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Avian influenza virus HIN2 subtype is considered a low pathogenic strain that
has been reported in Indonesia since late 2016. The outbreak has caused economic
losses for farmers due to the sharp drop in egg production. The evidence of the
existence of AIV HIN2 has been published, but very limited information on the
prominent symptom and macroscopic lesion. This research was a retrospective
study of suspected avian influenza H9 subtype, obtained from layer commercial
farm with recorded characteristic symptoms. Specific trachea samples were
collected and further processed to be isolated, propagated using embryonated
chicken egg, and then extracted the RNA for molecular detection using real-time
reverse transcriptase-polymerase chain reaction (RT-qPCR). A positive result was
further detected in its H-9 gene with RT-PCR technique and sequencing methods.
One of five samples showed positive for RT-qPCR with CT value 30.19. Sequence
analysis confirmed that the sample with characteristic macroscopic lesion could
be detected in the presence of the AIV H9 subtype. Phylogenetic tree analyses
revealed that this virus belongs to the China-Vietnam- Indonesia (CVI) lineage.
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1. Introduction

Avian influenza is caused by infection with
Influenza virus type A, which belongs to the family
Orthomyxoviridae, genus Influenzavirus. The Al virus
has a wide range of hosts, particularly in all bird
species, including domesticated poultry. In addition,
the particular virion is pleomorphic and composed
of single-stranded RNA with negative sense polarity.
The viral RNA encodes 10 proteins found on the
surface of the virion and capsid. Surface glycoproteins
consist of hemagglutinin (HA) and neuraminidase
(NA), and matrix-2 (M2). Capsid proteins include
nucleoprotein (NP), polymerase basic (PB-1 and
PB-2), polymerase acidic (PA), matrix-1 (M1), and
non-structural protein, which is consists of NS-1
and NS-2. The antigenic character of the M and NP
proteins determines the type of influenza A virus,
while the subtype is based on the antigenic character
of HA and NA proteins (Cox and Kawaoka 1998). So
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far, influenza virus A has been characterized by 18
HA and 11 NA subtypes (Tong et al. 2013). Most avian
influenza subtypes are reported as LPAI but already
known that traditionally HPAI has been either H5 or
H7 subtype.

Among the many subtypes, the HIN2 is thought
to be most prevalent in the domestic poultry industry
(Lee and Song 2013; Peacock et al. 2019). An outbreak
of the HIN2 virus has been an enzootic disease in
Asia, the Middle East, West Africa, and North Africa
since the early 1990s. Based on the capability to
cause mortality in poultry, the Al virus is classified
into highly pathogenic avian influenza (HPAI) and
low pathogenic avian influenza (LPAI) (OIE 2018).
At a molecular level, pathogenicity is associated
with the presence of multiple basic amino acids at
the cleavage site of HA protein. The cleavage site
region of the HPAI virus differs from those of LPAI by
possessing multiple basic amino acids of the carboxy-
terminus of hemagglutinin, especially arginine and
lysine (Horimoto and Kawaoka 2001). According to
the molecular level and clinical characteristics of the
HON2 virus is classified as the LPAI virus (OIE 2018).
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The clinical sign of the Al HON2 virus infection
does not show a specific symptom. Most HON2 virus
infections cause a respiratory disorder similar to that
caused by other avian respiratory pathogens. Usually,
that symptom is accompanied by depression in the
bird, decreased feed consumption, diarrhea, and
decreased eggshell quality and production in the layer
hen (Capua and Marangon 2000; Aamir et al. 2007;
Lee et al. 2015; El-Houadfi et al. 2016). According to
El-Houadfi et al. (2016), laying hens with a sharp
decrease in egg production, reaching 80%, showed
incomplete disease recovery. It was also reported
that up to 10 weeks after infection, egg production
was still around 20-25% lower than normal levels.
However, some cases of HON2 infection have been
reported to cause high morbidity and mortality in
the presence of co-infection (Nili and Azasi 2002).

An outbreak of HIN2 virus infection was
reported in Indonesia by the end of 2016 that
occurred in laying commercial farms in Sidrap,
South Sulawesi. The recognized symptoms were
respiratory problems, such as coughing, sneezing,
and gasping, accompanied by diarrhea and a drop in
egg production that reached up to 78%. However, the
mortality rate was low (5%). Molecular detection was
confirmed that the cases were caused by the HON2
virus (Muflihanah et al. 2017). The disease continues
to spread to other provinces, as Jonas et al. (2018)
reported. According to that report, the decrease in egg
production varies between 5 to 50% and happens in
both the commercial layer and breeder in Indonesia.
It was evidence that AIV HIN2 subtype infection is
become a significant threat to the poultry industry
due to its economic importance.

To date, the decrease in egg production in laying
hens is still reported in the field, which is thought
to be due to HIN2 virus infection. That problem
confuses the farmer in farm conditions since the
other agent could have a similar symptom. This study
aimed to report the clinical and gross pathological
findings and confirm the cause of the drop in egg
production in commercial hens with a molecular
approach.

2. Materials and Methods

2.1. Sample Isolation in Embryonic Chicken
Egg

The samples were collected from commercial layer
farm experiences with decreased egg production.
The trachea was chosen as an important organ for
detecting the LPAI virus HIN2 subtype. The sample
list is as follows (Table 1).

Table 1. List of samples used in this study
Sample code Description

D1: Pool of tracheal organs  Decreased production up
RHB-3 to 40%, eggshell quality is
decreased

Decreased production up
to 40%, eggshell quality is
decreased

Decreased production
reached 15%, the eggshell
quality is decreased,
torticollis

Symptoms of respiratory

D5: RHB-2 tracheal organ
pool

B8: Tracheal organ pool
Layer-bara

B9: Grower's tracheal organ

Pool-bara distress, torticollis
H9: Pool of tracheal organs  Decreased production up
RHB-1 to 40%, eggshell quality is

decreased

Propagation was carried out by inoculating the
sample into the 11-days Embryonated Chicken Eggs
(ECE)withanegative antibody to AIV. The propagation
is carried out in the biosafety cabinet facility-level
2+. The inoculated eggs were incubated at 37°C and
observed for 5 consecutive days. The dead ECE was
chilled for 24 hours before the allantoic liquid was
harvested. Allantoic fluid harvested from all eggs was
then tested for rapid haemagglutination (HA) test.
Positive HA will be followed by a haemagglutination
inhibition test using specific antisera (WHO 2002).

2.2. Avian Influenza Virus
Identification with RT-qPCR

The RNA extraction process was used the Viral
Nucleic Acid Extraction Kit II from Geneaid (Cat No:
VR300; Lot No. FG07703-G). The obtained RNA extract
was then amplified through the RT-qPCR machine
of the Stratagene Mx3005p (Agilent Technologies)
using primers and probes sequences designed by the
Laboratory of Australian Animal Health Laboratory,
Geelong, Australia (Table 2). Bioline SensiFAST Probe
Lo-ROX One-Step Kit (Cat. No. BIO-78005; Lot. No.
SF623-B081610) was used to detect Al virus subtype
Ho.

The reagent was mixed with the RNA template to
produce a total volume of 25 nl. Cycling conditions for
the reaction were as follow: a reverse transcription
was set up at 45°C for 10 minutes and polymerase
activation at 95°C for 10 minutes. The amplification
of the H9 gene was carried out for 45 cycles consisting
of a denaturation phase was 95°C for 15 seconds, and
an annealing/extension was 60°C for 45 seconds.
Analyses of the test results were obtained from the
interpretation of the Ct value through fluorescence
data displayed on the instrument monitor screen.

H9 Subtype
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Table 2. Oligonucleotide Primer and Probe for H9 RT-qPCR
detection (AAHL, Geelong Australia)

Name Sequence (5'-3")
H9
PrimaryH9F ATG GGG TTT GCT GCC
PrimaryH9R TTA TAT ACA AAT GTT GCA
CTCTG
ProbeH9 /56-FAM/TTC TGG GCC ATG

TCC AAT GG/36-TAMSp/

The samples 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 (Dirjen PKH, Kementerian
Pertanian 2018).

2.3. Hemagglutinin gene (H9) amplification
with RT-PCR

Amplification on the H9 gene fragment was
conducted using a primer to the prior work, which
had a forward primer: 5’-cty cac aca gar caca at gg-3’;
and reverse primer: 5’-gty aca ctt ctt gtt gtr tc-3’- and
PCR product length was 500 bp. The RT-PCR reaction
condition was as follows; First, RT was conducted at
55°C for 30 minutes, followed by pre-denaturation
at 95°C for a minute. Next, PCR was conducted for
35 cycles of denaturation at 95°C for 20 seconds,
annealing at 55°C for 45 seconds, and an extension
at 72°C followed for 1 minute. Then a final extension
was performed at 72°C for 4 minutes. PCR product
was analyzed with electrophoresis in 1.5% Agarose
gel. The positive result was sent to First BASE, (Apical
Scientific, Selangor Malaysia) for being sequenced.

Sequence products were analyzed using the
bioinformatics tool of MEGA X, including nucleotide
translation, amino acid prediction, and multiple
alignments with selected H9 AIV gene from
representative of Y439, G1, BJ94, Y280, and CVI
lineage obtained from the gene bank. Trimming was
done to fix the electropherogram files to set up the
quality and intact sequence. The good quality of the
electropherogram is then translated into nucleotide
sequences. To determine the mature H9 is used the
online program HA Subtype Numbering Conversion
from the Influenza Research Database (Burke and
Smith 2014). The alignment of nucleotides data
was performed with clustal W by comparing with
other HON2 Indonesia isolates from GeneBank. A

phylogenetic tree is generated through the neighbor-
joining method with bootstrap values of 1,000
replicates (Kimura 1980).

3. Results

3.1. Clinical Characteristic and Pathological
Finding

Sample codes RHB-1, 2, and 3 were obtained from
a 3-shed farm in Central Java. Each code of sample
consisted of 3 birds with prominent clinical signs, a
drop in production up to 40%, and decreased quality
of eggshell, including soft eggshell, cracked egg, and
decolorized egg (Figure 1A). Other symptoms of the
bird showed a respiratory disorder; drop in feed
intake and watery diarrhea. One sample group was
layer chicken with the same clinical sign above, but
with a 15% drop in egg production, accompanied
by torticollis obtained from East Java. One sample
was collected from a pullet farm in East Java with
prominent symptoms was respiratory disorder.
During necropsy, tracheitis exudative (Figure 1C) was
consistent for all samples, peritonitis, and oophoritis
with a specific feature called 'broccoli’ (Figure 1B)
observed in 3 groups of samples of layer chicken code
RHB1, 2, and 3. A white spot with yellowish exudates
was observed in the oviduct (Figure 1D).

3.2. Virus
Detection

The results of isolation and propagation on
samples of RHB-2 and RHB 3, showed negative
results after two passages in the embryonic chicken
eggs. Confirmation of H9 virus detection by RT-
gPCR exhibited negative results. However, the RHB-
1 tracheal organ pool indicated a positive RT-qPCR
result, so the sample was further propagated into the
31 passage. The rapid HA test of the allantoic fluid
harvested from the 3™ passage did not show any
erythrocyte agglutination that could be concluded
no virus growth.

Detection by RT-qPCR of the H9 gene fragment on
5 samples examined in this study showed 4 negative
samples. One sample with code H9: RHB-1 tracheal
organ pool indicated positive results with a CT value
of 30.19. The RT-qPCR data can be found in Table 3.

According to the RT-qPCR technique, a positive
result is indicated by the appearance of an increase

Isolation and RT-gPCR Virus
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Figure 1. (A) Decreased quality of eggshell (soft eggshell and cracked egg), (B) oophoritis with a specific feature called

'broccoli’, and peritonitis (C) tracheitis exudative, (D) white spot exudate in the oviduct

Table 3. The result of RT-qPCR detection of H9 gene
fragment

Sample code CT value and description

D1: Pool of tracheal organs
RHB-3

D5: RHB-2 tracheal organ
pool

B8: Tracheal organ pool
Layer-bara

B9: Grower's tracheal organ
Pool-bara

H9: Pool of tracheal organs
RHB-1

45.00: negative
39.00: negative
45.00: negative
45.00: negative

30.19: positive

in the fluorescence signal, which is greater than
the background fluorescence. The interpretation
of a positive result when the CT is <40, and the
amplification curve has to be similar to positive
control. The parameter sample 5-H9 showed CT-
value 30.19 with a curve similar to that control so that
it could be concluded as a positive result (Figure 2).
Sample 2 (D5) exhibited a CT value of 39.00, but the
amplification curve was not similar to the positive
control. Therefore, sample 2 (D5) was categorized as
a negative result. The result is considered negative
when the CT value is greater than 45 and without any
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Normalized amplification plot
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Figure 2. Curve of Al H9 RT-qPCR test results. Positive control showed an increase in the fluorescence signal with Ct value
16.06. Sample of tracheal organs RHB1(sample 5) showed similar Ct value 30.19

amplification curves characteristic of the positive
control.

3.3. RT-PCR, DNA Sequence, and Genetic
Analysis

Among 2 of 5 results of RT-qPCR were chosen
to be amplified using conventional RT-PCR. These
are RHB-2 which showed a Ct value of 39.00, and
RHB-1, which exhibited a Ct value of 30.19. One of
the two samples, RHB-1 that is (A/layer/Rhb-1/
MHW/2017) considered positive. The amplification
result exhibited a clear, thick, and without any extra
band. Meanwhile, amplification of RHB-2 resulted in
a very smear DNA band that concluded as negative.
The electrophoresis result can be found in Figure 3.

The sequence result was further analyzed to
determine the precision of the targeted gene, by
comparing the H9 Indonesian sequences gene
obtained from the published report. The multiple
alignments performed with clustal W were presented
in Figure 4.

Based on the amino acids alignment of the H9
gene fragment in this study is matched and precise
among the H9 viruses. This data confirmed that the
H9 virus obtained in this study is fixed as the H9
virus. Further study of amino acids analyzed of H9
fragment showed the same motif with the Indonesia
HI9N2 virus that has been previously reported. The
antigenic site of the HA gene exhibited the same
motif, e.g., at positions 125 S, 135 D, 147 K, 152 P, and
183N. The receptor binding site of A/Layer/Rhb-1/
MHW/2017, showed an amino acid composition: 92

Ladder Negative Sample Sample

RHB-2 RHB-1

100 bp cControl

100 bp

Figure 3. Electrophoresis result that showed a positive
result of H9 amplification; 1. DNA ladder, 2.
Negative control, 3. Sample RHB-2, 4. Sample
RHB-1

P, 143 W, 145 T, 173 N, 180 V, 184 L, and 185 Y. The
motif is the same with A/chicken/North Sumatra/
VSN873/2017, but different from 4 others isolates.
The HA gene fragment sequence for the isolate (A/
layer/Rhb-1/MHW/2017) in this study was available
at Genbank with the accession number OL589519.

3.4. Phylogenetic Trees Analysis

Based on phylogenetic tree analyses, it was
shown that all analyzed viruses were created to be
5 lineages, which were Y439, G1, BJ94, Y280, and CVI
lineage. The H9 virus in this study is belonged to the
CVI lineage, clusters with other Indonesia viruses.
The phylogenetic tree of the H9 fragment gene is
presented in Figure 5.
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1/layer/Rhb-1/MHW/2017 YGNPSCDPLL EGREWSYIVE RPSAVNGLCY PGNVENLEEL RSLFSSARSY QRILIFPDTI WNVSYSGTSK ACSDSFYRSM [ 80]
A/Environment/Jakarta/AIV H9 HAOO8/2019  ......cevt viiiiiiinn vievinnnn sadheinenn i R ——— T [ 80]
Blduckiindonesin/OAIGIRNI-APIINAE = s e s T ST O SRR TGRS R [ 80]
B/chicken/NorthSumatra/VSNB73/2017 .ivvvueen B i v A T TSN BRSSO ROV e [ 80]
A /Taver Indones1a/Centraldava-01{201T wovvwminen v BT GG R R, R Buw imasamany v [ 80]
A/chicken/Central Sulawesi/M92 06/2016  .......... ....... T [ 80]
1/1ayer/Rhb-1/MHN/2017 RWLTQKDNAY PIQDAQYTNN QEKNILFMWG INHPPTDIVQ TNLYTRIDIT T [131]
A/Environment/Jakarta/AIV H9 HAOO8/2019  ......ccov veviiniinn vrevinnnnn wedfenn, o s « 113
A/dock/Indonesia/04161201-0P/2016: = couweesine oo Gesesse il B svamenaiin o J331]
B/chicken/NorthSumatea/ VMBI 2007  venowawns avvmavves smmveians Sahalsis anieai « J13L]
A/layec/Indone=in/Centraldava-01/201T eevivessn wovmmsnsm amsveseas S Yo s 1131
A/chicken/Central Sulawesi/M92 06/2016  ...... T TP PPN S T Divevinns . [181]

Figure 4. Sequence alignment of 131 amino acid length HA amino acids (at positions 62-192). Alignment of A/layer/Rhb-1/
MHW/2017 with Indonesian isolates from CVI lineage. There are similarities between the amino acid motifs of
the research sample and isolates from Indonesia

57 AfLayer/indanesia/Centralldava-01/2017 ]
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Figure 5. The phylogenetic tree is generated using Mega-X, according to H9 gene fragment at nucleotide position from 184
to 576, with a bootstrap value of 1000X, A H9 virus isolate in this study
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4. Discussion

Clinical presentation in the layer commercial
farm with decline production sharply in this study
is relevant to published data. Lai et al (2021)
reported that field cases of LPAI HIN2 strain in
layer farms in South Korea showed clinical signs of
a respiratory disorder, such as sneezing and gasping,
accompanied by egg reduction of over 20%. Several
reports confirmed that the Al HON2 infection did
not show apparent clinical symptoms but reduced
egg production by 30% (Aamir et al. 2007) and up to
80% (El-Houadfi et al. 2016). Other field reports of the
drop in production in layer farms caused by HON2
infection in Indonesia reached 70% (Muflihanah et al.
2017). However, according to Jonas et al. (2018), the
decline of egg production in layer farms in Indonesia
was only 10 to 50%. According to Bonfante et al. (2018),
the decreased egg production is suggested due to the
acute and sub-acute inflammation in the organ, in
particular in the level of infundibulum, which results
in impairment of the oviposition of infected hen. Co-
infection with E. coli and HON2 virus caused a more
serious synergistic pathogenic effect and prominent
lesion (Jaleel et al. 2017). Decreased egg production
and reduced egg quality should be aware of closely
related pathogens, such as Infectious Bronchitis (IB)
virus, especially variant IB that has been reported in
Indonesia (Wibowo et al. 2019; Setiawaty et al. 2019),
or Newcastle Disease virus (Shamuganathan et al.
2017; Triosanti et al. 2018) or Egg Drop Syndrome
infection (Kencana et al. 2017).

Pathology macroscopic findings in our study
showed various lesions, such as severe tracheitis with
tracheal plug, peritonitis, oophoritis with a specific
feature of "broccoli," and a white-yellowish spot in
the oviduct. This finding is similar to the report of
HIN2 infection in layer farms that exhibited tracheitis
with caseous plug (Javeen et al. 2019; Lai et al. 2021).
A white to yellowish exudate found in the oviduct
and oophoritis with broccoli feature was considered
specific lesions that have never been reported in any
case the drop of egg production in poultry farms. This
finding is supported by experimental infection of the
G-1 lineage H9N2 virus in laying hens that resulted
in gross pathology of the oviduct with fibrinous clot
observed on day 4 post-infection. Another clinical
sign of deformed and soft-shelled eggs was found
at 4 to 5 days post-infection (Bonfante et al. 2018).
According to Qi et al. (2016), the presence of AIV HIN2
antigen in both the lining and glandular epithelium
of the oviduct tissue causes the impairment of the
expression of genes related to eggshell quality in the
uterus of an infected hen. Meanwhile, peritonitis due
to abundant yolk material filling in the abdomen and

the serosa appearing thickened, characterized by
yellowish pigmentation, is relevant to Bonfante et al.
(2018) report. In the field condition, egg peritonitis is
often considered the multifactorial causative agent.

To confirm the presence of H9 infection, we
conducted molecular detection of H9 gene fragment
amplification by using both RT-gPCR and RT-PCR
conventional. One of five samples (A/layer/Rhb-1/
MHW/2017) was considered positive with a curve
of CT value was 30.19. Amplification using RT-PCR
exhibited a clear, thick, and without any extra band.
Meanwhile, negative amplification of other samples
could be due to various factors, including that the
RNA viruses were damaged or viral RNA degradation
had occurred. The other negative samples for H9
virus detection using RT-qPCR could be true negative
because the causative agent was not the H9 LPAI
virus. The data is supported by the observed clinical
sign, torticollis, related to the Newcastle Disease
virus (Alexander 2003).

Based on the molecular analysis, the antigenic
site at positions 125 S, 135 D, 147 K, 152 P, and 183N
showed the same motif as Indonesia H9 LPAI viruses
that had been previously reported in Yogyakarta
and Central Java (Lestari et al. 2019), in Sulawesi
(Muflihanah et al. 2017), Banten and North Sumatra
(Jonas et al. 2018; Nugroho et al. 2021). The other
important residues are the receptor binding site of
A/Layer/Rhb-1/MHW/2017, which showed an amino
acid composition: 92P,143W,145T,173N, 180V, 184 L,
and 185Y.The motifis the same with A/chicken/North
Sumatra/VSN873/2017, but different from 4 others
isolates. Further analysis indicated that A/layer/Rhb-
1/MHW/2017 has a Valine (V) at position 180 on the
receptor binding site. The residue is suggested to be
correlated with the level of binding affinity of sialyl-
02,6-galactose, as known as a human cell receptor
(Teng et al. 2016). The 180-A motif is the same with
A/chicken/North Sumatra/VSN873/2017 LPAI virus.
Further data exhibited that other Indonesian isolates,
such as A/environment/Jakarta/AIV H9 HA008/2019
and A/duck/Indonesia/04161291-0P/2016, showed
residue of 180-A. Meanwhile, A/chicken/Central
Sulawesi/M9206/2016 and  A/layer/Indonesia/
CentraljJava-01/2017 have 180-T. According to
Moosakhani et al. (2010), the level of binding affinity
is associated with the presence of amino acid residue
at position 180, in which 180-A (Alanine) is the
lowest, 180-T is medium, and the strongest is 180-V
(Valine).

A phylogenetic tree study concluded that the
HA-9 fragment gene sequence of this isolate belong
to China-Vietnam-Indonesia (CVI) lineage. The data
was supported by Indonesian reports by Jonas et
al. (2018), and Maharani et al. (2021) that different
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from the Y280 lineage. In contrast with our data,
another report of Indonesian H9 LPAI isolated from
commercial poultry chicken in Jawa Island has
concluded to belong to Y280, but with additional
information that those viruses are a genetic link
with viruses from China and Vietnam (Nugroho et al.
2021).

Thisresearch proves that the decreased production
of laying hens with typical pathological symptoms
as described in this study could be detected and
confirmed as an Al virus of the H9 subtype. Based on
genetic analysis and construction of the phylogenetic
tree, the virus isolates belong to the China-Vietnam-
Indonesia (CVI) lineage.
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