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Abstract
Background and Aim: Newcastle disease (ND) is a viral infectious disease that affects commercial and native chickens, 
resulting in economic losses to the poultry industry. This study aimed to examine the viral strains circulating in commercial 
and native chickens by genetic characterization and observe the distribution of Newcastle disease virus (NDV) in chicken 
embryonic tissue.

Materials and Methods: ND was detected using a quantitative reverse transcription-polymerase chain reaction. Genetic 
characterization of the fusion (F) and hemagglutinin-neuraminidase (HN) genes from the eight NDVs was performed using 
specific primers. The sequence was compared with that of other NDVs from GenBank and analyzed using the MEGA-X 
software. The distribution of NDV in chicken embryos was analyzed based on lesions and the immunopositivity in 
immunohistochemistry staining.

Results: Based on F gene characterization, velogenic NDV strains circulating in commercial and native chickens that 
showed varying clinical symptoms belonged to genotype  VII.2. Lentogenic strains found in chickens without clinical 
symptoms were grouped into genotype II (unvaccinated native chickens) and genotype I (vaccinated commercial chickens). 
Amino acid variations in the HN gene, namely, the neutralization epitope and antigenic sites at positions 263 and 494, 
respectively, occurred in lentogenic strains. The NDV reaches the digestive and respiratory organs, but in lentogenic NDV 
does not cause significant damage, and hence embryo death does not occur.

Conclusion: This study showed that velogenic and lentogenic NDV strains circulated in both commercial and native 
chickens with varying genotypes. The virus was distributed in almost all organs, especially digestive and respiratory. Organ 
damage in lentogenic infection is not as severe as in velogenic NDV. Further research is needed to observe the distribution 
of NDV with varying pathogenicity in chickens.

Keywords: fusion, gene characterization, hemagglutinin-neuraminidase, Newcastle disease, pathogenicity, viral distribution.

Introduction

Newcastle disease (ND) is a contagious disease 
in commercial and native chickens. ND is caused 
by the Avian paramyxovirus type  I (APMV-I) of 
the Paramyxoviridae family. Newcastle disease 
virus (NDV) is a synonym for APMV-1. This virus 
has an envelope and a negatively polarized, unseg-
mented single-stranded Ribonucleic acid (RNA). 
Viral replication occurs in the cytoplasm. NDV has 
various genotypes and is classified in to two classes, 
I and II [1]. Class I NDV isolates are classified into 

a single genotype containing three sub-genotypes. 
NDV Class II has been grouped into at least 21 gen-
otypes with many sub-genotypes based on the coding 
sequence analysis of the complete fusion gene [2]. 
The pathogenicity of NDV can be analyzed biolog-
ically using mean death time (MDT), intracerebral 
pathogenicity index (ICPI), and intravenous pathoge-
nicity index (IVPI). Molecular pathogenicity can be 
determined by characterizing the fusion (F) gene at 
the cleavage site [3, 4]. Velogenic strain NDVs have 
MDT values <60 h, mesogenic strains 60–90 h, and 
lentogenic strains >90 h in embryonic chicken eggs. 
The ICPI value of velogenic strain NDVs was 1.5–2 
in 1-day-old chickens. Mesogenic strains showed an 
ICPI of 1.0–1.5, and lentogenic strains had an average 
ICPI value close to 0.0  (0.0–0.5) [4]. The IVPI val-
ues of velogenic NDVs were in the range of 2.0–3.0, 
while those of mesogenic and lentogenic strains were 
0.0–0.5 and 0.0, respectively [3, 5]. The pathotype and 
genotype of NDV can be determined by analyzing the 
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F gene sequences encoding the F protein  [6]. The F 
protein has an intersection between F1 and F2, which 
is called the cleavage site. The amino acid sequence 
at the cleavage site is a marker for determining the 
pathogenicity of NDV. Pathogenic NDVs have 
sequences 112R/KRQR/K-R116 with F (phenylala-
nine) at position 117, while less pathogenic viruses 
have sequences 112G/EK/RQG/E-R116 with L (leu-
cine) at position 117 [4]. Interactions between HN and 
F proteins play a role in infection and virulence [7]. 
The HN protein, together with F, supports the fusion 
between the infected cells and surrounding cells. HN 
also has six glycosylation sites that play important 
roles in protein folding, stability, and maturation of 
antigenicity and are determinants of virulence classi-
fication [8, 9]. There are many important implications 
for HN proteins, including glycosylation position, 
receptor binding, antigenic sites, c-terminal elonga-
tion, and neutralization epitopes [10–12].

ND has been widely reported in various hosts 
with varying genotypes in Indonesia and other coun-
tries [13]. The circulating NDV in commercial [14] 
and native chickens [15], which have been reported 
to be an infectious velogenic strain, is classified as 
genotype VII. The lentogenic strain NDV, classified 
as genotype II, has been reported in native chickens 
in Bogor, West Java [16], and East Java [17]. This 
strain has also been found in swan goose [18]. Cases 
of ND are still reported in both commercial and native 
chickens in Indonesia, which cause economic losses 
to the poultry industry. This research is an update of 
the molecular characterization of F and HN genes that 
was carried out in Indonesia on NDV isolates orig-
inating from commercial chicken farms and native 
chickens collected in 2019–2020. Moreover, our 
result showed that NDV genotype  II was isolated 
from un-vaccinated native chicken and genotype  I 
was isolated from broiler breeder that had never been 
reported in Indonesia. The data of embryonic lesions 
with IHC staining that comparing velogenic and len-
togenic NDV isolates have never been conducted in 
Indonesia.

This study aimed to examine the viral strains 
circulating in commercial chicken farms and back-
yards by characterization of the F and HN genes and 
to observe the distribution of the virus in chicken 
embryo tissue that has been infected with the NDV 
strain circulating in Indonesia.
Material and Methods
Ethical approval

This study was approved by the Ethics 
Commission of the Faculty of Veterinary Medicine, 
Gadjah Mada University (UGM), Yogyakarta (EC. 
No:00014/EC-FKH/Int./2021).
Study period and location

This research was conducted from March to 
August 2021 at the Microbiology Laboratory of the 
Faculty of Veterinary Medicine, UGM, Yogyakarta, 

and the Laboratory of Biotechnology, Virology, and 
Pathology at the Disease Investigation Center (DIC), 
Lampung, Indonesia.
Samples

The number of samples used in this study was 
eight. Six samples were obtained from pool organs 
(lungs and spleen) of chickens, that indicated NDV 
infection. Meanwhile, two samples were prepared 
from cloacal swabs of chickens, which did not show 
any symptoms. Chickens showing clinical symp-
toms included three laying hens with decreased egg 
production in 30-week-old chickens, a mortality rate 
of up to 3% in pullets and neurological symptoms in 
day-old chickens, respectively. Two native chickens 
and one broiler showed greenish diarrhea, respiratory 
problems, and died. Meanwhile, one native chicken 
and one broiler were asymptomatic. Six samples were 
collected from the working area of DIC Lampung 
and the other two were collected from the Faculty of 
Veterinary Medicine UGM.
Accession numbers

All nucleotide sequences analyzed in this 
study are available in GenBank. The F and HN gene 
sequences (n = 16) of the eight NDV (8 F genes and 
8 HN genes) obtained in this study were submitted to 
GenBank and are available under the accession num-
bers recorded in Table-1.
NDV diagnosis using quantitative reverse transcrip-
tion-polymerase chain reaction (qRT-PCR)

Viral RNA was extracted from eight samples 
using the Pure Link® Viral RNA/DNA Mini Kit 
(Invitrogen, Thermo Fisher Scientific, USA) accord-
ing to the manufacturer’s instructions. ND was diag-
nosed via qRT-PCR of NDV and avian influenza 
virus (AIV) matrix genes to determine whether the 
cause of the disease in chickens was NDV and not 
AIV as the differential diagnosis. The reagent mix 
for amplification consisted of the AgPath-ID™ One-
Step reverse transcriptase-polymerase chain reaction 
(RT-PCR) Reagents (Applied Biosystems, Thermo 
Fisher Scientific, USA), a specific primer set (for-
ward, reverse, and probe primers), and nuclease-free 
water (NFW) and was added to the extracted viral 
RNA. The reaction mix was performed according to 
the manufacturer’s instructions. Primers used for qRT-
PCR were one set of primer-probe for M gene of ND 
(Australian Animal Health Laboratory, Geelong) and 
one set of primer-probe for M of gene AIV (BBVet 
Wates). All primers used are listed in Table-2. The 
solution was amplified using an ABI 7500 Real-Time 
PCR Thermo Cycler machine, with the following 
settings: RT (45°C for 10 min) for 1 cycle; pre-dena-
turation (95°C for 10 min) for 1 cycle; denaturation 
(95°C for 15 s), and annealing (60°C for 45 s). The 
results appeared on the monitor screen in the form of 
curves and cycle threshold (Ct) values. A Ct value <40 
was considered a positive result, a Ct value of 40–45 
was indeterminate, and a Ct value >45 was negative.
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RT-PCR and sequencing of F and HN genes
The samples that showed positive NDV and neg-

ative AIV results were subjected to RT-PCR to obtain 
PCR products for further sequencing. Four pairs of F 
gene primers and three pairs of overlapping HN gene 
primers were used (Table-2). Each pair of primers 
was used according to the manufacturer’s instruc-
tions (Invitrogen, Thermo Fisher Scientific). The 
RT-PCR reagent mix consisted of 2× the reaction mix, 
SuperScript™ III One-step RT-PCR with Platinum™ 
Taq (Invitrogen, Thermo Fisher Scientific), one pair 
of forward and reverse primers, NFW, and extracted 
RNA. Amplification was performed using Veriti™ 
(Thermo Fisher Scientific, USA) 96-well fast ther-
mal cycler machine with the following conditions: RT 
(50°C for 30 min) for 1 cycle; pre-denaturation (94°C 
for 5 min) as much as 1 cycle; denaturation (94°C for 
40 s), annealing (56°C for 30 s), elongation (72°C 
for 60 s) for 35 cycles, and post-extension (tempera-
ture 72°C for 4 min) for 1 cycle. The PCR products 
were then subjected to Sanger sequencing (Sanger 
Sequencing Services, 1st Base, Malaysia).
Sequence analysis

The sequences of each primer were assembled 
using MEGA-X software and then spliced into a single 
unit in each F and HN gene. The primers were designed 
based on the NDV_layer/Indonesia/BYL3-I11/982/2014 
(acc no. MN557411) using the primer3 online tool. The 
available complete F and HN gene sequences of class II 
NDV isolates were downloaded from the GenBank of 
the National Center for Biotechnology Information. The 
sequences in each dataset were aligned with the NDV 
sequences of this study using the Multiple Alignment 
tool of the MEGA-X program.

The amino acid sequence of the F gene at the 
cleavage site was analyzed to determine the patho-
genicity of the isolates. Genetic variations were 
observed in the nucleotide base sequences of the F and 
HN genes. The estimates of the average evolutionary 
distances between genetic groups were inferred using 
MEGA-X [19]. Groups including the most closely 
related viruses and representative viruses of class  II 
and I as the out-group were aligned from the baseline 
dataset and analyzed further. Phylogenetic analyses 
were conducted using the maximum likelihood model 
and were constructed using 1000 bootstrap repli-
cates [20]. The Roman numerals presented in the taxa 
names in the phylogenetic trees represent the respec-
tive genotypes for each isolate. Based on genetic vari-
ation, phylogenetic tree analysis and evolutionary 
distances between the different groups were used to 
classify the studied isolates.
Virus isolation and identification

Eight collected samples and one live vaccine 
(LaSota) were placed in 1  mL PBS with penicillin 
G and streptomycin, each at a final concentration of 
10,000 units, and then stored for 60 min at room tem-
perature. The mixture was centrifuged at 1000 g for 

5 min. Two hundred microliters of each supernatant 
and PBS (negative control) were inoculated separately 
into 10-day-old embryonated chicken eggs (ECE) that 
specific antibody negative. The inoculated ECE was 
incubated at 37°C for 5 days and observed for death 
every 24 h. Fresh allantoic fluid was harvested from 
infected eggs after the embryo died or after 120 h of 
inoculation if alive. The allantoic fluid was then sub-
jected to hemagglutination (HA) and hemagglutina-
tion inhibition (HI) tests.
Gross pathological, histopathological, and immuno-
histochemistry (IHC) examination

Embryos from inoculated chicken eggs were 
collected for gross pathological examination. 
Histopathological examination and IHC were con-
ducted on selected tissues of the embryos inoculated 
with viruses of different pathotypes. They were then 
fixed with 10% NBF, processed, and embedded in 
paraffin. Sections measuring 4 mm in thickness were 
prepared and stained with hematoxylin and eosin. 
Duplicate sections were stained immunohistochemi-
cally. IHC staining included the use of primary rab-
bit anti-NDV polyclonal antibody (Bioss Antibodies, 
USA) in 1:500 dilution (Dako, S3022), secondary 
antibody Dako REAL™ envision™/HRP, rabbit/
mouse (Dako North America, USA) (K5007), and 
Dako REAL™ DAB + chromogen in Dako REAL™ 
Substrate Buffer (Dako North America). After 
staining, samples were dripped with ultramounted 
Dako and placed on a hot plate at 70°C for 20 min. 
Furthermore, slides were mounted, cleared, and sealed 
with coverslips.
Histopathological analysis of chicken embryos

Data on histopathological changes and distribu-
tion of NDV were analyzed descriptively. The severity 
of histopathological lesions such as necrosis, hemor-
rhage, and inflammatory cell infiltration was rated as 
low (focal), moderate (multifocal), and high (visible 
diffuse). The distribution of NDV was observed in var-
ious tissues via IHC staining. Analysis of immunopos-
itivity in tissues was done using a scoring system of 
cells that showed positive reactions to immunohisto-
chemical staining in each field of view. The scoring 
system was adapted from Etriwati et al. [21].
Results
NDV diagnosis using qRT-PCR

Molecular NDV diagnosis using qRT-PCR was 
done based on the amplification of the M gene for 
NDV screening. Eight samples were diagnosed with 
NDV without AIV. The identification results are pre-
sented in Table-1.
RT-PCR and sequencing of the F and HN genes

The PCR products were sent for sequencing. The 
results of the ABI files were assembled, analyzed, and 
spliced using MEGA-X. The assembly results of the F 
and HN gene sequences (n = 16) from the eight NDVs 
obtained in this study were submitted to GenBank 
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and are available with accession numbers as listed in 
Table-1.
Sequence analysis

Of the eight NDVs, six were determined to be 
virulent and two were non-virulent, based on the cleav-
age site analysis (Table-1). A phylogenetic analysis of 
the F gene revealed that the genotypes of the isolates 
varied. The velogenic strain was closely related to the 
previous Indonesian NDV isolate, namely, sub-gen-
otype VII.2 (Figure-1). One of the lentogenic strains 
belonged to genotype I and the other to genotype II, 
which was close to the LaSota strain. The genetic dis-
tances of the nucleotide sequences between the sam-
ples in this study and another NDV are summarized 
in Table-3.
Virus isolation and identification

Ten embryonic chicken eggs were inoculated 
with eight organs or cloacal swab samples, one with 
vaccine strain, and one with PBS as a negative con-
trol. All samples were analyzed using HA and HI tests. 
The results showed that the titer of viral HA ranged 
from 21 to 27, which could be inhibited by standard 
NDV-positive serum. Negative HA-HI results were 
obtained from two samples with Ct values >30, as well 
as from the negative control. Samples with varying Ct 
values showed varying viral titers. The lower the Ct 
value, the higher the isolated virus titer. Samples with 
a Ct value above 30 showed negative results in the 
first isolation and required passage in the ECE more 
than two times for positive results. Several isolates 
were passaged repeatedly to obtain a uniform titer of 
26, which was used in the treatment of macroscopic 
and microscopic observations of embryonic lesions 
after NDV inoculation. Based on the time of embry-
onic death after inoculation, there were six isolates, 
including velogenic strains, and two samples, includ-
ing lentogenic strains.
Gross pathological, histopathological, and IHC 
examination

A gross examination was conducted after the 
death of the infected embryo. The dead embryos were 
hemorrhagic, had no feathers, and were stunted from 
virulent NDV infection (Figure-2). Hemorrhages were 
observed in almost all visceral organs, but not in detail 
because the organs were too small. No gross lesions 
were observed in the two non-virulent NDV and nega-
tive control embryos. Histopathological lesions in the 
tissues are summarized in Table-4. Viral antigens have 
been demonstrated in many embryonic organs.
Discussion

The qRT-PCR of the NDV and AIV Matrix genes 
was performed to diagnose the specimens from com-
mercial and native chickens. With or without symp-
toms, both chickens contained NDV particles without 
AIV. NDV was identified using the qRT-PCR method 
for the M gene [22]. This method can only be used 
to identify the presence of RNA from APMV-1 [23]; 

thus, it cannot be used to confirm the NDV strain. 
According to Office International des Epizooties [4], 
a specific primer for the F gene covering the cleavage 
site is used for the molecular identification of NDV. 
The qRT-PCR method had more sensitivity for NDV 
detection than the RT-PCR. The F gene primer–probe 
set used in qRT-PCR was able to detect 102-104 cop-
ies of RNA and at least 10 NDV particles [22]. The 
minimum concentration of ND viral RNA required for 
RT-PCR with primer F was 105 [24].

The Ct value of the sample in this study was 
between 18.09 and 32.52. Samples with a Ct value 
below 25 can result in a viral titer of 23-27. However, 
samples with Ct values above 30 require passage of 
up to more than two times to obtain a positive result. 
Similarly, Munster et al. [25] reported a correlation 
between the number of viral RNA copies and the abil-
ity to isolate viruses from swab samples in the field.

Eight NDVs in this study, based on phylogenic 
tree analysis, belonged to three different genotypes. 
NDV genotype VII is circulating in chickens and other 
birds in Indonesia and other countries. Genotype VII 
has been reported to cause outbreaks in commercial 
and backyard chickens in Indonesia [26]. The NDV 
genotype I was isolated from a live bird market [27]. 
ND caused by NDV genotypes II, VI, and VII was 
reported in ducks in East Java, Indonesia [28]. The 
sub-genotype VII.1.2, reported in fowls, pigeons, and 
geese in China, as well as in chickens in Pakistan, 
Israel, Iran, and Zimbabwe, from the analysis caused 
the alteration and update of the phylogenetic classifi-
cation of NDV [2]. Numerous variations of the NDV 
isolated from different wild animals constitute trans-
mission information between wild and domestic birds 
that can transmit the virus to the poultry industry, or 
vice versa [29]. The crucial part of this study was the 
identification of the NDV genotype I in commercial 
chicken, genotype  II in native chicken, and geno-
type VII sub-genotype VII.2 in both.

Amino acid sequences at the cleavage site of the 
isolates were compared to NDV data from GenBank. 
There were differences in amino acid composition. 
Five NDVs in this study, with a black dot mark, have 
112RRQKR↓F117 on the cleavage site. This pattern is 
similar to the Indonesian NDV isolated from cockatoo 
in 1990 (AY562985), Boyolali (MN557410.1); broiler 
chickens from Muntilan in 2014 (MN557401.1); and 
NDV in commercial chickens in Bogor in 2011 [16]. 
The cleavage site pattern of one NDV from the layer 
was 112RRRKR↓F117. There is a substitution from 
114Q to 114R. This pattern is similar to that of NDV 
in chickens from Nigeria (HF969176). The amino 
acid sequence at the cleavage site that is pathogenic 
to chickens is 112R/K-R-Q/K/R-K/R-R116 and phenyl-
alanine 117F [30, 31]. Lien et al. [32] reported that 
there was no significant difference between three, 
four, and even five basic amino acids in the cleavage 
site with higher pathogenicity. Isolates with a cleav-
age site pattern of 112RRQKRF117, 112RRQRRF117, and 
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112RRRKRF117 did not show a significant difference in 
the ICPI and IVPI tests.

The virulence and pathogenicity of NDV can be 
determined based on the analysis of the amino acid 

Figure-1: Phylogenic tree using the Maximum Likelihood method and Kimura 2-parameter model. This analysis involved 
75 nucleotide sequences. There were a total of 1662 positions in the final dataset. Black dot (●) is the NDV isolate of this 
study. NDV=Newcastle disease virus.
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sequence at the cleavage site and MDT. Six NDVs in 
this study were virulent and velogenic, based on the 
cleavage site and MDT <60 h. There were two NDVs 
in this research, which had leucine at position 117. 
The LaSota strain, which has an amino acid sequence 
at the cleavage site 112GRQGR↓L117, is a lentogenic 
NDV [4]. One NDV from the backyard had the same 
pattern as LaSota strain, which is a vaccine strain used 
in poultry farms in Indonesia. However, one NDV 
from the broiler flock has a substitution from R113 to 
K113. The pattern 112GKQGR↓L117 is similar to NDV 
genotype I from ducks in China (KT381598).

All NDVs in this study had conserved cysteine res-
idues. The fusion of NDV revealed 12 conserved cyste-
ine residues at positions 25, 76, 199, 338, 347, 362, 370, 
394, 399, 401, 424, and 523 [33]. A comparison of the 
predicted amino acid sequences of the NDV at the fusion 
protein showed that there were seven neutralization epi-
topes located at amino acids 72, 74, 75, 78, 79, 151-171, 
and 343 [33, 34]. Almost all isolates from this study 
had a conserved residue, except Broiler_A032009017, 
which had a substitution from D170 to N170.

The stalk of the HN protein directly inter-
acted with the F protein. The HN–F interaction was 

mediated by a stretch of the conserved amino acid 
heptad repeats (HRA from 74 to 88 and HRB from 96 
to 110) in the HN protein [7]. The nucleotide sequence 
HRA of the lentogenic NDV was conserved at this 
site and is consistent with the consensus on NDV 
LaSota strain, in contrast to velogenic NDV strains, 
which had three substitutions at positions 74, 75, and 
77 in HRA. The lentogenic NDV strain in Broiler_
A032009017 had one substitution at 101T to 101S, while 
two substitutions were seen in all velogenic NDV 
strains: 101T to 101S and 102T to 102I. The HN protein has 
four amino acids (174 R, 401E, 416R, and 526Y) that 
are essential for the binding of the receptor to the host. 
The amino acid at this position remained conserved. 
The hemagglutinating activities of HN proteins are 
influenced by three regions, namely: 234NRKSCSV240, 
314FPVYGGL320, and 399GAEGRIL405. There was no 
modification in the velogenic NDV strain, but there 
was a substitution at 315P to 315S in BRS_20 (lentogenic 
like LaSota). The neutralization epitopes of NDV 
were not modified at positions 193LSGCRDHSH201, 
263K, 287D, 321K, 332GK333, 345LDEQDYQIR353, 356K, 
481N, 494D, and 513RVTRVSSSS521. The NDVs in this 
study had variations in the antigenic site (98N, 494D, 
514V) between velogenic and lentogenic strains. This 
is similar to the previous Indonesian NDVs and NDV 
genotype VII seen in Iran [12, 35]. All lentogenic iso-
lates showed two substitutions: 263K to 263N and 494G to 
494D, similar to the consensus sequence of the LaSota 
vaccine [36, 37]. The presence of antigenic variants 
and escape antibody neutralization may be due to 
mutations in the neutralizing epitopes of the HN pro-
teins of NDVs [13, 33].

There are 13 cysteine residues that are highly 
conserved at positions 123, 172, 186, 196, 238, 247, 
251, 344, 455, 461, 465, 531, and 542 on the HN pro-
tein [36, 38, 39]. The HN gene analysis of NDV from 
the velogenic strain revealed conserved cysteine resi-
dues. The cysteine residue at position 123 is one of the 
amino acid positions that are variable in the LaSota 
strain and the NDV genotype  II (tryptophan/W), 
as shown in sample BRS_20. Cysteine plays a role 

Table-4: Results of histopathologic analysis of lesions and distribution NDV in tissues of ECE.

Tissue Necrosis Hemorrhage Inflammatory cell 
infiltration

Distribution/expression

A B C D A B C D A B C D A B C D

Brain +++ ‑ ‑ ‑ +++ + + ‑ ++ ‑ ‑ ‑ ++/++ ++/++ ‑ ‑
Trachea ++ + + ‑ ++ + ++ ‑ ++ ++ +++ ‑ +++/+++ +++/+++ +++/+++ ‑
Lungs +++ + + ‑ +++ + + ‑ +++ + + ‑ +++/+++ +++/+ +++/+++ ‑
Proventriculus +++ + + ‑ ++ + ++ ‑ ++ + ++ ‑ +++/+++ +++/++ ++/+++ ‑
Intestinum +++ + ‑ ‑ ++ + + ‑ ++ + ‑ ‑ +++/+++ +++/+++ ‑ ‑
Heart + ‑ ‑ ‑ +++ ++ ++ ‑ ++ ‑ ‑ ‑ +++/+++ ++/++ ‑ ‑
Kidney +++ ‑ ++ ‑ +++ + ++ ‑ +++ + + ‑ +++/+++ +++/++ ++/++ ‑
Liver ++ ++ ‑ ‑ +++ ++ ++ ‑ ++ ‑ ‑ ‑ +++/+++ +++/+++ ‑ ‑
Skin +++ ‑ ‑ ‑ +++ + + ‑ +++ ‑ ‑ ‑ +++/+++ +++/+++ ‑ ‑

NDV = Newcastle disease virus, A = NDV Velogenic, B = NDV Lentogenic, C = NDV vaccine strain LaSota and 
D = Negative control. Lesion (+) = focal, (++) = multifocal, and (+++) = diffuse. IHC staining (+) = low, 
(++) = moderate, and (+++) = severe

Figure-2: Chicken embryos 2 days post-inoculation, 
A=ECE infected by velogenic strain NDV and D=negative 
control. NDV=Newcastle disease virus.
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in stabilizing the HN protein structure. The cysteine 
residue of amino acid position 123 was specifically 
found in virulent NDV [10], which is similar to the 
virulent isolates in this study. The HN protein of this 
isolate contained six potential N-glycosylation sites 
(N-X-S/T) at positions 119, 341, 433, 481, and 538, 
which were conserved, except for position 508 (D-I-
S), for velogenic samples from native chicken, and at 
position 119 (N-S-S) from Broiler_A03200901. The 
role of N-linked carbohydrates in the activity of the 
HN glycoprotein includes cell attachment. The gly-
cosylation site of the HN gene plays an important 
role in increasing the affinity for receptors on target 
cells and is involved in influencing the virulence of 
NDV [40]. An analysis of the amino acid polymor-
phism site of the HN protein showed that the NDV 
isolates in this study varied depending on the type of 
strain. The NDV isolated from Broiler_A032009017 
had many variations compared to other isolates and 
was slightly different from samples from lentogenic 
strains because they belonged to different genotypes. 
NDV with the E347K variation in HN protein in the 
cross-neutralization assay showed a lower antigenic 
association with LaSota [41]. In this study, none of 
the isolates had mutations in the E347K amino acid 
residue, as previously reported in Indonesia [42].

The value of genetic distance in the F gene 
between velogenic isolates in this study was between 
0.1% and 8.7% (Table-3) and the homology value 
was between 99.9% and 91.3%. The genetic dis-
tance with the previous Indonesian isolates was 
between 2.2% and 6.8%, with a homology value 
of 97.8-93.2%. The NDV in this study had varied 
genetic distances between lentogenic and velogenic 
strains. The differences between the velogenic strain 
and BRS_20 (genotype  II) and Broiler_A03200901 
(genotype  I) ranged from 12.9% to 19.4% and from 
11.4% to 14.2%, respectively. The genetic distance 
among the NDV lentogenic strains in this study was 
13.6%. The genetic distance value of the isolate from 
BRS_20 compared to the LaSota strain has a genetic 
distance value of 0.4% and a homology value of 
99.6% (Table-3). All velogenic NDVs in this study 
still had a genetic distance that is close to the previ-
ously reported NDV from chickens in Indonesia. The 

NDV LaSota strain is different from field viruses cir-
culating in Indonesia [43] and China [44]. However, 
there is one lentogenic NDV from native chickens 
close to LaSota used as a vaccine strain in Indonesia. 
The lentogenic NDV strain circulating in native 
chickens might contribute to outbreaks in East Java, 
Indonesia. NDV-infected native chickens can act as 
reservoirs and contribute to outbreaks in poultry [17].

The pathogenesis of NDV in chicken embryos 
can be observed in the distribution of lesions and 
NDV in chicken embryo tissues. The dose used for 
infection in ECE was 0.2 mL with a viral content of 
26 HAU per ECE. The infective dose of ECEs is a 
viral titer of 23, whereas that of the chicken is 26 [45]. 
There was no significant difference in the timing of 
embryo death and gross lesions of NDV infection with 
a viral dose of 26-210 [46]. Embryos inoculated with 
NDVs that have a virulent pathotype die in <60 h and 
show clinical signs such as bleeding, hairlessness, and 
stunting. These results are consistent with the molec-
ular characterization of the six virulent NDVs in this 
study. Meanwhile, embryos inoculated with non-viru-
lent NDV did not die until the 5th day of observation. 
This is consistent with the molecular characterization 
of the two non-virulent NDVs from the cleavage site 
analysis.

Observations of histological changes and dis-
tribution of NDV were carried out on samples of 
the NDV strains, velogenic, lentogenic, and LaSota, 
as a comparison of vaccines and negative controls. 
Histological lesions have been observed in various 
embryonic tissues of the respiratory, digestive, cir-
culatory, urinary tract, and nervous systems, and 
embryonic skin [47, 48], as well as in organs of adult 
chickens [5]. Velogenic NDV infection shows clini-
cal signs of hemorrhage and necrosis of the respi-
ratory tract and digestive tract and causes lesions in 
the nervous system [47]. NDV infection in ECE is 
systemic and NDV appears to proliferate in various 
embryonic cells, as observed via IHC staining within 
48 h post-infection [49]. Lentogenic NDV-inoculated 
embryos were collected after 5 days, and there were 
no macroscopic lesions observed. The embryos 
were observed to be normal in the negative control 
(Figure-3). Histological observation of the tissue 

Figure-3: Chicken embryos 5 days post-inoculation, B=ECE infected by Lentogenic strain NDV, C=ECE infected by vaccine 
LaSota and D=Negative control. NDV=Newcastle disease virus.
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showed mild hemorrhage in almost all organs, and 
necrosis and inflammatory cell infiltration were only 
observed lightly in the respiratory, digestive, and renal 
organs.

The lungs and trachea as respiratory organs were 
observed in every chicken embryo. In this study, tis-
sue damage in chicken embryos appears to be severe 
because of age and immune system maturity fac-
tors. Hemorrhage and necrosis were more evident 
in the lungs and trachea of embryos with velogenic 
NDV infection than in those with lentogenic infec-
tion. Inflammatory cell infiltration was observed 
under all conditions. NDV distribution was observed 
in the lungs and trachea after treatment with the two 
NDV strains. There was no visible change or pos-
itive immunoreaction in the negative control group. 
Immunopositive reactions in the lungs and trachea of 
chicken embryos have also been reported by Astawa 
and Adi [50]. The distribution of the NDV strain of 
LaSota after infection in chickens can also be seen in 
the nasal mucosa [51].

NDV infection and replication in chickens cause 
neurological disorders due to nerve cell damage in 
the brain. The characteristic lesion of the brain due 
to NDV infection is perivascular cuffing (Figure-4). 
Hemorrhage, necrosis, and inflammatory cell infil-
tration are also observed in the brain after velogenic 
NDV infection. The characteristic lesions in the 
embryonic brain after NDV infection are congestion, 
hemorrhage, and inflammation [50]. Inflammation 
begins with spreading macrophages in the perivascu-
lar cuff and with the eventual spreading to astrocytes 
and microglia in the brains of chickens infected with 
NDV; inflammatory cells and astroglia were previ-
ously found [21, 52] in the chicken embryo brain [50]. 
Mild hemorrhage, no necrosis, and inflammatory cell 
infiltration are seen in a lentogenic NDV infection. The 
distribution of NDV in the brain occurred in velogenic 
and lentogenic NDV infections in this study but not in 
the vaccine inoculation. Moura et al. [53] reported a 
minimal spread of replication in the ependymal layer 
of the brain during lentogenic infection.

Histopathological examination revealed hemor-
rhage and inflammatory cell infiltration of the skin. 
There was an immunopositive reaction to NDV, as 
seen through IHC staining of the sebaceous tissue of 
the skin and feather follicle (Figure-5). This is similar 
to the study of Al-Garib [49], who stated that NDV 
in chicken embryo skin was stained with IHC at 24 h 
after virulent NDV infection and 72 h after avirulent 
NDV infection.

The histopathological features of the intestine 
of chicken embryos aged 11 days showed necrosis up 
to the erosion of the mucosal epithelial and muscu-
lar layers. Replication of NDV in intestinal lymphoid 
follicles causes hemorrhage and edema in the inter-
nal organs due to vascular disorders. There was an 
immunopositive reaction to NDV in necrotic areas, 
as seen using IHC staining. The distribution of NDV 

Figure-4: Hematoxylin and eosin staining of chicken 
embryo tissue inoculated with NDV. 1=Velogenic strain, 
2=Lentogenic strain, 3=no infection as a negative control. 
Organs A=Brain, B=Trachea, C=Lungs, D=Proventriculus, 
E=Skin. NDV=Newcastle disease virus.

Figure-5: Immunohistochemistry staining of chicken 
embryo tissue inoculated with NDV. 1=Velogenic strain, 
2=Lentogenic strain, 3=No infection as a negative control. 
Organs A=Brain, B=Lungs, C=Trachea, D=Proventriculus, 
E=Skin. NDV=Newcastle disease virus.
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in digestive organs is according to that reported in 
the tissues of adult chickens infected with velogenic 
NDV [21, 54, 55]. The distribution of NDV in various 
organs is also seen in lentogenic strains (Figure-5) but 
does not cause tissue damage as in velogenic NDV 
inoculation. Bwala et al. [56] stated that the distribu-
tion of the post-vaccination lentogenic strain NDV 
can also be stained with IHC for reproductive organs.

NDV was detected in lesions of various organs, 
and they were found primarily intracytoplasmic and 
rarely in the nucleus of the affected cells. The len-
togenic NDV was observed in almost all organs, 
although there was no severe organ damage, as in the 
case of velogenic NDV. This proves that the lento-
genic NDV also reaches the digestive and respiratory 
organs but does not cause significant damage; thus, 
embryo death does not occur.
Conclusion

Based on the F gene characterization, the velo-
genic strain NDV (genotype  VII.2) and lentogenic 
strain NDV (genotypes I and II) were found in commer-
cial and backyard chickens. The neutralization epitope 
and antigenic site on the HN gene in all isolates were 
conserved, as in the previous circulating ND isolates 
in Indonesia, except for the lentogenic strain isolates, 
which varied at positions 263 and 494. The cysteine 
residues in the F and HN genes were conserved. The 
lentogenic strain NDV was distributed in almost all 
organs, especially the respiratory and digestive organs, 
but did not cause severe damage as did the velogenic 
strain NDV. The NDV in this study is relevant to the 
conditions reported in the field. Velogenic strains cir-
culating in commercial and domestic chickens show-
ing clinical symptoms varied with death. Lentogenic 
strains were found in chickens that did not show any 
clinical symptoms. The important information in this 
study is also related to reports of NDV genotype I in 
vaccinated grandparent stock broilers.
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