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ABSTRACT

Aims: The aim of this study was to isolate and characterize Newcastle disease virus (NDV) from
recent outbreaks in Bangladesh and protective potentiality evaluation of a velogenic NDV strain.

Methodology: A total of 19 lung tissue samples were collected from dead layer chickens of
clinically suspected Newcastle disease (ND) cases. Ten days old embryonated chicken eggs, day-
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old chick and six-week-old sero-negative chickens were used for the isolation and pathotype
determination of the virus. Hemagglutination (HA), hemagglutination inhibition (HI) tests using anti-
APMV-1 polyclonal serum were used for primary identification and reverse transcription polymerase
chain reaction (RT-PCR) was carried out for the confirmation of the isolated viruses by amplification
of F gene of NDV using gene specific primers. Three, out of eleven isolates of NDV were subjected
to pathotype determination by mean death time (MDT), intracerebral pathogenecity index (ICPI) and
intravenous pathogenecity index (IVPI). One of the isolates of NDV of the year 2012 was selected
as vaccine candidate to determine its immunogenicity. ND vaccine was prepared by inactivating
virulent Newcastle disease virus (VNDV) with 0.1% formaldehyde and adjuvanted with 40%
aluminium hydroxide gel.

Results: Of the 19 samples total eleven isolates were initially identified as NDV by HA and HI tests
and finally confirmed by RT-PCR. Results of MDT, ICPI and IVPI indices indicated that all the
isolates of NDV of 2011 and 2012 were velogenic in nature. The inactivated vaccine produced
satisfactory level of antibody titre at 72 days of post vaccination and revealed 100% protection
during challenge experiment with 2 egg lethal dosage, ELDs¢/bird against both the velogenic strains
of NDV.

Conclusion: The frequent outbreaks of ND caused by vNDV in Bangladesh could easily be

controlled by using inactivated vaccine prepared with velogenic strain of NDV.

Keywords: NDV; RT-PCR; pathotype determination; vaccine; hemagglutination inhibition.

1. INTRODUCTION

Newcastle disease (ND) is a highly contagious
and widespread viral disease which causes
severe economic losses in domestic poultry,
especially in chickens [1,2]. The Newcastle
disease is caused by avian paramyxovirus
serotype 1 (APMV-1) belonging to the genus
Avulavirus in the family of Paramyxoviridae [3].
Newcastle disease virus is a single-stranded,
negative-sense enveloped RNA virus and the
viral genome is 15,186 bps long and contains six
genes encoding major polypeptides:
nucleocapsid protein (NP), phosphoprotein (P),
matrix-protein (M), fusion (F) protein,
hemagglutinin- neuraminidase (HN) and large
RNA-dependent polymerase protein (L) [4,5].

For confirmation of ND, the OIE prescribes
isolation of NDV in embryonated chicken eggs
and their identification using haemagglutination
(HA) and hemagglutination inhibition (HI) tests
with a NDV-monospecific antiserum [6]. Reverse
transcription-polymerase chain reaction (RT-
PCR) has also been established to identify NDV
of known and unknown samples [7-9]. Strains of
NDV are categorized into three pathotypes
based on their pathogenicity in chickens, viz: (i)
highly virulent (velogenic), (ii) intermediate
virulent  (mesogenic), and (i) nonvirulent
(lentogenic) [1]. The pathogenicity of any isolate
of NDV can be assessed by the determination of
mean-death-time (MDT) in chicken embryos, the
intracerebral pathogenicity index (ICPI) in day-
old chicks and the intravenous pathogenicity
index (IVPI) in 6-week-old chickens [6].

Vaccination program is being used widely for the
prevention and control of ND in Bangladesh, but
the disease is still enzootic throughout the
country and remains a constant threat to the
commercial poultry. Sometimes, reports of
severe outbreaks of ND are made even after
regular vaccination of chicken with live NDV
vaccines prepared from mesogenic and
lentogenic strains [10]. There might be significant
difference in the prevailing strain of NDV and
vaccine viruses in their biology, serology and
genetics, which are considered as the main
reasons for the frequent outbreaks of this
disease in the vaccinated poultry flocks currently
in Bangladesh [11]. Reports on molecular and
pathological characteristics of NDVs circulating in
Bangladesh are very poor.

This study has been designed for molecular
detection and biological characterization of NDV
isolated from dead layer chickens of recent
outbreaks in Bangladesh and determination of
immune response of the inactivated NDV vaccine
prepared from the velogenic strain of recent
isolate of NDV.

2. MATERIALS AND METHODS

2.1 Sample

A total of 19 lung tissue samples were collected
from dead layer chickens of clinically suspected
ND of three outbreaks areas, Shesmore
(24.718006, 90.443983), Boyra (24.71125868,
90.43458225) and  Sutiakhali (24.697106,




90.45308948) of Mymensingh District of
Bangladesh during 2011-2012 (Table 1). The
samples were preserved at -80°C until use.

2.2 Reference NDV

Velogenic strain of NDV (NDV/DBD/1/2008) used
as positive control for RT-PCR and for challenge
infection as well. The virus obtained from the
repository of the virology laboratory, Department
of Microbiology and Hygiene, Bangladesh
Agricultural University (BAU), Mymensingh-2202.

2.3 Chicken Eggs

9-10 days-old fertile eggs from sero-negative
breeder flock of layer chickens were purchased
from Phenix Hatchery Ltd., Gazipur, Bangladesh
for the isolation of viruses and MDT study.

2.4 Experimental Chicks

A total of twenty four (24) day old (Layer BB300)
chicks were obtained from the Phenix Hatchery
Ltd., Gazipur, Bangladesh. The chicks were
reared with adlibitum supply of feed and water for
12 weeks maintaining under strict biosecurity in a
well-ventilated experimental poultry shed of the
Department of Microbiology and Hygiene, BAU,
Mymensingh according to university animal care
guidelines.

2.5 Virus Isolation and Identification

Inoculum preparation, virus isolation and
identification were carried out as per the
standard methods described in OIE [6].

2.6 Viral RNA Extraction and F Gene
Amplification

The genomic viral RNA was extracted from the
HA and HI positive AF by using QlAamp viral
RNA mini kit (QIAGEN, Hilden, Germany)
according to the manufacturer's protocol.
The RNA was eluted using 60 pl of elution
buffer and stored at -80C until used. The
extracted NDV genomic RNA was used to
generate cDNA by RT-PCR. The oligonucleotide

primers forward (NDV/Fa:5'-
GTCAACATATACACCTCATCCCAGACAGG-3)
and reverse (NDV/Ra:5'’-

CTGCCACTGCTAGTTGGGATAATCC-3’) were
used to amplify the F gene of NDV. The
expected size of the RT-PCR amplified DNA
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fragment is 387 bp in length. All the RT-PCR
products were run through 2% agarose gel
electrophoresis and stained with 0.01% ethidium
bromide and compared with molecular marker
(100 bp DNA marker) by visualizing with
ultraviolet (UV) trans-illuminator.

2.7 Pathogenicity Indices of the Field
Isolates of NDV

Three isolates (Table 2) of NDV were subjected
to pathotype determination by MDT, ICPI and
IVPI. The mean death time or the minimum lethal
dose (MDT/MLD) was determined using 9-day-
old chicken embryos following the methods
described by Hanson and Brandly [12]. The
intracerebral pathogenicity index (ICPI) was done
in day-old chicks following the method described
in OIE [6]. The intravenous pathogenicity index
(IVPI) was determined in 6-week-old chickens
following the method described previously [13].

2.8 Experimental Preparation of an
Inactivated Vaccine with Velogenic
Strain of NDV

Of the three characterized velogenic strains one
NDV (NDV/MBD/8/2012) was selected as
vaccine candidate to determine its
immunogenicity against vNDV. The infectivity
titre (ELDsg) of NDV was determined boy
inoculating serial 10-fold diluted (10™ to 107
NDV positive AF, into embryonated chicken egg
(ECE) and the virus titre was calculated following
the method described by Reed and Muench [14].
Infective AF containing field isolate of NDV
having ELDs, 10%’/ ml of AF was inactivated by
0.1% formalin at a final concentration of 1:1000
following the method described by Koppad et al.
(2011). Inactivation of NDV was checked by two
serial passages in ECE resulting in live embryos
with no HA activity in their AF. A 40% aluminium
hydroxide gel was added with the inactivated
NDV to prepare NDV vaccine following the
method described by Tizard [15].

2.9 Sterility and Safety Tests of the
Experimentally Prepared Inactivated
NDV Vaccine

The sterility and safety tests of the inactivated
NDV vaccine was done according to the OIE by
using blood agar media and also in six 5-day-old
chicks respectively [6].



2.10 Experimental Immunization, Sero-

logy and Challenge Studies

The experimental chicks were divided into two
(2) major groups (A and B) each consisting of 12
chicks. Chicks of group A immunized thrice with
inactivated NDV vaccine through intramuscular
(i/m) route at 5, 28 and 56-days of age at the
doses rate of 0.25 ml, 0.5 ml and 1 ml/ bird
respectively. Chicks of group B were kept as
unvaccinated control. Efficacy of the inactivated
NDV vaccine was then evaluated by measuring
HI antibody titre of sera samples collected from
chicken at day 4, 27, 55 and 72 respectively as
pre and post vaccinations following the method
described by Anon [16].

The chickens of vaccinated group (Group A)
were again divided into two sub-groups namely
A; and A; and the unvaccinated group (Group B)
into two sub-groups namely B; and B,. Chickens
of sub-groups A; (Vaccinated) and B;
(Unvaccinated) were challenged with reference
NDV (NDV/DBD/1/2008) and chickens of sub-
groups A, (Vaccinated) and B, (Unvaccinated)
with recent isolate of NDV (NDV/MBD/8/2012)
through intranasal (i/n) route at a dose rate of
0.1ml (2ELDsp) per bird which correspond about
100% mortality in chickens of 10 weeks of age
[17].

2.11 Analysis of Data

Data (HI titre) were expressed as Mean + SE and
the differences of serum antibody titres among
the groups of chickens were compared using
one-way ANOVA. Statistical analysis was
performed using SPSS software version 17 and
the significant level was set as P <0.05. Survival

1000bp

100bp
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rate of chickens after challenge experiment were
analyzed by Mantel-Cox log rank test.

3. RESULTS
3.1 Virus Isolation and Identification

A total of eleven NDV isolates were isolated from
19 field samples. Firstly all HA positive AF was
harvested and preliminary confirmed by HI test
with anti-APMV-1 polyclonal serum and then RT-
PCR using F gene specific primers of NDV for
final confirmation of the virus (Fig. 1). The new
isolates of NDVs were designated as
NDV/MBD/1-11/2011/2012 (Table 1).

Table 1 showing isolation and identification of
NDV from 19 lungs tissue samples collected from
three different areas of Mymensingh district in
Bangladesh.

3.2 Pathogenicity indices

Results of the mean-death-time (MDT),
intracerebral pathogenicy index (ICPI) and
intravenous pathogenicity index (IVPI) of the
three representative field isolates
(NDV/IMBD/1/2011, NDV/MBD/5/2012  and
NDV/MBD/8/2012) of NDVs indicated that all the
isolates were velogenic in nature (Table 2).

3.3 Sterility and Safety Tests of the
Inactivated NDV Vaccine

The inactivated NDV vaccine was sterile and
safe after inoculation into blood agar media and
administration of double dose of the vaccine in
commercial layer chicks (either intramuscular or
intravenous) respectively.

387 bp

Fig. 1. Amplification of F gene fragment (387 bp) of NDV by RT-PCR. The lanes in the
photograph showing, M=Marker (100 bp), Lane-1= Positive Control and Lane 2-8= NDV isolates

4
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Table 1. Isolation and identification of NDV from field samples

Sampling Number of Isolation HA HI RT-PCR Total Nomenclature of

sites samples inavian positivity positivity positive isolates the virus isolate
embryos

Shesmore 6 4 4 4 4 NDV/MBD/1-

Mymensingh 4/2011

Boyra of 6 3 3 3 3 NDV/MBD/5-

Mymensingh 712012

Sutiakhali of 7 4 4 4 4 NDV/MBD/8-

Mymensingh 11/2012

Total isolates 11 11

Table 2. Pathotype determination of field isolate of NDV. The MDT, ICPI and IVPI values of the
three representative isolates, viz NDV/MBD/1/2011, NDV/MBD/5/2012 and NDV/MBD/8/2012 of

NDV
Field isolates MDT ICPI IVPI Pathotype
NDV/MBD/1/2011 55.2 hrs 1.80 2.70 Velogenic
NDV/MBD/5/2012 58.8 hrs 1.83 2.67 Velogenic
NDV/MBD/8/2012* 57.6 hrs 1.81 2.69 Velogenic

* This isolate of NDV used for immunization and challenge experiment in this study

3.4 HI Antibody Titre of Serum Samples
of the Vaccinated and Unvaccinated
Control Chickens

The serum antibody titre of vaccinated
chickens was gradually increased until 72
days of age following primary, secondary and
tertiary  vaccinations whereas maternal
antibody titres of unvaccinated chickens was
decreased dramatically at 72 days of age

(Fig. 2).

600
—— Group A (Vaccinated) ok %k
v 500 ) -
:E Group B (Unvaccinated) /:f
= 400 Y4
3 /’
g 300
= o *,/
= 200 %
100 s
0 = -
4 27 55 72

Age of chicken (Days)

Fig. 2. HI antibody titer of chickens of
vaccinated and unvaccinated control groups

The chickens of group A were vaccinated with
inactivated NDV according to materials and
methods whereas chickens of group B were kept
as unvaccinated control. Sera samples were
collected at the indicated time points and

subjected for antibody titre analysis by HI. The
data are presented as average (n=12
chickens/group) of serum HI antibody titre of the
both vaccinated and unvaccinated chickens with
error bar presenting SEs. HI =
Haemagglutination inhibition, SE = Standard
error, NS = Non significant, ** =P <0.01 and ***
=P <0.001 by one-way ANOVA.

3.5 Protection Test

All the vaccinated chickens of the sub-groups A;
and A, exhibited no signs of illness and survived
following challenge infection with both the
reference and field isolates of velogenic strain of
NDV (NDV/MBD/8/2012) throughout the 10 days
period of observation. Besides this, the control
chickens of the sub-groups B; and B, challenged
with both the reference and field isolates of
velogenic strain of NDV (NDV/MBD/8/2012) at
the same day started to die from day 3 and all
birds died within day 6" of challenge experiment.
Therefore, the results suggested that vaccine
prepared from velogenic NDV strain conferred
100% protection following virulent challenge

(Fig. 3).

The line with rectangular marks (Blue color)
and the line with square marks (Magenta
color) representing the survivability rate of
immunized groups (sub-groups A; and A,). The
line with triangle marks (Green color) and the line
with cross marks (Violet color) representing the



death rate of non-vaccinated groups (sub-groups
B; and B,). (n=06 chickens/sub-group). ***=p
<0.001 by Mantel-Cox log rank test.
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Fig. 3. Survival rate of chickens of vaccinated
and unvaccinated control groups

4. DISCUSSION

A total of 19 lungs tissue samples were collected
from dead layer chickens of clinically suspected
ND of three outbreaks areas of Mymensingh
district of Bangladesh. Out of 19 samples, 11
were found positive for NDV through isolation
using 10 days old embryonated eggs of sero-
negative hens.

Firstly, the HA positive AF was harvested and
subjected to HI test. All the 11 HA positive AF
were found to be positive in HI test and these
findings have close similarity with other
investigators where they isolated NDV from field
samples and indentified by HI test [18,19].
Eleven isolates of NDV, preliminary confirmed
by HI test were subjected to RT-PCR for
further confirmation by using F gene specific
primer of NDV (Fig. 1). The expected sized
band of RT-PCR-amplified DNA fragment was
found at around 387 bp. This molecular detection
of NDV by using F gene specific primer has
stronger similarity with the findings of others
[8,9].

Three (NDV/MBD/1/2011, NDV/MBD/5/2012 and
NDV/MBD/8/2012) of the eleven isolates of NDV
were subjected to pathotype determination by
MDT, ICPI and IVPI. The results of MDT, ICPI
and IVPI of the three representative field isolates
of NDV indicated that all the recent isolates of
NDV belong to the velogenic group which also
correlates with the findings of several
investigatiors [20,21].
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One representative velogenic strain
(NDV/MBD/8/2012) of the three field isolates of
NDV was used as a vaccine candidate to check
its immunogenicity and protective potentiality of
chickens against the circulatory velogenic strain
of NDV. The mean +SE of HI antibody titres of
chickens (Fig. 2) vaccinated thrice with
inactivated NDV vaccine through i/m route at 5-,
28- and 56-days of age were found to be
increased from day 4 to day 72 of age and the HI
titre was increased significantly at 55- and 72-
days (P <0.001, day 27 vs. day 55 and day 55
vs. day 72) of age and such results have close
relationship with the previous findings [22-24].
The serum antibody level of chickens following
primary vaccination did not show any significant
production of HI antibody. This lower level of
antibody production was due to presence of high
level of maternally derived antibody (MDA) as the
chicks used in this study had comparatively high
MDA and this finding correlates with the findings
of other scientists [17,25].

The antibody titre analysis of sera samples
obtained from the unvaccinated chickens at 4-,
27-, 55- and 72-days of age showed that the
antibody titres were gradually decreased from
day 4 to day 76 of age (Fig. 2). This finding is in
agreement with the findings of Sarkar et al where
the author found that MDA may persist up to 76
days of age in the layer chickens [17].

The vaccinated and unvaccinated chickens were
challenged at 72 days of age (16 days after
tertiary vaccination) with both the velogenic
strains of the field (NDV/MBD/8/2012) and
reference NDVs. The chickens vaccinated thrice
with the inactivated NDV vaccine conferred
100% protection and this results are in
agreement with the findings of Saha et al. and
Zhao et al. [10,26]. On the other hand, chickens
of unvaccinated control group failed to protect
any chickens following challenge infection

(Fig. 3).

The lower survival rate (50-60%) of commercial
chickens vaccinated with live NDV vaccines may
be due to variation in antigenicity between the
field and vaccines viruses. Another possibility of
regular vaccination failure may be due to the
improper maintenance of cool chain during
transportation and storage of the live NDV
vaccines. The highest rate of efficacy of the
inactivated NDV vaccine prepared with local
isolate may be due to the strong antigenic
relationship between the field and vaccines
viruses. Inactivated and adjuvanted NDV vaccine



revealed higher rate of protective potentiality due
to slow release of the antigen.

5. CONCLUSION

The velogenic strain of NDVs are circulating
among the poultry population of Bangladesh. The
inactivated vaccine prepared with velogenic field
isolate of NDV (NDV/MBD/8/2012) might induce
satisfactory level of serum antibody after
vaccination and provide 100% protection in
chickens against the existing velogenic strain of
NDV circulating in the Bangladesh.

ETHICAL APPROVAL

All authors hereby declare that they followed
the Principles of laboratory animal care
(NIH publication No. 85-23, revised 1985) as well
as specific national laws where applicable.
All experiments have been examined and
approved by the appropriate animal research
committee.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Alexander DJ. Newcastle disease and
other avian paramyxoviruses. Revue
Scientifique et Technique (International
Office of Epizootics). 2000;19(2):443-62.
Epub 2000/08/10.

PubMed PMID: 10935273.

2. Biswas PK, Barua H, Uddin GM, Biswas D,
Ahad A, Debnath NC. Serosurvey of five
viruses in chickens on smallholdings in
Bangladesh. Preventive Veterinary
Medicine. 2009;88(1):67-71.

Epub 2008/08/30.
DOI: 10.1016/j.prevetmed.2008.06.018
PubMed PMID: 18723236.

3. Mayo MA. A summary of taxonomic
changes recently approved by ICTV.
Archives of Virology. 2002;147(8):1655-63.
Epub 2002/08/16.

DOI: 10.1007/s007050200039
PubMed PMID: 12181683.

4, de Leeuw O, Peeters B. Complete
nucleotide sequence of Newcastle disease
virus: Evidence for the existence of a new
genus within the subfamily

10.

Hossain et al.; BJI, 17(3): 1-9, 2017; Article no.BJI.31123

Paramyxovirinae. The Journal of General
Virology. 1999;80(Pt 1):131-6.

Epub 1999/02/06.

DOI: 10.1099/0022-1317-80-1-131
PubMed PMID: 9934695.

Millar NS, Chambers P, Emmerson PT.
Nucleotide sequence of the fusion and
haemagglutinin- neuraminidase
glycoprotein genes of Newcastle disease
virus, strain Ulster: Molecular basis for
variations in pathogenicity between strains.
The Journal of General Virology. 1988;69
(Pt 3):613-20.

Epub 1988/03/01.

DOI: 10.1099/0022-1317-69-3-613
PubMed PMID: 3351479.

OIE. Manual of diagnostic tests and
vaccines for terrestrial animals. 2009;576-
89.

Gohm DS, Thur B, Hofmann MA.
Detection of newcastle disease virus in
organs and faeces of experimentally
infected chickens using RT-PCR. Avian
pathology. Journal of the WVPA.
2000;29(2):143-52.

Epub 2000/04/01.

DOI: 10.1080/03079450094171

PubMed PMID: 19184800.

Berhanu A, Ideris A, Omar AR, Bejo MH.
Molecular characterization of partial fusion
gene and C-terminus extension length of
haemagglutinin-neuraminidase gene of
recently isolated Newcastle disease virus
isolates in Malaysia. Virology Journal.
2010;7:183.

Epub 2010/08/10.

DOI: 10.1186/1743-422x-7-183

PubMed PMID: 20691110;

(PubMed Central)

PMCID: PMCPMC2927529.

Liu H, Zhao Y, Zheng D, Lv Y, Zhang W,
Xu T, et al. Multiplex RT-PCR for rapid
detection and differentiation of class | and
class Il Newcastle disease viruses. Journal
of Virological Methods. 2011;171(1):149-
55.

Epub 2010/11/03.

DOI: 10.1016/j.jviromet.2010.10.017
PubMed PMID: 21034772.

Saha S. MI, Rahman MM, Alam KMT.
Efficacy of an inactivated Newcastle
disease virus vaccine prepared from a
local isolate. Bangladesh Veterinary
Journal. 1998;32:57-62.



11.

12.

13.

14.

15.

16.

17.

18.

19.

Qin ZM, Tan LT, Xu HY, Ma BC,
Wang YL, Yuan XY, et al. Pathotypical
characterization and molecular
epidemiology of Newcastle disease virus
isolates from different hosts in China from
1996 to 2005. Journal of Clinical
Microbiology. 2008;46(2):601-11.

Epub 2007/12/14.

DOI: 10.1128/jcm.01356-07

PubMed PMID: 18077643.

(PubMed Central)

PMCID: PMCPMC2238121.

Hanson RP, Brandly CA. Identification of
vaccine strains of Newcastle disease virus.
Science. 1955;122(3160):156-7.

Epub 1955/07/22.

PubMed PMID: 14396376.

Alexander D. In: Swayne DE JG, MW
Jackwood, JE Pearson; WM Reed, editor.
A laboratory manual for the isolation,
identification, and characterization of avian
pathogens 4th edition ed. Inc., Kennett
Square, Pennsylvania: American
Association of Avian Pathologists. 1998;
156-63.

Reed LJ, Muench H. A simple method of

estimating fifty per cent endpoints.
American  Journal of Epidemiology.
1938;27:493-7.

Tizard IR. Veterinary immunology. An

introduction. 1996:270-8.

Anon. Methods for examining poultry
biologics and for identifying and
guantifying avian pathogens: National

Research Council. Subcommittee on Avian
Diseases' National Academy of Sciences;
1971.

Sarkar SC, Saha S, Amin MM, Hossain
MG. The efficacy of ranikhet disease
vaccines produced by Livestock Research
Institute of Bangladesh. Microbes and
Health. 2013;1(1):5.

Epub 2013-02-09.

DOI: 10.3329/mh.v1i1.13706

Haque M, Hossain M, Islam M, Zinnah M,
Khan M, Islam M. Isolation and detection
of Newcastle disease virus from field
outbreaks in broiler and layer chickens by
reverse transcription—polymerase chain
reaction. Bangladesh Journal of Veterinary
Medicine. 2010;8(2):87-92.

DOI: 10.3329/bjvm.v8i2.9618

Vidanovic D, Sekler M, Asanin R, Milic N,
Nisavic J, Petrovic T, et al.

20.

21.

22.

23.

24.

25.

Hossain et al.; BJI, 17(3): 1-9, 2017; Article no.BJI.31123

Characterization of velogenic Newcastle
disease viruses isolated from dead wild
birds in Serbia during 2007. Journal of
Wildlife Diseases. 2011;47(2):433-41.
Epub 2011/03/29.

DOI: 10.7589/0090-3558-47.2.433
PubMed PMID: 21441197.

Adi AA, Astawa NM, Putra KS, Hayashi Y,
Matsumoto Y. Isolation and
characterization of a pathogenic Newcastle
disease virus from a natural case in
indonesia. The Journal of Veterinary
Medical Science. 2010;72(3):313-9.

Epub 2009/12/10.

PubMed PMID: 19996566.

Munir M, Abbas M, Khan MT, Zohari S,
Berg M. Genomic and biological
characterization of a velogenic Newcastle
disease virus isolated from a healthy
backyard poultry flock in 2010. Virology
Journal. 2012;9:46.

Epub 2012/02/22.

DOI: 10.1186/1743-422x-9-46

PubMed PMID: 22340092.

(PubMed Central )

PMCID: PMCPMC3295720.

Rajeswar JJM, PR. Comparison of efficacy
of pellet, spray and killed LaSota strain
vaccines of Newcastle disease. Indian
Journal of Animal Health. 2002;41(2):113-
7.

Igbal M. KM, Rizvi AH, Haque AU, Nabi G,
Zulfigar M. Preparation and evaluation of
inactivated oil-based Newcastle disease

vaccine (Mukteswar strain). Pakistan
Journal of Veterinary Research. 2003;
1:39-41.

Fan Y, Wang D, Liu J, Hu Y, Zhao X, Han
G, et al. Adjuvanticity of epimedium
polysaccharide-propolis flavone on
inactivated vaccines against Al and ND
virus. International Journal of Biological
Macromolecules. 2012;51(5):1028-32.
Epub 2012/09/01.

DOI: 10.1016/j.ijbiomac.2012.08.025
PubMed PMID: 22935524.

Cornax |, Miller PJ, Afonso CL.
Characterization of live LaSota vaccine
strain-induced protection in chickens upon
early challenge with a virulent Newcastle
disease virus of heterologous genotype.
Avian Diseases. 2012;56(3):464-70.

Epub 2012/10/12.

DOI: 10.1637/10043-122011-Reg.1
PubMed PMID: 23050461.



Hossain et al.; BJI, 17(3): 1-9, 2017; Article no.BJI.31123

26. Zhao K, Chen G, Shi XM, Gao TT, Li W, Epub 2013/01/04.
Zhao Y, et al. Preparation and efficacy of a DOI: 10.1371/journal.pone.0053314
live newcastle disease virus vaccine PubMed PMID: 23285276.
encapsulated in chitosan nanoparticles. (PubMed Central)
PloS one. 2012;7(12):e53314. PMCID: PMCPMC3532065.

© 2017 Hossain et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/17675




