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Abstract

Influenza A virus subtype H5N1 caused a rapidly fatal systemic disease in domestic
chicken, duck and other avian species as well as transmitted directly from poultry to humans.
The virus also extended its host range to Felidae, causing fatal pneumonia in cats, tigers,
leopards. We have sequenced the whole genome of the Thai influenza A (H5N1) viruses:
A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04, isolated during early 2004. H5N1 isolated
from different avian species from different outbreaks between January 2004 and January
2005 were also characterised. Phylogenetic analyses were performed in comparison to Al
viruses from the Hong Kong 1997 and other H5N1 isolates reported during 2001-2004.
Molecular characterization of HA gene of the Thai H5N1 revealed a common characteristic of
a highly pathogenic Al (HPAI), with polybasic amino acid in the HA cleavage site, a 20-codon
deletion in the neuraminidase gene, a 5-codon deletion in the NS gene and polymorphisms of
the M2 and PB2 genes. We also evaluated an outbreak of Al in Tiger and showed evidence of
probable tiger-to-tiger transmission in the tiger zoo. Sequencing and phylogenetic analysis of
those viruses showed no difference to the first isolate obtained in January 2004. There was
no mutation of histidine to tyrosine at position 274 of the neuraminidase molecule after
Oseltamivir treatment. In both isolates, a single amino acid substitution, Glu to Lys, at the

position 627 (E627K) in the PB2 protein responsible for HSN1 pathogenicity in mammals and



5 codon deletion in the NS gene were similar to the H5N1 viruses isolated in the same
epidemic. Molecular characterization of H5N1 viruses from the following continous outbreaks

showed that there were no significant point mutations in critical regions.
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Introduction

January, 2004 was the first time that highly pathogenic avian influenza (HPAI)
outbreak was confirmed in Thailand. HPAI of HSN1 subtype was an emerging animal disease
of the country. Although laboratory surveillance has been conducted by Department of
Livestock Development since 1997, H5N1 never been detected [1]. Once the outbreak was
confirmed the emergency response plan for HPAI was launched immediately; preventive and
control measures were implemented and adjusted overtime depending on epidemiological
findings. A Technical Sub-committee on Avian Influenza was established in order to provide
recommendations and technical advice to National Committee on Avian Influenza Prevention
and Control. This research project responded to one crucial question addressed by the
Technical Committee and scientific communities.

Avian influenza H5N1 virus from Thailand outbreak has many interesting distinctive
features. First, it is highly pathogenic in chicken with IVPI index of 3 [2]. Second, it crossed
specie boundary causing disease in many avian species, cats [3], tigers [4], as well as
humans [5]. Third, probable human-to-human transmission was reported [6] from Thailand.
Thus, understanding of molecular characteristic of the virus is particularly very essential.

This study of the H5N1 viral genome through phylogenetic analysis was carried out to
compare Thai isolates from various times and places with different H5N1 strains throughout
Asia. Whole genomic sequencing of some selected strains was carried out. Analyses at
some specific sites were conducted, including the cleavage site of HA gene which would
indicate virulent in chicken [7,8], hemagglutinin receptor binding site which showed the
specific adhesion mechanism of virus [9], genotype of nucleoprotein genes [10], as well as
detecting the deletion of amino acid in neuraminidase protein which would determine the
spreading and multiplication of the virus [9]. Molecular markers for resistance of antiviral

drugs, Amantadine and Oseltamivir, were also evaluated.



Materials and Method

Virus isolation and identification
Influenza A viruses were isolated using specific antibody negative, embryonated fowl

eggs (SAN- fowl egg) according to the protocol described by the OIE [11]. Briefly, sample

o

was inoculated into allantoic sacs of the SAN-fowl eggs and further incubated at 37 C.

Following the incubation period of 24-72 h, embryonated eggs showing infected lesions were

[o]

chilled at 4 C and the allantoic fluids were harvested. Samples yielding positive

o
hemagglutination activity (HA test) were kept at -80 C until needed.

Genome sequence and analyses

Total RNA was extracted and purified from the allantoic fluid using Rneasy mini kit
(Qiagen, California, USA). Total RNA was reverse transcribed into cDNA. The cDNA derived
from each gene segment was subjected to PCR employing the specific oligonucleotide
primers of NS, M,NA, NP, HA, PA, PB1, and PB2, respectively (primers are available upon
request). The PCR products were extracted and examined by agarose gel electrophoresis.
The obtained products were purified using the Perfectprep Gel Cleanup Kit (Eppendorf,
Westbury, NY) for further enzymatic reactions. The DNA sequencing reaction was performed,
using a commercially available kit (Big Dye Terminator V.3.0 Cycle Sequencing Ready
Reaction; Foster City, CA) and a Perkin EImer 9600 thermocycler. The extended sequencing
products were purified by ethanol precipitation before the sequence analysis performed with

the ABI-Prism 310 Genetic Analyzer (Perkin Elmer, Norwalk, CT).

Analysis of nucleotide and amino acid changes in avian influenza A viruses

The DNA sequence data were edited and aligned by Bioedit 5.0.6 software. The
phylogenetic analysis was performed applying the clustal V method, using the MegAlign
program (DNASTAR, Madison, WI).



Results

Molecular characteristic of H5SN1 isolates from avian species

Whole genomic nucleotide sequencing of 9 H5N1 viruses, 7 chickens isolates and 2
duck isolates, were performed, as well as site specific sequencing of more than 30 H5N1
strains from domestic chickens and ducks. Specific sites to be sequenced in this study
included HA, NA, NS, M2 and PB2 genes. The DNA sequence data were edited and aligned;
phylogenetic trees were constructed in compared with sequences of other Asian H5N1
available in the GenBank. Amino acid sequences were deduced from obtained nucleotide
seqguences then aligned and compared with other reported H5N1. The data presented in this
paper is the data of some representative viruses in order to demonstrate our findings.
Although not all data are shown, all nucleotide sequences from our studies are available at
GeneBank.

Phylogenetic analyses indicated that the present Thai H5N1 strains from domestic

fowls were clustered in the same clad with Thai human strains, Vietham chicken and human
strains; and different clad with Indonesian chicken and duck strains (Fig. 1). Sequencing of
different Thai strains collected from different time points along the year of 2004 indicated no
significant change in molecular level.
Analyses of HA gene demonstrated that Thai strains had common characteristic of highly
pathogenic avian influenza (HPAI) with multiple insertion of basic amino acids at the cleavage
site. All studied avian strains had glutamine at position 226 which related to receptor binding
site specific to avian species (Fig. 2).

Sequencing of NA gene showed similarity among Thai H5N1 strains and no indicative
of Oseltamivir resistance was observed. All studied strains exhibited 20 amino acid deletions
at the stalk region while A/Chicken/Hong Kong/258/97 contained 19 amino acid deletions at
this region. The deletion of amino acid at the stalk region was proposed to be associated with
the avian-to-human transmission [9]. Amino acid deduction indicated that all studied Thai

strains contained histidine (H) at position 274 (Fig. 3). There was no histidine-to-tyrosine



mutation at position 274 (H274Y), on other words the marker of Oseltamivir resistance was not
detected.

Addition to the important HA and NA genes, specific sites on other genes, PB2, NS,
and M2, were examined since these genes may have a role in pathogenicity, virulence, and
host range of the virus [12]. For PB2 gene, all isolates from avian species carried glutamic
acid (E) at amino acid position 627 (Fig. 4); thus far mutation at this site has not been
observed in avian isolates. NS gene has a role in regulating host cell response and
optimizing viral replication in the host [12]. All Thai avian isolates in this study harbored
aspartic acid (D) at amino acid position 92, differed from isolates from Hong Kong in 1997
where glutamine (E) was found at this position (Fig. 5). M2 gene was also examined for the
marker of Amantadine resistance. Amino acid changes at position 27 (Val), 30 (Ala) and 31
(Ser) can lead to Amantadine resistance [13,14]. Most of avian isolates in Thailand contained
asparagines (N) at position 31 of the M2 protein, indicate that they were resistant to

Amantadine.

Molecular characteristic of H5N1 isolates from tigers

Seven H5N1 isolates from tigers were characterized; among these whole genomic
sequencing were conducted on three isolates [15](data not shown).

Phylogenetic analysis of the viruses indicated that H5N1 isolates from tigers were
genetically similar to chicken, duck and human isolates from Thailand and Vietnam; where the
viruses isolated in Indonesia were grouped in a separated clad (Fig. 1). All genes of tiger
isolates exhibited the highest percentage of nucleotide identity with chicken isolates, hence
showed the closest relationship with chicken virus. Sequence analyses also demonstrated
that there was no significant difference between isolates from tiger and leopard obtained in
January 2004 and isolates from tigers in October 2004.

Nucleotide sequences of the HA genes of all tiger isolates were almost identical with
each other and highly homologous with chicken isolates. Similar to avian isolates, multiple

basic amino acid insertion at the cleavage site, as well as glutamine at position 226 were



detected (Fig. 2).

For the NA gene, all tiger viruses contained the same 20 amino acid deletion in the
stalk region which identical to other Thai avian isolates. Since some tigers were treated with
Osetamivir, NA genes of all tiger isolates were evaluated for marker of Osetamivir resistance.
Our study showed that no mutation of histidine (H) to tyrosine (Y) at position 274 occurred
after Oseltamivir treatment[15,16] (Fig. 3).

Nucleotide sequencing and amino acid alignment of M2, NS and PB2 genes
confirmed the close relationship with chicken isolates. The tiger isolate processed an
asparagine (N) at position 31 of M2 protein indicating amantadine resistance property.
Similar to other Thai H5N1 isolates, but different from Hong Kong 1997 strains, amino acid at
position 92 of NS1 protein was found to be glutamine (E) (Fig. 4). An interesting difference
was found in PB2 gene. A few tiger isolates contained a single amino acid substitution, Glu to
Lys, at the position 627 (E627K) in the PB2 protein. The E627K mutation was reported to be

crucial for high virulence of avian influenza in mice and mammals [17].

Discussions

Molecular characteristics of H5N1 viruses from the Thailand outbreak were consistent
with phenotype of HPAI. When intravenous pathogenicity test was performed according to
the OIE manual [11] the virus had the highest scored with intravenous pathogenicity index
(IVPI) of 3 [2]. Therefore this report is another evidence to confirm that multiple basic amino
acid insertion at the cleavage site of HA protein and the deletion of 20 amino acids at the stalk
region are significant indication for pathogenicity in chicken.

Phylogenetic study revealed that the Thai HSN1 was not related to the early outbreak
of 1997, but remarkable resembled to the Al viruses of the year 2000-2001 period and closet
to the Vietnamese isolates. Our genetic analyses suggested that the Thai viruses emerged
from rapid evolution of the H5N1 2000-sublineage. All the Thai isolates from chickens, ducks,

quails, other avian species, as well as tigers and human were clustered in the same



sublineage strongly indicated poultry-to-human transmission and poultry-to-tiger transmission.
Molecular markers for antiviral resistance were evaluated and we found that the Thai Al
viruses contained marker for Amantadine resistance but not Oseltamivir resistance. The
recommendation was provided to Ministry of Public Health and Oseltamivir was to be used as
antiviral drug for bird flu in public hospitals nationwide.

Glutamic acid to lysine mutation at amino acid position 627 of PB2 protein found in
some tiger isolates is particularly very interesting and should be further studies. Thai Al
viruses contain aspartic acid at position 92 of the NS1 protein while isolates from Hong Kong
1997 harbored glutamic acid in this position. The role of NS gene and NS protein in host
response should also be further elucidated.

Although probable human-to-human transmission was reported [6] it is limited to only
one family. Thus far there has been no evidence of mutations in the viral genes that indicate
human-to-human transmission among the Al viruses isolated from animals. Minimal changes
were observed over the year but not at the critical points which may lead to pandemic
situation. However, surveillance in animals and humans must be carried out continuously and

genetic variation of the virus must be closely examined.

Conclusion

Avian influenza H5N1 viruses from Thailand outbreak have molecular characteristic of
highly pathogenic avian influenza (HPAI) virus by the OIE definition. Infection of H5N1 in
humans and tigers reported in Thailand also implicated high pathogenecity in mammals. The
evaluation of continuous Al outbreaks using molecular characterization showed that there
were no significant point mutations in critical regions (receptor binding site, Oseltamivir
resistant of NA (N274), and NS gene (D92) among H5N1 isolates from Thailand. The
information gained from molecular surveillance and the genome analysis of H5N1 isolates will

be especially useful for disease prevention and control of Al outbreak in Thailand.
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Figure1: Phylogenetic analysis of HA and NA gene of H5N1 isolates from Thailand, 2004
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Receptor binding site

T7 mmp T715r2-3

Figure 2:

Aftiger/Thailand/SPB-1
AfThailandf4 SP-528 f2004
AfThailand/5 KK-494 f2004
A/tiger/Suphanburi/Thailar
AfThailandf3 sP-83 /2004
Afchicken/Thailand/CH-2/2(
Afleopard/fSuphanburi/Thail
AfThailand/1 KAHN-1 f2004
AfThailand/2 SP-33 /2004
AfThailand/LFPH-2004/2004
Clustal Consensus

210
¥ISVGTSTLHQRLV
NISVGTSTLNQRLV
YISVGTSTLHQRLV
NISVGTSTLHQRLV
NISVGTSTLNQRLV
NISVGTSTLHQRLYV
NISVGTSTLNQRLVI
NISVGTSTLHQRLV
NISVGTSTLHQRLYV!
NISVGTSTLHQRLV
NISVGTSTLNQRSV

226

220 230
RIATRSKVHGQSGRMEFFWIILK
RIATRSKVHGQSGRMEFFWIILK
RIATRSKVHGQSGRMEFFWIILK
RIATRSKVHGOSGRMEFFWIILK
RIATRSKVHGQSGRMEFFWIILK
RIATRSKVHGQSGRMEFFWIILK
RIATRSKVHGQSGRMEFFWIILK
RIATRSKVHGQSGRMEFFWIILK
RIATRSKVNGQSGRMEFFWIILK
RIATRSKVNGQSGRMEFFWIILK
EIATRSKVHNGQSGRMEFFRTILK

Ha et al., 2001 PNAS 98 (20)

250

HDAINFESHGHNFIA
HDAINFESHGHF IR
HDATHFESHGHFIA
HDAINFESHGHEIA
HDAINFESHGHEIA
HDAINFESHGHNFIA
HDAINFESHGNEIA
HDAINFESHGHE IA
HDAINFESHGNFIA
HDAINFESHGHNEIA
HDATHFESHGHFIA

Alignment of HA gene of H5N1 isolates from Thailand. The arrow represent (Q226)

receptor binding site.

T L T L L T Y T SO (RN IR

240

EY
E}
E}
EY
E}
E}
E}
E}
E}
E}
EY

hhhhkhhhhddhd hh hhhhhhhdhhhhhhhbd hhhhhhhdhhhhdhbdhdhhdd

14



Figure 3.
Oseltamivir resistant mutation H274Y
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Figure 4.
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A/Ck/Thailand/1/2004 HS5N1
A/Ck/Thailand/73/2004 HSN,
A/Gs/Thailand/75/2004 H5N
A/Dk/Thailand/71.1/2004 H
A/Qa/Thailand/57/2004 HSN.
A/Thailand/5 KK-494 /2004
A/leopard/Suphanburi/Thai.

OOMRDYLGTFDTV) ITKLL!
OOMRDVLGTFDTVO I TKLL
OOMRDVLGTFDTV) I IKLL!
OOMRDVLGTFDTVO I TKLL
OOMRDVLGTFDTVO I TKLL
OOMRDVLGTFDTVOITKLL!

OOMRDYLGTFDTVOIIKLL
OOMRDYLGTFDTVQIIKLL
OOMRDYLGTFDTVQIIKLL
OOMRDYLGTFDTVQIIKLL

OOMRDVLGTFDTVOIIKLL

FAARA
FAARA
FARA
FAARA
FAARA
FAARAI

FAAAP

FAARA!
FAARA!
FAARA!
FAARA!

630 640
EQSRMOFSSLTVNVRGSGHMR!
EQSRMOFSSLTVNVRGSGHMR!
EQSRMOFSSLTVNVRGSGHE.
EQSRMOFSSLTVNVRGSGHMR!
EQSRMOFSSLTVNVRGSGHMR!
EQSRMOFSSLTVNVRGSGHMR!
EQSRMOFSSLTYNVRGSGHMR.
EQSRMOFSSLTVNVRGSGHMR!
EQSRMOFSSLTVNVRGSGHMR!
KOSRMOFSSLTVNVRGSGHMR!
KOSRLOFSSLTVNVRGSGHMR!
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Figure 5.

Figure 5: Alignment of NS 1 gene of HSMN1 isclates from Thailand. The arrow represent amino acid position 92

(E92D).

NS1

=i
=

NS 1HongKong®7
HS1HongKong927
CU K2 HS
Tigexr3 HS
Leopard HS
Human Vietnam
ARB1 WS

aal104 HS
AR20 HS

AA1T HS

ARG6 NS

AAR2T WS

AR13 HS

AALlG HS

anls WS

AA2D HS

ARZ25 WS

AR1O HS

AR26 HS

AL?1 HS

AAll HS

ART7 WS

ARS NS

AR2 NS

amino acid alignment

70 80 20 100

IVERILEEESDEALKMTIASVIAI'RYLT)

IVERILEEESDEALKM---—--F ASRYLTEMTLEEMSRDWI
IVERILEEESDKALKM-——-—-- ASRYLTERITLEEMSRDWI
IVERILEEESDEALKM—---- FASRYLTERMTLEEMSRDWI
IVERILEEESDKALEKM-——-~-~- ASRYLTERMTLEEMSRDW
IVERILEEESDKALKM----- ASRYLTEMTLEEMSRDUW
IVERILEEESDEKALKM-——--—- PASRYLTERMTLEEMSREDWI
IVERILEEESDKALKM~=~-=— PASRYLTEMTLEEMSRDWI
IVERILEEESDKALKM-———-—— ASRYLTEMTLEEMSRDWI
IVERILEEESDEALKM----- 'AERYLTEMTLEEMSRDW
IVERILEEESDKALKM----- ASRYLTEMTLEEMSRDW
IVERILEEESDEALKM-—---—- ASRYLTEMTLEEMS REDWI
IVERILEEESDKALKM----- ASRYLTRYMTLEEMSRDWI
IVERILEEESDKALEKM——--—- ASRYLTEMTLEEMSRDWI
IVERILEEESDEALEKM----- PASRYLTEMTLEEMSRDWN
IVERILEEESDKALKM----- ASCYLTY LEEMSRDW
IVERILEEESDEALEM-—---—- ASRYLTEMTLEEMSRDWI
IVERILEEESDKALEKM-—-—--- ASRYLTERMTLEEMSRDWI
IVERILEEESDEKALEKM-——-—- ASRYLTEMTLEEMSRDW
IVERILEEESDKALKM----- PASRYLTEMTLEEMSRDW
IVERILEEESDEALKM----- ASRYLTEMTLEEMSRDW

MVERILEEESDKALEKM-—---— ASRYLTERMTLEEMSRDWI
IVERILEEESDKALKM-=-~-~~- ASRYLTPMTLEEMSRDWI
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