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Abstract: Coccidiosis is considered as one the most economically important diseases of poultry and has
tremendous socio-economic impact in Nigeria, where family incomes rely heavily on poultry farming. The
molecular identification and prevalence of poultry Eimeria spp. in Rivers State was determined in this study.
Live bird markets (LBM) in Port Harcourt city (the state capital) were targeted so as to obtain holistic data on
Eimeria prevalence. Data on specific market characteristics were collected from 9 LBMs. Fecal samples were
collected from bird cages and pooled per LBM. Eimeria oocysts were isolated and identified using oocysts
morphology and species-specific multiplex PCR amplification using SCAR primers. Regression analysis were
used to check for association between Eimeria spp. prevalence and specific market characteristics. The overall
prevalence of poultry Eimeria was 77% (7 of 9). Four Eimeria species were confirmed with prevalence of E.
tenella: 77%, E. necatrix: 55%, E. acervulina: 44% and E. mitis: 11%. Mixed Eimeria infections were common
among LBMs sampled with an overall prevalence of 55%. Regression analysis revealed a positive association
between market size and the prevalence of Eimeria (r = 0.38). The findings from this study has emphasized the
importance of E. tenella, E. necatrix, and E. acervulina in the epidemiology of poultry coccidiosis in the state
and should inform coccidiosis monitoring and surveillance programmes.
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I. Introduction

Poultry coccidiosis is an enteric disease. It is caused by the Ampicomplexan parasite of the genus
Eimeria. Seven species of Eimeria have been reported to cause disease in poultry. These include: Eimeria
acervulina, E. brunetti, E. maxima, E.tenella, E. praecox, E, mitis and E. necatrix [1, 2]. Eimeria primarily
targets the tissues of the intestinal epithelium which consequently results in a decline in growth and feed
utilization in poultry [3, 4]. The disease is therefore associated with high production losses, high morbidity and
mortality rates of above 50% [5, 6]. Coccidiosis is considered as one of the most challenging deterrent of
poultry development [7] as birds with subclinical infection or that recover from coccidiosis may perform less
optimally throughout their life [8,9]. Global losses due to poultry coccidiosis in terms of reduction in production
efficiency and the cost of veterinary and prophylactic intervention is estimated at over £500M per year [10].

In Nigeria, poultry production is a very important economic activity. Chickens are particularly
important in terms of their number (<90% of the poultry population in the country) and rate of investment [11].
With up to 64% of Nigerian households rearing backyard chickens [12], chickens are of substantial importance
to not only the national economy but to the livelihood of the people especially low income earners.
Nevertheless, the majority (over 60%) of the Nigerian poultry production systems are characterized by poor
hygiene conditions and low biosecurity levels [13] factors that encourage diseases such as poultry coccidiosis to
thrive.

Surveys from across Nigeria have reported the prevalence rate of poultry coccidiosis to be considerably
high (between 14% and 69%) [14, 15, 16, 17, 18, 19, 20]. However, these surveys have largely focused on
selected poultry farms of either native or exotic breeds of chickens. Only very few studies have identified the
prevalence of the different species of poultry Eimeria in Nigeria [14, 18] and of these, none are from the
southern region of the country.

Live bird markets (LBMs) are a traditional structure across Nigeria. They are places where live poultry
are displayed in an open system for purchase by poultry consumers [21]. These LBMs are located across
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Nigeria: within village markets in rural areas; and in major markets in towns and cities. They are important
mixing points for birds of diverse breeds, age and origins. Bird sources include all sectors of the Nigerian
poultry industry including the large scale commercial poultry holdings; small scale commercial poultry
holdings; and scavenging village poultry, mixed together [21, 22].

The objective of this research therefore, is to determine the prevalence and molecular identification of
poultry Eimeria species in Rivers state. In order to achieve this objective, our study area covered the major
LBMs in Port Harcourt city.

Il. Materials And Methods
2.1. Ethical clearance
The sampling protocols applied here were approved by the University of Port Harcourt Ethical Review
Committee.

2.2. Study area

Rivers State is located in the south-south region of Nigeria (Fig 1). The state features a tropical wet
climate with a lengthy and heavy rainy season and a very short dry season. Temperatures are relatively constant
throughout the year with a mean daily minimum temperature of 21.2°C — 23.3°C and a mean maximum daily
temperature of 28.7°C -33.4°C year round [23, 24]. This provides a conducive environment for the coccidian
parasite to thrive year round [8].With an estimated human population of 6.7 million people, it is the sixth most
populous state in Nigeria [25]. Poultry farming is practiced extensively by an estimated 64.4% of households in

the region and there are several large to small scale commercial poultry holdings [12].
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Figure 1 Map of Nigeria: The study area is in Rivers state in the south-south region of Nigeria [43]

2.3. Field study
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From September to November 2017, field studies were conducted in 9 major LBMs in Port Harcourt
metropolis. Port Harcourt is the capital of Rivers State and the third largest city in southern Nigeria. It is a
diverse city located in the Niger Delta region and is economically significant as the centre of Nigeria’s oil
industry. LBMs in Port Harcourt city were selected purposively based on the fact that being a densely populated
city, live poultry trade traffic would very likely flow into the city from different parts of the state including the
rural, urban as well suburban areas. Markets were categorized as large, or small, based on the total number of
poultry traders present at the day of sampling. Large markets are those with ten or more poultry traders. Small
markets have one to nine poultry traders. Fig 2 is the map of Port Harcourt city showing the geographical
distribution of LBMs surveyed.
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Figure 2. Geographical distribution of LBMs surveyed in Port Harcourt city. (Map generated using
ArcGis and Microsoft power point)

2.4. Sample collection and processing

Five to seven fresh fecal samples were randomly collected from across each cage up to a maximum of
twelve cages per market. The total number of: live poultry traders; cages present; and cages sampled per market,
are shown in TABLE 1. Samples from each market were pooled into a bulk sample. The saturated sodium
chloride floatation method (10 min at 1000 x g) was used to obtain oocysts. Oocysts were re-suspended in 2.5%
potassium dichromate solution and allowed to sporulate at room temperature for seven days, with regular
stirring.

2.5. Molecular and morphologic identification of oocysts

The presence of poultry Eimeria oocysts was confirmed based on their basic microscopic morphology
[8]. The Eimeria species was further verified by a multiplex PCR assay. Six pairs of species-specific primers
(TABLE 2) were used as previously described by [26]. Total genomic DNA extraction from oocysts of Eimeria
species was done as follows: 20ml of each oocyst suspension, were centrifuged (750 g for 10 min) to pellet the
oocysts. Each pellet was re-suspended in the minimum volume residual supernatant and transferred to a 1.5 ml
screw top plastic tube containing glass beads (0.4-0.6 mm; Sigma, UK) and covered with sterile phosphate
buffered saline (PBS; pH 8.0). The pelleted oocysts were then disrupted using a Mini Beadbeater-8, (Biospec
Products Bartlesville, USA) for two minutes and total genomic DNA (gDNA) was isolated from the smashed
oocysts homogenate using a Quick-DNA™ extraction kit (ZYMO RESEARCH) following the manufacturers
protocol. The PCR amplification was based upon a 25pl volume consisting of 1l genomic DNA template, 0.5pl
of each primer, 12.5ul Tag DNA polymerase (Sigma, USA) and made up to 25ul with nuclease free water. The
standardized cycling conditions consisted of initial denaturation: 96 °C for 5 minutes followed by 30 cycles of
95 °C denaturation for 1 minute, 59 °C annealing for 2 minutes; 72 °C extension for 1 minute, and a final
extension: 72 °C for 7 minutes.
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2.6. Statistical analysis
Data generated from the study were analyzed using descriptive statistical methods percentages and tabulation.
Correlation analysis were used to check for association between market size and the prevalence of Eimeria spp.

I11. Results

Seven out of nine LBMs surveyed were found to contain poultry Eimeria oocysts based on microscopy
(Table 2) resulting in an overall prevalence of 77%. The results of the molecular identification showed that E.
tenella, E. necatrix, E. acervulina and E. mitis are the predominant Eimeria species in our study location. E.
tenella was present at 7 of 9 LBM (77%), E. necatrix at 5 of 9 (55%), E. acervulina at 4 of 9 (44%) and E mitis
at 1 of 9 (11%) LBM. The primers used were specific enabling the discrimination of six Eimeria species. The
amplified fragments presented different sizes: E. acervulina (811 bp), E. tenella (539 bp) E. mitis (310 bp) and
E. necatrix (200 bp) (Figure 3). Mixed poultry Eimeria infections were found in 5 of 9 (55%) LBMs.

Eimeria was detected in 3 out of 3 large LBM and 4 out of 6 small LBM. Regression analysis revealed
a positive correlation between market size and the prevalence of Eimeria species (r = 0.38), however the
correlation was not significant.

OM CH SL L Ml RK FG CR RO RM

500bp

200 bp

Figure 3.Agarose gel electrophoresis showing the amplified SCAR gene of the Eimeria spp.
Abbreviations: OM, Qil Mill; CH, Choba; SL, Slaughter; M1, Mile 1; RK, Rumuokuta; FG, Fruit garden; CR,
Creek road; RO, Rumuokoro; RM, Rumuomasi; bp, base pairs

IV. Discussion

In this study, Eimeria oocysts from chicken fecal samples at LBMs were isolated and identified via two
methods, the traditional morphologic technique; and by species specific multiplex PCR amplification of the
SCAR rDNA region. An overall prevalence of 77% was recorded in our study by both methods. A prevalence of
77% is considerably high when compared with previous reports from surveys of poultry farms in this region of
Nigeria which have been in the range of 15% - 29% [27]. While the high prevalence could be attributable to the
conducive environment afforded the coccidian parasite by the region’s climatic conditions [8], It also supports
previous reports that the majority of LBMs and poultry farms in the region are characterized by unacceptably
low levels of biosecurity and poor management practices [13, 12] factors which encourage the accumulation of
the parasite [10]. This result also supports previous evidence that LBMs are ideal places for the targeted
surveillance of poultry diseases owing to a higher probability of finding disease especially when pathogen
circulation is low at the individual farm level [28, 29, 30, 31]. Nevertheless, our results are fairly in agreement
with poultry Eimeria prevalence studies conducted across Nigeria where rates above 50% have been reported
[32, 14, 19, 20].

No Eimeria oocysts were identified in 22% of LBMs surveyed. This perhaps reflects the small
proportion of poultry farmers as well as traders who actively control poultry coccidiosis through proper poultry
management practices at farms and LBMSs [12]. The negative LBMs are Fruit-garden and Rumuomasi markets.
These markets had one and four live poultry traders respectively. Our results showed a positive correlation
between the number of poultry traders and the prevalence of Eimeria at LBMSs. This is not surprising because
fewer poultry traders suggest fewer bird sources and consequently a reduced chance of including an infected
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bird. Though the correlation was not significant, probably due to our small sample size of nine markets, it is
suggested that surveillance for infectious diseases at LBMs should focus on the large LBMs that have greater
poultry traffic and consequently, a greater chance of finding disease.

Molecular identification of our isolates revealed that the most prevalent Eimeria species in Rivers state
are E. tenella (77%),E. necatrix (55%) and E. acervulina (44%). The co-occurrence of multiple Eimeria species
was also common. Our finding of the high prevalence of mixed Eimeria infections (55%) is in agreement with a
related result (68%) found in northern Nigeria [18]. Our results therefore support evidence that the multiplex
PCR amplification using SCAR primers is a sensitive method for the simultaneous discrimination of different
species causing poultry coccidiosis [33]. The presence of E. tenella at all positive LBMs indicate that this
species remains highly invasive amongst others and is the most economically important species causing poultry
coccidiosis in Rivers state. Our results are in agreement with related studies in northern Nigeria [18], Ethiopia
[34], India [35] and China [36, 37, 38] where E. tenella was reported as the most prevalent.

Table -1. Total number of poultry traders, total number of cages with birds for sale, and the number of cages
sampled per LBM

Market Number of traders Number of cages with Number of cages sampled
birds for sale
Choba 8 16 12
Creek-Road 12 26 12
Fruit garden 1 2 2
Mile 1 9 15 10
Qil mill 5 8 8
Rumuomasi 4 9 9
Rumuokoro 10 26 12
Rumuokuta 2 4 4
Slaughter 15 34 12
TOTAL 66 140 81

Table-2. The primers used in multiplex PCR amplification

SIN Species Primer sequences 5’ — 3’ Expected amplicon size (bp)
1 E. acervulina F AGTCAGCCACACAATAATGGCAAACATG 811
R AGTCAGCCACAGCGAAAGACGTATGTG
2 E. tenella F CCGCCCAAACCAGGTGTCACG 539
R CCGCCCAAACATGCAAGATGGC

3 E. mitis F AGTCAGCCACCAGTAGAGCCAATATTT 460
R AGTCAGCCACAAACAAATTCAAACTCTAC

4 E. maxima F GGGTAACGCCAACTGCCGGGTATG 272
R AGCAAACCGTAAAGGCCGAAGTCCTAGA

5 E. necatrix F TTCATTTCGCTTAACAATATTTGGCCTCA 200
R ACAACGCCTCATAACCCCAAGAAATTTTG

6 E. brunetti F TGGTCGCAGAACCTACAGGGCTGT 626
R TGGTCGCAGACGTATATTAGGGGTCTG

F: forward primer; R: reverse primer; bp: base pairs

Table -3 Morphologic and molecular identification of Eimeriaspp from LBM
Oocysts morphology Multiplex PCR

Eimeria spp E. acervulina E. mitis E.necatrix E. tenella E.brunette E. maxima
Oil Mill + + - - + - -
Choba
Slaughter
Mile 1
Rumuokuta
Fruit garden
Creek-road
Rumuokoro
Rumuomasi
TOTAL

+
+ -

N+ o+ +
.
'

~N o+ o+ o+ o+
.
.

G+ o+ 4

-t
1

SN+

E. tenella and E. necatrix are considered as species with very high potential to cause pathology in
poultry birds [39, 40]. The detection of Eimeria oocysts in chicken fecal samples, is not often considered as a
definitive diagnosis of poultry coccidiosis [34], but it is important to note that the circulation of high
pathogenicity species such as E. tenella and E. necatrix can contribute to high morbidity and mortality in young
chickens particularly under conditions where compounding factors such as malnutrition, poor sanitation and co-
infection with other pathogens co-exist [1, 41]. This information is indeed crucial as such pathogenic species
can compromise poultry productivity in the majority of Nigerian poultry farms which are characterized by
unacceptably low sanitation and biosecurity levels [12]. Our study revealed E. mitis, to be the least abundant
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species of Eimeria respectively. While E. mitis is not usually associated with severe disease in poultry, it has
been reported to reduce feed efficiency in birds [39].

The present study is not without limitations. Firstly, our Eimeria oocysts were isolated from pooled
fecal samples of live birds for sale at LBMs. Though our method seems suitable for the purpose of identifying
the various poultry Eimeria species in or study location it must be noted that birds at LBMs are from multiple
sources both within and possibly outside the state. Our prevalence result may therefore be slightly higher than
the true situation in the Rivers state. Lastly, our PCR amplification was done using six species-specific primers
including all species of poultry Eimeria with the exception of E. praecox. The species-specific primer of this
species was excluded particularly due to some funding limitations at the time of the study. However, E praecox
is considered as a species of minimal economic importance and minimal pathogenicity in poultry [42]. Based on
these limitations, care should be taken when interpreting our results.

V. Conclusion

To the best of our knowledge this study is the first to identify the different species of Eimeria prevalent
among poultry in Rivers State and the south-south region of Nigeria. Our molecular identification of Eimeriaspp
has highlighted the importance of E. tenella, E. necatrix, and E. acervulina in the epidemiology of poultry
coccidiosis in the state. LBM are important places for the early detection and surveillance of infectious poultry
diseases, however, such surveillance rounds should focus on large LBMs where the greater live poultry traffic
will increase the chance of detecting disease. These results are important for the surveillance and control of
poultry coccidiosis in the region.
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