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Introduction
Avian Inﬂuenza A viruses belong to the
Orthomyxoviridae family, and have a segmented,
negative-sense RNA genome. The virus is usually

characterized using the combination of their surface
proteins; haemagglutinin (HA) and neuraminidase
(NA); as a result, a variety of subtypes have been
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identified; for example, H5N1, H5N6, or H9N2
(Peacock et al., 2019a; Sulaiman et al., 2021). Wild
aquatic birds are the main reservoir of avian
influenza; at least 16 of the 18 haemagglutinin (HA)
subtypes (H1-H16) and 9 of the known neuraminidase
(NA) subtypes (N1-N9) have been identified in the
avian species (Webster et al., 1992; Maclachlan &
Duboyi, 2010). Avian influenza is one of the most
important zoonotic diseases that affect poultry,
wildlife and human health globally (Peiris et al., 2007;
Bahl et al., 2016) usually with pandemic potential.
Historically, outbreaks of highly pathogenic avian
influenza (HPAI) H5N1, that occurred in China in 1996
and subsequently spread across the world thereafter,
have led to tremendous economic losses in the
poultry industry as well as loses in wildlife, and
considerable loss of human life (Wikramaratna et al.,
2014). Also, other pathogenic strains of avian
influenza viruses (AIVs) with pandemic potential have
emerged such as H7N9 in 2013 and 2015 in South
Korea (Chowell et al., 2013; Lycett et al., 2016).
However, HPAI H5N1 is now considered endemic in
some countries of Southeast Asia, North Africa and
Middle East, with its attendant health risk on wildlife
and human health (Olsen et al., 2006; Peiris et al.,
2007). These threats continue to call for in-depth
studies that will unravel the reasons for the
emergence, transmission and spread of AIV and ways
for its containment. Wild water birds which belong to
the orders Anseriformes (including geese, swans and
ducks) and to a lesser extent, Charadriiformes
(including terns, sandpipers gulls, and plovers) are
known to be the natural reservoirs of avian influenza
A viruses (Nishiura et al., 2009; Vandegrift et al.,
2010; Caron et al., 2017) except subtypes H17N10
and H18N11 which are only found in bats (Wu et al.,
2014).
The geographical distributions of these viruses are
known to be extended by the migratory
representatives of these orders, which serve as
important vectors for AIVs (Webster et al., 1992;
Verhagen et al., 2015; Lycett et al., 2016). The low
prevalence reported in passerine songbirds is an
indication of spillover infection through contact with
water birds or poultry (Fuller et al., 2010). However,
It has also been observed that some peri-domestic
species among these, such as house sparrows (Passer
domesticus), may play a role in moving AIVs between
poultry farms (Vandegrift et al., 2010; Bahl et al.,
2016) as well as from other wild birds (Prosser et al.,
2013). In Nigeria, the first outbreak of HPAI H5N1
occurred in 2006; the outbreak was attributed to the
activities of migratory birds and trade in poultry
products as possible sources of introduction and

transmission (Ducatez et al., 2006; Lycett et al., 2016).
Another wave of the outbreak re-surfaced in 2008 in
two northern states of Nigeria. This outbreak caused
suspicion of the possible involvement of wild birds in
the maintenance and transmission of HPAI H5N1 in
Nigeria (Columba-Teru et al., 2012). In 2015, another
resurgence of HPAI subtype H5N1 occurred in live
bird markets (LBMs) and poultry farms across Nigeria
(Meseko & Oluwayelu, 2019). Serological evidences
for H9N2 subtypes exposure have been reported in
commercial poultry and humans in Nigeria
(Oluwayelu et al., 2020). Although it has been
suggested that wild birds play a key role in dynamics
and endemicity of HPAI H5NI in Nigeria, there are few
studies conducted to ascertain this. This study was
conducted to assess the seroprevalence of antibodies
against AIV in free-living wild birds and also to
determine the status of H5 and H9 at the domestic
and wildlife interface in Zaria, Kaduna State, Nigeria.
Materials and Methods
Study design
This study was conducted in Zaria, a major city in
Kaduna State, Nigeria, with an average elevation of
644 metres above sea level, covering about 300
square kilometres. It has a tropical continental
climate with a significant dry season, lasting up to
seven months (October – May). A cool period is
usually experienced during the dry season, between
November and February. Zaria is in the Northern
Guinea Savanna, with a diversity of woody shrubs,
grasses and short trees. It is located on the
geographic coordinates of 11°12'N and 7°37'E. Zaria
is a large, heterogeneous city with an approximate
population of 1,490,000 (Ehimiyein et al., 2018).
Blood sample collection
2 – 3 ml of blood sample were collected through the
wing vein into sterile glass tubes using sterile
hypodermic syringes and needle. The samples were
from 146 wild birds comprising 30 Laughing doves
(Spilolepia senegalensis), 30 Speckled pigeons
(Columba guinea), 30 Cattle egrets (Bubulcus ibis), 28
Village weavers (Ploceus cucullatus), and 28 African
silver bill (Euodice cantans) (Table 1). The birds were
captured using wooden traps set around poultry
houses and also purchased from the live bird markets
(LBM). They were sampled based on convenient
sampling technique; based on available birds at a
specific time of capture and purchase. Sera were
harvested from each of the blood samples,
transferred into sterile cryo-vials, labelled and stored
at -20℃ until used.
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Enzyme-linked immunosorbent assay
The Antigen AIV Ab ELISA kit (Anigen Animal Genetics
Inc., Korea) was used for the screening according to
the manufacturer’s instructions and as previously
conducted by Wungak et al. (2019). The AIV NP
antigen coated test plate was prepared. 50 µl of
controls and sample were added to the wells. About
50 µl of anti AIV antibody-HRP was then added to
each well. The plates were then incubated for 30
minutes at 37℃. After the incubation, plates were
washed 6 times. A hundred microliters of substrate
solution (ready to use) were then added and plates
incubated for 10 minutes at room temperature. 100
µl of stopping solution was then added and the
optical density (OD) was measured at 450 nm with
reference wavelength at 620nm. PI value = [1-(OD
sample/mean OD negative)] × 100

controls) were considered to show inhibition. The
validity of this result was assessed against a negative
control. Serum titre greater than or equal to 22 or
2log2 was considered as positive.
Data analysis
The data were stored in Microsoft Excel®
spreadsheet. Descriptive statistics was carried out
using Microsoft Excels spreadsheet and proportions
were obtained using open Epi Version 2.3.1 Statistical
tool (Open-Source Epidemiological Statistics for
Public Health calculation). Chi-square (χ2) was used to
measure the strength of association. P< 0.05 was
considered as significant.
Results
Out of the 30 sera each from Speckled pigeons, Cattle
egrets and Village weavers, 2(6.67%), 1(3.33 %) and
2(6.67%) were positive for influenza A virus
antibodies respectively using ELISA. No antibody (0%)
was detected in Laughing doves and African silver bills
(Table 1). The difference in seropositivity among the
wild birds’ species was not statistically associated
with avian Influenza virus antibodies in the study area
(p > 0.42). Using HI for subtyping, two of the sera
positive by ELISA were positive for serotype H9, and
one was positive for H5 subtypes using antigen and
antisera specific for H5 and H9 (Table 2).

Haemagglutination inhibition test
The haemagglutination inhibition (HI) test was carried
out as previously described (Meseko et al., 2012; OIE,
2018) using antigen and antisera specific for H5 and
H9 subtypes. About 0.025 ml PBS were dispensed into
each well of a plastic V-bottomed microtitre plate and
0.025 ml of serum were later placed into the first well
of each plate (A-E). Two-fold dilutions of 0.025 ml
volumes of the sera were made across the plate. 4
HAU virus/antigen in 0.025 ml was added to each well
and the plate were left for 30 – 40 min at room
temperature (20℃). Later, 0.025 ml of 1% (v/v)
chicken RBCs was added to each well and mixed
gently, the RBCs were allowed to settle to a distinct
button for about 40 min at room temperature (20℃).
The Haemagglutination Inhibition (HI) titre was read
from the highest dilution of serum causing complete
inhibition of four HAU of antigen. The agglutination
was assessed by tilting the plates. Only those wells in
which the RBCs streamed at the same rate as the
control wells (positive serum, virus/antigen and PBS

Discussion
Wild birds present a significant risk to poultry
biosecurity because they can transmit disease causing
agents including AIVs into poultry farms (Waziri et al.,
2017). Here, apparently healthy wild birds at this
wildlife and domestic birds interface were exposed to
AIVs. An overall AIV seroprevalence of 3.42% (5/146)
was recorded. This is similar to the findings of Ameji
et al. (2017) who reported AIV seroprevalence of 4%
in wild birds in Kogi State, Nigeria. Waziri et al. (2017)

Table 1: Seroprevalence of AIV antibodies in some wild birds in Zaria, Nigeria using enzyme linked immunosorbent
Assay
Species of bird
Number of sera
Number of sera
Prevalence 95% CI
tested
positive
Speckled pigeons (Columba guinea) 30
2
6.67
1.13-20.32
Cattle egrets (Bubulcus ibis)

30

1

3.33

Village weavers (Ploceus cucullatus)
Laughing doves (Spilolepia
senegalensis)
African silver bill (Euodice cantans)
Total
X = 3.9, df: 4, P-value 0.42

30
28

2
0

6.67
0.00

0.17-1515.36
1.13-20.32
0.0-10.15

28
146

0
5

0.00
3.42

0.0-10.15
1.27-7.42
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Table 2: Serological analysis of avian influenza virus subtypes in some wild birds in Zaria, Nigeria using
haemagglutination inhibition (HI) test
Species
No. of sera tested No. of sera positive for H9 No. of sera positive for H5
Speckled pigeons (Columba guinea) 2
2
0
Cattle egrets (Bubulcus ibis)
1
0
0
Village weavers (Ploceus cucullatus) 2
0
1
reported seroprevalence rates of 11 – 15% for H5
subtype in wild birds in North-eastern States of
Nigeria. Although the bird species surveyed for
antibodies against AIVs in this study are not known to
play an active role in the maintenance of AIV, they are
often viewed as “spill over host” probably being
infected from their interaction with poultry or water
birds (Fuller et al., 2010). These birds have been
suggested to play some roles in the spread of these
viruses by movement from one poultry farm to
another (Vandegrift et al., 2010; Bahl et al., 2016) or
they can transmit the viruses to other wild birds
(Prosser et al., 2013). The serological detection of AIV
subtype H5 and H9 by HI showed exposure of these
bird to the circulating H5 and H9 viruses in the
environment. It is suggested that H9N2 is endemic
especially in the low- and middle-income countries
where surveillance is not frequently carried out and
H9N2 is not commonly targeted for monitoring or not
even investigated at all (Peacock et al., 2019a). The
survey of H9 viruses in other parts of the world have
shown hyper-endemicity in poultry birds in both live
bird markets and poultry farms (Peacock et al., 2019b;
Sulaiman et al., 2021). H9N2 subtype has been
documented to have ability to contribute gene
segments to other highly pathogenic subtypes of AIV,
thereby potentiating their pathogenicity to cause
disease in both poultry, other animals and humans
(Chen et al., 2014; Huang et al., 2015). Moreover, it
has also been reported that H9N2 can receive several
combinations of genes from other AIVs subtypes
thereby increasing its pathogenic and zoonotic
potentials (Iqbal et al., 2009; Parvin et al., 2014).
Although H9N2 is a low pathogenic AIV, the subtype
is found globally, and compared to H5 and H7
subtypes, the strain is sometimes neglected during
AIV subtypes surveillances (Peacock et al., 2019b).
However, current evidence reveals that they could
potentially play a significant role in the future
emergence of the influenza pandemic, either directly
as a H9 AIV subtype virus or as a result of the donation
of internal genes to HPAI pandemic subtypes
(Peacock et al., 2019b). The finding in this study is
similar to that reported by Oluwayelu et al. (2017),
who detected H9 influenza virus antibodies in
commercial breeders and layers birds in South
western Nigerian States.

Similarly, H9 seroprevalence was reported by Okoye
et al. (2013) among poultry farm workers and poultry
sellers at LBMs in south eastern Nigeria. In
conclusion, H5 and H9 AI viruses are circulating at the
domestic and wild birds interface in Zaria, Kaduna
State. Therefore, a comprehensive surveillance of
influenza A viruses involving wild birds population as
well as H9 subtype is recommended. This is necessary
in order to know the actual status of these strains in
commercial poultry in Nigeria due to its zoonotic and
economic importance.
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