Arch Virol (2007) 152: 1925-1933
DOI 10.1007/s00705-007-1010-5
Printed in The Netherlands

Brief Report

Archives of
Virology

Genetic analysis of influenza A virus (HSN1) derived from domestic cat

and dog in Thailand

A. Amonsin!, T. Songserm?, S. Chutinimitkul’, R. Jam-on?, N. Sae-Heng?, N. Pariyothorn',

S. Payungporn®, A. Theamboonlers’, Y. Poovorawan

! Faculty of Veterinary Science, Chulalongkorn University, Pathumwan, Bangkok, Thailand
2 Faculty of Veterinary Science, Kasetsart University, Kumphaengsaen Campus, Nakorn Pathom, Thailand
3 Faculty of Medicine, Chulalongkorn University, Pathumwan, Bangkok, Thailand

Received 29 January 2007; Accepted 17 May 2007; Published online 18 June 2007

© Springer-Verlag 2007

Summary

Complete genome sequences of HS5NI viruses
derived from a domestic cat “A/Cat/Thailand/
KU-02/04” and dog “A/Dog/Thailand/KU-08/04"
were comprehensively analyzed and compared with
H5N1 isolates obtained during the 2004 and 2005
outbreaks. Phylogenetic analysis of both cat and
dog viruses revealed that they are closely related
to the H5N1 viruses recovered from avian influenza
outbreaks of the same period. Genetic analysis of
8 viral gene segments showed some evidence of
virulence in mammalian species. In summary, the
H5N1 viruses that infected a domestic cat and dog
are highly pathogenic avian influenza viruses that
are virulent in mammalian species, potentially indi-
cating transmission of H5N1 viruses from domestic
animals to humans.
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*

Highly pathogenic avian influenza (HPAI) (HSN1)
causes fatal disease in many avian species and hu-
mans. In Thailand, Al outbreaks have occurred in
the form of four major outbreaks between 2004
and 2006. In the course of these outbreaks, the in-
fections affected many avian species and humans.
Moreover, some mammalian species including a
tiger, a leopard, a dog and a cat were also diagnosed
with HPAI (H5N1) infection [1, 6, 16, 17].

HPAI infection in a domestic cat was first re-
ported in early 2004, the first episode of Al out-
break in Thailand. The cat showed clinical signs of
high fever, panting, depression and convulsions with
sudden death. HPAI (H5NT1) infection was con-
firmed by immunohistochemistry and virus isolation
from animal tissues as well as multiplex RT-PCR to
confirm the H5 and N1 serotype of the virus. The
animal had a history of eating a pigeon carcass in
the same area as the Al outbreak [16].

In October 2004, the second episode of Al
outbreak, the first evidence of HPAI infection in
domestic dogs in Thailand was reported. Based
on owner information, the animal ate a duck car-
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cass in the Al-affected area before developing the
disease. HPAI infection in the domestic dog was
confirmed by immunohistochemistry and multiplex
RT-PCR [17].

The reports of HPAI (HS5N1) infection in a
domestic cat and dog have demonstrated that the
HS5NT1 viruses circulating in Thailand are not only
lethal to poultry, humans and tigers but also extend
to some domestic animals including dogs and cats.
This finding reinforces the necessity of HSN1 pre-
vention and control of HSNI1 infection in animals
with close contact to humans.

In the present study, we have compared the com-
plete genomes of two H5N1 viruses derived from a
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cat “A/Cat/Thailand/KU-02/04 (Cat-KU-02)” and
a dog “A/Dog/Thailand/KU-08/04 (Dog-KU-08)”.
The viruses were comprehensively characterized
and compared with H5N1 isolates obtained from
chicken, duck, tiger, leopard and human in Thailand
during the 2004 and 2005 outbreaks. The viruses
were also compared to HSN1 isolates from several
countries in Asia, Europe and Africa including China,
Indonesia, Vietnam, Malaysia, Mongolia, Japan,
Russia, Nigeria, Italy and Germany to determine
genetic relatedness, genetic differences and possible
virulence determinants among H5N1 isolates.

Both H5N1 viruses (Cat-KU-02 and Dog-KU-08)
were obtained from cat and dog carcasses. The cat
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Fig. 1. Phylogenetic analysis of A:
hemagglutinin (HA) and B: neu-
roaminidase (NA) gene of A/Cat/
Thailand/KU-02/04 and A/Dog/
Thailand /KU-08/04 viruses
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H5NI1 isolate (Cat-KU-02) was obtained from the
lung of a dead domestic cat in Suphanburi province,
Thailand. The dog H5N1 isolate (Dog-KU-08) was
isolated from the lung of a mixed-breed dog in
the same province. The viruses were isolated by
embryonated egg inoculation [11]. Viral RNA was
extracted from H5N1-infected allantoic fluid using
the RNeasy mini kit (Qiagen, GmbH, Germany).
Reverse transcription was performed with a uni-
versal primer (Promega, Madison, WI) to generate
cDNA. HS5SNI1 virus identification was accom-
plished by multiplex RT-PCR aimed at the matrix
(M), hemagglutinin (HA) and neuraminidase (NA)
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Fig. 1 (continued)

genes [12]. Both cat and dog isolates were charac-
terized as H5N1 subtypes by multiplex RT-PCR,
which yielded 276-, 189- and 131-bp PCR products
of the M, H5 and N1 genes, respectively.

The complete genomes of the viruses were
sequenced as previously described [19]. In brief,
PCR products of each gene segment were gener-
ated by RT-PCR with primers specific for each
gene. The PCR products were purified using the
Perfectprep Gel Cleanup Kit (Eppendorf, Hamburg,
Germany). DNA sequencing was carried out using
a Big Dye Terminator V.3.0 Cycle Sequencing
Ready Reaction (ABI, Foster City, CA) with an



A. Amonsin et al.

1928

- - - - - 1 S S ¥4 0 Vv I (VN D 0O O/ODuyydan 90/ EMANVYN-L0Z/bea1/v
L H Vv 4 uonaap BB (T 1 S S A 0O v 1 (VNQ) D O O/WMDINYEd  90/0c8/brir/1e) onsowoq/v
_ 50/ ¢/eriosuo
L H Vv 4 UOIIAP BB (T 1 S S q 0O Vv I (VN 9] O O/TDIYY¥ED Juems sadooym/v
B S0/1-2-50 15V
L H V 4  uomppeegr 1 S s 4 0 Vv I WNO D 0O O/WINayddn /ueyyensy /1o[o snusL)/v
L H Vv 4 uona[ap ee (07 1 S S 4 O Vv I (VNQ) D O D/ILIIYYIED 90/ 119/ eL_SIN/ UMD/ V
L H Vv 4 uona[ap ve (7 1 S S A 0O v 1 (VaN) s} 0  D/DDIYYIED 90/ L/A1ea/ 010 snusLy/v
B 60/1/1eysui))
L H Vv 4 uonaap BB (T 1 S S 4 O Vv 1 (VNN) D 0 D/WDIIA¥ID /95003 E%E%s\m\ \'%
S0/+09
L H Vv 4 uonaap BB (T 1 1 S S 0 Vv v (VNQ) D 0 O/ DINYyad /1xSueng /eury)/ S%E\u\ %
S0/SLS
L H Vv 4 uonsap BB (T 1 1 S S 0 Vv v (YNQ) 9] 0 O/ DIuYyad /xSuenp /eury) /[rend)/ v
Y0/ AIRA L
L H Vv d uonsap BB (T 1 S S b O VvV Vv (VSN) D 0 O/DDYIYAY /e1sauopuy/uayory)/ v
L H Vv d uona[ap ee 07 1 S S bl 0 vV v (VSN) D 0 O/ DDIYYad ¥0/SIN/®1souopul/yong/ v
\'% H Vv 1 uona[ap B (T 1 1 S bl 0 A \% LSN 9] 0 O/ DIuYyad ¥0/60€9/®IsAR[RIN/[reND/ v
\% H v 1 uona[ap ee (07 1 1 S X 0 AV ISN D O O/ODINN¥dd  +0/858S/eiskRRN/uaoly)/ v
L H Vv 4 uona[ap BB (T 1 1 S | 0 A \% LSN o) 0 O/ TDIuYyad $0/8SD/WewIA /uaxIIyD/ v
L H Vv 4 uona[ap e 07 1 1 S IS 0 AV ISN D O 9/ Diydyay ¥0/790€/wreuRIA/ vV
L H Vv 4 uona[ap BB (T T A S M 0O v d ISN O 0 O/ oDiymiad S0/S91-3IN/pueIrey /v
_ $0/091-3D/puelreyL,
L H Vv 4 uona[ap BB (T 1 1 S M O A V¥ ISN O 0 O/ DDnsIad /HnqeuryouRy] /U, V
¥0/€2-ND/pueieyL
\% H Vv 1 uonsap BB (T 1 1 S S 0 A \% LSN D 0 O/ TDIuYyad /efeynniy /usyomD /v
¥0/T31-ND/puereyL
L H Vv 4 uona[ap B (T 1 1 S X O AV ISN O 0 D/O&Diuyydd /woIed-WoNeN /uao)/ v
L H Vv 4 uona[ep B (7 1 1 S bl O A v LSN o) 0 D/ TDINYYad v0/(€¢-dS)z/puerreql/ /v
\'% H 1 1 uonsap BB (T 1 1 S bl 0 A \% LSN 19) 0 O/ TDIuYyad ¥0/LL-ND/pueley]/10811/v
\'% H 1 1 uons[ep ee (7 1 1 S | O A v LSN 9] 0 O/ Yyad ¥0/€1-ND/pue[reyL/19811/v
L H Vv 4 uona[ap B (T 1 1 S X O AV ISN O 0 D/O&iDiuyydd ¥0/1-1L/pue[reyL/19811/ v
L H Vv 4 uona[ep B (7 1 1 S bl O A v LSN o) O  O/IIMUAIAT  +0/1-0971/puereyL/predodT/v
A4 H L 1 uondap ve (7 1 1 S bl O A A ISN o) 0 O/TDIIday £0/80-N>1/PpuerreyL/Soq/v
L H Vv 4 uona[ap Be ()7 1 1 S bl O A v LSN o) 0 O/ DINYyad ¥0/20-N31/puerreqL/1ed/v
L H Vv 4 uons[ep oN 1 S S A H V v (VSN) 9] 0 O/INYdday 96/1/3uop3ueny /os00n /v

TEE LPLT 6L YL SLT 6Tl ¥l Ovl  8EI 98 €8 9S1-¥S1  ¥T¢  TTT 0£€—€T€

s s soouanbas

Surpurq g o)s  uone[Asook[3 Surpuiq opndad

pIoB ourury  UoI3aI y[el1s YN 10)dooay V Q)s ouadnuy  omuadnuy poyUI[-N 10)doooy 3unosuuo)

VN VH
EEliceTy) STUIA

sasnIIA $0/80-N3/Pueliey/30d/v pue +0/c0-N3/puelreyr/1e)/v jo surajoid paonpap a2y Jo soouonbaes proe ourwe dy) Jo SISA[eUR O1OUAD °T e



1929

Influenza (H5N1) in cat and dog

“19pIo Funpqunu gN Aq paIedIpul sem f/7 UONISOd

1 S bl A bl ASISH a sok 1 A q q S S A A 1 60/ ¢/e1103uoy /uems xodooypm /v
S0/1-2-60 18V
1 S bl A bl AMdA a sak 1 A q a1 S S v A 1 /ueyyensy /io[o snu3L)/v
1 S bl v bl AIsT a sak T A q q S S VvV A 1 90/ 1+9/BHASIN/UNOID/V
1 S S \% bl AsE a ssk 7 A 7 4 S S Vv A 1 90/T¥L/ A1/ 1010 snusL)/v
1 S bl v bl AdSHE  a sak T A 9 Vv S S V. A T $0/1/reysuId)/9s008 papesy-youid/v
1 S S \% q AsE a ssk 17 A A 4 S S Vv I 1 §0/+09/1X8ueny /euny) /UYOND) /v
1 S bl v q AdSHE  a sak T A 1 Vv S S vV A 1 S0/sLS/x3uenn /eury) /[rend/ v
1 S bl v q [Esda  d sok T A 4 Vv S S V. A 1 ¥0/ AI-}AQd/ Bisauopul /udyoyD/ v
1 S bl v q [Asa  d sak T A 1 Vv S S vV A 1 ¥0/SIN/®issuopu] /yonq/ v
1 S bl \% q AdSE a 9k 17 A 4 V V N V A I ¥0/60€9/eIsARIeIN/11eND/ v
1 S bl v q AdSH  a ok T A 9 VvV VvV N V V I #0/858S/PISAR[RIN/ UMD/ V
1 S S \% q AdSE  a 9k 17 A 4 V V N V A 1 £0/86D/WeUIRIA /usyoIy) /v
1 S bl \'% bl AdsE  a EEN 1 A 9 V VvV N V A I $0/790¢/wreuaIn/ v
1 S bl \'% bl AdSE  a 9k 17 A 4 V V N V A I S0/S9T-3IN/puerey1/v
S0/091-3D/Ppuerrey],
1 S bl v q AdSH a sok 1 A a1 % v N v A I /unqeueyouey] /uayoy)/v
¥0/€2-ND/Puerreyl,
1 S bl v q AdGSE N ok T A 4 Vv VvV N V A I [eAeynniy /usyonyy/v
$0/T-ND/pueiieyL
1 S bl v q AdSH a sok 1 A q v v N v A I /woyied-UIoNeN /Uy v
1 S bl v bl AdSH  a ok T A 4 VvV Vv N V A I v0/(€€-dS)z/puerreql/v
1 S | v D AdSE a 9k 1 A 9 VvV VvV N V A 1 ¥0/L1-ND/puelrey]/10811/v
1 S bl \% bl Adsd a 6 1 A 4 V V N V A I ¥0/€1-ND/puereyl/19811/v
1 S bl v q AdSTE  d 3k T A 49 VvV VvV N V A I $0/1-1L/pue[ieyL/1081L/ vV
1 S bl v bl AdSH  a ok T A 4 VvV Vv N V A 1 ¥0/1-0977/puefreyy,/predos/v
1 S bl v bl AdSTE  a ok T A 4 VvV VvV N V A I ¥0/80-N31/puerreyL/3oaq/v
1 S bl A4 bl AdST a ok T A 4 VvV Vv N V A I ¥0/20-N31/puelieyl/ed/v
W S bl A q AdSH a ou 1 A q q S S v A 1 96/1/3uop3uenn /95000 /v

9¢1  60F  TOL 199 LT  [PUIWISIO 6 ¥8—08 SS 8 91 99 ¥9 1€ 0€ LT 92

ONSLIA)ORIBYD
JURUIULINAP JUBUIULIANOP uonaap AYI[-UBIAR

QOUDNIIA QOUNIIA proe-ourwe-g /uewinyg SPIOE OUIWE JUB)SISAI-OUIpLIUBWY

AN Vd zad ISN N
liklg) SOIIA




1930

ABI-Prism 310 Genetic Analyzer (Perkin Elmer,
Norwalk, CT). The sequences were edited and
assembled using Bioedit 5.0.9 (Ibis Therapeutics,
Carlsbad, CA). Phylogenetic analyses and genet-
ic comparison were performed by the Molecular
Evolutionary Genetics Analysis (MEGA) version
3.1 program. The nucleotide sequences of 8 gene
segments of both cat and dog viruses were sub-
mitted to GenBank under accession numbers Cat-
KU-02 (DQ236077-DQ236084) and Dog-KU-08
(DQ530170-DQ530177).

Phylogenetic analysis of all genes of H5N1 vi-
ruses from cat and dog showed that both viruses
clustered into the Thailand and Vietnam lineage.
This lineage includes the H5NI1 isolates from
2004 to 2005 from Thailand, Vietnam, and Malaysia.
On the other hand, the HS5N1 viruses from
Indonesia (2003—2004) and China (2003-2005) as
well as the HSN1 viruses from Europe and Africa
(2005-2006) were grouped into a separate lineage
of HSN1 genotype Z. Phylogenetic analysis of the
HA gene (Fig. 1A) showed that the H5N1 virus
from the cat (KU-02) was part of the early 2004
sub-lineage. In addition, the dog HS5NI isolate
(KU-08) was closely related to the tiger H5N1
viruses (CU-T3 and CU-T7) obtained during the
same period of Al outbreak in October 2004. It
is noteworthy that the 2005 viruses isolated from
chickens (CK-160, CK-162), quail (QA-161) and hu-
man (NK-165) belonged to a separate sub-lineage,
indicating the viruses’ continuous evolution in
Thailand. The H5N1 isolates from Indonesia and
South China (Shantou, Guangxi, Hunan, and Fujian)
were grouped into separate lineages, Indonesia and
South China, respectively. The recent 2005-2006
HS5N1 isolates from West China (Qinghai), East Asia
(Iran, Iraq and Mongolia), Europe (Russia, Italy,
Germany and Czech Republic) and Africa (Egypt
and Nigeria) clustered into yet another separate
group (West China, Europe and Africa). It is note-
worthy that HSN1 from a domestic cat in Iraq was
also part of this lineage, which represents a group
separate from that of H5N1 isolated from the cat in
Thailand. Phylogenetic analysis of the HA gene led
us to conclude that the HA gene of the viruses
in Asia, Europe and Africa originated from one
common ancestor, the “A/goose/Guangdong/96-

A. Amonsin et al.

lineage”. This conclusion has been documented in
additional publications [2].

Phylogenetic analysis of the NA gene (Fig. 1B)
produced a result similar to the HA gene analysis in
that the cat (KU-02) and dog (KU-08) viruses clus-
tered into the Vietnam lineage. In addition, the 2005
HS5NI1 viruses from Thailand also clustered into the
Vietnam sub-lineage, indicating genetic drift of the
viruses. The H5N1 viruses from Indonesia, West
China, Europe and Africa also clustered into sepa-
rate lineages, clusters identical to those detected by
HA gene analysis. Phylogenetic analyses of the M,
NP, NS, PA, PB1, and PB2 genes of both cat and dog
isolates also yielded results similar to those arrived
at by HA and NA gene analysis (data not shown). In
general, phylogenetic analysis of all gene segments
indicated that the cat and dog viruses were closely
related to tiger and chicken H5N1 viruses isolated
during the same period of Al outbreaks. Moreover, it
also demonstrated that cat and dog viruses were of
avian origin and thus produced additional evidence
for viruses of avian origin infecting several mamma-
lian species, e.g. tiger, leopard, dog, cat and human.

The results obtained from genetic analysis of
all 8 gene segments of the cat and dog viruses in
comparison with other HSN1 viruses are shown in
Table 1. The deduced amino acid sequences of
the HA gene were aligned and compared in order
to monitor genetic differences between the viruses.
The HA connective peptide sequences (position
323-330) of cat and dog viruses contain multiple
basic amino acids (RERRRKKR/G), similar to the
2004 H5NI1 isolates from tigers, chickens, ducks
and humans in Thailand, Vietnam, Malaysia and
Indonesia. However, the 2005 H5N1 isolates from
Thailand (CK-160, QA-161, CK-162, NK-165)
harbor different basic amino acids (Arginine (R)
to Lysine (K)) at position —6 of the HA cleavage
site (REKRRKKR/G). The H5N1 isolates from
West China (Qinghai), Europe and Africa con-
tain different basic amino acids at position —8
(GERRRKKR/G ), whereas most of the H5NT1 iso-
lates from South-East China contain multiple basic
amino acids similar to the 2004 Thailand isolates
(RERRRKKR/G) (Table 1). It is noteworthy that
the cat and human HS5NI1 isolates from Iraq
(A/Domestic cat/Iraq/820/06 and A/Iraq/207-
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NAMRU3/06) displayed the same amino acids
at the connecting peptide sequences as the West
China (Qinghai), Europe and Africa groups,
(GERRRKKR/G). By definition, the presence of
multiple basic amino acids is characteristic of HPAL
These multiple basic amino acids located adjacent
to the HA cleavage site are known to be related to
high virulence of the H5N1 viruses due to efficient
cleavage by intracellular proteases [5].

In the present study, the receptor-binding site at
amino acid positions 222 and 224 of the HA gene
of cat and dog isolates as well as all other H5N1
isolates displayed glutamine (Q-222) and glycine
(G-224), indicating that the receptor-binding site is
specific for the avian receptor, SA-o-2, 3-Gal. A pre-
vious study demonstrated that HSN1 virus preferably
binds to the lower respiratory tract of human and cat,
which is abundant in type II pneumocytes [18].
Among the more than 100 HS5N1 isolates our labora-
tory has been monitoring, there is no evidence of
genetic mutation at the receptor-binding site (data
not shown). It is important to monitor this receptor-
binding site, since amino acid residue changes at
the receptor-binding pocket may indicate increased
virulence of HSN1 viruses for mammalian species.

At least seven potential glycosylation sites were
identified in the HA1 protein of both cat (KU-02)
and dog (KU-08) viruses, similar to the glycosyla-
tion sites found in tiger and human viruses. The
glycosylation sites are located at positions 10-12,
11-13, 22-24, 154-156, 165-167, 193-195, and
286-288 (data not shown). In our study, the most
variable glycosylation site is located at positions
154—-156 (Table 1). All HSN1 viruses from Thailand,
Vietnam and Malaysia contained amino acid resi-
dues suitable for glycosylation (NST). This glyco-
sylation site (154-156) was also found in a few
isolates from Indonesia. Interestingly, most isolates
from China, Europe and Africa do not contain a
glycosylation site at this position. Some studies
reported that a glycosylation site adjacent to the
receptor binding sites may help augment viral
infectivity in mammalian cells [9]. Absence of gly-
cosylation at position 154—156 of H5N1 isolates
from West China, Europe and Africa might be
one of the virulence factors pertaining to low inci-
dence of human cases in those particular regions.
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We further investigated 7 amino acid residues
in HA which are under positive selection pressure
(five residues at the antigenic sites A and E (posi-
tions 83, 86, 138, 140, 141) and two residues at the
receptor-binding site (positions 129, 175) [15]. Our
result showed that the cat and dog isolates con-
tained 7 amino acid residues similar to H5NT1 iso-
lates from tigers, chickens and humans in Thailand
and Vietnam (Table 1). Only one human H5NI1
isolate (NK-165) contained amino acid residues at
positions 83 (P), 86 (A) and 129 (V) that were dis-
tinct from those of other Thai H5N1 viruses.

Genetic analysis of the NA gene of the cat and dog
viruses showed a 20-amino-acid deletion at positions
49-68 of the NA stalk. This finding had been re-
ported for the NA stalk region of all HSN1 isolates
during 2003-2006. However, this deletion was not
observed in an HS5NI1 isolate from China in 1996
(A/Goose/Guangdong/1/96). The deletion in the
NA stalk region has been thought to correlate with
an adaptation of H5N1 viruses aimed at efficiently
infecting land-based avian species [9]. It is note-
worthy that 3 amino acids at the variable positions
74, 79 and 332 of the NA gene of the cat isolates
(early 2004 outbreak) were different from those of
dog, tiger (CU-T3 and CU-T7) and chicken (CU-23)
viruses isolated during the late 2004 outbreak. In the
present study, we also analyzed oseltamivir resis-
tance due to a single amino acid substitution from
histidine (H) to tyrosine (Y) at position 274 of the
neuraminidase active site [8]. Both H5SN1 viruses iso-
lated from cat (KU-02) and dog (KU-08) contained
histidine at position 274, which implied that these
viruses were sensitive to oseltamivir treatment.

Amino acid alignment of the non-structural (NS)
protein of cat and dog H5N1 viruses showed five
amino acid deletions at positions 80—84 of the NS1
protein. This deletion within the NS1 protein had
previously been reported in tigers, humans and
avian species during the 2004-2006 Al outbreaks
but had not been found in HSN1 viruses recovered
prior to 2000 [20]. Moreover, the amino acid at
position 92 of the NS1 protein of HSN1 viruses
from cat and dog was aspartic acid (D), which had
been previously identified in all 2003-2006 H5N1
viruses, except for one chicken isolate (CU-23)
(Table 1). The mutation of D92 to E92 is related
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to H5N1 virulence in mammalian species [13].
However, in this study, we did not find this viru-
lence determinant (E92) in the NS1 protein of cat
and dog H5N1 viruses and neither had we found it
in tiger and human viruses from previous studies.
Another virulence determinant for HSN1 virus in
mammals is the carboxy-terminus of the NS1 pro-
tein [7, 10]. In this study, the cat and dog viruses
contained the PDZ binding sequence motif (ESEV)
(Glu-Ser-Glu-Val) at the C-terminal of the NS1 pro-
tein similar to the majority of H5NI1 isolates from
avian species. A previous study reported that the
presence of a functional carboxy-terminal PDZ-
binding domain (ESEV/EPEV) may correlate with
H5N1 virulence in mammals [10].

We aligned the deduced amino acids of the M2
protein in order to identify amantadine-resistant
amino acids and characterize the viruses as avian-
or human-related. The cat and dog H5N1 viruses
displayed an amino acid mutation from serine to
asparagine at position 31 (Ser31Asn) of the M2
protein, indicating amantadine resistance. This mu-
tation was predominantly observed in HSN1 viruses
from Thailand, Vietnam and Malaysia, whereas
some isolates from Indonesia, China and Europe
contain serine (S), indicating amantadine sensitiv-
ity. In addition, we screened for amino acid substi-
tutions at positions Leu26lle, Val27Ala/Val27lle,
Ala30Ser, and Ser31Asn, which are related to aman-
tadine resistance [3]. We found that the cat and dog
isolates as well as all Thailand and Vietnam isolates
contained two amino acid substitutions at Leu26lle
and Ser31Asn, whereas Val27Ala and Ala30Ser
were not detected. Thus, our study has supported
the previous finding of a high frequency of dual
amantadine resistance mutations at positions 26
and 31 (Leu26lle- Ser31Asn) in HSN1 isolates from
Thailand and Vietnam [3]. Furthermore, the M2
protein of cat and dog viruses harbors one human-
(Val28) and two avian-related (Glul6 and Leu55)
amino acids, indicating a mixed human-/avian-
relatedness of the viruses.

Three polymerase genes encode the polymerase
proteins (PA, PB1 and PB2), which are associated
with viral replication by copying genomic RNAs
into viral mRNAs. Genetic analysis of the PB2 pro-
tein revealed that the cat and dog viruses as well as
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those isolated from tigers and humans in Thailand
contained lysine (K) at position 627. In contrast,
H5N1 viruses isolated from avian species in
Thailand contain glutamic acid (E). Those H5N1
viruses derived from western China, Europe and
Africa contained Lys627. The presence of lysine
at position 627 of the PB2 protein has been asso-
ciated with an adaptation of H5SN1 viruses facilitat-
ing virulence in mammalian species [14].

HS5NI1 infection of a domestic cat and dog investi-
gated in this study indicated that the HSN1 of avian
origin can cause fatal infection in mammals with
close contact to humans. Even though H5NT1 infec-
tions were rare in domestic animals, regular monitor-
ing of H5Nlinfection in domestic animals should be
implemented in order to prevent transmission to
humans [4]. Phylogenetic analysis of both cat and
dog viruses revealed that the viruses are closely
related to HSN1 recovered from Al outbreaks during
the same period. Genetic analysis of 8 virus gene
segments showed some evidence of virulence in
mammalian species as previously discovered in
HS5NT1 isolates from a tiger, leopard and human.
In conclusion, the HSN1 viruses infecting domestic
cats and dogs are highly pathogenic avian influenza
viruses with properties that render them virulent in
mammalian species, indicating potential H5N1
transmission from domestic animals to humans.
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