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ABSTRACT

Coccidiosis is an infectious disease that affects small ruminants, mainly sheep, causing significant economic losses for
the industry worldwide. Although the global prevalence of ovine coccidia is high, there is limited information regarding
the prevalence of ovine Eimeria in Libya. The current study aimed to identify Eimeria species and their prevalence
in native sheep in the Aljabal Alakhdar governorate of eastern Libya. 103 fecal samples were collected and examined
using flotation, modified McMaster, and sporulation techniques. The overall prevalence of Eimeria recovered from the
samples was 92%, with 12 species recognised depending on their morphological characteristics. The most dominant
species were Eimeria ovinoidalis and Eimeria ahsata, accounting for 33.98% and 31.07% respectively. All sheep ages
and sexes exhibited the presence of coccidian oocytes; however, lambs had a higher infection rate than adult animals.
Also, the current results showed no significant difference in the prevalence of this parasite across the different regions.
While Eimeria infection affects sheep growth in the Aljabal Alakhdar region, good hygiene practices and control

measures should be implemented for lamb-fattening herds.
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INTRODUCTION

Aljabal Alakhdar municipality (The Green Mountain)
is in northern-east Libya, the country's largest region and
is well-known as the most naturally vegetated part of the
country. This part of the country is characterised by
amoderate climate with an average precipitation of
500mm annually along the coast of the Mediterranean Sea
in North Africa. Therefore, the area has the most important
population of small ruminants, more than six million
heads, and sheep are the main red meat sources for the
resident's consumption. These animals have an essential
role in the nation's livestock production (milk and wool)
and contribute to food security and the quality of life for
the people (Mohammed et al. 2022; Alsanousi and
Mohammed 2024).

Like other agricultural animals, sheep are susceptible
to various diseases, particularly parasitic infections. These

issues can arise in stressful conditions, such as
overcrowded environments, intensive production systems,
undernutrition, and during weaning. Such factors
negatively impact both the welfare and productivity of the
animals (Baberi et al. 2021).

Ovine coccidiosis is an intestinal parasitic infection
caused by obligatory unicellular protozoa of the genus
Eimeria (Apicomplexa: Eimeriidae), which are host-cell-
specific protozoa. All sheep ages are susceptible to coccidia
infection; lambs aged four weeks to less than a year are
more vulnerable than older sheep. Adults often develop
immunity to disease, but in some cases such as
malnourishment, stress and poor hygiene, they may show
signs of vulnerability (Taylor 2009; Delano et al. 2015).
Furthermore, adult carriers of coccidia typically do not
exhibit any symptoms and continue to excrete oocysts in
their feces, which contaminate pasture and water supplies
(Chartier and Paraud 2012; Rodrigues Fde et al. 2016).
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Eimeria spp. has a direct life cycle requiring only one
host to become infected by ingesting sporulated oocysts,
the parasite's infective stage. These intracellular protozoa
can enter and destroy the host’s epithelial cells of the small
and large intestines. With these cells, Eimeria undergoes
two phases of parasite reproduction, asexual and sexual
multiplication, which develop and produce zygotes
(unsporulated oocysts) (Taylor et al. 2015). Animals with
Eimeriosis exhibit subclinical symptoms due to altered
intestinal mucosa function, which reduces feed efficiency
and causes poor weight gain, slow growth, and production
loss. Clinical signs of the illness, such as diarrhoea that
frequently contains blood or mucus, dehydration,
decreased appetite, and weakness, can result in death if
untreated in extreme circumstances (Lassen et al. 2013;
Yan et al. 2021). The severity of coccidiosis depends on the
infective dose, the species of Eimeria, the host-parasite
immune response, and the environmental condition of the
barn (Eckert et al. 1995; Mesa-Pineda et al. 2021).
Therefore, mortality rates among lambs infected with
coccidiosis may approach 10% (Molina and Ruiz 2019).
Recovering animals often fail to produce sufficient
amounts of meat, milk, and wool, impacting our resources
and livelihoods (Liu et al. 2003; Court et al. 2010).

Sheep hosts 15 Eimeria spp. mainly described by size
and many morphological features (Bangoura and Bardsley
2020). Mixed infections by different types of Eimeria are
common in naturally infected livestock; however, most
show mild or no clinical signs. In addition, some of these
types are known to be responsible for outbreaks of clinical
coccidiosis among young animals. E. ovinoidalis is the
most highly pathogenic type, followed by E. crandallis
(Olmos et al. 2020; Carneiro et al. 2022), E. ahsata (Baberi
et al. 2021) and E. ovina (Dittmar et al. 2010; Mohamaden
et al. 2018). Infection with E. ovinoidalis induces severe
and potentially lethal enteritis as the first-generation
schizonts (meronts) are detectable during necropsy. This
intercellular phase is associated with diphtheroid to
hemorrhagic jejunitis, while later developmental stages can
lead to hemorrhagic typhlitis in massive infections
(Gregory et al. 1989; Olmos et al. 2020).

In addition, an infection caused by E. crandallis causes
subsequent infection by E. ovinoidalis, although this
infection tends to be less severe in lambs, primarily
affecting the cecum and colon (Gregory and Catchpole
1990). Furthermore, E. ovina may cause the formation of
polyps in the small intestine due to localized replication of
the later stages of the parasite (Gregory and Catchpole
1987). Several factors affect the pathogenicity and clinical
consequences, including the infectious dose of the species,
its ability to replicate, the inflammatory immune response,
co-infection with other pathogens, and the associated
treatment strategies and stressors. It is important to
understand that not all Eimeria spp. found in ruminants are
considered significant pathogens; some types can inhabit
the host without causing major damage to the intestinal
mucosa (Bangoura and Bardsley 2020).

Coccidiosis significantly impacts small ruminants,
practically sheep, influencing global morbidity and
mortality rates. However, no established studies have
examined the prevalence and nature of coccidiosis
affecting animals or the types of Eimeria present in the
Aljabal Alakhdar region in eastern Libya. Consequently,
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this study aimed to identify Eimeria spp. and the
prevalence of this protozoa in local sheep and determine
how this parasite affects sheep of all ages and genders
throughout multiple regions.

MATERIALS AND METHODS

Ethical approval

The chairman of the Al-Mukhtar committee reviewed
and approved all procedures used in the current study,
which has reference number NBC: 007.A. 25. 33.

Study area

All samples used in this study were collected from the
different countryside of Aljabal Alakhdar region, located in
north-eastern Libya at an elevation of about 600 meters
above sea level. This area lies between the north
Mediterranean coast and a dry semi-desert area to the
south. This region is characterized by a mild Mediterranean
climate, with an average annual precipitation of 400mm in
winter and summer temperatures reaching 22°C. Therefore,
the area is a vast fertile land that provides unique pasture
resources for most of the year and supports considerable
diversity in livestock including sheep, goats, cattle, and
camels. These animals mainly depend on consuming the
green grass in the first half of the year and the hay stock
during the second half (Mohammed and Ibrahim 2022;
Mohammed et al. 2022).

Collection of fecal
examinations

A total of 103 fresh fecal samples were collected
directly from the rectums of sheep of various ages and
genders. Most animals appeared healthy, while others
exhibited mild to severe diarrhea. The samples were saved
in labelled plastic containers and transported to the
Parasitology lab of the Veterinary Medicine College, Omar
Al-Mukhtar University, where they were stored at 4°C until
examination. The flotation test was conducted to detect the
oocysts' presence, recover them, and culture them in 2.5%
potassium dichromate. The concentration-modified
McMaster technique was applied for all samples to
estimate the count of oocytes per gram of feces (OPG)
(Roepstorff and Nansen 1998). Eimeria oocytes were
identified based on the morphological characteristics
previously described in the literature (Eckert et al. 1995;
Florin-Christensen and Schnittger 2018).

samples and laboratory

Statistical Analysis

The measurements of oocytes were coded and entered
into a Microsoft Excel worksheet program for Windows
2010. Statistical analysis was performed using SPSS
software version 21. Descriptive statistics such as
percentages were used to indicate the prevalence of
Eimeria infection. All results were considered statistically
significant at P<0.05.

RESULTS

In this study, fecal samples of local sheep were
obtained to investigate the prevalence of recovered Eimeria
spp related to the regions. Coccidia oocysts were found in
92 of 103 fecal samples examined (89.32%) that were
collected from six different locations.
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Fig. 1: Microscopic images of sporulated and unsporulated Eimeria spp. oocysts in sheep feces in Aljabal Alakhdar governorate, Libya;
Original pictures. A=sporulated oocysts of E. ahsata; B=unsporulated E. oocysts of E. ahsata; C=sporulated oocysts of E. faurei;
D=unsporulated oocysts of E. faurei; E=sporulated oocysts of E. ovinoidalis; F=unsporulated oocysts of E. ovinoidalis; G=sporulated
oocysts of E. ovina; H=unsporulated oocysts of E. ovina; I=sporulated oocysts of E. weybridgensis; J=unsporulated oocysts of E.
weybridgensis; K=sporulated oocysts of E. granulosa; L=unsporulated oocysts of E. granulosa. Unstained. Scale bars=10 & 40um.

Fig. 2: Microscopic images of sporulated and unsporulated Eimeria spp. oocysts in sheep feces in Aljabal Alakhdar governorate, Libya;
Original pictures. M=sporulated oocysts of E. crandallis; N=unsporulated E. oocysts of E. crandallis; O=sporulated oocysts of E.
pallida; P=unsporulated oocysts of E. pallida; Q=sporulated oocysts of E. marsica; R=unsporulated oocysts of E. marsica; S=sporulated
oocysts of E. parva; T=unsporulated oocysts of E. parva; U=sporulated oocysts of E. intricata; V=unsporulated oocysts of E. intricata;
W=sporulated oocysts of E. punctata Unstained. Scale bars=10 & 40um.

The current study identified 12 Eimeria spp. based on
the morphological analysis of coccidia oocysts in the
infected sheep (Fig. 1 and 2). The highest prevalence was
detected for E. ovinoidalis (33.98%), followed by E. ahsata
(31.07%), E. granulosa (29.13%), and E. ovina (28.16%).
In contrast, the lowest prevalence was found for E.
weybridgensis (3.88%) and E. intricate (1.94%) in all the
samples (Table 1). In addition, E. faurei and E. punctata

have the same prevalence (24.27%), as do E. pallida and E.
marsica (13.59%). The other defined species were E.
crandallis (14.56%) and E. parva (12.62%) (Table 1).

As shown in Table 2, the prevalence of recovered
Eimeria oocysts was higher in lambs (91.3%) than in
adult sheep (85.4%). Based on gender, statistical
findings revealed a non-significant (P>0.05) association of
the prevalence of Eimeria in males (95.8%) compared to



Table 1: The morphometric characteristic of Eimeria spp. in sheep
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Species Frequency n (%) Form Polar cap Oocyst diameter (um)
Polar Equatorial
E. faurei 25(24.27) Piriform to oval Absent 29.79+2.91 22.2+2.27
E. ovinoidalis 35(33.98) Ellipsoid Absent 22.44+1.87 18.52+1.34
E. pallida 14(13.59) Spherical Absent 15.37+£2.73 13.03+1.04
E. parva 13(12.62) Spherical to Sub-spherical Absent 16.63+1.22 16.63+1.22
E. marsica 14(13.59) Ellipsoid Absent 19.55+2.80 15.35+1.31
E. ahsata 32(31.07) Ellipsoid Present 32.89+2.97 22.25+3.54
E. ovina 29(28.16) Ellipsoid Present 28.70+1.26 18.65+1.35
E. granulosa 30(29.13) Ellipsoid to Sub-spherical Present 27.83+1.56 19.13+1.77
E. weybridgensis 4(3.88) Ellipsoid to sub-spherical Present 24.41+2.40 19.36+1.98
E. crandallis 15(14.56) Sub-spherical Present 21.52+1.25 18.33+2.10
E. punctata 25(24.27) Ellipsoid to ovoid Present 24.15+1.19 17.50+0.70
E. intricate 2(1.94) Ellipsoid Present 48.75+1.76 33.75+5.30

females (85.1%). While males are two times more likely to
be diagnosed with coccidia infection than females, no
significant differences were observed in the current study
(P>0.05) (Table 2).

Table 2: The prevalence of recovered Eimeria spp. in sheep
related to age and Gender

Parameters Animals Positive No. COR CL 95%
examined (n) (%)

Age
Lambs 62 57(91.3) 19 822973
Adults 41 35(85.4) Ref

Gender
Males 48 46(95.8) 4.02 85.7-99.5
Females 47 40(85.1) Ref

COR-=crude odd ratio, CL 95%=confidence interval.

The highest prevalence was recorded in the Al
mukhely region (97.6%), followed by El Bayda (92.3%),
Omar Al Mukhtar (88.9%), Al Wesyta (87.5%), Al Quppa
(75%), and Shahat (71.4%). However, there were no
significant differences in the prevalence between target
areas (P>0.05) (Table 3).

Table 3: The Prevalence of recovered Eimeria spp. in sheep based
on regions

Regions Examined Positive COR CL 95%
sample no. (%)

Al Quppa 16 12(75) Ref

Al Mukhely 41 40(97.6) 133 87.1-99.9

Omar AL Mukhtar 18 16(88.9) 2.6  65.3-98.6

Al Wesyta 8 7(87.5) 23  47.3-99.7

Shahat 7 5(71.4) 0.8  29.0-96.3

El Bayda 13 12(92.3) 4 64.0-99.8

Overall 103 92(89.32)

COR-= crude odd ratio, CL 95%=confidence interval.
DISCUSSION

Eimeria is the largest genus in the family Eimeriidae,
with species that are both endogenous stages in the
intestinal cells of their hosts and are also host-specific.
Therefore, the distinction between Eimeria spp. generally
relies on the biological and structural characteristics,
morphology, and size of oocysts, as well as the type of the
host (Eckert et al. 1995; Taylor et al. 2015). In the present
investigation, the overall positive samples of Eimeria spp.
infections were 89% and this estimated prevalence was
higher than that reported in Iran (19.2%), Kenya (35%),
Cameron (28.8%), India (54.68%), Egypt (60%), and

Ethiopia (62.9%) (Yakhchali and Golami 2008; Kanyari et
al. 2009; Ntonifor et al. 2013; Altaf and Hidayatu 2014;
Mohamaden et al. 2018; Etsay et al. 2020). However, the
current study’s findings were lower in comparison to those
observed in Turkey (100%), China (92.9%), and Nigeria
(87.14%) (Kaya 2004; Wang et al. 2010; Sule et al. 2021).
These variations in the prevalence rating could be
attributable to breed, climate, and management systems
such as stress, weaning, diet change, and sample size (Etsay
et al. 2020; Carneiro et al. 2022).

Globally,15 intestinal and one abomasal (E. arloingi)
Eimeria spp. have been observed in sheep (Wang et al.
2010; Ammar et al. 2019). Microscopically, twelve
Eimeria spp. from all infected sheep were isolated in the
present study depending on the morphometry of the
oocysts. The results of this study were similar to Akyuz
et al. (2019)’s work (12 types of Eimeria). In Egypt, a
neighbouring country of Libya, some studies recorded 10,
11, and 14 ovine Eimeria types (Mohamaden et al. 2018;
El-Alfy et al. 2020; Mohamed et al. 2022). Although the
current work describes the same species consistent with
these investigations, one type (E. punctata) defined in this
work, didn’t exist in the Egyptian studies. Similar types
of sheep coccidia have been recorded worldwide for
instance in Germany (12), China (12), Saudi Arabia (8),
Irag (10), Nigeria (9) and Brazil (10) (Dittmar et al. 2010;
Wang et al. 2010; Ibrahim and Afsa 2013; Al-Rubaie and
Al-Saadoon 2018; Sule et al. 2021; Carneiro et al. 2022).
The variety of identified species between countries is due
to location, the impact of climate, nutrition
circumstances, age, breeds of animals, host immunity and
stress caused by other diseases (Gashaw et al. 2020;
Yunus 2023).

The most dominant type of isolated sheep Eimeria in
this work was E. ovinoidalis (33.98%) which is a highly
pathogenic species and is frequently seen in sheep around
the world (Olmos et al. 2020; Al-Neama et al. 2021). Also,
other pathogenic species, E. ahsata (31.07%) and E. ovina
(28.16%) were frequently found as the second common
type in the current finding. While, E. crandallis, has a
moderate pathogenic effect, (Olmos et al. 2020), has the
lowest prevalence in sheep (14.56%) compared to the other
pathogenic types. Earlier investigations in different parts of
the world commonly detect these pathogenic species in
different ages and genders in sheep (EI-Alfy et al. 2020;
Olmos et al. 2020; Trejo-Huitron et al. 2020; Carneiro et
al. 2022). The domination of these types of Eimeria could
result from their high reproductive ability compared to



other species (Carneiro et al. 2022). Numerous factors
affect infections' pathogenicity and clinical outcomes,
including the species, infection dose, replication potential,
inflammatory immune response, concurrent infections with
other pathogens, management practices, and stress.
Coccidiosis can lead to acute and chronic damage,
increasing susceptibility to secondary diseases. It is
important to note that, not all Eimeria spp. in ruminants are
significant pathogens; some can infect the host without
causing major damage to the intestinal mucosa (Bangoura
and Bardsley 2020).

The findings of this study revealed that all infected
animals exhibited multiball infection with more than one or
two of Eimeria spp., both pathogenic and non-pathogenic,
which is similar to earlier results by Carrau et al. (2018)
and Al-Neama et al. (2021). Mixed infections have been
recorded in small ruminants, with over 80% of fecal
samples from sheep containing two or more different
species of coccidia (Wang et al. 2010; Carrau et al. 2018).
The geographical region and weather conditions play
significant roles in the ovine coccidia species, as these
factors are associated with dry and semiarid areas (Souza
etal. 2015; Al-Neama et al. 2021), such as the one observed
in different regions of Al Jabal Alakhdar. The warm and
humid environment creates a favourable condition for the
rate and efficiency of oocyst sporulation, and this leads to
increasing the potential for natural coccidian infection in
sheep (Carrau et al. 2018).

The observation of the current work shows that the
prevalence of recovered Eimeria spp. in lambs (91.3%) was
higher than in adults (85.4%), which is comparable to
results observed by Souza et al. (2015) and Carneiro et al.
(2022). They documented that many factors play an
important role in the high burden of infection in young
animals, including a high density in the intensive system,
seasons, and lack of hygienic-sanitary conditions.
Ruminants can shed over a million oocysts per gram of
feces during primary infections. Young animals are
particularly susceptible to immunological factors, while
adults acquire specific immunity to Eimeria species after
their initial exposure. As a result, eimeriosis is considered
a self-limiting illness. The frequency and intensity of
oocyst shedding gradually increase, peaking around the
time of weaning, and then declining in adulthood
(Bangoura and Bardsley 2020). It is generally believed that
adult animals have a limited role in the epidemiology of the
disease, as older animals develop partial immunity to
coccidia infection. This results in a noticeable decrease in
the shedding of oocysts in their feces. In certain
investigations, a major issue on commercial farms (fatting
lambs) is the overcrowded transmission among the young
lamb populations and the types of flooring used in flocks
(Daugschies and Najdrowski 2005; Sufi et al. 2017).

The present finding found that male sheep were 4.02
times more likely to be exposed to Eimeria species than
female sheep. Although COR suggested that males are
more likely to contract the disease than females, there is no
statistically significant correlation between gender and the
prevalence of the disease. This data aligns with previous
research indicating that gender is an important factor in the
prevalence of coccidia. Male animals may be more
susceptible to infections due to immunosuppression linked
to higher levels of androgens, particularly testosterone, in
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their plasma during the reproductive season (Souza et al.
2015; Carneiro et al. 2022). However, prior studies found
that rams were less likely than ewes to test positive for
Eimeria infection. This may be due to the physiological
condition of females and the larger number of samples
examined (Mohamaden et al. 2018; Ramadan et al. 2018;
Karimzadeh et al. 2022). Therefore, additional research is
necessary to comprehensively understand the impact of
gender on eimeriosis in sheep, as this insight may facilitate
improved management and treatment approaches.

Regarding regions, the highest prevalence of
recovered Eimeria spp. was recorded in Al Mukhely and El
Bayda, with lambs showing greater susceptibility than
adults. Also, the prevalence of the disease was related to
the regions and age, with the highest prevalence recorded
in the Al Mukhely region. This may be explained by the
high stocking density of lambs in these areas as these
regions are part of a mountain. It is believed that cold high
places have an important role in increasing the shedding
oocysts rate in sheep (Karimzadeh et al. 2022).
Furthermore, naturally infected lambs often exhibit
prolonged disease and excrete more oocysts when several
Eimeria spp. are present (Catchpole et al. 1976).

This study reveals that not all sheep fattening farms
use anticoccidial medications, either for preventive
measures or for treating episodes of diarrhoea.
Additionally, veterinary professionals in the local field
show little interest in treating coccidiosis in sheep, leading
to frequent misdiagnoses of the disease. However, it has
been documented that controlling ruminant coccidiosis is
more about achieving endemic stability and decreasing
infection pressure to non-critical levels than eliminating the
pathogen (Daugschies and Najdrowski 2005). It is not
recommended to use a treatment approach for coccidiosis
since once the oocysts are detected in the feces and
coccidiosis is diagnosed, most of the internal parasite
population has already completed its life cycle and
intestinal damage has occurred. Animals with patent
coccidiosis will take time to recover and experience
protracted diarrhoea whether treated or not (Bangoura and
Bardsley 2020).

Conclusion

To the author’s best knowledge, this investigation
confirms the presence and types of ovine Eimeria spp. in
Aljabal Alakhdar province, eastern Libya for the first time.
A high prevalence rate of coccidiosis was recorded in sheep
in this area, as well as Eimeria spp. oocysts were observed
in all ages with the lambs having the highest prevalence
compared to adults. Furthermore, the present finding also
documented the occurrence of a widespread mixture of
natural infections with highly pathogenic and non-
pathogenic species in sheep. Based on the results, the
veterinary authorities are advised to include attention to
regular surveys and follow-ups of the sheep flocks and
adopt preventive programs for lamb fattening flocks to
prevent a significant economic impact. Further research is
also necessary to understand the financial burden
associated with this parasite; these data will be beneficial
in developing control programs and risk assessments of the
infection.

Conflict of Interests: The authors of this article disclosed



that they had no potential conflicts of interest related to the
research, authorship, or publication of this work.

Acknowledgement: This research has not relied on
funding from any public, commercial, or non-profit
organization.

Author’s  Contributions: Somia A  Alsanousi:
Conceptualization, Methodology, Formal analysis,
Investigation, Writing-original ~ draft, Visualization,
Writing-review & editing; Tufahah MO Atiyahullah:
Methodology, Formal analysis, Investigation,
Conceptualisation; Omar M Meriz: Conceptualization,
resources, project administration; Abdulkarim FH Adam:
Conceptualization, Methodology, Writing review &
editing, resources, supervision, project administration;
Najwa Al Abdulsalam: Conceptualization, Methodology,
Formal analysis, Investigation, Writing-review & editing.
All authors reviewed and approved the final submission to
the journal.

REFERENCES

Akyuz M, Kirman R, Yaya S, Gulbeyen H and Guven E, 2019.
Endoparasites Determined by Fecal Examination in Sheep in
Erzurum Province. Turkiye Parazitol Derg 43(4): 187-193.
https://doi.org/10.4274/tpd.galenos.2019.6512

Al-Neama R, Bown K, Blake D and Birtles R, 2021. Determinants
of Eimeria and Campylobacter infection dynamics in UK
domestic sheep: the role of co-infection. Parasitology
148(5): 623-629.
https://doi.org/https://doi.org/10.1017/S0031182021000044

Al-Rubaie H and Al-Saadoon Z, 2018. Detection of Eimeria spp.
of sheep in Wasit province-lIrag. Journal of Entomology and
Zoology  Studies  6: 943-947. https://doi.org/
https://dx.doi.org/10.22271/j.ento

Alsanousi SA and Mohammed ZM, 2024. First Record of
Muellerius  Capillaris  (Protostrongylidae) and Their
Pathologic Changes in Libya. African Journal of Biological
Sciences 6(8): 1588-1599.
https://doi.org/10.33472/AFJBS.6.8.2024

Altaf A and Hidayatu A, 2014. Study of some potential risk
factors associated with coccidia in sheep. Journal of
Agriculture  and ~ Veterinary  Science 65: 11-13.
https://doi.org/10.9790/2380-0713032631

Ammar SI, Watson AM, Craig LE, Cope ER, Schaefer JJ,
Mulliniks JT and Gerhold RW, 2019. Eimeria gilruthi—
associated abomasitis in a group of ewes. Journal of
Veterinary Diagnostic  Investigation 31(1): 128-132.
https://doi.org/10.1177/1040638718814109

Baberi ASN, Karimi I, Nourani H, Azizi H and Razmi G, 2021.
Parasitological and pathological findings of coccidiosis in an
experimental infection caused by Eimeria ahsata in lambs.
Iranian Journal of Veterinary Science Technology 13(2): 20-
28. https://doi.org/10.22067/ijvst.2021.71247.1057

Bangoura B and Bardsley KD, 2020. Ruminant coccidiosis.
Veterinary Clinics: Food Animal Practice 36(1): 187-203.
https://doi.org/10.1016/j.cvfa.2019.12.006

Carneiro PG, Sasse JP, Silva A, Seixas M, Paschoal ATP, Minultti
AF and Garcia JL, 2022. Prevalence and risk factors of
Eimeria spp. natural infection in sheep from northern Parana,
Brazil. Brazilian Journal of Veterinary 31(1): e017421.
https://doi.org/10.1590/S1984-29612022004

Carrau T, Silva L, Pérez D, Failing K, Martinez-Carrasco C,
Macias J and de Ybéfiez RR, 2018. Associated risk factors
influencing ovine Eimeria infections in southern Spain.
Veterinary Parasitology 263: 54-58.
https://doi.org/10.1016/j.vetpar.2018.10.004

Int J Vet Sci, 2025, x(X): XXX.

Catchpole J, Norton C and Joyner L, 1976. Experiments with
defined multispecific coccidial infections in lambs.
Parasitology 72(2): 137-147.
https://doi.org/10.1017/S0031182000048447

Chartier C and Paraud C, 2012. Coccidiosis due to Eimeria in
sheep and goats, a review. Small Ruminant Research 103(1):
84-92. https://doi.org/10.1016/j.smallrumres.2011.10.022

Court J, Ware JW and Hides S, 2010. Sheep Farming for Meat
and Wool. CSIRO PUBLISHING.
https://doi.org/10.1071/9780643101333

Daugschies A and Najdrowski M, 2005. Eimeriosis in cattle:
current understanding. Journal of Veterinary Medicine,
Series B 52(10): 417-427. https://doi.org/10.1111/j.1439-
0450.2005.00894.x

Delano ML, Mischler SA and Underwood WJ, 2015. Biology and
Diseases of Ruminants (Sheep, Goats, and Cattle). In J. G.
Fox, L. C. Anderson, F. M. Loew, & W. F. Quimby (Eds.),
Laboratory Animal Medicine (Third Edition) (pp. 623-694).
Academic Press. https://doi.org/10.1016/B978-012263951-
7/50017-X

Dittmar K, Mundt HC, Grzonka E, Daugschies A and Bangoura
B, 2010. Ovine coccidiosis in housed lambs in Saxony-
Anhalt (central Germany). Berl Munch Tierarztl
Wochenschr 123(1-2): 49-57. https://doi.org/10.2376/0005-
9366-123-49

Eckert J, Braun R, Shirley MW and Coudert P, 1995.
Biotechnology guidelines on techniques in coccidiosis
research. COST European Cooperation in the field of
Scientific and Technical Research.

El-Alfy ES, Abbas I, Al-Kappany Y, Al-Araby M, Abu-Elwafa S
and Dubey JP, 2020. Prevalence of Eimeria species in sheep
(Ovis aries) from Dakahlia governorate, Egypt. Journal of
Parasitic Diseases 44(3): 559-573.
https://doi.org/10.1007/s12639-020-01229-1

Etsay K, Megbey S and Yohannes H, 2020. Prevalence of sheep
and goat coccidiosis in different districts of Tigray region,
Ethiopia. Nigerian Journal of Animal Science 22(3): 61-69.

Florin-Christensen M and Schnittger L, 2018. Parasitic protozoa
of farm animals and pets. Springer.
https://doi.org/10.1007/978-3-319-70132-5

Gashaw M, Welde N, Ayana D, Waktole H and Addis, 2020.
Study on Eimeria and Cryptosporidium infection in dairy
cattle farms of Holeta , West Shoa Zone ,Oromia , Ethiopia.
Journal of American Science 16:44-60
https://doi.org/10.7537/marsjas160820.06

Gregory M and Catchpole J, 1987. Ovine coccidiosis: pathology
of Eimeria ovinoidalis infection. International Journal for
Parasitology 17(6): 1099-1111.
https://doi.org/10.1016/0020-7519(87)90162-7

Gregory M, Catchpole J and Norton C, 1989. Observations on the
endogenous stages of Eimeria crandallis in domestic lambs
(Ovis aries). International Journal for Parasitology 19(8):
907-914. https://doi.org/10.1016/0020-7519(89)90118-5

Gregory MW and Catchpole J, 1990. Ovine coccidiosis: The
pathology of Eimeria crandallis infection. International
Journal for Parasitology 20(7): 849-860.
https://doi.org/10.1016/0020-7519(90)90022-F

Ibrahim M and Afsa A, 2013. Natural co-infection and species
composition of Eimeria in sheep in Al-Baha area, Saudi
Arabia. Egyptian Academic Journal of Biological Sciences,

. Zoology 5(2): 49-58.
https://doi.org/10.21608/eajbsz.2013.13511

Kanyari P, Kagira Jand Mhoma R, 2009. Prevalence and intensity
of endoparasites in small ruminants kept by farmers in
Kisumu Municipality, Kenya. Livestock Research for Rural
Development 21: 202.

Karimzadeh M, Kojouri G, Azizi H, Pirali Y and Shiran B, 2022.
Small ruminants coccidiosis in high altitude region of Iran.
Asian Research Journal of Agriculture 15(4): 116-123.
https://doi.org/10.9734/arja/2022/v15i430174



https://doi.org/10.4274/tpd.galenos.2019.6512
https://doi.org/https:/doi.org/10.1017/S0031182021000044
https://doi.org/
https://dx.doi.org/10.22271/j.ento
https://doi.org/10.33472/AFJBS.6.8.2024
https://doi.org/10.9790/2380-0713032631
https://doi.org/10.1177/1040638718814109
https://doi.org/10.22067/ijvst.2021.71247.1057
https://doi.org/10.1016/j.cvfa.2019.12.006
https://doi.org/10.1590/S1984-29612022004
https://doi.org/10.1016/j.vetpar.2018.10.004
https://doi.org/10.1017/S0031182000048447
https://doi.org/10.1016/j.smallrumres.2011.10.022
https://doi.org/10.1071/9780643101333
https://doi.org/10.1111/j.1439-0450.2005.00894.x
https://doi.org/10.1111/j.1439-0450.2005.00894.x
https://doi.org/10.1016/B978-012263951-7/50017-X
https://doi.org/10.1016/B978-012263951-7/50017-X
https://doi.org/10.2376/0005-9366-123-49
https://doi.org/10.2376/0005-9366-123-49
https://doi.org/10.1007/s12639-020-01229-1
https://doi.org/10.1007/978-3-319-70132-5
https://doi.org/10.7537/marsjas160820.06
https://doi.org/10.1016/0020-7519(87)90162-7
https://doi.org/10.1016/0020-7519(89)90118-5
https://doi.org/10.1016/0020-7519(90)90022-F
https://doi.org/10.21608/eajbsz.2013.13511
https://doi.org/10.9734/arja/2022/v15i430174

Kaya G, 2004. Prevalence of Eimeria species in lambs in Antakya
province. Turkish Journal of Veterinary Animal Sciences
28(4): 687-692.

Lassen B, Jérvis T and Mdgi E, 2013. Gastrointestinal parasites
of sheep on Estonian Islands. Agraarteadus: Journal of
Agricultural Science XXIV(1): 7-14.

Liu S, Masters D and Adams N, 2003. Potential impact of
nematode parasitism on nutrient partitioning for wool
production, growth and reproduction in sheep. Australian
Journal of Experimental Agriculture 43(12): 1409-1417.
https://doi.org/10.1071/EA03017

Mesa-Pineda C, Navarro-Ruiz JL, Lopez-Osorio S, Chaparro-
Gutiérrez JJ and GOmez-Osorio LM, 2021. Chicken
coccidiosis: from the parasite lifecycle to control of the
disease. Frontiers in Veterinary Science 8: 787653.
https://doi.org/10.3389/fvets.2021.787653

Mohamaden WI, Sallam NH and Abouelhassan EM, 2018.
Prevalence of Eimeria species among sheep and goats in
Suez Governorate, Egypt. International Journal of
Veterinary Science and Medicine 6(1): 65-72.
https://doi.org/10.1016/j.ijvsm.2018.02.004

Mohamed HI, Arafa WM and El-Dakhly KM, 2022. Ovine
coccidiosis and associated risk factors in Minya, Egypt.
Beni-Suef University Journal of Basic Applied Sciences
11(1): 137. https://doi.org/10.1186/s43088-022-00318-9

Mohammed Z and Ibrahim WM, 2022. A Morphopathological
study on ovine pulmonary adenocarcinoma in Libya.
Microbiology Research Journal International 32(2): 23-32.
https://doi.org/10.9734/MRJI/2022/v32i230371

Mohammed ZM, lbrahim WM and Abdalla 10, 2022. Pneumonia
in Slaughtered Sheep in Libya: Gross and Histopathological
Findings. European Journal of Veterinary Medicine 2(1): 4-
9. https://doi.org/10.24018/ejvetmed.2022.2.1.18

Molina J and Ruiz A, 2019. Coccidiosis in sheep. In J. P. Dubey
(Ed.), Coccidiosis in Livestock, Poultry, Companion
Animals, and Humans (1st Ed., pp. 99-108). CRC Press.
https://doi.org/10.1201/9780429294105

Ntonifor H, Shei S, Ndaleh N and Mbunkur G, 2013.
Epidemiological studies of gastrointestinal parasitic
infections in ruminants in Jakiri, Bui Division, North West
Region of Cameroon. Journal of Veterinary Medicine and
Animal Health 5(12): 344-352.
https://doi.org/10.5897/JVMAH2013.0209

Olmos LH, Colque Caro LA, Avellaneda-Caceres A, Medina
DM, Sandoval V, Aguirre DH and Micheloud JF, 2020. First
record of clinical coccidiosis (Eimeria ovinoidalis) in adult
sheep ~ from  northwestern  Argentina.  Veterinary
Parasitology: Regional Studies and Reports 21: 100429.
https://doi.org/10.1016/j.vprsr.2020.100429

Ramadan M, Elmadway R, Lashin A and ELdiarby A, 2018.
Prevalence of Eimeria species in sheep with a special
reference to vaccinated pregnant ewes for maternal
immunity for the first time. Benha Veterinary Medical

Int J Vet Sci, 2025, x(X): XXX.

Journal 34(3): 218-231.
https://doi.org/10.21608/bvm;j.2018.44747

Rodrigues Fde S, Tavares LE and Paiva F, 2016. Efficacy of
treatments with toltrazuril 7.5% and lasalocid sodium in
sheep naturally infected with Eimeria spp. Revista Brasileira
de Parasitologia ~ Veterinaria 25(3): 293-298.
https://doi.org/10.1590/S1984-29612016048

Roepstorff A and Nansen P, 1998. Epidemiology, diagnosis and
control of helminth parasites of swine, 1st Ed, Vol. 3. FAO
Rome.

Souza LEBd, Cruz JFd, Teixeira Neto MR, Albuquerque GR,
Melo ADB and Tapia DMT, 2015. Epidemiology of Eimeria
infections in sheep raised extensively in a semiarid region of
Brazil. Revista Brasileira de Parasitologia Veterinaria 24:
410-415. http://dx.doi.org/10.1590/S1984-29612015070

Sufi IM, Cahyaningsih U and Sudarnika E, 2017. Eimeria species
composition and factors influencing oocysts shedding in
dairy farm, Bandung, Indonesia. Biotropia 24(2): 104-113.
https://doi.org/10.11598/bth.2017.24.2.516

Sule IF, Kingsley DG and Adamu NM, 2021. Prevalence of
coccidia in sheep at the Bauchi Abattoir, Inkil, Bauchi state.
International Journal of Zoology and Applied Biosciences
6(6): 288-292.
https://doi.org/10.55126/ijzab.2021.v06.i06.032

Taylor M, 2009. Changing patterns of parasitism in sheep. In
Practice 31(20): 474-483.
https://doi.org/10.1136/inpract.31.10.474

Taylor MA, Coop RL and Wall R, 2015. Veterinary Parasitology.
John Wiley & Sons.
https://doi.org/10.1002/9781119073680.ch9

Trejo-Huitron G, Bautista-Gomez LG, Martinez-Castaneda JS,
Romero-Nunez C, Trejo-Castro L and Espinosa-Ayala E,
2020. Morphological characterization and first molecular
identification of the eleven Eimeria species that infect sheep
from Mexico. Parasitology Research 119(1): 115-122.
https://doi.org/10.1007/s00436-019-06477-6

Wang CR, Xiao JY, Chen AH, Chen J, Wang Y, Gao JF and Zhu
XQ, 2010. Prevalence of coccidial infection in sheep and
goats in northeastern China. Vet Parasitol 174(3-4): 213-
217. https://doi.org/10.1016/j.vetpar.2010.08.026

Yakhchali M and Golami E, 2008. Eimeria infection (Coccidia:
Eimeriidae) in sheep of different age groups in Sanandaj city,
Iran. Veterinarski Arhiv 78(1): 57.

Yan X, Liu M, He S, Tong T, Liu Y, Ding Kand Wang P, 2021.
An epidemiological study of gastrointestinal nematode and
Eimeria coccidia infections in different populations of
Kazakh  sheep. PLoS One 16(5): e0251307.
https://doi.org/10.1371/journal.pone.0251307

Yunus M, 2023. Incidence of Eimeria spp. in Fat-Tailed Sheep
Breed in Malang, Indonesia. Jurnal Medik Veterinar 6(2):
230-236.
https://doi.org/10.20473/jmv.vol6.iss2.2023.230-236



https://doi.org/10.1071/EA03017
https://doi.org/10.3389/fvets.2021.787653
https://doi.org/10.1016/j.ijvsm.2018.02.004
https://doi.org/10.1186/s43088-022-00318-9
https://doi.org/10.9734/MRJI/2022/v32i230371
https://doi.org/10.24018/ejvetmed.2022.2.1.18
https://doi.org/10.1201/9780429294105
https://doi.org/10.5897/JVMAH2013.0209
https://doi.org/10.1016/j.vprsr.2020.100429
https://doi.org/10.21608/bvmj.2018.44747
https://doi.org/10.1590/S1984-29612016048
http://dx.doi.org/10.1590/S1984-29612015070
https://doi.org/10.11598/btb.2017.24.2.516
https://doi.org/10.55126/ijzab.2021.v06.i06.032
https://doi.org/10.1136/inpract.31.10.474
https://doi.org/10.1002/9781119073680.ch9
https://doi.org/10.1007/s00436-019-06477-6
https://doi.org/10.1016/j.vetpar.2010.08.026
https://doi.org/10.1371/journal.pone.0251307
https://doi.org/10.20473/jmv.vol6.iss2.2023.230-236

