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INTRODUCTION

Avian Influenza Virus (AIV) H9N2 subtype has 
become the most common Low Pathogenic Avian 
Influenza (LPAI) in poultry. The virus infection in 
poultry causes high morbidity and increased suscep-
tibility to secondary infections which can cause a high 
mortality (Zhu et al., 2018). Infection with the H9 AI 
virus can cause a decrease in egg production by up to 
70% when accompanied by co-infection with other bac-
teria or viruses. This condition can cause significant eco-
nomic losses for poultry farmers (Azizpour et al., 2014). 
According to Mosleh et al. (2017), infection of AI virus 
(AIV) subtype H9N2 accompanied by the co-infection 
with other viruses such as Newcastle Disease (ND) and 
Infectious Bronchitis (IB), as well as secondary infections 
from bacteria such as Escherichia coli and Mycoplasma 
gallisepticum, can exacerbate infections and cause large 
numbers of deaths.

The H9N2 virus was found in Indonesia in the 
case of the death of 1000 ducks in Bantul Regency, 
Yogyakarta in 2016 (Lestari et al., 2019). In 2017, the case 
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ABSTRACT

 Virus H9N2 has become the most common subtype of low pathogenic avian influenza (LPAI) 
in poultry and shows the ability to infect humans. One of the important factors triggering the 
virus ​​pandemic is the live bird market (LBM). The virus acts as an internal gene donor in the other 
subtypes, such as H5N1, H5N2, H7N9, and H10N8, in poultry and humans. This study was conducted 
to detect the presence of the H9N2 virus and the molecular characteristics of the hemagglutinin gene 
fragment at the cleavage site, receptor binding site, antigenic site, and glycosylation site positions 
of the H9N2 subtype AI virus isolated from the LBM environment. This study used Disease 
Investigation Center Subang isolates from environmental samples of LBM in the Greater Jakarta area 
(DKI Jakarta, Bogor, Depok, Tangerang, and Bekasi) in 2019. Based on molecular detection using RT-
PCR and RT-qPCR, it was found that avian influenza subtype H9N2 was detected. This indicates that 
LBM has the potential to be the source of the spread of the ​​H9N2 virus. The pattern of the amino acid 
cleavage site PSRSSR↓GLF indicates that the research sample belongs to the low pathogenic AI. The 
substitution of amino acids in the receptor binding site and antigenic site increases the specificity of 
non-human host recognition. The potential glycosylation site, with the NCS motif found in amino 
acid position 295-297, close to the receptor-binding site. Based on genetic analysis and phylogenetic 
topography, the virus is included in the CVI (China, Vietnam, Indonesia) lineage and subclade 
H9.4.2.5. 
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of LPAI H9N2 in Indonesia was reported in a laying 
hens farm in Sidrap Regency, South Sulawesi. Cases that 
occur are characterized by respiratory disorders in poul-
try, a decrease in egg production by 50%-78%, and death 
by 2.7% (Muflihanah et al., 2017). The case of H9N2 AI 
virus that was occurred in Blitar, East Java was marked 
by a 70% decrease in egg production in layer chickens 
in 2017 (Rachmawati et al., 2020). According to a study 
by Jonas et al. (2018), cases of decreased egg produc-
tion in commercial layer chickens and breeders with 
a high percentage were occurred in cases of ND, H5, 
and H9 multi-infections. However, infection with the 
H9N2 virus may not cause clinical symptoms. A study 
conducted by Novianti et al. (2019) by collecting samples 
of chickens and ducks at the poultry market in the East 
Java region, proving that animals that look healthy can 
be infected with the virus. A similar study was con-
ducted by Adu et al. (2020) by measuring the seropreva-
lence of H9N2 AI virus in native chickens at the poultry 
market in Badung Regency, Bali. The results obtained 
showed that some of the chickens were detected to have 
antibodies against the virus. Based on case mapping, the 
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AI ​​H9N2 virus has spread in Java, Sumatra, Kalimantan, 
Sulawesi, and Bali (Jonas et al., 2018).

The H9N2 virus from Asia is a threat to public 
health because it has reportedly infected humans in 
China, Hong Kong, Bangladesh, Egypt, Pakistan, and 
Oman. Serological studies among poultry workers in 
these countries show significant exposure to this virus 
(Carnaccini & Perez, 2020). The virus acts as an internal 
gene donor in other subtypes, such as H5N1, H5N2, and 
H7N9, both in humans and in poultry farms (Zhong et 
al., 2014; Naguib et al., 2017). It is known to be an inter-
nal gene donor for subtypes H7N9 and H10N8 that has 
infected humans in China since 2013 (Cui et al., 2014; Liu 
et al., 2014). The virus circulating in Bangladesh LBM is 
known to have five internal genes from the H7N3 sub-
type from Pakistan (Wu et al., 2013; Marinova-Petkova 
et al., 2016). Contamination of AIV H9 subtypes in those 
LBM were known to have higher rates than H5 and H7 
subtypes (Biswas et al., 2018).

The AIV H9N2 subtype can survive in the air on the 
LBM. Viruses identified from these aerosols are reported 
to be phylogenetically closely related to strains that 
infect humans. This indicates a risk of AIV transmis-
sion from aerosol to humans in the LBM environment 
(Yanheng et al., 2017). The virus that infected humans in 
Hunan in 2013 was thought to be caused by transmis-
sion from LBM (Huang et al., 2015). The subtype that 
spreads through live bird markets increases the risk of 
mixing gene segments between these viruses (Sung-su 
et al., 2020). It has been reported to have spread in the 
Hong Kong poultry market and can transmit directly 
to humans (Pusch et al., 2018). The virus is known to 
still spread throughout the Eurasia region (Parvin et al., 
2015).

 Detection of the subtype H9 AI virus in the live 
poultry market environment in Bangladesh had done 
by Biswas et al. (2018). The detection of AI virus subtype 
H9N2 in the live poultry market in Korea was reported 
by Sung et al. (2020). Nugroho et al. (2018) carried out 
the molecular characterization of the hemagglutinin 
(HA) gene in layer chickens in Java Island. The detection 
of the H9N2 AI virus in the live poultry market environ-
ment in the Greater Jakarta area was never been report-
ed. This study was conducted to determine the presence 
of the H9N2 subtype of AI virus by using isolates from 
various LBM environments in the Greater Jakarta area. 

MATERIALS AND METHODS

Sample Collection

In this study we characterized 9 (nine) isolates 
which were detected positive for the H9N2 AIV from 
environmental LBM in the Jabodetabek area (DKI 
Jakarta, Bogor, Depok, Tangerang, and Bekasi) in 2019 
(Table 1). The determination of the LBM environmental 
swab sample was based on the results of profiling sev-
eral markets in the Greater Jakarta area. The selection 
was based on the size of the market; whether there was 
a poultry slaughterhouse in the market; the length of 
time of sale; the number of types of poultry sold by trad-
ers; and the length of time the market operates. Samples 
were taken randomly from several parts of the LBM 
environment. From the sampling conducted in the LBM 
in the Greater Jakarta area, nine samples were detected 
positive for AIV H9N2 subtype.

H9N2 Subtype AI Virus Detection

The RT-qPCR test was carried out using a pair of 
AI H9 primers from AAHL (Geelong, Australia) (Table 
2) (Dirjen PKH, Kementerian Pertanian, 2018). The 
master mix kit used was the Bioline SensiFAST Probe 
Lo-ROX One-Step Kit (Cat. No. BIO-78005; Lot. No. 
SF623-B081610). The reagent was mixed with the RNA 
template to produce a total volume of 25 µL. Cycle/
cycling conditions used reverse transcription at 45 ºC 
for 10 minutes and polymerase activation at 95 ºC for 
10 minutes. The amplification of the H9 gene carried 
out for 45 cycles consisting of denaturation (95 ºC for 
15 seconds) and annealing/extension (60 ºC for 45 sec-
onds). Analysis of the test results were obtained from 
the interpretation of the Ct value through the results of 
fluorescence data displayed on the instrument monitor 
screen. The sample tested showed positive results if the 
Ct value was < 40, indeterminate if the Ct value was 
40-45, and negative if the Ct value was > 45 and used 
a threshold value of 0.1 (Directorate General of PKH 
Ministry of Agriculture, 2018).

The detection of the N2 subtype by RT-PCR was 
carried out with reference primers from Fereidouni 
et al. (2009) with an amplicon length of 362 bp (Table 
3). The master mix reagent used the Bioline MyTaq 
One-Step RT-PCR Kit (Cat. No. BIO-65049; Lot. No. 
RA387-B083300), which consisted of 2x MyTaq One-step 

Table 1. List of isolates from the Greater Jakarta area

No Sample code Region name Live Bird Market (LBM)
1 A/Env/Banten/AIVH9HA001/2019 Tangerang City Gondrong Market
2 A/Env/Banten/AIVH9HA002/2019 Tangerang Regency Kotabumi Market
3 A/Env/Banten/AIVH9HA003/2019 Tangerang Regency Curug Market
4 A/Env/WestJava/AIVH9HA004/2019 Bekasi city Oman Market
5 A/Env/WestJava/AIVH9HA005/2019 Bekasi city Rawalumbu Market
6 A/Env/Jakarta/AIVH9HA006/2019 West Jakarta Jembatan Besi Market
7 A/Env/Jakarta/AIVH9HA007/2019 North Jakarta Kelapa Gading Market
8 A/Env/Jakarta/AIVH9HA008/2019 North Jakarta Lokbin Market
9 A/Env/Jakarta/AIVH9HA009/2019 East Jakarta Kramatjati Market
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Mix of 12.5 µL, each 1 l forward and reverse primer 
N2 with a concentration of 10 pmol, 4 µL of Rnase-
free water, 0.5 µL of Reverse transcriptase enzyme, 1 
µL of Ribosafe RNAse inhibitor, and 5 µL of the RNA 
template, for a total volume of 25 µL. Thermocycler 
was conditioned as follows: Reverse Transcription (tem-
perature 45 ºC for 20 minutes) for a cycle; polymerase 
activation (temperature 95 ºC for 1 minute) for a cycle; 
denaturation (temperature 95 ºC for 10 seconds), an-
nealing (temperature 60 ºC for 10 seconds), extension 
(temperature 72 ºC for 30 seconds) for 40 cycles.

HA Gene Amplification and Sequencing

HA gene amplification was carried out by RT-
PCR using two pairs of primers designed according to 
Influenza A virus (A/Layer/Indonesia/Banten-04/2017 
(H9N2)) DNA sequence deposited in GenBank (ac-
cession number MG957202.1). Primers were designed 
with the Primer3 Online tool. Primers verifications were 
performed with Nucleotide BLAST, which showed a 
specific primer for Influenza A H9 subtype. Primers 
were designed overlapping to amplify HA genes at the 
Cleavage site, Receptor binding site, Antigenic site, and 
Glycosylation site along 1448 bp (Table 4) (Figure 1). 

The reagent for amplification was the Bioline 
MyTaq One-Step RT-PCR Kit, which consisted of 2x 
MyTaq One-step Mix of 12.5 µL, 1 µL of forward and 

reverse primers with a concentration of 10 pmol, 4 µL 
of Rnase-free water, 0.5 µL of reverse transcriptase 
enzyme, 1 µL of Ribosafe RNAse inhibitor, and 5 µL 
of the RNA template, for a total volume of 25 µL. 
Thermocycler was conditioned as follows: Reverse 
Transcription (temperature 45 ºC for 20 minutes) for 
1 cycle; polymerase activation (temperature 95 ºC for 1 
minute) for 1 cycle; denaturation (temperature 95 ºC 
for 10 seconds), annealing (temperature 63 ºC for 10 
seconds), extension (temperature 72 ºC for 30 seconds) 
for 40 cycles. The PCR product from the amplification 
was sequenced using ABI® PRISM big dye terminator 
cycle sequencing kit v3.1 by First BASE Laboratories 
(Selangor, Malaysia).

Data Analysis

Sequencing data were analyzed using Molecular 
Evolution Genetics Analysis (MEGA) 7.0 software 
(Kumar et al., 2016). Determination of the mature HA 
H9 starting point was done by conversion using the HA 
Subtype Numbering Conversion online program from 
the Influenza Research Database (Burke & Smith, 2014). 
The data obtained were done with multiple alignments 
with clustal W, amino acid prediction, genetic distance, 
and phylogenic tree analysis. The phylogenetic tree is 
generated through the neighbour-joining method with 
the bootstrap value calculated from tracing 1000 replica-
tions. Comparative data were taken from sequences of 
AI virus subtype H9 isolates at the national center for 
biotechnology information (NCBI/www.ncbi.nlm.go).Table 2.	 Primer sequence for RT-qPCR H9 detection*

Name Sequence (5’ - 3’)
PrimerH9F ATG GGG TTT GCT GCC
PrimerH9R TTA TAT ACA AAT GTT GCA CTC TG
ProbeH9 /56-FAM/TTC TGG GCC ATG TCC AAT GG/36-TAMSp/

Table 3. Primer sequence for RT PCR N2 detection*

Name Sequence (5’ - 3’)
IVA-Ntype_N2F GCATGGTCCAGYTCAAGYTG
IVA-Ntype_N2R CCYTTCCAGTTGTCTCTGCA

Table 4. Primer sequences for HA H9 Gene

Primer Sequence 5’-3’ Product Position
I Forward TCC ACG GAA ACT GTA GAC ACA 736 bp 7-742

Reverse TTC TGT GGC TCT CTC CTG AAA
II Forward AGG CCT CTT GTC AAC GGT TT 712 bp 601-1312

Reverse CCA ACG CCC TCT TCA CTT TA

Figure 1. The position of the hemagglutinin  gene amplified with overlap primers.
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Figure 1. The position of the HA gene amplified with overlap primers 751 
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Note: *Fereidouni et al. (2009)

Note:	 *The RT-qPCR test was carried out using a pair of AI H9 primers 
from AAHL (Geelong, Australia) (Dirjen PKH, Kementerian 
Pertanian, 2018).
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RESULTS

H9N2 Subtype AI Virus Detection

Samples were tested by RT-qPCR to detect the H9 
subtype and RT PCR to detect the N2 subtype AI virus. 
The test results of RT-qPCR H9 detection are presented 
in Table 5. The interpretation of positive results had a Ct 
< 40 and had an amplification curve whose character-
istics were similar to that of positive control. The inter-
pretation of the results was negative if it had Ct 45, and 
there was no amplification curve whose characteristics 
were similar to the positive control. If the Ct value was > 
40 and < 45, it was categorized as indeterminate/dubious 
(Directorate General of PKH, FAO SOP Book, 2018).

The result of RT PCR N2 detection are presented 
in Figure 2. The results in the sample showed that 
there was a band at the 362 bp position. The band of 
the sample looked clean, bright, single band without 

any extra bands indicating no contamination. Based on 
the FAO SOP Book from the Director General of PKH 
(2018), the interpretation of the results was positive if 
the column from the sample well showed the presence 
of appropriate DNA bands (parallel to the length of the 
molecule) with the length of the positive control mol-
ecule. Meanwhile, the result was negative if the DNA 
band did not appear in the strip from the sample well as 
in the positive control. Based on these results, it can be 
concluded that all samples of the isolates in this study 
identified the AI ​​virus H9N2 subtype (Table 6). 

Hemagglutinin (HA) Gene Amplification

The results of HA gene amplification using prim-
ers I and II on 9 samples of this study are presented in 
Figures 3 and 4, respectively. The results of electropho-
resis showed the presence of DNA bands at positions 
736 bp (primary I) and 712 bp (primary II). The molecu-
lar marker used in the figure is 1000 bp.

Figure 2.	The result of RT-PCR N2 detection of the samples showed a single band at position 362 bp; M= Marker 1 kb; 
1-9: the samples in the study; K- = Negative control; K+ = Positive control.
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Figure 2. The result of RT-PCR N2 at position 362 bp; M: Marker 100 bp; 1-9: the samples in the 758 
study; K- : Negative control; K+ : Positive control 759 

 760 

 761 
 762 
  763 

Table 5. The result of RT-qPCR H9 detection of the samples

No. Samples code Samples origin Ct value
1 A/Env/Banten/AIVH9HA001/2019 Tangerang city 11.95
2 A/Env/Banten/AIVH9HA002/2019 Tangerang Regency 18.57
3 A/Env/Banten/AIVH9HA003/2019 Tangerang Regency 14.57
4 A/Env/WestJava/AIVH9HA004/2019 Bekasi city 14.82
5 A/Env/WestJava/AIVH9HA005/2019 Bekasi city 21.90
6 A/Env/Jakarta/AIVH9HA006/2019 West Jakarta 13.65
7 A/Env/Jakarta/AIVH9HA007/2019 North Jakarta 14.92
8 A/Env/Jakarta/AIVH9HA008/2019 North Jakarta 23.26
9 A/Env/Jakarta/AIVH9HA009/2019 East Jakarta 15.63

Table 6. The results of RT-PCR AI H9N2 subtype detection of the samples

No Samples code Samples origin Accession number RT-qPCR H9 Conventional RT-PCR N2
1 A/Env/Banten/AIVH9HA001/2019 Tangerang City MW990131 Positive Positive
2 A/Env/Banten/AIVH9HA002/2019 Tangerang Regency MW990132 Positive Positive
3 A/Env/Banten/AIVH9HA003/2019 Tangerang Regency MW990133 Positive Positive
4 A/Env/WestJava/AIVH9HA004/2019 Bekasi city MW990134 Positive Positive
5 A/Env/WestJava/AIVH9HA005/2019 Bekasi city MW990135 Positive Positive
6 A/Env/Jakarta/AIVH9HA006/2019 West Jakarta MW990136 Positive Positive
7 A/Env/Jakarta/AIVH9HA007/2019 North Jakarta MW990137 Positive Positive
8 A/Env/Jakarta/AIVH9HA008/2019 North Jakarta MW990138 Positive Positive
9 A/Env/Jakarta/AIVH9HA009/2019 East Jakarta MW990139 Positive Positive
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Hemagglutinin Gene Analysis

Amino acid analysis. The HA gene of sample isolates 
yielded 1284 nucleotides encoding about 428 amino 
acids. The HA gene sequence data for the nine AIV 
isolates in this research were available at Genbank with 
the accession number MW990131–MW990139. The nine 
samples were known to have cleavage site PSRSSR↓GLF 
motif (Table 7). This indicates the presence of two basic 
amino acids (dibasic) R (Arginine). At the receptor bind-
ing site, the isolates showed a PWTNALY motif at their 
binding sites. On the left side of the RBS in position 217, 
the nine samples contained M amino acid (Methionine) 
which was the same as isolates A/chicken/Guangdong/
CJS01/2013 (from China) and A/muscovy duck/Vietnam/
LBM719/2014 (from Vietnam). 

Antigenic site HA genes from all samples had the 
same motif (Table 8). A site I at positions 125, 147, and 
152, there were amino acids S (Serine), K (Lysine), and 
P (Proline). Site II at positions 135, 183, and 216 showed 
the motifs of amino acids D (Aspartate), N (Asparagine), 
and L (Leucine). Analysis of the HA gene at the poten-
tial glycosylation site (PGS) in the nine samples with 
the NXT/S motif (X is any amino acid except Proline) in 
the HA1 gene section was at positions 123-125 (NVS), 
200-202 (NRT), 280-282 (NTT), 287-289 (NVS), 295-297 
(NCS) (Table 5). Also, the sample isolates had S amino 
acid (Serin) at position 335 as in A/chicken/Guangdong/
CJS01/2013.

Genetic distance. The alignment results of the HA gene 
of several isolates registered in Genbank were compared 
with the samples at the nucleotide position number 
43-1326. As seen in Table 9, the genetic distance among 
the samples was 0%-4%.  This shows that the H9N2 
AI virus circulating in the live poultry market in the 
Greater Jakarta area had a similar nucleotide motif. The 
genetic distance between samples and the isolates from 
Indonesia was between 1%-3%. As seen in Table 10, the 
samples had a 3%-4% of genetic distance with A/mus-
covy duck/Vietnam/LBM719/2014, and 6% with A/chicken/
Guangdong/CJS01/2013. A/Duck/HongKong/Y280/97 (Y280 
lineage) had 12% of genetic distance, while A/Chicken/
Beijing/1/94 (BJ94 lineage) had 13%-14% of genetic dis-
tance, compared with the samples, respectively. The 
samples had 17%-18% of genetic distance if compared to 
A/quail/Hong Kong/G1/1997 (G1 lineage). When compared 
with A/duck/HongKong/Y439/1997 (Y439 lineage) and A/
turkey/Wisconsin/1/1966 (American lineage), the samples 
had 23%-26% of genetic distance. Based on this analysis, 
the samples in this study had genetic affinities with iso-
late A/muscovy duck/Vietnam/LBM719/2014. 

Phylogenetic tree.  The results of the phylogenetic 
analysis can be seen in Figure 5. The phylogenic 
tree showed that the samples were together with 
isolates from China (A/chicken/Wuxi/04030202/2013, 
A/Beijing/1/2017, A/chicken/Guangdong/CJS01/2013, A/
environment/Beijing/1/2016) and Vietnam (A/environment/

Figure 3.	Amplification result of hemagglutinin gene (Primary I) from the samples showed a single band at position 
736 bp. M= Marker 1 kb (250-10,000 bp); 1-9= sample isolates; K- = negative control; K+ = positive control.

Figure 4.	Amplification result of hemagglutinin gene (Primary I) from the samples showed a single band at position 
712 bp. M: Marker 1 kb (250-10,000 bp); 1-9= sample isolates; K- = negative control; K+ = positive control.
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Figure 3. Amplification result of HA (Primary I) gene at position 736bp, M: Marker 1 kb; 768 
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Figure 4. Amplification result of HA (Primary II) gene at position 712bp, M: Marker 1 775 

kb; 1-9: Sample Isolates; K-: Negative control; K +: Positive control. 776 
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Table 7. Comparison of the cleavage site and receptor binding pocket between the samples and other isolates from GenBank

Isolate Lineage Cleavage site
Receptor binding pocket

Binding site Right side Left side
A / turkey / Wisconsin / 1/1966 American PAVSSRGLFa PWTHELYb GTSRAc NGQQGRd

A / duck / Hongkong / Y439 / 1997 Y439 PAASNRGLF PWTHELY GTSRA NDQQGR
A / chicken / Korea / AI-96004/1996 Korean PAASYRGLF PWTHELY GTSKA NGQQGR
A / quail / Hongkong / G1 / 1997 G1 PARSSRGLF PWTHELY GISRA NDLQGR
A / chicken / Beijing / 1/94 BJ 94 PARSSRGLF PWTNVLY GTSKA NGQQGR
A / duck / Hongkong / Y280 / 97 Y280 PARSSRGLF PWTNTLY GTSKA NGLQGR
A / chicken / Guang dong / CJS01 / 2013 CVI PSRSSRGLF PWTNVLY GTSKA NGLMGR
A / muscovy duck / Vietnam / LBM719 / 2014 CVI PSRSSRGLF PWTNALY GTSKA NGLMGR
A/duck/Indonesia/04161291-OP/2016 CVI PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Layer/Indonesia/Banten-04/2017 CVI PSKSSRGLF PWTNALY GTSKA NGLMGR
A/chicken/Central Sulawesi/M92_06/2016 CVI PSRSSRGLF PWTNTLY GTSKA NGLMGR
A/Layer/Indonesia/CentralJava-01/2017 CVI PSRSSRGLF PWTNTLY GTSKA NGLMGR
A/chicken/North Sumatra/VSN873/2017 CVI PSRSSRGLF PWTNVLY GTSKA NGLMGR
A/Env/Banten/AIVH9HA001/2019 sample 1 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/Banten/AIVH9HA002/2019 sample 2 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/Banten/AIVH9HA003/2019 sample 3 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/West Java/AIVH9HA004/2019 sample 4 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/West Java/AIVH9HA005/2019 sample 5 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/Jakarta/AIVH9HA006/2019 sample 6 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/Jakarta/AIVH9HA007/2019 sample 7 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/Jakarta/AIVH9HA008/2019 sample 8 PSRSSRGLF PWTNALY GTSKA NGLMGR
A/Env/Jakarta/AIVH9HA009/2019 sample 9 PSRSSRGLF PWTNALY GTSKA NGLMGR

Note: 	a Amino acids at positions 315-323 (H3 Numbering). ᵇAmino acids at positions 92, 143, 145, 173, 180, 184, 185. cAmino acids at positions 128-132. 
ᵈAmino acids at positions 214-219.

Table 8. Comparison of antigenic sites and potential glycosylation sites between the samples and other isolates from GenBank

Isolate Lineage
Antigenic site Potential glycosylation site

Site I * Site II ^ 123-125 200-202 280-282 287-289 295-297
A / turkey / Wisconsin / 1/1966 American TKP NDQ NVT NRT NTT NIS -
A / duck / Hongkong / Y439 / 1997 Y439 TKP NNQ NVT NRT NTT NVS -
A / chicken / Korea / AI-96004/1996 Korean TKP NNQ NVT NRT NTT NVS -
A / quail / Hongkong / G1 / 1997 G1 TKP GNL NVT NRT NST NIS -
A / chicken / Beijing / 1/94 BJ 94 TKP DNQ NVT NRT NTT NVS -
A / duck / Hongkong / Y280 / 97 Y280 SKP DNL NVS NRT NTT NVS -
A / chicken / Guang dong / CJS01 / 2013 CVI SKP DNL NVS NRI NTT NVS NCS
A / muscovy duck / Vietnam / LBM719 / 2014 CVI SKP DNL NVS NRT NTT NVS NCS
A/duck/Indonesia/04161291-OP/2016 CVI SKP DNL NVS NRT NTT NVS NCS
A/Layer/Indonesia/Banten-04/2017 CVI SKP DNL NVS NRT NTT NVS NCS
A/chicken/Central Sulawesi/M92_06/2016 CVI SKP DDL NVS NRT NTT NVS NCS
A/Layer/Indonesia/CentralJava-01/2017 CVI SKP DNL NVS NRT NTT NVS NCS
A/chicken/North Sumatra/VSN873/2017 CVI SKP DNL NVS NRT NTT NVS NCS
A/Env/Banten/AIVH9HA001/2019 sample 1 SKP DNL NVS NRT NTT NVS NCS
A/Env/Banten/AIVH9HA002/2019 sample 2 SKP DNL NVS NRT NTT NVS NCS
A/Env/Banten/AIVH9HA003/2019 sample 3 SKP DNL NVS NRT NTT NVS NCS
A/Env/West Java/AIVH9HA004/2019 sample 4 SKP DNL NVS NRT NTT NVS NCS
A/Env/West Java/AIVH9HA005/2019 sample 5 SKP DNL NVS NRT NTT NVS NCS
A/Env/Jakarta/AIVH9HA006/2019 sample 6 SKP DNL NVS NRT NTT NVS NCS
A/Env/Jakarta/AIVH9HA007/2019 sample 7 SKP DNL NVS NRT NTT NVS NCS
A/Env/Jakarta/AIVH9HA008/2019 sample 8 SKP DNL NVS NRT NTT NVS NCS
A/Env/Jakarta/AIVH9HA009/2019 sample 9 SKP DNL NVS NRT NTT NVS NCS

Note: 	*Amino acids at positions 125 (H3 Numbering), 147, 152. ^ Amino acids at positions 135, 183, 216.
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Vietnam/HU1-1424/2014, A/muscovyduck/Vietnam/LBM 
719/2014, A/chicken/Vietnam/H7F-LC4-51/2014), so 
that these included in China, Vietnam, and Indonesia 
(CVI) Lineages. In addition, the samples were also 
present with another Indonesian isolates (A/chicken/
CentralSulawesi/M9206/2016, A/duck/Indonesia/04161291-
OP/2016, A/layer/Indonesia/CentralJava-01/2017, A/chicken/
NorthSumatra/VSN873/2017, A/layer/Indonesia/Banten-04/ 
2017).

DISCUSSION

Although the pathogenicity of Avian Influenza 
is polygenic trait, the HA surface glycoprotein still 
play a central role (Ito et al., 2000). The hemagglutinin 
determines the factors that affect the pathogenicity and 
virulence of the Avian Influenza virus. According to 
Sriwilaijaroen & Suzuki (2012), amino acid composition 
of HA gene consists of the cleavage site, receptor bind-
ing site, antigenic site, and the presence or absence of 
glycosylation sites around the receptor binding sites. 

The cleavage site is the cutting area between 
the HA1 and HA2 subunits of the HA gene, which 
determines the pathogenicity of the AI ​​virus (OIE, 
2014). The cleavage site is located between the residue 
positions P1 and P1′. For trypsin, a prototype serine 
endopeptidase that is typically studied in the context of 
HA cleavage, the protease strongly prefers to cleave at 
P1 arginine (R) or lysine (K) residues (Tse & Whittaker, 
2015). According to Stech et al. (2009), subclades H9.1, 
H9.2, and H9.3 have a single base amino acid Arginine 
(R) residue, whereas subclade H9.4 has two amino 
acid R residues (dibasic) and some isolates are known 
to have three amino acid R residues (tribasic) in the 
cleavage site section. The H9N2 virus, which has more 
than one residue (dibasic/tribasic) at the cleavage site, is 
the result of evolution in the virus (Jiahao et al., 2021). 
Based on research by Parvin et al. (2020), the H9N2 virus 
with dibasic/tribasic at cleavage sites did not increase 
the pathogenicity to the host if it was not accompanied 
by other infections. The virus with a cleavage site that 
has an RSSR motif affects the spread of the virus, tis-

Table 9. Comparison of the genetic distance between the samples and other Indonesian isolates from GenBank 

Isolate code A B C D E F G H I J K L M
A/duck/Indonesia/04161291-OP/2016
A/chicken/North Sumatra/VSN873/2017 0.01
A/Layer/Indonesia/CentralJava-01/2017 0.01 0.01
A/Layer/Indonesia/Banten-04/2017 0.01 0.01 0.01
A/chicken/Central Sulawesi/M92_06/2016 0.01 0.01 0.01 0.01
A/Env/Banten/AIVH9HA001/2019 0.02 0.02 0.02 0.02 0.02
A/Env/Banten/AIVH9HA002/2019 0.02 0.02 0.02 0.02 0.02 0
A/Env/Banten/AIVH9HA003/2019 0.02 0.02 0.02 0.02 0.02 0 0
A/Env/West Java/AIVH9HA004/2019 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
A/Env/West Java/AIVH9HA005/2019 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0
A/Env/Jakarta/AIVH9HA006/2019 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.01 0.01
A/Env/Jakarta/AIVH9HA007/2019 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04
A/Env/Jakarta/AIVH9HA008/2019 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.01
A/Env/Jakarta/AIVH9HA009/2019 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.01 0

Table 10. Comparison of the genetic distance between the samples and other isolates from GenBank

Isolate code A B C D E F G. H I J K L M N O P
A / turkey / Wisconsin / 1/1966
A / duck / Hongkong / Y439 / 1997 0.21
A / chicken / Korea / AI-96004/1996 0.22 0.1
A / quail / Hongkong / G1 / 1997 0.21 0.18 0.17
A / Chicken / Beijing / 1/94 0.2 0.17 0.17 0.08
A / Duck / Hongkong / Y280 / 97 0.21 0.19 0.19 0.11 0.04
A / chicken / Guangdong / CJS01 / 2013 0.24 0.21 0.21 0.15 0.11 0.09
A / muscovy duck / Vietnam / LBM719 / 2014 0.24 0.22 0.21 0.15 0.1 0.09 0.03
A/Env/Banten/AIVH9HA001/2019 0.26 0.24 0.23 0.17 0.13 0.12 0.06 0.03
A/Env/Banten/AIVH9HA002/2019 0.26 0.24 0.23 0.17 0.13 0.12 0.06 0.03 0
A/Env/Banten/AIVH9HA003/2019 0.26 0.24 0.23 0.17 0.13 0.12 0.06 0.03 0 0
A/Env/West Java/AIVH9HA004/2019 0.26 0.24 0.23 0.17 0.13 0.12 0.06 0.04 0.03 0.03 0.03
A/Env/West Java/AIVH9HA005/2019 0.26 0.24 0.23 0.17 0.13 0.12 0.06 0.04 0.03 0.03 0.03 0
A/Env/Jakarta/AIVH9HA006/2019 0.26 0.24 0.24 0.17 0.13 0.12 0.06 0.04 0.02 0.02 0.02 0.01 0.01
A/Env/Jakarta/AIVH9HA007/2019 0.26 0.26 0.24 0.18 0.14 0.12 0.06 0.04 0.03 0.03 0.03 0.03 0.03 0.04
A/Env/Jakarta/AIVH9HA008/2019 0.26 0.25 0.23 0.18 0.14 0.12 0.06 0.04 0.03 0.03 0.03 0.02 0.02 0.03 0.01
A/Env/Jakarta/AIVH9HA009/2019 0.26 0.25 0.23 0.18 0.14 0.12 0.06 0.04 0.03 0.03 0.03 0.02 0.02 0.03 0.01 0
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sue tropism in the host, and viral pathogenicity (Baron 
et al., 2012). The PSRSSR↓GLF motif at the cleavage 
site was previously found on A/chicken/Guangdong/
CJS01/2013 (from China) and A/muscovyduck/Vietnam/

LBM719/2014 (from Vietnam). Other Indonesian 
isolates, such as A/duck/Indonesia/04161291-OP/2016, 
A/chicken/Central Sulawesi/M92_06/2016, A/Layer/
Indonesia/CentralJava-01/2017, A/chicken/NorthSumatra/

Figure 5.	Phylogenic tree of H9 hemagglutinin gene of the samples compared with other isolates from GenBank. Bootstrap 1000 
replicate, mark = sample isolates. The analysis involved 49 full HA gene extracted from GenBank (position 43-1326).
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VSN873/2017, also show this motif on its cleavage site. 
In the virus found in our study, there was no indication 
of gene mutation based on multiple alignment results 
with other sample data from Indonesia. The isolate A/
Layer/Indonesia/Banten-04/2017 has a substitution of 
R317K on the cleavage site shows the PSKSSR↓GLF 
motif. The presence of the amino acid substitution 
Lysine (K) at position 317 is not known to affect the 
virulence or pathogenicity of the H9N2 AI virus (Tse 
& Whittaker, 2015). According to Shen et al. (2015), the 
H9N2 virus H9.4.2.5 subclade has a cleavage site with a 
PSRSSR↓GLF motif which shows the characteristics of 
the Low Pathogenic AI (LPAI) virus. This motif is only 
sensitive to the trypsin enzyme which is secreted by the 
respiratory and digestive systems so that the infection 
that occurs is limited. 

The AIV H9.4.2.6 subclade has PAR(K)SSR↓GLF 
motif. The two motifs are different from vaccine strain 
A/chicken/Guangdong/SS/94 which has a PAGSSR↓GLF 
motif. This motif is included in the H9.4.2.3 subclade. 
PSRSSR↓GLF motif was found in isolates in China 
after 2006 (Yuxin et al., 2015). This motif is a mutation 
of the PARSSR↓GLF motif which is included in the 
Y280 lineage of the H9N2 virus in birds and humans. 
PARSSR↓GLF motif was found in isolates in China, 
Iran, Pakistan, Bangladesh, Kuwait, and Saudi Arabia 
before 2010. In 2011-2019, the PAKSKR↓GLF motif 
was found in the H9N2 virus. In Europe and North 
America, the circulating of the H9N2 virus has a cleav-
age site with the PAASDR↓GLF motif. In the Y439 like 
lineage, the motifs of PATSGR↓GLF, PAASDR↓GLF, and 
PAASYR↓GLF are found in migratory birds (Jiahao et 
al., 2021). According to a study by Blaurock et al. (2020), 
Mutations in the HA cleavage site did not increase 
H9N2 virulence or transmission in chickens. The dif-
ferent motifs of amino acid may have an impact on the 
HA cleavage site conformation which could result in 
the increased accessibility for certain proteases and 
thus enhanced HA cleavability, and/or the degree of 
exposure of the fusion peptide, resulting in the observed 
enhanced cell-to-cell spread and altered optimal pH-
range to trigger HA fusion. Cleavage site motif obtained 
from this study clearly different from HPAI that already 
reported in Indonesia (Wibowo et al., 2006; Wibowo et 
al., 2013; Dharmayanti et al., 2014; Dharmayanti et al., 
2020).

The PWTNALY motif at the receptor-binding 
site (RBS) is the same as the isolate from Indonesia A/
duck/Indonesia/04161291-OP/2016 and A/Layer/Indonesia/
Banten-04/2017. Mutation V (Valine) to A (Alanine) at 
position 180 in the sample isolates was the same as in A/
chicken/Guangdong/CJS01/2013. This position is known to 
affect the level of bond affinity to sialyl-α2,6-galactose 
(cell receptor in humans) (Teng et al., 2016). The level 
of weakest bond affinity is marked by the presence of 
amino acid Alanine (A), the level of bond affinity is 
indicated by the presence of amino acid Threonine (T), 
the strongest level of affinity is marked by amino acid 
Valine (V) in that position (Moosakhani et al., 2010). The 
presence of amino acid T at position 317 was found in A/
Layer/Indonesia/CentralJava-01/2017 and A/chicken/Central 
Sulawesi/M92_06/2016.  On the other hand, A/chicken/

NorthSumatra/VSN873/2017 has amino acid V in that 
position. 

On the left side of the RBS at position 217, the 
amino acid M (Methionine) is the motif of the H9.4.2.5 
subclade (Shen et al., 2015). This motif was previously 
found in isolates A/chicken/Guangdong/CJS01/2013 (from 
China) and A/muscovy duck/Vietnam/LBM719/2014. (from 
Vietnam). This motif is different from the Y280 lineage 
which has the amino acid Q (Glutamine) in that position 
(Belser et al., 2020). On the right side of the RBS in posi-
tion 129, there is T (Threonine), while at position 131 it 
has the amino acid K (Lysine). I129T and R131K amino 
acid mutations can only be found in the H9.4.2 subclade 
(Kang et al., 2010). According to Sriwilaijaroen & Suzuki 
(2012), mutations of one amino acid in the binding 
pocket receptor can affect the potential for infection and 
the spread of the AI ​​virus. This is a factor that affects the 
host diversity of the Avian Influenza virus. The altered 
receptor-binding avidity of H9N2 viruses, including 
the enhanced binding to human-like receptors, results 
in antigenic variation in avian influenza viruses that 
increases the zoonotic risk (Sealy et al., 2019). 

The motif of antigenic site of samples was the same 
as those of A/muscovy duck/Vietnam/LBM719/2014 (CVI 
lineage), A/duck/Hong Kong/Y280/97 (Y280 lineage), and 
other Indonesian isolates. On the antigenic site, the 
residue at 216 affects the receptor-binding on the host. 
Human influenza with amino acid L216 tends to bind to 
α-2,6 sialyl glycan receptors, while Avian influenza with 
amino acid Q216 tends to bind to α-2,3 sialyl glycan 
(Rogers et al., 1983). The mutation of the amino acid Q to 
L in this position has the potential to cause the virus to 
infect humans (Matrosovich et al., 2000).

The potential glycosylation site (PGS) motif of sam-
ple isolates was the same as those of the H9.4.2.5 sub-
clade, such as A/chicken/Guangdong/CJS01/2013, A/mus-
covy duck/Vietnam/LBM719/2014, and other Indonesian 
isolates. In the H9.4.2.6 subclade, the vaccine strain A/
chicken/Guangdong/SS/94, there was no PGS at position 
295-297. In the Y280 lineage, there was also no PGS in 
that position (Shen et al., 2015). Amino acid substitution 
at the glycosylation site is a viral strategy to mask or 
unmask the antigenic region from the introduction of 
host cell antibodies. The addition of PGS in the amino 
acid position 295-297 in the samples may increase the 
ability of the virus to evade the neutralization of host 
antibodies (Tate et al., 2014; Abe et al., 2020). The H9.4.2.5 
subclade (A/chicken/Guangdong/CJS01/2013) has amino 
acid S (Serine) at position 335, associated with the nine 
samples. The H9.4.2.6 subclade has A (Alanine) residue 
on that position (Shen et al., 2015).

Based on its phylogeography, the H9 subtype is 
divided into American and Eurasian lineages. The clade 
and subclade naming system for the H9 subtype based 
on HA gene segments is divided into four, such as H9.1, 
H9.2, H9.3, and H9.4 (Liu et al., 2009). The H9.1 clade 
is based on the H9N2 virus (A/turkey/Wisconsin/1/1966) 
obtained from wild birds in North America (Homme 
& Easterday, 1970). The H9.2 clade American lineage 
is based on the A/quail/Arkansas/29209-1/93, obtained 
from quail in the Arkansas region (Guan et al., 1999). 
The Eurasian lineages of the HA gene are divided into 
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Y439-H9.3 (A/duck/Hong Kong/Y439/1997) and G1-H9.4 
(A/Quail/Hong Kong/G1/1997). Y439 lineage is the subtype 
closest to the ancestor of the AI ​​virus, which spread over 
the Eurasia region and has been found in wild bird spe-
cies in Europe, Asia, and Africa (Min & Hyung, 2017). 
G1 lineage is predominantly circulating in commercial 
poultry and live poultry markets (Peacock et al., 2019). 
The H9.4 clade is divided into subclade H9.4.1 (G1-like 
(A/Quail/Hong Kong/G1/1997)) and H9.4.2 (BJ94 (A/chick-
en/Beijing/1/94) or Y280 (A/Duck/Hong Kong/Y280/97)) 
(Jiang et al., 2012). Since 2013, the H9N2 AI virus identi-
fied in China is the H9.4.2 subclade (Xia et al., 2017). 
Based on the genetic distances analysis, the samples in 
this study had genetic affinities with isolate A/muscovy 
duck/Vietnam/LBM719/2014. Sample used in this study is 
a sample taken from the LBM environment. This shows 
that it is possible the mixing between viruses in various 
species in LBM.

The phylogenic tree shows that the samples are 
closely related to isolates from Indonesia that have been 
previously reported in Yogyakarta and Central Java 
(Lestari et al., 2019), in Sulawesi (Muflihanah et al., 2017), 
as well as in Banten and North Sumatra (Nugroho, et 
al., 2018; Jonas et al., 2018). Besides, the samples were 
also closely related to isolates from China and Vietnam. 
The results of the phylogenic analysis showed that the 
isolates in this study were highly related to isolates from 
America, Europe, Africa, and Korea. This shows that the ​​
H9N2 AI virus circulating in Indonesia is coming from 
China and Vietnam (Jonas, 2018). Wild birds are a natu-
ral reservoir of all AIV subtypes and play an important 
role in the ecology and propagation of the virus. The 
spread of the AI ​​virus globally is caused by the trade 
in poultry and poultry products and the movement of 
migratory poultry (Reed et al., 2014; Van der kolk, 2019). 
The migration of wild birds from East Asia to Australia 
has a major influence on the spread of the H9N2 AI 
virus on layer farms in China. The spread of the H9N2 
AI virus from one area to another can occur because of 
those migrations (Yuan et al., 2014).

From the results of this analysis, LBM has the 
potential to be the source of the spread of the AI ​​H9N2 
virus. The live bird market (LBM) is known as a reser-
voir for AI viruses that are associated with outbreaks 
of viral infections to poultry or humans (Turner et al., 
2017). Based on the study by Cheng et al. (2020), the 
results of testing for the presence of AI viruses in envi-
ronmental swab samples are directly proportional to the 
results in poultry swab samples. Activities carried out in 
the market between traders and buyers often cause the 
market environment to become dirty, so that it is one 
of the factors for market contamination by the AI virus 
or other diseases that can be transmitted to humans 
(Ratnawati & Dharmayanti, 2015). Separate poultry 
and improve the all-in all-out sales system by applying 
regular disinfection can be done to reduce the risk of 
spreading the virus in LBM (Hassan et al., 2018). Based 
on research by Zhou et al. (2015) and Sayeed et al. (2017), 
LBM with poor biosecurity levels plays an important 
role in the spread of the AI ​​virus through infected birds 
to the market environment. Therefore, surveillance and 
monitoring of AIV in LBM is needed, followed by an 

increase in environmental biosecurity to reduce the risk 
of spreading the AI ​​virus in the territory of Indonesia. 

CONCLUSION

The H9N2 Avian Influenza virus was detected in 
the live poultry market environment in the Greater 
Jakarta area. This indicates that LBM has the potential 
to spread the H9N2 AI virus. The results of amino acid 
analysis of HA gene of AI H9N2 virus in this study, 
the cleavage site fragment has PSRSSR↓GLF motif 
which shows the characteristics of low pathogenic AI 
virus. The amino acid in the receptor binding site has 
a mutation of Valine (V) to Alanine (A) at position 180. 
The substitution of the amino acid Aspartic acid (D) 
to Asparagine (N) at position 183 at the antigenic site 
increases the specificity of non-human host recogni-
tion. The potential glycosylation site, with the NCS 
motif found in amino acid position 295-297, close to the 
receptor-binding site. Based on genetic analysis and 
phylogenetic topography, the virus is included in the 
CVI (China, Vietnam, Indonesia) lineage and H9.4.2.5 
subclade. 

CONFLICT OF INTEREST

We declare that there is no conflict of interest with 
any financial, personal, or other relationships with other 
people or organizations related to the material discussed 
in the manuscript.

ACKNOWLEDGEMENT

The authors would like to thank and appreciate 
the Agency for Agricultural Extension and Human 
Resources Development, The Ministry of Agriculture 
of The Republic of Indonesia for the financial support 
through the BPPSDMP scholarship. We are grateful to 
Disease Investigation Center (DIC) Subang for permis-
sion to use their sample isolates for this research, and 
University of Gadjah Mada, Yogyakarta, Indonesia, 
Research Directorate (Final Project Recognition, RTA: 
3190/UN1/DITLIT/DIT-LIT/PT/2021) for partly funding, 
providing facilities, and publication support.

REFERENCES

Abe, Y., E. Takashita, K. Sugawara, Y. Matsuzaki, Y. Muraki, & 
S. Hongo. 2020. Effect of the addition of oligosaccharides 
on the biological activities and antigenicity of influenza 
A/H3N2 virus hemegglutinin. ASM Journal 78:9605-9611. 
https://doi.org/10.1128/JVI.78.18.9605-9611.2004

Adu, B. G., M. S. B. Sembiring, O. H. Sibarani, I. G. N. K. 
Mahardika, I. B. K. Suardana, I. G. A. A. Suartini, & T. 
S. Nindhia. 2020. Seroprevalensi virus Avian Influenza 
H9N2 pada ayam kampung (Gallus domesticus) di Pasar 
Beringkit, Kabupaten Badung, Bali.  Jurnal Veteriner 
21:258-366. 

Azizpour, A., H. Goudarzi, S. Charkhkar, R. Momayez, & M. 
H. Hablolvarid. 2014. Experimental study on tissue tro-
pism and dissemination of H9N2 avian influenza virus 
and Ornithobacterium rhinotracheale co-infection in SPF 
chickens. J. Anim. Plant Sci. 24:1655–1662.

https://doi.org/10.1128/JVI.78.18.9605-9611.2004


June 2022      151    

MAHARANI ET AL. / Tropical Animal Science Journal 45(2):141-153

Baron, J., T. Carolin, M. Deborah, S. Eva, M. Daniela, H. Maya, 
S. Folker, S. Torsten, G. Yi, G. Wolfgang, K. Hans-Dieter, 
& B. Eva. 2012. Matriptase, HAT, and PRSS2 activate the 
hemagglutinin of H9N2 influenza A viruses. J. Virol. 
87:1811–1820. https://doi.org/10.1128/JVI.02320-12

Belser, J. A., X. Sun, N. Brock, C. Pappas, J. A. Pulit-Penaloza, 
H. Zeng, Y. Jang,  J. Jones, P. J. Carney, J. Chang, N. V. 
Long, N. T. Diep, S. Thor, H. Di, G. Yang, P. W. Cook, 
H. M. Creager, D. Wang, J. McFarland, P. V. Dong, D. E. 
Wentworth, T. M. Tumpey, J. R. Barnes, J. Stevens, C. T. 
Davis, & T. R. Maines. 2020. Genetically and antigenically 
divergent influenza A (H9N2) viruses exhibit differen-
tial replication and transmission phenotypes in mamma-
lian models. J. Virol. 94:e00451-20. https://doi.org/10.1128/
JVI.00451-20

Biswas, P. K., M. Giasuddin, P. Chowdhury, H. Barua, N. C. 
Debnath, & M. Yamage. 2018. Incidence of contamination 
of live bird markets in Bangladesh with influenza A virus 
and subtypes H5, H7 and H9. Transbound. Emerg. Dis. 
65:687-695. https://doi.org/10.1111/tbed.12788

Blaurock, C., D. Scheibner, M. Landmann, M. Vallbracht, 
R. Ulrich, E. B. Friebertshauser, T. C. Mettenleiter, & 
E. M. Abdelwhab. 2020.  Non-basic amino acids in the 
hemagglutinin proteolytic cleavage site of a European 
H9N2 avian influenza virus modulate virulence in 
turkeys.   Sci. Rep. 10: 21226. https://doi.org/10.1038/
s41598-020-78210-8

Burke, D. F. & D. J. Smith. 2014. A recommended number-
ing scheme for influenza A HA subtypes. PLoS ONE 9: 
e112302. https://doi.org/10.1371/journal.pone.0112302

Carnaccini, S. & D. R. Perez. 2020. H9 influenza viruses: an 
emerging challenge. Cold Spring Harb Perspect Med. 10:1-
11. https://doi.org/10.1101/cshperspect.a038588

Cheng, K. L., J. Wu, W. L. Shen, A. Y. L. Wong, Q. Guo, J. 
Yu, X. Zhuang, W. Su, T. Song, M. Peiris, H. L. Yen, & 
E. H. Y. Lau. 2020. Avian influenza virus detection rates 
in poultry and environment at live poultry markets, 
Guangdong, China. Emerg. Infect. Dis. 26: 591-595. https://
doi.org/10.3201/eid2603.190888

Cui, L., D. Liu, W. Shi, J. Pan, X. Qi, X. Li, X. Guo, M. Zhou, W. 
Li,  J. Li,  J. Haywood,  H. Xiao,  X. Yu,  X. Pu,  Y. Wu,  H. 
Yu,  K. Zhao,  Y. Zhu,  B. Wu,  T. Jin,  Z. Shi,  F. Tang,  F. 
Zhu, Q. Sun, L. Wu, R. Yang,  J. Yan, F. Lei, B. Zhu, W. 
Liu, J. Ma, H. Wang, & G. F. Gao. 2014. Dynamic reassort-
ments and genetic heterogeneity of the human-infecting 
influenza A (H7N9) virus. Nat. Commun. 5:3142. https://
doi.org/10.1038/ncomms4142

Dharmayanti, N. L. P. I., R. Hartawan, Pudjiatmoko, H. 
Wibawa, Hardiman, A. Balish, R. Donis, C. T. Davis, 
& G. Samaan. 2014. Genetic characterization of Clade 
2.3.2.1 Avian Influenza A(H5N1) Viruses, Indonesia, 2012. 
Emerg. Infect. Dis. 20:671-674. https://doi.org/10.3201/
eid2004.130517

Dharmayanti, N. L. P. I., D. A. Hewajuli, A. Ratnawati, & R. 
Hartawan. 2020. Genetic diversity of H5N1 viruses in live 
bird markets, Indonesia. J. Vet. Sci. 21:e56. https://doi.
org/10.4142/jvs.2020.21.e56

Dirjen PKH, Kementerian Pertanian. 2018. Deteksi Virus Avian 
Influenza dengan Teknik Real-Time Reverse Transcription 
Polymerase Chain Reaction (rRT-PCR). FAO SOP book, 
Balai Besar Veteriner Wates. 

Fereidouni, S. R., E. Starick, C. Grund, A. Globig, T. C. 
Mettenleiter, M. Beer, & T.  Harder. 2009. Rapid molecular 
subtyping by reverse transcription polymerase chain reac-
tion of the neuraminidase gene of avian influenza A vi-
ruses. Vet. Microbiol. 135:253-60. https://doi.org/10.1016/j.
vetmic.2008.09.077

Guan, Y., K. F. Shortridge, S. Krauss, & R. G. Webster. 1999. 
Molecular characterization of H9N2 influenza viruses: 

Were they the donors of the “internal” genes of H5N1 vi-
ruses in Hong Kong? J. Virol. 96: 9363-9367. https://doi.
org/10.1073/pnas.96.16.9363

Hassan, M. M., M. A. Hoque, B. Ujvari,  & M. Klaassen. 
2018.  Live bird markets in Bangladesh as a potentially 
important source for Avian Influenza Virus transmis-
sion. Prev. Vet. Med. 156:22–27.  https://doi.org/10.1016/j.
prevetmed.2018.05.003

Homme, P. J. & B. C. Easterday. 1970.  Avian influenza vi-
rus infections. I: characteristics of influenza A/turkey/
Wisconsin/1966 virus. Avian Dis. 14: 66–74. https://doi.
org/10.2307/1588557

Huang, Y., X. Li, H. Zhang, B. Chen, Y. Jiang, L. Yang, & L. Gao. 
2015. Human infection with an avian influenza A (H9N2) 
virus in the middle region of China. J. Med. Virol. 87:1641–
1648. https://doi.org/10.1002/jmv.24231

Ito, T., J. S. S. Nelson, C. S. Keln, L. G. Baum, S. Krauss, M. 
R. Lastrucci, I. Donatelli, H. Kida, J. C. Paulson, R. G. 
Webster, & Y. Kawaoka. 2000. Molecular basis for the 
generation in pigs of Influenza A viruses with pandemic 
potential. J. Virol. 79:7367-7373.   https://doi.org/10.1128/
JVI.72.9.7367-7373.1998

Jiahao, Z., M. Kaixiong, L. Bo, C. Yiqun,  Q.  Ziwen, X.  Jinchao, 
H. Jinyu, H. Chen, H. Yifan, L. Huanan, L. Dingxiang, 
L. Ming, & Q. Wenbao. 2021. A risk marker of triba-
sic hemagglutinin cleavage site in influenza A (H9N2) 
virus. Commun. Biol. 4:71. https://doi.org/10.1038/
s42003-020-01589-7

Jiang, W., S. Liu, G. Hou, J. Li, Q. Zhuang, S. Wang, P. Zhang, 
& J. Chen. 2012. Chinese and global distribution of H9 
subtype Avian Influenza viruses. PLoS ONE 7:e52671. 
https://doi.org/10.1371/journal.pone.0052671

Jonas, M., A. Sahesti, T. Murwijati, C. L. Lestariningsih, I. Irine, 
C. S. Ayesda, & G. N. Mahardika. 2018. Identification of 
avian influenza virus subtype H9N2 in chicken farms 
in Indonesia. Prev. Vet. Med. 159:99–105. https://doi.
org/10.1016/j.prevetmed.2018.09.003

Kang, J., J. Wen-Ming, L. Shuo, C. Ji-Ming, C. Jie, H. Guang-
Yu, L. Jin-Ping, & H. Bao-Xu. 2010. Characterization of the 
hemagglutinin gene of subtype H9 avian influenza viruses 
isolated in 2007–2009 in China. J. Virol. Methods 163:186-
189. https://doi.org/10.1016/j.jviromet.2009.09.013

Kumar, S., G. Stecher, & K. Tamura. 2016. MEGA7: Molecular 
Evolutionary Genetics Analysis version 7.0 for bigger data-
sets. Mol. Biol. Evol. 33:1870-1874. https://doi.org/10.1093/
molbev/msw054

Lestari, H. Wibawa, E. P. Lubis, R. Dharmawan, R. A. 
Rahayu, H. Mulyawan, K.  Charoenkul, C. Nasamran, 
B. Poermadjaja, & A. Amonsin. 2019. Co-circulation and 
characterization of HPAI-H5N1 and LPAI-H9N2 recovered 
from a duck farm, Yogyakarta, Indonesia. Transbound 
Emerg. Dis. 67:994–1007. https://doi.org/10.1111/
tbed.13434 

Liu, D., W. Shi, & G. F. Gao. 2014. Poultry carrying H9N2 
act as incubators for novel human avian influenza vi-
ruses. The Lancet. 384:869. https://doi.org/10.1016/
S0140-6736(14)60386-X

Liu, S., K. Ji, J. Chen, D. Tai, W. Jiang, G. Hou, J. Chen, J. Li, 
& B. Huang. 2009. Panorama phylogenetic diversity and 
distribution of type A influenza virus. PLoS ONE 4:e5022. 
https://doi.org/10.1371/journal.pone.0005022

Marinova-Petkova, A., S. Karthik, M. F. Mohammed, J. E. 
Lisa, H. M. Kamrul, A. Sharmin, T. Jasmine, W. David, S. 
Patrick, F. John, M. Pamela, K. Scott,  J. W. Richard, & R. 
G. Webster. 2016. The continuing evolution of H5N1 and 
H9N2 influenza viruses in Bangladesh. Avian Dis. 60:108–
117. https://doi.org/10.1637/11136-050815-Reg

Matrosovich, M., A. Tuzikov, N. Bovin, A. Gambaryan, A. 
Klimov, M. R. Castrucci, I. Donatelli, & Y. Kawaoka. 

https://doi.org/10.1128/JVI.02320-12
https://doi.org/10.1128/JVI.00451-20
https://doi.org/10.1128/JVI.00451-20
https://doi.org/10.1111/tbed.12788
https://doi.org/10.1038/s41598-020-78210-8
https://doi.org/10.1038/s41598-020-78210-8
https://doi.org/10.1371/journal.pone.0112302
https://doi.org/10.1101/cshperspect.a038588
https://doi.org/10.3201/eid2603.190888
https://doi.org/10.3201/eid2603.190888
https://pubmed.ncbi.nlm.nih.gov/?term=Guo+X&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+M&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Li+W&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Li+W&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Li+J&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Haywood+J&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Xiao+H&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+X&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Pu+X&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+Y&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+H&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+H&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+K&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+Y&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+B&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Jin+T&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Shi+Z&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Tang+F&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+F&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+F&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+Q&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+L&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+R&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Yan+J&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Lei+F&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+B&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+W&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+W&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+J&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+H&cauthor_id=24457975
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+GF&cauthor_id=24457975
https://doi.org/10.1038/ncomms4142
https://doi.org/10.1038/ncomms4142
https://doi.org/10.3201/eid2004.130517
https://doi.org/10.3201/eid2004.130517
https://doi.org/10.4142/jvs.2020.21.e56
https://doi.org/10.4142/jvs.2020.21.e56
https://doi.org/10.1016/j.vetmic.2008.09.077
https://doi.org/10.1016/j.vetmic.2008.09.077
https://doi.org/10.1073/pnas.96.16.9363
https://doi.org/10.1073/pnas.96.16.9363
https://doi.org/10.1016/j.prevetmed.2018.05.003
https://doi.org/10.1016/j.prevetmed.2018.05.003
https://doi.org/10.2307/1588557
https://doi.org/10.2307/1588557
https://doi.org/10.1002/jmv.24231
https://doi.org/10.1128/JVI.72.9.7367-7373.1998
https://doi.org/10.1128/JVI.72.9.7367-7373.1998
https://doi.org/10.1038/s42003-020-01589-7
https://doi.org/10.1038/s42003-020-01589-7
https://doi.org/10.1371/journal.pone.0052671
https://doi.org/10.1016/j.prevetmed.2018.09.003
https://doi.org/10.1016/j.prevetmed.2018.09.003
https://doi.org/10.1016/j.jviromet.2009.09.013
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1111/tbed.13434
https://doi.org/10.1111/tbed.13434
https://doi.org/10.1016/S0140-6736(14)60386-X
https://doi.org/10.1016/S0140-6736(14)60386-X
https://doi.org/10.1371/journal.pone.0005022
https://doi.org/10.1637/11136-050815-Reg


152     June 2022

MAHARANI ET AL. / Tropical Animal Science Journal 45(2):141-153

2000. Early alterations of the receptor-binding properties 
of H1, H2, and H3 avian influenza virus hemagglutinins 
after their introduction into mammals. J. Virol. 7:8502-
8512. https://doi.org/10.1128/JVI.74.18.8502-8512.2000

Min, K. & K. J. Hyung. 2017. Genetics and biological prop-
erty analysis of Korea lineage of influenza A H9N2 vi-
ruses. Vet. Microbiol. 204:96-103. https://doi.org/10.1016/j.
vetmic.2017.04.014

Moosakhani, F., A. H. Shoshtari, S. A. Pourbakhsh, Keyvanfar, 
& H. A. Ghorbani. 2010. Phylogenetic analysis of the hem-
agglutinin genes of 12 H9N2 influenza viruses isolated 
from chickens in Iran from 2003 to 2005. Avian Dis. 54:870-
874. https://doi.org/10.1637/9103-101309-Reg.1

Mosleh, N., H. Dadras, K. Asasi, M. J. Taebipour, S. S. 
Tohidifar, & G. Farjanikish. 2017. Evaluation of the tim-
ing of the Escherichia coli co-infection on pathogenecity of 
H9N2 avian influenza virus in broiler chickens. Iran J. Vet. 
Res. 18:86–91.

Muflihanah, E. Andesfha, H. Wibawa, F. C. Zenal, F. 
Hendrawati, Siswani, Wahyuni, D. Kartini, I. 
Rahayuningtyas, S. Hadi, S. Mukartini, B. Poermadjaja, 
& F. S. T. Rasa. 2017. Kasus pertama low pathogenic Avian 
Influenza Subtipe H9N2 pada peternakan ayam petelur di 
Kabupaten Sidrap, Sulawesi Selatan Indonesia. Buletin 
InfoVet 16:1-13.  

Naguib, M. M., R. Ulrich, E. Kasbohm, C. L. P. Eng, D. 
Hoffmann, C. Grund, M. Beer, & T. C. Harder. 2017. 
Natural reassortants of potentially zoonotic avian influ-
enza viruses H5N1 and H9N2 from Egypt display distinct 
pathogenic phenotypes in experimentally infected chick-
ens and ferrets. J. Virol. 91: e01300. https://doi.org/10.1128/
JVI.01300-17

Novianti, A. N., K. Rahardjo, R. R. Prasetya, A. M. Nastri, J. 
R. Dewantari, A. P. Rahardjo, A. T. S. Estoepangestie, Y. 
K. Shimizu, E. D. Poetranto, G. Soegiarto, Y. Mori, & K. 
Shimizu. 2019. Whole-Genome sequence of an avian in-
fluenza A/H9N2 virus isolated from an apparently healthy 
chicken at a live-poultry market in Indonesia. Microbiol. 
Resour. Announc. 8:e01671-18. https://doi.org/10.1128/
MRA.01671-18

Nugroho, C. M. H., Soejoedono, R. D. Poetri, & O. Nadia. 2018. 
Karakterisasi Molekuler Gen Hemaglutinin Virus Avian 
Influenza Subtipe H9N2 yang Diisolasi dari Ayam Layer 
di Pulau Jawa. Scientific Repository. IPB University. 

OIE.int. 2014. Influenza A Cleavage Sites.  http://www.offlu.
net/fileadmin/home/en/resourcecentre/pdf/Influenza_A_
Cleavage_Sites.pdf. [8 Juli 2020].

Parvin, R., A. A. Shehata, K. Heenemann, K. Gac, A. Rueckner, 
M. Y. Halami,  & T. M. Vahlenkamp. 2015. Differential 
replication properties among H9N2 avian influenza vi-
ruses of Eurasian origin. Vet. Res. 46:75. https://doi.
org/10.1186/s13567-015-0198-8

Parvin, R., J. Schinkoethe, C. Grund, R. Ulrich, F. Bönte, K. P. 
Behr, M. Voss, M. A. Samad, K. E. Hassan, C. Luttermann, 
M. Beer, & T. Harder. 2020. Comparison of pathogenicity 
of subtype H9 avian influenza wild‑type viruses from a 
wide geographic origin expressing mono‑, di‑, or tri‑basic 
hemagglutinin cleavage sites. Vet. Res. 51:48. https://doi.
org/10.1186/s13567-020-00771-3

Peacock, T. H. P., J. James, J. E. Sealy, & M. Iqbal. 2019. A glob-
al perspective on H9N2 avian influenza virus. Viruses 11: 
E620. https://doi.org/10.3390/v11070620

Pusch, E. A. & D. L. Suarez. 2018. The multifaceted zoonotic 
risk of H9N2 avian influenza. Vet. Sci. 82: 1-18. https://doi.
org/10.3390/vetsci5040082

Rachmawati, P. D., T. S. Adikara, H. Plumeriastuti, R. Ernawati, 
J. Rahmahani, D. Handijatno, & C. M. H. Nugroho. 2020. 
Analisis filogenetik gen hemaglutinin dan neuraminidase 
avian influenza H9N2 asal ayam petelur di Jawa Timur. 
Jurnal Veteriner 21:216-226. 

Ratnawati, A. & N. L. P. I. Dharmayanti. 2015. Deteksi virus avi-
an influenza subtipe H5N1 di beberapa pasar unggas hid-
up dalam wilayah Provinsi Jawa Barat sekitarnya. Jurnal 
Kedokteran Hewan 9:14-19.  https://doi.org/10.21157/j.ked.
hewan.v9i1.2778

Reed, C., D. Bruden, K. K. Byrd, V. Veguilla, M. Bruce, D. 
Hurlburt, D. Wang, C. Holiday, K. Hancock, J. R. Ortiz, 
J. Klejka, J. M. Katz, & T. M. Uyeki. 2014. Characterizing 
wild bird contact and seropositivity to highly patho-
genic avian influenza A (H5N1) virus in Alaskan resi-
dents. Influenza and Other Respiratory Viruses 8:516–
523.  https://doi.org/10.1111/irv.12253

Rogers, G. N., J. C. Paulson, R. S. Daniels, J. J. Skehel, I. A. 
Wilson, & D. C Wiley. 1983. Single amino acid sub-
stitutions in influenza haemagglutinin change recep-
tor binding specificity. Nature 304:76-78. https://doi.
org/10.1038/304076a0

Sayeed, Md. A., C. Smallwood, T. Imama, R. Mahmud, R. 
B. Hasan, M. Hasan, M. S. Anwerb, Md. H. Rashid, & 
Md. A Hoquea. 2017. Assessment of hygienic conditions 
of live bird markets on avianinfluenza in Chittagong 
metro, Bangladesh. Prev. Vet. Med. 142: 7–15. https://doi.
org/10.1016/j.prevetmed.2017.04.009

Sealy, J. E., T. Yaqub, T. P. Peacock, P. Chang, B. Ermetal, A. 
Clements,  J. R. Sadeyen, A. Mehboob, H. Shelton,  J. E. 
Bryant, R. S. Daniels, J. W. McCauley, & M. Iqbal. 2019. 
Association of increased receptor-binding avidity of influ-
enza A(H9N2) viruses with escape from antibody-based 
immunity and enhanced zoonotic potential. Emerg. Infect 
Dis. 25:63–72. https://doi.org/10.3201/eid2501.180616

Shen, H. Q., Z. Q. Yan, F. G. Zeng, C. T. Liao, Q. F. Zhou, J. P. 
Qin, Q. M. Xie, Y. Z. Bi, & F. Chen. 2015. Isolation and 
phylogenetic analysis of hemagglutinin gene of H9N2 in-
fluenza viruses from chickens in South China from 2012 
to 2013. J. Vet. Sci. 16: 317-324. https://doi.org/10.4142/
jvs.2015.16.3.317

Sriwilaijaroen, N. & Y. Suzuki. 2012. Review: Molecular basis 
of the structure and function of H1 hemagglutinin of influ-
enza virus. Proc. Jpn. Acad. Ser. B. 88: 226-249. https://doi.
org/10.2183/pjab.88.226

Stech, O., J. Veits, S. Weber, D. Deckers, D. Schroer, T. W. 
Vahlenkamp, A. Breithaupt, J. Teifke, T. C. Mettenleiter, 
& J. Stech. 2009. Acquisition of a polybasic hemaggluti-
nin cleavage site by a low-pathogenic avian influenza vi-
rus is not sufficient for immediate transformation into a 
highly pathogenic strain. J. Virol. 83:5864–5868. https://doi.
org/10.1128/JVI.02649-08

Sung-su, Y., L. Dong-Hun, J. Jei-Hyun, M. J. Pantin-Jackwood, 
S. Chang-seon, & D. E. Swayne. 2020. Live bird markets as 
evolutionary epicentres of H9N2 low pathogenicity avian 
influenza viruses in Korea. Emerg. Microbes Infect. 9:616-
627. https://doi.org/10.1080/22221751.2020.1738903

Tate, M. D., E. R. Job, Y. M. Deng, V. Gunalan, S. Maurer-
Stroh, & P. C. Reading. 2014. Playing hide and seek: how 
glycosylation of the influenza virus hemagglutinin can 
modulate the immune response to infection. Viruses 6: 
1294–1316. https://doi.org/10.3390/v6031294

Teng, Q., D. Xu, W. Shen, Q. Liu, G. Rong, X. Li, & Z. Li. 2016. 
A single mutation at position 190 in hemagglutinin en-
hances binding affinity for human type sialic acid receptor 
and replication of H9N2 avian influenza virus in mice. J. 
Virol. 90:9806–9825. https://doi.org/10.1128/JVI.01141-16

Tse, L.V. & G. R. Whittaker. 2015. Modification of the hemag-
glutinin cleavage site allows indirect activation of avian 
influenza virus H9N2 by bacterial Staphylokinase. Virol. 
482:1–8. https://doi.org/10.1016/j.virol.2015.03.023

Turner, J. C. M., M. M. Feeroz, M. K. Hasan, S. Akhtar, D. 
Walker, P. Seiler, S. Barman, J. Franks, L. Jones-Engel, 
P. McKenzie, S. Krauss, R. J. Webby, G. Kayali, & R. G. 

https://doi.org/10.1128/JVI.74.18.8502-8512.2000
https://doi.org/10.1016/j.vetmic.2017.04.014
https://doi.org/10.1016/j.vetmic.2017.04.014
https://doi.org/10.1637/9103-101309-Reg.1
https://doi.org/10.1128/JVI.01300-17
https://doi.org/10.1128/JVI.01300-17
https://doi.org/10.1128/MRA.01671-18
https://doi.org/10.1128/MRA.01671-18
http://www.offlu.net/fileadmin/home/en/resourcecentre/pdf/Influenza_A_Cleavage_Sites.pdf.%20(8
http://www.offlu.net/fileadmin/home/en/resourcecentre/pdf/Influenza_A_Cleavage_Sites.pdf.%20(8
http://www.offlu.net/fileadmin/home/en/resourcecentre/pdf/Influenza_A_Cleavage_Sites.pdf.%20(8
https://doi.org/10.1186/s13567-015-0198-8
https://doi.org/10.1186/s13567-015-0198-8
https://doi.org/10.1186/s13567-020-00771-3
https://doi.org/10.1186/s13567-020-00771-3
https://doi.org/10.3390/v11070620
https://doi.org/10.3390/vetsci5040082
https://doi.org/10.3390/vetsci5040082
https://doi.org/10.21157/j.ked.hewan.v9i1.2778
https://doi.org/10.21157/j.ked.hewan.v9i1.2778
https://doi.org/10.1111/irv.12253
https://doi.org/10.1038/304076a0
https://doi.org/10.1038/304076a0
https://doi.org/10.1016/j.prevetmed.2017.04.009
https://doi.org/10.1016/j.prevetmed.2017.04.009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sealy%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yaqub%20T%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peacock%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ermetal%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clements%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clements%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sadeyen%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehboob%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shelton%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryant%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryant%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daniels%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCauley%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iqbal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30561311
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6302589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6302589/
https://doi.org/10.3201/eid2501.180616
https://doi.org/10.4142/jvs.2015.16.3.317
https://doi.org/10.4142/jvs.2015.16.3.317
https://doi.org/10.2183/pjab.88.226
https://doi.org/10.2183/pjab.88.226
https://doi.org/10.1128/JVI.02649-08
https://doi.org/10.1128/JVI.02649-08
https://doi.org/10.1080/22221751.2020.1738903
https://doi.org/10.3390/v6031294
https://doi.org/10.1128/JVI.01141-16
https://doi.org/10.1016/j.virol.2015.03.023


June 2022      153    

MAHARANI ET AL. / Tropical Animal Science Journal 45(2):141-153

Webster. 2017. Insight into live bird markets of Bangladesh: 
an overview of the dynamics of transmission of H5N1 and 
H9N2 avian influenza viruses. Emerg. Microbes Infect.  
6:1-8. https://doi.org/10.1038/emi.2016.142

Van der Kolk, J. H. 2019. Role for migratory domestic poultry 
and/ or wild birds in the global spread of avian influenza?. 
Veterinary Quarterly 39:161-167. https://doi.org/10.1080/01
652176.2019.1697013

Wibowo, M. H., H. Susetya, T. Untari, K. Putri, C. R. Tabbu, & 
W. Asmara. 2006. Molecular study on the pathogenicity of 
avian influenza virus. Indones. J. Biotechnol. 11:901-907. 
https://doi.org/10.22146/ijbiotech.7567

Wibowo, M. H., E. A. Srihanto, K. Putri, W. Asmara, & C. 
R. Tabbu. 2013. The development of pathogenicity of 
avian influenza virus isolated from Indonesia. Indones. 
J. Biotechnol. 18:2, 133-143. https://doi.org/10.22146/
ijbiotech.7876

Wu, A., C. Su, D. Wang, Y. Peng, M. Liu, S. Hua, T.  Li, G. F. 
Gao, H. Tang, J. Chen, X. Liu, Y. Shu, D. Peng, & T. Jiang. 
2013. Sequential reassortments underlie diverse influenza 
H7N9 genotypes in China. Cell Host Microbe 14:446–452. 
https://doi.org/10.1016/j.chom.2013.09.001

Xia, J., J-Q. Cui, X. He, Y-Y. Liu, K-C. Yao, S-J. Cao, X-F. Han, & 
Y. Huang. 2017. Genetic and antigenic evolution of H9N2 
subtype avian influenza virus in domestic chickens in 
southwestern China, 2013-2016. PLoS ONE 12: e0171564. 
https://doi.org/10.1371/journal.pone.0171564

Yanheng, W., L. Jinsi, Y. Shuhuan, X. Ying, W. Man, C. Xueqin, 
Z. Yayang, L. Le, & S. Wuyang. 2018. The molecular 

characteristics of avian influenza viruses (H9N2) derived 
from air samples in live poultry markets. Infect. Genet. Evol. 
60: 191-196. https://doi.org/10.1016/j.meegid.2018.01.009

Yuan, J., Y. Dong, R. Hongguang, Y. Zhiqiu, H. Zhisong, H. 
Mingda, L. Beiping, Z. Wei, Y. Junjie, & L. Long. 2014. 
Phylogeograohy of avian influenza A H9N2 in Cina.Vet. 
Res. Biomed. Central. 15:1110.

Yuxin, Z., L. Song, Z. Yufa, S. Wengang, T. Yujing, P. 
Quanhai, & M. Zengmin. 2015. Phylogenetic analysis of 
hemagglutinin genes of H9N2 avian influenza viruses 
isolated from chickens in Shandong, China, between 
1998 and 2013. BioMed Res. Int. 2015: 1-6. https://doi.
org/10.1155/2015/267520

Zhong, L., X. Wang, Q. Li, D. Liu, H. Chen, M. Zhao, X. Gu, 
L. He, X. Liu, M. Gu, D. Peng, & X. Liu. 2014. Molecular 
mechanism of the airborne transmissibility of H9N2 avi-
an influenza A viruses in chickens. J. Virol. 88:9568-9578.  
https://doi.org/10.1128/JVI.00943-14

Zhou, X., Y. Li, Y. Wang, J. Edwards, F. Guo, A. C. A. Clements, 
B. Huang, & R. J. S. Magalhaes. 2015. The role of live 
poultry movement and live bird market biosecurity in the 
epidemiology of influenza A (H7N9): A cross-sectional ob-
servational study in four eastern China provinces. J. Infect. 
xx:1-10.  https://doi.org/10.1016/j.jinf.2015.06.012

Zhu, Y. C., B., Zhang, Z. H. Sun, X. J. Wang, X. H. Fan, L. X. 
Gao, Y. Liang, X. Y. Chen, & Z. F. Zhang. 2018. Replication 
and pathology of duck influenza virus subtype H9N2 in 
Chukar. Biomed Environ. Sci. 31:306–310.

https://doi.org/10.1038/emi.2016.142
https://doi.org/10.1080/01652176.2019.1697013
https://doi.org/10.1080/01652176.2019.1697013
https://doi.org/10.22146/ijbiotech.7567
https://doi.org/10.22146/ijbiotech.7876
https://doi.org/10.22146/ijbiotech.7876
https://doi.org/10.1016/j.chom.2013.09.001
https://doi.org/10.1371/journal.pone.0171564
https://doi.org/10.1016/j.meegid.2018.01.009
https://doi.org/10.1155/2015/267520
https://doi.org/10.1155/2015/267520
https://doi.org/10.1128/JVI.00943-14
https://doi.org/10.1016/j.jinf.2015.06.012

