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Abstract
Background: In spite of efforts to control avian influenza (AI) and Newcastle disease (ND) over decades, circulation
of the viral causative agents among domestic and feral birds is considered implicated factors for the intermittent
outbreaks of AI and ND among domesticated birds as well as commercial poultry flocks in Nigeria. In this study, sera
from domestic (Japanese quails) and peri-domestic birds including laughing dove and village weavers were screened
for antibodies to low pathogenic AI virus (LPAIV) and ND virus (NDV).
Methods: A competitive ELISA was used to detect anti-AI virus antibodies in the sera of 101 unvaccinated Japanese
quails, 30 village weavers and one laughing dove caught for human consumption in Oyo and Osun states, Nigeria.
Hemagglutination-inhibiting (HI) antibodies against LPAIV were then detected in the ELISA-positive sera using H3N8,
H5N2 and H9N7 subtype-specific antigens. Also, antibodies to NDV were detected and quantified in the sera using HI
test.
Results: Seroprevalence of NDV antibodies from tested quail sera was 12.9% (13/101), while AI was 18.8% (19/101)
with detection of anti-LPAIV H3N8, H5N2 and H9N7 antibodies. The laughing dove serum was positive for NDV and
anti-LPAIV H9N7 antibodies while all sera from village weavers had no detectable LPAIV antibodies, but 26.7% (8/30)
were positive for NDV antibodies.
Conclusions: This study provides serologic evidence of infection with LPAIV H3N8, H5N2 and H9N7 as well as Newcastle disease in domestic and peri-domestic birds in southwest Nigeria and highlights the potential role of these
birds in the epidemiology of AI and ND.
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Background
Avian influenza (AI) and Newcastle disease (ND) are viral
and often fatal diseases that affect a wide range of avian
hosts, irrespective of age. They have been a cause of great
set back in poultry productions throughout the world as
they cause considerable financial losses with resultant
illness in affected flocks, and also for other avian species, mammals and human beings (Capua and Alexander
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2006; Alexander 2007; Capua and Munoz 2013). Despite
efforts at disease management, circulation of the causative viruses among domestic and feral birds has been
documented as a factor responsible for the periodic outbreaks of AI and ND among domesticated birds as well
as commercial poultry flocks (Bergervoet et al. 2019; Shi
and Gao 2021). Avian influenza A virus has also infected
humans, most of whom had direct contact with infected
birds or environments contaminated with secretions or
excretions from infected birds (WHO 2008; Wang et al.
2009; Li et al. 2014). In addition, there is fear for silent
carriers to be the causative agent of antigenic reassortment resulting in new influenza strain (Bergervoet et al.
2019). Similarly, exposures to NDV mostly in laboratory
workers and vaccination crews have been shown to cause
mainly conjunctivitis (Munir et al. 2012).
Globally, several species of domestic and feral birds
are shown to be predisposed to avian influenza viruses
(AIVs) infection with migrating and aquatic birds constituting the main reservoir of these viruses (Bergervoet
et al. 2019). In particular, the occurrences of these infections have predominantly been reported in poultry in
either the highly pathogenic or low pathogenic forms.
Seroconversion is usually the primary indication of low
pathogenic avian influenza (LPAI) infection in domestic
poultry and may be the solitary evidence of infection with
some subtypes of LPAI (Clark and Hall 2006). Furthermore, most LPAIVs produce mild to moderate disease
in commercial rearing settings, especially when complicated by secondary pathogens, immunosuppression, and
stress factors in the environment (Li et al. 2014).
Virtually all domestic and feral bird species are susceptible to infection with Newcastle disease (ND) virus
(Alexander and Senne 2008). Wild birds seem to be the
reservoir of low virulent strains, whereas poultry are the
most likely reservoir of virulent viruses. However, virus
exchange between these reservoirs represents a risk of
both bird populations (Apopo et al. 2020). However, freeliving migratory species, such as waterfowls or white
storks, may carry virulent ND virus strains without obvious contact with poultry (Kaleta and Kummerfeld 2012;
Yuan et al. 2013).
The clinical signs observed in infected birds vary widely
and are dependent on viral factors like pathogenicity
(which depends on virulence and tropism of the virus),
host factors (age, immune status and species), concurrent
infections, route of exposure, duration and magnitude of
the infection dose, and external factors such as social and
environmental stress (McFerran and McCracken 1998;
Capua and Marangon 2006).
Birds other than domestic chickens such as ducks
and turkeys have been shown to be possible sources of
the spread of AI and ND viruses in Nigeria (Coker et al.
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2014; Oluwayelu et al. 2015). More so, different studies
have highlighted the importance of routine surveillance
in establishing the epidemiological characteristics of
these diseases in the country which may help to estimate
the local disease burden and possibly inform prevention strategies (Adene et al. 2006; Aiki-Raji et al. 2015;
Oluwayelu et al. 2017). However, there is a little report
of the detection of AI and ND in quails which is popularly domesticated for meat and egg production as well as
laughing dove and village weavers which are peri-domestic birds commonly seen around households and farms
in Nigeria. Therefore, this study was designed to evaluate
the presence of AIV and NDV antibodies in domesticated
Japanese quails and free-living laughing dove and village
weavers in Osun and Oyo states, southwest Nigeria.

Methods
Sample collection

Blood samples collected via the jugular vein were randomly obtained from apparently healthy, unvaccinated
132 birds comprising of 101 Japanese quails from ten
flocks in Osun state, as well as 30 village weavers from a
live-bird market and one laughing dove caught for human
consumption in Oyo state, Nigeria. Sera were separated
from the collected blood samples and stored at − 20 °C
until analyzed. A cross-sectional study was employed and
samples were randomly collected from the birds.
Serology

All the sera were screened for the quantitative detection of anti-nucleoprotein antibodies to Avian influenza
virus (AIV) using a commercially available competitive enzyme-linked immunosorbent assay (ELISA) kit
(BioNote Inc., Korea). The test was carried out according to the manufacturer’s instruction, and results were
read at a wavelength of 450 nm using an Optic Ivymen
System (Model 2100C) microplate ELISA reader (Biotech SL, Spain). For each sample, the percentage inhibition (PI) was calculated from the obtained optical density
values. Samples with PI ≥ 50 were considered positive.
These positive samples were then subjected to hemagglutination inhibition (HI) test for subtype-specific AIV
antibodies using available reference antigens comprising a panel of LPAI H3N8, H5N2 and H9N7 viruses and
4 hemagglutinating units of each antigen according to
standard procedure (OIE 2014). Also, antibodies to NDV
were detected and quantified in the 132 sera using the HI
test as described by Durojaiye and Adene (1988).
Statistical analysis

The differences in LPAIV and NDV antibodies seroprevalence between domestic and peri-domestic birds
were evaluated by Chi-square (X2) test using Graph Pad
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Table 1 Positivity and percentage of LPAI and ND virus
antibodies in quails, laughing dove and village weavers in the
study area
Species of bird

Num. sampled

Num. positive
for LPAI (%)

Num.
positive for
ND (%)

Quails

101

19 (18.8)

13 (12.9)

Laughing dove

1

Village weavers
Total

1 (100.0)

1 (100.0)

30

0 (0.0)

8 (26.7)

132

20 (15.2)

22 (16.7)

Table 2 Differences in LPAI and NDV antibodies prevalence in
domestic and peri-domestic birds in the study area
Num. positive for LPAI (%) Num.
positive for
ND (%)
Domestic
Peri-domestic

19 (18.8)*

13 (12.9)

1 (3.2)*

9 (29.0)

*P < 0.005

software (Graph Pad prism version 5, CA, USA). The
level of statistical significance was P < 0.05.

Results
The occurrence of NDV antibodies in sera from quails,
laughing dove and village weaver birds was 12.9%
(13/101), 100% (1/1) and 26.7% (8/30), respectively. NDV
antibodies titer range was 16–64, while for LPAI antibodies, 18.8% (19/101), 100% (1/1) and 0% were detected in
quails, laughing dove and village weavers, respectively
(Table 1).
Of the 19 ELISA-positive samples in quails, five (5)
were positive for anti-LPAIV H9N7 antibodies only, 11
for anti-LPAIV H3N8 and H9N7 antibodies, and three
(3) for antibodies against all the three LPAIV subtypes,
indicating a mixed infection. The laughing dove serum
was positive for only anti-LPAIV H9N7 antibodies while
all sera from village weavers had no detectable LPAIV
antibodies. Compared to the domesticated birds, the
peri-domestic birds had significantly lower LPAIV antibody prevalence, with P value of 0.043 and odds ratio
(OR) of 7.0 (95% CI 0.89–54.2) (Table 2).
Discussion
Despite efforts for prevention and control of viral transmission between different species of birds, there are still
intermittent outbreaks of AI and ND among domesticated birds as well as commercial poultry flocks in Nigeria (Adene et al. 2006; Oluwayelu et al. 2014). This has
highlighted the importance of continuous surveillance
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for these viral infections in different bird species in the
country to update the disease situation in order to adopt
suitable preventative measures (Coker et al. 2014; Adebiyi and Fagbohun 2017).
In Nigeria where avian influenza disease outbreaks have
been reported (Adene et al. 2006) and also, where despite
vaccinations against Newcastle disease is routinely carried out, outbreaks have been noted (Aldous and Alexander 2001), the detection of LPAIV (H3N8, H5N2 and
H9N7) and NDV antibodies in the sera of apparently
healthy domesticated Japanese quails as well as LPAIV
H9N7 and NDV in peri-domestic laughing dove and
NDV in village weavers is an indication of previous exposure to both viruses and show possible involvement of
these domesticated and peri-domestic birds in the epidemiology of LPAI and ND in the study area. Consequently,
these birds may play a part in the continued occurrence
of these diseases by possibly shedding the viruses into the
environment. More so, given that vaccination against AI
is currently not permitted in the country, the detection of
antibodies to LPAIV H3N8, H5N2 and H9N7 in apparently healthy quails and LPAIV H9N7 in laughing dove
in this study indicates that LPAI H3N8, H5N2 and H9N7
circulate in these domesticated and peri-domesticated
birds in Osun and Oyo states, southwest Nigeria. This is
corroborated by previous studies that detected antibodies
against LPAIV H3N8 and H5N2 in turkeys (Oluwayelu
et al. 2015) as well as H5N2 in ducks (Coker et al. 2014)
in southwest Nigeria and further supported by reports
that showed that Japanese quails are susceptible to a wide
range of LPAIV subtypes (Makarova et al. 2003).
Quails have been suggested to serve as an intermediate host that provides an environment in which influenza
viruses can generate variants that can be transmitted to
other poultry (Xu et al. 2007), and also buttressed by the
fact that they carry sialic acid receptors functional for
binding of avian and human influenza viruses (Wan and
Perez 2006; Costa et al. 2012).Therefore, the detection of
antibodies to H3N8, H5N2 and H9N7 in quails in this
study may pose a threat to veterinary and public health
because the co-circulation of these avian influenza subtypes in the same susceptible bird population may result
in the emergence of novel viruses as a consequence of
natural reassortment and raises concerns on its control
and public health implications of such co-circulation
(Shakal et al. 2014).
In this study, it was observed that the odds of antiAIV antibodies detection were 7 times higher in
domestic than in peri-domestic birds. This may possibly be due to the varied susceptibility to AI virus
among domestic and peri-domestic bird species, as well
as the propensity of domesticated quails to be exposed
to birds from numerous supply sources having a greater
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tendency of circulating these viruses and could serve
as a source of infection (Killian 2009). Consequently,
quails have been considered as important carriers for
AI and ND viruses (Makarova et al. 2003; Lima et al.
2004).
Peri-domestic birds such as Laughing doves and village weavers are free-living birds seen around poultry
houses and also around free-range birds, it is likely that
these birds acquired AI and/or ND seropositivity via
contact with other infected domestic or wild birds that
were shedding the viruses. Also, previous studies have
associated free-living birds as possible reservoirs of
these viruses for domestic poultry (Meseko et al. 2007;
Snoeck et al. 2011; Bergervoet et al. 2019). In addition,
the seropositivity may be as a result of intermittent
interface of these birds with vaccinated commercial
poultry and free-range birds leading to circulation of
ND vaccine viruses due to such (Oluwayelu et al. 2014).
Moreover, it has been reported that ND transmission is
intensified by contact between birds of different species
usually practiced by birds being caged together in rural
markets (Apopo et al. 2020).

Conclusions
This study provides serologic evidence of infection with
LPAIV (H3N8, H5N2 and H9N7) and NDV in Japanese quails and laughing dove as well as NDV in village
weavers in southwest Nigeria. The findings highlight
the potential role of domestic and peri-domestic birds
in the epidemiology of AI and ND, and also stress the
need for continuous monitoring of different avian species in order to provide an early warning system for
implementation of AI and ND control strategies.
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