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Background: Eimeria is a parasitic organism causing coccidiosis, an enteric disease of major economic importance in poultry. The 
conventional methods for species identification of Eimeria have major limitations.
Methods: Fresh fecal samples were randomly collected from 50 small and large-scale commercial broiler farms located in Adama, 
Bishoftu, Dukem, and Mojo towns. Polymerase chain reaction (PCR)-based assay was used for the differentiation of Eimeria species 
circulating among study sites and broiler farms. DNA was extracted from Eimeria oocytes using a DNeasy Tissue Kit. The extracted 
DNA templates and the genus-specific primers (Invitrogen) were used for the amplification of the ITS-1 region from seven Eimeria 
species of chicken. Descriptive statistical analysis and t-test were used to summarize and analyze the data.
Results: The PCR result confirms that all the seven species of Eimeria were detected in both small and large-scale broiler farms. 
Prevalence variation was found among broiler farms and between study sites. The frequency of E. brunetti (P<0.006) and E. tenella 
(P<0.04) in the small-scale broiler farms was significantly higher compared to that of in large-scale farms. A significantly higher 
frequency of E. acervulina (P<0.03) and E. brunetti (P<0.03) was detected in broiler farms of Dukem and Mojo compared to the 
broiler farms in Bishoftu. The study also revealed that multiple infections of Eimeria species per sample are common in most farms. 
Among the evaluated small-scale broiler farms of Bishoftu, 80% showed up to 5 mixed species. In addition, about 33% of large-scale 
and 20% of small-scale broiler farms showed 6–7 mixed species.
Conclusion: This study characterized all the seven Eimeria species and revealed that multiple infections of Eimeria species per 
sample are common in most of the evaluated farms. The current findings might be useful for future anticoccidial vaccine development 
and for effective chemoprophylactic and control strategies.
Keywords: broiler chickens, Eimeria, polymerase chain reaction, Ethiopia

Introduction
Poultry coccidiosis is one of the most important diseases which causes considerable economic loss in the poultry industry. 
Species of coccidia (Eimeria) which commonly affect poultry are E. acervulina, E. brunetti, E. maxima, E. mitis, E. 
necatrix, E. praecox, and E. tenella.1,2 All seven valid species of chicken coccidia are ubiquitous.3 Each species attacks a 
different portion of the intestines or ceca and causes a separate disease exhibiting a characteristic degree of pathogenicity.2 

Some are pathogenic eg (E. tenella, E. necatrix), associated with bloody diarrhea, weakness, and death. While other species 
cause subclinical coccidiosis eg (E. maxima, and E. acervulina). However, even relatively non-pathogenic species are 
important economically, because their infections can result in markedly reduced production.4,5 Individual birds are 
frequently infected simultaneously with more than one Eimeria species.6 Despite the introduction of live vaccines, in 
most countries, prophylactic chemotherapy is still the preferred method for the control of coccidiosis.7 Anticoccidial drugs 
supplemented to the feed are a good preventive measure and are well adapted to large-scale use; however, due to the 
prolonged use of these drugs, coccidial resistance has been reported with almost all commercially available drugs.8–10

Conventional diagnosis of coccidian infections can be confirmed by the identification of oocysts in feces or intestinal 
scrapings or histological sections of affected tissues. In addition, at necropsy, the combination of oocyst size, location in 
the gut, and appearance of the lesions provide a good guide to differentiate the species of Eimeria present. However, a 
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reliable species diagnosis based on oocyst morphology is not possible, as multiple species of Eimeria can simultaneously 
infect the host and there can be an “overlap” in the sizes of oocysts and the sites of infection in the intestines of chickens 
for some species.2,5,6 In recent years various biochemical and molecular methods have been used for the specific 
diagnosis of coccidiosis as well as the genetic characterization of species of Eimeria. Recent progress demonstrates 
that some PCR-based methods utilizing genetic markers in nuclear ribosomal DNA provide rapid and powerful 
complementary diagnostic and/or analytical tools.11 Techniques based on the PCR amplification of DNA have been 
used for the diagnosis of some parasitic infections. It has also become a routine technology and its application has 
stimulated rapid progress in the development of reagents that are capable of identifying a single unicellular parasite.4 A 
species-specific PCR diagnostic assay was developed based on variable sequence regions and specific primers were 
constructed for the differentiation of Eimeria species.12 The specific diagnosis of infection plays a key role in the 
prevention, surveillance, and control of coccidiosis. The result of these findings might be useful for future anticoccidial 
vaccine development and as baseline data for the effective chemo-prophylactic and control strategies. The purpose of this 
study is to identify and differentiate pathogenic species of Eimeria using a PCR-based assay and to evaluate the 
prevalence of Eimeria species in the study broiler farms.

Materials and Methods
Samples Collection for Isolation of Eimeria Oocysts
Fresh fecal samples were collected from December to March 2012 from the chicken house of 50 small and large-scale 
commercial broiler farms. Most of the small-scale broiler farms had only one or two flocks. The flock size ranged from 
100 to 2500 and 3000 to 6000 birds per house for small- and large-scale broiler farms, respectively. All broiler chickens 
in both farms were housed in an intensive deep-litter system Water is provided through an automatic waterer on large and 
through a plastic waterer on small-scale commercial broiler farms. Some small farms are constructed using local building 
materials mostly mud bricks, they obtain day-old chicks, feed, and some medicaments from the large farms. In addition, 
Ethiopian large commercial poultry farms are characterized by moderate to high biosecurity, while small commercial 
poultry farms the low to minimal biosecurity. All flocks were located in different areas within a radius of 10 to 80 km 
from Bishoftu town including Adama, Bishoftu, Dukem, and Mojo (Figure 1). The majority of the study farms are 
located in and near the cities, all chicken houses used deep litter, their flocks were supplemented with anticoccidial 
products in-feed mainly Coccidiostats, and they were not vaccinated against coccidiosis. Fresh fecal droppings were 
collected randomly from each flock house. Oocysts were isolated, counted, and purified following a standard salt flotation 
procedure.13 Thirty-five samples out of 50 were confirmed to have Eimeria oocysts. The ratio of Eimeria oocysts positive 
flocks from small-scale farms was 57% compared to those in large-scale farms at 43.3%. Samples containing Eimeria 
oocysts were preserved in a 2% potassium dichromate solution until used.

Extraction of Genomic DNA from Eimeria Oocyst
The sample of oocysts was purified by centrifugation at 8000 rpm for 1 min and washed 4× by adding 200 µL of PBS at 
centrifugation (1400 rpm for 5 min during each wash). Then the oocyst pellet was re-suspended in 200 µL of 5.75% 
sodium hypochlorite, incubated on ice for 30 minutes, and then centrifuged at 8000 rpm for 1 minute. Each oocyst pellet 
was suspended in 200 µL distilled water and washed 3× at 1400 rpm for 5 minutes. In order to rupture oocysts, glass 
beads (2 mm in diameter) were added to the oocyst pellet and vortexed continuously for 10 minutes at maximum speed.

DNA was extracted from Eimeria oocytes using a DNeasy tissue kit (Qiagen) following the manufacturer’s guide-
lines. The suspension was then transferred to a fresh Eppendorf tube, 180 µL ATL buffer was added to each tube 
followed by vortex-mixing, and 20 µL of proteinase K was added and incubated at 56°C for 1 hour in a water bath with 
periodic, gentle mixing. After incubation, 200 µL AL buffer and, 200 µL absolute ethanol were added. The mixture was 
transferred to the DNeasy Mini spin column and centrifuged at 8000 rpm for 1 min the flow-through was discarded and 
the DNeasy Mini spin column was transferred to a new 2 mL collection tube. Subsequently, 500 µL of AW1 (wash buffer 
1) buffer was added and centrifuged at 8000 rpm for 1 min, and then the DNeasy Mini spin column was placed in a new 
2 mL collection tube, and 500 µL of buffer AW2 (wash buffer 2) was added and centrifuged at 13,400 rpm for 3 min. 
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Finally, the DNeasy Mini spin column was placed in a clean 2 mL Eppendorf tube and 100 µL buffer AE was added to 
the DNeasy membrane and centrifuged at 8000 rpm for 1 min and incubated at room temperature for 1 min and the DNA 
extract product was preserved at −20°C.

Polymerase Chain Reaction (PCR) Assay
The extracted DNA templates were extracted from Eimeria collected from the different farms and the seven pairs of 
genus-specific primers were used for the amplification of the ITS-1 region from seven pathogenic Eimeria spp. of 
chicken. The PCR amplifications were conducted separately for each primer pair (Table 1). Amplification of the ITS-1 
sequences of genomic DNA was carried out in 50 μL reaction volumes containing 5 μL of DNA template, 1 μL of each 
primer (reverse and forward), and 43 μL of Mastermix (DEPC H2O, 10× Dream Taq buffer, 25 mM MgCl2, 10 mM 
dNTP Mix, Taq DNA Polymerase). A Negative sample from the flotation method was used as a negative control in each 
PCR run. The PCR tube containing the mixture was labeled and loaded into the thermocycler and the thermal program of 
PCR was formulated at 95°C for 5 min for initial denaturation, followed by 35 cycles each of denaturation at 94°C for 30 
secs, annealing at 68°C for 2 min, extension step at 72°C for 30 secs and the final extension was performed at 72°C for 

Figure 1 Map of study area indicating the cities where farms are located.
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7min. To verify the results, 10 μL of each PCR product and 2 μL of loading buffer were electrophoresed in a 3% agarose 
gel, stained with ethidium bromide, and visualized on a UV transilluminator.

Data Analysis
Collected data were coded, recorded, and analyzed in a Microsoft Excel spreadsheet. Descriptive statistical analysis 
(mean and percentage) was used to summarize and present the data, and t-test: Two-Sample Assuming Equal Variances 
was used to evaluate the prevalence association of each Eimeria species among broiler farms and study sites. 
P-value<0.05 was considered significant.

Results
The DNA samples from seven species of Eimeria oocysts were amplified using the primers shown in Table 1, and the 
PCR result shows that all seven species of Eimeria: E. acervulina, E. brunetti, E. maxima, E. mitis, E. necatrix, E. 
praecox, and E. tenella were detected in both small and large- scale broiler farms. The prevalence of E. tenella, was 
higher in the small-scale broiler farms, 76.2(%), followed by E. mitis 68.3(%), E. maxima 61.6(%), E. acervulina 58.7 
(%), E. brunetti 47.5(%), E. necatrix 28.7(%), and E. praecox 26.2(%). The prevalence of E. mitis, was higher in the 
large-scale broiler farms, 39.5(%), followed by E. tenella 39.0(%), E. acervulina 38.0(%), E. maxima 32.0(%), E. 
praecox 32.0(%), E. brunetti 31.0(%), and E. necatrix 23.5(%). A statistically significant difference was found in the 
prevalence of some Eimeria species among broiler farms. The frequency of E. brunetti (P<0.006) and E. tenella (P<0.04) 
in the small-scale broiler farms was significantly higher compared to the large-scale farms (Table 2).

Prevalence variation was also identified between study sites. A significantly higher frequency of E. acervulina 
(P<0.03) and E. brunetti (P<0.03) was detected in broiler farms of Dukem and Mojo compared to the broiler farms in 
Bishoftu. However, E. necatrix was absent in the broiler farms of Adama and Mojo, while E. praecox was absent in 
Dukem and Mojo (Table 3). The prevalence of E. tenella, E. acervulina, E. brunetti, E. maxima, E.mitis, and E. necatrix 
was 87.5, 75.0, 75.0, 62.5, 62.5, and 37.5 (%) in Dukem and Mojo (DK & MO), respectively, while the occurrence of E. 

Table 1 Primers Used for the Identification and Differentiation of Prevalent Eimeria Species of Chicken 
(Invitrogen) PETERSBURG, VA, USA

Specimens Primer Number Primer Length Primer Sequence (5’ to 3’)

E. acervulina 201654E11 28 bp F- AGTCAGCCACACAATAATGGCAAACATG

201654E12 27 bp R- AGTCAGCCACAGCGAAAGACGTATGTG

E. brunetti 201654F01 24 bp F- TGGTCGCAGAACCTACAGGGCTGT

201654F02 27 bp R- TGGTCGCAGACGTATATTAGGGGTCTG

E. tenella 201654F03 21 bp F- CCGCCCAAACCAGGTGTCACG

201654F04 22 bp R- CCGCCCAAACATGCAAGATGGC

E. mitis 201654F05 27 bp F- AGTCAGCCACCAGTAGAGCCAATATTT

201654F06 29 bp R- AGTCAGCCACAAACAAATTCAAACTCTAC

E. praecox 201654F07 28 bp F- AGTCAGCCACCACCAAATAGAACCTTGG

201654F08 28 bp R- GCCTGCTTACTACAAACTTGCAAGCCCT

E. maxima 201654F09 24 bp F- GGGTAACGCCAACTGCCGGGTATG

201654F10 28 bp R- AGCAAACCGTAAAGGCCGAAGTCCTAGA

E. necatrix 201654F11 29 bp F- TTCATTTCGCTTAACAATATTTGGCCTCA

201654F12 29 bp R- ACAACGCCTCATAACCCCAAGAAATTTTG
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tenella, E. mitis, E. praecox, E. acervulina, E. brunetti, E. maxima, and E. necatrix In Bishoftu farms Was 52.8, 52.8, 
48.0, 45.3, 39.2, 32.1, and 29.2(%), respectively.

Furthermore, the result of this study revealed that multiple infections of Eimeria species per sample are common in 
90% of the evaluated farms (Figure 2). Accordingly, the data showed that about 25% of Mojo and 14% of Bishoftu large- 
scale broiler farms has 2–3 mixed species. The occurrence of 4–5 mixed-species was detected in 80% of small-scale 
broiler farms of Bishoftu, followed by 75% Mojo, 50% Adama, 50% Dukem, and 16% and 28% of large-scale farms of 
Bishoftu, 2 and Bishoftu, 3 respectively. In addition, 6–7 mixed species were also recorded in 33% of large-scale broiler 
farms of Bishoftu, followed by Dukem at 25% and 20% in the small-scale broiler farms of Bishoftu (Figure 3).

Discussion
In Ethiopia, studies regarding chicken coccidiosis epidemiology have already been carried out based on the conventional 
diagnostic method on exotic chickens reared in deep litter from different places of Ethiopia.14–18 However, a reliable 
species-specific diagnosis based on oocyst morphology is difficult, as multiple species of Eimeria can simultaneously 
infect the host and there can be an overlap in the sizes of oocysts and the sites of infection in the intestines for some 
species.2,6 In the current study, all the seven Eimeria species were molecularly detected in both small and large-scale 
broiler farms. Our result was in agreement with the report of,19 who have detected seven species of Eimeria by real-time 
PCR from fecal samples of village chickens in Ethiopia,20 who have detected five species of Eimeria by real-time qPCR 
from fecal samples of commercial chicken farms in Nigeria, and21 who have detected seven species of Eimeria by 
multiplex PCR technique from fecal samples of broiler chicken farms in Brazil. However, there is no documented report 

Table 2 Prevalence of Eimeria Species Among Different Broiler Farms

Eimeria Species Small Scale (%) Large Scale (%) P-value

E. acervulina 58.7 38.0 0.1

E. brunetti 47.5 31.0 0.006

E. maxima 61.6 32.0 0.08

E. mitis 68.3 39.5 0.06

E. necatrix 28.7 23.5 0.4

E. praecox 26.2 32.0 0.4

E. tenella 76.2 39.0 0.04

Table 3 Prevalence of Eimeria Species Among Chickens of Different Study Sites

Species of Eimeria DK & Mo (%) Bishoftu (%) P-value

E. acervulina 75.0 45.3 0.03

E. brunetti 75.0 39.2 0.03

E. maxima 62.5 32.1 0.1

E. mitis 62.5 52.8 0.3

E. necatrix 37.5 29.2 0.3

E. praecox 0.0 48.0 0.07

E. tenella 87.5 52.8 0.1

Abbreviations: DK, Dukem; Mo, Mojo (small scale broiler farms); Bishoftu, (small and large-scale broiler farms).
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Figure 2 UV-visualization of ethidium bromide-stained 3% agarose gel of PCR products representing amplification of the ITS-1 gene from seven species of Eimeria oocysts of 
broiler chickens. The ordering picture of Eimeria samples in all gel pictures are E. mitis, E. tenella, E. acervulina, E. necatrix, E. brunetti, E. praecox, and E. maxima. lane 20: 100 bp, 
ladder marker, lanes 2 and 7–9: 200 bp, lane 10–17: 120 bp, (A), lanes 2–7, 10, 12: 150 bp, 9 and 11100 bp, (B), lanes 4–9: 120 bp, 10: 200 bp, 11 and12100bp (C), lane 2: 150 
bp, lanes 3–9 100bp, 10–13: 100 bp (D).
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related to the prevalence of Eimeria species in the intensively reared broiler or layer chickens, based on the molecular 
findings in the country. The molecular characterization of pathogenic Eimeria species using a PCR-based assay infection 
plays a key role in the prevention, surveillance, and control of coccidiosis.

Prevalence variation was detected among broiler farms and study sites. The frequency of E. brunetti and E. tenella in 
the small-scale broiler farms was significantly higher compared to those in the large-scale farms. Moreover, a signifi-
cantly higher frequency of E. acervulina and E. brunetti was detected in the small-scale broiler farms of Dukem and 
Mojo compared to the small and large-scale broiler farms in Bishoftu, on the other hand, Eimeria necatrix was absent in 
the broiler farms of Adama and Mojo while E. praecox was absent in Dukem and Mojo. The discrepancy in Eimeria 
prevalence among broiler farms could be due to the differences in bio-security practices. The poor bio-security status is 
practiced in the majority of small-scale intensive poultry farms in Ethiopia.18,22,23

Multispecies infections of Eimeria per each farm were identified on 90% of the farms. For instance, up to 5 mixed 
species were detected in the 80, 75, 50, and 50 (%) of small-scale broiler farms of Bishoftu, Mojo, Adama, and Dukem, 
respectively, and these were higher compared to 28 (%) in the large-scale farms. Our results showed the wide distribution 
of multispecies Eimeria infections in the study broiler farms. This finding was in agreement with those of,19,20 who found 
up to seven and five multispecies infections of Eimeria respectively. The higher prevalence of multi-species infections in 
the present study might be associated with a subclinical form of coccidia infection. This is similar to the report of,6 who 
reported that this type of disease tends to be chronic and may be associated with several species of Eimeria infection, in 
this case, mortality may not be heavy but morbidity may retard the growth of broilers significantly. Even though all study 
flocks were supplemented with anticoccidial products in-feed, the poor management practiced under the small-scale 
broiler farms; and the coccidial resistance reported with almost all commercially available drugs,8–10 may be related to 
the higher prevalence of multi-species infections. Since no vaccination is used for the coccidiosis control and prevention 
of broiler production in Ethiopia, the current findings might be useful for future anticoccidial vaccine development and 
for effective chemoprophylactic and control strategies.

Conclusions
This study characterized all the seven Eimeria species based on molecular diagnostic techniques and determined the 
prevalence association of each Eimeria species among broiler farms and study sites for a better understanding of the 
epidemiology and dynamics of the disease. Prevalence variation of some Eimeria species was detected among broiler 
farms and study sites. The frequency of E. brunetti and E. tenella in the small-scale broiler farms was significantly higher 
compared to those in the large-scale farms. A significantly higher frequency of E. acervulina and E. brunetti was 
detected in the small-scale broiler farms of Dukem and Mojo. Multiple Eimeria species infections were identified on the 
majority of the farms. The current findings might be useful for future anticoccidial vaccine development and as baseline 
data for the effective chemo-prophylactic and control strategies.
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