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Abstract

Highly Pathogenic Avian Influenza (HPAI) H5N1 is a major problem in poultry
industry in many countries. It became endemic disease in Indonesia since 2003. Recently,
research revealed that current circulate HPAI in Indonesia has switched from clades 2.1 to
2.3.2.1. To eradicate this disease, methods such as stamping out and quarantine seem not
suitable applied since poultry industry is one of main sector in agricultural commodity in
some areas such as Central Java, Yogyakarta, and East Java. It provides large of job
opportunity for native people from rural to city areas. To prevent the morbidity of this
disease, vaccination use local seed is primarily needed. This research was conducted to
explore local isolate of HPAI clade 2.3.2.1 as vaccine candidate. Samples were obtained
from some areas in East Java where outbreak occurred. Molecular characteristic according
to Neuraminidase (N) gene was conducted. Samples has close relativity to circulating virus
was used as seed vaccine then processed into killed vaccine production. It was challenged
to observe the protectivity on poultry. The effectivity of the vaccine was measured through
Haemagglutination Inhibition (HI) assay. The result of study showed that isolate
DOD_3_2013 has close relativity to circulating virus thus it used as vaccine candidate.
Challenged test showed that this vaccine candidate induced higher antibody titer compared
to control. The average of antibody titer was 8.2 (log2) with the protection level 100%. It is
concluded that this isolate could be used as vaccine candidate to eradicate HPAI clade
2.3.2.1 around East Java.
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Introduction

According to OIE Terrestrial Animal Health Code
(Terrestrial Code) Avian Influenza is defined as a disease
infects poultry caused by any Influenza A virus which has
IVPI score higher than 1.2 or any influenza A virus caused
mortality on 6-8 out of 10 of 4-8 weeks old chickens within
10 days of observation. They were categorized as Highly
Pathogenic Avian Influenza (HPAI) which cause highly
mortality rate. It is also caused by Influenza A virus belong
to subtypes H5 and H7 which has similar amino acid
sequence on cleavage site of hemagglutinin protein to other

HPAI isolate. They are categorized as Low Pathogenic
Avian Influenza (LPAI) (1). It infects both human and
poultry cause chaos on economy, health and social around
the world (2). It became endemic disease and one of major
problem in poultry farm (primarily rural area) in East Asia
and South East Asia since 2003 (3) including Indonesia (4).

Since outbreak 2003, clade 2.1.3 is predominant clade
caused all outbreak in poultry around 2003-2011. According
to current research clade 2.1.3 is not predominant anymore.
It is noticed that clade 2.3.2.1 is predominant clade which
currently circulating in Indonesia (4).
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Clade 2.3.2.1 is not only predominant clade circulating in
Indonesia. Its circulation expanding around East and
Southeast Asia until Eastern Europe (5). To eradicate the
disease method such as stamping out and quarantine are not
suitable because poultry industry is one of major sector in
agricultural commodity in some areas such as Central Java,
Yogyakarta, and East Java (4). It provides 10% of job
opportunity for native people from rural to city areas (6).
Many countries have applied different strategy to control this
disease such as quarantine, striating animal movement or
importation, routine surveillance, collecting epidemiological
data, stamping out and vaccination (7).

One of the most effective strategy is applying vaccination
used local seed virus that has similarity 88-100% compared
to predominant clade (8). Avian Influenza Virus (AlV) is
enveloped negative-sense single stranded segmented RNA
virus belong to genus Influenza Virus A from
Orthomyxoviridae (9). Its genome encodes 11 proteins such
as Polymerase protein (PA) and its subunit (PB2, PB1, PB1-
F2), Hemagglutinin protein (HA), Nucleoprotein (NP),
Neuraminidase protein (NA), two types of Matrix protein
(M1 and M2), Non-structural protein 1 (NS1) and Non-
structural protein 2 (NS2) or Nuclease Export Protein (NEP)
(10,11). Among those protein, HA and NA proteins which
were located on the surface of lipid bilayer enveloped, are
the main focus on many research, since they have roles on
AIV pathogenesis, virulence, genotyping, and induction of
antibodies (10).

This research was conducted to obtained local isolate of
Highly Pathogenic Avian Influenza clade 2.3.2.1 as vaccine
candidate to eradicate the circulating Avian Influenza from
East Java.

Materials and methods

Sample collection and molecular identification

Samples of cloaca swabs, tracheal swabs and eggs were
collected from 4 regencies which high density of bird
population was recorded and frequent outbreak occurred.
They were Mojokerto, Jombang, Sidoarjo and Blitar in East
Java province. Samples were collected from cloaca and
tracheal swabs, carcass and eggs. Samples were processed
into RNA extraction (R&A-BLUETM, inTRON
BIOTECHNOLOGY) then RT-PCR using primer encoding
Neuraminidase Protein (N) specifically genotyping N1
(detecting clade 2.3.2.1) (Table 1) (SuperScript® Il One-
Step  RT-PCR System with Platinum® Taq DNA
Polymerase, Invitrogen). All samples were processed into
Agarose gel electrophoresis to observe the bands as the result
of amplification. 1kb Marker DNA was used (GeneRuler 1
kb DNA Ladder, ThermoFisher SCIENTIFIC). The
Electrophoresis was conducted in 2% agarose gel and run on
125V, 70 mA for 45 min (PowerPac Basic, BIO-RAD). Gel
then observed under UV trans illuminator. Positive samples
were processed into purification then sequenced (BigDyeTM
Terminator v3.1 Cycle Sequencing Kit, ThermoFisher) run
on automated sequencer ABI Prism 310. The obtained
sequence was aligned on genetyx version 10. Homology
analysis was conducted through nucleotide Basic Local
Alignment Search Tool (BLAST) (NCBI) comparing
isolated samples to Avian Influenza Virus (AlV) from
Indonesia submitted into Genbank around 2005-2013.
Phylogenetic tree was constructed using Molecular
Evolutionary  Genetics Analysis 5 (MEGA5) and
TreeGraph2. Isolate has close relation to circulating AlV was
chosen to be seed vaccine candidate.

Table 1: Sequence of primer for amplification. The primer pairs were designed to genotyping N1 subtype

Primer nucleotides sequence Region Sense Weight
NA_1F 5>-TGTAAAACGACGGCCAGTAGCRAAAGCAGGAGTTYAA-3’ 2-37 + 761 bp
NA_1R 5’>-CCTCRTARTGRTAATTAGGRG- 3’ 743-763 -
NA _2F 5’-AGCCYTRYTGAATGACAARC- 3’ 416-435 + 516 bp
NA 2R 5’-YTGATTGAAAGAYACCCATGG- 3’ 912-932 -
NA_3F 5’-CAYTAYGAGGARTGCTCCTG- 3’ 782-802 + 6760p
NA 3R 5’-AGTAGAAACAAGGAGTTTTT- 3’ 1439-1458 -

Seed vaccine propagation

The vaccine candidate was processed into vaccine
formulation. The isolate was inoculated into 10 days old
embryonated egg for virus propagation (one passage). After
incubation for 5 days the allantoic fluid was obtained for
further processing

Virus titration and vaccine formulation

The allantoic fluid was processed for virus titration on
embryonated eggs (12). Each positive samples were diluted
into 10-1 until 10-10. Then they were inoculated into 5

embryonated eggs. To know the titer of the virus, the result
was measured through Reed and Muench method. After
titration, the seed virus was processed into sterility test to
ensure it’s free from bacterial contamination. It was cultured
into Thioglycolate Agar and Nutrient Agar. After confirming
the sterility of seed from bacterial contamination, the virus
was processed into stability test by freezing and thawing it.
The processes were conducted on 1st month, 2nd month, 3rd
month, 4th month, 5th month and 6th month. After the
stability test, the seed virus was processed into re titration as
mentioned before. The virus was inactivated using 0.1%
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formalin. The mixture was stirred on 4°C for 24 hours. To
confirm the virus perfectly inactivated, it was inoculated
intramuscularly into 10 Specific Pathogen Free (SPF)
chickens to observe the clinical signs may appear.
Inactivated seed virus was expected to not cause any clinical
signs of HPAI infection in infected chicken. After
confirming that the seed vaccine was perfectly inactivated,
the vaccine formulation was arranged. Montanide was used
as the adjuvant. The expected final titer of the formulation
was 105 EID50/ml. The comparison between adjuvant and
the seed was 70:30.

Protectively test

The vaccine was tested by injecting the vaccine into 60
SPF chicks to reveal the immunogenicity effect. Vaccine of
AIV commonly applied was used as control (subtype H5N1,
CAPRIVAC AI-K®, SANBE). The titer of injected vaccine
was 105 EID50/ml. Chicken were vaccinated by
intramuscular route at 2 weeks old, 4 weeks old, 6 weeks old,
and 8 weeks old. The antibody titer was measured through
Haemagglutination Inhibition Assay once a week. Then
challenge test was applied using pathogenic AIV
(Ck/Indonesia/BL/03) (13). The observation was conducted
to know mortality rate of the chicken infected by AlV and
the capability of vaccine to minimize clinical signs due to
infection.

Result

Sample collection and molecular identification

Samples were collected from 4 regencies with high
density of bird’s population. Samples were consisted of
cloaca and tracheal swabs 37, carcass included some specific
organs such as lungs 13, and eggs 120. They were consisted
of poultry and some exotic birds (Table 2). All the samples
were processed into RNA extraction then Reverse
Transcriptase-Polymerase  Chain  Reaction (RT-PCR)
genotyping for N1 The amplicon was visualized into 2%
agarose electrophoresis gel (Figure 1-3). The positive sample
marked by the presence of band. Three pairs of primers were
designed for genotyping N1 protein. According to RT-PCR
three out of 170 samples were showed positive result. They
were marked as MN_3 2013, AB_1 2013, and
DOD_2 2013. It was marked by the presence of bands of
each sample (Figure 4). The presence of band of each sample
meant that the samples were belong to N1 subtype.

Seed vaccine propagation

After the isolate had been identified, it was subjected to
propagation stage to ensure that the final of virus titer met
the requirement. The propagation was performed in
embryonated eggs. The result of propagation showed that the
final titer was 107.10 (EID50). This final titer met the
requirement.

Table 2: Details of samples were collected from Mojokerto, Jombang, Sidoarjo and Blitar

Region Species No. of samples Type of sample Clinical signs
Day Old Duck 3 lungs Sudden death
Bangkok Chicken 8 Swab -
Erinus canaria 2 Swab -
Sidoarjo Grey-cheeked Bulbul (Alophoixus bres) 1 Swab -
Agapornis 4 Swab -
Parakeet (Conuropsis carolinensis) 4 Swab -
Bekisar (Gallus varius) 1 Swab -
Muscovy Duck 10 Swab -
Jombang Ras chicken (Gallus gallus domesticus) 3 carcass -
Day Old Duck 3 carcass -
Day Old Duck 5 Swab -
Mojokerto  Ayam Ketawa (Laughing chicken) 1 Swab -
Copsychus saularis 1 Swab -
Ras chicken (Gallus gallus domesticus) 4 Lungs, brain Torticolis, death
Duck 30 eggs -
Blitar Ras chicken (Gallus gallus domesticus) 30 eggs -
Native chicken (Gallus gallus domesticus) 30 eggs -
Quail 30 eggs -

Virus sterility test, titration, safety test and vaccine
formulation

After performing virus propagation, the virus stock was
tested for the sterility and the stability enduring freezing-
thawing mechanism. The sterility test was performed by

culturing the virus into some designated media to confirm
that the virus containing media was sterile and not containing
hazard material or any bacteria contaminant. Further, the
virus stock was subjected for stability test that performed for
six months. According to stability test, on the first month of
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the test, the titer was reduced from 107.10 (EID50) into
106,10 (EID50). Even though the titer reduced, but it still
met the requirement. Then, the seed vaccine candidate was
subjected for safety test.

This test was performed to ensure that the seed vaccine
candidate is safe to be injected to the chicken. The safety test
showed that the chicken that received 105EID50/ml doze of
vaccine was healthy and not death. After that the vaccine was
formulated. Montanide was chosen to be the adjuvant. The
comparison between adjuvant and the seed vaccine was
70:30.
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Figure 1. Result of Reverse Transcriptase-PCR of
MN_3_2013. All primer sets could detect this sample. It
means the sample belonged to subtype N1. A: NA3; B:NA2;
C: NA3.
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Figure 2: Result of Reverse Transcriptase-PCR of
AB_1 2013. All primer sets could detect this sample. It
means the sample belonged to subtype N1. A: NAL; B: NA2;
C: NA3.
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Figure 3: Result of Reverse Transcriptase-PCR of
DOD_2 2013. All primer sets could detect this sample. It
means the sample belonged to subtype N1. A: NA3; B: NAL;
C: NA3.
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Figure 4: Phylogenetic tree of isolated samples compared to
H5N1 Avian Influenza Virus submitted in GenBank.
Isolated samples (marked by yellow box) formed distinct
group compared to other AlV from Indonesia. It shared same
ancestor to some AlV marked as green color.

The final titer of the vaccine was 105 EID50/ml. It was
tested by injecting the vaccine into 60 of SPF chicken.
During eight weeks of observation, the control group that
administered by classical vaccine having decreasing amount
of antibody titer. The antibody titer reduced from 0.55 on the
first week to 0.25 on the last week.

On the other hand, the group that vaccinated by
formulated vaccine having increase of the level of antibody.
On the first week, the titer of the antibody was 0.55. it
increases in the second week into 101.55, 103.6, 104.5,
105.7, 106.2, 106.9, and 107.8 respectively.

On the last period of observation, the antibody titer of this
group was 108.2. This result proved that the seed vaccine
candidate was safe to be administered to the chicken.
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Protectivity test

After meeting the requirement of safety test. The
challenge test was performed to proof that the new vaccine
formulation could protect the chicken without giving rise any
symptoms. The challenge test was performed on 20
chickens. The result showed that the new formulated vaccine
could induce higher antibody titer 108.2 than the classical
one. The new formulated vaccine did not give any side effect
or symptoms.

Discussion

According to homology analyses the samples shared 94-
99% of homology score compared to AlV (clade 2.1) in
Indonesia. While homology score within isolate was 98-99%
which means they have close identity.

According to phylogenetic tree MN_3 2013 and
DOD_3 2013 shared same ancestor. It is proved by 99% of
homology score between MN_2 2013 and DOD_3 2013.
Both isolates were separated from AB_1 2013. The
evolution distance within was 0,2%. It is noticed that
MN_2_2013 and DOD_3 2013 belong to same ancestor
even though isolated from different species. All the isolated
samples formed distinct. They tend to be identic to tree
sparrow, chicken Muaro Jambi, chicken Pekanbaru, duck
Indramayu and goose Magelang which were isolated around
2005-2010. It came up with new suggestion that clade 2.3.2.1
may already been circulated in Indonesia since 2005, but it
has not become predominant clade yet. RNA viruses are lack
of proofreading during its genome synthesis, thus it forms
varieties in genomic population called quasi species (14).
This founding may give small hind how outbreak caused by
HPAI clade 2.3.2.1 occurred in poultry farm. This clade
frequently found infecting waterfowl bird such as Baikal
teals, whooper swans, mandarin ducks, white-fronted geese
and spot-billed ducks (15). There is no clear evidence how
this virus transmitted into poultry farm, even though there is
no possibility of direct contacts between such birds to
poultry. It was noticed virus transmission could possibly
occur during poultry or poultry product movement (16).
Since AIV genome consists of several segments of nucleic
acid which both antigenic shift and antigenic drift commonly
happen during replication (17).

According to molecular analyses, all isolated samples
belong to clade 2.3.2.1. which became endemic since 2012.
It formed new cluster which not mutated from clade 2.1 (18).
This founding adds the cluster varieties of AIV in Indonesia.
This new clade tends to infect water fowl. It is noticed that
water fowl tend to be resist from infection clade 2.1.
Infection of clade 2.3.2.1 on waterfowl is rarely causing
clinical signs while the infection of this clade on poultry or
other terrestrial birds could result severe clinical signs. This
founding also forms new suggestion that using local seed
vaccine to eradicate this virus is needed.

Manufacturing vaccine is a challenging process which
the manufacturer should ensure the safety, effectivity, and
stability of the production cycle (19,20). Among isolated
samples, sample marked as DOD_2 2013 was chosen as
seed vaccine candidate. Common medium for cultivating the
virus is 11 day-old Specific Pathogen Free (SPF)
embryonated chicken eggs. Inoculated eggs then incubated
for certain period thus virus could propagate completely
(1,21). After propagation, alantoic fluid was obtained.
Before It is processed into vaccine formulation, the titer of
virus must be measured. It is done to know the number of
virus already propagated. Currently, improvement for
cultivating the virus is switched from embryonated-egg
based production into cell line based production (21). The
types cell line usually for cultivating influenza A viruses are
Madine Darby Canine Kidney (MDCK), African Green
Monkey Kidney (VERO), and Newborn Swine Kidney
(NSK). The use of primary cell lines and continuous cell line
in order to propagate the virus give advantages, primarily for
those virus which cannot be isolated in chicken embryonated
egg (22).

According to Reed and Muench method, the virus has
titer 107.10 (EID50). During vaccine production, there are
many chances the titer would decrease due to the processes
and handling the material. Regarding to these possibilities,
before processing the virus into vaccine formulation, virus
propagation must be conducted properly, thus in the final
process the amount of virus in the vaccine dose remain high
in order to induce humoral antibody which capable to protect
the poultry from AIV infections. There are difference of
propagation capability of each virus which affects the virus
titer. In Newcastle Disease Virus (NDV) which have
genotype diversity among birds, according to similar
experimental, NDV origin from pigeon (Pigeon/1984) which
propagated in chicken embryonated egg has lower titer
(106.9 EID50) compared to other isolate which isolated from
poultry and waterfowl (23). According to this findings, it is
important to keep the virus titer as high as possible so in the
final process the amount of virus which deliver to the poultry
could induce protective antibody against AIV. After titration,
the seed was examined according some indicators such as
infectivity, specify, and sterility. These examinations were
conducted to ensure that manufactured vaccine is not
contaminated and harmful for the poultry. Quality control
tests obligated to be conducted. It consists of safety, purity,
and sterility tests of the vaccine (21).

Titrated allantoic fluid was processed into sterility test to
confirmed it was free from bacterial contamination. It was
inoculated into Thioglycolate Agar and Nutrient agar. There
is no colony formation on both agars that meant It was free
from bacterial contamination. Sterility of vaccine is
important because this product is administered for living
things such as human and animals (WHO). It could be
cultivated into some different medias for ensuring the seed
was free from bacterial contamination. These media are
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Tryptic Soya Agar (TSA), Macconkey Agar (MA),
Salmonella Shigella Agar (SSA), Tryptic Soya Broth (TSB)
(24).

After confirming that the seed vaccine was free from
bacterial contamination, the seed vaccine was tested its
stability on freezing-thawing condition. The result showed
the decreasing of virus titer from 107.10 (EID50) into 106,10
(EID50). The reduction of the virus titer was begun since the
first month of examination period. Even though the titer was
decreasing, it still remained high. It means that the stability
of seed vaccine is remained good during freezing-thawing
treatment for 6 months. It is important because during
handling of the vaccine, thermal change could be lowering
seed stability, thus administered vaccine could not induce
protective antibody. Indonesia is tropical country which has
warm temperature (around 32°C). Regarding this factor, it is
important to use seed vaccine that have good stability over
thermal stress.

After the stability examination, it was re-titrate into SPF
embryonated egg, then processed into deactivation using
0.1% formalin. To ensure deactivation perfectly conducted,
the deactivated virus was injected into 10 SPF chicken to
know the presence of the clinical signs caused by active
virus. The absence of clinical signs means that all the virus
completely deactivated. Deactivation of the virus is
important since the seed can cause severe clinical to
mortality signs in poultry. If this step failed to deactivate all
the virus, the virus would conduct replication inside the
chicken that would be shed through nasal discharge and feces
then contaminated the environment.

According to the result of antibodies titer, formulated
vaccine could induce better Immunity. HI assay of chicken
administered by formulated vaccine has higher antibodies
titer compared to chicken administered by control vaccine.
The challenge test was conducted administration of chicken
with circulating HPAI. Surprisingly there is no mortality
recorded on chicken administered by formulated vaccine. In
contrast, all chicken administered by control vaccine were
dead. It showed that formulated vaccine could induce better
immunity and last longer compared to control vaccine.

Conclusions

To eradicate Avian Influenza, it is needed to use seed
vaccine that has high identity to circulating AlV. According
to the result, isolate DOD_2_2013 could give protection
toward AIV infection. This isolate was obtained from
waterfowl which cause subclinical signs but could infect
poultry too. It could give better protection than conventional
vaccine usually administered to poultry.
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