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Phylogenetic and Pathotypic Characterization of a
Newcastle Disease Virus Strain Isolated from Ducks
and Pigeons in Hubei, China

ABSTRACT

Newcastle disease is a highly contagious disease responsible for
major outbreaks and considerable economic losses in the poultry
industry in China. There is still little information available regarding gene
characterization of the NDV, especially in ducks and pigeons. Therefore,
the aim of this study was to investigate NDV isolated from ducks and
pigeons in Hubei, China. In this study, three NDVs from ducks and
pigeons were isolated between 2013 and 2015.The fusion protein (F)
gene of the NDV isolates was sequenced and phylogenetically analyzed.
The clinical signs and gross histopathological lesions were examined.
Phylogenetic analysis of these strains indicated that all the sequences
are classified as genotype Il. The isolates shared a 112 G-R-Q-G-R-L
117motif at the F protein cleavage site, indicating that these three
isolates strains are lentogenic. Necropsy and histopathology showed
the typical pathological changes. It was concluded that commercial
ducks and pigeons in Hubei province carry lentogenic NDV strains with
regular genetic divergence, indicating that these species may act as the
main reservoirs of NDV in poultry. Therefore, strategies and surveillance
should be undertaken to reduce the risk of ND outbreaks.

INTRODUCTION

Newcastle disease is recognized as one of the highly contagious
and lethal infectious disease of poultry industry worldwide. NDV is
the member of genus Avulavirus, family Paramyxoviridae, with six
transcriptional  proteins, including haemagglutinin-neuraminidase
protein, fusion protein, phosphoprotein, nucleocapsid protein, matrix
protein and polymerase protein (Mayo 2002a; Mayo 2002b; Chukwudi
etal., 2012). It is mainly characterized by diarrhea, expiratory dyspnea,
neurological symptoms, cloacal hemorrhages, focal glandular gastric
bleeding or ulcers, intestinal mucosal bleeding, and necrosis of the
pancreas or the spleen. This virus was recognized in chickens for the
first time in 1926, and then in geese, ducks, and pigeons (Seal et al.,
2005; Erickson et al., 1980).

Fusion (F) protein is the key protein that makes NDV pathogenic. The
phylogenetic analysis of the F genes was carried out in different studies
in recent decades (Samal et al., 2012). According to F genes, NDVs can
be categorized into classes | and Il (Diel et al.,, 2012). Class | has nine
genotypes, while class Il has at least 18 genotypes identified so far (Kim
et al, 2007; Snoeck et al.,, 2013). Virulence intensity of NDVs can be
classified according to basic amino acid sequences from 112 to 117 of
the F protein as virulent (112R/K-R-Q-K/R-R 117) or with low virulence
(112 G/E-K/R-Q-G/E-R-L 117), according to Kim et al.(2008).

In recent years, NDV has caused large-scale outbreaks in many
countries, including China (Qin et al., 2008; Zhang et al., 2010; Kang
et al., 2016), Kazakhstan (Bogoyavlenskiy et al., 2009), Indonesia (Xiao
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etal., 2012), and in North America (Kang et al., 2014).
China is the world’s largest waterfowl producing and
consuming country, and accounts for than 70% and
90% of global duck and goose production, respectively;
therefore, it is also known as “king of waterfowl
world”. Moreover, duck- or pigeon-origin NDV isolates
can infect chickens and maybe transmitted to naive
chickens (Kang et al., 2014). Newcastle disease virus
infections have been reported all over the world, but
the infection types and the virulence strength vary
among regions. However, there are no information on
NDV pathogenesis and transmission among ducks and
pigeons reared in Hubei. The present study reports for
the first time the characterization of NDV isolated from
ducks and pigeons in Hubei, China.

MATERIALS AND METHODS
Sample collection

The present study was carried out on commercial
poultry farms of different regions of Wuhan, Hubei
province, China (Figure 1) between 2013 and 2015.
Two suspected ND outbreaks in pigeon farms and one
outbreak in a duck farm were studied. Dead pigeons
and ducks were packed in ice bags and transported to
Huazhong Agricultural University.

Collection sites
Figure 1 — Sample collection sites in Hubei province, China.

Clinical examination of signs,
lesions, and histopathology

gross

After the clinical examination of pigeons and
ducks by researcher, intestine, heart, liver, and spleen
specimens were fixed in 10% formalin. After 72h, the
samples were dehydrated, embedded in paraffin, cut
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in 4-pm thick sections, and stained with hematoxylin
and eosin (Bio-Swamp, Wuhan, China).

NDV isolation and identification

The selected organs (brain, heart, liver, spleen,
lungs) were collected from dead pigeons and ducks,
while virus isolation was carried out according to
the guidelines and standards provided by the World
Organization for Animal Health (OIE, 2013). Briefly,
organ suspensions were homogenized and placed in
viral transportation media (VTM) overnight at 4°C.
The organ suspensions were then inoculated into the
allantoic cavity of 9- to 11-day-old specific pathogen
free (SPF) chicken embryos, which were incubated at
37 °C (Alexander, 2010) for three days. After 72 h,
the allantoic fluid was harvested, and NDV presence
was tested using hemagglutination inhibition (HI) and
hemagglutination (HA) tests. The Lasota strain was
used as a positive control in this study. The positive
allantoic fluids were stored at -70 °C until subsequent
use and further analysis.

Pathogenicity analysis

The infective titer was expressed as EID,, (50% egg
infective dose). Virus virulence was confirmed from
same embryos inoculated for virus isolation by mean
death time (MDT) and intracerebral pathogenicity
index (ICPl) using standard procedures (Alexander,
1989; Kim et al.,, 2012).

Viral RNA purification and RT-PCR of F gene

Total RNA of the three isolated strains (named:
HP20131125, JX20131014 and XZ20151225)
were extracted using the TIANamp Virus DNA/
RNA kit (TianGen, China). RT-PCR amplification
approach was used to amplify a fragment (1662 bp)
of the F gene. For this purpose, the forward primer
ATGGGCTCCAGACCTTCTACCA and reverse primer
CATTTTTGTAGTGGCTCTCATCTGAT were used, and
reverse transcription was done using a commercial RT-
PCR Kit (TianGen, China). The RT-PCR was performed
as previously described (Khan et al., 2016; Zhuang
et al., 2016; Zhu et al., 2017). Briefly, the reaction
consisted of 35 cycles, denaturation at 95 °C for 40
s and 72 °C for 1.5 min, annealing at 55 °C for 50 s,
and final extension at 72 °C for 10 min. PCR products
were separated on agarose gel (1%). The products
were purified using a TaKaRa DNA Extraction Kit
Ver.4.0 (Takara Biotechnology Co., Ltd, Dalian, China)
according to manufacturer’s instructions. The obtained
positive products were sequenced by a commercial
company (Sangon Biosciences, Wuhan, China).
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Phylogenetic tree and Sequence analysis
of the F protein cleavage site

The nucleotide sequences editing of the F gene
(1662bp) of the three isolates in this study were
compared with previously reported NDV sequences
available at NCBI database. Phylogenetic analysis,
amino acid sequence prediction, and nucleotide
sequence similarity were performed using Molecular
Evolutionary Genetic Analysis (MEGA 6.0) and the
DNASTAR (version 3.3.8; DNASTAR) software. The
phylogenetic tree and evolutionary distances were
constructed using the neighbor-joining method
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and Kimura two-parameter method, respectively.
The evolutionary distances among genotype or
sub-genotypes were analyzed using the Maximum
Likelihood method with 1000 bootstraps.

RESULTS
Virus isolation

Three Newcastle disease viruses (NDVs) were
isolated from ducks (HP20131125) and pigeons
(JX20131014 and XZ20151225) on SPF embryonated
chicken eggs in Hubei province from 2013 to 2015
(Table 1). Their identification and characterization was

Table 1 - Description of the characteristics of three NDVs isolated in Hubei province

NDV isolates Year Host Location Class Genotype  F-protein cleavage site? MDTP ICPI
HP20131125 2013 Duck Huangpi I Il GRQGRL >120 0.2
JX20131014 2013 pigeons Jiangxia Il I GRQGRL >120 0.2
X720151225 2015 pigeons Xinzhou I I GRQGRL >120 0.2

2Amino acid sequence from 112 to 117 of F protein

®Mean death time in 9-day-old SPF embryonated chicken eggs (hours) (velogenic, <60; mesogenic, 60-90; lentogenic,>90).

‘Intracerebral pathogenicity index in 1-day-old chickens (lentogenic, <0.7; mesogenic, 0.7—-1.4; velogenic, 1.4-2.0).

based on clinical symptoms, pathological observation
and molecular investigations as shown in Figure 2.

Figure 2 - The RT-PCR amplification results of the F gene of NDV. (M: Marker; 1:
HP20131125; 2: JX20131014; 3: X220151225; 4,5: Positive control)

Pathogenicity tests of the NDV isolates

The pathogenicity tests revealed that all the three
isolates had a MDT >120 h and 0.2 ICPI value (Table
1), and these three NDV isolates shared the motif of
112-GRQGRL-117 at the F protein cleavage site of the
amino acid sequences (Table 2); therefore, they were
classified as lentogenic NDV.

Clinical examination of signs, gross lesion
and histopathology

The visual examination revealed depression and
body condition of the chickens with dehydration,
emaciation, enlarged abdomen, flush on the eyelids
and eye secretions. The gross lesions revealed severe
necrosis in the lung, multifocal hemorrhages in the
mucosa of the proventriculus and small intestine,
necrosis of tracheal mucosa, and neck subcutaneous
hemorrhage, as shown in Figure 3.

Tissue samples were subjected to histopathological
examination by H&E staining. Liver showed hepatocyte

Table 2 - Amino acid sequences alignments of F protein cleavage site from 112 to 117 are framed.

109 110 111 112 113 114 115 116 117 118 119 120
Mukteswar (EF201805) S G G G R Q G R R | G A
LaSota (JF950510) S G G G R Q G R L | G A
Clon30 (Y8898) S G G G R Q G R L I G A
HP20131125 S G G G R Q G R L I G A
JX20131014 S G G G R Q G R L I G A
XZ20151225 S G G G R Q G R L | G A
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Figure 3 — Gross organ lesions in ducks and pigeons infected with NDV. (A,D) Severe necrosis in the lung; (B) Multifocal hemorrhages in the mucosa of the proventriculus; (C, F)
Multifocal hemorrhages in the mucosa of the small intestine; (E) Hemorrhage and necrosis of the mucosa of the trachea and subcutaneous neck hemorrhage.

necrosis, caryolysis, and fatty degeneration (Figure 4A,
D). Lung revealed severe pulmonary hemorrhages,
necrosis, alveolar cavity edema and serous effusion
around the blood vessels (Figure 4B, E). Glandular gas-

Phylogenetic analysis

In order to determine the
evolutionary relationships between
theisolated strains and representative
NDVs, the phylogenetic analysis was
performed based on the F gene
(Figure 5). As determined from the
phylogenetic tree, based on the
nucleotide sequences 47nt to 420nt
of the F gene, all the NDV isolates
were clustered within the genotype
Il of the viruses collected from
ducks and pigeons in Hubei from
2013 to 2015. All the NDV isolates
shared 98.5% to 99.9% nucleotide
identity with LaSota, Clone 30
and B1 (Accession number: AY845400, Y18898,
and AF309418, respectively), among which, close
homology of nucleotide sequences was determined
between the isolated strains and some reference
strains (LaSota, Clone 30 and B1).

DISCUSSION

Newcastle disease can cause high mortality and
morbidity rates, which may pose a significant potential
threat to the poultry industry in terms of serious
economic losses in China (Kim et al., 2016). The ND
virus has been one of the most devastating pathogen
of poultry industry for many years, and mainly causes

trorrhagia with large number of red blood cells was
observed in ducks (Figure 4C), while the spleen revealed
hemorrhage, congestion, and structure destruction in
pigeons (Figure 4F).

Figure 4 — Histopathological detection of NDV in duck and pigeon tissues. (A) Dropoutnecrosis, and caryolysis of
hepatocytes in ducks; (B) Severe pulmonary hemorrhage, vascular necrosis in the lung; (C) glandular gastrorrhagia
with large number of red blood cells; (D) Hepatocyte fatty degeneration, necrosis, and some caryolysis in pigeons; (E)
Severe pulmonary hemorrhage, alveolar cavity edema, and serous effusion around blood vessel in the lung; (F) Spleen
hemorrhage, congestion, and destroyed structure.

Newcastle disease in chickens, avian paramyxovirus
type 1 (APMV-1) infections in geese, etc. In recent
years, APMV-1 infections in pigeons and ducks have
been reported in a growing number of provinces in
China, as well as ND infection. However, farmers
and researchers are more concerned with the care
and treatment of this disease than with its molecular
characterization, transmission characteristics, and
phylo-genetic analysis of NDV. Hubei province is
located in the middle of China, and it is considered
a large poultry-producing and consuming province,
with large-scale poultry farms, a multitude of small
backyard farms and live poultry markets. This study
provides the important information to elucidate three
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NDVs isolated from commercial ducks and pigeons in
Hubei to aid the prevention and control of this disease.

In China, most research has focused on NDV isolated
from chickens because of its importance as a food-

A HP20131125
A X720151225

A 1X20131014
Clone_30(Y18898)
LaSota(AY845400)
B1(NC002617)
BI1(AF309418)

Mallard/US(MN)/00-32/2000(GQ288390)
99-0655(AY935494)
I-2progenitor(AY935500)
R8(HM063424)
M4(JN653339)
FW (EF589135)
Dove/China/08(KC424430)
F48E9(AY508514)
] JS/1/97/Go_(AF456435)
FJ/1/85/Ch(FJ436304)
GDO09-2(HQ317394)
= JS/9/05/Go(FJ430160_)
4‘ Mukteswar(_ EF201805)
JS/7/05/Ch(FJ430159)
Herts/33(AY741404)
_[ Italien(EU293914)
Trenque_ILauquen(AY734534)
QHI1(FJ751918)
AF2240-1(X012096)
Anhinga/U.S.(F1)/44083/93(A Y562986)
Gamefowl/U.S.(CA)/211472/02(AY562987)
APMV-1/chicken/Ca/2098/71(JQ247691)
1T-227/82(AJ880277)
Dove/Italy/2736/00(A Y562989)
ZhJ-3/97(F1766529)
Chicken/U.S.(CA)/1083(Fontana)/72(AY562988)
NA-1(DQ659677
Ch/SD672/12(KC020114)
ZJ1(AF431744
JSDO0812(GQ849007)
JS/5/06/Go(EF211811)
HA-14-07-Ch(GQ245787)

—
0.02

Figure 5 — Phylogenetic analysis of the F gene of the three isolates obtained in this study were compared with
previously reported NDV sequences available at the NCBI database. The phylogenetic tree was constructed by
the neighbor-joining method with 1,000 bootstrap replicates. Evolutionary analysis was conducted by MEGA

6.0 software.
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producing bird. However, there are few studies on
NDV in ducks and pigeons. Ducks and pigeons show
variable susceptibility to different NDV strains (Kim
et al, 2012; Carrasco et al,, 2008; Guo et al., 2014).
Molecular  epidemiology  research
indicates that most NDVs isolated from
ducks and pigeons in general belong to
genotypes II, Ill, VI, and IX (Diel et al.,
2012; Gaikwad et al., 2016).

The phylogenetic analysis results
suggest that all the three NDV strains
J isolated in the present study belong
X to genotype Il in Class Il. Class Il NDVs
) have been reported in many countries,
I including China, and in many species
(Gaikwad et al, 2016). We also
found that three new isolated viruses
bear close genetic relationship with
the strains LaSota, Clones 30 and
B1 (Accession numbers: AY845400,
Y18898 and AF309418, respectively),
which belong to genotype Il of class
Il in terms of F genome analysis. The
. NDV strains LaSota, Clone-30 and B1
11! are still used to produce attenuated
vaccines on a large scale in China (Kim
et al, 2016; Hu et al, 2009). Our
results revealed that the NDVs isolated
in Hubei and LaSota, Clone 30 and
B1 strains present close phylogenetic
relationship and evolutionary distance.
The vaccine-like viruses indicate that
transmission from vaccinated to non-
vaccinated poultry may be recurrent
in Hubei. In addition, some reports
also found the same phenomenon
in a surveillance study with ducks in
Guangdong province, China (Kang et
al., 2016). These findings suggest that
the NDV viruses used in attenuated live
vaccines in domestic ducks may exhibit
reversion to virulence.

According to the OIE, lentogenic
NDV strains have an ICPI of 0.2 and an
MDT >90h, or carry a lentogenic amino
acid sequence motif from 112 to 117 of
F protein. The F gene cleavage site motif
sequence was 112 G/E-K/R-Q-G/E-R-L
117 in all of the three isolates, which
indicates that they are lentogenic, and
the pathogenicity test (ICPI and MDT)

\

Vil

VI

Vi

H_/ —— I Y )
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also confirmed these findings. This indicates that
the cleavage site motifs can be used to analyze the
virulence of NDV strains, while pathogenicity tests
(MDT, ICPI) can be used for further evidence of the
cleavage site to precisely predict the pathogenicity and
virulence of NDV strains.

In conclusion, our results showed that the duck and
pigeon populations in Hubei province carry lentogenic
NDVs. Furthermore, the genetic characterization
provided clear evidence that non-standard use of
vaccines may be the important reason for epidemic
outbreaks of NDV in some parts of Hubei province,
China. Such knowledge may be valuable for future
studies to improve the control and diagnostic strategies
of this disease.
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