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Original Article
Molecular Detection of Eimeria zaria in Iran: Targeting 
the ITS-2 Gene in Broiler Chicken Fecal Samples

Background: Three newly identified Eimeria species (Eimeria lata, Eimeria nagambie, 
and Eimeria zaria) were first discovered in Australia. Initially recognized as unidentified 
genotypes (operational taxonomic units X, Y, and Z), these species have since been detected 
across multiple continents. Genomic analyses confirmed their distinction from classical 
Eimeria species, leading to their formal classification in 2021. Accurate characterization of 
these cryptic species requires advanced molecular tools and isolation of pure strains.

Objectives: Currently, controlling chicken coccidiosis continues to rely largely on 
vaccination and the use of anticoccidial medications. Since these drugs target Eimeria species 
differently and rarely provide similar effectiveness, and typically there is no cross-protection, 
accurate identification of regional species and strains is vital for selecting the right vaccines 
and treatments.

Methods: Fecal samples from 8 broiler farms in Mazandaran Province, Iran, were collected 
and confirmed to contain Eimeria microscopically. DNA was extracted from pooled oocysts 
of each farm, and species-specific polymerase chain reaction (PCR) targeting the internal 
transcribed spacer 2 gene was performed using designated primers. 

Results: E.lata and E. nagambie were not detected, but E. zaria was detected in two farms 
from Sari and Behshahr cities.

Conclusion: The samples were selectively collected from Mazandaran Province in northern 
Iran, a region known for its dense poultry production and humid climate, leading to high 
coccidiosis prevalence. This area’s significant role in the poultry industry makes it important 
for studying less-characterized Eimeria species. The findings reported in this study suggest 
the circulation of E. zaria, along with possibly two other species, in the region, emphasizing 
the need to revise Eimeria taxonomy and further investigate species diversity. 
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Introduction

occidiosis is one of the most etrimen-
tal parasitic diseases in poultry farming, 
caused by intracellular protozoa of the ge-
nus Eimeria (Schoch et al., 2020). Despite 
significant advances in diagnosis, control, 

and treatment, it remains one of the most harmful poultry 
diseases worldwide, with young birds being particularly 
susceptible. Depending on several determinants, includ-
ing the species of Eimeria, the host’s immune status, and 
environmental conditions, the clinical outcomes may 
range from asymptomatic cases to reduced productivity 
and high mortality due to severe intestinal tissue destruc-
tion (Blake et al., 2020; Swayne, 2020).

Seven species of Eimeria have been identified world-
wide, with their morphological and biological character-
istics, as well as nucleotide sequences, well-document-
ed. Eimeria praecox and Eimeria mitis exhibit the lowest 
pathogenicity and often subclinically impair productiv-
ity. Eimeria acervulina and Eimeria maxima exhibit 
higher pathogenicity and are more commonly associated 
with clinical symptoms. The most severe lesions, fre-
quently appearing as hemorrhages in the small intestine 
and ceca, are associated with Eimeria necatrix, Eimeria 
brunetti, and Eimeria tenella. These species differ in 
oocyst morphology, lesion location and appearance, the 
size of developmental stages within tissues, minimum 
prepatent periods, and immunogenicity. However, cer-
tain overlaps in these features can be misleading when 
relying on traditional criteria (Johnson & Reid, 1970; 
Swayne, 2020; Mesa-Pineda et al., 2021). 

Two isolates, Eimeria mivati and Eimeria hagani, are 
sometimes referred to as the eighth and ninth chicken 
Eimeria species. However, supporting evidence for this 
classification is insufficient (Chapman, 2003; Vrba et al., 
2011). The discovery and identification of three new Ei-
meria species, known to cause chicken coccidiosis, was 
prompted by reports of high mortality among breeder 
chickens on an Australian farm. In 2007, Morris et al. 
detected three unknown genotypes that did not match 
any previously known isolates. These genotypes were 
subsequently termed as operational taxonomic units 
(OTUs) X, Y, and Z (Morris et al., 2007). Surveys have 
confirmed the presence of these genotypes in Africa, 
North America, South America, and Asia (Fornace et al., 
2013; Clark et al., 2016; Hauck et al., 2019; Jaramillo-
Ortiz et al., 2023). Complementary studies using more 
precise methods such as next-generation sequencing 
and mitochondrial genome analysis have revealed sig-
nificant genomic differences between these isolates and 

the classical Eimeria species (Godwin & Morgan, 2014; 
Hinsu et al., 2018; Hauck et al., 2019; Soares Júnior et 
al., 2023). In 2021, these isolates were formally named 
Eimeria lata (OTU-X), Eimeria nagambie (OTU-Y), 
and Eimeria zaria (OTU-Z) (Blake et al., 2021). These 
species exhibit distinct biological characteristics; how-
ever, information on their epidemiology, pathogenesis, 
and response to vaccination remains limited (Blake et 
al., 2021). Accurate detection and comprehensive insight 
into these cryptic species depend on precise molecular 
techniques and the isolation of pure isolates.

Although alternative or complementary strategies, 
such as the use of phytogenic additives, have shown 
promising results in recent years, the control of coccid-
iosis primarily relies on the use of anticoccidial drugs 
and immunization via trickle infection and or vaccina-
tion (Swayne, 2020; Ebrahimi, 2023). Anticoccidial 
drugs possess unique mechanisms of action, and nearly 
none are equally effective against all Eimeria species 
(Swayne, 2020). Furthermore, cross-protection among 
species is minimal (Rose & Long, 1962). Therefore, the 
identification of field and regional isolates is crucial for 
the development and selection of appropriate drugs and 
vaccines. This study aimed to detect and identify the 
presence of newly classified Eimeria species in broiler 
farms in northern Iran using ITS-2-based polymerase 
chain reaction (PCR) analysis.

Materials and Methods

Fecal sample collection

Fecal samples were collected from 8 Eimeria-positive 
commercial broiler farms located in Mazandaran Prov-
ince, Iran. Sampling was conducted using 50 mL poly-
propylene tubes, following the methodology described 
previously (Kumar et al., 2014). Each tube was initially 
filled with 5 mL of a 2% (w/v) potassium dichromate 
solution. Starting from one corner of the poultry house, 
a ‘W’ shaped path was followed across the length of the 
facility to cover the entire area and minimize sampling 
bias systematically. Along this path, fresh fecal mate-
rial was collected every 2 to 5 steps, continuing until the 
tube reached the 10-mL mark. Depending on the size and 
capacity of each farm, between 3 and 5 tubes were col-
lected per site. The tubes were then vigorously shaken to 
ensure thorough homogenization of the contents. Subse-
quently, the samples were transported to the laboratory 
and stored at 4 °C until further analysis.

C
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Oocysts isolation and DNA extraction

Following microscopic confirmation of Eimeria presence 
in the samples, oocysts from each tube were pelleted ac-
cording to the procedure described by Kumar et al. (2014). 
Subsequently, all oocysts collected from separate tubes of 
the same farm were pooled and stored in 2 mL microtubes 
containing 2% (w/v) potassium dichromate solution at 4 °C. 
For DNA extraction, the method described by Jaramillo-
Ortiz et al. (2023) was applied with slight modifications to 
accommodate available materials. A 200 µL aliquot of the 
original sample was transferred to a new microtube, and 
the oocysts were pelleted by centrifugation (~6000×g, 1 
min) (Sigma Zentrifugen, Germany). The pellet was then 
resuspended in 2 mL of triple-distilled water, followed by 
centrifugation (~6000×g, 1 min) after each wash to remove 
residual potassium dichromate. The resulting pellet was 
suspended in 200 µL of distilled water, and approximately 
200 mg of glass beads (0.5 to 1 mm diameter) were added to 
the microtube. Using the maximum speed on the beadbeater 
(brand not recorded), the tube contents were shaken for 3 
minutes to disrupt the oocyst physically. The subsequent 
steps were carried out following the DNA extraction kit for 
stool samples protocol (MBST, 2025).

Eimeria species-specific PCR

Each reaction consisted of 1 µL of genomic DNA tem-
plate, 20 pmol of forward and reverse primers (Table 
1), and Taq 2x Master Mix (Ampliqon, Denmark), with 
molecular-grade water added to bring the total volume 
to 25 µL. The amplification steps were performed using 
a thermal cycler (SensoQuest GmbH, Germany), start-
ing with an initial denaturation at 94 °C for 5 minutes, 
followed by 30 cycles of denaturation at 94 °C for 30 s, 
annealing at the variable temperature shown in Table 1 
for 30 seconds, and extension at 72 °C for 1 minute. A 
final extension was performed at 72 °C for 10 min. PCR 
product sizes were checked by running samples on a 2% 

(w/v) agarose gel (Dena Zist Asia, Iran) prepared in 1x 
Tris-borate-EDTA (TBE) buffer, containing 0.01% (v/v) 
Safe Stain (YTA, Iran). Visualization was done using a 
KIACCD Gel Documentation System (Kiagene, Iran).

Results 

Among the identified species, E. lata and E. nagambie 
were not detected using the applied method. In contrast, 
a clear band at the expected size of 147 bp confirmed the 
presence of E. zaria in two farms (Figure 1). Positive sam-
ples were obtained from two farms located in the cities of 
Sari and Behshahr, situated in the central and eastern parts 
of Mazandaran Province, respectively (Figure 2).

Discussion

Despite a history of vaccination, persistent coccidiosis 
and increased mortality in a broiler-breeder farm in Vic-
toria, Australia, prompted Morris et al. (2007) to con-
duct a molecular investigation of the causative protozoa. 
The primers used in this study targeted the internal tran-
scribed spacer 2 (ITS-2) region of the ribosomal DNA 
specific to the family Eimeriidae and the genus Eimeria. 
Analysis of the capillary electrophoresis profiles of PCR 
products consistently revealed two patterns, pX and pY, 
that did not correspond to any of the 7 previously recog-
nized species. Additionally, based on the authors’ earlier 
work, another distinct genotype had also been identified. 
This 2007 study marked the first report of the presence 
of isolates with significant genomic divergence, later 
designated as OTU-X, OTU-Y, and OTU-Z (Morris et 
al., 2007). By sequencing the amplicons amplified us-
ing the specific primers from the study mentioned above, 
Cantacessi et al. (2008) identified 3, 3, and 4 distinct se-
quences of varying lengths corresponding to OTU-X, 
OTU-Y, and OTU-Z, respectively. The first investigation 
of Eimeria species diversity in chickens outside Austra-
lia, including the three cryptic genotypes, was conducted 

Table 1. Parameters of species-specific primers used for detecting 3 newly identified Eimeria species

Target Species Target Gene Primer 
Name Sequence (5′ - 3′) Annealing 

(°C)
Amplicon 
Size (bp) Ref.

E. lata E. lata ITS-2
OTU-Xf2 GGGTAGAGCCAGGGGTAGAG

58 1018 Blake et 
al. (2021)OTU-Xr2 CGTAGTCCCAAGTGCCAACT

E. nagambie E. nagambie ITS-2
OTU-Yf1 CAAGAAGTACACTACCACAGCATG

56 346

Fornace et 
al. (2013)

OTU-Yr1 ACTGATTTCAGGTCTAAAACGAAT

E. zaria E. zaria ITS-2
OTU-Zf1 TATAGTTTCTTTTGCGCGTTGC

58 147
OTU-Zr1 CATATCTCTTTCATGAACGAAAGG
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by Fornace et al. (2013). Their study of samples from 
Africa revealed the presence of OTU-X and OTU-Z in 
small-scale poultry farms in Ghana, Tanzania, and Zam-
bia. In 2014, Godwin and Morgan (2014), while devel-
oping a new molecular method for the identification of 
the seven recognized Eimeria species along with the 
three OTUs, detected and identified OTU-X, OTU-Y, 
and OTU-Z in Australia. Subsequently, they expanded 
their research on a larger scale to investigate the diver-
sity and prevalence of these parasites. They once again 
confirmed the presence of the three cryptic genotypes in 
both industrial and backyard poultry flocks of Australia 
(Godwin & Morgan, 2015). In 2016, Jatau et al. (2016) 
examined samples from 12 chicken farms in the vicinity 
of Zaria, Nigeria. In addition to reporting the first de-
tection of OTU-Z outside Australia, they also identified 
OTU-X and OTU-Y in the Nigerian poultry population. 
The first molecular survey of Eimeria species diver-
sity in chickens, considering three new genotypes with 
a global distribution, revealed the presence of OTU-X 
and OTU-Z in Ghana, Tanzania, Nigeria, Uganda, Zam-
bia, India, and Venezuela, as well as OTU-Y in Nigeria. 

Despite the number and geographic extent of sampling, 
none of these genotypes had been documented in the 
Northern Hemisphere at that time (Clark et al., 2016). 
Subsequently, OTU-Y and OTU-Z were documented in 
India (Hinsu et al., 2018). In 2019, Hauk et al. (2019) 
reported the presence of OTU-X, OTU-Y, and OTU-Z in 
chicken production farms in the United States, marking 
the first record of these genotypes in the Northern Hemi-
sphere. Although previous detections were conducted 
outside this region, our study provides new regional data 
by identifying E. zaria in two Iranian broiler farms.

In 2021, Blake et al. published data demonstrating 
that the OTUs possess sufficient genetic and biologi-
cal differences to be considered distinct species. They 
proposed the name E. lata for OTU-X, due to its wid-
er oocyst. OTU-Y and OTU-Z were designated as E. 
nagambie and E. zaria, respectively, based on their lo-
cations of isolation Blake et al. (2021). Soares Junior et 
al. (2023) reported the presence of E. lata, E. nagambie, 
and E. zaria in alternative poultry production systems in 
Brazil. There was no evidence suggesting the existence 

Figure 1. Detection of the 147 bp target amplicon using primers OTU-Zf1 and OTU-Zr1

Note: Lanes: 1 and 10, 0.1-10 kb ladder (SMOBIO, Taiwan); 2, negative control (distilled water); 3 and 5-8, negative samples; 4 
and 9, positive samples for E. zaria.
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of a new chicken Eimeria species in Europe until 2023. 
In the same year, Jaramillo Ortiz et al., (20023) inves-
tigated the presence of these species in poultry farms 
with fewer than 10000 chickens across Europe. Using 
species-specific primers targeting the ITS-2 gene, they 
identified E. zaria in two samples from Italy and Greece 
(Jaramillo-Ortiz et al., 2023). The origins and determi-
nants driving the spread of these species are not yet fully 
understood; however, a combination of global trade and 
transportation of poultry and their products, the move-
ment of wild birds, and genetic recombination among 
different isolates has been proposed (Clark et al., 2016; 
Jaramillo-Ortiz et al., 2023).

Given the insufficient and incomplete data on morpho-
logical and biological characteristics for species differ-
entiation based on macroscopic and microscopic obser-
vations, the detection of new strains of chicken Eimeria 
has relied primarily on molecular techniques, which 
often offer greater sensitivity and specificity (Blake 
et al., 2021; Soares Júnior et al., 2023). Identification 
of nucleotide sequences such as ITS-1 (Fornace et al., 
2013; Clark et al., 2016; Jatau et al., 2016; Soares Júnior 
et al., 2023), 18S rRNA (Hinsu et al., 2018; Hauck et al., 
2019; Blake et al., 2021; Soares Júnior et al., 2023), and 
5S rRNA (Blake et al., 2006; Fornace et al., 2013; Clark 
et al., 2016) genes is often combined with microscopic 
examination of oocysts to screen for the presence of Ei-

meria parasites. For species differentiation, sequences 
of ITS-2 (Morris et al., 2007; Cantacessi et al., 2008; 
Fornace et al., 2013; Godwin & Morgan, 2014; Clark et 
al., 2016; Jatau et al., 2016; Hauck et al., 2019; Blake et 
al., 2021; Jaramillo-Ortiz et al., 2023; Soares Júnior et 
al., 2023), cytochrome c oxidase I (Hauck et al., 2019; 
Blake et al., 2021; Jaramillo-Ortiz et al., 2023), and se-
quence characterized amplified region (Fornace et al., 
2013; Clark et al., 2016; Hinsu et al., 2018; Jaramillo-
Ortiz et al., 2023) markers are commonly used. Screen-
ing Eimeria-positive samples is particularly important 
because most molecular identification methods require 
multiple reactions and incur high costs per sample 
(Godwin & Morgan, 2014). Another limitation con-
cerns the detection threshold: Under ideal conditions, 
the minimum DNA amount required for amplification 
of the ITS-2 gene and detection on an agarose gel is ap-
proximately 5 to 10 pg, corresponding to about 5 to 50 
oocysts (Woods et al., 2000). 

Information regarding the efficacy of existing drugs, 
vaccine escape by these genotypes, and the impact of 
challenge trials on chicks remains limited. Although 
anticoccidial medications appear to have satisfactory ef-
ficacy, commercial vaccines may only partially reduce 
the replication of certain elusive isolates, without fully 
preventing their proliferation or clinical manifestations 
(Hauck et al., 2019; Blake et al., 2021). Conducting such 

Figure 2. Approximate locations of the sampled farms

Note: Green markers indicate farms positive for E. zaria; red markers indicate farms with negative results.
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studies is challenging without access to pure isolates, 
morphometric and pathological evaluations, as well as 
long nucleotide sequence data. Cellular immunity, as a 
critical component of adaptive immunity, plays a more 
significant role than humoral immunity in protecting 
birds against coccidiosis (Kim et al., 2019). T cells are 
central to this protective response; however, their im-
munity induced by exposure to a single Eimeria species 
often provides limited or no cross-protection against het-
erologous species (Rose & Long, 1962; Joyner, 1969; 
Blake et al., 2011). This strict specificity is sometimes 
observed even among different strains within the same 
species, which explains why many commercial vac-
cines include multiple strains of E. maxima (Joyner, 
1969; Blake et al., 2011; Soutter et al., 2020). Ideally, 
local and regionally circulating strains should be pri-
oritized for research and vaccine development (Soutter 
et al., 2020). This result underscores the importance of 
continuously evaluating species diversity and searching 
for novel Eimeria species in poultry, a task that currently 
seems unlikely without the use of molecular methods. 
Our findings support this view, demonstrating the util-
ity of ITS-2–based PCR in detecting under-recognized 
Eimeria species such as E. zaria in high-risk regions.

Conclusion

The evaluated samples were non-randomly collected 
from the Mazandaran Province in northern Iran. This 
province, due to its high poultry production density and 
humid, temperate climate, shows a high prevalence of 
coccidiosis among commercial poultry populations. An 
additional rationale for selecting this region was the high 
density of poultry operations belonging to the upper tiers 
of the broiler and layer production pyramid, which signif-
icantly contribute to the country’s economy and food se-
curity. These characteristics make the region a strategic 
priority for investigating the presence of less-character-
ized and recently described Eimeria species. The present 
study is the first detection of E. zaria in Iran, suggesting 
the possible circulation of this species, potentially along 
with the other two, E. lata and E. nagambie, in Iran and 
the Middle East. These findings highlight the need for 
a revision of current taxonomic frameworks and further 
investigations into the species diversity of chicken Eime-
ria in this region.

Ethical Considerations

Compliance with ethical guidelines

There were no ethical considerations to be considered 
in this research.

Funding

This research received no specific grant from any 
funding agency in the public, commercial, or not-for-
profit sectors.

Authors' contributions

Conceptualization, supervision, funding acquisi-
tion and resources: Jamshid Razmyar; Data collection: 
Amirhossein Sharifi_Moghadam and Amin Riahi; Inves-
tigation, methodology and writing: Jamshid Razmyar, 
Amirhossein Sharifi_Moghadam, and Azam Yazdani; 
Data analysis: All authors.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors would like to express their sincere grati-
tude to the SANA Institute for Avian Health and Dis-
eases Research, Tehran, Iran, for their dedicated support 
in sample collection, technical consultation, and partial 
provision of the materials used in this study.

References

Blake, D. P., Billington, K. J., Copestake, S. L., Oakes, R. D., 
Quail, M. A., & Wan, K. L., et al. (2011). Genetic mapping 
identifies novel highly protective antigens for an apicompl-
exan parasite. PLoS Pathogens, 7(2), e1001279. [DOI:10.1371/
journal.ppat.1001279] [PMID] 

Blake, D. P., Hesketh, P., Archer, A., Shirley, M. W., & Smith, 
A. L. (2006). Eimeria maxima: The influence of host genotype 
on parasite reproduction as revealed by quantitative real-
time PCR. International Journal for Parasitology, 36(1), 97–105.
[DOI:10.1016/j.ijpara.2005.09.011] [PMID]

Blake, D. P., Knox, J., Dehaeck, B., Huntington, B., Rathinam, T., 
& Ravipati, V., et al. (2020). Re-calculating the cost of coccidi-
osis in chickens. Veterinary Research, 51(1), 115. [DOI:10.1186/
s13567-020-00837-2] [PMID] 

Blake, D. P., Vrba, V., Xia, D., Jatau, I. D., Spiro, S., & Nolan, 
M. J., et al. (2021). Genetic and biological characterisation of 
three cryptic Eimeria operational taxonomic units that infect 
chickens (Gallus gallus domesticus). International Journal for 
Parasitology, 51(8), 621–634. [DOI:10.1016/j.ijpara.2020.12.004] 
[PMID] 

Cantacessi, C., Riddell, S., Morris, G. M., Doran, T., Woods, W. 
G., & Otranto, D., et al. (2008). Genetic characterization of three 
unique operational taxonomic units of Eimeria from chick-
ens in Australia based on nuclear spacer ribosomal DNA. 
Veterinary Parasitology, 152(3-4), 226–234. [DOI:10.1016/j.vet-
par.2007.12.028] [PMID]

https://ijvm.ut.ac.ir/
https://sahdri.com/en
https://sahdri.com/en
https://doi.org/10.1371/journal.ppat.1001279
https://pubmed.ncbi.nlm.nih.gov/21347348/
https://doi.org/10.1016/j.ijpara.2005.09.011
https://pubmed.ncbi.nlm.nih.gov/16300767/
https://doi.org/10.1186/s13567-020-00837-2
https://pubmed.ncbi.nlm.nih.gov/32928271/
https://doi.org/10.1016/j.ijpara.2020.12.004
https://pubmed.ncbi.nlm.nih.gov/33713650/
https://doi.org/10.1016/j.vetpar.2007.12.028
https://pubmed.ncbi.nlm.nih.gov/18243560/


VII

January 2026. Volume 20. Number 1

Chapman, H. D. (2003). Origins of coccidiosis research in 
the fowl-the first fifty years. Avian Diseases, 47(1), 1–20. 
[DOI:10.1637/0005-2086(2003)047[0001:OOCRIT]2.0.CO;2] 
[PMID]

Clark, E. L., Macdonald, S. E., Thenmozhi, V., Kundu, K., Garg, 
R., & Kumar, S., et al. (2016). Cryptic Eimeria genotypes 
are common across the southern but not northern hemi-
sphere. International Journal for Parasitology, 46(9), 537-544. 
[DOI:10.1016/j.ijpara.2016.05.006] [PMID] 

David E. S., Boulianne, M., Logue, C. M., McDougald, L. R., Nair, 
V., & Suarez, D. L., et al. (2020). Diseases of Poultry. Hoboken, 
NJ, USA: Wiley-Blackwell. [DOI:10.1002/9781119371199]

Ebrahimi, S. N. (2023). Herbal interventions in poultry produc-
tion: addressing disease risks and antibiotic resistance. Journal 
of Poultry Sciences and Avian Diseases, 1(4), 1-2. [Link]

Fornace, K. M., Clark, E. L., Macdonald, S. E., Namangala, B., 
Karimuribo, E., & Awuni, J. A., et al. (2013). Occurrence of 
Eimeria species parasites on small-scale commercial chicken 
farms in Africa and indication of economic profitability. 
Plos One, 8(12), e84254. [DOI:10.1371/journal.pone.0084254] 
[PMID] 

Godwin, R. M., & Morgan, J. A. (2014). A simple, one-tube assay 
for the simultaneous detection and diagnosis of ten Australian 
poultry Eimeria. Electrophoresis, 35(4), 494–502. [DOI:10.1002/
elps.201300286] [PMID]

Godwin, R. M., & Morgan, J. A. (2015). A molecular survey of 
Eimeria in chickens across Australia. Veterinary Parasitology, 
214(1-2), 16-21. [DOI:10.1016/j.vetpar.2015.09.030] [PMID]

Hauck, R., Carrisosa, M., McCrea, B. A., Dormitorio, T., & Mack-
lin, K. S. (2019). Evaluation of Next-Generation Amplicon 
Sequencing to Identify Eimeria spp. of Chickens. Avian Dis-
eases, 63(4), 577–583. [DOI:10.1637/aviandiseases-D-19-00104] 
[PMID]

Hinsu, A. T., Thakkar, J. R., Koringa, P. G., Vrba, V., Jakhesara, 
S. J., & Psifidi, A., et al. (2018). Illumina next generation se-
quencing for the analysis of Eimeria populations in commer-
cial broilers and indigenous chickens. Frontiers in Veterinary 
Science, 5, 176. [DOI:10.3389/fvets.2018.00176] [PMID] 

Jaramillo-Ortiz, J. M., Burrell, C., Adeyemi, O., Werling, D., & 
Blake, D. P. (2023). First detection and characterisation of 
Eimeria zaria in European chickens. Veterinary Parasitology, 
324, 110068. [DOI:10.1016/j.vetpar.2023.110068] [PMID]

Jatau, I. D., Lawal, I. A., Kwaga, J. K., Tomley, F. M., Blake, D. 
P., & Nok, A. J. (2016). Three operational taxonomic units 
of Eimeria are common in Nigerian chickens and may un-
dermine effective molecular diagnosis of coccidiosis. BMC 
Veterinary Research, 12, 86. [DOI:10.1186/s12917-016-0713-9] 
[PMID] 

Johnson, J., & Reid, W. M. (1970). Anticoccidial drugs: Le-
sion scoring techniques in battery and floor-pen experi-
ments with chickens. Experimental Parasitology, 28(1), 30–36. 
[DOI:10.1016/0014-4894(70)90063-9] [PMID]

Joyner, L. (1969). Immunological variation between two 
strains of Eimeria acervulina. Parasitology, 59(3), 725-732. 
[DOI:10.1017/s0031182000031243] [PMID]

Kim, W. H., Chaudhari, A. A., & Lillehoj, H. S. (2019). Involve-
ment of T cell immunity in avian coccidiosis. Frontiers in Im-
munology, 10, 2732. [DOI:10.3389/fimmu.2019.02732] [PMID] 

Kumar, S., Garg, R., Moftah, A., Clark, E. L., Macdonald, S. E., & 
Chaudhry, A. S., et al. (2014). An optimised protocol for mo-
lecular identification of Eimeria from chickens. Veterinary Par-
asitology, 199(1-2), 24–31. [DOI:10.1016/j.vetpar.2013.09.026] 
[PMID] 

Mesa-Pineda, C., Navarro-Ruíz, J. L., López-Osorio, S., Chap-
arro-Gutiérrez, J. J., & Gómez-Osorio, L. M. (2021). Chicken 
Coccidiosis: From the parasite lifecycle to control of the dis-
ease. Frontiers in Veterinary Science, 8, 787653. [DOI:10.3389/
fvets.2021.787653] [PMID] 

Morris, G. M., Woods, W. G., Richards, D. G., & Gasser, R. B. 
(2007). Investigating a persistent coccidiosis problem on a 
commercial broiler-breeder farm utilising PCR-coupled cap-
illary electrophoresis. Parasitology Research, 101(3), 583–589.
[DOI:10.1007/s00436-007-0516-9] [PMID]

Research Institute Molecular Biological System Transfer (MBST). 
2025. Rapid genomic DNA isolation kit from stool. Retrieved 
from: [Link]

Rose, M. E., & Long, P. (1962). Immunity to four species of 
Eimeria in fowls. Immunology, 5(1), 79-92. [PMID] 

Schoch, C. L., Ciufo, S., Domrachev, M., Hotton, C. L., Kannan, 
S., & Khovanskaya, R., et al. (2020). NCBI Taxonomy: A com-
prehensive update on curation, resources and tools. Database, 
2020, baaa062. [DOI:10.1093/database/baaa062] [PMID] 

Shirzad, M. R., Seifi, S., Gheisari, H. R., Hachesoo, B. A., Habibi, 
H., & Bujmehrani, H. (2011). Prevalence and risk factors for 
subclinical coccidiosis in broiler chicken farms in Mazandaran 
province, Iran. Tropical Animal Health and Production, 43(8), 
1601-1604. [DOI:10.1007/s11250-011-9876-3] [PMID]

Soares Júnior, J. C., Itoyama, B. F., Beretta, B. M. S., Hossotani, C. 
M. d. S., Silva, M. S. C., & Silva, G. S. d., et al. (2023). Identifica-
tion of Eimeria spp. in domestic chickens raised in alternative 
poultry production systems in the State of São Paulo, Brazil. 
Revista Brasileira de Parasitologia Veterinária, 32(4), e011123.
[DOI:10.1590/S1984-29612023075] [PMID] 

Soutter, F., Werling, D., Tomley, F. M., & Blake, D. P. (2020). 
Poultry coccidiosis: Design and interpretation of vaccine 
studies. Frontiers in Veterinary Science, 7, 101. [DOI:10.3389/
fvets.2020.00101] [PMID] 

Vrba, V., Poplstein, M., & Pakandl, M. (2011). The discovery 
of the two types of small subunit ribosomal RNA gene in 
Eimeria mitis contests the existence of E. mivati as an in-
dependent species. Veterinary Parasitology, 183(1-2), 47-53. 
[DOI:10.1016/j.vetpar.2011.06.020] [PMID]

Woods, W. G., Richards, G., Whithear, K. G., Anderson, G. R., 
Jorgensen, W. K., & Gasser, R. B. (2000). High‐resolution elec-
trophoretic procedures for the identification of five Eimeria 
species from chickens, and detection of population varia-
tion. Electrophoresis, 21(17), 3558–3563. [DOI:10.1002/1522-
2683(200011)21:17<3558::AID-ELPS3558>3.0.CO;2-2] [PMID]

https://ijvm.ut.ac.ir/
https://doi.org/10.1637/0005-2086(2003)047[0001:oocrit]2.0.co;2
https://pubmed.ncbi.nlm.nih.gov/12713154/
https://doi.org/10.1016/j.ijpara.2016.05.006
https://pubmed.ncbi.nlm.nih.gov/27368611/
https://doi.org/10.1002/9781119371199
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ebrahimi%2C+S.+N.+%282023%29.+Herbal+interventions+in+poultry+production%3A+addressing+disease+risks+and+antibiotic+resistance.+Journal+of+Poultry+Sciences+and+Avian+Diseases%2C+1%284%29%2C+1-2.++&btnG=
https://doi.org/10.1371/journal.pone.0084254
https://pubmed.ncbi.nlm.nih.gov/24391923/
https://doi.org/10.1002/elps.201300286
https://pubmed.ncbi.nlm.nih.gov/24166785/
https://doi.org/10.1016/j.vetpar.2015.09.030
https://www.ncbi.nlm.nih.gov/pubmed/26467277
https://doi.org/10.1637/aviandiseases-d-19-00104
https://pubmed.ncbi.nlm.nih.gov/31865671/
https://doi.org/10.3389/fvets.2018.00176
https://pubmed.ncbi.nlm.nih.gov/30105228/
https://doi.org/10.1016/j.vetpar.2023.110068
https://www.ncbi.nlm.nih.gov/pubmed/37931476
https://doi.org/10.1186/s12917-016-0713-9
https://pubmed.ncbi.nlm.nih.gov/27259544/
https://doi.org/10.1016/0014-4894(70)90063-9
https://pubmed.ncbi.nlm.nih.gov/5459870/
https://doi.org/10.1017/s0031182000031243
https://pubmed.ncbi.nlm.nih.gov/5374708/
https://doi.org/10.3389/fimmu.2019.02732
https://www.ncbi.nlm.nih.gov/pubmed/31824509
https://doi.org/10.1016/j.vetpar.2013.09.026
https://www.ncbi.nlm.nih.gov/pubmed/24138724
https://doi.org/10.3389/fvets.2021.787653
https://www.ncbi.nlm.nih.gov/pubmed/34993246
https://doi.org/10.1007/s00436-007-0516-9
https://pubmed.ncbi.nlm.nih.gov/17404757/
https://mbst.ir/wp-content/uploads/2024/04/DNA-extraction-from-stool-1.pdf
https://pubmed.ncbi.nlm.nih.gov/14493839/
https://doi.org/10.1093/database/baaa062
https://www.ncbi.nlm.nih.gov/pubmed/32761142
https://doi.org/10.1007/s11250-011-9876-3
https://www.ncbi.nlm.nih.gov/pubmed/21626064
https://doi.org/10.1590/s1984-29612023075
https://www.ncbi.nlm.nih.gov/pubmed/38055436
https://doi.org/10.3389/fvets.2020.00101
https://www.ncbi.nlm.nih.gov/pubmed/32175341
https://doi.org/10.1016/j.vetpar.2011.06.020
https://www.ncbi.nlm.nih.gov/pubmed/21767912
https://doi.org/10.1002/1522-2683(200011)21:17%3C3558::aid-elps3558%3E3.0.co;2-2
https://www.ncbi.nlm.nih.gov/pubmed/11271471


This Page Intentionally Left Blank


