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ABSTRACT

Surveillance studies for Newcastle disease virus (NDV) are critical to monitor the potential spreading of these viruses
among wild birds as well as domestic poultry. This study was conducted to determine the incidence of NDV in wild
birds in Egypt in 2016. Out of 159 collected samples from eight different species of wild birds, six (3.77%) samples
were positive for paramyxoviruses by semi-nested RT-PCR assay based on the RNA-dependent RNA polymerase
gene. Of six positive samples, four NDVs were successfully isolated in 11-day-old specific-pathogen-free
embryonated hens’ eggs. Partial sequences of the fusion gene of the four isolates were amplified using RT-PCR.
Phylogenetic analysis of partial sequences of RNA-dependent RNA polymerase gene and fusion genes indicated that
the detected NDV viruses in wild birds in Egypt are related to class | NDVs strains. Four Egyptian NDV isolates
from wild birds exhibited sequence motif of "GERQER |LVG™ at the cleavage site as lentogenic virus in wild
birds. Continuous active surveillance may help better monitoring of NDVs circulating in wild birds before newly

emerging viruses in domestic poultry.
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INTRODUCTION

Newcastle Disease Virus (NDV) is an enveloped RNA
virus with a negative single-stranded, non-segmented
genome of approximately 15 kb in length which encodes
nucleocapsid protein  (NP), fusion protein (F),
hemagglutinin-neuraminidase protein (HN), matrix protein
(M), polymerase protein (L) and phosphoprotein (P)
(Swayne and King, 2003). The NDV was reported first
time in Newcastle, England in 1926 and was responsible
for the four panzootic in the UK (Alexander, et al., 1992).
NDV is a member of the genus Avulavirus, which belongs
to the family Paramyxoviridae (ICTV, 2013). NDVs have
been classified into two main classes | and 1l. Class | of
NDV comprises only one genotype that has been detected
and isolated from wild birds whereas class Il includes 18
genotypes that are circulating in domestic and wild birds
(Xiao et al., 2012). NDVs can infect at least 240 different
domestic and wild bird species. Based on virulence, NDVs
are classified into three strains: velogenic strains that

cause Kkiller hemorrhagic, neurological disorders, and
respiratory illness; mesogenic strains causing infection of
respiratory system with limited mortality; and lentogenic
strains that cause enteric diseases and not severe
respiratory infection (Dortmans et al., 2011).

In Egypt, there have been continuous reports
associated with Newcastle disease outbreaks among
domestic poultry, which have affected the economy of
poultry industries (Shakal et al., 2020). Based on NDV
genotypic characterization, genotype Il, VI, and VII of
class Il have been identified in domestic poultry in Egypt
(Mohamed et al., 2009; Mohamed et al., 2011; Saad et al.,
2017).

The northern coast of Egypt serves as a stopover for
migratory birds during the annual migration of birds from
Asia and Europe to Africa and vice versa. Accordingly,
these migratory birds play an essential role in the
transmission of pathogens throughout their migration
routes (Alexander, 2007). In addition to migratory birds,
Egypt has several species of resident wild birds that live in
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close contact with domestic poultry as well as migratory
wild birds and might play a role in the spread of newly
emerging viruses.

Despite the potential threat posed by wild birds in
the evolution of NDV, there is limited information about
the genetic profile of NDVs circulating in wild birds in
Egypt. Herein, the study detected and characterized the
circulating NDVs among wildlife in Egypt.

MATERIAL AND METHODS

Ethical approval

Sampling from birds was approved by the ethical
committee of the National Research Centre, Cairo, Egypt
(registration number: 16247). All international, national,
and institutional regulations on sampling from wild birds
were followed.

Samples collection

From October to December 2016, a total of 159
cloacal samples taken from wild birds were individually
collected from live bird markets of three northern coastal
cities of Egypt [Damietta (n=102), Port Said (n=33), and
Matruh (n=24)]. The birds sampled included northern
shoveler (n=76), pintail (h=39), laughing dove (n=6), teal
(n=31), wigeon (n=2), moorhen (n=1), mallard (n=1) and
coot (n=3). The cloacal swabs were collected in 2 ml
cryovials containing viral transport medium. Then the
samples were transmitted to the laboratory in icebox to
keep the temperature of the samples within the viral
survival range. The collected samples were kept at -80 °C
for further analysis.

Detection of paramyxoviruses in wild birds

A volume of 140 pl of each collected sample was
subjected to viral RNA extraction using the QlAamp Virus
RNA Mini Kit (Qiagen, Germany). Extracted viral RNA
from each collected sample was subjected to cDNA
synthesis using RevertAid First Strand cDNA Synthesis
Kit  (Thermo  Scientific, USA). Detection of
paramyxoviruses in all collected samples was based on
semi-nested PCR targeting the RNA-dependent RNA
polymerase (RdRp) gene (Tong et al., 2008). For the first
round of semi-nested PCR for detection of
paramyxoviruses in wild birds, 2 pl of each cDNA was
mixed with 23 pl of 12.5 pl Green GoTag master mix
(Promega, USA), 1 pl of forward primer (PAR-F1, 10
pmol/ul) (5- GAAGGITATTGTCAIAARNTNTGGAC-
3, 1 upl of reverse primer (PAR-R, 10 pmol/ul) (5'-
GCTGAAGTTACIGGITCICCDATRTTNC-3') and 8.5 pl
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of RNase free water (Promega, USA) (Tong et al., 2008).
After an initial incubation at 95 °C for 1 minute, 40 cycles
of amplification were carried out consisting of
denaturation at 95 °C for 1 minute, annealing at 48 °C for
1 minute, extension at 72 °C for 1 minute and terminated
with a final extension of 72 °C for 7 minutes. The second
round of semi-nested PCR was carried out by mixing of
12.5 pl Green GoTag master mix (Promega, USA), 10
pmol forward (PAR-F2) primer (5'-
GTTGCTTCAATGGTTCARGGNGAYAA-3"), 10 pmol
reverse primer (PAR-R same reverse primer as round 1)
and 85 pl RNase free water. The thermal cycling
condition for the second round was the same as the first
round. PCR products were analyzed by standard agarose
gel electrophoresis. The final 561 bp PCR product was gel
purified by Gel extraction kit (Qiagen, Germany) then
sequenced using the primers of the second round of PCR
at the Macrogen sequencing facility (Macrogen, South
Korea).

Newcastle  disease  virus isolation and
amplification of partial F gene and phylogenetic
analysis

All positive samples for paramyxoviruses were
individually inoculated in the allantoic cavities of 11-day-
old specific-pathogen-free (SPF) embryonated hens’ eggs
(Kom Oshem, Egypt) and incubated for three days. A
volume of 50 ul of harvested allantoic fluid was
individually tested for hemagglutinating activity using
0.5% chicken red blood cells. The positive samples were
subjected to viral RNA extraction using QlAamp Viral
Mini  Kit (Qiagen, Germany) according to the
manufacturer’s protocol. RT-PCR amplification of partial
F gene was carried out in a 25 pl which consist of 10 pmol
each of the forward NDV-F primer: 5'-
GGAGGATGTTGG CAGCATT-3" and reverse NDV-F
primer: 5'-GTCAACATATACACCTCATC-3'(Pang et al.,
2002). PCR reaction was carried out using Phusion master
mix (Thermo Scientific, USA) according to the
manufacturer’s instructions. The final 320 bp PCR product
was gel purified by PCR purification kit (Qiagen,
Germany) and sequenced with forward and reverse NDV-
F primers at the Macrogen sequencing facility (Macrogen,
South Korea). Sequence alignment was performed using
the BioEdit 7.0 software. The phylogenetic trees of RdRp
and F genes were elaborated using the MEGA7Y program
by applying the neighbor-joining method with Kimura’s
two-parameter distance model and 1000 bootstrap
replicates. Also, maximum-likelihood analysis for NDVs
was performed using the MEGA7 program. All
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representative sequences from class | and genotypes (I to
XVIII) of class Il were obtained from GenBank as
previously described by Dimitrov et al. (2016) and used to
construct the phylogenetic trees for RdRp and F genes to
identify the newly characterized NDVs in Egypt.
Alignment of the deduced amino acid sequences of the F
gene of NDVs isolated from wild birds in Egypt compared
with representative class | and class 1l NDV strains was
analyzed using BioEdit 7.0 software.

RESULTS AND DISCUSSION

In Egypt, Newcastle disease has been identified as a
major cause of setbacks in the poultry industry. While
there are no reports describing the incidence and
pathotyping of NDVs in wild birds in Egypt, this study
investigated the prevalence and diversity of NDVs
circulating in wild birds in live bird markets in different
cities of Egypt.

Out of 159 collected samples from eight different
species of wild birds, 6 (3.77%) samples were tested
positive for paramyxoviruses. According to the location of
collection, five (4.90%) samples from Damietta, and one
(4.16%) sample from Matruh were positive for
paramyxoviruses. No positive sample was detected in Port
Said. According to the species of wild birds from which
the samples were collected, five (3.35 %) positive samples
were detected from the Anseriformes (2 from pintail and 3
from northern shoveler) and one (16.66%) from
Columbiformes (laughing dove). No positive sample was
detected from coot, mallard, moorhen, teal, and wigeon.

Among six positive samples that were inoculated in
SPF eggs, four samples were positive by hemagglutination
assay. Positive samples were confirmed as NDV by RT-
PCR targeting the RdRp gene. Based on the application of
RT-PCR targeting the F gene for NDV isolates, the results
revealed 320 bp PCR amplicons.

Huge data sets of NDVs sequences from different
regions around the world were used to determine the
pathotyping and origin of newly characterized viruses.
Phylogenetic trees were constructed using partial
sequences from the RdRp and F genes. Representative
sequences from class | and genotypes (I to XVIII) of class
I1 were used to build the general trees to identify the newly
studied isolates from Egypt. Phylogenetic analysis showed
that the isolated viruses during the current study were
clustered and closely related to class | NDVs (Figures 1
and 2).
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Following the BLAST analysis, the NDVs isolated in
this study revealed about 97% similarity to the NDV
strains JX07 and DE-R49/99 isolates based on the
nucleotide identities.

The amino acid sequences of the F protein
proteolytic cleavage site motifs (**GERQER|LVG™)
were identical in the entire isolated NDV strains detected
in different wild birds in Egypt (Figure 3). As a result of
amino acids present in the cleavage site of F protein,
which considers as a fingerprint for NDV pathogenicity,
all Egyptian NDV strains detected in wild birds had
lentogenic motif at the cleavage site. While the cleavage
sites of velogenic and mesogenic strains (R/K-R-Q-R/K-
R|F) were not detected in the obtained sequences (Collins
etal., 1993; Wang et al., 2017).

These results are in agreement with several previous
studies detecting lentogenic NDVs in wild birds in several
countries (Huovilainen et al., 2001; Kim et al., 2007;
Jindal et al., 2009). The Egyptian NDVs isolated in this
study do not appear to be phylogenetically related to live
vaccines used in Egypt such as Lasota, indicating that the
source of these viruses is not related to the shedding of the
used vaccine strains. Although class | of NDVs was
detected in domestic poultry in previous studies (Fan et al.,
2015; Dimitrov et al., 2016), it was not wildly circulated
like class Il and caused effective losses in poultry
industries. A previous study detected a virulent strain of
class I of NDV during an outbreak recorded in Ireland in
1990 (Alexander et al., 1992).

Further virological and epidemiological studies from
a broader host range are needed to determine the
pathogenicity and host range of the circulating
paramyxoviruses. However, virulent and mesogenic
strains of NDV's were not detected in the current study, the
presence of them cannot be excluded due to the nature of
migration of wild birds across continents. Thus,
continuous surveillance for NDV in wild birds is essential
for a better understanding of its epidemiology.

In conclusion, this study characterized NDVs
circulating in wild birds in Egypt. The close phylogenetic
relationship between circulating NDV strains in wild birds
and previously detected viruses of class | confirms the role
of wild birds in the possibility of cross-species
transmission among different hosts. The findings suggest
the need for continuous systematic surveillance in wild
birds.
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Figure 1. Neighbor-joining phylogenetic tree based on RNA-dependent RNA polymerase (RdRp) gene of Newcastle disease
virus isolates from wild birds in Egypt. The wild bird isolates sequenced in the present study are marked with red squares.
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Figure 2. Neighbor-joining phylogenetic tree of Newcastle disease virus isolates based on F gene sequences. The wild bird
isolates sequenced in this study are marked with red color.
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Figure 3. Alignment of the deduced amino acid sequences of the F gene of Newcastle disease viruses (NDV) isolated from
wild birds in Egypt compared with class | and class Il NDV strains. ‘. indicates a site at which the amino acid residue is
identical. The F protein cleavage site amino acid sequences of NDV isolates were labeled by a black rectangle.
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