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Abstract

BACKGROUND: Newcastle disease virus (NDV) majorly infects the poultry, and despite high rates of vaccination, it is
still circulating in different geographical regions. Due to the high mortality rate, the economic loss of Newcastle disease

(ND) is enormous.

OBJECTIVES: The molecular characterization of NDV isolates from chicken farms in Northern Iran, during 2017-2018,
was the main goal of this study.

METHODS: We isolated and characterized five NDVs from commercial broiler and backyard chicken farms during severe
disease outbreak. The partial coding sequence of fusion (F) genes of isolates was determined and compared with those of
other published NDVs.

RESULTS: Phylogenetic analysis revealed that all of the isolates were grouped into sub-genotype VII.1.1 (formerly
known as VIII). All isolates carried multi-basic amino acid residues at the cleavage site of fusion protein, typical of virulent
strains. Studied NDV isolates had high homology with the prevalent genotype NDV strains that currently circulate in
China and Republic of Korea (96.94%).

CONCLUSIONS: Our results suggested that NDV sub-genotype VII.1.1 (VIIl), circulating among chicken farms, may
be a dominant sub-genotype. Considering the genetic variation between the used vaccine strains (B1, LaSota, and Clone
30, all belonging to genotype II) and circulating NDVs, it is recommended that a contemporary homologous virus should
be developed as the vaccine strain to avert the outbreaks of genotype VII viruses.
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Phylogenetic study of Newcastle disease virus

Introduction

Newcastle disease (ND) is a highly conta-
gious viral disease of most avian species caused
by the virulent strains of Newcastle disease vi-
rus  (NDV). Etiologicallyy, NDV (avian
paramyxovirus type-1) is a member of the
Avulavirus genus of subfamily Paramyxoviri-
nae (Afonso et al., 2016). Pathogenicity of the
virus amongst avian species is variable. Poultry
are most susceptible to NDV and severity of the
disease may vary from mild infection with no
apparent clinical signs to highly pathogenic
form with 100% mortality (Alexander, 2003).
NDV genome is about 15.2 kb in length which
codes for six major proteins including nucleo-
protein (NP), phosphoprotein (P), matrix (M),
fusion (F), hemagglutinin-neuraminidase
(HN), and large RNA polymerase (L) (Wang et
al.,2017). HN and F are glycoproteins that al-
low the attachment and fusion of the virus to
the host cells for initiating an NDV infection
(Xiao et al.,2012). The F protein is usually cho-
sen for comparative analysis and molecular
determination of NDV, because it is more likely
to show genetic variation compared to other in-
ternal nucleocapsid genes (Cattoli ez al., 2010).
NDV strains are classified into two distinct
classes (class I and class II) within a single
serotype, according to the phylogenetic analy-
sis (Czeglédi, 2006). These two classes can
then be further classified into genotypes. Class
I viruses contain a single genotype, whereas
class II viruses contain 21 (I-XXI) genotypes
(Dimitrov et al., 2019). Class I viruses are fre-
quently isolated from wild birds and live
poultry markets and are generally avirulent
(Kim et al., 2007; Zhu et al., 2014), whereas
class II viruses have been responsible for the
spread of ND. Among class II NDVs, genotype
VII is one of the most prevalent genotypes cir-
culating worldwide. Based on the updated
classification and nomenclature of NDV, previ-
ously identified NDV VII genotype was
divided into sub-genotypes VII.1.1 and VII.1.2.
The sub-genotype VII.1.1 combines the former
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sub-genotypes VIIb, VIId, VIle, VIIj, and VIIL.
The former sub-genotype VIIf was classified as
sub-genotype VII.1.2. Sub-genotypes Vlla,
VIIh, VIIi, and VIIk were merged into a single
sub-genotype, namely VIL.2 (Dimitrov et al.,
2019). Based on the clinical signs and severity
of the disease, NDV strains are classified into
four main pathotypes: asymptomatic enteric
(avirulence), lentogenic (low-virulence), meso-
genic (intermediate-virulence), and velogenic
(high-virulence). Velogenic strains can be fur-
ther categorized into two types: viscerotropic
and neurotropic (James, 2017).

Notwithstanding virulent forms of ND con-
trolled by Dbiosecurity protocols and
vaccination, outbreaks still occur and velogenic
strains are endemic in the poultry flocks of Iran,
which induce a large scale economic losses
(Hosseini, et al., 2014; Mehrabanpour et al.,
2014). Despite routine vaccination, a combina-
tion of killed and live vaccines as a controlling
practice, there have been several reports on its
occurrence in commercial and non-commercial
poultry farms in recent years (Hosseini et al.,
2014; Sabouri et al., 2016).

Poultry production is one the most important
agro-industries in the north part of Iran. Ma-
zandaran province, with 30% of total
production, is the most important producer of
day-old broiler chicks in Iran (IRNA, 2019).
During the last decade, monitoring the NDVss
suggested different genotypes of NDVs have
been responsible for ND outbreak in Iran. In the
current study, we aimed to define the most
prevalent NDV genotypes and sub-genotypes
circulating in commercial broiler and backyard
chicken farms located in Mazandaran province,
Iran.

Materials and Methods

Study Design
NDV develops a broad range of clinical man-
ifestations such as respiratory signs, nervous
signs, and greenish watery diarrhea. In this sur-
vey, we only focused on rural and commercial
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meat-type chicken farms with a history of neu-
rological symptoms. All samples were prepared
from private poultry clinics in north of Iran dur-
ing 2017-2018. Only fresh carcasses were
considered. Collectively, twenty-five samples
(sixteen samples from broiler farms and nine
samples from backyard farms) compatible with
our desired criteria were chosen for further
analysis.
Sample Preparation

The whole brain of affected chickens was ex-
tracted under a Class II (laminar flow)
biological safety cabinet and transferred to a
sterile 15-mL falcon tube. Tissues were halo-
genated in phosphate buffered saline (PBS), pH
7.4, containing antibiotics of penicillin (2000
U/mL) and streptomycin (2 mg/mL), and fil-
tered with a 0.22 pm syringe filter. Then, the
filtered liquid was divided into two aliquots for
RNA extraction and virus amplification, and
kept at -70°C (Alexander, 2012).
Virus Propagation

To prepare virus, about 200 pL of each sam-
ple was inoculated in the allantoic cavity of 8-
day old embryonated eggs and incubated at
37°C for seven days and candled twice daily.
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For each sample inoculation, 3 eggs were se-
lected. Any death after 24 hours was recorded
and subjected to further analysis. Briefly, the al-
lantoic fluid was collected by a sterile syringe
carefully and stored in a sterile 15 mL falcon
tube and stored at -70°C. All positive samples
in HA testing were subjected to three passages
in embryonated egg.
RNA Extraction and Reverse Transcriptase
Polymerase Chain Reaction

Viral RNA was extracted and purified from
infectious allantoic fluid and brain halogenated
homogenized tissues using Viral Gene-spin™
Viral DNA/RNA Extraction Kit according to
the manufacturer’s instructions (iNtRON,
South Korea). Then, cDNA was synthesized us-
ing Murine Leukemia Virus Reverse
Transcriptase (M-MLV RT) and Random 6-
mers (Yektatajhiz, cDNA Synthesis Kit, Iran).
To define the NDV positive genome, PCR re-
action was performed with primers A and B,
which contains important structures such as the
cleavage site (Kant et al., 1997). Afterwards,
coding sequence of F protein, which includes
heads and stacking elements of protein was am-
plified by one set primer described by Qin et al.
(2008). The information and annealing degree
of all primer sets are illustrated in_Table 1

Table 1. Sequence, annealing temperature, and position of primers used in this study

Annealing Tem-

Primer Sequence perature PCR product size (bp)
A 5'-TTGATGGCAGGCCTCTTGC-3' 5 35
B 5'-GGAGGATGTTGGCAGCATT-3'
C 5'-ATGGGCTCCAAACCTTCTAC-3' 60 1600
D 5-TTGTAGTGGCTCTCATC-3

Sequencing and Phylogenetic Analysis

To have more accurate and comprehensive
information about F protein, the complete ex-
tracellular domain of protein was sequenced.
The nucleotide sequences of virus isolates were
investigated with Sequencher program (version
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quence alignment and blast analysis were done
by an online webpage. The phylogenetic tree
was illustrated with MEGA7 (MEGA, version
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7) and the evolutionary history was inferred us-
ing the Neighbor Joining (data not shown).
Maximum likelihood methods with standard
errors were also calculated based on 500 boot-
strap replicates (Kumar et al., 2016; Tamura et
al.,2004).
Accession numbers

The sequence of F protein of NDV isolates
(chicken/Iran/CR5/2017, chicken/Iran/CI1
/2017, chicken/Iran/C16/2017, chicken/Iran/
CI3/2017, and chicken/Iran /CI19/2018) were
submitted to GenBank under the accession
numbers MK 659694, MK 659696,
MK659698, MK659699, and MK659695,
respectively.

Results

Nucleotide Sequencing and BLAST Analysis of
Partial Fusion Gene

Altogether, out of twelve viral isolates from
brain samples of RT-PCR-positive, five isolates
(four from commercial and one from backyard
farms) were randomly subjected to nucleotide
sequencing as representative sequences. Nucle-
otide (nt) and amino acid (aa) comparisons of
all studied isolates ranged from 98.85-99.75%
and 99.23-99.53%, respectively. BLAST results
of F gene revealed high percent of homology be-
tween NDV strains CK/KR/KR 005/00
(KY404087), GO/CH/LN15/15 (MF581297),
and CK/UA/Lugansk/03 (KU710279) isolated
from the Far East and Europe.

Phylogenetic Analysis

Coding region of the extracellular domain of
F gene of the isolates were aligned with the cor-
responding region of the F gene from 291 NDV
strains belonging to nineteen genotypes, down-
loaded from the GenBank and subjected to
genetic analysis (data not shown). In the phylo-
genetic tree, our isolates were clustered with
the strain under genotype VII (Figure 1). To
confirm our preliminary results, the phyloge-
netic relationship was assessed using at least 4
strains for each sub-genotype VII (according to
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the criteria proposed by Diel ef al., 2012). Our
results showed that all the isolates belonged to
sub-genotype VIIL.1.1 (VIIl) in a well-supported
cluster (60% bootstrap value) and displayed
98.03-100% homology in the nucleotide level
(Figure 2)

Notes: The number of base substitutions per
site from averaging the overall sequence pairs
between groups is shown. Standard error esti-
mates are shown above the diagonal and were
obtained by a bootstrap procedure (500 repli-
cates). Analyses were conducted using the
maximum composite likelihood model. The
rate variation among sites was modelled with a
gamma distribution (shape parameter = 1). The
analysis involved 175 nucleotide sequences.
Codon positions included were 1st + 2nd + 3rd
+ Noncoding. All positions containing gaps and
missing data were eliminated. There were a to-
tal of 639 positions in the final data set.
Evolutionary analyses were conducted in the
MEGAY7. The average evolutionary distance of
NDV isolates obtained in the present study with
other sub-genotypes from genotype VII are
shown in bold (n: number of isolates from each
sub-genotype).

Analysis of the Fusion Protein

Deduced amino acid sequence of the cleav-
age site motif, putative neutralizing epitopes,
profile of glycosylation sites and cysteine
amino acid residues of studied isolates, and
other Iranian NDV isolates of F protein were
investigated to find any possible mutations
within them (Table 3).
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GENOTYPE

VILL1/VI /chicken/Iran/MAM52/2017 (MH247186)
VILL1/VII I /chicken/Iran/MAME8/2017 SMH481361§

1.1/VIl I{chicken/Iran/MAM55/2017 (MH247187
m Chicken/Iran/C16/2017 (MK659698)

u Chicken/Iran/CR5/2017 (MK659694)

m Chicken/Iran/C19/2018 (MK659695)

VI11.1/VIl I/Chicken/Iran/MAMB81/2018 (MH481363)
m Chicken/Iran/C11/2017 (MK659696)

VIL1.1/VIl 1/Chicken/Iran/SMV/1/2011 (KU201408)
VILLI/VIL I/Chicken/Iran/SMV/7/2013 (KU201414)

VIL1.1/VIl |/Chicken/Iran/SMV/8/2013 (KU201415) il
VII.1.1/VIl d/chicken/China/Shandong/pyan/2004 (EF579733)
VII.1.1/VIl b/pheasant/China/Guizhou/1998 (EF589133)
VII.1.1/VIl j/chicken/China/Liaoning/1/2009 (KC542905)
VII.1.1/VIl e/chicken/Japan/Ibaraki/5G106/1999 (AB853927)
VIL1.2/VIl f/fowl/China/A7/1996 (AY028995)
=1 Vi1.1.2/VIl f/pigeon/China/18/2003 (GQ338308)
VII.1.2/VIl f/goose/China/liangsu/I1502/1999 (DQ227246)
VIL.2/VII h/chicken/South Africa/RBWW/3/2013 (MF622047)
- _#vu.zjw k/chicken/China/Namibia/5620/2016 (KY747479)
s2-\/11.2/VIl a/chicken/Netherlands/152608/ancestral/1993 (JIN986837)
VI1.2/VIl i/parakeet/Pakistan/Karachi/AW/1/2014 (KU862293)

1l VI1L,2/V1I i/ Chicken/Indonesia/Banjarmasin/10/2010 (HQ697254)
XII1.1.1/X 111 a/Ostrich/South Africa/45445/3/1995 (IN942034)
XI1.1.1/XI1l a/chicken/Zambia/Chiwoko/2015 (MF409241)
XI1.1.2/X11l a/chicken/Iran/EMM2/2008 (1Q267584)

XI11.1.2/XI1l a/chicken/Iran/EMM1/2008 (JQ267585) X
XII1.2.1/XIIl b/Chicken/Pakistan/SPVC/Karachi/33/2007 (GU182331)
XIIL.2.1/X11l b/chicken/Pakistan/University/Diagnostic Lab/12/2010 (KF113338)
XI11.2.2/XI11 b/chicken/India/Polashbari/2014 (KT734767)
=L-X1I1.2.2/XI1l b/chicken/India/Nagpur/3/2011 (KX372707)
o0 = XVIIL1/XVII a/guinea/fowl/Mali/ML0O38/2007 (JF966389)
XVIIL1/XVII a/chicken/Mali/ML57051T/2010 (JX518885) XVII
XVIIL.2/XVIIl b/Chicken/Ivory Coast/CIV08/42/2007(HF969218)
ol XVIIL2/XVII b/village weaver/Ivory Coast/CIV08/2006 (HG326600)
XVII/XVII a/chicken/Nigeria/NIE10/310/2011 (HF969176) XVII
XVII/XVII afchicken/Nigeria/NIEO8/2042,/2009 (HF969191)
XIV.1/XIV afturkey/Nigeria/NIE09/2071/2009 (HF969205)
XIV.1/XIV afchicken/Nigeria/VRD08/36/2008 (JQ039386) XV
XIV.2/XIV b/Chichen/Nigeria/NIE10/139/2011 (HF969210)
XIV.2/XIV b/chicken/Nigeria/KD/TW,/03T/N45/720/2009 (KY171990)
XIL1/XIl a/chicken/Peru/Apurimac/50009/2005 (KU594615)
XI1.1/X1l a/gamecock/Peru Lurin/40871/2004 (KU594616) Xl
XI1.2/XII b/goose/china/GD/123/2011 (JN627504)
L X11.2/XI1 b/goose/china/FS/55/292/2013 (MF278927)
XX/VI ¢/chicken/lapan/Ibaraki/SM87/1987 (AB853928) | Xx
XX/VI ¢/chicken/china/Zhu/2/1986 (AF458016)
10 —XX1.1.2/VI m/pigeon/Pakistan/Lahore/AW /2/2015 (KU862298)
XX1.1.2/VI m/Pigeon/Pakistan/22A/2015 (KY042135)
XX1.1.1/VI g/pigeon/Russia,/Vladimir/687/2005 (JF824032) XX
XXI.1.1/VI g/Pigeon/Egypt/73/OP/G29/2019 (KY042132)
XX1.2/V! i/dave/Italy/11RS98/102VIR/2011 (IN638234)
1001 X X1.2/V! i/Turtles/DOVE/ltaly/10VIR7155/2010 (KU377533)
VI1.1/VI b/domestic fowl/Great Britian/GB1168/1984 (AF109885)
VI.1/VI b/pigeon/china/s/1/2002 (FI865434)
1o~ V1.2.2,2/VI e/pigeon/china/100/2008 (1X244794)
VI.2.2.2/VI e/pigeon/china/LIS/1/2004 (KI607163)
V1.2.2.1/VI f/pigeon/USA/12339/1998 (IN872182)
V1.2.2.1/VI f/pigeon/USA/101/2001 (JX901312)
V1.2.1.2/VI h/pigeon/Nigeria/NIE09/1898/2009 (HG326604) Vi
V1.2.1.2/VI h/Laughing dove/Kenya/B2/lIsiolo/2012 (JX518532)
100V1.2,1.1.1/VI a/pigeonlUSA/PAB10/2008 (1X902367)
VI.2,1.1.1/VI a/pigeon/USA/N)/721/2007 (JX901351)
V1.2.1.1.2.1/VI j/pigeon/Belgium/284 (1X901110)
V1.2.1.1.2.1/VI j/pigeon/china/LHLI/110813/2013 (IX485553)
VI.2,1.1.2.2/V1 k/pigeon/china/SH/167/2013 (KT163262)
VI.2.1.1.2.2/VI k/pigeon/china/Ningxia/2068/2016 (MG840654)

10 XIX/V a/cormorant/USA/W1/272409/2003 {IN942024) XIX
I:xlx,"v afcormorant/USA/FL/41105/2012 (KC433530)

= =V1/V b/parrot/USA/coast/8278/1982 (IN872189)
V.1/V bffighting cock/Nicaragua/95066/9/2001 (IN942027) \
= V.2/V c/EU518684/Chicken/Mexico/Estado d Mexico/466/2006 (EU518684)
100 V.2/V c/chicken/Mexico/NC04/635/2010 (JQ697744)
VIV chicken/Argentina/Trenque Leuguen/1970 {AY734534) VIl
iVIIIfVIII/CHICKEN/CH\NA_/‘th,t’lB?Q (FI751918)
XVI/XV1/chicken/Dominican Republic/28138/4/1986 (1X915242) XVI
XVI/%VI/chicken7Dominican Republic/867/2008 (1X186997)
e XI/XI/chicken/Madagascar/MGMNJ/2009 (JX518882) X|
XI/XI/chicken/Madagascar/MGS1595T/2011 {JX518884)
s M/ /avian Mukteswar/1940 (EF201805 N
1I/1l/chicken/Pakistan/SPVC/Karachi/1/1974 (GU182327)
.y IX/1%/chicken/china/F1/1/1985 (AF458008) | IX
- IX/1%/chicken/china/FA8E8/1948 (F1436302)

1.1.1/1 a/chickem’Austrang 1334/2002 A\’935490?5
1.1.1/1 a/chicken/Austrralia/99/868/hi/1999 (AY935495)

v 1.2/1 bjduck/Russia/FarEast/2713/2001 (AY965079)
£ 1.2/1 b/spur winged goose/Nigeria/NIE08/121/2008 (HG326605)
1.1.2.2/1 d/northern pintail/USA/AK/44500/136/2009 (KC503476)
Tw11.1.2.2/1 d/redpoll/Russia/Nikita/530/FFNK2/2008 (KC503479)
1.1.2.1/1 ¢/redknot/USA/NI/A/101/1383 /2001 (EF564816))
Ton 1.1.2.1/1 ¢/gull/Russia/Tyva/14/2014 (KX352834)
- 11/1l/chicken/USA/Lasota/1946 (AF077761) Il
11/1l/chicken/USA/Hitchner/B1/1947 (IN72151)
= a0 X/X a/mottled duck/USA/TX/130/2011 (FI705468)
X/X a/Redhead/USA/ndv42/Al09/4117/2000 (KX857716) X
T X/X bfmallard/99/376/1998 (FI705466)
10— X/X b/mallard/USA/MN/AI10/3434/2010 (KX857721)

8]

Figure 1. Phylogenetic tree of NDV strains based on the nucleotide sequence (42—1604) of the F gene. The tree was constructed
using maximum likelihood method based on the Kimura 2-parameter model with MEGA7 program (Kimura, 1980). The analysis
involved 121 nucleotide sequences and according to the criteria proposed by Dimitrov et al. (2019). Bootstrap >60% was applied
for defining node. Black circle indicates the studied isolate.
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MH247186 Chicken/lran/MAMS52/17 VIII
MH247187 Chicken/lran/MAMSS/17 VIII
MH481361 Chicken/lran/MAME8/17 VIII
MH247185 Chicken/Iran/MAM31/17 VIII
WMK659699 Chicken/lran/CI3/17
MH247184 Chicken/Iran/MAM19/17 VIII
W MK659698 Chicken/lran/C16/17
MH481362 Chicken/lran/MAMT2/18 VIII
W MKB59694 Chicken/lran/CR5/17
MH481363 Chicken/Iran/MAMB1/18 VIII
W MKB59695 Chicken/Iran/CI9/18
M MKE59696 Chicken/lran/CI1/17
_I KU201411 Chicken/lran/SMV4/12 VIII
31 KU201412 Chicken/lran/SMV5/12 VI
KU201410 Chicken/Iran/SMV3/11 VI
rKU201413 Chicken/Iran/SMV6/12 VII
91|+ KU201408 Chicken/lran/SMV1/11 VIII
— KU201414 Chicken/lran/SMV7/13 VIII
KU201409 Chicken/Iran/SMV2/11 VIl
KU201415 Chicken/Iran/SMV8/12 VI
so KP064019 Chicken/china/SD/25/13 V]
22 KU933949 Duck/China/Guizho/S52/15 VIIj
KJ136258 Chicken/china/JLJT/12 VIIj
KJ136259 Duck/China/JLQG/3 VIIj VILT
as | — KJ525709 Chicken/china/SD/BD/10 Vilb
KC542904 Chicken/china/Shandong/01/09 Vb
98| KC542899 Chicken/chinalJilin/01/08 Vilb
KJ525687 Chicken/china/SD/XT/09 ViIb
DQ227253 China/SPY03/03 Vlid
o FJ480776 Rlbu(buzzard)/China/hlj013/06 VIld
7| | EF592508 Mallard/China/HLJ78/08 VIld Vil
97 L FJ480788 wild bird/China/HLJ001/06 VIld
as AY325799 China/YN/C1/03 Vlle
DQO67447 Chicken/China/GX1/00 Vlle
%8| DQ485258 Chicken/China/Guangxi4/00 Vlle
951DQ485256 Chicken/China/Guangxi2/00 Vlle

GQ338309 China/ND/03/018/09 VIIf
’~AY028995 Chicken/China/CHA701 VIIf

62

83

100 | AF140343 China/NDV/99 VIIf
AF458010 Chicken/China/LZ/NDV/F/99 VIIf
KY747479 Chicken/Namibia/5620/16 Vilk
T KY747480 Chicken/Namibia/6195/16 VIlk
76| |KY747482 Chicken/Namibia/6403/16 VIlk
991 KY747484 Chicken/Namibia/7362/16 Vilk
it JX193074 Egret/China/Guangxi/11 Vilh
T51KU175232 Chicken/China/Guizhou/1176/12 Vilh
KU175230 Chicken/China/Guizhou/1031/12 Vilh
KU175231 Chicken/China/Guizhou /1032/12 Vilh Vil.2
KX496967 racing pigeon/Pakistan/Lahore/24A/1085/15 VIli

KF 113352 Chicken/Pakistan/766/12 VIli
100 |KF 113344 Chicken/Pakistan/758/11 VIli
KX496962 wild pigeon/Pakistan/20A/996/15 VIli

FJB08337 Chicken/China/QG/Hebei/07 Viig
—4 ,—DQ417112 China/SRZ03/03 Vilg
[ |GQ894433 Chicken/China/XD/Shadndong/08 Vilg

100
100lF 1508347 Chicken/China/XD/Shandong/08 Vlig

00z

Figure 2. Phylogenetic relationships of the nucleotide sequences of VII genotype of NDV isolates based on sequences of F
gene. The evolutionary history was inferred by using the Maximum Likelihood method based on the Kimura 2-parameter model
(Kimura, 1980). Tree construction was done using the Neighbor Joining method with the maximum composite likelihood substi-
tution model (500 replicates) in MEGA7. The viruses obtained in this study are marked with squares.
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Table 2. Estimates of evolutionary diversity among sub-genotypes of genotype VII based on partial coding sequences of the F
gene

VI VIid Vlle VIIf Vilg VIIi VIIj VIIk VIIh VIIb .Our

isolates

Xl{lll6) 0.0063 0.0072 0.0091 0.0175 0.0126 0.0086 0.0134 0.0114 0.0077 0.0023

VIId

(n:36) 0.0403 0.0044 0.0068 0.0153 0.0113 0.0063 0.0118 0.0102 0.0050 0.0068

XII.IIZ) 0.0445 0.0258 0.0062 0.0156 0.0107 0.0073 0.0110 0.0095 0.0058 0.0077

VIIf

(n:5) 0.0565 0.0370 0.0280 0.0153 0.0108 0.0089 0.0108 0.0098 0.0077 0.0095

XIHSg) 0.1859 0.1633 0.1628 0.1570 0.0181 0.0163 0.0167 0.0164 0.0161 0.0178

?:11'1310) 0.0951 0.0812 0.0725 0.0691 0.1817 0.0129 0.0132 0.0112 0.0118 0.0131

X11°12J3) 0.0614 0.0431 0.0464 0.0572 0.1760 0.1001 0.0125 0.0116 0.0047 0.0090

VIIk

(n:5) 0.1061 0.0926 0.0811 0.0766 0.1764 0.0982 0.1022 0.0114 0.0117 0.0137

VIIh

(n:14) 0.0871 0.0721 0.0641 0.0588 0.1737 0.0811 0.0869 0.0900 0.0110 0.0117

VIIb

(n:28) 0.0474 0.0278 0.0312 0.0427 0.1681 0.0842 0.0274 0.0906 0.0752 0.0081

g(l)lll;ltes 0.0098 0.0422 0.0467 0.0580 0.1880 0.0972 0.0635 0.1069 0.0886 0.0439

Table 3. Comparison of studied isolates and other Iranian NDV isolates

Neutralizing epitopes

a Cleav-
e age site 1 la-
Isolate 2 & Cysteine residue G'y cosy'a 0
2 2RRQ tion site 9 9 9 9 I o
= 17 () £ wn (= 2} \© o [7%)
®  KRF =
SI-
Studied VI .. .K. 76,199,338,347,362,370,39  85,191,366,4 D E A K S g:\l;g L
isolates 1l . 4,399,401,424,523 47,471 EV.
TNG

CK/IR/ SI-

Iran- XI AATN
P K TSI SR L Lyt
Q267585) d I TE D P EV-

2008 TDG
Ck/Iran- XI SI-

.. K. AATN
EMM/3 II 76,199,338,347,362,370,39  85,191,366,4 D E A K A FEAVH L
JQ26758  d ' 4,399,401,424,523 47,471,541 V.
3) 2009 DG
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Neutralizing epitopes

a Cleav-
© age site -
Isolate 2 8 Cysteine residue Gl.ycos.yla "
<  2RRQ tion site 94 a9 a9 g 4 4 0
g KRFl” N EN 9] L N=] 5 >
CK/IR/NR  XI AiIT-N
-6 Il . R..
; 76,199.338,347.362,37039 851913664 . o aupg L
(KC16198 4,399,401,424,523 47,471 BV,
1) 2010 DG
CK/Iran- _
XI SI
EMM/5 . AATN
76,199,338,347,362,370,39  85,191,366,4
Q26758 7T B B 77" D E A K A EAVH L
1) 2011 4,399,401,424,523 47,471, 541 Ev.
TDG
CK/IR/S K AiI%N
MV-3 VI S 76,199,338,347,362- 851913664 0 o o EAVH L
(KU20141 11 370,394,399,401,424,523 47,471,541 v
0) 2011 NG
cry AT
SMV-2 I 76,199.338,347.362.37039  85191.3664 . o aun L
(KU20140 11 4,399,401,424,523 47,471,541 iy
9) 2011 NG
CKIR/ AiIT-N
NR_98 i 76,199,338,347,362- 851913664 o« A EAVH L
(JX12980 370,394,399,401,424,523 47,471 V.
9) 2012 NG
CK/IR/ AiI%N
SMV-5 VI 76,199.338,347.362.37039  85191.3664 . o o L
(KU20141 11 4,399,401,424,523 47,471,541 ey
2) 2012 NG
am i
NR_87 i 76,199.338,347362,37039  85,191.3664 o o, EAVH L
(JX12980 4,399,401,424,523,536 47,471 Ev.
1) 2012 NG
CK/IR/ A/S\I”l-"N
SMV-8 VI 76,199,338,347,362,37039  85,191,3664 . oL
(KU20141 11 4,399,401,424,523 47,471,541 BV,
5)2013 NG
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Neutralizing epitopes
a Cleav-
o) age site -
Isolate H & Cysteine residue Gl‘ycos‘yla N
2 I2RRQ tion site Q4 9 9 49 = N '
= " N A& U \© LN 5
® KRF -
SI-
CK/IR/
VI K
1392k Ij 76,199,338,347,362,370,39  85,191,366,4 D E A K A g:\l;g L
(KJ17699 4,399,401,424,523 47,471 EV.
6) 2013 TNG
CKIRNR  XI SI-
AATN
-10 o .. R..
76,199,338,347,362,370,39  85,191,366,4 D E A K A EAVH L
(KC16198 d 4,399,401,424,523 47471 EV.
4) 2014 TDG
SI-
CK/IR/
vl .. K.
MSH-1 d 76,199,338,347,362,370,39  85,191,366,4 D E A K A S:‘\"I;E L
(MG5198 4,399,401,424,523 47,471,541 EV.
55) 2015 TNG
SI-
CK/IR/
vl .. K.
MSH-2 1d 76,199,338,347,362,370,39  85,191,366,4 D E A K A gﬁ;ﬁg L
(MG5198 4,399,401,424,523 47,471,541 EV.
56) 2015 TNG
SI-
CK/IR/
vl .. K.
MSH-3 . 76,199.338,347.362,370.39  85,191.3664 o gﬁ\TIE L
(MG5198 4,399,401,424,523 47,471,541 EV.
57) 2015 NG
SI-
CKR/ VI .. K. AATN
Maz15 Tj 76,199,338,347,362,370,39  85,191,366,4 D E A K A EAVH L
(KY20574 4,399,401,424,523 47,471,541 EV.
2) 2015 TNG
SI-
CK/IR/
vl .. K.
Behshahr Ij 76,199,338,347,362,370,39  85,191,366,4 D E A K A gﬁgﬁ L
(KX26835 4,399,401,424,523 47,471,541 BV,
1) 2015 TNG
CK/IRM SI-
AM68 VI 76,199,338,347,362,370,39  85,191,366,4 D E A K A EAVH L
(MH4813 Il 4,399,401,424,523 47,471,541 EV.
61) 2017 TNG
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Neutralizing epitopes

a Cleav-
e age site -
Isolate 2 . f Cysteine residue Gl.ycos.yla N
‘2 RRQ tion site N Q N N N Tl z
= N & QO o O N 5
& KRF117 =]
[a—
CK/IR'M SI-
AATN
AMS2 VI 76,199,338,347,362,370,39  85,191,366,4 D E A K A EAVH L
(MH2471 1l 4,399,401,424,523 47,471,541 EV.
86) 2017 NG
CK/IR/M SI-
AMS5 AATN
VI 76,199,338,347,362,370,39  85,191,366,4 D E A K A EAVH L
(MH2471 1l 4,399,401,424,523 47,471,541 EV
87) 2017 NG

All the isolates carried multi-basic amino
acid residues at the cleavage site of fusion pro-
tein, at positions 115 and 116 plus a
phenylalanine at position 117, typical of viru-
lent strains (OIE, 2012). The comparative
analysis of amino acid sequence at neutralizing
epitopes exhibited that mostly all studied
NDVs had conserved amino acid compared to
other Iranian NDV isolates. Exceptionally, our
studied NDVs contained unique amino acid S
(Serine) at residue 79, whereas all previously
reported isolates from Iran had amino acid A
(Alanine) in this corresponding residue. Fur-
thermore, patterns of potential glycosylation
sites and cysteine amino acid residues were
conserved in all NDVs.

Discussion

In the current study, we aimed to characterize
NDVs that are responsible for neurological
symptoms during ND outbreaks in commercial
and rural chicken farms in northern Iran. All af-
fected farms had neurological symptoms, and
commercial farms had been routinely vac-
cinated against NDV. During the study period,
48% of farms (12 out of 25) were detected pos-
itive for NDV by RT-PCR. Randomly, five
isolates were chosen for nucleotide sequencing
and virus genotyping.
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BLAST search and multiple alignments
showed that all of the present isolates had a
high nucleotide identity (96%) with viruses re-
ported from Republic of Korea, China,
Bulgaria, and Ukraine (Liu ef al. 2019). Annu-
ally migratory birds begin their migration from
Siberia and Central Asia in autumn. The birds
fly across the Caspian Sea to spend winter in
wetlands of northern areas of Iran (Galbraith et
al., 2014). Close contact of backyard chickens
with the migratory birds may pose the risk of
transmitting new sub-genotypes of NDV. It
seems the potential ability of migratory birds in
virus dissemination to long distance areas is of
great significance.

In the present study, the phylogenetic analy-
sis revealed that all five studied isolates were
closely related to each other and belonged to
sub-genotype VIL.1.1 (VIIl) within genotype
VII. Genotype VII viruses originated from the
Far East in the 1980s and had spread to other
regions such as Asia, Europe, South Africa, and
South America in the 1990s. According to the
reviewed amino acid motifs and pathotyping in
a recent study, all genotype VII viruses were
velogenic (Miller et al., 2015). Now, genotype
VII viruses are mostly prevalent in Newcastle
disease outbreak in Asia and Middle East (Rad-
wan et al., 2013). Historically, genotype VII
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has been reported in Iran since the middle of the
1990s (Ebrahimi et al., 2012; Samadi et al.,
2014). Later, the genotype analysis revealed the
presence of VIIb, VIId, VIig, VIIi, VIIj, and
VIII sub-genotypes (Hosseini et al., 2014;
Esmaelizad et al., 2017; Jabbarifakhar et al.,
2018; Ghalyanchi langeroudi et al., 2018; Sab-
ouri et al., 2018; Molouki et al., 2019). Prior
studies have proposed sub-genotype VIII vi-
ruses were driven from sub-genotype VIId and
circulated in Iran for at least one decade (Sab-
ouri et al., 2018; Molouki et al, 2019).
Regarding phylogenetic analysis, our isolates
had the highest genetic relationship with strains
Ck/IR/MAMS1/2018, Ck/IR/MAM72/2018,
and Ck/IR/MAM19/2017 that have been re-
cently isolated in Boushehr, Isfahan, and West
Azerbaijan, respectively (Molouki et al. 2019).

Evolutionary diversity presented a close dis-
tance with sub-genotype VIIl. Furthermore,
they presented high levels of nucleotide and de-
duced amino acid (97-99%) homologies with
other members of sub-genotype VIII that were
reported from commercial and backyard poul-
try of Iran by Molouki e al. in 2019 (data not
shown). Regarding the abovementioned, the
hypothesis that viruses may derive from the
same ancestor is reinforced. On the other hand,
these viruses were isolated from different geo-
graphical regions that were relatively far from
each other. These pieces of evidence might in-
dicate sub-genotype VIII is currently spreading
all over Iran.

As shown in Table 3, all studied isolates
shared similar virulent cleavage site motif ('
RRQKRF"7) like other reported NDV geno-
type VII, especially the recent sub-genotype
VIII, indicating the circulation of velogenic vi-
rus in the country. In addition, the presence of
the phenylalanine (F) residue at position 117
was described as a possible contributor to the
neurological effects (Collins et al., 1993). As
previously mentioned, studied farms had neu-
rological symptoms. Figure 2 shows a close
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relationship between our isolates and some re-
cently reported isolates from Iran with Chinese
isolates. Trade and economic exchanges be-
tween Iran and China have developed in the last
decade. Agricultural imports from China, there-
fore, may have contributed to the transmission
of the virus.

Traditionally, Iranian poultry industry has
applied a combination of genotype II (i.e., B,
LaSota, and Clone 30) and genotype I (V4)
vaccine strains to prepare an adequate immune
coverage against ND. Despite this extensive
vaccinnation program, ND still remains en-
demic throughout Iran and is concerned as a
continual major threat to both rural and com-
mercial poultry flocks. According to the results,
the F gene nucleotide homology between stud-
ied viruses and those abovementioned for
vaccine strains ranged between 82.97 to
83.88%. Furthermore, studied viruses shared
high and less sequence identity with LaSota
and B strains, respectively (data not shown).
From the view of antigenic variation, studied
viruses displayed conserved neutralizing
epitopes compared to other studied NDV geno-
type VII and vaccine strains. But, only one
exception was observed. Studied viruses con-
tained unique amino acid S (Serine) at residue
79 compared to others. This variation might
have been a possible reason of low efficiency
of NDV vaccines. Regardless of antigenic var-
iation, other factors, including cold chain
failure and poor vaccination procedures (poor
quality of vaccine, interference of maternal an-
tibody, inadequate vaccine dose), can lead to
insufficient immunity and vaccination failure.

Conclusion

In summary, it can be concluded that sub-
genotype VIII is to be a problem in poultry in-
dustry in northern Iran. Furthermore,
phylogenetic analysis of the F sequence re-
vealed that the isolated virulent strain is
genetically distant from the lentogenic LaSota
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and B1 strains. Therefore, it seems a contempo-
rary homologous virus should be applied as the
vaccine strain to prevent outbreaks of genotype
VII virus.
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