Chapter 77

Efficacy of Vaccination against Eimeria spp. in poultry

Thus, it is clear that vaccination against avian
eimeriosis has an important role in maintaining
biosafety and productivity in poultry breeding, since
Gilberto Chiantelli Ferreira in addition to providing the immunization of animals,
it helps in increasing the therapeutic efficiency of
anticoccidial drugs. In this study, we investigated the
effectiveness of vaccination against eimeriosis in
broiler birds. In total, 589 articles were compiled in
research databases and scientific publications. As a
filter to avoid duplication between works, 62 articles
were obtained. Of these, in only five did we observe a
very high degree of recommendation for the use of
DNA vaccination, which was considered more
ABSTRACT effective in preventing eimeriosis, with a lower degree
of side effects.
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Eimeriosis represents a considerable challenge faced
by the global poultry industry due to the damage it
causes. Three species of Eimeria in chickens, in this
case, E. acervulina, E.max and E. tenella have the
potential to affect the occurrence and extent of
resistance to anticoccidial drugs and future vaccines.
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1 INTRODUCTION

Protozoa of the phylum Apicomplexa of the genus Eimeria infect cells of the intestinal epithelium
of many hosts (Kim et al., 2013) and the disease is called eimeriosis (Fatoba & Adeleke, 2018). For the
poultry industry, it is a major commercial problem (Sharman, Smith, Wallach, & Katrib, 2010) and for
many years, means of disease prevention and control have been used, in addition to prophylactic actions
with specific anticoccidial drugs (Noack, Chapman , & Selzer, 2019).

Brazil produced 13 thousand tons of chicken meat in 2020, according to the Brazilian Association
of Animal Protein (ABPA, 2021), of which 31% was destined for exports and 69% for the domestic market.
Exports generated an income of US$ 4.23 million for the Brazilian agroindustry, showing an increase of
3% since the last drop in exports that occurred in 2018. did not affect economic growth. In relation to the
world market, Brazil occupies the third place, the first position was occupied by the United States of
America, with 20.24 thousand tons followed by China with 14.60 thousand tons in 2020 (EMBRAPA,
2020).

The world chicken herd is estimated at approximately 21 billion and approximately 90 billion

kilograms of meat and chickens producing 1.1 trillion eggs each year worldwide (www.fao.org/faostat/en).
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Infection by Eimeria spp. causes death and low productivity including inefficient feed utilization, poor
weight gain and reduced egg production of infected hens (Shirley MW, Lillehoj HS. 2012). Large-scale,
long-term use of anticoccidial drugs has been effective in controlling coccidiosis for decades, but this has
led to the inevitable development of parasite resistance to almost all anticoccidial drugs, as well as concerns
about drug residues in poultry meat. when a period of drug withdrawal is not strictly observed (Peek HW,
Landman WJIM. 2011). In lieu of drug control, vaccination with virulent (e.g. Coccivac and Immucox) or
attenuated (e.g. Paracox and Livacox) vaccines is one of the most efficient methods for protecting breeder
and layer flocks against infection by Eimeria, and vaccination is low risk to public health (Chapman HD,
Barta JR, Blake D, Gruber A, Jenkins M, Smith NC, Suo X, Tomley FM. 2013).

Immunization is a practical alternative to chemotherapy for controlling coccidiosis. However, most
current commercial vaccines consisting of live attenuated or non-attenuated coccidian oocysts are
expensive and difficult to manufacture on a large scale. In addition, live vaccines carry a risk of vaccine
pathogenicity, potential reversion to virulence, and outbreak of coccidiosis (Del Cacho et al., 2016;
Williams, 2002).

The most common species described in the literature that affect birds are Eimeria acervulina,
Eimeria maxima, Eimeria necatrix, Eimeria tenella and Eimeria brunetti. These species can cause intestinal
lesions that consequently result in reduced weight gain and mortality (McDonald & Shirley, 2009). The use
of drugs as a tool for controlling coccidia was the main strategy used over the years, also recognizing the
existence of resistance to commonly used drugs (Williams, 2002). In addition, the consequences of using
these drugs along the food chain are of concern, as residues are detected in food (Clark et al., 2012).

Immunization in broilers against coccidiosis infection can be provoked by the ingestion of coccidian
oocysts of the genus Eimeria (Gazoni et al., 2020) and commercial vaccines against Eimeria have been
available since the 1950s (Blake, Pastor-Fernandez, Nolan, & Tomley, 2017). However, in recent years,
the poultry industry has relied mainly on anticoccidial drugs (Price & Barta, 2010) and synthetic chemicals
(Peek & Landman, 2011), to control this parasitic disease. In view of the greater resistance of Eimeriosis
to anticoccidial drugs (Chang, Yang, Muthamilselvan, & Yang, 2016) and the growing consumer demand
for animals raised free of antibiotics, vaccines against coccidiosis are increasingly used in the poultry
industries (M. Song et al., 2020).

DNA vaccines have been suggested as a promising alternative strategy against coccidiosis without
the disadvantages associated with chemoprophylaxis and live vaccines (Blake and Tomley, 2014; Pereira
et al., 2014; Song et al., 2015). The immunization procedure of the DNA vaccine encoding the Eimeria
protein inducing effective protection has been studied (Xu et al., 2008). A practical vaccine against
coccidiosis should provide stable protection across different flocks, as well as lasting protection covering

the entire production cycle of chickens.
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Vaccines are undoubtedly the best and most efficient alternative for immunization, but their high
cost makes their use difficult in broiler chicken creations in Brazil. In this literature review, we investigated

the efficacy of vaccination against eimeriosis in broiler chickens.

2 MATERIAL AND METHODS
Bibliographic search in databases

A systematic review of the literature on the Regional Portal of the VHL, Pubmed, Virtual Library
of CAPES and Google Scholar was carried out, using some filters such as the period of publication between
2015 and 2020 and standardized keywords to index the research: Eimeria, Vaccination and Chicken.
Obtaining the articles included the English and Portuguese languages, published in the last five years and
excluding review studies and duplicate texts. The pre-selection was initially performed by analyzing the
titles relevant to the purpose of the review, reading the abstract and, subsequently, being selected by reading
the full text.

The selected articles were evaluated by the authors according to the criteria of the Oxford Center
for Evidence-Based Medicine (MBE) and thus, the maximum (1) and minimum (5) level of evidence was

considered.

Classification of Article studies

A value called the quality score (0-5) for randomized studies, publications with a value > 3 being
considered of good quality (Jadad et al., 1996). The degree of recommendation of the vaccinations applied
in each article is classified as A, B, C and D, with grade A being good evidence to support the
recommendation, grade B reasonable evidence and grade C insufficient evidence (against or in favor), the
grade D discarded the recommendation (Burns, Rohrich, & Chung, 2015).

The variables of interest were: type of study, level of evidence, point on the Jadad scale, evaluation
of the clinical trial, the amount of specimen treated and the percentage of broilers with more than 50%
improvement and side effects.

In total there were 589 articles, searched in the regional Portal of the VHL, Pubmed, virtual library
of CAPES and Scielo, which resulted in 98,104, 384 and three articles respectively. The Mendeley tool was
used and a total of 62 articles were obtained, filtering duplicity between works. After that, the types of
vaccine were verified, the relevance of the articles referring to the filters and if the articles reported the tests

of a new vaccine, as well as their resistance and their respective efficacy.

3 RESULTS AND DISCUSSION
The results were shown in two tables. Table 1 refers to the summary of studies on the efficacy of
vaccination against eimeriosis in birds and Table 2 refers to the level of evidence and degree of

recommendation on the vaccinations used.
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Table 1. Compilation of studies on the efficacy of vaccination in chickens against eimeriosis, according to the scale JADDAD
et al., 1996.

References Sakamoto et al. (2014) Liuetal. (2018) Linetal (2017) Song et al. (2017)

Kind of study Série de casos Série de casos Série de casos Série de casos
Escala JADDAD et

al., 1996) 3 2 3 2
Disease Eimeriose Eimeriose Eimeriose Eimeriose
Type of Vacinacio Vacinacio Vacinacio Vacinacio
vaccine??

Total Vaccinated 30 30 20 277?
Patients

Side effects * * * *
Conclusion Eficaz Eficaz Eficaz Eficaz

Tabela 2. Nivel de evidéncia e grau de recomendacgdo da vacinacdo em Aves com eimeriose.

Variable Results
Disease Emeriose
Treatment Vaccination
Number of studies 5
Level of evidence A
Grade of recommendation I

From 2014 to 2020, nine articles were selected and none of them obtained an evidence level above
4 (Burns et al., 2015), relying only on case series, case reports and in vivo experimental studies (Tables 1
and 2020). two). This shows that there is a lack of more reliable studies on this subject. However, in all
articles it was found that vaccination or the method of immunization against eimeriosis is mostly effective
against E.tenella, E. maxima and E. acervulina, and therefore, for the control of this disease, which
generated a degree of recommendation level 1 of the selected articles, as shown in Table 2.

The vaccine with the Em14-3-3 antigen can notably lessen jejunal lesions and body weight loss,
with a reduction in the elimination rate of protozoan oocysts, as well as producing an anticoccidial index.
In the test of the groups immunized with the antigen Em14-3-3 and pVAX1-14-3-3, when compared to the
negative controls (P <0.05), it demonstrated that it could be used as a promising candidate against the
antigen of E. maxima (Wang et al., 2017).

In a comparative investigation of the effect of isolated glutamine, and associated with acidic
glutamine and yeast along with vaccination against coccidiosis, the performance and morphometry of the
small intestine of broiler chickens was observed, and it was found that the group fed with glutamine
presented better recovery of intestinal mucosal epithelial losses compared to controls (Sakamoto, Faria,
Nakagi, & Murakami, 2014). Thus, it was noted that this type of feed supplementation can be a strategy to
improve the development of chickens subjected to vaccine stress (Liu et al., 2018).

Molecular cloning, purification and vaccination efficacy showed a new vaccine candidate for
eimeriosis in broiler chickens, elongation factor-1a (EF-1a). With two subcutaneous immunizations one
week apart with recombinant EF-1a protein expressed by E. coli (r) EF-1a plasmid and evaluated for
protection against infections caused by E. tenella or E. maxima. Chickens vaccinated with rEF-1a exhibited

increased body weight gain, lower production of fecal oocysts, and higher serum levels of anti-EF-1a
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antibodies after challenge infection with E. tenella or E. maxima compared to non-immunized controls.
Thus, EF-1a vaccination may represent a new approach to induce cross-protective immunity against avian
coccidiosis (Lin et al., 2017).

The Pvax1.0-ta4-yl-2 DNA vaccine was intramuscularly inoculated into two-week-old chickens in
order to investigate the duration of their immune protection and showed potential to be developed as an

effective vaccine against coccidiosis in general (X. Song, Zhao, Xu, Yan, & Li, 2017).

4 CONCLUSION
Through meta-analysis of multiple controlled studies analyzed in this work, we conclude that DNA
vaccination is considered more effective in preventing eimeriosis in broiler chickens, with a lower degree

of side effects.
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