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Abstract

Avian hepatitis E virus (aHEV) is associated with hepatitis-splenomegaly syndrome, big
liver and spleen disease and hepatic rupture haemorrhage syndrome. However, the knowl-
edge about aHEV in commercial layer chickens in Nigeria is scarce. In this study, 460 serum
samples obtained from 36 apparently healthy commercial layer chicken flocks in three
states (Ogun, Osun and Oyo States) of southwestern Nigeria were analysed by enzyme
linked immunosorbent assay for the presence of anti-aHEV immunoglobulin Y (IgY) antibod-
ies. In total, the overall seroprevalence of anti-aHEV antibodies was 14.6%. The serological
analysis revealed that 75% of the flocks examined were positive for anti-aHEV IgY antibod-
ies from chickens of various ages in all three states. The percentage of the seropositive
chickens in the three states varied from flock to flock ranging from 60% to 88.8% and sero-
positive chickens were detected at any age (24-52 weeks of age) without significant differ-
ences between the age groups. This is the first report assessing the presence of aHEV
antibodies in chickens from Nigeria. The detection of anti-aHEV antibodies in commercial
layer chickens in this study emphasizes the importance of serosurveillance in disease moni-
toring due to the economic threat posed by aHEV as a result of decreased egg production
and increased mortality in affected commercial layer chicken farms. However, further stud-
ies are essential to reveal the clinical implications and to assess the real burden of aHEV in
Nigeria.

Introduction

Avian hepatitis E virus (aHEV) is classified into the Orthohepevirus B species of the family
Hepeviridae and (Orthohepevirus B species) comprises of HEV isolated from chickens and
wild birds [1]. HEV infections may occur without obvious clinical signs and symptoms in
many domestic animal species, but in chickens it occurs both subclinically and with certain
pathognomonic signs. Infections with the virus have been proven to be the main causative
agent of hepatitis-splenomegaly syndrome (HSS) and big liver and spleen disease (BLSD) in
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laying hens and broiler breeders [2, 3]. Recently, aHEV infections have also been associated
with hepatic rupture haemorrhage syndrome (HRHS) in chickens [4, 5]. Besides the markedly
enlarged spleen and liver, both ovarian regression and presence of serosanguinous abdominal
fluid or massive haemorrhages in the abdominal cavity are frequently associated with the HSS
and BLSD [2, 6-8]. Also, increased mortality and a decreased egg production have been
reported for HSS as well as BLSD [9, 10]. However, aHEVs have also been detected in appar-
ently healthy chickens without HSS symptoms [11, 12]. The virus appears to spread easily
within and among flocks through the faecal-oral route transmission; no other routes of trans-
mission have been demonstrated in natural or experimental avian models [7, 13].

Serological evidences show that aHEV is widespread in chicken flocks with reported sero-
positive rates of 71% in the United States of America, 90% in Spain, 20% in Brazil, 57% in
Korea and 56% in Poland [3, 9, 14-16]. However, in Nigeria, despite reports of serological
prevalence of HEV in domestic animals e.g. pigs, sheep and goats [17-19], the knowledge
about aHEV in chickens is scarce. Until so far, only one publication reported the presence of
aHEV RNA in 6.7% of chicken droppings in Nigeria [20] but no seroprevalence studies have
been performed. In view of the fact that aHEV infection can be subclinical and accounts for
economic losses incurred in poultry production, this study was designed to assess the possible
circulation of aHEV in chicken flocks in three selected states (Ogun, Osun and Oyo States)
which are considered as a major hub of commercial poultry production in southwestern, Nige-
ria [21].

Materials and methods
Samples and sampling locations

A cross sectional study was performed. Depending on the flock size, between 8 and 26 chick-
ens were sampled and tested in a flock. However, the average number of chickens sampled per
flock was 13. In total, 460 apparently healthy layer chickens farmed on battery cage manage-
ment system were sampled from 36 different commercial poultry farms located within three
states (Ogun, Osun and Oyo States) in southwestern Nigeria with different production profiles
and were tested for anti-aHEV IgY antibodies. The number of flocks sampled per state was
representative of the number of layer chicken flocks in the Nigerian states. While 125 serum
samples were collected from 10 farms in Ogun State, 124 serum samples were collected from 9
farms in Osun State and 211 serum samples were collected from 17 farms in Oyo State (Fig 1).
Serum samples were collected between October 2018 to October 2019 from apparently healthy
chickens aged between 24 to 52 weeks without any clinical signs suggestive of aHEV.

The study protocol was reviewed and approved by the Animal Care and Use Research Eth-
ics Committee (ACUREC) University of Ibadan with approval number UI-ACUREC /17/
0042.

Sample collection and preparation

Blood samples (2 ml each) were collected from the jugular veins of the chickens into sterile
plain tube and transported on ice. The blood was left to coagulate at room temperature over-
night and thereafter centrifuged at 8000 rpm for 1 minute to separate serum. All serum sam-
ples were then kept frozen at -80°C until November 2019 when aliquots were thawed and
spotted on Whatman™ 903 protein saver cards (Cytiva, formerly GE Healthcare Life Sciences,
Marlborough, USA). Thirty (30) pl of serum was applied slowly to one pre-printed dotted line
on a filter spot of labeled Whatman™ 903 protein saver cards. Five (5) dried serum spots (DSS)
were made per sample, the filter cards were air dried and kept in a zip lock plastic bag together
with two desiccant bags and closed tightly. The zip lock plastic bags were also labeled
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Fig 1. Sample locations in southwest Nigeria. Federal states of Nigeria and their boundaries are depicted by different
colors, the national capital Abuja by star, and state capitals by black circles. Red circles depict the sample location states
Oyo, Osun and Ogun. (Nigeria administrative map adapted from: https://www.cia.gov/library/publications/resources/
cia-maps-publications/Nigeria.html (public domain)).

https://doi.org/10.1371/journal.pone.0247889.9001

appropriately and stored at -20°C until shipment at room temperature to Robert Koch Insti-
tute, Berlin, Germany.

Detection of anti-avian HEV IgY antibodies in chicken sera by ELISA

Two DSS were punched out from the Whatman™ cards for each sample and put into a 1.5
ml labelled safe-lock tube. Therefore, the spots were cut out without excess filter paper and
the tweezers and puncher used were cleaned with 70% ethanol after each sample. Phos-
phate-buffered saline (PBS) solution for elution was prepared using 500 ml PBS, 15 ml foe-
tal calf serum, and 250 ul Tween 20. 500 ul of PBS elution buffer was added to the reaction
tube to completely cover the two filter spots and incubated in the refrigerator (2-8°C) over-
night. The eluate (~450 pl) was transferred into a new, labelled reaction tube and tested for
anti-aHEV IgY antibodies by enzyme linked immunosorbent assay (ELISA) using the Big
Liver and Spleen Disease Antibody test kit (BLS CK 131, BioChek, Berkshire, United King-
dom) according to the manufacturer’s protocol. The BioChek ELISA test kit used in this
study is highly sensitive (98%) to detect avian HEV antibodies in chicken serum with a
specificity of > 98% which has been validated in previous publications [16, 22, 23]. High
titre positive and negative/reference controls for the detection and validation of aHEV
antibodies were from the BioChek ELISA kit and used according to the manufacturer’s
instructions.

Statistical analysis

Statistical analysis was performed using Fishers exact test in the SPSS software version 16
(SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, SPSS Inc., USA).
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Table 1. Distribution of anti-aHEV antibodies in commercial layers in Nigeria based on age.

Age in weeks (median + IQR)
24-30 (25 + 4)

31-45 (40 + 4)

46-52 (48 + 4)

Total

IQR: Interquartile range.

https://doi.org/10.1371/journal.pone.0247889.t001

Flocks tested, N

6

15
15
36

Positive flocks, N (%) Serum samples tested, N Positive serum samples, N (%)

5(83.3) 9% 14 (14.6)
11 (73.3) 180 25 (13.9)
11 (73.3) 184 28 (15.2)
27 (75.0) 460 67 (14.6)

Results

Seroprevalence of anti-aHEV IgY in commercial layer chickens in Nigeria

In total, 14.6% of all tested serum samples (n = 67/460) were positive for aHEV IgY antibodies.
Twenty-seven (75%) of the 36 commercial layers flocks tested positive for anti-aHEV IgY anti-
bodies from chickens of various ages in three states. The median age of the analysed chickens
was 42 weeks (interquartile range, IQR: 32-47 weeks). The percentage of the seropositive
chickens varied from flock to flock ranging from 60.0% to 88.8% and seropositive chickens
were detected at any age (Table 1).

In the different age groups, chickens younger than 30 weeks, between 31-45 weeks and
older than 46 weeks showed an anti-aHEV seropositivity of 14.6%, 13.9% and 15.2%, respec-
tively (Table 1). No statistically significant association of anti-aHEV seropositivity with age
could be observed.

From the 460 samples (36 flocks) studied, 18 chickens (n = 125) from 6/10 flocks, 19 chick-
ens (n = 124) from 8/9 flocks and 30 chickens (n = 211) from 13/17 flocks tested positive for
aHEV IgY antibodies in Ogun, Osun and Oyo States, respectively (Table 2).

In Ogun State, a flock seroprevalence of 60.0% (n = 6/10) was observed and 14.4% (n = 18/125)
of the serum samples were positive for anti-aHEV IgY antibodies, while in Osun State, the flock
seroprevalence was 88.8% (n = 8/9) and 15.3% of the serum samples were anti-aHEV IgY antibody
positive (n = 19/124). In Oyo State, the flock seroprevalence was 76.5% (n = 13/17), while 14.2% of
the serum samples had detectable anti-aHEV IgY antibodies (n = 30/211) (Table 2).

There was observed variation in the anti-aHEV seroprevalence among the three states stud-
ied. The population size (flock density) of the commercial layer chickens in each state was
used as criterion for the choice of the number of flocks sampled per state. The number of flocks
sampled per state is representative of the number of commercial layer chicken flocks per state.
However, there was no significant difference between the numbers of positive samples
detected from the three states.

Discussion

Avian hepatitis E (aHEV) virus infection has been reported worldwide in poultry flocks [2, 9,
24, 25]. In Africa, the presence of aHEV antibodies has been detected in chickens in Egypt

Table 2. Distribution of anti-aHEV antibodies in commercial layers in Nigeria based on sampling location.

Farm location (State)

Ogun 10
Osun 9

Oyo 17
Total 36

https://doi.org/10.1371/journal.pone.0247889.t002

Flocks tested, N

Positive flocks, N (%) Serum samples tested, N Positive serum samples, N (%)

6 (60.0) 125 18 (14.4)
8 (88.8) 124 19 (15.3)
13 (76.5) 211 30 (14.2)
27 (75.0) 460 67 (14.6)
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with an overall seroprevalence of 15.7% [23]. In Nigeria, previous studies have shown evidence
for the presence of HEV antibodies in domestic animals in Nigeria, such as pigs with a preva-
lence of 55.6% [18], 32.8% [19] and 57.4% [17] as well as sheep and goats with prevalence of
10.5% and 37.2%, respectively [19]. But there has been no evidence for the detection of aHEV
antibodies among poultry in Nigeria despite the occurrence of hepatitis splenomegaly syn-
drome and drastic reduction in egg production accompanied with high morbidity and mortal-
ity reported at a time in some layer farms (I. Akpan, personal communication, March 9, 2016).

In this study, serum samples were collected from commercial layer chickens from three
states (Ogun, Osun and Oyo states), which have been chosen because they are considered as
the main hub of poultry production in Nigeria [21]. Layer chickens contribute to the economic
development of the West African sub region and the country because of the income generated
from egg and chicken production. Hence, drops in egg production and increased mortality
which are associated with apparently healthy chickens infected with avian HEV [26] would
lead to economic losses for the poultry farmers.

The high anti-aHEV seropositivity rates of flocks (75%) and chickens (14.6%) detected in
our study indicates that aHEV infection is endemic and widespread in Nigerian poultry popu-
lation despite the fact that no previous outbreak of aHEV disease has been reported in the
country. This finding is consistent with previous reports from Spain, which reported that
89.7% of chicken flocks were positive for aHEV [9]. Furthermore, in USA and Taiwan a com-
parably high seroprevalence in chicken flocks and chickens has been observed, with seroposi-
tivity of 71% and 30% in the USA [3] and 95.08% and 40.57% in Taiwan [25] respectively.
According to Hsu and Tsai [23], this high aHEV seropositivity rate suggested the possibility of
aHEV transmission from asymptomatic cases or repeated introduction through an unknown
common source(s). However, a lower seroprevalence has been reported from Poland (56.1%
and 21.3% [16], and Korea (57% and 28%) [15]. The anti-aHEV seroprevalence observed
among flocks and chickens in the three states is not significantly different, which may be due
to the fact that the states are contiguous to each other and all are located in the southwest geo-
graphical region of Nigeria.

An age-related difference of seropositivity in chickens in this study could not be observed
as the seroprevalence of chickens older than 46 weeks of age (15.2%) was comparable to chick-
ens between 31-45 weeks of age (13.9%) and those aged younger than 31 weeks (14.6%). This
is contrary to a previous report in which seropositivity of 36% was reported in adult chickens
older than 18 weeks as compared with 17% in younger chickens [3]. The commercial ELISA
test kit used is dedicated to detect IgY antibodies to avian HEV in serum of chickens and
included positive and negative controls. However, an age-related association of aHEV sero-
prevalence is discussed controversially, as there are also studies reporting higher seropreva-
lence in chickens younger than 30 weeks of age in comparison to older chickens [27, 28]. As a
limitation of our study the DSS used in this study were transported at room temperature to the
laboratory after freezing of the initial sample and the DSS. Freeze-thawing of samples might
affect the results of the ELISA [29, 30]. Although other studies report no significant change
after several freeze-thaw cycles [31], it cannot be excluded that some samples were misclassi-
fied as false-positive or false-negative. Likewise, we cannot exclude false-positive samples and
further studies are needed to clarify the presence of aHEV in chickens in Nigeria. The conve-
nience sampling method employed in the selection of chickens could also introduce some sta-
tistical bias affecting the results as the selected group might not be representative of the general
chicken population.

This study represents the first detection of antibodies to aHEV in commercial layer chick-
ens in Nigeria and sub-Saharan Africa.
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Conclusion

Our study reported a widespread seroprevalence of aHEV in apparently healthy commercial
layer chicken flocks in three states in Nigeria. Although, the chickens sampled were apparently
healthy with no obvious clinical signs, this study which is the first in Nigeria, further estab-
lishes the reports of decreased egg production by poultry farmers in the study areas. It could
be inferred that there is a natural subclinical transmission of aHEV among the commercial
layer chickens in Nigeria, as the southwestern states are considered to be the main hub of poul-
try production in Nigeria. The detection of anti-aHEV antibodies in commercial chickens is
important as a serosurveillance tool in aHEV disease monitoring. This is because chicken meat
and eggs are a major source of animal protein for the Nigerian populace. The presence of anti-
aHEV antibodies is also an indirect indicator of circulating aHEV in poultry. This also con-
firms the existence of aHEV in Nigeria and justifies the need for constant serosurveillance.
Further studies are needed especially in other regions of Nigeria to evaluate the economic bur-
den, spread and risk factors of aHEV infection, and preventive measures to curb its spread.
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