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Newcastle disease (ND) is a very contagious disease in chickens and turkeys and one of the most
important diseases of poultry in the world. The infection causes sudden death with high mortality. In
Indonesia, Newcastle disease in recent years showed symptoms slightly different from previous
symptoms of this disease. NDV infection of genotipe VII has been reported to cause this outbreak in
several commercial poultry farms in Indonesia. This study aimed to isolate and identify the recent ND
virus and determine group of genotype of ND in Indonesia for the development of seed of ND vaccines
expected to be more effective in the control of Newcastle disease in the field. The method used in this
study includes the collection of samples from the field, ND virus isolation, RT-PCR and DNA
sequencing of the F and HN genes of ND viruses. Our result showed that six isolates belong to
genotype VII of ND viruses, one isolate belong to genotype VI and the other isolate belong to genotype
I. The prediction of pathotypes of amino acids sequence on F gene of NDV indicated that seven isolates
have motif R-R-R-K-R and R-R-Q-K-R which is a marker for pathotype for velogenic of ND viruses. The
cleavage site of amino acid sequences from one isolate (RIVS isolate) has G-K-Q-G-R-L which is
lentogenic pathotype of NDV. This study indicated that genotype VII viruses were predominant virus
circulating in the field and we suggested the update of master seed vaccine of ND in Indonesia.
Key words: New castle disease (ND), genotype VII, phylogenetic analysis.

INTRODUCTION
As an OIE list A categorized disease, the outbreak of
Newcatle disease (ND) has severly affected poultry Industries world-wide causing massive economic repercussion. The distribution of this highly contagius and
infectious disease has already widely spread across
many regions of the world. The etiological agent belongs
to virulent serotypes of avian paramixovirus type 1 (APV1) of the genus Avulavirus, subfamily Paramyxovirinae
and family Paramyxoviridae (ICTV, 2005). At least ten

serotypes of avian paramyxovirus (APV1-APV10) have
been recognized up to date (Miller et al., 2010). The
genome of this enveloped virus is nonsegmented, singlestranded, negative sense RNA with approximately 15 kilo
base pair (kbp) for entire genome size. The genome
encodes for at least six major proteins including nucleocapsid (N), phosphoprotein (P), matrix (M), fusion (F),
hemagglutinin-neuraminidase (HN) and large polymerase
(L) (Krishnamurthy and Samal ,1998; De Leeuw and
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Peeters, 1999). Two non-structural proteins (V and W)
are expressed at transcription process of P gene
(Peeters et al., 2004; Steward et al., 2003). Moreover, the
HN and F proteins are acknowledged to play important
role in the virulence characteristic (Huang et al., 2004).
These two surface protein surfaces are involved in the
attachment and membrane fusion in the initial infection
on the host cells (de Leeuw and Peeters, 1999; Lamb
and Kolakofsk, 1996).
Manifestation of the disease may vary from subclinical
to severe or systemic infection with high mortality rate
depending on the virulence of virus strain and the host
state and susceptibility. Based on the clinical symptomps
in chicken, the NDV are grouped into five pathotypes
including viscerotropic velogenic, neurotropic velogenic,
mesogenic, lentogenic respiratory and asymtomatic
enteric (Alexander and Senne, 2008). The concern about
ND infection in the poultry industry should not be oriented
only to the pathogenic strains since the apathogenic
strains may contribute to economic drawback as well.
The avirulent strain of APV1 could result in decreased
productivity of the infected farms such as drop of egg
production or poor body weight performance (Aldous and
Alexander, 2003; Leuck et al., 2004; Ojok and Brown,
1996). Farmer’s ignorant on the significance of avirulent
ND strain in poultry farms may lead to unexpected income
loss.
Historically, the outbreak of ND infection in Indonesia
has been isolated more than eighty years ago
(Kranevald, 1926). Some Diseases Investigation Center
in Indonesia reported the isolation of NDV from outbreak
occuring in their areas. The ND infection has become
endemic in most regions of the country causing significant economic losses even in in Indonesia. However,
the ND outbreaks are properly controlled by implementing intensive vaccination program in the commercial
poultry farms. Numerous type of vaccines are available
from several commercial sources including live and killed
vaccine which consist of the Lasota strain for either single
application or combination with other poultry diseases
vaccines. Despite the fact that ND infection is overshadowed by current Asian highly pathogenic avian influenza
H5N1 outbreak even in Indonesia, the ND viruses still
pose threat to the poultry industries by maintaining their
evolution and spread in the farm environment. In
Indonesia, failure of the protection of the current vaccination program against ND infection perhaps caused by the
seed vaccine did not match with the field NDV, mutation,
or introduction exotic strain. Lately, NDV infection of
genotipe VII has been reported to cause disease outbreak in several commercial poultry farms in Indonesia.
The objectives of this study were to characterized
recently isolated ND viruses by molecular approach as
well as to determine genotypic grouping of ND viruses in
Indonesia in order to look for candidate of new master
seed vaccine that more effectively control ND outbreak in
the field.
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MATERIALS AND METHODS
Samples collection and screening for ND virus
Field samplings were conducted in several commercial chicken
farm in Sukabumi (West Java Province) and Tangerang (Banten
Province). Both districts have experienced recurrent outbreak of ND
because of high density of poultry population in these areas. Type
of sample collected in the fieldwork is chicken sera and cloacal
swab. A sterile cotton-tipped swab was used for sampling of cloacal
swab. Subsequently, the swabs were stored in viral transport medium consisting of Dulbecco's modified eagle medium (DMEM) with
addition of antibiotic and antifungi. The samples were immediately
transported to the Virologi Laboratory, IRCVS, Bogor for further
analyses. The presence of antibody against ND was examined in
the serum samples by hemagglutination inhibition (HI) test using
OIE standard methodology.
Isolation ND viruses
Virus isolation was conducted by inoculating cloacal samples into
specific pathogen free (SPF) of embryonated chicken eggs (9-11
days) only for ND positive sample by RT-PCR test. Briefly about
1000 μl sample in transport medium was homogenized by vortexing
and subsequently centrifuged with the speed of 2500-3000 rpm.
Then, supernatant was inoculated into embryonated egg via allantoic cavity with 4 days observation for death of embryo. Subsequently, the allantoic fluid was harvested and screened for the virus
presence by rapid agglutination test for 10% chicken red blood cells
in the porcelain plate. The positive agglutinated allantoic fluid was
retested again by RT-PCR for the confirmation of ND viruses.
Furthermore, the ND virus isolates were kept in the freezer at -20°C
for further analyses.
Sequencing of PCR products
Molecular characterization of ND virus isolates were accomplised
by sequencing the F and HN gene. Briefly, RNA of ND virus was
isolated using Viral RNA minikit (Qiagen). Subsequently, the RTPCR test designed by Liu et al. (2008) was performed to amplify the
F gene with size of product in about 535 base pairs (bp).
Meanwhile, the amplification of HN gene was carried out using
Peroulis-Kourtis et al. (2002) method to generate product with size
of 320 bp. The RT-PCR for both genes was conducted using the
Superscript III One Step RT-PCR system (Invitrogen).
The DNA products were separated by gel electrophoresis and
visualized by UV transluminator. Furthermore, specific amplification
products were purified using QIAquick Gel Purification System
(Qiagen) and quantified using NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific Inc.). The DNA sequencing was performed by BigDye Terminator Cycle v3.1 Cycle Sequencing Kit
(Applied Biosystem) in Genetyx Analyzer 3130 machine (Applied
Biosystems, USA).
Phylogenetic analysis and predicted amino acid of cleavage
site
The results of nucleotide sequence were verified and edited using
Bioedit version 8 (http://www.mbio.ncsu.edu/BioEdit). The sequences of the F and HN gene were compiled and compared with the
ND nucleotide sequece database in the genbank NCBI. Nucleotide
analysis, prediction of amino acid sequences and multiple sequence alignment was done with Clustal W (BioEdit 8) and MEGA
5.2. Phylogenetic tree analyses for genotyping were generated by
neighbor-joining bootstrap analysis (1,000 replicates) using the
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Table 1. Field samples for indentification of ND viruses using RT-PCR.

District/province
Sukabumi
Tangerang
East java
West java

Total farm
16
7
1
1

Total samples
171
73
5
5

Positive by (RT-PCR – F gene)
22
36
1
1

Table 2. Historical isolates of ND in Indonesia.

Name of virus
I-337
I-14
I-171
I-237
I-53
RIVS

Species
Chicken
Chicken
Chicken
Chicken
Chicken
Chicken

Tamura-Nei algorithm in MEGA
(http://www.megasoftware.net).

5.2

Remark
No clinical signs
No clinical signs
High mortality
High mortality tinggi

genotype VII, they showed more similar relationship with
the other GVII viruses isolated in 1990 (Figure 1). Moreover, the I-53 and RIVS are categorised as genotypes I
and VI, respectively. Concurrently, the phylogenetic tree
analysis of HN gene showed that GTT/11 and SME/13
isolates have close genetic proxi-mity with other
Indonesian ND viruses isolated in 2010 (Figure 2).

Area
West Java
West Java
East Java
Kupang, NTT
West Java
No data

version

Virus isolation
Negative
Negative
Positive
Positive

Proteolytic cleavage site of F0 protein
software

RESULTS
Identification of NDV
The samples were collected from commercial layer farms
in two districts, that is, in Sukabumi and Tangerang. In
addition, several samples were also obtained from broiler
farms in East Java Province. Hemagglutination inhibition
test revealed that all the poultry farms where vaccination
was done showed various value of antibody titers in the
range of between 5-11 log2 (data not shown). Most of
chicken farms may have problem with NDV even though
vaccination is routinely implemented. The RT-PCR assay
identified presence of NDV in numerous cloacal swab
samples (Table 1); however, only two isolates viruses of
ND can be grown in embryonated eggs of SPF chicken.
In this study, we did further analyze DNA sequencing for
the new isolated viruses, that is, GTT/11 and SME/13 for
as well as six other NDV isolates from our laboratory,
namely I-337, I-14, I-171, I-1237, I-53 and RIVS (Table
2). The DNA sequencing was succesfully accomplished
from the RT-PCR product of F and HN gene in about 535
base and 320 bp, respectively.
Phylogenetic analysis
The phylogenetic tree analysis of F gene demonstrated
that most of ND isolates used in this study belong to
genotype VII. The newly isolated NDV, that is, GTT/11
and SME/13 are classified in genotype IV that have close
relationship with the other Indonesian GVII viruses isolated in 2005. Despite the fact that the other four historical isolates (I-337, I-14, I-171 and I-1237) also belong to

The genetic analyses of amino acid sequences of the
NDV isolates were compared with the NDV database
from GenBank (NCBI). Based pathotypes prediction on
cleavage site of fussion protein, six isolates (GTT/11, I337, I-171, I-14, I-237) have motif of amino acid R-R-R-KR and two other isolates (I-53 and SME/13) exhibit motif
of R-R-Q-K-R. These amino acids sequence motifs are
marker for velogenic or mesogenic pathotypes.
Conversely, the amino acid motif of RIVS isolate is G-KQ-G-R-L, which is marker for lentogenic pathotype of
NDV (Figure 3).

DISCUSSION
Amino acid sequence of cleavage site on F gene can be
used to predicted pathotypes of NDV. This sequence
analysis of the F protein can be done instead of conventional methods such as mean death time (MDT) and
intracerebral pathogenicy index test (ICPI) (Panda et al.,
2009). Pathotype and virulence of NDV can be predicted
from amino acid sequence on cleavage site of F0 protein
after post-translational modification. The amino acid sequence at the F protein cleavage site is different among
most lentogenic, mesogenic and velogenic NDV strains
(Millar et al., 1988). Mostly, virulent strains comprise motif
112
R/K-R-Q-K/R-R116 at the C-terminus of the F2 protein
and phenylalanine (F) at residue 117 at N-terminus of the
F1 protein. Meanwhile, the low virulent strains retain motif
112
G/E-K/R-Q-G/E-R116 in the same region and leucine
(L) at the same position (Collins et al., 1993; Panda et
al., 2004).
In our study, seven isolates have multibasic amino
acids sequence on cleavage site that indicated the velogenic and mesogenic NDV strains (Seal et al., 1995). On
the other hand, one isolate is classified as lentogenic
strain because it has monobasic amino acid motif in
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Figure 1. Phylofenetic tree of partial of Fussion (F) gene of ND viruses. Indonesian viruses used in this study are shown in blue color. The
region of the fussion from 198-450 was analyzed using MEGA version 5.2. A neighbor-joining bootstrap analysis (1.000 replicates) using the
Kimura-Nei model.
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Figure 2. Phylogenetic tree of hemagglutinin-neuraminidase (HN) gene of
ND viruses. Viruses used in this study are shown in blue color.
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Figure 3. Cleavage site of amino acid sequences prediction on F gene of ND viruses as shown in the black color box.

cleavage site on F protein (Seal et al., 1995).
Based on phylogenetics, ND viruses are classified into
two classes, namely Class I and II. Class I of ND viruses
have genome sizes typically 15198 nucleotides which
were isolated from waterfowl and domestic poultry and
usually are avirulent. Class II of ND viruses are a group
of viruses most virulent and avirulent viruses with some
genotypes I- IV found prior to 1960 with the genome size
of 15186, while genotype V-VIII, a new strain that was
isolated after 1960 with a genome size of 15192 nt.
genotype VII and VIII are new genotypes found after
1980 that caused a pandemic in Europe, the Far East
and South Africa (Czegledi et al., 2006; Herczeg et al.,
1999; Ke et al., 2001; Lomniczi et al., 1998; Abolnik et al.,
2004; Liu et al., 2007). The results of our study showed
that the ND virus used in this study was six isolates
belonging to genotype VII, one virus was genotype 1 and
other virus are genotype VI. The genetic analysis showed
that genotype VII is the dominant group of viruses
circulating in Indonesia after 2005, almost Indonesian ND
viruses isolated after 1990 also belong to genotype VII.
This study identified little differences on the amino acids
sequences among viruses in the group of genotype VII.
The isolates of ND that we isolated from this study
(GTT/11 and SME/13)
have dissimilar amino acid
sequences of cleavage site on F gene. The GTT/11
isolate have typical velogenic pathotype of NDV.
Regardless of the SME/13 isolate based on phylogenetic
tree, it belong to genotype VII, but the amino acid
sequence of cleavage site have similar motif with I-53.
Our result revealed that the I-53 isolate belong to
genotype VI, and based on Parade (1987) study, the I53 isolate was a mesogenic group of viruses. The isolate

of SME/13 was collected from outbreak of ND with high
mortality in commercial chicken farm. The recent ND
viruses were estimated to be the cause of problem in
poultry, so it takes the suitability of the seed vaccine
viruses circulating in the field. Our analysis shows that
the viruses circulating in Indonesia are viruses that have
a high similarity with GTT/11 and SME/13, no new
findings on virus which belong to genotypes I and others,
because genotype VII is a virus that predominate NDV
currently circulating in the field.
There are many kinds of vaccine available in Indonesia.
They are used as part of government policy to control ND
in Indonesia. The vaccines are imported or produced
locally using overseases strains under the government
authority. The seed of strains used for local production
are still imported strains such as B1, LaSota, F, Komarov
(Parede, 1987). Recently, some local vaccine factories
used the local strain of NDV to control ND in Indonesia.
For years, most of commercial farms in Indonesia have
practiced intensive ND vaccinations using both live and
inactivated vaccines. In addition, LaSota strain belonging
to genotype II is widely used as live vaccine in the field.
However, the epidemiological circumstances of ND have
been changed by reports of ND outbreaks in the
vaccinated chicken flocks. The emergence of new
genotypes and antigenic variants of ND infection arose
by introduction of the new circulating ND viruses of
genotype VII in the farm environment. Despite the fact
that significant genotype dissimilarity between seed
vaccine and newly identified viruses have been identified,
the traditional vaccine of LaSota still could provide certain
protection against new genotype VII ND infection
because the antigenicity attributes have not changed dra-
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matically. However, the high level HI antibody value of
flock immunity (up to 8log2) maybe required to protect
against this new genotype (Liu et al., 2008; Panshin et
al., 2002; Yu et al., 2001).
Developing ND seed vaccine in accordance with the
field virus circulation should be done to control and
reduce the economic impact caused by this disease, so
based on this study, it is recommended that the ND virus
genotype VII should be used as a new master seed
which is expected to induce antibodies and provide good
protection against the new field strain of ND virus in
Indonesia.
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