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Newcastle disease (ND) is an extremely contagious and fatal viral disease causing huge economic losses 
to the poultry industry. Following recent ND outbreaks in Sabah in commercial poultry and backyard 
farms, it was speculated that this could be due to a new introduction of Newcastle Disease Virus (NDV) 
genotype/sub-genotype. Here we report the genetic characterization of NDVs isolated from Sabah during 
early 2021.  All isolates were amplified and sequenced with primers specific to the viral fusion (F) gene 
using reverse transcription-polymerase chain reaction (RT-PCR). Nucleotide sequence analysis of the F 
gene showed that all isolates shared similar homology of 99.4% with NDV strain from Iran isolated in 
2018. Amino acid sequences of the F protein cleavage site revealed the motif of 112RRQKRF117 indicating 
all isolates were of virulent strain. Phylogenetic analysis demonstrated that all isolates were clustered 
under sub-genotype VII 1.1 and clustered together with isolates from Iran (previously known as sub-
genotype VIIl). The present findings suggested that there is an emerging of a new sub-genotype into 
the poultry population in Sabah and this sub-genotype has never been reported before in Malaysia. 
Therefore, transboundary monitoring and continuous surveillance should be implemented for proper 
control and prevention of the disease. A further molecular epidemiological analysis of NDV is needed 
to well understand the circulatory patterns of virulent strains of NDV in the country to prevent future 
outbreaks.
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INTRODUCTION

Newcastle disease (ND) is a contagious viral disease that affects 
various avian species, mainly domestic poultry and causes major 
outbreaks (Ghalyanchilangeroudi et al., 2018). ND is caused by 
virulent strains of Avian Orthoavulavirus serotype 1 (AOAV-1) 
viruses or generally referred to as Newcastle Disease Virus (NDV) 
(Amarasinghe et al., 2018; ICTV, 2019).  The NDV has a negative-
sense RNA genome of 15kb, with six genes encoding structural 
fusion (F), haemagglutinin-neuraminidase (HN), nucleocapsids (N), 
phosphoprotein (P), matrix (M), and large polymerase (L) proteins 
(Hussain et al., 2020; Nagy et al., 2020). Additionally, two non-
structural proteins known as V and W are produced as a result of 
RNA editing of the P gene (Ganar et al., 2014).
 Among the proteins, the F and HN proteins are surface 
glycoproteins and protective antigens of NDV (Ghalyanchilangeroudi 
et al., 2018). The F protein directs the viral fusion activity whereas 
the HN protein is responsible for virus attachment (Peeters & Koch, 
2021). Intracerebral pathogenicity index (ICPI) can be used to 
determine NDV pathotype. However, ICPI should only be used where 
there is a strong epidemiological justification due to the severity of 
the procedure (OIE, 2021). Alternatively, the virulence of the virus 
can be determined by analysing the amino acid sequence of the F0 
protein cleavage site (position 112–117) (Wang et al., 2017).

 According to the updated classification by Dimitrov et al. (2019), 
complete F gene nucleotide sequencing classified NDVs into two 
major classes: class I and class II. Viruses from Class I belong to a 
single genotype, while for Class II viruses, 21 genotypes (made up 
of several sub-genotypes) have been identified. Avirulent isolates 
from wild waterfowl are mostly found in Class I (Dimitrov et al., 
2019). The majority of NDV strains are classified as Class II, which 
includes both virulent and avirulent strains (Alexander et al., 2012). 
The genotype VII landscape has changed as a result of the new 
classification. Genotype VII was reclassified into only three sub-
genotypes: VII.1.1, VII.1.2 and VII.2. Sub-genotypes VIIb, VIId, VIIe, 
VIIj, and VIIl were combined into single sub-genotype VII.1.1, VII.1.2 
included sub-genotype VIIf and VII.2 included the sub-genotypes (h, 
i and k) (Dimitrov et al., 2019).  
 In Malaysia, the first ND outbreak was reported in Parit Buntar, 
Perak, in poultry flocks in 1934 (Mahamud et al., 2021). Since then, 
ND is considered endemic as it had caused major outbreaks not only 
in vaccinated chickens but also village chickens and non-poultry avian 
species (Shohaimi et al., 2015).  Six genotypes (I, II, III, VI, VII and 
VIII) have been reported to circulate in Malaysia (Shohaimi et al., 
2015; Mahamud et al., 2021). For the past 20 years, NDV genotype 
VII has been the predominant genotype in Malaysia (Tan et al., 2010; 
Berhanu et al., 2010; Shohaimi et al., 2015; Aljumaili et al., 2017; 
Syamsiah et al., 2021).
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 In early 2021, reports of high mortalities up to 50% with 
respiratory and enteric clinical signs in many areas in Sabah were 
received not only in commercial farms but also village chickens by 
Sabah Department of Veterinary Services. The authority conducted 
disease investigations and sample collection. Virus isolation was 
carried out by the Veterinary Diagnostic Laboratory Kota Kinabalu, 
Sabah. Allantoic fluid was harvested and tested positive for ND by 
Real Time RT-PCR. The allantoic fluids were then sent to Veterinary 
Research Institute (VRI) Ipoh for ND confirmation and genotyping. 
In a recent study by Syamsiah et al. (2021), it was reported that NDV 
was detected in Sabah in 2019 from ayam kampong and fighting 
cock. Even though it is from genotype VII, but the isolates do not 
cause major outbreaks in Sabah. This study was, therefore conducted 
to determine the genotype of the NDV from the recent outbreaks 
to have a clearer understanding of NDV circulation in Sabah. 

MATERIALS AND METHODS

Virus Isolation
During January and February 2021, a total of 20 allantoic fluid 
samples from Veterinary Diagnostic Laboratory Kota Kinabalu, Sabah 
were sent to Avian Virology Section, VRI, Ipoh for confirmation and 

genotyping of NDV.  The samples were propagated in 9 to 11 days old 
Specific Pathogen Free (SPF) embryonated chicken eggs via the intra-
allantoic route and incubated for three days at 37°C. The allantoic 
fluids were harvested and tested for hemagglutination activity via 
haemagglutination (HA) test according to OIE (2021). The positive 
HA isolates were examined later by haemagglutination inhibition 
(HI) test using specific antisera against ND (OIE, 2021).  

Extraction of viral Ribonucleic acid (RNA) and real-time reverse 
transcription - polymerase chain reaction (qRT-PCR)
All 20 allantoic fluid samples received from Sabah were also tested 
for molecular detection for ND. The samples were first screened 
for ND by one-step Taqman real-time RT-PCR (qRT-PCR) assay 
using primers and probe specific for NDV (matrix gene) (Wise et 
al., 2004). The presence of virulent F gene in positive isolates was 
investigated by qRT-PCR test, according to the method suggested 
by Wise et al. (2004). The real-time assays were performed in the 
QuantStudio 3 real-time PCR system (Applied Biosystems, USA). 
Out of the 20 isolates, six isolates were taken for further molecular 
characterization of full length of F gene of the NDV. These six isolates 
were representative from different parts of Sabah; the Papar, Kota 
Kinabalu, Ranau, Penampang, Sandakan and Tawau (Figure 1). 

Figure 1. Map of Sabah showing the area of NDV positive cases in during January and February 2021. Maps were created using paintmaps.
com. Areas affected are shaded dark grey.
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Amplification and Sequencing of Fusion gene
Total viral RNA was extracted from 200 µl of infected allantoic fluid 
using Indispin Pathogen kit (Indical Bioscience, Germany) following 
the manufacturer’s instructions. One step RT-PCR was carried out 
using the SuperScript III One-Step RT-PCR System with Platinum Taq 
(Invitrogen, USA). Three sets of primers used in the amplification of 
complete F gene are shown in Table 1. A PCR program was set in the 
T100 Thermal Cycler (Bio-Rad, USA) for amplification of templates 
which included RT at 48°C for 30 min, initial denaturation at 94°C 
for 5 min, followed by 35 cycles of denaturation at 94°C for 1 min, 
annealing at 50°C for 1 min and extension at 68°C for 2 min with a 
final extension for 10 min at 68°C. The amplicons were then analysed 
by gel electrophoresis using 1.0% agarose gel stained with SYBR Safe 
DNA gel stain (Invitrogen, USA). The amplified PCR products were 
cut from the gel and sent for Sanger sequencing (Apical Scientifics 
(M) Sdn Bhd). The primers used in DNA sequencing are the same 
as those used in RT-PCR amplification.

Sequence and Phylogenetic Analysis
The raw sequences were manually edited and assembled using 
SeqMan Pro software (DNAStar Lasergene, USA). The alignment 
and comparison of the sequences in this study and other published 
sequences was performed by the BioEdit Sequence Alignment Editor 
version 7.1.9 (Hall, 1999). The sequences were assessed using 
Basic Local Alignment Search Tool (BLAST) and compared to other 
sequences in the GenBank NCBI (NCBI, 2016). 
 Phylogenetic analysis was conducted, and evolutionary distance 
was analysed using MEGA version 7.0.26 by using the maximum 
likelihood (ML) method with Kimura 2-parameter model and setting 
bootstrap 1000 replicates (Tamura et al., 2013).  The phylogenetic 
tree was generated based on the complete F gene from nucleotide 
1 to 1662. As recommended by the recent NDV classification system 
by Dimitrov et al. (2019), distances of more than 5–10% and 10% 
were used to assign sub-genotypes and genotypes respectively.
 Sequences generated in this study were submitted to the 
GenBank database to obtain the accession number and their 
accession numbers are OK338510, OK338511, OK338512, 
OK338513, OK338514 and OK338515.

RESULTS

Virus Isolation
All of the Sabah samples were successfully isolated in SPF 
embryonated eggs. The harvested allantoic fluid samples were HA 

positive, with HA titres ranging from 64 to 256. The viruses were 
neutralised by antiserum specific to ND in the HI assay, with the HI 
titre ranging from 32 to 128 indicating that the viruses were of NDV. 

Real Time RT-PCR
All 20 samples were assigned ct values ranging from 11.5 to 14.75 
for ND screening in the Taqman qRT-PCR assay. Then, using a virulent 
F assay with  ct values range of 12.30 to 15.50, all of the samples 
were determined to be virulent ND.

Amplification and Sequencing of Fusion protein gene
Six out 20 isolates were chosen for further molecular characterization 
of full length of F gene of the NDV. The isolates were chosen from 
the first positive case of different parts of Sabah; the Papar, Kota 
Kinabalu, Ranau, Penampang, Sandakan and Tawau. All six isolates 
were successfully amplified with complete F gene specific primers 
(Figure 2).

Sequence and Phylogenetic Analysis
The F gene’s 1662 bp nucleotide sequence was compared to other 
published sequences using data from the GenBank database. 
Sequence comparison among the Sabah isolates in this study were 
between 99.8 to 100%. Homology between these isolates and other 
published Malaysian NDV strains were between 90.00 to 91.5%. 
Isolates from this study shared 96.3 to 99.4% homology with strains 
from sub-genotype VII 1.1 (Table 3). Basic Local Alignment Search 
Tool (BLAST) results has shown that all isolates had 99.4% nucleotide 
homology with strain Ck/IR/MAM72/2018 from Iran isolated in 2018. 

Table 1. Primer sets used in the amplification of complete F gene 
(Gould et al., 2003)

  Size of
Name Sequences 5’ – 3’ amplicon
  (bp)

NDV-4358F GCA CAC CCT TGC CAA ATA CAA TCC 950
NDV-5307R AAC TTA GTC AAT AAG TAA TCC AT 

NDV-4701F CCT CAT CCC AGA CAG G 1149
NDV-5849R AAA GTT ATC CCG TCT AAG GAT AA 

NDV-5724F AGA TGA CAA CAT GTA GAT G 1298
NDV-7021R GAA TGT GAG TGA TCT CTG CA

Figure 2. RT-PCR amplification of full length of 6 isolates in this study. Amplification products of full length F gene using 3 primer sets NDV-
4358F/ NDV-5307, NDV-4701F/ NDV-5849R and NDV-5724F/ NDV-7021R respectively. Lane 1 to 3: VRI-101-2021; Lane 4 to 6: VRI-751-2021; 
Lane 7 to 9: VRI-752-2021; Lane 10 to 12: VRI-753-2021; Lane 13 to 15: VRI-758-2021; Lane 16 to 18: VRI-763-2021. M: 1kb DNA ladder marker. 
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 The F protein cleavage site for all the isolates in this study 
revealed the presence of multiple basic amino acid residues at 
positions 112, 113, 115 and 116 and phenylalanine (F) at position 
117 (112 RRQKRF 117) representing the characteristic for virulent ND 
(Figure 3). 
 Results of the phylogenetic analysis (Figure 4) showed that all 
isolates were clustered as Class II, genotype VII and were grouped 
under sub-genotype VIIl which are phylogenetically close to NDV 
isolates from Iran. However, under the updated classification, all 
these isolates fall under sub-genotype VII 1.1. Evolutionary distance 
between the isolates revealed low distance score of 0 to 0.1%. In 
addition, isolates in this study and other published Malaysian NDV 
(sub-genotype VII.2) isolates had evolutionary distance ranging from 
8.4 to 10%. Meanwhile, compared to strains from sub-genotype VII 
1.1, isolates in this study had lower score of evolutionary distance 
with values between 0.6 to 3.7% (Table 3).

DISCUSSION

Here we report the isolation and molecular characterization of NDV 
isolated from outbreaks in six different areas in Sabah during early 
2021. Based on our findings, all six isolates are very much identical 
as they shared high percentage of similarities and likely to share a 
common origin. 
 Phylogenetic analysis clearly indicated that isolates in this study 
were clustered under genotype VII. In the early 1990s, genotype 
VII appeared in Europe and East Asia (Lomniczi et al., 1998). Since 
then, genotype VII has become the most prevalent genotype that 
has caused NDV outbreaks all around the world including Malaysia 
(Miller et al., 2015; Shohaimi et al., 2015; Aljumaili et al., 2017; 
Syamsiah et al., 2021). Over the last two decades, genotype VII has 
been consistently detected in commercial and backyard poultry 
in Malaysia, and currently it is the predominant pathogen causing 
majority of ND outbreaks in this country in recent years. (Berhanu 
et al., 2010; Tan et al., 2010; Shohaimi et al., 2015; Aljumaili et al., 
2017). 
 Genotype VII comprises highly diverse viruses.  Therefore, based 
on the complete F sequence, Diel et al. (2012) had further divided 
the viruses into sub-genotypes; VIIa to VIIl. A study by Shohaimi et 
al. (2015) reported that VIIb and VIIe were detected in 1999 while 
VIId was identified to be circulated in Malaysia between the year 
2000 to 2009. This is before VIIh and VIIi become the predominant 
sub-genotypes and has been enzootic not only in Malaysia but also 
in Southeast Asia countries (Miller et al., 2015; Liu et al., 2019). 

 Although ND is endemic in Malaysia, previous reports revealed 
that NDV isolated in Sabah has been seen only sporadically and 
did not cause major outbreaks (Berhanu et al., 2010; Shohaimi et 
al., 2015; Syamsiah et al., 2021). To our knowledge, this is the first 
time ND outbreaks were reported in many areas in Sabah including 
commercial farms. Based on the scale of the outbreaks, it was 
speculated that it could be due to a new genotype or sub-genotype. 
As described by Dimitrov et al. (2019), evolutionary distance below 
5% are considered same sub-genotype. Our study showed that 
recent Sabah isolates and other previous published Malaysian 
isolates from genotype VII.2 (VIIh and VIIi) had evolutionary distance 
of more than 5% (8.4 to 10%) indicating that isolates in this study are 
in different sub-genotype. Furthermore, our BLAST results showed 
that the recent Sabah isolates had high genetic similarities with 
isolate from Iran isolated in 2018. Consistent with the finding, the 
evolutionary distance between isolates in this study and isolates 
from genotype VII 1.1 (VIId and VIIl) were below than 5% suggesting 
that they are of the same sub-genotype.
 Based on the phylogenetic analysis, all isolates from this study 
were segregated into sub-genotype VII 1.1 and clustered together 
with isolates from Iran (previously known as sub-genotype VIIl). 
It can thus be suggested that that there is an emerging of a new 
sub-genotype into the poultry population in Sabah and this sub-
genotype has never been reported before in Malaysia. Interestingly, 
sub-genotype VIIl seems to be very unique to Iran.  It has been found 
in commercial broiler farms as well as backyard poultry (Molouki 
et al., 2019).   This sub-genotype was previously thought of as sub-
genotype VIId due to different genotyping systems used in various 
studies (Sabouri et al., 2018; Molouki et al., 2021a). Sabouri et al. 
(2018) firstly reported that this genotype was identified in backyard 
poultry in Iran during 2011–2013. It was later detected in many 
commercial broiler farms from 2017 to 2020 (Molouki et al., 2019; 
Allahyari et al., 2020; Molouki et al., 2021a). This is similar to our 
findings where most of the cases were isolated from commercial 
broilers. Areas affected by ND outbreaks are where most  of the 
commercial poultry farms in Sabah are located (Anon, 2019). In 
Iran, this sub-genotype was also detected in other avian species 
such as pigeons, magpie, pheasant, turkey, peacock and ostrich 
(Khosravi et al., 2021; Molouki et al., 2021a, 2021b). Since then, 
this sub-genotype is considered as the predominant sub-genotype 
in Iran (Khosravi et al., 2021; Molouki et al., 2021b). 

Figure 3. Alignment of the deduced amino acid sequences of the F gene of NDV isolates from Sabah compared with other Malaysian isolates 
from Genbank. The F protein cleavage site amino acid (residue 112 to 117) sequences of NDV isolates were labelled by a black rectangle.
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Figure 4. Phylogenetic tree constructed on the basis of complete fusion gene sequences of NDV isolates obtained from 
this study and other NDV isolates representing different genotypes and sub-genotypes of Class I and Class II. Genotypes 
are according to Dimitrov et al. (2019). Genotypes according to Diel et al. (2012) are shown in parenthesis. Tree was 
constructed using MEGA version 7.0.26 by maxiumum likelihood (ML) statistical method with Kimura 2-parameter 
model and setting bootstrap 1000 replicates. The black triangle (p) represents the isolates in this study.
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 Based on updated classification by Dimitrov et al. (2019), 
genotype VII is classified into three sub-genotypes, VII.1.1, VII.1.2, 
and VII.2. Therefore, the six isolates in this study are reclassified 
under sub-genotype VII.1.1. The viruses under sub-genotype VII.1.1 
caused the fourth NDV panzootic. Meanwhile, sub-genotype VII.2 is 
viruses that were responsible for the fifth NDV panzootic (Dimitrov 
et al., 2019). 
 Based on this new definition, since 2010, NDV that cause 
outbreaks in Malaysia is due to sub-genotype VII.2. Meanwhile, sub-
genotype VII.1.1 has not been detected in Malaysia after 2009. It is 
worth to note that the strain that was circulating in Malaysia back 
then (2000 to 2009), was closely related to the China strain (sub-
genotype VIId) (Shohaimi et al., 2015). Previous studies reported, 
the last sub-genotype VIId isolated in Sabah was in 2005 (Berhanu 
et al., 2010; Shohaimi et al., 2015). This was before sub-genotype 
VII.2 emerged as the outbreak’s causal strain in Malaysia (Shohaimi 
et al., 2015). Based on a study in 2019, only sub-genotype VII.2 (VIIi) 
was isolated in Sabah (Syamsiah et al., 2021). In addition to that, 
similar sub-genotype were also reported circulating in surrounding 
countries such as Indonesia and Philippines (Huong Tran et al., 2021; 
Saputri et al., 2021). Therefore, the source of introduction of this 
sub-genotype VII.1.1 remained unknown. 
 Several possible reasons may cause the introduction of this 
sub-genotype. Firstly, is the spillover of sub-genotype VII.1.1 virus 
from wild birds into poultry (Khosravi et al., 2021). In Iran, other 
than commercial and backyard chickens, sub-genotype VII.1.1 
was also isolated in other avian species (Khosravi et al., 2021; 
Molouki et al., 2021a, 2021b). Bidirectional spillovers occasionally 
disseminate virulent strains among wild bird species and chicken 
populations. Therefore, infected wild bird reservoirs may have 
crucial roles in introducing NDV to susceptible hosts. Unvaccinated 
birds, particularly backyard chickens and non-poultry avian species, 
have a high chance of coming into contact with wild birds due to a 
lack of biosecurity measures (Brown et al., 2017). As a result, they 
could act as an amplification host if they are exposed to virulent 
strains of NDV. This is in agreement with our findings where two 
out of six virulent NDVs were isolated from village chicken and 
fighting cock. Furthermore, backyard birds with other non-poultry 
avian species kept for other reasons are always present surrounding 
commercial poultry farms (Hussain et al., 2020). Hence, it increases 
the probability of NDV transmission to commercial poultry farms 
(Hussain et al., 2020). Trade and/or illegal movement of poultry 
products and birds cannot be ruled out as a method of introduction 
of the NDV strains in this study (Dimitrov et al., 2016). Although 
plausible, we had inadequate evidence to support any of these 
assumptions. 
 The virus spreads rapidly by the movement of people as 
well as contaminated equipment, food and water (Schirrmacher, 
2020). Human activities mainly through the movement of live 
birds, fomites, personnel, and poultry products from infected 
premises to susceptible birds have been shown to result in spillover 
events (Brown et al., 2021). Therefore, the human role might have 
contributed to the spread of sub-genotype VII.1.1 internally within 
the farms (Molouki et al., 2021a). This is because, though isolates 
from this study were recovered from different geographical areas 
in Sabah, all isolates showed high genetic similarity.
 From the results of this study, NDV was also isolated in 
a diseased chicken belonging to flocks that had received ND 
vaccination. Even though this is a new emerging sub-genotype in 
Sabah, and Malaysia generally, according to Miller et al. (2015), 
all NDV are of a single serotype, and any ND vaccine strain should 
protect against NDV-related mortality and morbidity regardless of 
the genotype differences. Nevertheless, vaccines must be used in 
conjunction with appropriate sound biosecurity, better-programmed 
strategies and good sanitary measures for the control program to be 
successful (Brown et al., 2021). However, the exact reason for the 
occurrence of ND outbreaks in vaccinated flocks should be further 

investigated. Furthermore, ongoing surveillance of the disease in 
various bird species, as well as joint efforts between farmers and 
local authorities, would help in the control of future ND outbreaks.

CONCLUSION

In conclusion, this study has identified NDV sub-genotype VII.1.1 that 
causes the recent ND outbreaks in Sabah. This strain is genetically 
close to Iran isolates (previously known as sub-genotype VIIl). This is 
a new introduction of the NDV sub-genotype VII.1.1 in Malaysia. The 
study’s findings recommend for optimal transboundary monitoring 
and continuous surveillance to ensure proper disease control and 
prevention. Further molecular epidemiological analyses of NDVs are 
needed in order to understand the circulatory patterns of virulent 
strains of NDV in the country. 
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