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Abstract

Newcastle disease (ND) is one of the most serious diseases affecting poultry worldwide. In 2022, we studied two strains
of Newcastle disease virus (NDV) from pigeons and magpies identified by PCR and propagated in SPF chicken embryos.
The whole genome of the virus was then expanded and its biological characteristics were studied. The results showed that
NDV was isolated from pigeons and magpies. Virus present in the allantoic fluid could agglutinate red blood cells and could
not be neutralized by serum positive for avian influenza. Sequencing showed that the gene length of the two isolates was
15,191 bp, had high homology and was located in the same branch of the phylogenetic tree, both belonging to genotype
VL.1.1. The sequence of 112—117 amino acids in the F gene sequence was ''>R-R-Q-K-R-F!!”, which constituted virulent
strain characteristics. The HN gene contained 577 amino acids, which is also consistent with the characteristics of a virulent
strain. The results from the study of biological characteristics revealed that the virulence of SX/TY/Pi01/22 was slightly
stronger. There were only four different bases in the complete sequence of the two strains. Comprehensive analysis revealed
that the G at 11,847 site of the SX/TY/Ma01/22 strain may change to T, leading to translation of amino acids from R to S,
thereby weakening viral virulence. Therefore, NDV was transmitted from pigeons to magpies, indicating that the pathogen
could be transmitted between poultry and wild birds.
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Introduction

Newcastle disease (ND) is an acute, febrile, and infectious
disease caused by Newcastle disease virus (NDV) infection.
The World Organization for Animal Health (WOAH) has
required ND must be reported [1]. The Ministry of Agricul-
ture and Rural Affairs of the People’s Republic of China has
listed ND as a class two animal epidemic disease, which is
extremely harmful to the poultry industry [2].

NDV is an avulavirus belonging to the family Paramyxo-
viridae. and genus Orthoavulavirus. NDV can be divided
into two large groups: class I and class II. Class I is a single
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genotype (I.1.1, I.2.and 1.1.2.1) [3] and Class II contains at
least 20 genotypes, of which the main prevalent genotypes
are V, VI, and VII. The main prevalent genotypes in chick-
ens are VII, particularly VII.1.1 [4]. However, most of the
NDV genotypes from pigeons are genotype VI, especially
the subtype VI.1.1, which is termed pigeon paramyxovirus
type 1 (PPMV-1) [5]. Virulence has been correlated with
the amino acid sequence 112—117 in the fusion protein (F).
The sequence of the virulent strain is !'>K/R-R-Q-R/K-R-
F'!7 whereas the sequence of the attenuated strain is usually
12E_R-Q-G/E-R-L!7 [6]. It has also been reported that the
virulence of pigeon NDV was also correlated with the NP,
P, and L proteins [7].

NDV is known to infect over 250 avian species [8], due
to a particularly high infection and carrying rate of wild
birds. Although magpies are also susceptible [9—11], there
have been few research reports on NDV infection in magpies
worldwide, and the susceptible NDV genotype in magpies
has not been previously reported.
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Materials and methods
Sample collection

The disease materials of this study were obtained from
carrier pigeons raised in a carrier pigeon farm in Taiyuan
and a dead magpie near the road. A total of 134 carrier
pigeons were raised in the farm, of which seven sick
pigeons were found, but none were dead. Seven samples
of throat and cloacal secretions of infected pigeons were
collected with sterile flocking swabs [Hanwei (Changzhou)
Biotechnology Co., Ltd., China] and placed into a collec-
tion tube containing non-inactivated preservation solution
(main components: Hank’s buffer, phenol red, and BSA).
The collection tube was placed in an incubator containing
ice bags. The dead magpie on the roadside was placed into
a sterile sealed bag and a heat preservation box with ice
bag was used to bring it back to the laboratory. The mag-
pie was dissected in the laboratory, and the heart, liver,
spleen, lung, and brain tissues were obtained, placed into
aseptic sealed bags, and stored in a — 20 °C freezer until
further use.

Test animals

The 1-day-old and 42-day-old chicks were incubated by
the purchased SPF eggs (Beijing Boehringer Ingelheim
Vital Biotechnology Co., Ltd., China), layer chickens, and
were reared in the BSL2 laboratory of the College of Vet-
erinary Medicine, Shanxi Agricultural University. Feeding
chicken pellet feed was obtained from Shanxi Shichuang
Feed Co., Ltd.

PCR identification

Viral RNA extraction and amplification were performed
according to the manufacturer’s instructions of the New-
castle disease virus universal RT-PCR detection kit (Bei-
jing Anheal Laboratories Co., Ltd., China) for NDV.

Virus isolation and culture

The diseased tissue was repeatedly frozen and thawed
three times. After grinding, PBS solution was added at
a ratio of 1:5, after which penicillin and streptomycin
[5000 U (ug)/mL] was added to the mixture. After react-
ing at 37 °C for 1 h and centrifuging at 598xg for 30 min,
the supernatant was extracted using a sterile syringe and
filtered through a 0.22-um membrane filter. The filtrate
was stored in a freezer at — 20 °C for further use. The pres-
ervation solution of the pharynx cloacal swab was directly
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added with penicillin and streptomycin for the reaction,
filtered through a 0.22-ym membrane filter, and stored in
a refrigerator at —20 °C.

Next, 100-pL filtrate was inoculated in Martin Broth and
Anaerobic Broth Liver Soup, respectively. We dipped the
filtrate with the inoculation ring and inoculated it on a blood
agar plate and Sabouraud Dextrose Agar bevel by scribing.
The results were observed after culturing for 24 h at 37 °C.

Ten-day-old SPF eggs were inoculated with 0.2-mL
supernatant filtrate into the allantoic cavity of the chicken
embryo. Another two eggs were inoculated with sterilized
saline as a negative control. The eggs were incubated at
37.6 °C and 60% humidity. The eggs were turned every 4 h
and candled twice a day. Chicken embryos that died within
24 h were discarded. Allantoic fluid from dead embryos after
24 h and living chicken embryos after 120 h were collected
aseptically As an antigen, the blood of the self-raised healthy
rooster were collected, the red blood cells were separated,
and the red blood cell solution was prepared with a 1% con-
centration with PBS solution for hemagglutinin (HA) and
Avian influenza-positive serum (Harbin Weike Biotechnol-
ogy Development Company, Harbin, China) was used for
antibodies to achieve hemagglutination inhibition (HI) [12].
If the allantoic fluid could agglutinate red blood cells and
could not be neutralized by avian influenza antibodies, it
was judged as NDV positive. The allantoic fluid was frozen
and stored in the freezer at —20 °C for future used, and the
chicken embryo was dissected and observed.

Genome amplification and sequencing

A total of 12 pairs of primers were designed to amplify
the whole-gene sequence of NDV by referring to the full-
genome sequence of pigeon NDV published on GenBank.
The sequences are shown in Table 1.

The total viral RNA was extracted according to the manu-
facturer instructions of the NDV RNA extraction kit (Beijing
Anheal Laboratories Co., Ltd., China).

According to the One-step RT-PCR kit [Takara Biomedi-
cal Technology (Beijing) Co., Ltd] instructions, the reac-
tion system was as follows: PrimeScript 1 Step Enzyme Mix
2 uL, 2x 1 Step Buffer 25 pL, forward and reverse primer
1 pL each, Template RNA 1 pL, and RNase-Free dH,0
20 pL. The reaction conditions were as follows: reverse tran-
scription at 50 °C for 30 min, predenaturation at 94 °C for
2 min, denaturation at 94 °C for 30 s, annealing at 55 °C for
30 s, extension at 72 °C for 2 min, 35 cycles from the third
step to the fifth step, and the reaction ended after extension
at 72 °C for 10 min. A 5-pL sample of the PCR product
was electrophoresed on agarose gel at a concentration of
1%. The PCR product was recovered and purified using a
Gum recovery kit (Omega Biotech, Norcross, GA, USA).
The purified product was connected to the cloning vector



Virus Genes (2023) 59:449-456

451

Table 1 Primer sequences and

o The name of the  The bases are arranged Location The length of
position size primer the amplifica-
tion

1F ACCAAACAGAGAATCTGTGAGTTACGGT 1 1.280
1R GCCAGGCCCCTCCTTGCTGC 1280

2F GGAGAAAATGCACCGTACATGAC 1034 1.407
2R TGACTCCTTCCATTGTCCATGAT 2440

3F TCAAGACCGGAGCAAGCAACT 2220 2.084
3R TCGGCGGTCACTGCGACGGC 4303

4F CAGGTTGCTAAGATACTCTGGAG 4225 2.107
4R GGCCTCTCCGACCGTTCTAC 6331

SF ACATCTGCTCTCATTACCTAT 6041 1.382
SR GTTATTATAGCGCTTGTATAT 7423

6F CACGGAAGGTTAGGTTTTGAC 7231 1.201
6R AGAGGATAGATGTGACTCTGG 8432

7F CGTTCCTTTGTTAGTTGAGAT 8091 2.226
7R CTCCAATTAAGACAATACT 10,317

8F GTCCCGTAGTGCAGCGAAAG 9484 1.255
8R AATGATTGACATGAATCAGT 10,738

9F GGGATTATGCCAGAAGCTAT 10,540 1.208
9R GGTGACCAGCTTCTGTTCCG 11,747

10F GTGTCGCACATGCTATCATGGAG 11,493 1.440
10R TTCAACCTTGAGTGAATGATGGG 12,932

11F TTGGATTAGTGAAGCCCAGAATT 12,736 1.475
11IR CAGGCATAGCCATTAGAGAGAAT 14,210

12F ACATTGAAATTCCTCCAGGGTCC 14,028 1.143
12R ACCAAACAAAGATTTGGTGAATG 15,170

using a PEASY-Blunt cloning vector kit (Beijing TransGen
Biotech Co., Ltd, Beijing, China), then transformed into
Trans109-competent cells (Beijing TransGen Biotech Co.,
Ltd., China), and cultured in large numbers. The plasmids
were extracted for PCR identification and the recombinant
plasmid sent for sequencing [Bgi Tech Solutions (Beijing
Liuhe, China) Co., Ltd. and Sangon Biotech (Shanghai) Co.,
Ltd.].

Sequence analysis

We used DNAMAN and DNAStar software to splice and
compare the sequencing results. MEGA software was used
to construct the phylogenetic tree.

F gene virulence locus and HN gene study

According to the amino acid sequence encoded by the F
gene, the 112-117 amino acid sequence was identified to
judge its virulence. Amino acids encoded by the HN gene
were counted to judge the virulence.

Biological characteristics

The National Standards of the People’s Republic of China
[13] was used to measure the three indexes of the mean death
time (MDT), intracerebral pathogenicity index (ICPI), and
intravenous pathogenicity index (IVPI) to determine patho-
gen virulence.

MDT: The virus allantoic fluid was diluted 10 times in
sterile PBS buffer from 10° to 107'°. The 10-day-old SPF
chicken embryos were inoculated with virus diluent at a
dilution of 107°~107!? via the allantoic cavity. Each dilution
was inoculated into 5 chicken embryos, and each embryo
was inoculated with 0.1 mL. The death of chicken embryos
was observed daily and the time of death was recorded until
96 h. The MDT value of NDV was the average time of total
death of inoculated chicken embryos under the highest dilu-
tion multiple of the virus.

ICPI: The virus allantoic fluid was diluted with ster-
ile PBS buffer, and 1-day-old SPF chickens were infected
through intracerebral inoculation. Each chicken was inocu-
lated with 50-pL virus fluid. A total of 10 SPF chickens were
inoculated, and the chickens were permitted to eat and drink
freely and were observed once daily at a fixed time for a total

@ Springer



452

Virus Genes (2023) 59:449-456

of 8 days. At the same time, the clinical manifestations of
each chicken were recorded with reference to the scoring
standard. The score was O for normal chickens, 1 for lame-
ness, paralysis, and other clinical symptoms, and 2 for dead
chickens. The ICPI value of NDV was the average of the
cumulative total score of chickens divided by the cumulative
total number of normal, diseased, and dead chickens.

IVPI: Fresh allantoic fluid infected with NDV with an
HA titer higher than 2% was collected and diluted with sterile
isotonic saline at a ratio of 1:10. SPF chickens aged 6 weeks
were intravenously inoculated into 10 chickens and each
chicken was inoculated with 0.1 mL. The chickens were
observed once daily for 10 consecutive days and scored each
time. Normal chickens were recorded as 0, sick chickens as
1, paralyzed chickens or other neurological symptoms as 2,
and dead chickens as 3 (each dead chicken was still recorded
as 3 in the daily observation after death). The IVPI value of
NDV was the average of the cumulative total score of the
chickens divided by the cumulative total number of normal,
diseased, and dead chickens.

Results
RT-PCR identification results

The results showed that there were bands of the same size
as the standard positive control in lane 1 and lane 2, which
could confirm the presence of Newcastle disease virus in
these disease, as shown in Fig. 1. The viruses were named
China/Pigeon/Shanxi (Taiyuan)/Pi01/2022 (SX/TY/Pi01/22)
and China/Magpie/ Shanxi (Taiyuan)/Ma01/2022 (SX/TY/
Ma01/22).

Results of virus isolation and culture

The allantoic fluid of dead chicken embryos was collected
for hemagglutination and hemagglutination inhibition test-
ing. It could be observed that it can agglutinate 1% chicken

Fig.1 RT-PCR identification
results. 1. SX/TY/Pi01/22; 2.
SX/TY/Ma01/22; 3. Positive
control; M. Marke
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erythrocytes with an agglutination value of 6log,—7log,, and
it could not be neutralized by avian influenza-positive serum,
indicating that the isolated virus was NDV. The SPF chicken
embryos inoculated with the supernatant filtrate at an age of
10 days died within 48—72 h. Bleeding was observed over
the entire body, especially in the head and neck shown in
Fig. 2.

Genome amplification results

According to the primer sequence in Table 1, 12 sequence
fragments of SX/TY/ PI01/22 and SX/TY/ MAO01/22 were
amplified, and the fragment size was consistent with the
design. The results are presented in Figs. 3 and 4.

Sequence analysis results

The splicing of the sequencing results showed that the
whole-genome length of SX/TY/Pi01/22 and SX/TY/

Fig.2 SPF chicken embryos that died after an inoculation with super-
natant filtrate

1T 2 3 4 5 6 7 8 91 1 12M

Fig. 3 Genome-wide amplification results of SX/TY/Pi01/22
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Fig.4 Genome-wide amplification results of SX/TY/Ma01/22

Fig.5 Phylogenetic tree con-
structed from the whole genome
of NDV isolate strains. Note.
*Virus isolates
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Ma01/22 was 15,191 bp. The similarity between the two
was 99.84%, and four different loci, 1333, 4601, 10,237,
and 11,847, were identified, respectively. Both viruses were
located on the same branch on the phylogenetic tree and had
the closest relationship. Moreover, both strains belong to the
genotype of VI.1.1 and were in the same large branch with
the pigeon NDV strains, MW147626.1 and MW147625.1
isolated in Beijing and Tianjin in 2017 and 2018, and had
a close genetic relationship. The results are presented in
Fig. 5.

Table 2 shows that the two isolated NDV strains only
differed in four loci compared with other isolates at home
and abroad, with the mutation of bases at 1333 bp and
11,847 bp being relatively special. The base of SX/TY/
Pi01/22 was T at position 1333 and all others were C.
The base of SX/TY/Ma01/22 was T at position 11,847 and

KJ607166.1 pi/CH/LHLJ/131011
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Table 2 Base changes and comparison of isolate strains

Table 4 Identification results of biological characteristics

Strain Genotype Base position Isolated strain MDT ICPI IVPI
1,333 4,601 10237 11,847 Sx/TY/Pi01/22 61 1.2 0.9

990655 I C A C G SX/TY/Ma01/22 66 0.9 0.5

NDVO03 II C G T G

JS/9/05/Go I C A C G

JS/7/05/Ch il C A C G Identification results of biological characteristics

Italien v C G C G

Hearts/33 v C G C G Table 4 shows that SX/TY/Pi01/22 belonged to the NDV

APMV-1/chicken/ \Y C C G G moderately virulent strain, and SX/TY/Ma01/22 was a less
Ca/2098/71 virulent strain.

SX/TY/Pi01/22* VI1.1 T G A G

SX/TY/Ma01/22* VLL.1 C A G T

pigeon/China/BJ2018 VLI1.1 C C G G Conclusion

Pigeon/China/SD2012 VIL.1.1 C C G G

Chicken/China/ viI c C G G The results of this study showed that NDV isolated from
SDLY01/2010 pigeon and magpie belonged to gene VI.1.1 of the class

QHI VI ¢ c G G IT group. Moreover, because both strains belonged to the

IS/1/97/Ch X ¢ A A G same branch on the developmental evolutionary tree, their

FI/1785/Ch X ¢ A A G homology was very high. Based on the amino acid sequence

GD1003/2010 X1l ¢ A G G analysis of F and HN genes, they belonged to the virulent

NDV08-004 ClassI ~C A G G strain. Although only four base sites differed between the

PI/CH/LSH/101/2018 Class I C A A G

*Virus isolates

Table 3 Amino acid differences of isolates strains

Isolated strain Amino acid site

445 1534 3413 3949
SX/TY/Pi01/22 * R I R
SX/TY/Ma01/22 Q Q v S

all others were G. However, the bases at the positions of
4601 bp and 10,237 bp were irregular.

Table 3 shows that the amino acids of the four base dif-
ference sites differed, with glutamine appearing at position
445 and arginine changing to serine at position 3949.

Virulence characteristics of the F and HN genes

By analyzing the F gene sequence of NDV, the two viruses
were found to have the same base sequence located in the
virulence site: AGGAGGCAGAAGCGCTTCATAGGT
GCC and the amino acid sequence was ''?R-R-Q-K-R-F!7.
This sequence completely conformed to the characteristics
of a virulent strain. Through a sequence analysis of the HN
gene, it was observed that 571 amino acids were encoded,
which was consistent with the characteristics of virulent
strains [5].
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two strains, the determination of biological characteristics
showed that SX/TY/Pi01/22 was a moderately virulent strain
and SX/TY/Ma01/22 was a less virulent strain.

Discussion

ND in pigeons first occurred in Iraq in 1977 [14] and sub-
sequently spread to all parts of the world. Pigeon-derived
NDV is considered to be the main cause of the second and
third ND pandemics [15, 16]. NDV was also isolated from
pigeons in Hong Kong, China in 1985 and occurred con-
tinuously in China. This occurrence was mainly dominated
by genotype VI.1.1 [17, 18], particularly after 2010 [19];
however, it has also been reported that strains isolated from
pigeons were genotype VII [20]. Moreover, the sequence
of the F protein cleavage sites of pigeon NDV isolated in
recent years was consistent with the characteristics of viru-
lent strains. During this study, the strains of pigeon NDV
collected in Taiyuan, Shanxi Province were consistent with
the types occurring in China, which was genotype VI.1.1,
which was also consistent with the genotype of the strain
isolated by Li et al. [21] from the Shanxi pigeon farm. This
finding showed that the virus responsible for pigeon ND in
Shanxi Province was the same as that in other regions of
China.

Magpie is a common wild bird of Corvidae and Pica.
They are widely distributed around the world and prefer to
live in places where humans gather, including cities and
villages. Magpie is susceptible to ND. Tong et al. [9] first
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reported magpie ND and transmitted the pathogen to chick-
ens in China. Later, there were also some reports about mag-
pies infected with ND [10, 11, 22, 23]. In 2009, Wang et al.
[23] isolated NDV from magpie disease material and experi-
mentally confirmed that it was an infection with a virulent
strain. It can be inferred that it was caused by NDV infection
of local chickens. The NDV isolated from the magpie in this
study was consistent with the virus isolated from the local
pigeon population in its genotype, which was consistent with
most NDV occurring in China and belonged to genotype
VI.1.1. Recently, the NDV strains in local chicken flocks
were primarily attenuated type II [24] and virulent type VII
[25], while there have been no reports of genotype VI. The
dominant genotype of NDV in China is type VII, few chick-
ens are infected with genotype VI, and the proportion of type
VIin chickens and waterfowl and other hosts is only between
0.48 and 0.55% [14], indicating that the incidence of this
type is very low. However, Yang et al. [26] showed that most
NDV isolated from wild birds were class I, and the genotype
I and genotype Il in class I, and inferred that the virus may
be transmitted between domesticated birds and wild birds.
This conclusion has also been achieved experimentally by
Ren et al. [27]. Therefore, the findings of this study could
also infer that there was a correlation between the incidence
of magpie and pigeon, which was consistent with the conclu-
sion reported by Tong [9] and Wang [23].

The sequence of amino acids in the F protein cleavage site
of the two NDV strains isolated in this study was ''?R-R-Q-
K-R-F'"7_ and there were 577 amino acids in the HN protein,
indicating that the two NDV had typical virulent character-
istics. However, biological characteristics tests revealed that
they were not virulent strains. This was consistent with the
research conclusions of genotype VI pigeon NDV reported
in China [28]. This finding indicated that the F protein cleav-
age site was not the only factor that determined the viru-
lence of pigeon NDV [29]. It has even been reported that the
virulence factor of pigeon NDV had little relationship with
the F protein cleavage site [30]. However, the virulence of
the two strains isolated in this study was slightly different.
The virulence of SX/TY/Pi01/22 isolated from pigeon was a
moderate strain, similar to that of pigeon NDV gene VI.1.1
isolated from China, whereas SX/TY/Ma01/22 was a less
virulent strain. Comprehensive analysis showed that there
was a base mutation at 11,847, which changed from G to T,
causing the corresponding amino acid to change from argi-
nine to serine. Therefore, this alteration may be responsible
for the variation in virulence and requires further study.
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