and adaptive immunity including cellular and
humoral responses (Lien and Gao 1990). Also some mushrooms and herb
polysaccharides which were used as feed supplements or vaccines adjuvants showed
antibacterial (Yuan et al. 1993) antiviral (Yu and Zhu 2000), or antiparasitic (Pang et
al. 2000) effects.

Mushroom and herb polysaccharides

The polysaccharide extracts from 2 mushrooms, Lentinus edodes (LenE) and Tremella
fuciformis (TreE), and a herb, Astragalus membranaceus (AstE) when given as supplement
feed to chickens resulted in a significant impact on the inductive responses against E. tenella
infection in chickens by enhancing both cellular and humoral immunity (Guo et al.
2004).
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Sources of fats

Sources of fats containing high concentrations of n-3 fatty acids (n-3 FA)
(docosahexaenoic acid, eicosapentaenoic acid, and linolenic acid), such as fish oils, flaxseed
oil, and whole flaxseed, when added to starter rations and fed to chicks from 1 day of age,
effectively reduced lesions resulting from challenge infections with E. tenella (Allen et al.
1996, 1997) but not E. maxima (Allen et al. 1997). The fish oil and flaxseed oil diets
significantly reduced the degree of parasitization by and development of E. tenella (Allen
et al. 1996), and caused ultrastructural degradation of both asexual and sexual stages,
characterized by cytoplasmic vacuolization, chromatin condensation within the nucleus,
and lack of parasitophorous vacuole delineation (Danforth etal. 1997b). These results are
consistent with reports of the effects of high n-3 FA diets on other parasites (Allen et al.
1998) and suggest that these diets induce a state of oxidative stress (due to the high
concentration of easily oxidized double bonds) that is detrimental to parasite development.

Herbs

Artemisinin is a Chinese herb isolated from Artemisia annua; it is a naturally occurring
endoperoxide with antimalarial properties. It has been found effective in reducing oocyst
output from both E. acervulina and E. tenella infections when fed at levels of 8.5 and 17 ppm
in starter diets (Allen et al. 1997). The mode of action is also thought to involve oxidative
stress.

Most recently, extracts from 15 Asian herbs were tested for anticoccidial activity against
E. tenella. Of the species tested, extracts from Sophora flavescens Aiton was the most
effective in reducing lesion scores, maintaining body weight gain, and reducing oocyst
production (Youn and Noh 2001).

Feed supplementation with antioxidants such as y-tocopherol (8 ppm), found plentifully
in seed oils such as wheat, corn, and soybean, and the spice tumeric (1%), as well as its main
medicinal component, curcumin (0.05%), appear effective in reducing upper- and mid-
small-intestinal infections caused by E. acervulina and E. maxima (Allen et al. 1998).

Products that can generate a state of oxidative stress, such as n-3 FA and artemisinin, are
particularly effective against the cecal parasite E. tenella. Products that have antioxidant
properties, such as y-tocopherol and curcumin, seem to be more effective against the mid-
and upper-small intestinal species E. maxima and E. acervulina. The osmoprotectant betaine
appears to be most active against E. acervulina. Practical applications of these findings, such
as the use of the products in starter rations or combinations of them with current
anticoccidials or vaccines, appear possible.

Vitamin A

It is known that nutrition plays a significant role in the development of the chicken immune
system (Dalloul and Lillehoj 2005). Essential nutrients such as vitamins may affect both
humoral and cell-mediated immune responses. Vitamin A, known for its role in the
differentiation of epithelial cells, is essential for maintaining the integrity of mucosal
surfaces (Chew and Park 2004). Deficiency of vitamin A increases host susceptibility to
enteric diseases like coccidiosis (Chew 1995; Dalloul et al. 2002). Indeed, vitamin
A deficiency impaired the local immune defenses within the gut lymphoid tissues of broiler
chickens (Dalloul et al. 2002). This effect was best characterized by a reduction in
intraepithelial lymphocyte (IEL) subpopulations, mainly CD4* T cells. Alteration in the IEL
subpopulations caused by lack of vitamin A lowered the ability of broilers to resist
E. acervulina infection, resulting in greater oocyst shedding. Furthermore, vitamin
A deficiency affected the systemic immune system by reducing the ability of splenic
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T lymphocytes to respond to in vitro mitogen stimulation and also resulted in lower
IFN-y secretion (Dalloul et al. 2002). In fact dietary vitamin A levels can affect gut
immunity in broiler chickens, and its deficiency can cause immunosuppression at those sites
and result in increased susceptibilty to coccidiosis.

Betaine

Betaine is another dietary supplement, a naturally occurring amino acid derivative, that
has been investigated as potential enhancing agent against coccidiosis. Klasing et al.
(2002) reported an increase in duodenal IELs of E. acervulina-infected chickens as well as
an improved functionality of phagocytes. Other studies have shown differential effect on the
rate of body weight gain in chickens infected with different Eimeria species, where it was
effective only during E. maxima infection but not during E. acervulina or E. tenella
(Fetterer et al. 2003) infections. When given to salinomycin-treated chickens, betaine
significantly reduced invasion by E. acervulina and E. tenella as compared with invasion in
chickens on salinomycin or betaine alone (Allen et al. 1998).

Probiotics enhance gut defensive mechanisms

It is known that the gut microflora constitutes an important component of these first lines
of defence in both humans and animals. Probiotic supplementation of the intestinal
microflora has been shown to enhance gut defensive mechanisms in poultry (La Ragione
et al. 2004). The development and use of probiotics for animals, including poultry, is based
on the knowledge that the gut flora is involved in resistance to enteric infections where it has
been shown to be involved in protection against a variety of pathogens, including
Escherichia coli (Chateau et al. 1993; La Ragione et al. 2004), Salmonella spp. (La
Ragione etal. 2004; Stern etal. 2001), Campylobacter jejuni (Hakkinen and Schneitz
1999; Stern et al. 2001), and, more recently, Eimeria spp. (Dalloul et al. 2003ab).
Therefore, feeding probiotics to animals to maintain a good balance of intestinal microflora
could prove effective in the prevention and therapy of such enteric infections by possible
modulation of the mucosal immune system and enhancing the host’s resistance to enteric
pathogens.

Several studies have demonstrated that a Lactobacillus-based probiotic stimulated the
local immune system of the broiler chickens and improved resistance to E. acervulina
(Dalloul etal. 2003ab; Lillehoj etal. 2003). The studies involved supplementing broiler
chicken diet with a commercial probiotic followed by E. acervulina infection. Both local
(intestinal) and systemic (serum) immune responses were then assessed by measuring
cytokines (namely, IFN-yand IL-2), antibodies, weight gain, and oocyst shedding (Dalloul
et al. 2003b). Upon examinig the effects of feeding the probitic on the IEL subpopulations
and protection against coccidiosis, a significant increase in IEL T Ilymphocyte
subpopulations expressing the surface markers CD3, CD4, CD8, and o/B-T cell receptor was
observed in probiotic-fed birds. Upon cytokine and antibody levels in sera and intestinal
secretions, the probiotic-fed chickens showed a significantly higher IFN-yand IL-2 at 3 days
post infection, which was much earlier than shown by control birds (Dalloul and Lillehoj
2005). These authors reported that probiotic-fed chickens shed fewer oocysts than did
chickens without probiotics, even in vitamin A deficient birds, thus confirming improved
resistance to coccidiosis in chickens fed probiotic supplement.

CpG oligodeoxynucleotides (ODNs)

The short ODNs containig unmethylated CpG motifs have been shown to be effective
immunoprotective agents in mammalian models by inducing both innate and adaptive
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immune responses (Krieg 2002). Recently, CpG ODNs were reported to have both in vitro
and in vivo immunostimulatory effects in domestic animals, including chickens (Dalloul
etal.2004; Gomis etal. 2003; He etal. 2003; Mutwiri etal. 2003; Vleugels etal. 2002).
In mammalian systems, bacterial DNA displays impressive immunomodulatory action that
influences DNA vaccination (Gurunathan et al. 2000; Klinman et al. 2004).

Since its initial discovery (Krieg et al. 1995), ODNs have shown to play a role in host
defense, both by stimulating T cells and by inducing cytokines or enhancing innate
immunity (Klinman 2004). Dalloul et al. (2004), Xie et al. (2003) recently identified
CpG sequences that activate chicken innate immunity and enhance protective immune
response against Salmonella spp. and coccidia. One of the ODNs, CpG 2006, had strong
stimulatory effects on chicken macrophages as demonstrated by increased proinflammatory
cytokine IL-6 secretion, enhanced nitric oxide release, upregulated cell surface marker
expression, and increased intracellular bacterial killing (Xie et al. 2003). In vivo trials were
demonstrated to investigate the immunomodulatory effects of CpG ODNs on disease
susceptibility in E. acervulina-infected chickens, SC and TK, two genetic chicken lines with
different immune responses to Eimeria infection: Tk is more susceptible than SC. The
results showed a CpG effect on body weight gain in both SC and TK chickens but an oocyst
shedding effect in TK chickens (Dalloul et al. 2004). Only CpG ODN with
a phosphorothioate backbone (S-CpG ODN) reduced the number of oocysts shed by TK
chickens but not in SC chickens. In previous work, reduced oocyst shedding in TK birds was
observed with intravenous CpG ODN injection. However no clear correlation was found
between weight gains and oocyst shedding. Enzyme linked immunosorbent assay results
showed higher antibody response in SC chickens injected with the S-CpG ODN. In contrast,
no such effect was found in TK birds despite the reduced shedding of oocysts.

Mechanismy kontroly kokcidiozy driibezZe a jejich perspektivy

Dlouhodobé byla prevence kokcidiézy ve vykrmu brojlerdi zaloZena pievazné€ na
pouzivéni antikokcidik a vyznamné ovlivnila rozvoj dribeZnictvi. Také vakcinace driibeZe
Zivymi vakcinami pfispéla ke kontrole kokcidiézy. Podle vlastnosti pouZitého druhu
kokcidii rodu Eimeria rozliSujeme tii zdkladni skupiny Zivych vakcin: vakciny obsahujici
virulentni kmeny kokcidii, vakciny s atenuovanymi kmeny kokcidii, vakciny obsahujici
zivé kmeny s relativni toleranci k ionoforovym antikokcidikiim a subjednotkové vakciny.
Vzristajici problém rezistence kokcidii rodu Eimeria na pouZivana antikokcidika vedl
k rozvoji vyzkumu alternativnich zpiisobt kontroly kokcidiézy na zaklad€ novych poznatki
v imunomodulaci, vyuZiti 1éCiv rostlinného piivodu a novych Zivych a rekombinantnich
vakcin. Tento ¢ldnek podava piehled o vySe uvedenych metodich kontroly kokcidiozy
driibeZe.
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