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Abstract

Newcastle disease (ND) outbreak even in the face of vaccination is a common problem in Nigeria. A survey was
carried out between June, 2012 to February, 2013 to detect ND viruses in poultry and wild birds in 12 Local
Government Areas (LGAs) of Kogi state, Nigeria. Oropharyngeal swabs from 710 poultry and cloacal swabs from
100 species in eight families of wild birds were tested using reverse transcription polymerase chain reaction with
set of primers targeting the ND virus matrix protein with 60.5% swabs being positive. The prevalence of ND viruses
was highest in live bird market with 62.5% and lowest in backyard farm with 57.7%, while based on species of
birds, Swallow (Hirundo spp.) had the highest prevalence with 83.3% and zero in Laughing dove (Streptopelia
senegalensis). The )(2 value of the prevalence of ND viruses in contiguous areas A against contiguous areas B was
significant ()(2 =6.59, p< 0.01, OR = 4.10 at 95% Cl = 1.34 — 12.28). The study revealed the circulation of ND viruses
in poultry and wild birds in Kogi state. This is the first report of ND viruses in Hirundo spp and Swift (Apus spp) in
Kogi state, Nigeria. There is need for sequencing of the F-protein of the ND viruses circulating in Kogi state to
compare with already known strains in Nigeria. Vaccination against ND should be stepped up in backyard poultry

and instituted in rural poultry for effective control.
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Introduction

Three Newcastle disease (ND) panzootics were
recorded in the past and one of such was caused by
feral pigeon fecal contamination of poultry feed
materials (Alexander, 2000; Alexander, 2001). Wild
birds tend to carry Newcastle disease viruses (NDVs)
asymptomatically as reservoirs (Alexander, 2001).
Most of the viruses found in wild birds are
lentogenic but virulent avian paramyxovirus-1
(APMV-1) has become established in some
cormorant (Phalacrocorax spp) populations causing
disease in young birds (Seal et al., 1998).
Susceptibility to ND varies widely among poultry and
pet birds. Members of the order Phasianiformes
particularly chickens are highly susceptible to the
disease (Alexander, 2001). Turkeys are less likely to
develop severe symptoms and the susceptibility of
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game birds (pheasants, partridges, quail and guinea
fowl) varies with the species (Seal et al., 1998).
Ducks and geese usually have inapparent infections
but some clinical cases have also been described
occasionally in ducks (Alexander, 2001). Outbreaks
have been reported in ostriches (order
Struthioniformes) while Columbiformes especially
pigeons are susceptible to the disease with APMV-1
strains maintained in pigeon populations having
some antigenic differences from other APMV-1
isolates, often called pigeon paramyxovirus type 1
(Alexander, 2001). Susceptibility to disease varies
widely in Psittaciformes as cockatiels and parrots
often die or develop neurological signs but some
species tend to carry velogenic strains subclinically
(Seal et al., 1998).
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In Africa, ND is a major constraint against the
development of both commercial and rural poultry
production (Ezeokoli et al., 1984; Sonaiya, 1990;
Adene, 1996). In Nigeria, ND is endemic with the
occurrence of outbreaks even after vaccination
(Sa’idu et al., 2004; Nwanta et al., 2008; Sa’idu et al.,
2008). There are little reports of virological evidence
of NDVs in wild birds in Nigeria (Echeonwu et al.,
1998; lbu et al., 2009). However, there have been
several reports of serological evidence of NDVs in
wild birds in other parts of Nigeria which may be
responsible for sporadic outbreaks in poultry
(Oladele et al., 1996; Sa’idu et al., 2008; Ibu et al,,
2009; Ameji et al., 2015).

To the best of our knowledge, there has not been
any report of NDVs in poultry and wild birds in Kogi
state. This study was designed to determine the
prevalence of NDVs in poultry and wild birds in Kogi
state, Nigeria.

Materials and Methods

Study area

The study area (Kogi state) lies between Latitude
6°44' - 7°36'N and Longitude 7°49' - 8°27'E situated
at a height of about 789 km above sea level and
covering a land area of 29,833 Km®. The state is
bordered by Federal Capital Territory (FCT) and Niger
state on the north; Benue and Nasarawa states on
the east; Ekiti, Ondo and Kwara states on the west;
Edo, Anambra and Enugu states on the south
(Wikipedia, 2014).

The vegetation of Kogi state is guinea savannah on
the north and a belt of rain forest on the southern
fringe with rivers Niger and Benue passing through
the state, which later converged at a point to form a
confluence. The annual rainfall ranges from 1100
mm — 1250 mm starting from April to October
(KGSADP, 2009).

The human population of the state is 2,099,046 with
the major economic activities of the people being
farming, fishing and trading (KGSADP, 2009). The
poultry population is estimated to be 3,685,211 with
91.5% being rural or backyard poultry and rest being
commercial poultry (Adene & Oguntade, 2006).

Sampling method and sample size

Multistage, simple random and convenient sampling
methods were used for survey locations, poultry and
wild birds respectively in the 3 senatorial districts
involving 12 LGAs out of the 21 LGAs of Kogi state,
Nigeria.

Poultry were sampled from backyard farms, rural
households and live bird markets (LBMs) during the
survey. The sample size for the study was
determined using the formula by Cohen (1988): N =
Z%Pq/L%. Sample size for ND survey in poultry from
the 3 sampling units =177 x 3 = 531.
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Data on population size of wild bird species and
prevalence of ND in wild birds are scanty in Nigeria,
a problem adjudged to be a major challenge for
designing disease surveys in wild birds in most
countries (Wilking et al., 2009). Hence, the sample
size was not predetermined but was thought
reasonable to limit the sample size to available
number of wild birds captured as done by other
workers (Teru et al., 2012; Assam, 2014).

Ethical consideration for wild bird survey

Approval for wild birds’ survey was given by the
ethical committee, Department of Veterinary
Medicine, Ahmadu Bello University, Zaria. One
hundred species of wild birds from 8 families were
captured alive using mist net and locally made glue
traps then, were released into the wild in the field
after sampling and being marked on the feet with an
indelible marker to avoid resampling. The families of
wild birds that were captured and sampled include
Accipitridae, Muscicapidae, Apodidae, Hirundinidae,
Psittacidae, Ciconidae, Sylvidae and Columbidae.

Cloacal and oropharyngeal swabs sampling

The oropharyngeal and cloacal swabs were collected
after proper restraint of a bird by an assistant with
care being taken to avoid harm to the birds and
placed in a cryo-vial of viral transport medium
containing 10,000 units/ml penicillin, 10 mg/ml
streptomycin, 25 pg/ml gentamycin, 5000 units /ml
mycostatin and 1% bovine serum albumin in
phosphate buffered saline (PBS) (OIE, 2009). The
swab samples were maintained at 4°C in ice pack
upon collection and stored in liquid nitrogen at -70
°C within 4-6 hours until they were processed.

A total of 810 swabs consisting of 710 oropharyngeal
and 100 cloacal swab samples were collected from
apparently healthy poultry and wild birds
respectively during the field survey from June, 2012
to February, 2013 and analyzed for NDVs.

Detection of Newcastle disease viruses

The swabs were first prepared by spraying the
sample tubes with virkon® (Du Pont, USA) to avoid
surface contaminants and dried with tissue paper.
The samples were then pooled based on location,
species and sampling units into sterile tubes. Ten
samples were pooled into one in sterile tubes and
labeled before the extraction of the nucleic acid
(Killian, 2008; Wakawa et al., 2012).

Extraction of nucleic acid

The ribonucleic acid (RNA) was extracted from each
of the pooled test samples using QlAamp Viral RNA
mini kit (QIAGEN GmbH, Germany) by spin protocol
according to the manufacturer’s instructions. The
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QlAamp Mini spin column was discarded and the
eluted RNA was stored at -20°C until used.

Preparation of polymerase chain reaction master mix
The master mix for the 25 pl final volume PCR was
prepared from stock of reagents containing nuclease
free H,0, 10x PCR Buffer, 50 mM MgCl2, 10 mM
deoxynucleoside triphosphate (dNTP), 10 uM each
of oligonucleotide (APMV-1 and 121 bp - forward
and reverse primers), 20 U of reverse transcriptase,
5 U of ribonuclease inhibitor, 5 U of Ampli — 6 Taq
DNA polymerase (all reagents by Applied
Biosystems, USA) and 5 pl of RNA extract. The
APMV-1 forward and reverse primers targeting the
M-gene of 121 bp size with the following sequences:
F=5'-AGTGATGTGCTCGGGACCTTC-3’ and  R=5'-
CCTGAGGAGAGGCATTTGCTA-3' were used (Wise et
al., 2004).

Reverse transcription- polymerase chain reaction

The conventional one step RT — PCR was used to
amplify sample in final reaction mixture of 25ul.
Thermocycling was done in GeneAmpR PCR System
9700, Applied Biosystems (USA) with the following
cycling conditions: activation at 50°C for 20 min and
initial denaturation at 95°C for 15 min (stages | & Il
once), denaturation at 94°C for 45 sec, annealing at
60°C for 45 sec, elongation at 72°C for 45 sec (stage
[l 40 times), final elongation at 72°C for 5 min and
hold at 4°C until used (stage IV once).

Agarose gel electrophoresis of the amplicons

A 1.5% agarose gel was made and placed in the
electrophoresis tank, submerged by Tris-Borate
Ethylene diamine tetra-acetic Acid (TBE) buffer. The

amplicons were mixed with a loading dye
(blue/green, Promega® on a parafilm paper in the
ratio of 2:8 and loaded in the wells of the gel. One
Kb plus DNA ladder (Fermentas®) was used as band
marker with each lane of the wells having positive
and negative controls. The electrophoresis voltage
regulator was set at 120 V for 35 min after which the
bands were read in a Gel Doc XR" with Image
LabSoftware (BIO — RAD Molecular Imager®, USA)
viewed on a computer monitor. The positive samples
had the presence of cDNA bands corresponding to
the region of 121 bp specific for the genes generated
by the pairs of primers used in the amplification of
the RNA extract of test samples.

Statistical analysis of survey areas

The LGAs were grouped into LGAs with captured
wild birds and LGAs without wild birds captured as
well as into two contiguous zones, A and B for
evaluating epidemiological characteristics.

The LGAs where wild birds were captured include;
Ankpa, Ajaokuta, Dekina, Lokoja, Ofu and Olamaboro
while the LGAs where wild birds were not captured
include; Adavi, Kabba/Bunu, ljumu, Mopamuro and
Okene respectively. On the other hand, LGAs within
contiguous zone A were those in the west and
central senatorial districts that include; Adavi,
Ajaokuta, ljumu, Kabba/Bunu, Lokoja, Mopamuro,
Ogori-Mangogo and Okene while those within
contiguous zone B were those in the eastern
senatorial district that include; Ankpa, Dekina, Ofu
and Olamaboro respectively. These groups were
compared using )(2 and relative risk of infection as
odd ratio.

Table 1: Prevalence of Newcastle disease virus in the surveyed sampling units and Local Government Areas of Kogi

state, Nigeria (n = 490)

Local Government Area

Positive samples to NDVs in different sampling units

Backyard farm Rural household Live bird market ~ Wild bird  Total Positive
(%) (%) (%) (%) (%)
Ankpa 10 (6.7) 30(23.1) 0(0.0) 10(16.7) 50 (71.4)
Adavi 10 (6.7) 10 (7.7) 0(0.0) 0(0.0) 20 (50.0)
Ajaokuta 10 (6.7) 10 (7.7) 0(0.0) 0(0.0) 20 (50.0)
Dekina 10 (6.7) 10 (7.7) 30(20.0) 10 (16.7) 60 (100.0)
ljumu 40 (26.7) 10 (7.7) 20(13.3) 0(0.0) 70(77.8)
Kabba/Bunu 20(13.3) 0(0.0) 10 (6.7) 0(0.0) 30(42.9)
Lokoja 0(0.0) 20 (15.4) 0(0.0) 0(0.0) 20(22.2)
Mopamuro 10 (6.7) 10 (7.7) 20(13.3) 0(0.0) 40 (66.7)
Ofu 10 (6.7) 10 (7.7) 10 (6.7) 20(33.3) 50(83.3)
Ogori-Mangogo 30(20.0) 0(0.0) 10 (6.7) 0(0.0) 40 (57.1)
Okene 0(0.0) 10 (7.7) 30(20.0) 0(0.0) 40 (44.4)
Olamaboro 0(0.0) 10 (7.7) 20(13.3) 20(33.3) 50(71.4)
Total 150 (57.7) 130 (61.9) 150 (62.5) 60 (60.0) 490 (60.5)
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Results

A total of 490 (60.5%) swabs from poultry and wild
birds in the survey areas were positive for NDVs
(Figure | and Table 1). On the basis of LGAs, the
prevalence of NDVs was 100% for Dekina LGA; 83.3%
for Ofu LGA; 77.8% ljumu LGA; 71.4% each for Ankpa
and Olamaboro LGAs; 66.7% for Mopamuro LGA,
57.1% for Ogori-Mangogo LGA; 50.0% each for Adavi
and Ajaokuta LGAs; 44.4% for Okene LGA; 42.9% for
Kabba/Bunu LGA and 22.2% for Lokoja LGA
respectively (Table 1). However, on the basis of
sampling units, the prevalence of NDVs was 57.7%

for backyard farms, 61.9% for rural household,
62.5% for live bird markets and 60.0% for wild birds
respectively (Table 1). Similarly, based on avian
species, prevalence of NDVs was 59.7% for chicken,
66.7% for turkey and duck, 83.3% for swallow
(Hirundo spp), 71.4% for swifts (Apus spp) and zero
for laughing dove (Streptopelia senegalensis)
respectively (Table 2). The )(2 values of backyard
poultry sampling unit against other sampling units
(OR =0.70, 95% ClI = 0.28 — 1.76), LGA without wild
bird captured against LGA with wild birds captured

M 12 3 4567 8 91011 12 13 1415 16 17 ¢ N (OR=0.99, 95% CI = 0.40 — 2.46)

and poultry species against wild
bird species (OR = 0.98, 95% Cl =
0.25 — 3.77) were not significant
but that of contiguous areas A
against contiguous areas B were
significant (x2 =6.59, p< 0.01, OR =
4.10 at 95% Cl = 1.34 — 12.28)
(Table 3).

Discussion

The overall prevalence of NDVs of
60.5% seen in this study was an
indication of the high viral activity
in the study area. The birds

Figure I: Newcastle disease virus RT-PCR results of oropharyngeal and cloacal sampled were apparently healthy
swabs from poultry and wild birds in the surveyed areas of Kogi state. Pooled which showed that ND virus
samples 1 -17 with 1, 2, 3, 7, 8,9, 12, 15 and 16 having positive cDNA bands strains in circulation were either
corresponding to 121 bp of the set of primers used in amplification, M = vaccine strains or lentogenic field

molecular marker, C* = positive control, N" = negative control

strains with concomitant mild

Table 2: Prevalence of Newcastle disease virus among the avian species surveyed in Kogi state,

Nigeria (n = 490)

Avian species No. tested No. positive for NDVs (%)
Chicken 620 370 (59.7)

Turkey 60 40 (66.7)

Duck 30 20 (66.7)

Swallow 60 50 (83.3)

Swift 14 10 (71.4)

Dove 26 0(0.0)

Total 810 490 (60.5)

Table 3: The relative risk of Newcastle disease virus infection in different categories of birds in the surveyed areas

of Kogi state

Category of odds OR value 95% Cl Chi-square

Lower  Upper
Backyard poultry/other poultry & wild bird 0.698 0.277 1.758 )(2 =0.583, p<0.445
Areas without captured wild bird/Areas with captured wild 0.992 0.401 2.457 )(2 =0.001, p<0.986
bird
Poultry species/wild bird species 0.977 0.253 3.774 )(2 =0.021, p<0.973
Contiguous zone A/contiguous zone B 4.050 1.336 12.281 xz =6.587, p<0.01*

OR =0dd ratio * =significant p value
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disease and production losses. However, there is a
revelation that the highly virulent strains could
evolve from virus strains of low virulence by
mutation which may signal danger if there is co-
circulation of strains of APMV-1 in wild birds and
poultry (Alexander, 1997).

The prevalence of NDVs in wild birds found in this
study is much higher than the prevalence of 7.0%
determined in a previous study in north central
Nigeria (lbu et al., 2009). The wide gap in the
prevalence may be due to the larger sample size and
wide area of coverage in the former study compared
to the present study that involved some LGAs within
a state. In addition, the former study used virus
isolation to determine the prevalence, a method of
high specificity but very low sensitivity compared to
RT-PCR used in the present study.

The low prevalence of NDVs in backyard poultry
farms might be an indication of low vaccine take in
recent vaccinations with live ND vaccines which
further meant that chickens in this cluster would not
be properly protected against ND in the event of an
outbreak in the study area, it could also be that
sampled poultry were being challenged by ND field
virus or late stage of ND vaccination which had
seroconverted. Poultry from LBMs had the highest
prevalence of NDVs probably due to the pool of
vaccinated poultry from backyard and naive
susceptible rural poultry in the LBMs. The
implication of this finding is that there is circulation
of NDVs in the LBMs with the likely outbreak of ND
when naive birds are introduced and may results in
disease spread to households and farms. Ameji
(2010) reported that most rural and backyard
poultry farmers sourced rearing birds from the LBMs
in the study area.

The prevalence of NDVs in rural poultry where
routine vaccination is not done is also high. Rural
poultry are mostly kept on free range where they
roam to scavenge for food and in the process may
pick ND virus from the environment in refuse dumps,
contaminated food and water by infected,
vaccinated poultry flocks and wild birds or even via
aerosol. Seropositivity to ND antibodies had been
detected in unvaccinated flocks in Australia,
Switzerland and elsewhere where poultry are kept
on free range with direct contact with wild birds and
ducks which often do not show clinical disease but
do shed ND virus (Schelling et al., 1999).

Chickens had the lowest prevalence of NDVs among
the species of poultry sampled. This might be due to
the vaccination of chickens in backyard farms with
ND virus vaccines with seroconversion which make
them less susceptible to NDVs. However, chickens
sampled include those from LBM and rural poultry
and not entirely from backyard poultry farms where
routine vaccination is done hence, it is reasonable to
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say that the circulating NDVs may not entirely be
from vaccinal strains.

All the Swallow (Hirundo spp) and Swift (Apus spp)
tested were positive to the NDVs contrary to an
earlier study carried out within three states of north
central Nigeria that failed to detect the virus in these
species of wild birds (Ibu et al., 2009). In the earlier
study, attempt was made to isolate NDVs from
cloacal swabs which failed to yield any positive
result. It has been shown to be often difficult
isolating ND virus from seropositive flocks (Schelling
et al., 1999). The prevalence of NDVs in Hirundo and
Apus spp were indications of the susceptibility of
these species of wild birds to infection with the
virus. Hirundo spp and Apus spp roost or breed in old
buildings, barns and around poultry houses and
might have been infected via aerosol or
contamination of feed and water by vaccinated
poultry flock and vice versa. The absence of NDVs in
Laughing dove (Streptopelia spp) was in agreement
with the work of Ibu et al. (2009) which failed to
detect ND virus in this species.

Prevalence of ND virus was found in duck. Ducks do
not show clinical disease but are known carriers of
the avirulent NDVs which may mutate to virulent ND
virus strains (Alexander, 1997; Alexander, 2001). The
risk of NDVs transmission from ducks or water birds
may be either through direct or indirect contact with
poultry flocks such as contaminated feed and water
or infection of wild bird species at common water
sites and then transmission of the infection into
poultry flocks.

The prevalence of NDVs in turkey indicated the
susceptibility of this species to the virus. This finding
has an implication that rearing of turkeys and
chickens together will result in ND outbreak with
devastating effect on chicken production as clinical
disease in turkeys is often variable.

Dekina LGA had the highest NDVs prevalence
probably due to the age and type of poultry sampled
from this LGA. The poultry sampled in Dekina LGA
were broilers from backyard poultry farms and rural
poultry from LBMs than in any of the LGAs. This is
closely followed by ljumu LGA then, Ofu, Ankpa and
Olamaboro LGAs. These four LGAs apart from ljumu
are contiguous (contiguous zone B) to one another
on the eastern flank of Kogi state and the findings
might be linked with poultry husbandry practices in
the areas. All the birds sampled were apparently
healthy hence, the high prevalence of NDVs
indicated the infection of birds with wild lentogenic
or vaccinal strains of ND virus. Ankpa, Dekina, Ofu
and Olamaboro LGAs may be at risk of an outbreak
of ND in backyard poultry farms and the high
prevalence of NDVs in these LGAs might be due to
the important role of wild birds in the maintenance
and dissemination of NDVs within this contiguous
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zone. Wild birds were surveyed in all the LGAs in this
zone with almost all the cloacal swabs being positive
to NDVs.

The detection of relatively low prevalence of NDVs in
ljumu, Mopamuro, Ogori-Mangogo, Okene,
Kabba/Bunu and Lokoja LGAs might be due to
sampling of older birds from vaccinated flocks which
had antibodies that made them less susceptible to
infection with the NDVs. These LGAs were grouped
as contiguous zone A on the west and central flanks
of Kogi state. It was also clear that wild birds played
little role in the dissemination of NDVs in these areas
as wild birds surveyed in this contiguous zone had
none of the cloacal swabs being positive for NDVs.
The odds of infection with NDVs in the contiguous
zone A were 4 times higher than that of contiguous
zone B. This was due to the fact that more of the
tested swabs with 52% being positive for NDVs were
from zone A. The implication of the finding is that
contiguous zone A had more backyard poultry farms
and LBMs as well as other factors which favor the
infection of birds with NDVs. The odds of infection in
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