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ABSTRACT

Introduction: Newcastle Disease (ND) is the major constraint to poultry production in developing
country like Nigeria. Numerous outbreak cases of ND have being reported frequently even in
vaccinated farms. The large antigenic disparity of the Newcastle Disease Virus (NDV) and potential
for significant evolutionary divergence between field strains and widely used vaccinations are
thought to be the root of the issue.
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Aim/Objectives: A cross-sectional studies was carried-out to identify a discrepancy between the
vaccinal strains and circulating NDV field strains in Zaria and Kano so as to provide solution for the

control of ND.

Materials and Methods: In this study, molecular characterization and pathotyping of the field
strains of NDV and strains of ND vaccines was carried out to evaluate their relatedness. Using RT-
PCR with primers targeting partial fusion gene, 19 out of the (n= 120) samples purposefully collected
for the detection of NDV in Zaria (n= 44) and Kano (n= 76) were positives. Twelve of the 19 positive
amplicons were successfully sequenced and analyzed.

Results: Only few number of the study’s sample have similarity with some of the vaccine strains.
Conclusion: This study has raised concerns about the methods used to prevent NDV in Nigeria.
Recommendation: It is crucial to develop an ND vaccine that matches the field strains within the
country, along with ongoing surveillance of outbreaks for the effective control of the disease.

Keywords: Newcastle disease virus; strain; sequencing; phylogenetic analysis; pathotyping; Nigeria.

1. INTRODUCTION

The most lucrative birds in terms of contributions
to the world economy are poultry. They are the
most valuable breeds of avian species that
added value to food security. The Nigerian
poultry industry, the fourth-largest commercial
producer of poultry in Africa, is currently
grappling with substantial challenges due to
frequent and devastating outbreak of diseases
like ND [1]. The RNA virus known as NDV or
avian paramyxovirus type 1 (APMV-1) causes
ND and is characterized by enclosed, linear,
single-stranded, non-segmented, negative
sense genomes [2,3]. The avian paramyxovirus
serotype 1 (APMV-1) belong to the genus
Orthoavulavirus (previously known as Avulavirus)
of family Paramyxoviridae and the order
Mononegavirales [4]. The NDV strains can be
classified as class | (I genotype) or class Il (XV
genotypes) based on genomic size and the
nucleotide sequences of the F and L genes [5].

Pathotyping of NDV is essential for a better
understanding of the epizootiology of the disease
in addition to virus detection in an outbreak [6].
This is even more crucial in light of recent reports
of the virus's growing genetic diversity and
widespread distribution in wild birds and avian
species other than poultry [7,8].

In Nigeria, cases of ND tend to increase around
the time of the dry harmattan season [9]. The
most common sickness of domestic and foreign
birds in Zaria, according to reports, is ND [9].
According to a survey, wild birds in Kano were a
factor in the spread of NDV to backyard chickens
and industrial poultry farms [10]. Aldous and
colleagues [11] have previously suggested that
the genotyping of NDV isolates should be
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integrated into reference laboratories' diagnostic
virus characterization. This type of analysis will
allow for quick epidemiological evaluation of the
origins and propagation of the viruses causing
ND outbreaks so that efficient control measures
may be implemented [11].

Undoubtedly, the co-circulation of numerous
NDV strains in some states of Nigeria is a
significant factor that could contribute to the
establishment of novel virulent isolates in the
nation. [12]. Molecular characterization of field
isolates of NDV in Nigeria is currently poorly
understood due to a lack of data [13]. There is an
urgent need to review the present ND control
strategies in Nigeria given the significant
evolutionary divergence between the commonly
used vaccinations and the NDV strains prevalent
in the nation [12]. The objective of this study was
to molecularly characterize NDV isolated in
Nigeria molecularly and to compare them to ND
vaccine strains as well as other virulent
strains.

2. MATERIALS AND METHODS
2.1 Study Location

Kano state is located in Northwestern, Nigeria.
The region is approximately between longitudes
8° 45 E and 12° 05 E latitudes 10° 30 N and 13°
02 N and as such is a part of the Sudano-
Sahelian zone of Nigeria. It is situated in the
Sahelian geographic region, south of the Sahara.
Kano is the commercial nerve center of Northern
Nigeria and is the second largest city in Nigeria
[14]. zaria is the second largest city in Kaduna
State, Nigeria. It is located between longitude
7°36" to 7°42" E and latitude 11°00" to 11°10“ N
of the equator [15].
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2.2 Category of the Selected Areas
2.2.1 Live bird market

Samples from Kano were primarily obtained from
the live bird market at Sabon-gari, Fagge LGA
Kano state, Nigeria. The Sabon-gari live-bird
market is a key location in Kano where all
varieties of domesticated, semi-domesticated,
and wild birds are kept in cages (each holding
around 50 birds) or tiny rooms by individual
vendors for sale. The local birds are typically
sourced by the bird traders from a variety of
locations, including the nearby villages in the
states of Kano, Jigawa, and Katsina. To obtain
the indigenous birds, they occasionally travel up
to the Niger Republic.

2.2.2 Veterinary teaching hospital

The samples from Zaria were obtained at the
Ahmadu Bello University Veterinary Teaching
Hospital (ABUVTH), Zaria, Kaduna state,
Nigeria. The ABUVTH collects samples from
carcasses brought in for  postmortem
investigation at the hospital or from farms where
a disease outbreak is suspected.

2.3 Category of Birds Sampled

Improved chickens, local chickens, ducks,
pigeons, mallard ducks, turkeys, guinea fowl, and
geese are among the birds that were tasted at
the Sabon-gari live bird market. Every sample
taken at the ABUVTH, Zaria, came from exotic
chickens.

2.3.1 Inclusion criteria for sampling

Only domesticated and partially domesticated
birds are considered throughout the study period.

2.4 Sample Collection

Between December 2018 and March 2019, a
total of 120 samples were purposefully gathered

at the ABUVTH in Zaria, Kaduna state, and the
Sabon-gari live bird market in Kano. ABVTH
provided forty-four (44) samples, while Sabon-
gari Live Bird Market provided seventy-six (76)
samples (Table 1). The samples were properly
labeled with a designated sample I.D, site of
swab and date of sample collection. The sample
were transported in virus transport medium
(Hanks’ transport medium) containing 2000 U/mi
of penicillin, 2 mg/ml of streptomycin, 0.05 mg/ml
of gentamycin and 100 U/ml of mycostatin in cold
flask and stored in a refrigerator at -20 OC in
Ahmadu Bello University Veterinary Teaching
Hospital, Zaria. The total samples where then
transported together to Laboratoire Central de
L’Elevage (LABOCEL), Niamey, Niger Republic
and stored at -80 °C before the NDV detection
process.

2.5 Molecular Detection of Newcastle
Disease Viruses

2.5.1 Viral RNA extraction

RNA was extracted from 100 ul of each sample
suspension using the RNeasy Mini kit (Qiagen,
Hilden, Germany) following the manufacturer’s
instructions at the molecular biology laboratory of
the Laboratoire Central de L'Elevage
(LABOCEL), Niamey, Niger Republic.

25.2 One step reverse transcriptase-
polymerase chain reaction (RT-PCR)

The following primers were used in a one-step
RT-PCR to amplify the 300 base pair F-gene
fragment that was reported at the 1ZSVe for the
genotyping and pathotyping of APMV-1 [16]:
Forward: NOH-For 5° TACACCTCATCCCAGA
CAGG 3' and Reverse: NOH-Rev 5 AGTCGG
AGGATGTTGGCAGC 3'.

Table 1. Number of birds sampled for the study

Source of sample  Type of bird Cloacal swab  Tracheal swab Location
LBM Improved chickens 10 10 Kano
LBM Local chickens 7 7 Kano
LBM Ducks 6 6 Kano
LBM Pigeons 6 6 Kano
LBM Mallard ducks 3 3 Kano
LBM Turkeys 2 2 Kano
LBM Guinea fowls 2 2 Kano
LBM Geese 2 2 Kano
ABUVTH Improved chickens 22 22 Zaria
Total 60 60
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Using 25ul final reaction volume, reaction
mixtures containing 13.4ul RNase free water, 5yl
PCR buffer 5X, 0.5ul dNTPs, 0.5ul One step RT-
PCR Enzyme Mix, 0.1yl RNase Inhibitor, 5pl of
RNA template and 1ul each of the primers. The
amplification was carried out in a 96-well thermal
cycler (Applied Biosystems 2720), which was
programmed to begin at 50°C and run for 30
minutes. Initial denaturation then took place for
15 minutes at a temperature of 94 °C. At the
cycling temperatures of 94 °C for 30 seconds, 55
°C for 1 minute, and 68 °C for 1 minute, 35
cycles of denaturation, annealing, and elongation
of the templates were completed. Final extension
of the templates was achieved at 68 °C for 7
minutes. The products were electrophoresed at
80V for 40 minutes in 1.5% agarose gel with Tris-
acetate EDTA (TAE) and bands were visualized
under an ultraviolet transilluminator
(ENDURO™GDS labnet, aplagen).

2.5.3 Purification of the PCR product

The positive samples were purified using a
Wizard SV Gel and PCR Clean-up system
(Promega). The purified amplicons were stored
at -20°C before sending them to LGC Genomics,
Berlin, Germany for sequencing.

2.6 Sequence Data Analyses
2.6.1 Editing of the sequences

The software program BioEdit (v7.1.11) was
used to edit nucleotide sequences. Afterwards,
sequences were exported in Fast Adaptive
Shrinkage Thresholding Algorithm (FASTA)
format to notepad after being validated for base
calling and length editing.

2.6.2 Sequence alignment

To find closely similar sequences to include in
multiple sequence alignments, the sequences in
FASTA format from the notepad were
blasted for homology searches (http://www.ncbi.
nim.nih.gov/blast). For comparison,
representative pathotypes were also pulled from
the GenBank. Numerous sequence alignments
were performed using ClustalW in MEGA7
software. All the sequences were trimmed to the
length of the study samples.

2.7 Phylogenetic Analyses

The phylogenetic tree was built using both the
maximume-likelihood approach and the neighbor
joining tree separately. The evolutionary
distances, which are measured in the units of the
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number of base substitutions per site, were
calculated using the Tamura 3-parameter
technique. Twelve sample sequences and
twenty-seven sequences retrieved from the
GenBank were used in the analysis. Evolutionary
analyses were conducted in Molecular
Evolutionary Genetic Analysis 7 (MEGA 7;
https://www.megasoftware.net)  [17]. The
analysis involved four vaccine virus sequences
[18] and 10 sequences retrieved from GenBank,
including NDV LaSota (JF950510), NDV
Hitchner-B1 ~ (AF309418), NDV  Komarov
(KT445901), NDV Beaudette C (X04719).

2.7.1 Evolutionary distance analyses

Homology between strains was inferred from a
matrix relationship table and data were presented
in Figs. 1 and 2.

3. RESULTS AND DISCUSSION
3.1 Result of Molecular Detection of NDV

For each of the 120 samples, a 300 base pair
(bp) DNA fragment was amplified using reverse
transcription polymerase chain reaction (RT-
PCR). The findings revealed that the NDV was
present in 19 samples. The result of the partial F
gene amplification of 120 samples shows that
only 19 (15.8%) of the field samples were
positive. Out of the 19 positive samples, 8
(42.1%) were from cloacal swabs and 11
(57.9%) from the tracheal swabs. Among the 44
samples from Zaria, 10 (22.7%) showed positive
result while only 9 (11.8%) were positive out of
the 76 samples from LBM Kano but only 12
positive samples were sequenced and provided
with accession number (Table 2).

The evolutionary history was inferred using the
Neighbor-Joining method [19]. The optimal tree
with the sum of branch length = 0.57935104 is
shown. The percentage 2f replicate trees in
which the associated taxa clustered together in
the bootstrap test (400 replicates) are shown
next to the branches [20]. The tree is drawn to
scale, with branch lengths in the same units as
those of the evolutionary distances used to
infer the phylogenetic tree. The evolutionary
distances were computed using the Tamura 3-
parameter method [21] and are in the units of the
number of base substitutions per site. The
analysis involved 21 nucleotide sequences.
Codon positions included were 1st+2"
+3rd+Noncoding. All positions containing gaps
and missing data were eliminated. There were a
total of 1662 positions in the final dataset.
Evolutionary analyses were conducted in MEGA7
[17].
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Table 2. Sequenced samples among the positives

SIN Accession number Sample I.D (F strands) Location
1 MN339518 NDV_NIGKD1 Zaria
2 MN339519 NDV_NIGKD2 Zaria
3 MN339520 NDV_NIGKN3 Kano
4 MN339521 NDV_NIGKN4 Kano
5 MN339522 NDV_NIGKN5 Kano
6 MN339523 NDV_NIGKN6 Kano
7 MN339524 NDV_NIGKN7 Kano
8 MN339525 NDV_NIGKN8 Kano
9 MN339526 NDV_NIGKN9 Kano
10 MN339527 NDV_NIGKN10 Kano
11 MN339528 NDV_NIGKD11 Zaria
12 MN339529 NDV_NIGKN12 Kano
NDV-NIGKD2
NDV NIGKD11
NDV NIGKN3
VA(AF217084)
NDV NIGKN5

NDVac RAN15

NDV NIGKN12

[NDV NIGKN4
NDVac NVRI13

CONSENSUS
NDV NIGKNS

NDV NIGKN9
2186 (F1436303)
NDVac 1216

NDV-NIGKD1
NDV NIGKN7

NDV NIGKN10
UP 1997
NDV NIGKN6

_|——NDVac LAPRO14
7j1-00(AF431744)

—

nn2n

Fig. 1. Evolutionary relationships of taxa between the samples and ND vaccines

The prevalence of ND in this study (15.8%) was
higher than the prevalence reported by Hamisu
and colleagues (12.6%) [13]. The findings of this
study indicate a prevalence of ND in Zaria of
22.7%, which is nearly identical to the 29.1%
reported incidence of ND in Zaria [22].

The difference between these outcomes was
likely caused by the fact that the samples for this
study came from Zaria and were primarily

collected based on the history and postmortem
lesions of ND as presented to the ABUVTH,
while Hamisu and colleagues [13] collected
samples from chickens with apparent clinical
signs of the disease in LBM and commercial
poultry farms.

The 10% seroprevalence of ND in Kano reported
by Adamu and colleagues [10] for the previous
six years is consistent with the 11.8% prevalence
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of ND from LBM Kano. Only one positive sample
for LBM Kano was from a local chicken
(MN339529 in Table 2); all the rest were from the
improved chickens. This may be due to the high
number of samples (20) taken from the
enhanced chickens compared to the local
chickens (14), ducks (12), pigeons (12), mallard
ducks (6), turkeys (4), guinea fowls (4) and
geese (4). Furthermore, since the other birds are
not typically vaccinated, it is possible that the
enhanced chickens were shedding the vaccine
virus as a result of their past immunization before
being sold. High percentage of positive samples
from the tracheal swabs in this study is in line
with the study which shows that NDV is more
likely found in the trachea than in the cloaca of
the birds [13,23] and this is because the major
route of the spread of NDV is via aerosol, and
therefore there is high tendency of virus
concentration in the trachea.

The 12 sequenced samples (Table 2), four
reference  ND vaccines (NDVac_NVRI13,
NDVac_LAPRO14, NDVac_RAN15, NDVac_
1216) and five reference sequences were used to

N | Lentogenic
— NDVac NVRI13 FiNigeria i

create the evolutionary relationship depicted in
Fig. 1. It is possible that the NDV_NGKN3 from
Kano and NDV_NGKD11 from Zaria are the
same derivation of the vaccine strain reported by
Solomon [24] due to their high sequence
similarity (100%) and 94% homology with V4
AF217084 and this might be as a result of the
vaccine being used in Kano and Zaria poultry
farms. There is considerable homology between
the mesogenic vaccine stains NDVac_RAN15
from India and NDV_NGKN5 from Kano. The
Kano strains of NDV_NGKN4 and
NDV_NGKN12 are 100% identical to the
Nigerian vaccine strain NDVac_NVRI13. The
NDVac_NVRI13 vaccinal strain and the strains
from Kano and Zaria listed above have a close
evolutionary relationship, as evidenced by their
low interpopulation evolutionary distance.
Because the bootstrap value (56%) is below the
threshold (70%) for a credible evolutional
association, it is possible that the velogenic
vaccine strain AF431744.3 (ZJ1) from China and
the lentogenic vaccine strain NDVac_LAPRO
from Hungary do not share any evolutionary
relationships.

KC808487.1 Mexico/2008
MH996949.1 Jos/Nigeria/2003
KU133362.2 pigeon/Ukraine/2007
MH996950.1 Nigeria/2008
MH996948.1 Jos/Nigeria
MH996914.1 Vulture/Nigeria/2002-2003
MG869265.1 Vietnam/2016
KJ865709.1 Colombia/2010
MG686588.1 Goose/Pakistan/2016
MH996947.1 Abakaliki/Nigeria
KU133357.1 Rock pigeon/Brazil/2009
JX244797.1 Pigeon/China
KP939095.1/USA

HQ902590.1/India

JNB872191.2(Texas

FJ969393.1/Egypt

—— MK583011.1/Tanzania

JX546245.1/Benin | Velogenic

ﬂ431?4¢3 2J1IChinal2007 —
NDVac RAN15F/India Mesogenic |
NDVac LAPRO14 FHungary ]

0.10

NDVac 1216 FIGhana —»

Fig. 2. Evolutionary relationships of taxa between four ND vaccines and other strains retrieved
from the GenBank
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The evolutionary history was inferred using the
Neighbor-Joining method [19]. The optimal tree
with the sum of branch length = 2.70632264 is
shown. The percentage of replicate trees in
which the associated taxa clustered together in
the bootstrap test (400 replicates) are shown
next to the branches [20]. The tree is drawn to
scale, with branch lengths in the same units as
those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances
were computed using the Tamura 3-parameter
method [21] and are in the units of the number of
base substitutions per site. The analysis involved
23 nucleotide sequences. Codon positions
included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were
eliminated. There were a total of 1329 positions
in the final dataset. Evolutionary analyses were
conducted in MEGATY [17].

Grimes [25] classified the NDV vaccine strains I-
2 and V4 as avirulent, La Sota as lentogenic, and
Mukteswar and Komarov as mesogenic
pathotypes in the FAO Basic Laboratory Manual.
Mesogenic  vaccines, particularly ~ when
administered to chickens as a subsequent
vaccination, have been found to provide the best
protection against clinical disease and mortality
as well as against virus shedding [26]. Many field
strains of NDV with severe clinical symptoms that
afflict chickens in Nigeria are of the velogenic
pathotype [13,27]. A Study conducted in Nigeria
shows that the mesogenic vaccine, Komarov, is
more closely related to the velogenic virus under
study than the lentogenic vaccine, La Sota [28].
The analysis of this study (Fig. 2) revealed that
JX546245 had an evolutionary relationship with
highly pathogenic NDV strains from China
(AF431744)  with  99%  similarity and
interpopulation evolutionary similarity of 100%
with that of Tanzania, MT15 (MK583011).
Hamisu and colleagues [13] had reported that
some NDV strains from Zaria have similar
homology with NDV strain from Benin Republic
(IX546245) (MK583011).

A polybasic amino acid motif and phenylalanine
at position 117 (**RRQKR|F''") were found in
the deduced amino acid sequence of the fusion
protein cleavage site of MT15 from chicken in
Tanzania, and the sequence also had an ICPI
value of 1.86, which is characteristic for virulent
NDV strains [29]. The strain from Benin
(JX546245) has an ICPI value of 1.65 [30] while
that of China, ZJ1 (AF431744.3) has 1.89 ICPI
value [31]. According to the World Organization
for Animal Health, a virulent version of NDV is
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indicated by an ICPI value of 0.7 or above or by
the presence of at least three basic amino acids
at the site of fusion protein cleavage, whereas
values above 1.5 are typical of velogenic viruses
[32]. Therefore, this study has verified that the
majority of the Nigerian NDV strains are
evolutionarily related to the extremely virulent
strains.

However, several NDV strains from Nigeria
(MH99694, MH996947, MH996948, MH996949,
and MH996950) have been reported to have low
virulence while having a closer evolutionary link
with the virulent Tanzanian strain (MK583011)
[33]. It is likely that the homology being lower
than the threshold interpopulation distance
identified in this study was caused by
evolutionary divergence with weak similarities as
several of these strains from Nigeria have
bootstrap values below 70%.

The referenced NDV vaccine strains employed in
this study's sample analysis (NDVac_NVRI13,
NDVac_LAPRO14, NDVac_RAN15, and
NDVac_1216) were also phylogenetically distinct
from other NDV strains circulating in Nigeria (Fig. 2).
Due to its mesogenic pathotype, the
NDVac_RAN15 from India appeared as an out-
group in the Neighbor Joining phylogenic
tree (Fig. 2). However, it demonstrates an
evolutionary relationship across populations with
the virulent strains. The vaccine strains
NDVac_LAPRO14 from Hungary and
NDVac_NVRI13 from Nigeria share several
characteristics. Interestingly, the lentogenic
vaccine strain from Nigeria and the avirulent
NDVac_I216 from Ghana exhibit 100%
resemblance.

4. CONCLUSION AND RECOMMENDA-
TIONS

4.1 Conclusion

The findings of this investigation are consistent
with the prevalence of NDV in Kano as reported
by Adamu and colleagues [10] and the
prevalence of NDV in Zaria as reported by
Wakawa and colleagues [22]. Due to the fact that
improved chickens are frequently immunized and
the virus is typically concentrated at the tracheal
site of the birds, improved chickens have a
greater likelihood of shedding NDV. Samples
from this study share an evolutionary link with
several avirulent, lentogenic and mesogenic
vaccines. Some strains of the Nigeria NDV are
extremely virulent. Since it is well known that ND
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vaccines work better at reducing virus shedding
when the vaccine strains are genetically more
closely related to the challenge strain [34], the
evolutionary distance between the vaccine
strains and the prevalent field strain represents
an important factor in efficient disease control.
Hence, the findings should raise questions about
current approaches to controlling NDV.

4.2 Recommendations

Cutting-edge vaccines are therefore urgently
required to solve the shortcomings of the
traditional live attenuated vaccines in light of the
aforementioned  restrictions.  Hemagglutinin-
neuraminidase (HN) also plays a role in the
antigenic variation of NDV and since there is
limited data on the characterization of HN in NDV
gene isolated from Nigeria, it is wise to examine
the HN gene as wel.l The wuse of
immunoinformatics approaches [35] to develop
epitope-based vaccine is highly recommended.

ETHICAL APPROVAL

The study was approved by the Ethics
Committee of Laboratoire Central de L’Elevage
(LABOCEL), Niamey, Niger Republic.

ACKNOWLEDGEMENTS

We are extremely grateful to Pan African
University for financing this work under the grant
ID PAUO103009MB on behalf of the African
Union Commission. We particularly value the
technical assistance provided by the staff at
Laboratoire Central de L'Elevage (LABOCEL),
Niamey, Niger Republic.

We also thank the Animal Production and Health
Laboratory, Joint FAO/IAEA Division of Nuclear
Technigues in Food and Agriculture, Department
of Nuclear Sciences and Applications,
International Atomic Energy Agency, Wagramer
Strasse 5, P.O. Box 100, 1400 Vienna, Austria
for providing sequencing facilities.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Nkukwana TT. Global poultry production:
Current impact and future outlook on the

90

7.

South  African poultry industry. South
African Journal of Animal Science.
2018;48(5):869-884.

Pringle C. Order Mononegavirales. Fifth
Report of the International Committee on
Taxonomy of Viruses/Archives of Virology
Supplementum. Classification and
nomenclature of viruses. 2™ edition.
Vienna: Springer; 1991.

Francki R, Fauquet C, Knudson D, Brown
F. Classification and nomenclature of
viruses. Fifth report of the International
Committee on taxonomy of viruses.
Archive Virology Supplementa. 1991;2:
320-326.

Amarasinghe GK, Ayllon MA, Bao Y,
Basler CF, Bavari S, Blasdell KR, Briese T,
Brown PA, Bukreyev A, Balkema-
Buschmann A, Buchholz UJ, Chabi-Jesus
C, Chandran K, Chiapponi C, Crozier I, de
Swart RL, Dietzgen RG, Dolnik O, Drexler
JF, Durrwald R, Dundon WG, Duprex WP,
Dye JM, Easton AJ, Fooks AR, Formenty
PBH, Fouchier RAM, Freitas-Astia J,
Griffiths A, Hewson R, Horie M, Hyndman
TH, Jiang D, Kitajima EW, Kobinger GP,
Kondd H, Kurath G, Kuzmin IV, Lamb RA,
Lavazza A, Lee B, Lelli D, Leroy EM, Li J,
Maes P, Marzano SL, Moreno A,
Muhlberger E, Netesov SV, Nowotny N,
Nylund A, @kland AL, Palacios G, Palyi B,
Paweska JT, Payne SL, Prosperi A,
Ramos-Gonzalez PL, Rima BK, Rota P,
Rubbenstroth D, Shi M, Simmonds P,
Smither SJ, Sozzi E, Spann K, Stenglein
MD, Stone DM, Takada A, Tesh RB,
Tomonaga K, Tordo N, Towner JS, van
den Hoogen B, Vasilakis N, Wahl V,
Walker PJ, Wang LF, Whitfield AE,
Williams JV, Zerbini FM, Zhang T, Zhang
YZ, Kuhn JH. Taxonomy of the order
Mononegavirales: update 2019. Archive of
Virology. 2019;164(7):1967-1980.
Alexander DJ, Gough RE. Newcastle
Disease and Other Avian Paramyxovirus
Infections. In: Saif YM, Barnes HJ, Glisson
JR, Fadly AM, McDougal LR, Swayne DE.
Disease of Poultry, 11th Edition. lowa
State University Press, Ames. 2003;1A:63-
87.

Rehman Z U, Meng C, Sun Y, Mahrose
KM, Umar S, Ding C, Munir M.
Pathobiology of Avian avulavirus 1: Special
focus on waterfowl. Veterinary Research.
2018;49(1): 1-10.

Clemmons EA, Alfson KJ, Dutton Il JW.
Transboundary animal diseases, an



10.

11.

12.

13.

14.

15.

16.

Sajo et al.; J. Adv. Microbiol., vol. 23, no. 10, pp. 83-92, 2023; Article no.JAMB.107303

overview of 17 diseases with potential for
global spread and serious
consequences. Animals. 2021;11(7):2039.
Wajid A, Dimitrov KM, Wasim M, Rehmani
S F, Basharat A, Bibi T, Afonso CL.
Repeated isolation of virulent Newcastle
disease viruses in poultry and captive non-
poultry avian species in Pakistan from
2011 to 2016. Preventive Veterinary
Medicine. 2017; 142: 1-6.

Sa'idu L, Abdu PA, Umoh JU, Abdullahi
US. Diseases of Nigerian indigenous
chickens. Bulletin of Animal Health and
Production in Africa, 1994.

Adamu H, Balami A, Abdu PA, Avian
influenza, Gumboro and Newcastle
disease antibodies and antigens in
apparently healthy wild birds in Kano
Metropolis, Nigeria. Nigerian Veterinary
Journal: 2017;38(1):69-77.

Aldous E, Mynn W, Banks JK, Alexander
DJ. A molecular epidemiological study of
avian paramyxovirus type 1 (Newcastle
disease virus) isolates by phylogenetic
analysis of a partial nucleotide sequence of
the fusion protein gene. Avian Pathology.
2003;32(3): 237-255.

Bello MB, Yusoff KM, Ideris A, Hair-Bejo
M, Peeters BPH, Jibril AH, Tambuwal FM,
Omar AR. Genotype Diversity of
Newcastle Disease Virus in Nigeria:
Disease Control Challenges and Future
Outlook.  Advance  Virology. 2018;
6097291.

Hamisu TM, Kazeem HM, Majiyagbe KA,
Sa'idu L, Jajere SM, Shettima YM, Baba
TA, Olufemi OT, Shittu I, Owolodun OA.
Molecular screening and isolation of
Newcastle disease virus from live poultry
markets and chickens from commercial
poultry farms in Zaria, Kaduna state,
Nigeria. Sokoto Journal of Veterinary
Sciences. 2016;14(3):18-25.

Mustapha A, Ibrahim |, Muhammad Y,
Aliyu A, Nabegu B, Adamu F, Dakata G,
Umar YA, Bello U, Musa U, lbrahim YA.
Overview of the physical and human
setting of Kano region, Nigeria. Research
Journal of Geography. 2014;1(5).

Ubogu A, Laah J, Udemezue C, Bako A.
Determinants of the Locational Decisions
of Informal Sector Entrepreneurs in Urban
Zaria. Journal of Geography and Geology.
2011; 3(1):215.

Sajo MU, Sa'idu L, Souley MM, Fagbohun
OA. Molecular  characterization of
Newcastle disease virus vaccines in

91

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Nigeria. Veterinary World. 2022;15(12):
2816-2821.

Capua |, Alexander DJ. Avian influenza
and Newcastle disease: A field and
laboratory manual. Springer Science &
Business Media; 2009.

Kumar S, Stecher G, Tamura K. MEGAT:
Molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Molecular
Biology and Evolution. 2016;33(7):1870-
1874.

Saitou N. and Nei M. The neighbor-joining
method: A new method for reconstructing
phylogenetic trees. Molecular Biology and
Evolution. 1987;4(4):406-425.

Felsenstein J. Confidence limits on
phylogenies: an approach using the
bootstrap. Evolution. 1985;39(4):783-791.
Tamura K. Estimation of the number of
nucleotide substitutions when there are
strong transition-transversion and G+ C-
content biases. Molecular Biology and
Evolution. 1992;9(4):678-687.

Wakawa AM, Waziri MI, Aliyu HB, Talba
AM, Sa’idu L, Abdu PA. Retrospective
study of some viral poultry diseases
diagnosed in Nigeria. International Journal
of Basic and Applied Virology. 2014;
3(1):16-21.

Haque MH, Hossain MT, Islam MT, Zinnah
MA, Khan M, Islam M. Isolation and
detection of newcastle disease virus from
field outbreaksin broiler and layer chickens
by reverse transcription polymerase chain
reaction. Bangladesh Journal of Veterinary
Medicine. 2010; 8(2):87-92.

Solomon P. Molecular characterization of
Newcastle disease viruses from live bird
markets in Nigeria. Citeseer; 2011.

Grimes SE. A basic laboratory manual for
the small-scale production and testing of I-
2 Newcastle disease vaccine. RAP
Publication. 2002;136.

Miller PJ. King DJ, Afonso CL, Suarez DL.
Antigenic differences among Newcastle
disease virus strains of different genotypes
used in vaccine formulation affect viral
shedding after a virulent challenge.
Vaccine. 2007;25(41):7238-7246.

Ibu OJ, Okoye JOA, Adulugba EP, Chah
KF, Shoyinka SVO, Salihu E, Chukwuedu
AA, Baba SS. Prevalence of Newcastle
Disease Viruses in Wild and Captive Birds
in Central Nigeria. International Journal of
Poultry Science. 2009;8(6):574-578.

Okwor EC, Eze DC, Echeonwu GON, Ibu
JO, Eze CP, Okoye JO. Comparative



29.

30.

31.

Sajo et al.; J. Adv. Microbiol., vol. 23, no. 10, pp. 83-92, 2023; Article no.JAMB.107303

studies on the effects of La Sota and
Komarov vaccine antibodies on organ
distribution, persistence and shedding of
KUDU 113 virus in chickens. Journal of
Animal and Plant Sciences. 2016;26(5):
1226-1235.

Goraichuk IV, Msoffe PLM, Chiwanga GH,
Dimitrov KM, Afonso CL, Suarez DL. First
complete genome sequence of a
subgenotype vd newcastle disease virus
isolate. Microbiology Resource
Announcements. 2019;8(27):00436-19.
Samuel A, Nayak B, Paldurai A, Xiao S,
Aplogan GL, Awoume KA, Webby RJ,
Ducatez MF, Collins PL, Samal SK.
Phylogenetic and pathotypic
characterization of newcastle disease
viruses circulating in west Africa and
efficacy of a current vaccine. Journal of
Clininical Microbiology. 2013;51(3):771-81.
Liu YL, Hu SL, Zhang YM, Sun SJ, Romer-
Oberdorfer A, Veits J, Wu YT, Wan HQ,
Liu XF. Generation of a velogenic
Newcastle disease virus from cDNA and
expression of the green fluorescent
protein.  Archive of Virology. 2007,
152(7):1241-9.

32.

33.

34.

35.

OIE, “Newcastle disease”, in Manual of
Diagnostic Tests and Vaccines for
Terrestrial Animals (Mammals, Birds and
Bees). 2008;576-589.

Welch CN, Shittu I, Abolnik C, Solomon P,
Dimitrov KM, Taylor TL, Williams-
Coplin D, Goraichuk 1V, Meseko CA, lbu
JO, Gado DA, Joannis TM, Afonso CL.
Genomic comparison of
Newcastle disease viruses isolated in
Nigeria between 2002 and 2015
reveals circulation of highly diverse
genotypes and spillover into wild birds.
Archive of Virology. 2019;164(8):2031-
2047.

Miller PJ, Decanini EL, Afonso CL.
Newcastle disease: Evolution of genotypes
and the related diagnostic challenges.
Infection Genetics and Evolution. 2010;
10(1):26-35.

Jamil F, Aslam L, Ali H, Shoukat K,
Rasheed MA, Raza S, Ibrahim M. An In
silico study of derivative of Newcastle
disease virus epitopes based vaccine
against hemagglutunin  neuraminidase
protein. Journal of Animal Science.
2023;1(101):skac375.

© 2023 Sajo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/107303

92


http://creativecommons.org/licenses/by/4.0

