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Newcastle disease virus (NDV) sub-genotype VII.1.1 is the most common circulating NDV in
Iran. In this study, a velogenic NDV isolate was plaque purified and then characterized
according to Office International des Epizooties (OIE) standard protocols. The biological
properties of the purified isolate named CH/RT40/IR/2011 were characterized using
sequencing and phylogenetic analysis, measurement of pathogenicity indexes and challenge
studies. The isolate was plaque purified on chicken embryo fibroblast cells for three rounds and
then characterized using molecular and biological approaches. Phylogenetic and evolutionary
distance analysis of fusion and hemagglutinin-neuraminidase genes classified the virus in sub-
genotype VII.1.1. No mutation was observed in the glycosylation and neutralizing epitope sites
of the fusion and hemagglutinin-neuraminidase proteins compared to other reported Iranian
NDV VII.1.1 isolates. The presence of the 112RRQKRF117 motif in the fusion protein cleavage
site together with mean death time, intracerebral pathogenicity index and intravenous
pathogenicity index of 57 hr, 1.80 and 2.50 respectively, revealed that the RT40 isolate was a
velogenic NDV. In the challenge study, all chickens were inoculated via eye drop, and intranasal
route with RT40 isolate died within a week. While all chickens in the vaccinated and challenged
group survived and showed no clinical signs. In conclusion, according to genetic analysis,
pathotyping and challenge study, the RT40 isolate was similar to virulent NDVs in Iran and was
a suitable candidate for a national standard challenge strain, vaccine trials and vaccine
production in commercial levers.

© 2023 Urmia University. All rights reserved.

Introduction

Based on the three different pathogenicity, the indexes
for NDVs included: Mean death time (MDT), intracerebral

According to the latter category of the international
committee on taxonomy of viruses (ICTV), Newcastle
disease virus (NDV) belongs to avian genus avian
orthoavulavirus 1 (AOAV-1), commonly known as avian
paramyxoviruses 1 (APMV-1) or NDV.! Newcastle disease
(ND) is a notifiable viral disease of poultry for Office
International des Epizooties (OIE) because of the virus
potential to cause significant economic losses in poultry
industry.2 The NDV, the causative agent of ND, is endemic
in many developed and developing countries.23 It is a
negativesense, single-stranded, non-segmented, an
enveloped RNA virus that its genome encodes six structural
proteins: nucleoprotein (NP), phosphoprotein (P), matrix
protein (M), fusion protein (F), hemagglutinin-neuramin-
idase (HN) and RNA-directed RNA polymerase (L).#
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pathogenicity index (ICPI) and multiple basic amino acids
at the fusion protein cleavage site (FPCS). The NDVs are
classified into three main pathotypes: apathogenic
(lentogenic), intermediate (mesogenic), and highly
pathogenic (velogenic).25 Although the molecular basis for
NDV pathogenicity is a polygenic trait, the F gene plays the
leading role in virulence.® Fusion and HN glycoproteins are
located at the surface of the NDV envelope. Epitope
mapping studies identified several antigenic sites on F and
HN proteins related to antibody recognition.”

The latest NDV classification system for different
genotypes and sub-genotypes was developed by Dimitrov
et al! The NDVs in genotype VII, especially the sub-
genotypes of VIL.1.1 and VIL2 are responsible for the
fourth and fifth NDV panzootic.!
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Several studies have been conducted in Iran for the
genotyping of circulating virulent NDVs. A review of these
studies showed that NDV sub-genotype VIL.1.1 was the
most prevalent sub-genotype in the country over the past
years.8? It is noteworthy that these viruses were
mentioned under sub-genotypes of VIIb, VIId, VIIj, and VIII
before the new phylogenetic classification method was
introduced81®  With the updated phylogenetic
classification system, these viruses were classified in NDV
sub-genotype VIL1.1.1 Despite the gradual evolution of
NDV into new genotypes, the vaccine seeds have not been
updated since the early ND vaccine development in the
1950s. However, the traditional vaccines (LaSota, B1 and
V4 vaccines) still induce a significant immune response
and protection against ND viruses genotype VIL1112
Although several challenge viruses are available world-
wide to evaluate vaccines, the best challenge virus to
assess vaccines in the case of immune responses and virus
shedding is use of the virus circulating in the region.13

Considering that vaccination is essential in preventing
the disease, this study was conducted to introduce a
national challenge strain originating from common
virulent NDV in Iran. The purified isolate can be used in
vaccine trial studies for commercially available or newly
introduced NDV vaccines.

Materials and Methods

Virus. The virus was selected from the virus bank in
the Razi Vaccine and Serum Research Institute (RVSRI).
The virus, named CH/RT40/IR/2011, was isolated from
brain samples of a broiler flock with high mortality during
a provincial project to characterize NDV in northeast Iran
during 2011 - 2013. At that time, it was shown that the
RT40 isolate belonged to NDV sub-genotype VIId based on
phylogenetic analysis using the partial F gene.1# The isolate
was sub-cultured once in the allantoic fluid of 10day-old
specific pathogen-free embryonated chicken eggs (SPF-
ECE; Venkateshwara Hatcheries, Bangalore, India). The
allantoic fluid with hemagglutination (HA) activity was
pooled and stored at - 80.00 °C for further analysis.

Chick embryo fibroblast cell culture. The NDV can
be infected and grown on many cell lines, however, host
cells are the best cell to replicate for any virus. Chick
embryo fibroblasts cells derived from 11 day-old SPF-ECE
were grown in 75.00 cm? flasks containing Dulbecco's
modified Eagle medium (DMEM; Gibco, Grand Island,
USA), 10.00%, fetal bovine serum (FBS), 0.30% Tryptose
phosphate broth (Difco, Rockville, USA), 100IU mL+1
penicillin, and 100 mg mL1 streptomycin (Gibco). The cells
were grown at 37.00 °C in a 5.00% COz incubator. The cells
were sub-cultured in the six-well plates for plaque
purification assay. The project was found to be in
accordance to the ethical principles and the national
norms and standards for conducting animal research in

Iran and animals were maintained according to the
guidelines set by the Iranian Council of Animal Care (Guide
to the Care and Use of Experimental Animals, 1. IUT, Iran).

Plaque purification. A six-well plates with 90.00%
cell confluency were washed three times with Hank's
buffer. The RT40 was diluted with DMEM (10-4- 10%) and
each well was infected with 0.50 mL of each dilution. One h
was allowed for virus absorption with rocking at 15 min
intervals in a 37.00°C incubator with 5.00% CO:. Following
the viral suspension removal, the cells were rinsed with
Hank's buffer three times. Then, 5.00 mL of melted
(50.00°C) overlay medium with 3.00% FBS and 0.30%
purified agarose (Roche, Mannheim, Germany) was
poured into each well. The overlay medium was allowed to
solidify for 20 min at room temperature before keeping in
a humidified 37.00°C incubator with 5.00% CO2 for 5 days.
The plaque assay was carried out for three rounds by the
plaque-to-plaque method. The picked-up virus from the
third round was diluted in 1x sterile phosphate buffered
saline (PBS) and was propagated in 10day-old SPF-ECE.
The harvested virus was stored at - 80.00 °C as a stock
virus for future experiments.

Mean death time. For MDT examination, 25
embryonated SPF eggs were inoculated with 0.10 mL of a
series of 10-fold dilutions (105 - 109) of fresh infective
allantoic fluid of RT40. The same procedure was done
eight hours later. As well, 10 eggs were inoculated with
0.10 mL sterile PBS as the control group. The eggs were
incubated in a hatching machine and examined three times
daily for seven days. The highest dilution that killed all
embryos was considered the minimum lethal dose. MDT
was the meantime in hours for the minimal lethal dose
(MLD) to kill embryos.25

Intracerebral pathogenicity index. To determine
ICPI, ten one-day-old SPF chicks were injected intra-
cerebrally with 0.05 mL of a 1:10 dilution of filtered fresh
infective allantoic fluid having more than 24 HA units. The
chicks were examined daily for clinical signs and mortality
for eight days. Each chick was scored zero if normal, one if
sick and two if dead at each observation. For negative
control, 10 chicks were injected with 0.05 mL PBS and
separately housed. The ICPI was determined as the mean
score per bird over the eight days.2>

Intravenous pathogenicity index. For [VPI assay, ten
6-week-old SPF chickens were injected intravenously with
0.10 mL of freshly collected infective allantoic fluid with
HA titer of more than 24 and diluted 1:10 in sterile PBS.
Then, the chickens were examined daily and scored zero if
normal, one if sick, two if paralyzed and three if dead at
each observation. IVPI was the mean score per bird per
observation within 10 days.2

Reverse transcription polymerase chain reaction
(RT-PCR) of F and HN whole genes. Viral RNA was
extracted using the high pure viral nucleic acid kit (Roche).
A reverse transcription reaction was performed using viral
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RNA, a gene-specific primer and superscript II RT mix
(Invitrogen, Paisley, UK). One pair of specific PCR primers
was designed to amplify each whole gene based on the
available NDV sequences from GenBank (F: 5'-GAGGCATG
CCATTGCCATTGCTAAAT -3' and R: 5'-CCTCATTCTCCA
GCACGACT-3' for F gene, F: 5'-ATCCGTTCTACCACATCACC-
3" and R: 5'-TCTTCCATTGCCTGCTGATA-3' for HN gene).
Complete open reading frame (ORF) of F and HN genes
were amplified by Speed STAR HS DNA polymerase
(Takara Bio, Otsu, Japan) with the following thermocycling
conditions: Initial denaturation of 5 min at 94.00 °C,
followed by 37.00 cycles of 15 sec at 94.00 °C, 15 sec at
55.00 °C, 2 min at 72.00 °C and a final extension step of 10
min at 72.00 °C. PCR products were analyzed by electro-
phoresis with 1.00% agarose gel and purified from the gel
using a high pure PCR product purification kit (Roche).
Cloning and nucleotide sequencing. The purified
PCR products were ligated into pTZ57R/T cloning vector
by T/A cloning strategy (Thermo Fisher Scientific, Bremen,
Germany).Escherichia coliDH5a competent cell preparation
and transformation steps were followed as described by
Sambrook and Russell methods.!> After transforming the
recombinant vectors into competent E. coli DH5a cells, the
bacterial clones harboring recombinant plasmid DNA
were screened based on colony-PCR. The positive colonies
were propagated in liquid LB media. The plasmids were
purified using the high pure plasmid isolation kit (Roche)
and confirmed by restriction sites enzyme digestion before
sequencing. Sequencing was performed using the Sanger
method (Bioneer, Daejeon, South Korea) in both directions
using M13F, M13R and two pairs of overlap-specific
primers designed for each gene. The achieved sequences

from both genes were assembled using the software
package CLC workbench (version 5.5; Qiagen, Hilden,
Germany) and Bioedit (version 7.0; Ibis Therapeutics,
Carlsbad, USA). The nucleotide sequence of the F and HN
genes were submitted to GenBank® (Accession Number:
MZ463065 and MZ463066).

Phylogenetic analysis, evolutionary distance
estimation, glycosylation site and neutralizing epitopes
comparison. The nucleotide sequences were used to find
similar sequences using Basic Local Alignment Search Tool
(BLAST). The substantiality of the genetic grouping and
topology of a phylogenetic tree was affirmed by comparing
F and HN whole gene nucleotide sequences of RT40 and
published sequences relevant to class II NDVs that are
available in GenBank. Iranian NDVs of sub-geno-types VII
and LaSota vaccine thatis highly used in Iran were analyzed
in a phylogenetic tree. The phylogenetic tree for the F
(1,662 nt) gene was constructed based on the ORF based
on the new classification! using MEGA Software (version
6.0; Biodesign Institute, Tempe, USA). The Maximum-
likelihood method based on the general time-reversible
(GTR) model was employed. The codon positions included
were 1st, 2nd, 3rd and noncoding. All positions containing
gaps and missing data were eliminated. Also, another
phylogenetic tree for HN (1,716 nt) gene was constructed
based on the ORF using the same software and same
analysis program. The glycosylation sitel® and neutralizing
epitopes!’718 were analyzed for F and HN proteins
compared to other viruses of class Il similar to RT40. To
confirm the result of the phylogenetic tree, evolutionary
distance values of the F gene between RT40 and NDVs of
different genotypes were determined (Table 1).

Table 1. Estimate genetic distance between F nucleotide sequences (1,662 bp) of RT40 and other known NDV strains in class II. Values

within the parentheses are the number of analyzed sequences.

Genotypes Genotypes
I I 1 v Vv VI Vvll Vvl IX X XI XII XII XIV XVI XVII XVIII XIX XX RT40
1(n=109)
II (n=13) 0.115
III (n=4) 0.099 0.120
IV (n=6) 0.114 0.130 0.089
V (n=35) 0.162 0.1750.144 0.135

VI(n=230) 0.1770.1850.162 0.145 0.142
VII (n=728) 0.172 0.195 0.156 0.144 0.145 0.130

VIII (n=4) 0.142 0.1530.1250.113 0.1150.120 0.128

IX (n=5) 0.102 0.113 0.077 0.092 0.144 0.162 0.157 0.123

X (n=20) 0.106 0.104 0.118 0.129 0.177 0.186 0.185 0.155 0.114

XI(n=11) 0.1800.198 0.165 0.135 0.194 0.214 0.221 0.185 0.154 0.199

XII (n=18) 0.176 0.201 0.162 0.149 0.140 0.122 0.111 0.127 0.164 0.188 0.222

XIII (n=57) 0.1720.193 0.161 0.148 0.144 0.136 0.115 0.129 0.158 0.186 0.214 0.106
XIV (n=63) 0.2030.2320.199 0.177 0.165 0.160 0.138 0.151 0.202 0.213 0.257 0.126 0.131

XVI (n=4)

0.187 0.192 0.169 0.158 0.088 0.159 0.157 0.135 0.167 0.197 0.220 0.164 0.161 0.185

XVII (n=68) 0.160 0.180 0.148 0.131 0.141 0.154 0.161 0.124 0.148 0.171 0.211 0.157 0.157 0.184 0.166
XVIII (n=13) 0.164 0.195 0.162 0.150 0.143 0.140 0.123 0.134 0.159 0.191 0.207 0.109 0.110 0.120 0.163 0.167
XIX(n=29) 0.1720.1950.162 0.149 0.143 0.129 0.116 0.131 0.158 0.187 0.210 0.105 0.107 0.122 0.163 0.161 0.094

XX (n=15)

0.151 0.168 0.139 0.124 0.121 0.089 0.115 0.103 0.137 0.172 0.196 0.115 0.121 0.149 0.144 0.135 0.122 0.117

XXI (n=46) 0.177 0.194 0.165 0.151 0.148 0.104 0.135 0.129 0.163 0.194 0.219 0.138 0.144 0.165 0.166 0.163 0.150 0.141 0.095
RT40 0.176 0.197 0.159 0.144 0.148 0.135 0.054 0.113 0.160 0.184 0.223 0.113 0.123 0.149 0.159 0.166 0.130 0.123 0.117 0.138
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Challenge experiment. Twenty SPF chickens hatching
from SPF chicken embryonated eggs (Venkateshwara
Hatcheries, India) were divided into two groups of 10 and
kept in separate rooms in a laboratory animal facility with
ad libitum feeding and animal handling based on
laboratory animal care guidelines. Vaccination for one of
the groups was performed using an inactivated ND vaccine
containing the LaSota strain (Razi Vaccine and Serum
Institute, Karaj, Iran) at the age of 21 days. The RT40 was
diluted in PBS to obtain an EID50 titer of 107 in 1.00 mL.
Then, for both groups, 100 pL of RT40 per bird was
inoculated through the eye and nose at the age of 42 days
and the chickens were monitored until 76 days of age.

Results

Plaque purification. Virus plaques were observable
with an inverted microscope in 10x magnification on the
second day and naked eyes on the four-day post-infection.
Four days post-infection, the segregated plaques were
formed in three different sizes of 0.50, 1.00 and 2.00 mm
diameter at dilutions of 106 - 108. A large plaque (~2.00
mm diameter) was selected and resuspended in 0.50 mL
PBS and then diluted to 10 - 10-8. All plaques emerged in
the second and third purification rounds were in the same
size (2.00 mm diameter). After replicating the virus
resulting from the third round of plaque purification in
SPF ECE, the viral HA titer in the allantoic fluid was 1:512.

Pathogenicity tests of RT40. The results of
pathogenicity tests including MDT, ICPI and IVPI were
57.00, 1.80 and 2.50, respectively. These values indicated
that RT40 was velogenic.

Phylogenetic and evolutionary distance analysis of
RT40. The sequence of the F protein cleavage site
contained the typical virulence motif 112RRQKRF117.
Phylogenetic tree construction was performed using the F
whole gene nucleotide sequence of RT40 and NDV strains
belonging to class Il (available in the GenBank database). It
was found that RT40 belonged to sub-genotype VIL1.1 of
genotype VII and was located in a sister branch with
isolate SMV-3 (KU201410), (Fig. 1). In another phylo-
genetic tree, RT40 was compared to other viruses isolated
from different provinces of Iran and neighboring countries
(Fig. 2A). The result of the second tree showed that RT40
had the highest similarity (98.90 - 99.30%) with the other
Iranian NDV strains of sub-genotype VIL.1.1 (Fig. 2A). The
result from the phylogenetic tree construction of the HN
whole gene showed that RT40 belongs to sub-genotype
VIL.1.1 (Fig. 2B). The F gene based evolutionary distance
analysis between RT40 and 1,477 NDV strains from all
genotypes [- XXI (genotype XV is a recombinant genotype
and was not included in this analysis) was performed (Fig.
1). It was observed that there was a genetic distance of less
than 10.00% only with genotype VII, which confirmed the
presence of RT40 in this genotype. It was found that the

genetic distance based on the F whole gene between the
RT40 (genotype VII) and common vaccine strains
(genotype I, IT) was 82.90 - 83.40%.

150[ VILZ2 VIl K KY 747479 chicken Namibla 5620 2016
80| VIi.2 Vil a JN986837 chicken Netherlands 152608 ancestral 1993
72| 44— VII.2 VIl h MF622047 chicken South Africa RBWW 3 2013

Vil.2 VIl | KU862293 Parakeet Pakistan Karachi AW 12014
100 [ VIL2 VIl | HQ697254 chicken Indonesia Banjarmasin 10 2010
100 — VIL1.2 VI T AY 028995 fowm China A7 1996
12 : 68 I VIL.1.2 VIl 1 GQ338309 pigeon China 18 2003
VIL1.2 VII T DQ227246 goose China Jangsu JS02 1999
VILL1.1 VIl e AB853927 chicken Japan Ibaraki SG106 1999

66 [ VIL1.1 Vi b EF589133 pheasant China 98 Guizhou 1998
100 | VILL1.1 VIl j KC542905 chicken China Liaoning 1 2009 2009
o |

=2 VI.1.1 Vild EF579733 chicken China Shandong Pyan 2004
100 1 M@ CH/RT40/IR/2011
‘ 1 KU201410.1 Avan awlavirus 1 strain chicken/lrarv SMV-3/20 11
100 | MH481361.1 Avian awlavirus 1 strain CK/IR/MAME8/2017
94]“ VIL1.1 VIl | KX268351 chicken Iran Behshahr 2015
100/ MF417546.1 Avian awilavirus 1 strain Beh
Fig. 1. Phylogenetic analysis based on NDV F whole genes from all
genotypes (1,662 bp). All sequences were used for tree
construction represent class I NDV genotypes (n = 117). ML
method based on the GTR model with 1,000 bootstrap replicates
was employed for tree construction.

F and HN proteins characterization. Analysis of F
protein functional domains of Iranian NDV isolates and
LaSota vaccine was performed. A high degree of similarity
was observed between RT40 and other Iranian NDV
strains in the amino acid sequence of functional domains.
However, there was a significant difference between the
LaSota vaccine and NDV isolates circulating in Iran. The F
gene amino acid sequence of RT40 was compared to other
Iranian NDV isolates in 85, 191, 366, 447, 471 and 541
positions for glycosylation sites and 72, 74, 75, 78, 79, 157-
171 and 343 for neutralizing epitopes. It was shown that
all isolates had conserved amino acids in these sites. The
HN protein of RT40 comprises 571 amino acids, the
protein length found in high virulence NDVs. Moreover,
the amino acid position of neutralization epitopes and
the potential glycosylation sites of RT40 and other
Iranian NDVs were compared. The results showed that
all of the Iranian isolates had conserved motifs in these
regions (Table 2). The HN protein of RT40 comprises 571
amino acids, the protein length found in high virulence
NDVs. The amino acid position of neutralization epitopes
and the potential glycosylation sites of RT40 and other
Iranian NDVs were compared. The results showed that
all of the Iranian isolates had conserved motifs in these
regions (Table 2).

Challenge study by RT40 inoculation. The clinical
signs of ND, including decreased water and food intake,
depression, green diarrhea and neurological signs were
observed in chickens that did not receive the vaccine. In
contrast, all chickens in the vaccinated group were
clinically protected and survived. All of the chickens in the
unvaccinated group died by day 7.
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2 MN370885.1 CKIREMMA129:2018
MN370866.1 CRIREMMA1402018
MN4E1195 1 CIREMAT11/2018
MH481362.1 Ci/IRIMAMT2:2018

MN4GE1193. 1 CKIREMATS1:2019
MEZAT184.1 CRARMAMIA2017
NN242824 1 CR/ARIMAMIE2D17

55 L MH247185.1 CKIRIMAMS2/2017
MH481321 1 CRARMAMSE201T
MH481363.1 Ch/RMANE2D1E
MG519856.1 MEH-1

120

MF417546.1 strain Beh
KX447529 7
KX2BB351.1 isalale Behshahs

—h KU2C1410.1 chicken/lizn'ShIV-302011
190 - W CH'RTA0/IR!2011

MT370498.1 NDW/Iragi 152011

a8

WIT3TA488. 1 NOWAWASIR2005
MT370496.1 AW 1 Sulsimanya Kurdistan rag SKI
109 KX785177.1 DU-FICLINT
FUBT2531.1 Muscowy duck/China(FujianyFP1/02
KY212125.1 chickenidodani17:2004

1an
< KU710278.1 chickenUkraina'Lypona Dolyna'2002
‘00 Lo KUT10279.1 chickenUsrainsLugansk: 2003

—_—
A o5

—
005

HM748649.1 chicken'China'SD22007
EU481973.1 isulute SHY DS
JNAODERS.1 Chichen/China’SDSG0172011
DGO23155 1 Ichen-1-89

JH3ET224 1 YZCQuLsaning'08
FJ754272.2 strain WF0DG
FJ784272.2 siraln WFOOD

FJBT2531.1 izolste Muscowy duck/ChinaFujisnyFP1/02
KMEB5167.1 strain MACHLGDM/2005

AF456431.1 simin JS/2/98/Co

JF340357 1

AY351959.1

KX755177.1 slrain DUFICLIT

KXI65178.1 DU-IINC3S

JNB1B248 1 strain XL257
53 NK124761.1 isolate goose/ChinaiZ)-1/2000
100 |:|
9L AF431744.3 strain Z1

KXT85179.1 straln CUFJ-241

KU285453.2 isvlate chicken/Ukraine KhiakivBa!980/2007
KY212126.1 isciate chickeniJondans17/2004

MT370457 1 strain NDV/Erbil15:2004

MKBS0T79.7 Isolale NOW-SA/Chicken/NHEHTT

el

B CHRTA0/RI2017
MN32TSTA 1 isndate MEH-1

MFIEZ866.1 isolale Mazs15
MFA4175465.1 strain Beh
KX3I77651 1 Iandchicken™1066/14

4{— KU201419.1 strain chickendran’S My-412012
«©

MKBSETE1.1 straln chicksn!iran:CI2017
MKS5S704.1 stian Ewassian magpie/hanEN152017
MKB56702.1 strain chicken/lan/CRS!2017

Fig. 2. A) The RT40 F whole gene (1,662 nt) was compared to the previously reported Iranian NDV strains and similar sequences were
found through BLASTing. The ML method based on the GTR model with 1,000 bootstrap replicates was utilized for tree construction. B)
Phylogenetic tree of NDV HN whole gene sequences (1,716 bp) of Iranian NDV isolates and similar sequences was found through BLAST.
The ML method based on the GTR model with 1,000 bootstrap replicates was utilized for tree construction.

Table 2. HN protein glycosylation site and neutralizing epitope comparison between RT40 and Iranian NDVs of sub-genotype VIL1.1.

Vi . Gl Jati . Neutralizing epitopes

Irus strain ycosylation site 193-201 263 287 321 332-333 345-353 356 494 513-521 569
CH/RT40/IR/2011 110 341 433 481 144 LSGCRDHS K D K GK PDQQDYQIR KD RVTRVSSSS D
CH/Beh/IR/2011 119 341 433 481 144 LSGCRDHS K D K GK PDQQDYQIR K D  RVTRVSSSS D
CH/Maz15/IR/2015 119 341 433 481 144 LSGCRDHS K D K GK PDQQDYQIR K D  RVTRVSSSS D
CH/MSH-1/IR/2015 119 341 433 481 144 LSGCRDHS K D K GK PDQQDYQIR K D  RVTRVSSSS D
CH/IR/H1066/2014 119 341 433 481 144 LSGCRDHS K D K GK PDQQDYQIR K D  RVTRVSSSS D
CH/IR/SMV-4/2012 119 341 433 481 144 ISGCRDHS K D K GK PDEQDYQIR K D  RVTRVSSSS D

Discussion

The NDV causes the highest mortality rate in
unvaccinated chicken farms (up to 80.00%), thus,
implementing strict biosecurity measures and effective
vaccination is required for ND control.12

In recent years, the number of reports has shown that
NDV is circulating in different provinces of Iran.81920
However, there is no report on the viral genotype
circulating in northeastern Iran. This study was mainly
performed for two requirements. First, this study
completed and finalized the chain of previous studies by
proposing the first report of NDVs circulating in the
northeast of the country to find the origin NDVs circulating
in Iran.8 Second, To introduce a virus strain as a sample of
all isolated ND viruses of sub-genotype VIL.1.1 in the
country for use as a national NDV challenge strain to
evaluate different vaccines. Following two main goals, to

raise the immunity level in chickens and to reduce the
virus shedding after vaccination. To help prevent the
chicken industry from more economic losses and prevent
the virus from spreading as least as possible, choosing a
suitable ND vaccine is critical .2

The RT40 isolate is a velogenic NDV belonging to
genotype VII and subgenotype VII.1.1 which was isolated
from brain samples of a broiler chicken flock during a
provincial monitoring program (2011 - 2013) in northeast
Iran. The virus was undergone the three-round plaque
purification and was then analyzed for the complete F and
HN genes. To date, several methods have been developed
for virus purification, among these ultracentrifugation is a
quick method.2223 In ultracentrifuge clarification, the virus
population also consists of different subpopulations. Plaque
purification was developed to subtract subpopulations by
creating a virus clone from one subpopulation.2 Each
plaque that originated was derived from one single virus
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particle and practically possessed the same biological
uniformity. Also, the pathogenicity of subpopulations has
been associated with the morphology of plaques.?>

It has been shown that the cloned viruses derived from
the third round of plaque purification had the same
morphological, serological and pathogenic properties.2> On
the other hand, there is more chance to get uniform and
reproducible results in challenge studies when a plaque
purified challenge virus is used.

Following virus purification, it was a necessity to
determine the virulence characteristics of RT40. According
to the OIE protocol, the ICPI, MDT, IVPI and
characterization of amino acid motifs in the FPCS of a new
ND virus are necessary for introducing a new strain
pathotype. Pathotyping tests and cleavage site motif
confirmed that RT40 was virulent for chicken. Compared
to other Iranian isolates, the results showed that the
pathogenicity of all NDVs isolated in Iran was in the same
range.826 The FPCS motif contained 112RRQKRF117 also,
which was a feature associated with a virulent NDV strain.

The entire F and HN genes were sequenced and
analyzed by the phylogenetic tree and distance matrix to
classify and find the position of this strain among the
Iranian and worldND viruses. The complete F gene
(1,662 bp) of RT40 was compared to all genotypes class
II F genes. This strain was located in a branch of genotype
VII and subgenotype VIL1.1 (Fig. 1). In the last decade,
NDVs were reported from different Iran provinces
grouped to subgenotype VII.1.1.8927 Comparing the RT40
among ND viruses reported from neighboring countries,
it was very close to an Iraqi isolate (MT370498). This fact
confirmed our previous guess that the recent ND
epidemic in Iran was most probably originated in Iraq in
2009, then the virus was crossed from province to
province and covered west to east of Iran within a year.20
It seems that the government needs to implement more
strict restriction rules for poultry and poultry products
trade not only for foreign borders but also for provincial
borders. The prevalence of other genotypes such as
genotype XIII and VIL2 have been reported from our
neighboring countries.282° The same scenario might
happen if the biosecurity measures is not implemented
across country borders.

Another phylogenetic tree drawn with the entire HN
gene (1,716 bp) also showed that the RT40 was located in
sub-genotype VIL1.1. The HN protein of the RT40 strain
has 571 amino acids length that has been found in
velogenic strains.30 This phylogenetic tree also confirms
the F phylogenetic tree and shows that the RT40 isolate
belongs to genotype VIL.1.1.

The strain RT40 and all Iranian isolates were
compared in neutralizing epitopes and glycosylation motif
(Table 2). No mutation was found in neutralizing epitopes
of the fusion protein (D72, E74, A75, R78, A79 and 157-
SIAATNEAVHEVT-171 L343) and six glycosylation motifs

at positions 85,191, 366, 447, 471 and 541. Fortunately,
there has been no significant change and critical mutation
in functional points of the F and HN genes of Iranian ND
viruses in recent years. These viruses might have had a
common ancestor.

Rapid diagnosis, extensive use of vaccines, strict
quarantine and biosecurity implementation seem
necessary to keep ND under control in each country.
Genotype VII is responsible for the global epidemics and
this is a big question why most countries use common
vaccines which mostly belong to genotypes II and 1. Many
studies showed that if the used vaccine was more
genetically similar to the circulating ND virus, it would
create a higher level of immunity and lesser virus
shedding.1331 Like most other vaccines, NDV vaccines are
unable to prevent the bird from the NDV infection and
subsequently, virus shedding. Although the amount of
virus shedding depends upon various factors such as the
host's immunity, the amount and virulence of the
challenged virus, time between vaccination and challenge,
the dose and type of ND vaccine, the homology between
NDV and the used vaccine play a critical rule.32 Many
studies confirmed that using a more homologous vaccine
with a circulating virus effectively reduced viral
shedding.!13334 Future studies for the best vaccine focus on
individual immunity, reducing clinical signs and mortality,
and special attention to virus shedding following
vaccination, which is an important consideration in
countries with endemic NDV. It seems that the more
homogeneity between challenge virus and circulating ND
viruses, the more chance to select the best vaccine antigen
match to reduce viral shedding and raise the immune
system of chickens.

In each vaccine trial study, the availability of a plaque
purified challenge strain is a critical step. The lack of
availability of such strains in the country initiated us to
introduce a fully characterized pure ND virus as a
challenging strain to the scientific community and
vaccine industry.

In conclusion, the results of this study (genetic analysis,
pathotyping and challenge study), indicated that the RT40
isolate was a representative of circulating virulent NDVs in
Iran and was a suitable candidate for a national standard
challenge strain.
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