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Abstract Prevalence studies can adequately assist in the

design of prophylaxis strategies for disease control. Here,

the prevalence of Eimeria species in chickens was inves-

tigated in Anhui province, China, from July to September

2016. A total of 171 samples were tested by microscopic

examination and molecular methods. The prevalence of

coccidiosis in Anhui province was found to be 87.75%

(150/171). Eimeria tenella was the most prevalent species

(80.67%, 121/150), and Eimeria necatrix, Eimeria mitis,

Eimeria maxima, Eimeria brunetti and Eimeria acervulina

were 68% (102/150), 55.33% (83/150), 54.67% (82/150),

44.67% (67/150) and 2.67% (4/150), respectively. Eimeria

praecox was not detected at all. The most common com-

binations are E. tenella, E. maxima, E. necatrix, E. brunetti

and E. mitis (26.67%, 40/150), followed by E. tenella,

E. maxima and E. necatrix (19.33%, 29/150). Eimeria

necatrix exhibited the highest participation in multiple

infections. The results of the present study suggested that

Eimeria infection is mixed, severe and widespread in

chickens, Therefore, integrated strategies should be per-

formed to prevent and control coccidial infection in

chickens in Anhui province.
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Introduction

Coccidiosis is caused by the protozoan parasite of the

genus Eimeria spp. consisting of seven species, and is one

of the most prominent problems faced by the modern

poultry industry (Vrba et al. 2011). Annual global poultry

production losses are consequently large and are estimated

at billions of dollars (Godwin and Morgan 2014). The

morbidity and mortality in chickens infected with Eimeria

species can be as high as 80% (Mcdougald et al. 1997).

Therefore, coccidiosis is considered to be one of the most

costly diseases (Zaman et al. 2012). In the poultry industry,

chickens can be infected by any of the seven Eimeria

species, including Eimeria tenella (E. tenella), Eimeria

maxima (E. maxima), Eimeria acervulina (E. acervulina),

Eimeria necatrix (E. necatrix), Eimeria brunette

(E. brunette), Eimeria mitis (E. mitis), and Eimeria praecox

(E. praecox) (Shivaramaiah et al. 2014). E. tenella,

E. necatrix, E. maxima, E. brunette and E. acervulina are

considered to be highly pathogenic, whereas E. praecox

and E. mitis are regarded as the least pathogenic (Al-Na-

tour et al. 2002).

China is one of the three largest chicken-producing

country, ranked third in exports, behind the United States

and Brazil (USDA 2015). In China, the poultry industry has

an important economic status throughout the entire coun-

try. The chicken industry in China is characterized by a

large number of breeds and irregular managements, in

contrast to the intensive breeding systems in Europe. This

makes it extremely difficult to control infectious diseases in

chickens such as coccidiosis. Annual economic losses due

to coccidiosis were more than 73 million USD, with the

drug costs of poultry producers ranging from 73 to 88

million USD. Of the total combined pharmaceutical control

costs of all potential chicken diseases, coccidiosis alone
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accounts for 30% of the total cost (Suo 2004). Anhui is a

chicken-producing province of China. However, chicken

coccidiosis is one of the main diseases endangering the

chicken industry due to the high morbidity and mortality

rate. Therefore, this disease causes tremendous economic

losses to the chicken industry very year, and is severely

affected by frequent outbreaks of diseases (Shang et al.

2011).

In the face of challenges posed by coccidiosis, several

clinical and epidemiological studies have been undertaken

in recent years, including those in the provinces of Shan-

dong and Heilongjiang (Sun et al. 2009; Li et al. 2009). To

date, seven Eimeria species have been reported to infect

chickens in China (Sun et al. 2009). Confirm whether this

hypothesis is still applicable to the present condition. The

purpose of the present study was to analyze the epidemi-

ology of Eimeria species in Anhui province using molec-

ular methods based on ITS-1 rDNA regions. The specific

identification of Eimeria species is important for the

diagnosis, disease control, and treatment, as well as for

epidemiology and biological studies of chicken populations

(Hamza et al. 2015). This data will provide critical infor-

mation regarding the epidemiology of coccidian infection

among domestic chickens in Anhui province.

Materials and methods

Sample collection

Fresh chicken faeces (20–45 days) were collected from 171

farms located in Feixi county (31 farms), Feidong county

(28 farms), Changfeng county (32 farms), Lujiang county

(31 farms), Fengtai county (28 farms) and Quanjiao county

(21 farms), from July to September 2016. The breeding

stock of each farm was between 5000 and 10,000 chickens.

Fresh faeces were collected from the four corners and

center of each chicken house in a plastic bag and homog-

enized thoroughly. All samples were kept in a refrigerator

at 4 �C until further used.

Laboratory processing

A total of 2 g of each sample was put into 60 mL of a satu-

rated salt solution. The suspension was filtered through

gauze and centrifuged at 1500 rpm for 10 min. A wire ring

was then used to obtain a sample of the liquid film for

microscopic examinationwith lightmicroscopy. The oocyst-

positive samples were homogenized in 0.75% (w/v) physi-

ological saline until it could be washed by 0.75% (w/v)

physiological saline through a sieve covered with folded

gauze into a beaker. The solids components of the filtrate

were permitted to settle out by centrifugation at 3500 rpm for

10 min. The supernatant was discarded and the sedimentwas

purified twice in a saturated saline solution by centrifugation

at 1500 rpm for 10 min. The sediment was discarded and the

supernatant was washed twice by centrifugation at 3500 rpm

for 10 min with tenfold distilled water. The sediment con-

taining oocysts was incubated in 2.5% (w/v) potassium

dichromate on petri dishes to sporulation at 27 �C for 5 days.

The sporulated oocysts were stored at 4 �C.

Microscopic examination

Oocysts from each sample were photographed using a

microscope coupled Motic Images Plus 2.0ML digital

camera (Motic BA 210, Motic company, Xiamen, China)

and then measured for size. The morphological parameters

were detected by indexes for length, width and shape.

DNA extraction

The oocysts were washed with distilled water to remove the

potassium dichromate. Using 0.5 mm diameter glass beads,

the samples were vortexed vigorously to rupture the walls of

the oocysts. TheDNAwas extracted using theE.Z.N.A.Micro

Elute Genomic DNA Kit (Omega, America), following the

manufacturers protocol with minor modifications. We used

300 lL of the sporulated oocysts suspension, instead of feces

and the vortex time was 1 min instead of 30 s. The DNA

concentration was determined using a Q5000 UV–Vis spec-

trophotometer (Thmorgan; Quawell, USA) at 260 nm.

Molecular methods

The PCR assay was performed to detect the seven Eimeria

species in a final volume of 25 lL containing 12.5 lL of

2*PCR Premix (TIANGEN� PCR Master Mix, TIANGEN,

China), 20 lM of the forward primers and 20 lM of each

reverse primer (Table 1), 1lL of DNA and distilled water

with supplement. After an initial denaturing temperature of

95 �C for 10 min, 30 cycles of 98 �C for 30 s, 52.5–65 �C
for 30 s, and 72 �C for 1 min were run, followed by a final

extension at 72 �C for 1 min with improvement and

optimization.

All PCR products were analyzed by separation on 1.5%

agarose gel in TAE buffer at 100 V for 30 min, were stained

with ethidium bromide, and examined under UV light.

Results

Microscopic examination

Out of the 171 poultry farms screened, 87.72% were pos-

itive for Eimeria spp. Feixi (96.77%) and Changfeng
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country (93.75%) had the higher infection rates of the

collected samples, followed closely by Feidong (89.29%)

and Lujiang country (87.10%). The prevalence in Fengtai

(82.14%) and Quanjiao (71.43%), were relatively lower

(Fig. 1).

The morphological features of the isolated Eimeria

species revealed that six different species to be present in

the examined samples (E. tenella, E. necatrix, E. brunette,

E. mitis, E. maxima, and E. acervulina) (Fig. 2).

Molecular identification

All positive samples contained multiple infections, with

two to five different species of Eimeria involved in the

manifestation of the disease in chickens. There were no

positive samples that were infected with either a single

species or all seven species of Eimeria. The data revealed

that E. tenella, E. necatrix, E. brunetti, E. acervulina,

E. mitis, and E. maxima existed in the poultry farms of

Anhui by molecular examination using a species-specific

PCR assay (Fig. 3). However, the prevalence of each

species varied. These findings suggest that E. tenella is the

dominant species (80.67%) in Anhui province, followed by

E. necatrix (68%), E. mitis (55.33%), E. maxima (54.67%),

E. brunetti (44.67%), and E. acervulina (2.67%), as pre-

sented in Table 2.

The most prevalent combinations are E. tenella,

E. maxima, E. necatrix, E. brunette, and E. mitis (26.67%),

followed by E. tenella, E. maxima, and E. necatrix

(19.33%). E. necatrix was most frequently involved in

multiple infections, as shown in Table 3.

Discussion

Chickens are one of the most important food-producing

animals. Chicken coccidiosis has emerged and spread

rapidly worldwide, thereby posing a significant threat to the

poultry industry (Ogedengbe et al. 2011). The aim of the

present study was to determine the infection prevalence of

Eimeria species in chickens from Anhui province, China.

Hence, the determination of infection prevalence was

investigated in these regions. Additionally, this study was

conducted during the four months when coccidiosis has

been reported to increase due to increased floor wetness

and due to the more humid weather in Anhui province. The

increased prevalence of disease may be correlated with the

favorable ambient temperature and relatively higher

Table 1 The primers used in the first PCR assay

Species Sequence(50-30) PCR product size (bp) Annealing temperature (�C)

E. brunetti Fa-CTGGGGCTGCAGCGACAGGG

Ra-ATCGATGGCCCCATCCCGCAT

183 58

E. mitis Fa-GTTTATTTCCTGTCGTCGTCTCGC

Ra-GTATGCAAGAGAGAATCGGGATTCC

330 65

E. praecox Fa-CATCGGAATGGCTTTTTGAAAGCG

Ra-GCATGCGCTAACAACTCCCCTT

215 65

E. tenella Fb-GTTGCGTAAATAGAGCCCTCT

Rb-GTTCCAAGCAGCATGTAACG

554 52.5

E. maxima Fb-GTTGCGTAAATAGAGCCCTCT

Rb-ACCAATGCAGAACGCTCCAG

152 52.5

E. acervulina Fb-GTTGCGTAAATAGAGCCCTCT

Rb-CAAAAGGTGGCAATGATGCT

281 52.5

E. necatrix Fb-GTTGCGTAAATAGAGCCCTCT

Rb-GATCAGTCTCATCATAATTCTCGCG

450 52.5

a Primer previously described (Haug et al. 2007)
b Primer previously described (You 2014)

Fig. 1 Prevalence of infection with species of Eimeria in chickens in

various sites in Anhui province
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humidity by promoting the oocyst sporulation and surviv-

ability (Bachaya et al. 2012).

In the present study, six species were detected in the

faeces of the chickens that we investigated in Anhui

Provence. E. praecox is the most frequent but also not

found at all. The establishment of different anticoccidial

programs could limit the occurrence of some Eimeria

species more than others, causing changes in the population

of these parasites (Carvalho et al. 2011). Additionally,

different types animal handling practices can also affect the

prevalence of Eimeria species. The overall prevalence of

coccidian infection obtained in this study (87.72%), was

lower than the 96% found in the Southern Region of Brazil

(Moraes et al. 2015). However, it was higher than earlier

Fig. 2 Oocysts of Eimeria spp. identified in fecal samples collected from different poultry farms. a E. tenella; b E. necatrix; c E. brunette;

d E. mitis; e E. Maxima; f E. acervulina

Fig. 3 Results obtained from PCR following 1.5% agarose gel electrophoresis. Lines LM D2000 DNA marker. L1–L7 samples: a E. tenella

554 bp; b E. necatrix 450 bp; c E. brunetti 183 bp; d E. mitis 330 bp; e E. maxima 152 bp; and f E. acervulina 281 bp
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reports from some areas: 81.03% in two north Indian states

viz., Uttar Pradesh and Uttarakhand (Kumar et al. 2015),

31.5% in Khuzestan, southwest Iran (Hamidinejat et al.

2010), and 66.8% in Karbala and Babylon province, Iraq

(Hamza et al. 2015). The higher prevalence of 87.71% in

the current study reveals that the control of coccidiosis has

decreased in Anhui province, especially in farms housing a

large or medium number of chickens. The prevalence of

Eimeria infection was the highest in the poultry farms of

Feixi (96.77%) compared to the other farms. Perhaps since

the poultry industry in Feixi has a long history, chickens

with coccidian exhibit or develop resistance to most drugs,

thereby rendering the anticoccidials inefficient and leading

to clinical failure. Our results seem to agree with the

observations made previously by other investigators that

suggest the occurrence of mixed infection with more than

one species of Eimeria is very common, and infection with

E. tenella and E. necatrix are the most prevalent species

worldwide (Bhaskaran et al. 2010). We found that

domestic chicken farms in Anhui are populated with five

species of Eimeria: E. tenella, E. maxima, E. necatrix,

E. brunette, and E. mitis (23.39%), followed by E. tenella,

E. maxima and E. necatrix (16.96%). Of these, E. necatrix

exhibited the highest participation in multiple infections

(Table 3). Specifically, the epidemic of E. necatrix and

E. mitis is increasing and effort should be made to

strengthen preventative measures. E. acervulina have the

highest reproductive potential (Williams 2001) and in

mixed infections, E. acervulina reduces the oocyst pro-

duction of E. tenella, E. maxima, E. necatrix, and

E. brunetti. As a result, it is difficult to find E. acervulina in

mixed infections of chicken coccidiosis.

During the past decade, PCR methods based on con-

served ITS1 regions of rDNA (Hamidinejat et al. 2010)

were developed for the differentiation of chicken coccidian

species (Kumar et al. 2014). PCR methods are used for

coccidian species determination due to the high specificity

and sensitivity of this assay. Traditional methods for spe-

cies differentiation have proved to be an extremely sub-

jective species identifier. In particular, all strains of both

species contain subspherical oocysts, and accurate identi-

fication also requires highly trained personnel (Györke

et al. 2013) and is limited by the overlap of characteristics

among the different species (Haug et al. 2007). Further-

more, multiple infections with Eimeria spp. was more

frequent than a single infection (Carvalho et al. 2011),

thereby making it unreliable to distinguish species based on

traditional methods (Aarthi et al. 2010). In our experience,

diagnostic multiplex PCR systems used for the primary

detection of infectious agents are more difficult to opti-

mize, with less sensitivity and reproducibility. As a result,

we chose to work with single-species PCR systems. The

PCR technique we used described by Haug et al. and

Myung-Jo You was specific for Eimeria species with

Table 2 Prevalence of Eimeria spp. of chicken using PCR

Regions E. tenella (%) E. maxima (%) E. acervulina (%) E. necatrix (%) E. brunetti (%) E. mitis (%)

Feixi 83.33 66.67 6.67 66.67 63.33 50.00

Feidong 84.00 48.00 4.00 84.00 52.00 52.00

Changfeng 80.00 46.67 3.33 76.67 23.33 46.67

Lujiang 85.19 48.15 0 40.74 33.33 74.07

Fengtai 78.26 60.87 0 73.91 47.83 52.17

Quanjiao 66.67 60.00 0 66.67 53.33 60.00

Total 80.67 54.67 2.67 68.00 44.67 55.33

Table 3 Frequency and prevalence of chickens with a mixed infection in domestic farms

Regions Te ? Ne (%) Te ? Ne ?

B (%)r

Te ? Mx ?

Ne (%)

Te ? Mx ?

Ne ? Br (%)

Te ? Mx ?

Ne ? Mi (%)

Te ? Ne ?

Br ? Mi (%)

Te ? Mx ? Ne ?

Br ? Mi (%)

Feixi 3.33 3.33 10.00 30.00 3.33 16.67 33.33

Feidong 4.00 4.00 20.00 8.00 12.00 32.00 16.00

Changfeng 6.67 13.33 33.33 0 16.67 13.33 16.67

Lujiang 3.70 3.70 33.33 7.41 3.70 11.11 18.52

Fengtai 0 8.70 4.35 13.04 21.74 4.35 43.48

Quanjiao 6.67 6.67 6.67 13.33 13.33 6.67 40.00

Total 4.00 6.67 19.33 12.00 11.33 14.67 26.67

Te, E. tenella; Ne, E. necatrix; Ac, E. acervulina; Mi, E. mitis; Mx, E. maxima; Br, E. brunetti
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improvement and optimization. We included primers for

each of the seven species (Table 1), of which six species

(E. tenella, E. acervulina, E. maxima E. necatrix,

E. brunette, and E. mitis) could be reproducibly detected in

this study.

To our knowledge, this is the first report on the preva-

lence of the chicken Eimeria species based on PCR in

Anhui province. The present study provided evidence that

chicken coccidia is widely prevalent in chicken farms in

Anhui province, China. The high prevalence of coccidian

infection in chicken farms indicates that it is necessary to

carry out suitable control programs. Moreover, careful

attention should be paid to highly prevalent coccidian

species (i.e., E. tenella, E. necatrix, and E. brunetti) to

control the outbreak of coccidiosis in chickens. Integrated

strategies should be undertaken to eliminate potential risk

factors in chicken farms. In conclusion, coccidiosis is a

serious and economically important disease in Anhui pro-

vince, and is one of the major constraints that hamper

chicken production and productivity. The most significance

is that vaccine development can focus on the most preva-

lent strains in an effort to control this disease.
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