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ACTIVITIES

Background

* Why Newcastle disease virus is important?

« Virulent NDV cause highly infectious disease in poultry

* Mainly affect digestive, respiratory and nervous system

* It causes 100 % mortality in specific pathogen free chickens

»But in vaccinated chickens mortality varies depending on
* Antibody titer
* Biosecurity
* Birds health status
* Breeds/genetics

 What are the results of ND outbreak in commercial
(vaccinated) flocks
» Stunted growth
* Decrease egg production
» Mortality (0-30%)

Background _
Newcastle Disease

* Newcastle disease (ND) s highly contagious and one of the most
devastating diseases

» Caused by Avian avulaviruses serotype 1
* Infections of poultry with virulent NDV (vNDV)=ND

* All APMV-1 strains are categorized as
* velogenic (high mortality; mean death time (MDT) <60 hr),
* mesogenic (respiratory signs, occasionally nervous signs; MDT 60-90 hr),
* lentogenic (subclinical to mild respiratory infects; MDT >90 hr)
= asymptomatic enteric (unapparent infection)



History

1927 ‘ . 1988 .
Neweastle-upon-Tyne, 1950 Genetically enginsered ND vaceine
England Commercialization of vaccine

1970-12
Isolation of NDV from wild birds

1948

|

Development of first vaccine by Hijchner and
Johnson
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1946 :
Identification of LaSota and Hitcher strains 1960
Second panzootic
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A ular

ND panzootic (pigeon paramyxovirus )

Newcastle disease virus

*NDV is a single-stranded,
* Negative-sense

* Non-segmented

* Enveloped RNA virus

» Genome length of 15.2 kb o 1 prin. © Nl 9 o

- . @ Matrix (M) protein W00 Viral RNA
» Six proteins and two non-
structural proteins

*One serot?/pe and 2 classes
class [ and class I

» Class Il viruses are primarily
responsible for the
outoreaks




Newcastle disease virus replication
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Fluorescent micrographs of chicken pancreas infected
with NDV and stained by TUNEL assay technique
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Effect of different treatments on intestinal
histomorphology

VE100+CH
Parameters | CON NS+CHA |VE50+CHA A

3 Villus Height 1071.82 838.6° 946.6 & 1009.7 2 2362  0.01
3 IEL 25990 332 30.6° 28.5¢ 0.54 0.00
Duodenu & Villus Height 1149.3° 883.82 926.2° 98790 2317  0.00
m 9 IEL 288 328° 97" 213" 0.53 0.00
3 Villus Height 950.25° 872.7° 948.6° 1098.82 2165  0.00
3 IEL 236b 2624 24.3° 24.3° 0.28 0.00
5 Villus Height 9302 8710 2619 ° 9020 1424 004
Jejunum K] IEL 236 219 23.2 22.3 0.60 0.73

Values with different letters in the same rows are significantly different (P < 0.05)
CON= non-supplemented, non-challenged control

NS+CHA= non-supplemented + challenged

VES0+CHA= vitamin E50 IU/day/ Kg body weight + challenged

VE100+CHA= vitamin E100 IU/day/ Kg body weight + challenged

SEM=pooled standard error of mean

NDV induced histopathological changes and
protective effects

Panel marked with upper case letters (Ato D) and (E to F) are showing the histopathological changes of CON, NS+CHA,
VE5S0+CHA and VE100+CHAgroups inthe duodenum of chicken, at 3 and 5 DPI respectively. Similarly, pictures marked with

lower case letters (ato d) and (e to ) are showing the histopathological changes of CON, NS+CHA, VES0+CHAand VE100+CHA
groups inthe jejunum of chicken at 3 and 5 DPI respectively.




Amino acid transporter

 Decreased mRNA expression of
* CAT-1
solute carrier family 7 member 1 (SLC7A1)
* CAT-2
solute carrier family 7 member 2 (SLC7A2)
* PepT-1
solute carrier family 15 member 1
* rBAT/
solute carrier family 3 member 1
* EAAT-3
solute carrier family 1 member 1
o y+LAT-2/
solute carrier family 7 member 6

Mineral transporters

Decreased mRNA expression of
«ZnT1
Gallus gallus solute carrier family 22 member 18
* PiT-1
solute carrier family 20 member 1
* PiT-2
solute carrier family 20 member 2
* NaPi-1lb
solute carrier family 34 member 2



Carbohydrate transporter

*Decreased mRNA expression of
* SGLT-1/Solute carrier family 5 member 1 (SLC5A1)
» GLUT-2/Solute carrier family 2 member 2
» GLUT-5/solute carrier family 2 member 5 (SLC2A5)

Photomicrograph of NDV induced histopathological
changes in the testis

» Normal progression of spermatogenesis (Panel A and C).

* Panel B indicate the decrease in number of Sertoli cells, individualized, shrunken spermatogonia with
pyknotic nuclei

* Panel D denote multifocal, and segmented, spermatogenic columns, necrotic cells, lipid vacuoles
and proteinaceous homogenous material



NDV induced Histological changes in the
pancreas

Conrol NDV Infected Vaccine+NDV Infected

1 DPI &=

Current Scenario



Current Scenario

*Disease has been currently controlled in Canada, the United
States and some western European countries

* |t continues in parts of Africa, Asia and South America

*However, since wild birds can sometimes carry the virus
without becoming ill, outbreaks can occur anywhere that
poultry is raised

2005-2019 (World)

No report avallable or no outbreaks
were reported in the area fora
disease present in the country

|  Nainformation provided in report
i for selected disease(s)

-ﬂbsenl in the country

Suspected
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NDV and Innate Immune
Response

Innate immune system

+ One of the two main immunity strategies found in vertebrates
- An older evolutionary defense strategy




Main functions of Innate immune system

* [dentification and removal of foreign substances
» Activation of the adaptive immune system
*Recruiting immune cells to sites of infection
»Acting as a physical and chemical barrier

ProteinLounge Ruslan Medzhitov, 2000 Rocio Navarro, 2016 ADAM

Bacterial/\Virus Bacterial

\ /
TLR & NLR
PATHWAY
s Ll
Fungus RNA DNA

\ i /

CLR, RLR & CDS
PathWAY

C-type lectin receptor
RIG-I-like receptors
Cytosolic DNA Sensors




Virus Recognition
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N/A 0 RIG-| Bamer 2010
N/A @) B-defensins s 213
N/A 0 BTNL Huang, 2013
Question ?
C

* 1 Role of RLR pathway in waterfowls?

« 2 How RLR pathway works in chickens?



Goose RIG-I/MDAS/MAVS play important
roles in virus infection

VIRUS

o ————————%
( RIG-I | MDAS5 ]

RIG-I/MDAS Amino acid identity

((RIGA ‘f MDA5 )

Goose RIG-|

Chicken Duck Human

MAVS Goose MDAS5|N/A 93.8%

50.8%

i IKKe ] 87.2% 94.5 63.9%
IRF3




GoMAVS activates IFN-B in a species-

specific manner.
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How RLR pathway works in chickens ?
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ChSTING mRNA level is up-regulated by
RNA virus

«fii= NDV
- NDV/AIV O+ AIV
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ChSTING inhibits virus infection
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Are these reactive species always induce
pathological effects?

Cell differentiation
Enhanced expression
of pro-inflammatory
cytokines

Macrophage
polarization

Antimicrobial effects
(complete protection
against cellular

damage and neutralizati
of oxidative stress)
2 Red colour in the outes
© potucton Flgincc
Im:_n:ase their Gresss colour in the central

y/p
Decreased their
activity/production

Basic mechanisms of viral cross-talk with the cellular
pathways to cause oxidative damage to cellular
components
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Caspase-Dependent Cleavage of DDX21
Suppresses Host Innate Immunity

DEAD (Glu-Asp-Ala-Glu) box RNA helicases have been proven to contribute to antiviral
innate immunity

The DDX21 RNA helicase was identified as a nuclear protein involved in rRNA
processing and RNA unwinding

DDX21 was also proven to be the scaffold protein in the complex of DDX1-DDX21-
DHX36, which senses double-strand RNA and initiates downstream innate immunity
Here, we identified that DDX21 undergoes caspase-dependent cleavage after virus
infection and treatment with RNA/DNA ligands, especially for RNA virus and ligands
Caspase-3/6 cleaves DDX21 at D126 and promotes its translocation from the nucleus to
the cytoplasm in response to virus infection

The cytoplasmic cleaved DDX21 negatively regulates the interferon beta (IFN-b)
signaling pathway by suppressing the formation of the DDX1-DDX21-DHX36 complex
Thus, our data identify DDX21 as a regulator of immune balance and most importantly
uncover a potential role of DDX21 cleavage in the innate immune response to virus
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NDVs Differ in their
Pathogenicity
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Potential of genotype VII Newcastle disease viruses to cause
differential infections in chickens and ducks
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Abstract
Newcastle disease (ND), caused by ND virus (NDV), is one of the most infectious
and ically important di of the poultry industry worldwide. While infec-

tions are reported in a wide range of avian species, the pathogenicity of chicken-ori-
gin wirulent NDV isclates in ducks remains elusive. In this study, two NDV strains
were isolated and biologically and genetically ch d from an outbreak in
chickens and apparently healthy ducks. Pathogenicity assessment indices, including
the mean death time (MDT), intracerebral pathogenicity index (ICPI) and cleavage
motifs in the fusion (F) protein, indicated that both isclates were velogenic in nat-
ure. While these isolates carried pathogenic characteristics, interestingly they
showed differential pathogenicity in ducks. The chicken-origin isolate caused high
(70%) mortality, whereas the duck-origin virus resulted in low (20%) mortality in
4-week-old ducks. Intriguingly, both isolates showed c ble disease pathologi
in chickens. Full-genome sequence analysis showed that the virus genome contains
15 192 nucleotides and carried features that are characteristic of velogenic strains
of NDV. A phylogenetic analysis revealed that both isolates clustered in class Il and
genotype VII. However, there were several i in the ionally imp
regions of the fusion (F) and haemagglutinin-neuraminidase (HN) proteins, which
may be ible for the diff pathogenicity of these viruses in ducks. In
summary, these results suggest that NDV strains with the same genotype show dif-




Pathogenicity indexes for the NDV isolates

Isolate name Origin Host *HA  °TCIDsy ELDsy °MDT (h) °ICPI

Ch/CH/SD/2008/128  Shandong, China Chicken & 780 831 55h 1.90

Dw/CH/SD/2009/134  Shandong, China Duck 2° 135 1.16 5%h 1.81

1

aHA=Haemagglutination

TCIDs,=50% tissue culture infective dose

*ELD5(-50% embryo lethal dose

IMDT (h)=Mean death time in embryonated eggs (hours)
¢|CPI=Intracerebral pathogenicity index in day-old chicks

Virus growth kinetics

The growth Kinetics of both viruses were
determined under multiple cycle growth
conditions in chicken embryo fibroblast
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Survival rate

*Chickens and ducks were infected with
— Ch/CH/SD/2008/128 (70% mortality in ducks)
— Du/CH/SD/2009/134 (20% mortality in ducks)
— 7J1 (10% mortality in ducks)

A B
Ducks Chickens
100 - Control
. I - Ch/CH/SD/2008/128 100 === Control
s =~ Duw/CH/SD/2009/134 —a= Ch/CH/SIV2008/128
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£ _— Al
7 604 .f_
H 2
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0 204
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Day post infection 0 ; 5 é i M é

Day post infection

Histopathological changes induced by the different
Isolates

Intestine Trachea Lung Spleen

Control .

Du/CH/SD/2009/134

Ch/CH/SD/2008/128 v, . A



Phylogenetic analysis

Class IT

97 (GU

8-1249 (AY935492)
1-2 (AY935499)
KBNP-C4152R2L (EU140955)

Class I

MA-1 (DQE5S9ETT)
GM (DQ486859)
SDWFO02 (HM188399)
SDO09 (HQ317395) vz
Dw/CH/SD2009/134 (KI600786)
Ch/CH/SIDV2008/128 (KJ600T8E)
chicken/TC/2/2011 (KC461214)
ZJ1 (AF431744)
chicken/China/Guangxi9/2003 (JF343539)
dove/italy/2736/00 (GQ429293)
PPMV-1/Mew York/1984 (F1410145) %]
PPMV-1/Maryland/1984 (FJ410147)
Qm1 (FJT51918)
QH4 (FJT51919) A
gamefowl/ll S (CAN211472/02 (AY56298T) ]\,
anhinga/U S (FIY44083/93 (AYS562986)
JSNIGTICh (FI436305)
JSM/02/Du(FJ436306)
F48E8 (F1436302 )
Mukteswar (EF201805)
JS/3105/Go (FJ430160)
JSIA0E/Ch (FI430158)
Hensr33 (AYT41404)
98-1154 (AY935491)
98-1154 (AY935491)
‘99-0655 (AY935494)

—

10 (JNES2211 )

NDVO3 (FJ386394)

APMV-1/chicken/U S (TXVGBI 1948 (GUITETTT)
LaSota (AFOTTT61)
B1 (AF309418)

Tammil (HM357251)

NDWV08-004 (FJT24269)
G-J5-09-08 (JNGBEBES)
D-AH-10-02 (JMESEEE4)

Ch-JS-09-03 (JNGBBBE2)

oos

Ch-ZJ-10-03 (JNEBBEET)
15/91

DE-R49/99 (DQ0S7393)
JS10 (HQO0AZ3IT)

Genetic analysis of NDV isolates

Genomic features of the NDV isolates

Du/CH/SD/2009/134 and Ch/CH/SD/2008/128

Sequences

[T ACGGGTAGAA
N ACGGGTAGAA
[T ACGGGTAGAA

ACGGGTAGAA
“ ACGGGTAGAA

ACGGGTAGGA

Start
56

1810
3262
4504

6327

8376

Sequences
CCCAAGGTAT
CATT(C)aAGAAAT
TCTAGCAAAT
GTAGAAGACT

ATCACTTTAT

TAGAAARAAG

End

1798
3250
4493
6285

8318

15079

Genestat | Geneend Intergenic sequences

TAGAAAAAAAT

TAAGAAAAAAT

TAGAAAAAAC
TAAGAAAAAACTACTGGGAACAAGCAAC
CAAAGAGCAATAC
TAAGAAAAAATACAGAAAGCATTGAGATG
TAAGGGAAAACAACCAACAAGAGGGAAC



Amino acid changes in the HN proteins of

genotype VII NDV strains

Amino acid residues

138 141 216 309 323 331 335 477 479 /514 \

102

EPO1

Zn

SDWF02

NA-1

China/Guangxi® /2003

Du/CH/SD/2009/134

Ch/CH/SD/2008/128

Crystal structure of the NDV HN protein




Adoptive immune responses

*Age

* Type (broiler, layer, breeder)
* Genetics

*Vaccine

*Health Status

*Biosecurity

Intestinal Goblet cells




Intestinal intraepithelial lymphocytes

& Francis
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ORIGINAL ARTICLES
Increased mast cell density during the infection with
velogenic Newcastle disease virus in chickens

Quan Sun', Decheng Wang', Ruiping She*, Wengui Li, Shuai Liu, Deping Han,
Yinghua Wang and Ye Ding

Deparrement of Vererinary Rmhbgr College of Veterinary Medfeine, Ching Aj il
West Radl Beijimg 100094, Ching

| Unirersity, No. 2. Yu

In addition 1o their well-ch d roke in allergic infl recent data confirm that mast cells play
a more cxlmmre role in a variety of viral infections. The contribution of mast cells 1o Newcastle disease

hogenesis has not been i igated. We evaluated ma!tcrﬂaclwuy:fm Nﬂusﬂc d:nas:\ums (NDV)
infection in specific pathogen free chickens using h and i | analyses. The
results were as follows. Severe tissue damage was observed in the proventriculus, duodenum, _mmwm and
caecal tonsil, and NDY antigens were detected and presented extensively in these tissues. Second, in the
NDVeinfected group. the mast cell population was increased markedly in the proventriculus, duodenum,
jejunum and caecal tonsil at 24, 48, 72 and 96 h after infection (£ <0.01). However, very few mast cells were

Mast cells and innate immunity: master
troupes of the avian immune system

Z.U. REHMAN", C. MENG', 8. UMAR®, K.M. MAHROSE", C. DING'* and
M. MUNIR*

'Sk ¥ h Institute (SHVRI), Chinese Academy of
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Innate Immunity and Host Genetic Diversity, Avian Viral Diseases Programme, The
Pirbright Institute, Surrey, GU24 ONF, United Kingdom

*Corresponding author: shoveldeenf@shvriac.en
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Mast cells (MCs) are 1} A cells of b linecage and constitute a
major sensory arm of the immune system. MCs dually guard hosts and regulate
immune responses against invading pathogens. This property of the MCs is
attributed to their adaptability to detect stress signals and pathogens, and the
prodw:ﬁon of slgna] specific mediators to engage immune cells for clearance of

i agents, Path pecific signals blish basis for the initiation of
adoptive These § v rolu of MCs have opened
avenues (o engage dil’rerem MCs s which cul in passive

amnd af funetinnalitios of MCe

ROLE OF MAST CELLS IN MUCOSAL INJURY

toi s

Figure 2. The dstribution of mast cells in proventricalus. Mast cells in the provestricstes of the binds are distributed throsghout lasin
progeia of mucoss from 12 to 43 h postinfection (byi). C = coutrol group (A, B, and C): ¥ = Neweastle disease virasinfected group (D, E. and
Fl: K = ketotifenpretevated group (G, H, and 1). Improved tobesdine bloe stain. Origisal magnification <400,

Evidance for 8 rolo of mast cells in the mucosal injury induced
by Mowcastle disoase virus
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Control Strategies

Newcastle Disease Control

*Production of genetically resistant strains

* \accination
« Commonly used live vaccine (LaSOta)
« Killed Vaccines
* Genotype matched vaccines



Model for titre-dependent escape

2 P "a x ¢
& . £ 2l
* (a) Viral protein (e.g. HN) of a vaccine -

strain; each shape represents a 4)
neutralizing epitope. b% Viral protein oo prtui o
with three mutated neutralizing c ol d . o).
epitopes. écEJThe vaccine virus is o\ ) a& 2\ e/
neutralized by low antibody titres. s ‘T +*
Antibodies with different specificities =f ’
spread among protein copies, ﬂ"

enabling coverage of all copies. (d 2 : E‘f
Th_? mutated prgtein di_stﬁletie.s onl(y_}[m ) oy o 3
epitopes in common with the vaccine o : *'
egitoges, leaving some of the viral B Y 4 B S & Ay

protein copies intact and thus able to

escape neutralization by the vaccine- e Aﬁf > <
induced antibodies. (e) High antibody .
titre may compensate for loss of £ %“
neutralizing epitopes by covering all . %
protein molecules and preventing " &@
escape. D <
TRL

Genotype matched vaccine

1 RT-PCR amplification

2 4 6 8
1 3 5 7 9
1 Sequential cloning

pNDVI4

Schematic representation of cloning strateg}/ of the complete
JS5/05 virus genome. Nine overlapped cDNA fragments
spanning the entire genome were generated and cloned into
the transcription vector TVT7R (0, 0).



Biologic properties and HI antibody titers in the

vaccinated chickens
Biological properties
Pathogenicity
Mean death Intracerebral Intravenous Virus titer
Virus time in eggs pathogenicity index ~ pathogenicity index EIDsy/ml HA
tNDV/I4 48 br 196 255 10” 8 logy
NDV/AI4 >120 hr 0.13 0 10** 10 log,
Antibody titers
Vaccine
Oil-Al4 Oil-Las
HI antigen 7 days pi 14 days pi 21 days pi 7 days pi 14 days pi 21 days pi
NDVIAI4 g 7 294 2 16 10§
LaSota ) 17 137 3 3 128
Comparison of viral shedding
Chicken
Samples (positiveltotal)
Day 3 pe Day 5 pe Day 7 pe
Group 0§ CS 0§ CS 0§ CS
PBS-C 10110 10110 N§ N§ N§ N§
Oil-AI4-C 410 0/10 1/10 1/10 0/10 0/10
Oil-Las-C 9/10 0/10 210 1/10 0/10 0/10
Geese
Samples (positive/total)
Day 2 pe Day 4 pec Day 6 pe
Group® 0§ s 0§ s 0§ (S
PBS-C 10110 1010 1010 10110 10110 1010
OilAl4-C 110 0110 0110 0/10 0/10 0110
Oil-Las-C 510 110 110 110 0/10 0110

C= challenge with 10° EID50 JS3/05; OS =oropharyngeal swabs; CS 5
cloacal swabs; NS 5 no survivors



What will be the effect of genotype matched
vaccines on the virus evolution?

JoURNAL OF VIROLOGY, Aug. 2004, p. 8372-8381 Vol. 78, No. 15
0022-538X/04/808.00+0 DOI: 10.1128/JVIL.78.15.8372-8381.2004

Effect of Vaccine Use in the Evolution of Mexican Lineage HSN2
Avian Influenza Virus

Chang-Won Lee,! Dennis A. Senne,” and David L. Suarez'*

Southeast Poultry Researrh Laboratory, Agricultural Research Service, U.S. Department of Agriculture, Athens,
Georgia 30605, and National Veterinary Services Laboratories, Animal and Plant Health
Inspection Service, U.S. Dcparrmem of Agriculture, Ames, lowa 5001 0>

Received 3 January 2004/Accepted 16 March 2004

An outbreak of avian influenza (Al) caused by a low-pathogenic HSN2 type A influenza virus began in Mexico
in 1993 and several highly pathogenic strains of the virus emerged in 1994-1995. The highly pathogenic virus
has not been reported since 1996, but the low-pathogenic virus remains endemic in Mexico and has spread to
two adjacent countries, Guatemala and El Salvador. M es impl ted to control the outbreak and
eradicate the virus in Mexico have included a widespread vaccination program in effect since 1995. Because this
is the first case of long-term use of Al vaccines in poultry, the Mexican lineage virus pr ted us with a
opportunity to examine the evolution of type A influenza virus circulating in poultry populations where there
was elevated herd immunity due to maternal and active immunity. We analyzed the coding sequence of the HA1
subunit and the NS gene of 52 Mexican lineage viruses that were isolated between 1993 and 2002. Phylogenetic
analysis indicated the presence of multiple sublineages of Mexican lineage isolates at the time vaccine was
introduced. Further, most of the viruses isolated after the introduction of vaccine bel d to subli
separate from the vaccine’s sublineage. Serologic analysis using hemagglutination 1nh|b1tmn and virus neu-
tralization tests showed major antigenic differences among isolates belonging to the different sublineages.
Vaccine protection studies further confirmed the in vitro serologic results indicating that commercial vaccine
was not able to prevent virus shedding when chickens were challenged with antigenically different isolates.
These findings indicate that multilineage antigenic drift, which has not been observed in Al virus, is occurring
in the Mexican lineage Al viruses and the persistence of the virus in the field is likely aided by its large
antigenic difference from the vaccine strain.




Comparison of the protective antigen variabilities of prevalent Newcastle
disease viruses in response to homologous/heterologous genotype vaccines

Yonghua Li,*' Zaib Ur Rehman,*'*' Mengjiao Li,* Zahid Manzoor,’ Wei Lin,* Xusheng Qiu,*
Yingjie Sun,* Ying Liao,* Lei Tan,* Cuiping Song,* Weiwei Liu,* Shengqing Yu,* Chan Ding, "' and
Chunchun Meng**

Shanghai Veterinary Research Institute (SHVRI), Chinese Academy of Agricultural Sciences (CAAS), Shanghai
200241, China; ' Faculty of Veterinary and Animal Sciences, PMAS Arid Agriculture University, Rawalpindi 46300
Pakistan; and ' Jiangsu Co-innovation Center for Prevention and Control of Important Animal Infectious Diseases
and Zoonoses, Yangzhou University, Yangzhou, 225009, PR China

ABSTRACT The genotype VII Newcastle disease
virus (NDV) vaccine has begun to replace the tradi-
tional genotype I1 NDV vaccine and is widely used in
the commereial poultry of China. However, the effect of
homologous and heterogeneous anti-NDV serum on the
evolution of prevalent NDV is unknown. To understand
the effect of genotype IT and VII anti-NDV serum on the
evolution of genotype VII NDV strains, ZJ1 (waterfowl
origin) and CH/SD/2008/128 (ND128; chicken origin)
were used for serial passage of 30 generations in DF-1
cells without anti-NDV serum or with genotype II and
VII anti-NDV serum independently. The F and HN
genes of the 2 viruses were amplified for the 10th, 20th,
and 30th generations of each serial passage group and
compared with their respective original viruses. We
found that there was only one mutation at position 248
in the F gene of ZJ1 due to the serum pressure of

genotype VII anti-NDV. Similarly, mutations at residue
527 of the F gene, and position 9 and 319 of the HN gene
of ND128 were noted in both anti-NDV serum groups.
The results show that the nonsynonymous (NS )-to-syn-
onymous (S) ratio of the F gene of ZJ1 virus was 1.6,
and for the HN gene, it was 2.5 in the anti-II serum
group. In the anti-VII serum group, the NS/S ratio for
the F gene was 2.1, and for the HN gene, it was 2.5. The
NS/S ratio of the F gene of the ND128 virus was 0.8,
and for the HN gene, it was 3 in the anti-II serum group.
Furthermore, the NS/S ratio of the F gene was 0.8, and
the HN gene was 2.3 in the anti-VII group. Taken
together, our findings highlight that there was no signifi-
cant difference in the variation of protective antigens in
genotype VII NDV under the selection pressure of
homologous and heterogeneous genotype NDV inacti-
\"}l'l.'(l Vﬂ(:(.'illﬂ‘ﬂ'_

Table 5. Comparison of NS/ ratios of the F gene during continuous passage with or without anti-NDV serum.

LILF gene

NDI28 F gene

Without anti-serum

Anti-Il serum

Anti-VII serum

Without anti-serum Anti-Il serum

1
N2

¢ 1
NS 2

2 3 Al
2 2 § 3
2 2 5 1
11 12 1L
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'NS represents nonsynonymous mutation.
% represents synonymous mutation,

Anti-VII serum



Table 6. Comparison of NS/S ratios of the HN gene during continuous passage with or without anti-NDV serum.

Z)1 HN gene ND128 HN gene
Without anti-serum Anti-1T serum Anti-VIT serum Without anti-serum Anti-Il serum Anti-VII serum
1 @ 3 Al 1 2 3 A0 1 23 A1 2 ¥ al 1 2 ¥ AT O2 % Al
.\C_SIJITBISQGEIUJT?ISEQI’:57(;1816314
5 e 208 2idE L § ¥ T2 2 38 2 383 20 4
NS/ 3 23 4 3 P g @ 3y 13 % 3¢kl F A 1 2530 33 W ¥ 1y 23
NS represents nonsynonymous mutation.
B represents synonymous mutation,
(| oz Sivedhng @
Fu ture threa ts Evolution of Newcastle Disease Virus Quasispecies Diversity and
Enhanced Virulence after Passage through Chicken Air Sacs
e Class 1 NDVs “"'::If:.' T w ..,,..:;

NDV
Rural Poultry

Waterfowl can harbor Ientogeﬁ@

trase, mmm. I Wl h.ufnemu 10-E20). The JS10, JSI0-A0, and 510-E20

might be a risk factor
becakainchickem.

Extensive transmission from waterfowls to ch|ckens
LBMs play an important role in the spread of class |
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Surveillance of Class | Newcastle Disease Virus at Live Bird Markets
and Commercial Poultry Farms in Eastern China Reveals the Epidemic
Characteristics
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