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Abstract
Caprine coccidiosis is an economic disease in goat husbandry. The study aimed to investigate
the prevalence of caprine coccidiosis in the Mekong Delta, Vietnam, and characterization E.
arloingi that is one of the most pathogenic and mobile among caprine Eimeria species. Our
findings showed that 218 tested samples out of 251 had the presence of Eimeria species,
accounting for 86.85 %. The highest infection rate of coccidiosis was recorded in goat kids (<
4-month- old goats) with 96.25%, followed by 88.61% in 4-12 month-old goats and 77.17%
in > 12- month-old goats. Four various Eimeria species were morphologically identified,
including E. arloingi (43.42%), E. ninakohlyakimovae (39.84%), E. christenseni (33.86%),
E. alijevi (12.75%). Molecular characterization of E. arloingi was performed based on two
different genes, namely internal transcribed spacer-1 (ITS-1) and 18S rDNA. The phylogenetic
trees revealed that E. arloingi had a close relationship to other Eimeria species from goat and
sheep. This study confirmed that ITS-1 and 18S rDNA are appropriate genetic markers in the
identification and differentiation of Eimeria species in small ruminants.
Keywords: Caprine coccidiosis; ITS-1; 18S rDNA; E. arloingi; Vietnam

Introduction
Goat husbandry is an important part of
the agricultural sector, especially in many
developing countries that supply meat and
milk for humans. The global goat population
that increased by 33.8% between 2000
and 2013 (Skapetas & Bampidis, 2016)
exceeds one billion (FAO). In 2019, the
goat population in Vietnam is 2.6 million
(https://www.statista.com). However, caprine
coccidiosis caused by the protozoan genus
Eimeria is one of the most economically
significant parasitic diseases.
Eimeria
spp. is the obligate intracellular parasite
that penetrates and damages enterocytes,
resulting in hemorrhagic diarrhea, nutrient
absorption reduction, growth retardation,
and mortality (Ruiz et al., 2012). Goats are

susceptible to Eimeria infection at all ages,
particularly in young goats within the age of
4-10 weeks (Taylor & Catchpole, 1994).
Until now, 16 different Eimeria species have
been identified in goats, however Eimeria
arloingi, E. christenseni, E. ninakohyakimovae,
and Eimeria caprinar were considered as the
most pathogenic species (Koudela & Boková,
1998). Among them, Eimeria arloingi appears
mostly in caprine coccidiosis and causes high
mortality in young goats (Taylor et al., 2007).
It is responsible for the economic losses due
to clinical symptoms.
Traditional
identification
based
on
morphology and sporulation time is the
practical method and in diagnosis species in
caprine coccidiosis. However, this method
hinders for accurate identification due to the
overlap of the caprine oocyst index. Therefore,

*Correspondence:nhbtran@ctu.edu.vn; ORCID: 0000-0002-8933-6349

ISSN 2545-9732

Nguyen-Ho-Bao, Lu, Nguyen

JSET Vol.10, 2022

molecular techniques have been developed to
facilitate the identification of Eimeria spp. to
assist the morphological method. Moreover,
analyzing the phylogenetic tree of Eimeria
spp. in goats helps us to insight into the
taxonomy of Eimeria genus. Thus, this study
aims to investigate the prevalence of caprine
coccidiosis, and characterize the genetic
characteristics of E. arloingi in Vietnam based
on DNA sequence of internal transcribed
spacer- 1 (ITS-1) and 18S rDNA region.

Materials and Methods
Ethical Approval

well as the sporulation time (Soulsby, 1982;
Eckert, 1995) was examined. The oocysts
were visualized under microscope ECLIPSE
Nikon 200.

DNA Extraction
Oocyst having the E. arloingi morphological
patterns were manually collected by using
pippet. Then these oocysts were washed
3 times with PBS. To assist in breaking the
oocyst wall, glass beads (2-3 mm) have been
added to oocysts and vortexed vigorously
for 5 minutes. DNA extract was performed,
following to the protocol described in detail by
Haug (2007).

This current study was designed and
performed based on Can Tho University
regulations to guarantee the animal welfare.

Sample Collection
Recovery

and

Amplification and Sequencing of
ITS-1 and 18S rDNA

Oocyst Different pairs of species - specific primers

Fecal samples were randomly collected from
251 goats in the Mekong Delta provinces.
The samples were stored at 4o C until the
further investigation.
Fecal pellets were
crushed and homogenized in tap water. Then,
the homogenate was filter through sieve
to remove debris. Washed fecal samples
were resuspended in saturated sodium
chloride (35g/ 100g H2 O). Then samples were
centrifuged at 1000 x g for 10 minutes. The
oocysts were collected from supernatant of
the falcon tube. The oocysts were washed
twice with cold phosphate buffer saline (PBS)
to exclude the excess saturated salt solution.
Cleaned oocysts were stored in 2.5% of
potassium dichromate and incubated at
room temperature to observe the sporulation
process.

Morphological Identification
The morphological of oocyst index (wide,
length, the ratio between wide/length), color,
thickness of oocyst wall, the presence or
absence of residue, micropyle, polar caps, as

target on internal transcribe spacer ITS-1
region and 18S rDNA were used to identify the
presence of Eimeria arloingi in goats. ITS-1
region was amplified using forward primer: 5’GCAAAAGTCGTAACACGGTTTCC-3’ and the
reverse primer: 5’-CTGCAATTCACAATGC
GTATCG-3’ (Kawahara et al., 2010).
A
region of 18S rDNA gene were amplified
with the forward primer 5’-TACCCAATGAAAA
CAGTTT-3’ and the reverse primer 5’CAGGAGAAGCCAAGGTAGG-3’ (Jinneman
et al., 1999).
The PCR amplifications were conducted by
using Bio-Rad thermal cycler. Each reaction
consisted of 1µl of primer (10 µM), 12.5 µl of
2X Master Mix (Bioline), DNA template (2 µl)
and nuclease-free water up to a total volume of
25 µl. The cycling programs were established
with the initial denaturation: 98o C for 1 min
followed by 30 cycles of 98o C denaturation for
1 min (20s), annealing (at 57o C/ 30s and 58o C/
45s for ITS-1 and 18S rDNA, respectively),
72o C extension for 30s, and a final extension:
72o C for 2 min. PCR products were loaded
on 1.5% (w/v) agarose gel in 1X TAE at 120V
for 30 minutes with a DNA ladder 100 bp.
The gel was stained by ethidium bromide and
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Table 1. Sequences of ITS-1 used to perform arloingi were aligned with other reference
phylogenetic analysis
sequences by using ClustalW. The Maximum
Likelihood method and Kurma-2 model have
Genbank accession
Species
Location
number
been used to analyze the phylogenetic
AF026384.1
E. acervulina
Sweden
tree, which was constructed by MEGA X.
MG774401.1
E. ahsata
Mexico
KC507793.1
E. arloingi
Iran
ITS-1 and 18S rDNA sequences of Eimeria
KU351711.1
E. bovis
Turkey
spp.
used in the phylogenetic analysis
AF026383.1
E. brunetti
Sweden
were accessed through Genbank. Isolates
MG774400.1
E. crandallis
Mexico
AB769804
E. ellipsoidallis
Japan
including the corresponding accession
AF065095.1
E. maxima
Sweden
number are described detail in Table 1 and
AF026385.1
E. necatrix
Sweden
Table 2.
MG774399.1
E. weybridgensis
Mexico
LC171338.1
MG836233.1
MG836234.1
MW310690.1
MG836232.1

E. zuernii
E. parva
E. ovina
E. granulosa
E. marsica

Japan
Mexico
Mexico
China
Mexico

Results and Discussion
Results

Table 2. Sequences of 18S rDNA used to
perform phylogenetic analysis
Genbank accession
number
U67115.1
KP893747.1
KX845686
MK830054.1
KT184336.1
KP893748.1
KX519411.1
AB769627.1
KX845685.1
U67117.1
KX519412.1
U67119.1
KT184356.1
MG836233.1
MG836234.1
MW310690.1
MG836232.1
MG836234.1
MW310690.1
MG836232.1

Species
E. acervulina
E. ahsata
E. arloingi
E. arloingi
E. bovis
E. crandallis
E. christenseni
E. ellipsoidallis
E. hirci
E. maxima
ninakohlyakimovae
E. necatrix
E. zuernii
E. parva
E. ovina
E. granulosa
E. marsica
E. ovina
E. granulosa
E. marsica

Location
USA
Iran
Australia
Oman
Canada
Iran
India
Japan
Australia
USA
India
USA
Canada
Mexico
Mexico
China
Mexico
Mexico
China
Mexico

Prevalence of Eimeria spp. Infection
in Goats
Out of 251 surveyed samples, the prevalence
of Eimeria spp. infection in goat was 86.85
% (218/251). The highest infection rate was
recorded in goat kids (< 4 months old) with
96.25% (77/80), following by 88.61 % (70/79)
in 4-12 months old goats, and 77.17% (71/92)
in > 12 months goats. There were significant
difference regarding to the prevalence of
Eimeria species between < 4-month- goats
and > 12- month- goats (p <0.05).

Morphological
Identification
Eimeria Species

visualized under UV light (Biorad UV 2000).

Data Analysis
The difference in infection prevalence among
different age groups of goats was calculated
by Chi-Square (X2 ) test using Minitab version
16. The results are observed to be the
significant difference at p-value < 0.05.
Nucleotide sequences were analyzed by
Bioedit software and BLAST in NCBI. Further,
ITS-1 and 18S rDNA sequences of Eimeria

of

The
morphological
identification
was
conducted based on characteristics of
oocyst morphology and sporulation time,
which described by Erkert, 1995.
Four
various species of caprine coccidiosis were
identified in this study (Fig. 1). The specific
characteristics for each species was detail
described in Table 3. The prevalence of E.
arloingi, E. ninakohlyakimovae, E. christenseni
and E. alijevi were 43.42%, 39.84%, 33.86%,
12.75%, respectively. The most predominant
Eimeria species in goats was E. arloingi
In this study, we focused on gene
characteristic of E. arloingi which is one
of the most pathogenic species in goats. The
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Figure 1. Oocysts of E. arloingi (A), E. ninakohyakimovae (B), E. chirstenseni (C), E. alijevi (D)
Table 3. Morphological characteristics of Eimeria spp. in goats described in this study
Length (µm)
(Min-Max)

Width (µm)
(Min-Max)

Sporultion time (hours)

Species

Oocyst ellipsoid,
thick
wall,
micropyle, polar
cap

21.21-27.80

20.03-27.09

36-48

E. arloingi

Oocyst ellipsoid,
thin wall without
micropyle,
colourless

20.01-22.67

14.02-16.45

24-48

E. ninakohyakimovae

Oocyst
ovoid,
thick
wall,
micropyle, polar
cap

34.51-41.12

23.10-27.90

96-132

E. chirstenseni

14.56-22.44

24-72

E. alijevi

Oocyst characteristics

Oocyst
20.06-23.00
ellipsoid
or
ovoid,
colourless wall,
no micropyle
colourless wall,
no micropyle
Min: minimum, Max: maxium

oocyst having the pattern of E. arloingi were
collected and further used for DNA extraction
and sequencing. PCR products of ITS-1 and
18S rDNA were successfully amplified for E.
arloingi with the amplicon size of > 500 bp
and 637 bp, respectively (Fig. 2). These PCR
products was further sequenced to confirm
E. arloingi. There were no amplification in
negative controls.

Phylogenetic Tree Analysis
The homology of ITS-1 sequence from Eimeria
arloingi with other Eimeria isolated in Egypt
and Iran was 81% and 97%, respectively.
Otherwise, the nucleotide sequence of
18S rDNA of E. arloingi revealed the high
homology 99.48% with corresponding E.
arloingi isolated in Iran (KC507793.1) and
Australia (KX845686.1). The phylogenetic
trees of ITS-1 and 18S rDNA (Figure 3, 4)
presented that E. arlonigi grouped with the
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Figure 2. Results from PCR, followed by agarose gel 2 % electrophoresis. M: Marker 100 bp, lane 1-5:
samples, lane 6: negative control. (A) ITS-1 and (B) 18S DNA of Eimeria arloingi

clade of Eimeria species (E. parva, E. ovina,
E. granulosa, and E. marsica) in sheep, and
closely to bovids Eimeria; however, E. arloingi
completely separated from avian Eimeria
species. In pairwise alignment, the ITS-1
sequence showed 91.49% similarity to E.
parva (ovine) while the 18S rDNA sequence
derived from E. arloingi showed 99.14%
similarity to E. christenseni (caprine) and
E. ahsata (caprine). In brief, the findings
from analysis ITS-1 and 18S rDNA revealed
a similar pattern that E. arloingi isolated in
Vietnam had a close relationship to Eimeria
species in small ruminants.

Discussion
Caprine coccidiosis caused by Eimeria
species occurs worldwide and leads to a
significant economic influence on the goat
production industry due to retard growth
rates, even mortality. Although 16 Eimeria
species have been found in goats, E. arloingi
and E. ninakohlyakimovae are the two most
pathogenic species (Koudela & Boková, 1998;
Khodakaram-Tafti et al., 2013; Silva et al.,
2017). Especially, E. arloingi is associated
with high mobility and mortality in kids
(Koudela & Boková, 1998) (Hashemnia et
al., 2012). Most ruminant Eimeria species

replicates in the intestinal epithelium; however,
some caprine Eimeria species such as E.
arloingi, E. ninakohlyakimovae, E. christenseni
replicate the endothelia of lacteals in the
small intestine of the host, resulting in
dramatic destruction of the intestinal mucosa
(Daugschies & Najdrowski, 2005; Silva et al.,
2017).
The overall infection rate of caprine
coccidiosis in surveyed areas was 86.85%.
The highest infection rate of coccidiosis was
found in kids (less than 4-month-old goats)
with 96.39%. Our findings are in line with
previous studies indicating that kids are highly
susceptible to caprine coccidiosis infection,
especially outdoor kids (Silva et al., 2020).
Besides Eimeria arloingi, three different
species namely E. ninakohlyakimovae, E.
christenseni, and E. alijevi have been isolated
from surveyed samples. Moreover, Eimeria
arloingi and E. ninakohlyakimovae were the
two most common species in goats in many
other countries (Sharma et al., 1997; Koudela
& Boková, 1998; Ruiz et al., 2006; Verma et
al., 2017). However, the diversity of coccidian
species in this study was less than many
other surveys in Asia. For instance, goats
in Sri Lanka were infected by seven different
species E. ninakohlyakimovae (31%), E.
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Figure 3. Phylogenetic tree based on ITS-1 sequences, constructed according to Maximax Likelihood
method. Bootstrap analysis was performed using 1000 replicates. The numbers in the
branches indicated the bootstrap values

Figure 4. Phylogenetic tree based on 18S rDNA sequences, constructed according to Maximum
Likelihood method. Bootstrap analysis was performed using 1000 replicates. The numbers
in the branches indicated the bootstrap values

christenseni (7%), E. jolchijevi (6%), E. hirci
(3%), E. aspheronica (1%), E. alijevi (29%),
and E. arloingi (21%) (Faizal & Rajapakse,
2001). In another study, nine Eimeria species
were identified in goats in Iran E. arloingi , E.
parva, E. ninakohlyakimovae, E. pallida, E.
christenseni, E. caprina, Eimeria hirci, Eimeria

faurei, and Eimeria granulosa (Hashemnia et
al., 2015). The prevalence and the diversity
of Eimeria species are affected by many
various intrinsic and extrinsic factors such
as age, breed, density of herbs, husbandry
management, and environment (Tomczuk et
al., 2015).
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Morphological identification has been widely
applied in Eimeria species differentiation.
However, there is still challenging to
identification those Eimeria species that
have overlap features of oocyst morphology
(Matsubayashi et al., 2020).
Therefore,
molecular methods have been developed to
overcome the hinders from morphological
methods (Kawahara et al., 2010).
Although there are numerous studies,
associated with epidemiology, pathogenesis,
treatment development for caprine coccidiosis
in Vietnam, no information about the genetic of
E. arloingi was mentioned in previous studies.
Thus, this study focused on characterizing E.
arloingi at the molecular level. The internal
transcribed spacer (ITS-1) region is the
promising target to design the specific primers
due to the heterogeneity of the sequence and
lengths among different species (Kawahara
et al., 2010; Khodakaram-Tafti et al.,
2013).
Besides, the 18S rDNA region
is considered highly species-specific in
differentiation closely related species of
Eimeria (Matsubayashi et al., 2005).
Phylogenetic analysis from both ITS-1 and
18S rDNA illustrated that E. arloingi and
other ovine Eimeria species form a group,
separating from other remaining Eimeria
species. These findings were different from
the findings of (Silva et al., 2017) which
observed that the ITS-1 sequence of E.
arloingi in Portugal is most similar to E. bovis.
However, the ITS-sequence derived from E.
arloingi in Vietnam showed a high similarity
to E. christenseni (goat) and other ovine
Eimeria species (E. parva, E. ovina). The
difference in our study might be explained
due to the length of the sequence and
reference genes, compared to the study of
Silva (2017) (2290 nt of ITS-1). Moreover,
ITS-1 sequences of avian Eimeria species
(such as E. maxima and E. mitis) have been
found to vary significantly among isolates
of the same species recover from different
continents (Schnitzler et al., 1998; Lew et
al., 2003; Kawahara et al., 2010). Therefore,
further investigations are necessary to the

insight of gene diversity influenced by the
geographical distribution of E. arloingi. The
18S rDNA sequence of E. arloingi showed
high similarity (> 99.14%) to E. ahsata and E.
christensenii which is in line with the outcomes
obtained from the study of Khodakaram-Tafti
et al. (2013). The differences were found in
only five nucleotides. Moreover, E. arloingi,
E. ahsata and E. christenseni possess similar
morphological characteristics such as ovoid
shape (except E. arloingi with ellipsoid),
having micropyle, no oocyst residual body
(Eckert J. 1995).
Besides, E. arloingi,
christenseni are classified as pathogenetic
species in goats, and E. ahsata belongs to
one of the most pathogenic species in sheeps.
Although they have many similarities in 18S
rDNA sequence, morphological as well as
the pathogenicity, there is no evidence about
the cross-infection capacity among Eimeria
species in goats and sheeps (Bakunzi, 2010)
due to the high host specific of Eimeria.
The phylogenetic analyses indicated that
the sequence of E. arloingi formed a cluster,
including E. christenseni and ovine Eimeria
species (E. parva, E. ovina, E. granulosa, and
E. marsica). Besides, avian Eimeria species
was outgroup from other Eimeria species
from sheeps, goats and bovids. It could be
explained due to the high host-specific of
Eimeria species, especially in avian coccidia.
Analyzing the phylogenetic evolution
among Eimeria species can provide valuable
knowledge to coccidian biology, metabolic
pathway, immunology to further developing of
new anticoccidial drugs and vaccines (Blake
et al., 2015).

Conclusion and
Recommendations
Our findings revealed that goats in Mekong
Delta had a high prevalence of coccidiosis.
Moreover, goats were infected by high
pathogenic Eimeria species such as Eimeria
arloingi and E. ninakohlyakimovae. E. arloingi
in this study had a close relationship to

25

Nguyen-Ho-Bao, Lu, Nguyen

JSET Vol.10, 2022

and Veterinary Public Health, 52(10).
Eimeria species in small ruminants. This
https://doi.org/10.1111/j.1439-0450.2005.
study is a scientific evidence to encourage
00894.x
farmers pay attention to coccidiosis in goats
to apply effective preventions. Moreover, the
study also provides fundamental molecular Eckert J, Braun R, Shirley MW, Coudert
P. (1995) Biotechnology guidelines on
information about E. arloingi, which could be
techniques in coccidiosis research.
useful for prophylaxis strategies.
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