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Review article

HIN2 avian influenza virus in
Korea: evolution and vaccination

Low pathogenic avian influenza (LPAI) HIN2 viruses have been circulating in the Eurasian poul-
try industry resulting in great economic losses due to declined egg production and moderate
to high mortality. In Korea, HIN2 LPAI was first documented in 1996 and it caused serious eco-
nomic loss in the Korean poultry industry, including layer and broiler breeder farms. Since then,
the HIN2 viruses that belong to the Korea group have been prevalent in chickens and have
continuously evolved through reassortment in live bird markets. To control LPAI outbreaks,
since 2007, the Korean veterinary authority has permitted the use of the inactivated oil adjuvant
HIN2 LPAI vaccine. Although only oil-based inactivated vaccine using the egg-passaged vac-
cine virus strain (A/chicken/Korea/01310/2001) is permitted and used, several new technology
vaccines have been recently suggested for the development of cost-effective and highly im-
munogenic vaccines. In addition, several different differentiation of infected from vaccinated
animals (DIVA) strategies have been suggested using appropriate vaccines and companion
serologic tests for discriminating between naturally infected and vaccinated animals. Recent
reports demonstrated that the Korean LPAI HIN2 virus underwent antigenic drift and evolved
into distinct antigenic groups and thus could escape from vaccine protection. Therefore, im-
proved vaccination strategies including periodic updates of vaccine seed strains are required
to achieve efficient control and eradication of LPAI HIN2 in Korea. Further, vaccination should
be part of an overall integrated strategy to control the disease, including continued nation-wide
surveillance, farm biosecurity, and DIVA strategy.
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Avian influenza virus (AIV) belongs to the influenza virus A genus of the Orthomyxo-
viridae family [1]. The AIV genome consists of eight segments of negative-sense, single-
stranded RNA that encode at least ten proteins including two surface glycoproteins
(haemagglutinin [HA] and neuraminidase [NA]), nucleoprotein (NP), three polymer-
ase proteins (polymerase basic [PB] 2, PB1 and polymerase acidic), two matrix (M1
and M2) proteins, and two non-structural (NS1 and NS2) proteins. AV is classified into
subtypes base on the antigenic differences between their two surface glycoproteins,
HA and NA. Sixteen HA subtypes (H1 to H16) and nine NA subtypes (N1 to N9) have
been identified among influenza A viruses, and viruses of all subtypes and of the ma-
jority of possible combinations have been isolated from avian species.

AlV infection can cause a range of disease symptoms from asymptomatic infection
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to respiratory disease and drops in egg production to severe,
systemic disease with near 100% mortality rates. Genetic fea-
tures and/or severity of disease in poultry determine whether
the virus is classified as low pathogenic avian influenza
(LPAI) or highly pathogenic avian influenza (HPAI). LPAI in-
cludes viruses in all H1 to H16 subtypes. On the other hand,
HPAI has traditionally been either H5 or H7 subtypes [2]. The
HA gene is a key determinant of virulence in poultry species.
The HA gene of HPAI have multiple basic amino acids at the
cleavage site that is cleavable by Furin-like cellular enzymes,
leading to systemic infection and mortality [3]. Since 2005,
the widespread of HPAI H5N1 has caused infection to wild
waterfowls and domestic poultry in Central and South Asia,
Middle East, Europe, and Africa [4]. These unprecedented
outbreaks of HPAI H5N1 and zoonotic infections threatened
not only the poultry industry but also public health.

Among the many subtypes, the subtype HIN2 is thought to
rapidly spread and become one of the most prevalent LPAI vi-
ruses in the domestic poultry industry. For LPAI HIN2 virus,
detailed antigenic and molecular analysis have identified sev-
eral groups of HON2 influenza virus in avian species in Eurasia:
the G1 lineage, represented by A/quail/Hong Kong/G1/97
(G1-like); the Y280 lineage, represented by three prototype vi-
ruses A/duck/Hong Kong/Y280/97 (Y280-like), A/chicken/
Beijing/1/94 (BJ94-like), and A/chicken/Hong Kong/G9/97
(G9-like) and the Korean lineage, represented by A/chicken/
Korea/38349-p96323/96 (Korean-like) and A/duck/Hong
Kong/Y439/97 (Y439-like) [5-7]. LPAI HIN2 viruses have
been circulating in multiple avian species in Eurasia resulting
in great economic losses in the poultry industry due to de-
clined egg production or moderate to high mortality [8-12].
Furthermore, the HIN2 LPAI virus is known to possess hu-
man-like receptor specificity [5] and transmissibility to mam-
malian species including humans, is raising public health
concerns [13,14].

To control HPAI outbreaks, several strategies have been
applied including a high level of biosafety, movement con-
trol, stamping out, and vaccination. Although vaccination in
poultry species against HPAI is still a controversial topic and
has been discouraged in the past, vaccination has also been
recommended as one of the HPAI control strategies [15]. For
HPAI, once an outbreak has been identified, eradication mea-
sures based on the stamping-out and restriction measures on
the movement of live poultry, vehicles and staff should be
enforced. However, when an outbreak of HPAI occurs in an
area with a high poultry density in which the application of
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biosecurity measures is not compatible with the modern
poultry rearing systems, vaccination should be considered as
a first option to control the spread of infection [16]. On the
other hand, for LPAI HIN2, due to the widespread of the
HIN?2 viruses and the zoonotic potential of the virus, an oil-
based inactivated HIN2 LPAI vaccine was employed in the
chicken industry for preventing HIN2 infection in several
countries [12,17,18].

This review aims to elucidate crucial issues regarding the
evolution of the Korean HIN2 virus and its vaccine strategy
in the poultry industry. In addition, recent advances and chal-
lenges of vaccination against LPAT HIN2 in Korea are dis-
cussed.

The first field outbreak of the HIN2 virus in Korea was caused
by A/chicken/Korea/96006/96 (HIN2), a virus genetically clos-
ely related to the A/duck/Hong Kong/Y439/97 (Korea group)
virus later isolated from aquatic birds. Since then, HON2 LPAI
viruses have been endemic in domestic poultry farms in Ko-
rea and have often caused slight to moderate mortality (5-
30%) with apparent clinical signs that is characterized by de-
pression, edema of head, cyanosis of comb and legs, and drop
in egg production [19,20].

The role of live bird market (LBM) is very important in the
ecology of Korean HIN2 AIVs (Fig. 1). The HIN2 viruses that
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Fig. 1. Role of live bird markets in facilitating the evolution of low
pathogenic avian influenza HINZ virus in Korea. The HINZ viruses that
belong to the Korea group have continuously evolved by antigenic drift
and have undergone reassortment with avian influenza virus genes
from wild bird isolates, poultry farm isolates, and minor poultry isolates
in the Korean live bird markets.
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belong to the Korea group have continuously evolved by anti-
genic drift and have undergone reassortment with aquatic
ALV isolates circulating in the Korean LBMs [9,21-26]. LBMs
bring together a number of hosts in a high-density setting,
providing an ideal environment for interspecies transmission
and viral evolution [27]. In Korea, traditional livestock pro-
duction is still preserved on small scale farms, in which some
minor poultry species, such as quail, pheasants, silky fowls
and Korean native chickens are raised. These minor poultry
species are generally reared in poorly managed farms and are
mainly retailed via LBMs. In addition, traditional markets
such as permanent markets and 5-day markets began to ap-
pear toward the end of the 15th century and are still being
held today. In the marketplaces, LBMs offer a variety of avian
species, including chickens, quails, pheasants, turkeys, do-
mestics ducks, mallard ducks, Muscovy ducks, and pigeons
[24].

In 2004, there was a report of reassortant HIN8 virus con-
taining genes from both Eurasian and North American phy-
logenetic lineages. Kwon et al. [28] reported that a LPAI out-
break caused by HIN8 was first detected in chickens at Kore-
an native chicken farms. This isolate caused moderate respi-
ratory distress, depression, mild diarrhea, loss of appetite and
a slightly elevated mortality (1.4% in 5 days). Phylogenetic anal-
ysis of the surface genes of the HIN8 isolate showed that the
HA gene was related to that of Korean HIN2 AIVs, but the NA
gene was closely related to an unknown aquatic AIV isolate
in Korea. Later, the NA gene of this HIN8 isolate was found to
be from North American phylogenetic lineages [29].

In addition to biosecurity measures, the vaccination practice
is an important tool for prevention and control of AIVs. Since
vaccination against ATV was not allowed in Korea, the Korean
veterinary authorities took governmental stamping-out and
compensation policies between the 1996 and 1999 HIN2
LPAI outbreaks. In order to control the LPAI endemic situa-
tion, since 2007, the Korean veterinary authority has permit-
ted the use of the oil-based inactivated HON2 LPAI vaccine. A
vaccine strain virus that had been isolated in 2001 (A/chick-
en/Korea/01310/2001) was selected based on its pathogenic,
antigenic, and genetic properties. In a chicken experiment, a
single administration of the oil-based inactivated vaccine us-
ing the 20th passage of the vaccine virus strain (A/chicken/
Korea/01310/2001) showed efficient protection against a ho-

mologous virus and Korean HIN2 virus isolated in 2004 [30].
Oil-based inactivated HOIN2 LPAI vaccines using this vaccine
strain have been produced by 5 Korean vaccine companies
and used in Korean broiler breeder and layer chicken farms.

Vaccination against AIV, an effective control measure for the
eradication of LPAI or HPAI, may result in issues related to
the international trade of poultry products and AIV surveil-
lance programs. Therefore, several different DIVA strategies
have been suggested using appropriate vaccines and com-
panion serologic tests for discriminating between naturally
infected and vaccinated animals. These strategies include:
the use of sentinels, the use of subunit vaccines, heterologous
neuraminidase strategy, and the NS1 strategies [31]. In Korea,
several studies for DIVA strategies have been suggested (Ta-
ble 1). These strategies include: the H5N3 heterologous neur-
aminidase strategy for HPAI H5N1 [32], the use of H9 virus-
like particle (VLP) vaccine for LPAI HIN2 [33], the reassortant
HIN8 (rgHINB) vaccine and the companion N2-specific en-
zyme-linked immunosorbent assay (ELISA) for LPAT HIN2
[34], and the M2e ELISA for LPAI HIN2 [35].

For the heterologous neuraminidase strategy, Lee et al. [32],
suggested the heterologous neuraminidase H5N3 vaccine for

Table 1. Summary of research for DIVA strategy in Korea

DIVA strategy Remark Year
Heterologous NA  DIVA for HPAI H5N1 virus 2007 [32]
vaccine Heterologous neuraminidase H5N3 vaccine
Vaccine strain: LPAI H5N3 from wild birds
DIVA by IFA test
Heterologous DIVA for LPAI HIN2 virus 2009 [34]
NAvaccineand  Vaccine strain; reassortant HINS
companion ELISA  pyya by companion N2-ELISA
M2e ELISA DIVA for LPAI HINZ virus 2010(39]
M2e: extracellular domain of M2 protein
M2e is only present in virus replicating cell
DIVA by anti-M2e antibody ELISA
Subunit vaccine DIVA for LPAI HIN2 virus 2011 [33]

H3 VLP vaccine
VLP contains only HA and M1 proteins
DIVA by commercial NP coated ELISA

DIVA, differentiating infection in vaccinated animals; NA, neuraminidase; HPA,
high pathogenic avian influenza; LPAI, low pathogenic avian influenza; IFA, immuno-
fluorescent antibody; ELISA, enzyme-linked immunosorbent assay; VLP, virus-like
particle; HA, haemagglutinin; NP. nucleoprotein.
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the control of H5N1 HPAL The vaccine strain was derived from
the LPAI H5N3 virus isolated from wild bird feces. This vac-
cine allowed DIVA by indirect immunofluorescent antibody
(TFA) test. In addition, two doses of 64 HA unit of heterolo-
gous H5N3 inactivated vaccine as well as one dose of 1,024
HA unit of heterologous H5N3 inactivated vaccine induced
100% protective efficacy against lethal HPAI H5N1 infection
and could prevent viral shedding completely.

For the H9 VLP vaccine, since this VLP vaccine contains
only HA and M1 proteins, it allows differentiation of ATV-in-
fected chickens from vaccinated chickens with a commercial
ELISA using the NP antigen [33]. In animal studies, a single
dose of H9 HA VLP vaccine induced high levels of haemag-
glutination inhibition (HI) antibodies and lowered frequen-
cies of virus isolation after the wild-type virus challenge.

For the rgHIN8 vaccine and companion N2-ELISA, Kwon
etal. [34] suggested a N2-ELISA for a high throughput screen-
ing test as an alternative method to an indirect IFA method.
This strategy used reverse genetics derived heterologous neur-
aminidase vaccine containing H9 and N8 proteins and com-
panion N2-ELISA. The sera of uninfected chickens and those
vaccinated with rgHIN8 vaccine were negative by the N2-EL-
ISA, whereas infected sera with HOIN2 were positive.

For M2e ELISA, Kim et al. [35] developed an ELISA using
the extracellular domain of the Korean HIN2 M2 peptides.
This strategy is based on differential epitope density of M2e
peptides on the surfaces of infected cells and on infectious
viral particles. In field applications of M2e ELISA, anti-M2e
antibody produced in infected chickens after vaccination or
in re-infected chickens could be identified as AIV-infected
chickens, although HI test could not distinguish infected from
vaccinated chickens.

By virtue of greatly advanced molecular virology and the avail-
ability of a great deal of genomic information on AIV, there
are new opportunities to create novel concept vaccines. In
order to be a cost-effective and highly immunogenic vaccine,
a seed virus strain should have high growth characteristics in
eggs or cells and proper antigenicity with regard to wild type
viruses. Occasionally, the prototype vaccine strains do not
replicate well in eggs. If a seed virus strain cannot grow well
in eggs, it would require more egg quantity and high cost pro-
cessing to concentrate. Therefore, to increase a yield of vac-
cine strain, multiple passages in embryonated eggs were per-
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formed in previous studies. For example, Choi et al. [30] de-
veloped a high-yielding HIN2 vaccine seed strain, through
the 20th passage of the vaccine virus strain in embryonated
chicken eggs.

Recently, using plasmid-based reverse genetics (RG) to
improve the ability of vaccine strains to replicate in eggs has
been widely used in influenza vaccine studies [36,37]. The RG
allows rapid generation of a desired recombinant vaccine
seed strain from cloned cDNAs through simple DNA trans-
fection protocols. Using the RG, a reassortant vaccine seed
strain can be rapidly generated by co-transfection of cDNA
mixture consisting of the six internal genes of a high-growth
donor strain and two surface genes from a wild type virus, as
an alternative to the classical multiple passage procedure us-
ing embryonated chicken eggs, allowing the conversion of a
wild type virus into a genetically homologous AIV vaccine
strain. For the HIN2 LPAI vaccine, Song et al. [38] developed
a high-growth HIN2 vaccine strain using the RG system. The
reassortant vaccine strains (HO9N2/PR8) contains the internal
genes of the high-yielding PR8 strain and the surface gene of
the current Korean vaccine seed strain (A/chicken/Korea/
01310/01). The reassortant viruses replicated in eggs more ef-
ficiently than the wild-type viruses. Similar to the A/chicken/
Korea/01310/01 strain, the HIN2/PR8 strain could be propa-
gated well in eggs and provided high antibody titers in vacci-
nated chickens and protective efficacy against homologous
HIN2 virus infection. Based on its growth properties and im-
munogenicity, a reassortant vaccine strain is suggested to be
an alternative vaccine candidate to current vaccine strains
made by multiple passages.

VLP has been suggested as a new generation of non-egg-
based vaccine platform against various viral infections with
solid safety profiles [39]. VLP resembles infectious virus par-
ticles in structure and morphology with multiple antigenic
epitopes which were shown to be highly immunogenic prob-
ably due to its ability to stimulate a diverse set of host immune
responses [40]. VLP vaccines containing influenza HA and/
or NA antigens are produced easily in insect or mammalian
cells via the simultaneous expression of HA protein and NA
protein along with a viral core protein, such as influenza M1
protein. Most influenza VLPs have been produced in baculo-
virus expression systems, and the safety and immunogenicity
have been evaluated in various animal models [41-44]. Par-
ticularly, the H5N3 AIV VLP vaccine was applied to duck spe-
cies and provided the possibility of reliable use of the VLP
vaccine in poultry species [44,45]. For the LPAI HIN2 vaccine,
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the VLP vaccine against Korean HON2 LPAI is developed and
evaluated in an specific pathogen-free (SPF) chicken model
[33]. This H9 VLP contains the HA and M1 protein of the cur-
rent Korean vaccine seed strain (A/chicken/Korea/01310/01).
VLP vaccine was prepared by emulsifying the purified VLP
antigen solution with Montanide ISA70 (Seppic, Paris, France)
oil adjuvant. A single dose of vaccination with H9 VLP vac-
cine induced high antibody titers and lessened the number
of chickens with viral shedding from respiratory and gastro-
intestinal tracts. In addition, it allows differentiation of AIV-
infected chickens from vaccinated chickens with an ELISA
using nucleocapsid antigen, which offers a promising strate-
gy to DIVA. However, vaccine cost has been thought to be an
important issue that influences the feasibility of recombinant
subunit vaccines including VLP for poultry. As performed by
other VLP studies, H9 VLP antigen was purified by sucrose
density gradient purification requiring expensive equipment
and time-consuming process, which would potentially in-
crease the vaccine production cost. Recently, Park et al. [43]
developed H5N1 VLP antigen without further expensive and
time-consuming purification except for low centrifugation to
remove large cell debris. It was evident that the H5N1 VLP
vaccine without the purification process used in this study
costs less to produce compared with highly purified VLP vac-
cines reported in previous studies. Although H5N1 VLP anti-
gen was prepared without purification, VLP-vaccinated chick-
ens showed high levels of antibody titers without any signs or
symptoms attributable to crude VLP antigen. These results
provided promising methods for decreasing the production
cost of VLP vaccines in poultry use.

Although a single administration of oil-based inactivated
HIN2 LPAI vaccine is very immunogenic and highly protec-
tive in laboratory trials using SPF chickens, use of that vaccine
in broiler breeder farms induced poor antibody response [46].
In general, it should be emphasized that although experimen-
tal studies may show good immunogenicity after vaccination,
in the complexity of the field, vaccine use and immunogenic-
ity will not reach maximum potential. Difference in environ-
mental conditions and species of chickens used in the labo-
ratory or farm trials might influence the immune response.
In particular, the stress associated with the farm conditions
and the heavy weight of broiler breeders are considered as
causes of the decrease of the antibody response [47]. There-
fore, improved vaccination strategy is required to increase
the immunogenicity in chicken farms. These strategies could
include: the use of a highly immunogenic vaccine seed strain,

the improvement of an effective adjuvant for chickens, and
the consideration of a 2-dose regimen. For example, a gel ad-
juvant-primed and mineral oil adjuvant-boosted regimen was
suggested for improvement of immune responses to HON2
LPAI in broiler breeder farms [46]. In the broiler breeder farm
study, a 2-dose regimen of inactivated HOIN2 LPAI vaccine en-
hanced the antibody response. Interestingly, the gel-primed
and oil-boosted regimen produced slower antibody response
after the first vaccination but showed higher antibody respon-
se than the oil-primed and oil-boosted regimen in a 44-week
long-term study.

For the optimal protection efficiency, the antigenicity of
the vaccine strain should match that of the prevailing AIV.
Immune pressure would select only escaping mutants which
possess alteration of key amino acids within antigenic sites.
Immunity provoked by vaccination with the previous strain is
unable to neutralize the escaped AIV mutants. Compared to
human influenza virus, the antigenicity of AIV is relatively
stable, which may be due to the lack of immune pressure.
However, as large-scale and long-term vaccinations against
AIV have been performed in several countries, AIVs have also
undergone antigenic drift due to the presence of immune
pressure [48]. After mass vaccination against LPAI HIN2 in
Korea, virus isolation was limited to LBMs or poultry slaugh-
ter houses, indicating that LPAT HIN2 is under the control of
vaccination. However, previous studies demonstrated that
the Korean LPAI HIN2 virus underwent antigenic drift and
evolved into distinct antigenic groups and thus could escape
from vaccine protection [49,50]. Moreover, Park et al. [49]
suggested that HIN2 viruses from domestic poultry have un-
dergone substantial evolution after mass vaccination against
LPAT HIN2 in Korea by immune selection as a result of vacci-
nal and natural immunity, coupled with reassortment. Also,
several studies reported that the current Korean LPAT HIN2
vaccine strain (A/chicken/Korea/01310/01) could provide on-
ly partial protection against recent Korean LPAI HIN2 viruses
isolated after 2004 [38,49,51]. Therefore, selection of more sui-
table vaccine strains, based on continued nation-wide sur-
veillance data, is needed to prevent an LPAI HIN2 endemic
in Korea.

Wide use of AIV vaccine in animal population could enhance
the immune pressure and drive the mutation resulting in ra-
pid antigenic drift at the antigenic sites [52]. Therefore, im-
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proved vaccination strategies and periodic updates of vac-
cine seed strains are required to increase immunogenicity
and cross protective efficacy in chicken farms. These strate-
gies could include: the selection of highly immunogenic vac-
cine seed strains, the use of effective adjuvants for chickens,
and the use of new technology vaccines. Several studies re-
ported that the recent Korean LPAI HIN2 virus underwent
antigenic drift and could escape from vaccine protection. Thus,
continued active surveillance of poultry farms and LBMs to
reveal new variant LPAT HIN2 viruses in Korea and analyzing
appropriate vaccine seed viruses should be considered to pre-
vent new outbreaks.

In Korea, although only oil-based inactivated vaccines us-
ing the multiple passage of the vaccine virus strain (A/chick-
en/Korea/01310/2001) is used, several new technology vac-
cines have been recently suggested for development of cost-
effective and highly immunogenic vaccines. In particular, ge-
netically engineered vaccines showed promise as the next
generation of Al vaccines in Korea. These new vaccines, as
well as use of effective adjuvants, will certainly contribute to a
better protection against LPAI HIN2 in the Korean poultry
industry.

In order to achieve efficient control and eradication of LPAI
HINZ2 in Korea, vaccination should be part of an overall inte-
grated strategy to control the disease, including continued
nation-wide surveillance, farm biosecurity, and DIVA strate-
gy. Eradication of LPAT HIN2 in Korea can only be achieved if
all aspects of the control strategy are effectively operational.
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