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Abstract An outbreak of highly pathogenic avian influ-
enza A (H5N1) virus in poultry was reported from
Nandurbar and Jalgaon districts of Maharashtra and
adjoining areas of Uchhal in Gujarat and Burhanpur in
Madhya Pradesh in India from January to April, 2006. In
the present study, the full genome of two previously
uncharacterized strains of H5N1 viruses isolated at the
National Institute of Virology (NIV), Pune, from post-
mortem tissues of chicken collected from Navapur,
Nandurbar district during the outbreak, has been presented.
All the genes belong to clade 2.2 of the Z genotype and
are close to the 2006 isolates from Iran, Afghanistan,
Mongolia, Italy, and Krasnodar. In a study reported earlier,
based on the partial gene sequences of HA, the authors
(Pattnaik et al.) hypothesized that the viruses in Jalgaon
and Navapur, causing outbreaks 12 days apart, were
introduced at different times from different sources.
However, our Navapur isolates are closer to the isolate
reported from Jalgaon than that from Navapur. Molecular
markers suggest that the isolates are sensitive to both drugs
Oseltamivir and Amantadine. Amino acid residues
responsible for pathogenesis, glycosylation, and receptor
binding have also been discussed. The relationship between
the Indian viruses and those in the East Africa/West-Asia
flyway of migratory birds and the position of Nandurbar in
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this route suggests that the viruses in India may have been
introduced through migratory birds although the role of
trade as a possible route of introduction of the virus cannot
be ruled out.
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Introduction

Outbreaks of notifiable highly pathogenic avian influenza
A (H5N1) viruses in poultry, geese, and other birds or
animals have been reported from over 50 countries from
Asia, the Middle East, Europe, and Africa. The virus has
become endemic in many countries of Central and South-
east Asia.

The H5NI1 virus was initially isolated from geese in the
Guangdong province of China in 1996 [1]. A series of
genetic reassortment events traceable to the precursor of
the HS5N1 viruses that caused the initial human outbreak in
Hong Kong in 1997 and subsequent avian outbreaks in
2001 and 2002 gave rise to a dominant HSN1 genotype (Z)
in chickens and ducks that was responsible for the regional
outbreaks in 2003-2004 in China and East Asia [2]. Since
2003, the virus has expanded its geographical range to
affect poultry in East and Southeast Asia. A new trans-
mission and outbreak wave was initiated after the HSN1
outbreak in migratory waterfowls at Qinghai Lake in May
2005 [3]. The virus further expanded its geographical dis-
tribution and caused outbreaks in poultry in over 30
countries in Central Asia, the Middle East, Europe, and
Africa [4, 5].

Genetic analysis has confirmed the continued domi-
nance of several lineages of genotype Z viruses in most
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regions of Asia and genotypes Z, X and G in southern
China [6]. A recent study revealed the emergence and
predominance of a previously uncharacterized sublineage,
“Fujian-like” (FJ-like), in poultry in Southern China since
late 2005 [6]. The recognition of multiple sublineages has
made it possible to identify the source and to understand
the evolutionary and transmission pathways of HS5NI1
viruses.

In India, the first outbreak of this virus in poultry was
notified on February 18, 2006 and seven episodes were
recorded from January 27 to April 18, 2006 in the states of
Maharashtra, Gujarat, and Madhya Pradesh. No human
case was reported. India was declared free of the virus in
August 2007. Control measures adopted were stamping out
of the entire poultry population including destruction of
eggs, feed, litter, and other infected material around a
10 km radius surrounding each outbreak location, restric-
tions on movement of poultry, poultry products, and
disinfection of the infected premises [7].

The major outbreaks in Navapur, Nandurbar (first
outbreak), and Jalgaon (second outbreak] districts of
Maharashtra occurred within a span of 12 days with heavy
mortality in affected chicken populations. Pattnaik et al.
[8], based upon partial nucleotide sequences in the HA1
and HA2 regions of the Hemagglutination (HA) gene of
one isolate each from both the outbreaks, reported that
though both the sequences clustered together with isolates
from Iran, Italy, Qinghai, etc. representing subclade 2.2
(Qinghai-like), the virus responsible for the second

outbreak had evolved earlier, and both outbreaks were due
to different populations of the viruses introduced at two
different times. On analysis, the two NA sequences avail-
able in the GenBank (accession no. DQ862474,
DQ862475) cluster with the sequences from Thailand,
Vietnam, and Cambodia suggesting presence of clade 1 of
genotype Z virus in Navapur. The occurence of two dif-
ferent types of sequences representing two different
subclades, causing poultry outbreaks in the same region
within such a short span of time has been intriguing.
Therefore, it was considered essential that data on the full
genome should be made available to identify the virus
strains involved in the outbreaks and to understand the
probable source of infection.

In this article we report the complete genome analysis of
the two isolates of HSN1 from Navapur, Nandurbar district,
Maharashtra, India.

Materials and method

The HS5NI1 avian influenza outbreaks in India, during
January—April, 2006, involved commercial poultry in
Navapur, Nandurbar district and backyard poultry in five
blocks of Jalgaon district in Maharashtra, commercial
poultry in Uchhal, Surat district, Gujarat and Ichhapur,
Burhanpur district of Madhya Pradesh. All the affected
areas are part of the Tapti River basin and are connected by
National and State highways (Fig. 1). The first outbreak
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Fig. 1 Map showing the regions of H5SN1 outbreak reports (marked in red) in the states of Maharashtra, Gujarat, and Madhya Pradesh in India
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was reported in Navapur and Uchhal from January end to
mid-February and the second outbreak was in Jalgaon and
Ichhapur from February end to mid-April.

Isolation of virus

Post-mortem chicken tissue samples were collected from
two separate farms in Navapur during the first outbreak
(early February) in 2006 and stored at —80°C for 8 months
before processing. The samples were processed separately
according to World Health Organization (WHO) recom-
mendations [9]. Specific-pathogen-free embryonated White
Leghorn chicken eggs (SPF eggs) and the Madin Darby
Canine Kidney cell line (MDCK) were used for isolation.
The isolates were also grown in MDCK without crystalline
trypsin [9]. A QuickVue rapid test (Quidel, USA) was
carried out with the culture supernatants as an initial rapid
diagnostic test. All samples were processed in the enhanced
Biosafety level three laboratories.

Identification

Hemagglutination and Hemagglutination inhibition (HAI)
tests were performed as described by Kendal et al. [10].
Red blood cells (RBC) from both guinea pig and fowl
(0.75% and 0.5% RBC, respectively) were used for the HA
test, while only guinea pig RBCs were used for the HAI
test. The reference antisera for influenza A/ HSN1, H5N2,
HON2, H7N3, and Newcastle disease virus (NDV) were
obtained from the OIE reference laboratory (Venice,
Italy).

Viral RNA was extracted using the RNAeasy Viral
RNA Mini kit (QIAGEN, Germany). A One-Step reverse
transcription-Polymerase  Chain  Reaction (RT-PCR)
(QIAGEN, Germany) was carried out to detect the H5 and
N1 specific fragments [11].

Whole genome sequencing

cDNA was prepared from extracted viral RNA using the
Uni 12 primer and the eight gene segments (polymerases
PB2, PB1, and PA; Hemagglutinin HA, Nucleoprotein NP,
Neuraminidase NA, Matrix M, and Nonstructural NS) were
amplified using the high fidelity expand HiFi PCR system
(Roche, Germany) [12]. PCR products were purified using
QIAquick PCR purification and gel extraction Kits
(QIAGEN, Germany) and sequenced using the Big Dye
terminator cycle-sequencing kit (Applied Biosystems, CA,
USA) and an automated sequencer (ABI Prism 3130 XL
Genetic Analyzer, Applied Biosystems).

Sequence and phylogenetic analyses

Sequences of H5N1 viruses, currently circulating in Asia,
Europe and Africa and representative of the various clades
of the Z genotype were selected from the Genbank and Los
Alamos Influenza Sequence Databases for the phylogenetic
analyses. Clades were classified according to the WHO
nomenclature [13]. Except for the partial HA sequences of
the isolates from Navapur and Jalgaon reported earlier [8]
only complete genes were included. For the HA gene,
eleven sequences of the 2004-06 isolates from Vietnam,
Thailand and Cambodia representing Clade 1, six sequen-
ces of the 2004-06 isolates from Indonesia representing
Clade 2.1, twenty two sequences of 2005-06 isolates from
Asia (Qinghai, Jiangxi, Mongolia, Afghanistan, Iran,
India), Europe (Germany, Italy, Turkey), Africa (Nigeria,
Egypt, Sudan), Eurasia (Russia-Astrakhan, Krasnoozerka,
Novosibirsk, Krasnodar, Kurgan) representing Clade 2.2
and sixteen sequences of the 2004-06 FJ-like and mixed
Vietnam isolates [6] representing Clade 2.3 were used.
Data sets for the NA gene consisted of five, six, nineteen
and nine sequences; for PA nine, six, seventeen and five,
for PBI six, four, eighteen and six, for PB2 eight, six,
eighteen and six, for NP eight, four, twenty and five, for M
ten, five, nineteen and seven and for NS ten, five, twenty
and eight sequences representing Clade 1, 2.1, 2.2 and 2.3
respectively, from the same geographical regions were
used.

Multiple nucleotide and amino acid sequence align-
ments for all eight gene segments were performed using
Clustalx version 1.83 [14]. MEGA version 3.1 [15] was
used for the construction of neighbor-joining phylogenetic
trees using the Kimura 2-parameter distance model with
1000 bootstrap replicates. The topology of the trees con-
structed were confirmed by using the heuristic search
maximum likelihood (ML) approach as implemented in
PAUP* version 4.0b10 [16] using the F84 nucleotide
substitution model and 500 bootstrap replicates. The
Guangdong sequences of 1996 and 1997 (clade 3) were
used as the outgroup. All strains used for calculations have
not been depicted in the trees for the sake of clarity. Gly-
cosylation sites were predicted using the ScanProsite web
server [17].

Results

Isolation and identification

One spleen and one trachea sample, from two different
farms tested positive for the HSN1 virus. Both isolates

showed cytopathic effect (CPE) in the MDCK cell line and
killed SPF eggs. The QuickVue rapid test, performed on
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cell culture supernatants identified these viruses as influ-
enza A/B. The isolates also grew well in MDCK without
crystalline trypsin.

In the HAI test, MDCK and egg isolates showed titers of
1:320 and 1:160, respectively, with the influenza H5N1
immune serum and all had a titer of 1:40 with the HSN2
immune serum. There was no inhibition with antisera
against H7, H9, and NDV. The HS and N1 specific primers
yielded bands of 219 and 616 bp, respectively, by RT-
PCR, suggesting the isolation of HSNI virus.

Sequence and phylogenetic analysis

The complete genomes of MDCK isolates from the spleen
and trachea samples of two different birds, designated
A/Ck/India/NIV33487/06 and A/Ck/India/NIV33491/06,
respectively (subsequently referred to as 33487 and 33491,
respectively), were analyzed in this study. Complete
sequences of all eight segments were obtained. The seg-
ments PB2, PB1, PA, HA, NP, NA, M, and NS were 2341,
2341, 2233, 1779, 1565, 1398, 1027, and 875 nt, respec-
tively. The GenBank accession numbers of the segments of
National Institute of Virology (NIV) isolate 33487 in
the same order are EF362425, EF362424, EF362423,
EF362418, EF362421, EF362420, EF362419, and
EF362422 and of NIV isolate 33491, EF362433,
EF362432, EF362431, EF362426, EF362429, EF362428,
EF362427, and EF362430. All segments in the two isolates
were identical except for one difference (nt 740) in the M
gene. The isolates 33487 and 33491 had A and G nucleo-
tides, respectively, resulting in amino acid residues,
Tyrosine and Alanine at position 239 in the respective M1
proteins. The HA, NA, and M segments of the egg isolates

of the respective viruses were also sequenced and these
were identical to the sequences obtained from MDCK
isolates.

All segments of the NIV isolates clustered within Clade
2.2 of the Z genotype. The percent nucleotide divergence
(PND) of the NIV sequences from other members of clade
2.2 ranged from 0.20 in the M2 gene to 0.84 in the HA1
gene and the percent amino acid divergence (PAD) ranged
from 0.17 in the PB1 to 1.64 in the NS2 gene (Table 1).
The phylogenetic trees obtained for the HA and NA seg-
ments are presented in Fig. 2.

Hemagglutinin

The NIV isolates were closely related to the isolates from
Iran, Mongolia, Krasnodar, Italy, and Afghanistan (Fig 2a).
The highest percent nucleotide identity (PNI) was with the
isolates from Iran, Italy, and Krasnodar (99.70) and highest
percent amino acid identity (PAI) with the isolates from
Iran and Italy (99.82). The HA1 sequence showed 99.8 PNI
with Iran, Mongolia, and Krasnodar; and 100% amino acid
identity with Afghanistan and Mongolia. The HA2
sequence showed 99.7 PNI with the Italy and Krasnodar
sequences and 100% amino acid identity with the Iran,
Afghanistan, and Italy sequences. The PND of the NIV
isolates with other members of clade 2.2 was 0.72 for HA,
0.84 for HA1, and 0.57 for HA2 (Table 1). The PND within
clade 2.2 was 0.6 for HA, 0.69 for HA1 and 0.45 for HA2.

The sequences of isolates from India, Afghanistan, Iran,
Mongolia, Italy, and Krasnodar had a D154N and a N155D
substitutions in the HA1 region while the two 2005 isolates
from Qinghai and Jiangxi had only the D154N substitution
compared to other members of clade 2.2.

Table 1 Percent nucleotide
divergence (PND) and percent

Percentage nucleotide divergence (Percent amino acid divergence) A/Ck/India/NIV33491 versus clades

amino acid divergence (PAD) Gene Length nt (AA) Clade 2.1 Clade 2.2 Clade 2.3 Clade 1

between A/Ck/India/NIV33491/

06 and clades 1,2.1,2.2,and2.3  PB2 2277 (759) 3.73 (1.93) 0.75 (0.60) 2.94 (1.99) 2.70 (1.71)
PBI 2271 (757) 2.62 (0.65) 0.64 (0.17) 2.81 (0.72) 2.42 (0.38)
PA 2148 (716) 2.57 (1.02) 0.59 (0.33) 2.35 (0.75) 2.30 (0.53)
HA 1704 (568) 3.46 (3.33) 0.72 (0.65) 3.38 (3.28) 3.64 (3.39)
HAL* 1017 (339) 3.82 (4.10) 0.84 (0.95) 4.11 (4.73) 4.22 (4.85)
HA2* 687 (229) 2.95 (2.20) 0.57 (0.25) 2.28 (1.11) 228 (1.11)
NP 1494 (498) 2.46 (1.15) 0.69 (0.47) 2.08 (0.81) 2.32 (0.91)

* For only the Navapur and

Jalgaon isolates published by NA 1407 (469) 2.93 (2.82) 0.64 (0.61) 2.92 (2.78) 3.10 (3.67)

[8], partial sequences [HA1L M 982 (-) 2.25 (-) 0.43 (-) 1.68 () 228 ()

S;%gleglstg;f 5?11 nuzleotides . M1 756 (252) 2.21 (1.63) 0.50 (0.29) 1.65 (0.60) 1.95 (1.07)

(266— and HA2 segment o

521 nucleotide (1176-1696)] M2 291 (97) 2.13 (4.34) 0.20 (0.18) 1.42 (1.77) 2.66 (5.58)

were used for the analyses. For NS 849 (=) 4.10 () 0.67 (-) 329 () 3.48 (-)

the rest, the nucleotide and NS1 690 (230) 4.38 (5.63) 0.74 (0.70) 3.63 (4.86) 3.73 (5.29)

amino acids used are indicated g 363 (121) 453 (6.32) 0.80 (1.64) 3.59 (7.01) 3.43 (4.90)

in the table
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Fig. 2 Phylogenetic trees
constructed by the neighbor-
joining method as implemented
in MEGA. Nt 28-1734 of the
HA gene and nt 20-1369 of the
NA gene were used for the
analysis. The lengths of the
horizontal lines are proportional
to the number of nucleotide
differences per site. Scale bar
indicates number of nucleotide
substitutions per site. The trees
are rooted at clade 3.
Abbreviations: Ck, Chicken;
Dk, Duck; Gs, Goose; MDK,
Migratory duck; Md, Mallard;
Tk, Turkey; BGs, Bar headed
goose; Co, Cygnus olor; Cc,
Cygnus cygnus; Sw, Swan; Ws,
Whooper swan
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The multibasic amino acid stretch GERRRKKR (single
letter code), the marker for high pathogenicity, was present
at the cleavage site. Seven potential glycosylation sites,
five in HA1 and two in HA2, were identified and mapped
on the homology model. The mutation T156A in the NIV
strains with respect to Vietnam/04 led to the loss of a
potential glycosylation site N154 in HA1 at the 150 loop
located on the globular tip of the HA. An additional
potential glycosylation site at N543 was noted in HA2.

Of the 14 residues reported to form the receptor-binding
domain in HAI [18], only two mutations KI193R and
R216K were noted in the NIV isolates. All residues critical
for conversion of avian to human receptor specificity,
G225D, S227N, G228S, Q226L, S221P, and R216E were
avian-type in the NIV isolates. S223 A, which is predicted to
facilitate binding of sialosides commonly found in mam-
malian species [13], was not observed in our sequences.

The earlier reported partial sequences from Navapur [8]
differ from the NIV sequences by nine amino acids (S163I,
N168G, Q169G, E170R, L172P, L173P, V210G, K255Q,
and K258Q, wherein in each case the first residue depicts
that in the NIV sequences) in the HA1 region (nt 266—856)
and two (N465D and L517P) in the HA2 region (nt 1176—
1696) and the Jalgaon sequence differs by five amino acids
(F143L, Q169G, L172P, T195A and L269M) in HA1 and
one (C541S) in the HA2 region. These differences result
in a difference of 4.59% and 2.55% with respect to the
Navapur sequences and a 1.16% and 0.58% with respect to
the Jalgaon sequences for the HA1l and HA2 regions,
respectively.

Neuraminidase

The NA phylogenetic tree (Fig. 2b) had a similar topology
as the HA tree. The PND within members of clade 2.2 was
0.70. NIV isolates differed from other members of clade
2.2 by 0.64% (Table 1). The highest PNI was with the Iran
isolate (99.78) and the highest PAI was with the Iran,
Afghanistan, and Qinghai isolates (99.78). There was a
unique mutation V2471 in the NIV sequences compared to
other clade 2.2 isolates. An N228 was observed in the
sequences of isolates from Iran, Italy, Krasnodar, Mongo-
lia, Afghanistan, Germany, Nigeria, Astrakhan, and
Krasnoozerka while other members of clade 2.2 had S228.
N228 was present in the clade 1 NA sequences analyzed.

All five amino acid residues—E119, V149, D151, R156,
and E276—responsible for binding the drug Oseltamivir at
the active site of neuraminidase [19], were conserved. A
homology-based modeled [20, 21] structure of the NA
protein built using the 2.5 A° structure (2HU4) of neur-
aminidase of A/Vietnam/1203/2004 [19] as the template,
showed that the mutation V2471, unique to our isolates,
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was spatially outside the range of possible non-bonded
interactions (data not shown).

The phylogenetic tree (Fig. 2b) showed that the earlier
isolates from Navapur clustered with clade 1 sequences.
There were 14 differences in amino acids between these
and the NIV isolates (3.12 PAD, 2.97 PND).

Polymerases, nucleoprotein, matrix, and nonstructural
proteins

The phylogenetic tree topologies of the remaining six gene
segments were similar to those observed for HA and NA.
The PND/PAD of the NIV isolate with respect to the
various clades are depicted in Table 1.

The mutation A239 of the M1 protein of NIV isolate
33487 was unique compared to the other clade 2.2 isolates.
The NP protein had two mutations, YIOH and N397S,
specific to isolates from India, Afghanistan, Iran, Mongo-
lia, Italy, and Krasnodar in clade 2.2.

Of the 32 host specific amino acid residues [22] in the
PB2, PA, NP, M1, and M2 proteins, 31 residues in the NIV
isolates indicated avian host specificity. One residue, V28,
in the M2 protein suggested human specificity. The amino
acid lysine at position 627 associated with pathogenicity in
humans is present in our PB2 sequences. The NIV
sequences had D and S residues, respectively, in place of
N701 and R714 in PB2, which are implicated in enhancing
polymerase activity; K and N, respectively, in place of PA
N615 and NP K319 that are implicated in moderate
enhancement of polymerase activity [23, 24]. One of the
two PB1 residues, P13 and N678, which were implicated in
dramatic increase in polymerase activity, is present in our
sequences (P13) while position 678 has an S [25]. E92 in
the NS1 protein, implicated in human adaptation, was
present in the NIV isolates [25].

Residues L26, V27, A30, S31, and G34 in the M2
protein, associated with sensitivity to Amantadine [26],
were conserved in NIV isolates.

Discussion

All the eight segments of the two NIV isolates belong to
clade 2.2 of the Z genotype implying that the viruses
belong to the QH-like sublineage, which spread across
Asia, Europe, and Africa during 2005-2006. In the HA
gene, the clade 2.2 strains that we analyzed clustered into
three distinct subgroups, European-Middle Eastern-African
(EMA) 1-3, as has been shown recently by Salzberg et al.
[27]. This subclustering was verified using the ML method,
which resulted in higher bootstrap supports when compared
to that observed when using the neighbor-joining method.
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EMA-1 included 2005 and 2006 isolates from Iraq, Mon-
golia, Turkey, Egypt, Kurgan, and Novosibirsk. EMA-2
included isolates of 2005 and 2006 from Germany, Nigeria,
Astrakhan, and Krasnoozerka, and EMA-3 included the
2006 isolates from India, Afghanistan, Iran, Mongolia,
Italy, and Krasnodar. A fourth subgroup consisting of the
two 2005 isolates from Qinghai and Jiangxi was also
observed, but not assigned any specific name. The EMA-3
subgroup had the D154N and N155D substitutions in the
HATI region while the Qinghai/Jiangxi group had only the
D154N substitution when compared to the other subgroups.
In the NA gene, the Qinghai strain clustered with EMA-2
subclade. Further, both EMA-2 and EMA-3 sequences had
the S228N mutation. It needs to be mentioned that a new
unified nomenclature proposed during the Options for the
control of Influenza V1 held in Toronto in June 2007,
included no further differentiation of clade 2.2 viruses
(http://www.who.int/csr/disease/avian_influenza/guidelines/
nomenclature/en/index.html). In view of this, the evolution
of the emerging patterns within these subclades needs to be
studied with time.

An extra glycosylation site at the 150 loop on HA has
been associated with high pathogenicity of these viruses for
terrestrial domestic poultry, compensating for the reduced
virulence conferred by the 20 amino acid deletion in the
NA gene [28, 29]. It was also suggested that this glyco-
sylation site being adjacent to the receptor-binding and
antigenic sites, is capable of altering the receptor-binding
profile and may also help the virus in evading the host
antibody response [30]. However, all clade 2.2 viruses
analyzed, except the Iran isolate, lack this extra glycosyl-
ation site and still retain high pathogenicity in chicken. The
receptor-binding domains in our isolates appear to be
specific for the avian associated «2-3 linked sialic acid.
However, recent reports of a population of ciliated epi-
thelial cells in the human trachea which carry avian
receptor-like glycoconjugates at lower densities, and
chicken cells which carry human-type sialyl receptors at
low concentrations negate a definite species barrier due to
receptor specificity [31, 32]. A high virus dose at infection
could trigger favorable binding for the development of
disease in humans. Indeed, one of the factors thought to be
important in the human infections in Indonesia recently is
that of exposure to very high doses of the virus.

Residues K627 in PB2, discussed as the single most
important residue for mammalian, and in particular, human
pathogenicity [33, 34] and P13 in the PB1 gene, associated
with increased pathogenicity in mice, are present in the
NIV isolates. The combination of D701, R355, and S714
residues in the PB2 gene, found to reduce polymerase
activity in mouse experiments [23, 35] was present in our
isolates. However, the correlates between mouse pathoge-
nicity assays and human infectivity or disease are still not

clear. Of the 33 host specific amino acids in M1, M2, NP,
PA, PB2, and NS proteins, the presence of human specific
residues, V28 and E92 in M2 and NS1 respectively of the
NIV isolates are noteworthy. The significance of the two
specific mutations in the NIV isolates, V2471 (NA) and
A239T (M1), is yet to be ascertained.

Human and animal studies have shown the frequent
occurrence of resistance in influenza viruses after exposure
to drugs, and drug-resistant viruses transmit without loss of
pathogenicity [36-39]. Oseltamivir (Tamiflu) resistant
variants have been detected in several influenza A (H5N1)
patients [40]. The sequences of NIV isolates indicate sen-
sitivity to the commonly used drugs Amantadine and
Oseltamivir. The model of the NA protein indicates no
interference in drug binding due to the V2471 substitution.
The recently reported E248G and Y252H changes in the
NA protein, rendering H5N1 isolates about ten times more
sensitive to Oseltamivir, were not observed in our isolates
[41]. Tamiflu was prescribed to all health care personnel,
veterinarians, and investigators working in the outbreak
areas, which may be one of the reasons for no human cases
in India. A retrospective serology on the samples collected
from humans associated with infected poultry, may provide
some answers.

The Jalgaon isolate reported earlier was hypothesized to
be due to a strain closer to the circulating clade 2.2 viruses
and evolved earlier than the Navapur isolate. The sequen-
ces of both NIV isolates were closer to other clade 2.2
viruses (Table 1) and to the Jalgaon HA sequence reported
than the earlier Navapur HA reported. Also, the NA
sequences that we have described belong to clade 2.2
compared to the NA sequences (GenBank accession no.
DQ862474, DQ862475) which cluster in clade 1. The
source of divergence in the HA region in both the Jalgaon
and Navapur isolates reported earlier and the presence of
NA of clade 1 needs further study. In view of distinct
geographical distributions of strains belonging to clades 1
and 2.2, HA gene in clade 2.2 and NA in cladel is unlikely.
Assuming that the sequence information about the HA and
the NA gene of the Navapur/7972 virus is correct, these
data are proving a reassortant virus. However, this was not
seen in our sequences. Our data suggests presence of the
HS5NI1 virus of clade 2.2 in Navapur also. Sequencing the
full genome of other isolates of this outbreak may provide a
better understanding.

Large numbers of birds migrate to India every winter by
the East Africa/West-Asian, Central Asian and the Black
Sea/Mediterranean flyways. The East Africa/West-Asia
flyway passes through the epidemic regions in Maharash-
tra. Distribution of HSN1 viruses to newer areas through
migratory birds is an established phenomenon [42]. The
close similarity of the NIV isolates to the viruses in the
regions of the flyways, strongly suggests that the viruses in

@ Springer


http://www.who.int/csr/disease/avian_influenza/guidelines/nomenclature/en/index.html
http://www.who.int/csr/disease/avian_influenza/guidelines/nomenclature/en/index.html

352

Virus Genes (2008) 36:345-353

India may have been introduced through migratory birds.
The role of trade as a possible route of introduction of the
virus cannot be ruled out.

The emergence of different lineages and the continued
presence of the virus in different parts of the world
necessitate monitoring of the virus by regular surveillance
in birds and humans and full genome characterization of
the isolates to track their movement. The data from such
studies would be critical in the initiation and planning of
control strategies.
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