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Indonesia has endemic status of H5N1 and the largest number of human cases of H5N1. Sources of
human infections include mostly intensive contact with H5N1 virus or the environment contaminated by
this virus. This study shows that feaces from pet bird victims and chickens were sold in live bird market
(LBM) suspected to be the source of infection for human H5N1 in Bali and Bekasi in 2011. This study
focused on the virus’ genetic character that originated from these areas, especially HA1, M, NS1 and
PB2 genes. The results show that Bali and Bekasi viruses have similar genetic characters with human
H5NL1 viruses in Indonesia. The viruses have multiple basic amino acids in hemagglutinin that showed
highly pathogenic, specific motif amino acid in the Matrix protein and ESEV motif on NS1. The viruses
have no mutations in PB2 gene. The findings support that most cases of human H5NL1 infection are as a
result of exposure of birds to H5N1 virus.
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INTRODUCTION

Since identified in 2003, the H5N1 avian influenza virus in
Indonesia has been circulating for almost 9 vyears
(Dharmayanti et al., 2004; Wiyono et al., 2004). Various
strategic measures to control and eradicate the disease
have been done, but until now the virus is still circulating
and even has become endemic throughout the year
2012. As at March 2012, there were 187 people
confirmed infected due to AI/H5N1 virus and 155 are fatal
cases (WHO, 2012).

Vaccination, bio-security and depopulation were some
strategics measurenments taken by the Indonesian
Government to control avian influenza disease. The
strategies resulted in the reduction of the number of
H5N1 cases in the field. The decreasing number of H5SN1
cases in poultry sector was not followed by H5N1cases in
human.

Cases of H5NL1 still occur sporadically in some areas.
Most of the source of human H5N1 infection in Indonesia

is not yet known with certainty, even the highest human
cases of H5N1 reported no history of contact with poultry
or birds. But Aditama et al. (2012), in their findings,
showed that most cases of AlI/H5N1 infection were as a
result of exposure to zoonaotic sources of virus.

Data on the characters and genetic information related
to dead victims caused by H5N1 virus infections of birds’
origin in Indonesia are still limited. Continuous exposure
to H5N1 virus by humans will increase the possibility of
influenza pandemic in humans. Avian virus can adapt
more efficiently in human through reassortment with other
influenza strains in humans (Webster et al., 1992;
Taubenbarger et al., 2005).

Several H5N1 infection cases were family clusters;
however, it can be stated that virus transmission from
human to human is still very limited (Ungehusak et al.,
2005).

Viral transmission inter human is not yet proven, thus
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Table 1. The specimens origin during our surveillance on human animal interface in 2011.

Dharmayanti et al. 245

H5N1 human Date of collected —_— . Number of RT-PCR of Positive for viral
District Location Type of sample o . . Remark
case samples sample positive for H5N1 isolation
; 100 m from victim
i i i hick 21 11 2
3 March 2011 Bekasi, West  Live Bird Chicken House
Java Market .
Female, 31y.0 Environment 1 1 0
Near victim Pet Bird 61 14 0
house Goose 3 0 0
Near victim Pet Bird (cendet 5 1 1 Victims kept the
. | . 1315 Octob house bird like) bird in their house
emale, y.0;  13-15 October i Bali Chicken 24 0 0
Male 10 y.0 2011 Bangli, Bali i ven y Duck 1 0 0
collector uscovy buc
Duck 5 1 1

most cases in humans occur due to virus spread
from infected birds (World Health Organization
2005a). In this study, we reported the molecular
character of human H5N1 viruses isolated from
birds in Indonesia.

MATERIALS AND METHODS
Samples collection and virus isolation

We isolated viruses from cloacal swab samples collected
from birds or chickens near H5N1 victim houses in Bekasi
(West Java) and Bangli (Bali) in 2011 (WHO, 2011). Table
1 showed that the specimens collected from
animal/environment side related with HSN1 human cases
infection. H5N1 viruses from Bali were A/Bird/Balil/2011
collected from feaces of the pet bird which has been kept
by victims and A/Duck/Bali/2011 virus isolated from ducks
and chicken located near houses of victims. The ducks
look healthy and have no clinical sign. The other isolates
(A/Chicken/West Java/Bks9/2011 and A/Chicken/West
Java/Bks12/2011) were collected from LBM near the
houses of victims in Bekasi (Tabel 1).

Sterile cotton-tipped swabs were used for sampling and
were subsequently stored in viral transport medium. The
transport medium consisted of Dulbecco's Modified Eagle

Medium (DMEM) with 1000 IU penicillin and streptomycin.
The samples were immediately transported to the
laboratory after collection and were stored at -70°C. A
1000 pl sample in transport medium was homogenized by
vortex and centrifuged with the speed of 2500-3000 rpm.
The supernatants were then inoculated in embryonated
specific pathogen free (SPF) eggs of 9-11 old days. The
allantoic fluid was extracted using QIAmp RNA mini kit
(Qiagen, Valencia, CA) according to the manufacturer’s
instructions. The extracted RNA was tested for H5 subtype
by RT-PCR using H5-155F and H5-690R primers (Lee et
al., 2001). Thermo cycling was performed in ABI 9700 and
2700 PCR machines.

DNA sequencing and visualization of 3D-protein
prediction

To amplify full length HA, the primer of Senne et al. (1996)
was used to amplify HA1 region, and HA2 was modified
using H5-155F (Lee et al.,, 2001); NS890 primers were
published by Hoffman et al. (2001). For NA gene
amplification, primer of Komadina (2006, personal
communication) was used, while for the amplification of M
and NS genes, primer of Hoffman et al. (2001) was used.
The primers for amplifying PB2 gene were desinged by the
authors. PCR products were separated in 1% agarose by
electrophoresis and the amplicon was excised and purified

using QIAquick gel purification kit (Qiagen). The
sequencing method used was direct sequencing using
Cycle sequencing kit (BigDye Terminator version 3.1;
Applied Biosystem) on Genetyx Analyzer 3130 (Applied
Biosystems, USA). The nucleotide sequencing data
obtained in this study were analyzed together with the
genetic data available in the avian influenza database
(NCBI) based on each gene. The production of multiple
alignments of each gene and residue analysis were carried
out by using BioEdit version 7
(http://www.mbio.ncsu.edu/BioEdit). Phylogenetic trees
were generated by neighbor-joining bootstrap analysis
(1,000 replicates), using the Tamura-Nei algorithm in
MEGA version 4 (Http: //www.megasoftware.net). All of the
viruses used in this study have been submitted to
GenBank (www.ncbi.nlm.nih.gov) with accession number
(yet to be submitted to NCBI).

RESULTS

The phylogenetic of HA gene (Figure 1) showed
that Bekasi 2011 (Bks9/2011; Bks12/2012) and
Bali 2011 (Balil/2011; Bali9/2011) viruses
(Balil/2011; Bali9/2012) were in the same group
with other Indonesian H5N1 viruses isolated in



246 Afr. J. Microbiol. Res.

W A/Bird/Bali1/2011
99

B A/Chicken/West Java/Bks9/2011
99 M A/Chicken/West Java/Bks12/2011
AlMuscowduck/West Java/Bks3/2007
AlIndonesia/CDC1032/2007
Alindonesia/CDC1047/2007
AlChicken/West Java/PWTW1J/2006
AlChicken/West Java/SMIPAT/2006
AICk/Jakarta/DKINurs/2007
Indonesian H5N1 viruses (Clade 2.1.3)
AICk/West Java/SmiHay/2005
AlIndonesia/CDC7/2005
AlMuscowyduck/BgrCw/2005

AICK/Inhu/BPPVRII2007

AlChicken/Bandar Lampung/BBPVI1/2006
AlChicken/Palembang/BPPVIII/2005
AlDuck/Banten/PdglKas/2004
A/Muscowyduck/Jakarta/DKIUwit/2004

Alindonesia/6/2005

Indonesian H5N1 viruses (Clade 2.1.2)
AICk/West Java/1074/2003

Indonesian H5N1 viruses (Clade 2.1.1)

A/Egypt/2321-NAMRU3/2007
Alwhooper swan/Mongolia/244/2005
Alchicken/Yamaguchi/7/2004
Alcrow/Kyoto/53/2004
AlChicken/Yunnan/493/05
AJAnhui/1/2005
Alchicken/Malaysia/5223/2007
AlMuscow duck/Vietnam/39/2007
AlGuangzhou/1/2006
Alchicken/Thailand/NP172/2006
Alduck/Guiyang/3242/2005
99 I A/chicken/Guiyang/3055/2005

99 | A/duck/Hunan/149/2005

Alduck/Hunan/127/2005

61 Alduck/Vietnam/568/2005

93

85
98

99 = Clade 2.3.2
Almigratory duck/Jiangxi/1657/2005

AlGoose/GL 19/1/96
SLE A/Thailand/676/2005
98 AlThailand/16/2004
67 Alquail/Vietnam/177/2004

0.01

g9 [ AICK/East Java/BP21/2012
AlMuscowduck/East Java/LM47/2012
AlMuscowyduck/East Java/SB29/2012

M A/Duck/Bali9/2011

AJEgypt/3300-NAMRU3/2008 HA

Indonesian and Vietnam H5N1 viruses (Clade 2.3.2)

] Clade 1

Clade2.1.3

Clade 2.1

Clade 2.2

Clade 2.3

Figure 1. Phylogenetic of HA gen of H5N1 Viruses. Figure 3) Phylogenetic of M1, Figure 4)
Phylogenetic of PB2; The viruses used in this study showed by blue color and in one group with

Indonesian Human H5N1 viruses.

2011. Bekasi 2011 and Bali 2011 viruses belong to
clades 2.1.3. which are the predominant clades in
Indonesia. The genetic characteristic of Bekasi 2011 and
Bali 2011 in terms of HA protein had amino acid QSG at
positions 222, 223, 224, respectively (Figure 2). The
condition showed that the viruses still recognize the 2,3
avian receptor. The cleavage site of HA protein sequen-
ces has PQRESRRKKR//G. Bekasi and Bali isolates
have no significant differences with the majority of HSN1
avian influenza virus from Indonesia. Another substitution
such as amino acid at position 53 is replaced with amino
acid R and K amino acid (R->K). Substitutions are similar
to the human H5NL1 viruses A/Indonesia/CDC1047/2007,

A/Indonesia/CDC370/2006, A/Indonesia/CDC390/2006).
If Bali 2011 viruses are compared with previous viruses
from Bali and other Indonesian Al viruses, there are
differences at positions 183, 184 and 189. But the
substitution of amino acids at positions 183 (D>N), 184
(A>G) and 189 (R—>M) is similar to the Bekasi 2011
viruses.

Dharmayanti et al. (2011a) showed that human AI/H5N1
virus isolated from birds has a genetic similarity with
Indonesian human AIl/H5N1viruses and has specific
character with the Matrix protein from birds collected from
AI/H5N1 cases in humans. In this study (Table 2) showed
that most of Indonesian H5N1 human viruses, Bekasi/2011
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Table 2. Amino acid specific on Matrix protein belong to H5N1 Bali and Bekasi viruses.

Virus

M1 amino acid position

M2 amino acid position

37

95 137 249 18 20 27 50

West Java/Bks9/2011

West Java/Bks12/2011

Bali/Bangli1/2011

Bali/Bangli9/2011

Indonesian H5N1 Indonesia origin from birds/poultry
Most of Indonesian H5N1 human viruses
Indonesian H5N1 viruses (2011)
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Figure 2. Prediction of three Dimension of HA protein of Bali virus.
The viruses still recognize avian receptor. The template highest
homology is obtained by using the BLAST search (DS server). HAl
template of H5N1 in this study is 21BX_A that is equal to 96%.

and Bali/2011 viruses have specific amino acid
substitutions in the Matrix protein. This result had same
result with Dharmayanti et al (2011a) findings.
Phylogenetic analysis of M1 (Figure 3) showed that
Bekasi and Bali viruses were in one group with H5N1
2011 viruses group; human H5N1 viruses and also avian
viruses were isolated from human H5N1 in 2007
(Bks2/2007).

In the analysis of the NS protein level, there were
substitutions in R44K; M79K and has a PDZ binding motif
as ESEV (avian origin). This means there is a significant

mutation at amino acid position 79 where Methionine (M)
replaced the basic amino acid lysine (K) and had the
possibility of affecting binding protein of the virus.
Phylogenetic analysis of NS1 also showed that H5N1
Bekasi and Bali viruses are in one group with human
H5N1 viruses and avian viruses.

Analysis of the PB2 protein showed that there is no
mutation at position E627 and D701 amino acids. The
phylogenetic of PB2 gene showed that the viruses used
in this study close relationship with Indonesian human
H5N1 viruses (Figure 4).
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Figure 3. Phylogenetic of M1 of H5N1 viruses.
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Figure 4. Phylogenetic of PB2 gene of H5N1 viruses.
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DISCUSSION

We did a surveillance and collected specimen from
birds/environment of victims’ house to identify the risk
factor and source of the viruses that infected human,
especially in Bekasi 2011 and Bali 2011. We got four
isolates of H5N1 viruses: two viruses from Bekasi and
two isolates from Bali. The genetic characteristic showed
that there is no mutation on 182 and 192 of HA protein.
Mutations at positions 182 and 192 that change HA
protein of H5N1 avian receptor are known to recognize
human receptors. Such mutations are Asnl82Lys and
GIn192Arg that change the specificity of the receptor,
because these two residues play a role in stabilizing the
interaction between sugar and the bond sialic acid a2, 6
(Yamada et al., 2006). Herfst et al. (2012), in their study,
also showed that four amino acid substitutions in the
hemagglutinin (HA) protein and one in the polymerase
complex protein basic polymarase 2 (PB2) in A/H5N1
influenza virus can have ability to do airborne
transmission between mammals without adapting to an
intermadiate host; and furthermore can become a risky
influenza pandemic. Bekasi 2011 and Bali 2011 viruses
used in this study have Asn and GIn at positions 182 and
192 respectively so that the bond is still not able to
recognize a2, 6. In addition to the isolates, avian
receptors were still recognized because they have
residue 222 (Q) and 224 (G) (Stevens et al., 2006). Gao
et al. (2009) also showed that substitution of amino acid
in the HA protein (Thrl60Ala) resulting in the loss of
glycosilation at 156-160 was responsible for binding to
sialylated glycans and was critical for H5N1 virus
transmission in guinea pigs.

Bali and Bali viruses have 7 glycosylation sites; this
number is a normal amount which is owned by Indonesia
H5N1 virus; so it does not have or increase the number
of glycosylation sites. HS5N1 viruses which have
decreasing number of glycosylation sites in Indonesia
have been reported previously by Dharmayanti et al
(Dharmayanti et al., 2011b). Mutation causes decrease in
the effectiveness of vaccines used when challenged with
H5NL1 virus that has seven glycosylation sites.

Matrix protein of Bekasi and Bali isolates has a specific
character in protein M1 and M2 as well as other H5N1
viruses that were isolated from humans infected with
H5N1 (Dharmayanti et al., 2011a). Bekasi and Bali
isolates showed a deletion of amino acids at amino acid
positions, 80-84. Deletion of amino acids at positions 80-
84 in the NS1 protein increases the virulence of H5N1
virus (Long et al., 2008). Dharmayanti et al. (2011a) also
showed that most isolates of Indonesia have these
deletions. The C termini of NS1 protein of the viruses
have consensus PDZ domain ligand (PL); which means a
protein-protein recognition modules that recognize this
protein and are bound to the C-termini are on the NS1
protein residues, 227-230 (Obenauer et al., 2006). Result
of the study showed that Bekasi and Bali viruses have
ESEV moaotif, indicating that Bekasi and Bali isolates were

of avian origin. ESEV or EPEV motif was found in the
origin of avian H5N1 virus (Obenauer et al., 2006). H5N1
viruses isolated from birds in H5N1 human cases have a
close genetic relationship at the protein level of HA, NS,
M1, M2 and PB2 of H5N1 human viruses. Our study
showed that amino acid in the PB2 gene contains Glu at
627 amino acid posiition. This means there is no
substitution in PB2 gene. Substitution Glu627Lys
(E627K) has been associated with increased virus
replication in mammalian cells (Subbarao et al., 1993).
Substitution of amino acid asparagine (Asn) at 701
posiition in PB2 protein was a prerequiste for virus
transmission to guinea pigs. The genetic character from
the isolates used in this study has high similarity with
each other and general Indonesian H5N1 viruses in
2011. Our findings show that most of H5N1 human
infections were as a result of exposure of birds to H5N1
virus.
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