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Research article
Ερευνητικό άρθρο

ABSTRACT: This study aimed to determine the prevalence of Eimeria and identify its different species in adult goats 
brought to the Kathmandu valley, Nepal, for commercial meat purposes. Eimeria spp. were present in 916 samples out 
of 991 examined samples (92.4%). A total of 15 different morphologic forms of Eimeria were detected, with the preva-
lence rates as follows: E. ninakohlyakimovae (83.0%), E. alijevi (75.2%), E. capralis (75.2%), E. masseyensis (67.2%), 
E. hirci larger form (63.2%), E. tunisiensis (47.3%), E. charlestoni (33.0%), E. jolchejevi larger form (32.4%), E. 
arloingi (32.4%), E. caprina (19.3%), E. aspheronica (16.5%), E. jolchejevi smaller form (13.5%), E. christenseni 
(9.4%), E. hirci smaller form (9.4%), and E. caprovina (8.1%). The current data support the fact that Eimeria species 
are predominant in adult populations. Therefore, coprologic diagnosis and anticoccidial treatments should be imple-
mented in these populations before their transport to new sites to avoid the transmission. 
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INTRODUCTION

The genus Eimeria Schneider, 1875 (Apicomplexa: 
Eimeriidae) is a diverse and widespread coccidi-

an parasite of the invertebrate and vertebrate hosts. As 
they are present in chicken, calves, sheep, goats, and 
rabbits, they are prioritized by the veterinary profes-
sionals and livestock scientists. This unicellular proto-
zoan parasite is monoxenous because it completes its 
lifecycle in a single host. The host becomes infected 
with the consumption of food and water contaminated 
with sporulated Eimeria oocysts. Once oocysts enter 
the host, asexual and sexual reproductive cycles oc-
cur inside the host’s intestinal epithelium. As a result, 
unsporulated oocysts are released in the feces. In the 
external environment, the oocysts undergo sporogony 
and become infectious. This coccidian parasite caus-
es a disease called coccidiosis that is characterized by 
decreased growth, weight loss, decrease in the produc-
tion of milk, wool, and hair, reduced fertility, enhanced 
mortality of goats, and severe economic loss (Kho-
dakaram-Tafti and Hashemnia 2017). Therefore, the 
study of the role of Eimeria is important in livestock.

Livestock production, especially goat farming, 
is becoming increasingly popular in Nepal. It plays 
an essential role in achieving the sustainable devel-
opment goals (SDG) of the United Nations, mainly 
Goal 1: no poverty, Goal 2: zero hunger, and Goal 3: 
decent work and economic growth. Although the dis-
ease caused by Eimeria species has been recognized 
as a critical problem in the goat industry in this coun-
try for many years (Khakural 2003; Ghimire 2018; 
Ghimire and Bhattarai 2019). However, the study of 
occurrences of various Eimeria species in goats has 
not been investigated here yet. The understanding of 
various Eimeria species in goats is crucial because 
pathogenicity caused by different species is different, 
and even some Eimeria species lead to asymptomat-
ic infection (Sayin et al. 1980; Soe 1989; Dai et al. 
1991; Dai et al. 2006). Thus, species identification 
of Eimeria should be perfectly carried out to subse-
quently evaluate the parasite’s lethality and follow the 
therapeutic options. This study aims to determine the 
prevalence of different Eimeria species present in the 
goats in Kathmandu valley, where thousands of the 
goats are imported from all over the country for com-
mercial meat.

MATERIALS AND METHODS

Sample collection
The study was conducted on naturally-infected 

goats brought to the goat market and butcher shops 
from different parts of Nepal. No experimental infec-
tion was established during this research work. Goats 
were not directly involved in the study. From August 
2019 to February 2020, 991 fresh fecal samples of 
male goats were collected from the local goat markets 
and butcher shops in Kathmandu, Nepal. The samples 
were immediately placed in sterile vials containing 
2.5% potassium dichromate solution and stored in a 
refrigerator (4 Degree Celsius, oC) until further ex-
amination. 

Laboratory processing, examination, and culture
The presence of Eimeria oocysts in the fecal sam-

ples was examined by the flotation method using 45% 
NaCl (1200 revolutions per minuteX5minutes) as 
standardized by laboratory and described in an earlier 
publication (Ghimire and Bhattarai 2019). Then, spor-
ulation assays were performed in the Eimeria-positive 
samples. The fecal samples were placed in Petri dish-
es and incubated at 2.5% potassium dichromate (28 
oC) up to 10 days (Adhikari et al. 2020). Sporulation 
time was calculated as the average time required for 
complete sporulation of 90% of the oocysts. 

Sample identification
All oocysts were observed under a light micro-

scope (Optika Microscopes Italy, B-383PLi) at a 
different magnification of X100, and X400. The im-
ages were taken using SXView 2.2.0.172 Beta (Nov 
6, 2014) Copyright © 2013-2014. The identification 
of the oocysts was carried out using the parameters 
which include the oocyst characteristics (size, shape, 
shape index, color, the thickness of the wall, and pres-
ence of polar and refractile granules), sporocyst char-
acteristics (size, shape, shape index, sporocyst resid-
uum), presence or absence of micropyle and its cap, 
size, shape, and shape index (Soe 1989; Duszynski 
and Wilber 1997; Koudela and Bokova 1998; Wang 
et al. 2010). Different shapes of the oocysts were con-
sidered while identifying the species; for example, 
ellipsoid/ellipsoidal meant symmetrical elliptical in 
shape, ovoid meant egg-shaped with the broader end 
remote from the micropyle/polar cap, and urn-shaped 
meant egg-shaped with the broader end towards the 
micropyle/polar cap (Soe 1989). Species description 
was solely based on the literature (Soe 1989; Soe and 
Pomroy 1992).
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Fig 1. Different Eimeria species (X400) detected in goats in Kathmandu, Nepal

Data analysis
At least 100 sporulated oocysts from each spe-

cies of Eimeria were used in the investigation of the 
morphometric identification of various species. The 
GraphPad Software, Inc (Prism 5.00, 2007) was used 
to calculate mean, range (minimum to maximum), 
and standard deviations of length and width of oo-
cysts, sporocysts, micropylar cap and thickness of 
oocyst wall. Prevalence of the Eimeria was calculat-
ed by dividing the total numbers of Eimeria positive 
samples by whole numbers of collected samples.

RESULTS 
The current study revealed a total of 916 Eime-

ria positive fecal samples (92.4%) out of 991 exam-
ined samples (Supplementary 1). We detected a total 
of 13 species of Eimeria with a total of 15 different 
morphometric forms (Fig 1) (Supplementary 2). The 

prevalence of all of these species was as follows: E. 
arloingi (32.4%), E. christenseni (9.4%), E. hirci l.f. 
(63.2%), E. hirci s.f. (9.4%), E. jolchejevi l.f. (32.4%), 
E. jolchejevi s.s. (13.5%), E. masseyensis (67.2%), E. 
capralis (75.2%), E. tunisiensis (47.3%), E. alijevi 
(75.2%), E. aspheronica (16.5%), E. caprina (19.3%), 
E. caprovina (8.1%), E. charlestoni (33.0%), and E. 
ninakohlyakimovae (83.0%) (Supplementary 1). 

Interestingly, E. ninakohlyakimovae was the com-
mon parasite in different fecal samples; for example, 
it was found to be along with 11 different species in 
different fecal samples. There was no sample with 
a single infection. All positive fecal samples were 
concomitantly positive for different numbers, for ex-
ample, with three (1.3%), four (27.7%), five (8.1%), 
seven (18.9%), eight (30.9%), nine (4.8%), and ten 
(0.7%) species of Eimeria (Supplementary 1).
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Supplementary 1: Prevalence of each Eimeria sp. in the fecal 
samples of goats. N represents total numbers of fecal samples 
examined (N=991) and n represents total numbers of particular 
Eimeria sp. positive fecal samples. Prevalence rate was calculated 
by using 100n/N formula for particular species or concomitant 
infection. l.f.: large form and s.f.: small form.
Species of Eimeria n Prevalence (%) 
E. ninakohlyakimovae 823 83.0
E. alijevi 745 75.2
E. capralis 745 75.2
E. masseyensis 666 67.2
E. hirci l.f. 626 63.2
E. tunisiensis 469 47.3
E. charlestoni 327 33.0
E. arloingi 321 32.4
E. jolchejevi l.f. 321 32.4
E. caprina 191 19.3
E. aspheronica 164 16.5
E. jolchejevi s.f. 134 13.5
E. christenseni 93 9.4
E. hirci s.f. 93 9.4
E. caprovina 80 8.1
Concomitant infections
Triplet 13 1.3
Quadruplet 275 27.7
Pentuplet 80 8.1
Heptuplet 187 18.9
Octuplet 306 30.9
Nonaplet 48 4.8
Decaplet 7 0.7
Total infected 916 92.4

DISCUSSION
As per our knowledge, this is the first published 

report on the diversity and prevalence of Eimeria spe-
cies in the goats of Nepal. The high prevalence rate 
accompanied by mixed infections up to ten species 
and the presence of 13 different species indicates that 
Eimeria is a dominant coccidian parasite in Nepal’s 
goats. Although there are 17 accepted species of Eime-
ria from goats (Levine 1988; Soe and Pomroy 1992), 
we have detected 15 different morphologic forms. 
Among the 15 morphologic forms identified in this 
study, only four are significant for coccidiosis. These 
species include E. ninakohlyakimovae, E. arloingi, E. 
christenseni, and E. caprina that have been proved as 
etiologic agents of hemorrhagic diarrhea and lesions 
in the GI tracts in goats (Sayin et al. 1980; Aumont 
et al. 1984; Norton 1986; Koudela and Bokova 1998; 
Dai et al. 2006; Hashemnia et al. 2012). However, 
the former is regarded as the most pathogenic species 
resulting in extra-intestinal complications (Dai et al. 
1991). Although the latter three species are consid-
ered to be pathogenic, in vivo experiments with E. 

ninakohlyakimovae, E. christenseni, and E. arloin-
gi have resulted in sub-clinical coccidiosis which is 
characterized by a decrease in the intake of dry mat-
ter, momentary diarrhea or slight constipation, and 
a very large oocyst excretion (Aumont et al. 1984; 
Aumont et al. 1986). The various results indicate that 
these Eimeria species lead to both clinical and sub-
clinical manifestations, and the effect depends on the 
different species involved. 

Our results were obtained from the fecal samples 
of male goats transported from different parts of the 
country for commercial meat purposes. These goats 
appeared clinically healthy and robust, although the 
detection of various Eimeria species indicated that 
they might have a mild to moderate or asymptomat-
ic infection. In this context, the goats can act as as-
ymptomatic carriers for different Eimeria species. It 
is believed that healthy goats can resist coccidiosis 
without developing clinical signs; however, stress 
situations during transportation or underfeeding and 
the associated factors may disrupt the immune sys-
tem, which leads to a huge effect of Eimeria (Chartier 
and Paraud 2012; Mohamaden et al. 2018). These ex-
planations and our exploration indicate that constant 
monitoring of Eimeria should be carried out routinely 
in the future, especially for the adult goats that might 
act as transmitting means of these coccidia.

CONCLUSIONS
In conclusion, based on our laboratory findings, 

the current study revealed that Eimeria species are 
dominant in Nepal’s goats. It has already been sug-
gested that goat kids are severely affected by Eime-
ria with high morbidity and mortality. However, the 
current study detected Eimeria in more than 90% of 
the goat adult populations. Therefore, to avoid trans-
mission, coprologic diagnosis and anticoccidial treat-
ments should be carried out in the goat populations 
before transporting them to other sites. 
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