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SUMMARY: The aimes of the present study were to monitor genetic alterations in the hemagglutin
(HA) gene and oseltamivir resistance-related alterations in the neuraminidase (NA) gene of influenza
A(H1N1)pdm09 viral isolates detected during the post-pandemic period in Turkey. A total of 2601 clini-
cal specimens obtained from suspected cases of influenza A(H1N1)pdm09 viral infections were analyzed
by real-time reverse transcription polymerase chain reaction. Viral RNA was detected in 233 (9z) clini-
cal specimens. Sequence analysis of the HA gene in 16 random isolates showed À98.7z homology
among each other and with the A/California/07/2009 vaccine strain. These 16 isolates had common
(75z–100z) amino acid substitiutions at positions P83S, D97N, S203T, R205K, I216V, V249L, I321V,
and E374K in the HA gene. In addition, two additional rare mutations were also observed at positions
S162N (addition of a glycosylation site, 6.25z) and A186T (receptor binding region, 6.25z). On the
basis of amino acid substitutions in the HA1 domain, majority of the Turkish isolates were classified in
the genetic group v and others in the genetic groups ii, iii, and vi. In the present study, we observed an
increase in the variety and ratio of mutations detected in the HA1 and HA2 domains of the HA gene;
however, these alterations have not yet resulted in vaccine escape mutants in Turkey. In addition, analy-
sis of the NA regions of the isolates revealed that oseltamivir resistance was not an issue in Turkey.

INTRODUCTION

The influenza A(H1N1)pdm09 virus first emerged in
North America in mid-February 2009 and spread to
most other regions of the world, which compelled the
World Health Organization (WHO) to declare an emer-
gent pandemic (1). Subsequently the virus became a
serious public health problem worldwide, but its effect
decreased in mid-2010. Thereafter, the WHO an-
nounced that the H1N1 flu virus moved beyond the
post-pandemic period. However, localized outbreaks of
various magnitudes are likely to continue (2). Globally,
the levels and patterns of H1N1 transmission now differ
significantly from those observed during the pandemic
period, and off-season outbreaks are no longer being
reported in either the Northern or Southern
Hemispheres. Influenza outbreaks, including those
primarily caused by the H1N1 virus, have shown similar
intensities to seasonal epidemics (3).

The WHO recommended that health authorities
should monitor respiratory disease activity and circula-
tion of the influenza A(H1N1)pdm09 virus during the
post-pandemic period to assess important genetic, anti-
genic, and functional changes, such as antiviral drug

sensitivity (4). In Turkey, pandemic influenza A(H1N1)
viral infections were reported to the Ministry of Health
and clinical specimens obtained from suspected cases
were sent to the Public Health Agency of Turkey
(PHAT), National Influenza Center (Ankara, Turkey),
where real-time reverse transcription polymerase chain
reaction (RT-PCR) was used to confirm the presence of
the influenza A(H1N1)pdm09 virus. All available data
regarding demographic, epidemiological, and clinical
parameters were sent to the reference laboratory,
together with the clinical specimens. So far, there have
been only two published studies reflecting the epi-
demiological and molecular characteristics of influenza
A(H1N1)pdm virus infections in our country (5,6).
Therefore, in the present study, we aimed to monitor
mutations in the receptor binding region of the hemag-
glutinin (HA) gene, and investigate oseltamivir resistan-
ce-related mutations in the neuraminidase (NA) gene in
16 influenza A(H1N1)pdm09 viral isolates circulating in
Turkey during the 2010–2011 influenza season.

MATERIALS AND METHODS

Samples and laboratory diagnosis: A total of 2601
nasal or nasopharyngeal specimens obtained from sus-
pected cases of influenza viral infections were analyzed
from the 40th week of 2010 to the end of the 14th week
of 2011. Samples were transported in viral transport
medium (Virocult; Medical Wire & Equipment Co.,
Ltd., Wiltshire, UK) to the National Influenza Refer-
ence Laboratory of PHAT. RNA extraction and
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Table 1. Data of the 16 influenza A(H1N1)pdm09 viruses analyzed in the current study

Strain name Gender/
age

Sampling
date Localization Outcome

GenBank
accession

no.

Available
sequence length

(base pair)

Homology with
A/California/
07/2009 (z)1)

Mutation at
partial

NA gene

A/Ankara/01/2010 M/19 30.12.2010 Ankara Recovered JN613301 1778 98.82 No
A/Ankara/02/2010 M/19 29.12.2010 Ankara Recovered JN613302 1760 99.06 No
A/Ankara/03/2010 M/20 30.12.2010 Ankara Recovered KC311433 1769 98.94 No
A/Ankara/04/2010 M/20 30.12.2010 Ankara Recovered KC311434 1777 98.88 No
A/Cankiri/01/2011 F/27 19.01.2011 Cankƒrƒ Recovered KC311435 1778 98.71 No
A/Ankara/02/2011 M/41 20.01.2011 Ankara Recovered KC311436 1782 98.94 No
A/Tokat/03/2011 M/26 21.01.2011 Tokat Recovered KC311437 1781 99.00 No
A/Ankara/04/2011 F/37 10.01.2011 Ankara Recovered KC311438 1766 99.06 No
A/Tekirdag/05/2011 M/36 03.02.2011 Tekirdag Recovered KC311439 1782 99.06 No
A/Samsun/06/2011 M/49 11.02.2011 Samsun Recovered KC311440 1732 98.94 No
A/Kastamonu/07/2011 F/54 15.02.2011 Kastamonu Recovered KC311441 1777 99.12 No
A/Trabzon/08/2011 F/11 06.01.2011 Trabzon Recovered KC311422 1766 98.94 No
A/Ankara/09/2011 F/53 28.01.2011 Adana Recovered KC311443 1766 99.06 No
A/Konya/10/2011 F/22 03.02.2011 Konya Recovered KC311444 1775 99.12 No
A/Antalya/11/2011 M/31 10.02.2011 Antalya Recovered KC311445 1781 98.94 No
A/Izmir/12/2011 F/1 15.02.2011 Izmir Recovered KC311446 1781 98.88 No

1): The homology was calculated using available nucleotide sequence length of hemagglutinin gene and the corresponding region of vaccine
strain A/California/07/2009.

NA, neuraminidase.
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real-time RT-PCR amplification of the influenza
A(H1N1)pdm09 viral RNA were performed as de-
scribed previously (6).

Nucleotide sequencing: Thirty-one isolates randomly
selected among laboratory-confirmed cases were propa-
gated in Madin-Darby canine kidney (MDCK) cells, of
which 16 isolates were succesfully sequenced and result-
ed in sufficient sequence data.

Complete HA and partial NA gene sequences and
primers were deduced on the basis of a publication from
the WHO Collaborating Centre for influenza (http://
www.who.int / csr / resources / publications / swineflu/
GenomePrimers_20090512.pdf). Briefly, viral RNA was
amplified with specific primers using the in-house one-
step RT-PCR system (Invitrogen, Carlsbad, Calif.,
USA). After purification of the amplicon using the
Agencourt AMPure XP PCR purification system (Beck-
man Coulter, Inc., Beverly, Mass., USA), sequence
reaction was performed using the Dye Terminator Cycle
Sequencing Quick Start Kit (Beckman Coulter, Inc.) as
described previously (6). Sequence results were analyzed
using the BLAST algorithm available from the National
Center for Biotechnology Information GenBank.

Statistical analysis: Homology between the sequence
results obtained in this study, those reported during the
pandemic period in Turkey (6), and the A/California/
07/2009 strain, were compared using the MEGA
software program (version 4.1 beta; Alignment Ex-
plorer) (7).

Phylogenetic analysis: Amino acid sequences from
the HA1 region of the influenza A(H1N1)pdm09 iso-
lates were aligned using Clustal W (8) and BioEdit ver-
sion 7.0.0 DNA analytical software (9) with recom-
mended representative sequences (10). Phylogenetic
analyses were conducted using the neighbor-joining
method (1000 bootstraps) included with the MEGA
software package.

RESULTS

A total of 2601 specimens were obtained and analyzed
from suspected cases of influenza viral infections from
the 40th week of 2010 to the end of the 14th week of
2011 by the PHAT, National Influenza Center. Of these
specimens, 1045 yielded positive PCR results for any
respiratory virus, of which 404 (38.7z) were influenza
A-positive. Of the influenza A-positive specimens, 233
(22.3z) were identified as influenza A(H1N1)pdm09,
and 171 (16.4z) as seasonal influenza A(H3N2). When
analyzing the overall occurrence rate, a total of 233
laboratory-confirmed influenza A(H1N1)pdm viral in-
fections (8.96z) were among the 2601 clinical speci-
mens collected during the post-pandemic period.

A total of 16 isolates among the positive cases from
different parts of Turkey collected during the winter of
2011, were randomly selected and subjected to sequence
analyses. None of these pandemic viral isolates were
collected from deceased patients. Demographic charac-
teristics of the patients are shown in Table 1. BLAST
analysis of the sequencing results of these 16 strains in-
dicated that all isolates were influenza A(H1N1)pdm09.
MEGA analysis showed that the sequence of the HA
genes of the 16 influenza A(H1N1)pdm09 viruses and
the A/California/07/2009 (H1N1) vaccine strain yield-
ed a very high homology rate (98.71z–99.12z; Table
1).

Amino acid substitutions coded by various HA gene
sequences are shown in Table 2. The isolates had vir-
tually similar (75z–100z) amino acid substitutions at
positions P83S, D97N, S203T, R205K, I216V, V249L,
I321V, and E374K. Three mutations (P83S, S203T, and
I321V) were identified in isolates collected from both
pandemic and post-pandemic seasons. Five mutations in
the HA coding sequence (D97N, R205K, I216V, V249L,
and E374K) were found predominately in samples col-
lected during the post-pandemic season. According to a
technical document published by the Community Net-
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Table 2. Comparison of the amino acid alteration in HA1 and HA2 domains of the HA gene between the pandemic
and post-pandemic isolates

Amino acid
alterations

Influenza A
(H1N1)pdm season

in 2009 (6)

Influenza A
(H1N1)pdm season

in 2010–2011
6 main genetic groups1)

I5R No (1/16, 6.25z)
N31D No (1/16, 6.25z) Genetic group vi
D35G (1/29, 3.45z) No
P83S (29/29, 100%) (16/16, 100%)
D97N (3/29, 10.34z) (14/16, 87.5%) Genetic group ii, v
Y98Stop (1/29, 3.45z) No
L105W No (1/16, 6.25z)
F117V (2/29, 6.9z) No
K119Q (1/29, 3.45z) No
S143G No (1/16, 6.25z) Genetic group iii
S162N No (1/16, 6.25z) Genetic group vi (addition of a glycosylation site)
S185T No (3/16, 18.75z) Genetic group ii, iii
A186T No (1/16, 6.25z) Genetic group vi (receptor binding region)
A197T No (1/16, 6.25z) Genetic group iii
S203T (29/29, 100%) (16/16, 100%)
R205K No (12/16, 75%) Genetic group v
I216V No (12/16, 75%) Genetic group v
N228D (2/29, 6.9z) (1/16, 6.25z)
D222E/N (9/25, 37.5z) No
V234L No (1/16, 6.25z)
V249L (1/29, 3.45z) (12/16, 75%) Genetic group v
V272I No (1/16, 6.25z)
T277A No (1/16, 6.25z)
K283N (1/29, 3.45z) No
I321V (29/29, 100%) (16/16, 100%)
E374K No (15/16, 93.75%)
K443E No (1/16, 6.25z)
S451N No (3/16, 18.75z)
V527I No (3/16, 18.75z)
Common 3 8
Non-common 9 15

Common mutantions and their frequency are indicated as bold.
1): Influenza A(H1N1)pdm09 strain has divided into 6 main genetic groups, according to Community Network of

Reference Laboratories (CNRL) for Human Influenza in Europe; May–June 2011 technical document.
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work of Reference Laboratories (CNRL) for Human In-
fluenza in Europe, the WHO reference laboratory in
London classified the A/H1N1 (pdm) viral strains into 6
main genetic groups (10). The amino acid substitutions
were compared to the data in the CNRL document,
which showed that the majority of the Turkish isolates
(12/16; 75z) had common alterations (D97N, R205K,
I216V, and V249L) and were classified in genetic group
v, wheres two isolates were classified as genetic group ii,
one isolate as genetic group iii, and one isolate as genetic
group vi. The same classification pattern was also ob-
tained by phylogenetic analysis (Table 2, Fig. 1). There
were no amino acid substitutions associated with genetic
groups i and iv. Some isolates identified in the present
study also had low amino acid substitution rates (6.3z–
18.8z) at positions I5R, L105W, N228D, V234L,
V272I, T277A, K443E, S451N, and V527I, and a con-
siderably high amino acid substitution rate (93.8z) at
position E374K (Fig. 2, Table 2).

A comparison of the mutations between the 2009 pan-
demic season and 2010–2011 post-pandemic season in-
dicated some remarkable variations (Table 2). While the
D97N substitution rate in genetic groups ii and v was

10.34z in isolates collected during the 2009 influenza A
H1N1 season, it was 87.5z in those during the 2010–
2011 season. Although the S185T substitution in genetic
groups ii and iii was not detected in samples collected
during the 2009 season, it occurred in 18.75z of the
isolates collected durig the 2010–2011 season. The
S143G and A197T substitutions in genetic group iii were
not detected in samples from 2009, but their rate elevat-
ed to 6.25z in samples collected during the 2010–2011
season. While R205K and I216V substitutions in genetic
group v were not detected and the V249L substitution in
this genetic group was detected in 3.45z of the samples
collected in 2009 season, the rate of all three mutations
was 75z in samples collected during the 2010–2011
season. The N31D, S162N (addition of a glycosylation
site), A186T (receptor binding region) substitutions in
genetic group vi were not detected in samples collected
during the 2009 season, however, they occurred in
6.25z of the samples collected during the 2010–2011
season.

H275Y and N295S mutations responsible for
resistance to NA inhibitors (38,39) were not detected in
any of the 16 isolates analyzed in this study (Table 1).
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Fig. 1. Phylogenetic relationship of HA1 domain of the HA genes of influenza A(H1N1)pdm09 viruses circulating
in Turkey during 2010–2011 season. The dendrogram was constructed using the neighbor-joining method with
Kimura two-parameter distances using MEGA 4 software. Bootstrap confidence limits were based on 1000 repli-
cates. Numbers at the nodes indicate bootstrapping values and bars represent amino acid substitutions (H1 num-
bering) per position. Isolates from Turkey subjected for the present study are indicated by a triangle. Representa-
tive strains for genetic groups ii, iii, v, and vi were obtained from the WHO Collaborating Centre at London,
CNRL, May–June 2011 technical document.
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DISCUSSION

The purpose of the present study was to analyze the
characteristics of influenza A(H1N1)pdm09 viral infec-
tions in Turkey between December 29, 2010 and Febru-
ary 15, 2011, and to identify mutations in the HA gene
and resistance to oseltamivir among the 16 randomly
selected isolates. Our results determined that only 9z of
the clinical specimens collected during the post-pandem-
ic period carried influenza A(H1N1)pdm09 viral RNA.
However, our previous study regarding the 2009–2010
pandemic influenza season, an analysis of 19973 clini-
cal specimens obtained from suspected cases of pan-
demic influenza A(H1N1) viral infections, revealed that
47.3z were positive for influenza A(H1N1) viral RNA
(6). As in Turkey, the pandemic influenza A virus
positivity rate rapidly increased worldwide during the
pandemic (11,12). However, in contrast to the pattern
observed during the pandemic, the virus now co-circu-
lates with other influenza viruses and is no longer the
predominant influenza A virus in many countries (13).

The WHO reported that the influenza
A(H1N1)pdm09 viruses circulated in the Northern
Hemisphere during the 2010–2011 influenza season were
antigenically and genetically similar to the A/Califor-
nia/07/2009 vaccine strain (14). In the present study,
our genetic analysis of the influenza A(H1N1)pdm09
isolates revealed that there was À98.7z nucleotide
sequences homology with the vaccine strain. Notably, a

similar range of homology (À98.9z) was observed in
our previous study conducted during the pandemic in-
fluenza season (6).

Although influenza A(H1N1)pdm09 virus is no
longer considered as a pandemic threat, it continues to
circulate worldwide; therefore further studies are war-
ranted to monitor mutations in H1N1 strains, which
have the potential to result in further virulence and
resistance (15–17). Paticularly, it is vital to monitor
mutations in the HA1 domain of the HA gene, essential
for viral attachment and immunization (15,16). Phy-
logenetic analysis defined 6 different genetic groups
(genetic group i–vi) according to specific mutations in
the HA gene sequence that have been co-circulating
since the beginning of the 2010–2011 flu season (18).
Although the genetic groups showed specific changes in
different antigenic epitopes of the HA gene, these genet-
ic substitutions did not result in antigenic differences in
the A/California/07/2009 vaccine strain (10,19–21).
Phylogenetic analysis of the most common amino acid
substitutions observed in the HA1 domain showed that
majority of the Turkish isolates were classified in genet-
ic group v. The remaining four isolates were classified in
genetic groups ii, iii, and vi. Some Turkish isolates, such
as the strains A/Cankiri/01/2011 and A/Samsun/
06/2011, were classified in genetic group v, character-
ized by additional rare mutations (I5R, L105W, N228D,
V234L, and T277A). However, there is currently no
report regarding the significance of these alterations.
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Fig. 2. Amino acid sequences of the HA1 domain and HA2 domain of the A/California/07/2009 (H1N1) strain and
16 clinical isolates. Only mutation carrying segments are given and the alterations are indicated as gray back-
ground.
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The genetic group i, characterized by the N125D sub-
stitution located in the E antigenic region (22,23), was
identified during the winter of 2010 in the Southern
Hemisphere (24) and between March and December
2010 in Hong Kong (25) and the United Kingdom (UK)
(26). However, this mutation was not detected in the
viral isolates collected in Turkey during this study
period. The genetic group ii, characterized by the D97N
and S185T substitutions in the B antigenic site (22,23)
and represented by the strains A/England/142/2010
(27), A/England/676/2010; or A/St. Petersburg/27/
2011 (19,28), was previously identified in the Northern
Hemisphere (25,26). The genetic group iii, characterized
by the S143G, S185T, and A197T alterations, was
represented by the strains A/Baden–Wurtemburg/14/
2010 and A/Brussels/S0004/2011. In the Turkish viral
isolates, specific mutations of genetic groups ii and iii
were absent or occurred at a very low rate (10.3z) dur-
ing the pandemic season, however, the mutation rates
ranged from 6.3z to 87.5z during the post-pandemic
period. This distribution pattern was similar to that
reported in UK (26). The genetic group iv was
characterized in the UK by the A134T and S183P substi-
tutions (26). None of the Turkish isolates tested in this
study included the mutations found in this genetic
group. The genetic group v, represented by the strains
A/Trieste/11/2011 and A/Astrakhan/1/2011, was
characterized during the pandemic season (19,20), and it
exclusively carried the D97N, R205K, I216V, and
V249L substitutions, which were observed in 75z–
87.5z of isolates collected in Turkey during the
2010–2011 season. The genetic group vi, represented by
the strain A/Czech Republic/32/2011, has been recently
defined on the basis of the presence of a combination of
N31D, S162N, and A186T substitutions (10,19). While
these substitutions were not detected during the 2009
season, they were observed in 6.25z of the isolates
collected in Turkey during the 2010–2011 season.

The D222G/N/E mutations in the HA gene were
reported among various pandemic influenza A(H1N1)
viral strains during the 2009 pandemic season in several
countris (6,17,26,29). It is postulated that the D222G
alteration in the HA1 domain occurred more frequently
in viruses isolated from patients suffering with severe
diseases (30,31). In the present study, we investigated
these mutations in 16 isolates from recovered patients
and none had a substitution at position 222.

Recently, sequence analysis of the pandemic H1N1
viruses isolated in Hong Kong, Singapore, New Zealand
and the UK revealed the emergence of the E374K substi-
tution, which is located at the stalk region of HA2 and is
an important site for membrane fusion (32–34). A
report from Malaysia indicated that the E374K substitu-
tion was associated with a severe disease state (31).
However, there was no significant association reported
between the E374K substitution and the severity of clini-
cal outcome in Taiwan (34). The E374K substitution
was observed at a very high rate (93.8z) during the
post-pandemic season in Turkey, but its association
with disease status remains unclear.

Influenza A(H1N1)pdm09 strains are mainly suscep-
tible to NA inhibitors, but resistant to adamantine (35).
Infections with oseltamivir‐resistant strains have been
reported in both sporadic cases and a limited number of

clusters during the post-pandemic period in several stu-
dies (36,37). Oseltamivir resistance-related mutations,
such as NA-H275Y and NA-N295S, have been reported
elswhere (38,39). To date, reports have indicated that
only a limited number of influenza A(H1N1)pdm09
strains (º1z) showed resistance to neuraminidase inhi-
bitors (40). Oseltamivir resistance-related mutations
reported at positions H275Y and N295S, were not de-
tected in influenza A(H1N1)pdm09 strains tested in the
present study or in our previos study (6); therefore, it
can be assumed that oseltamivir resistance was not an
issue in Turkey during these periods.

In conclusion, although we observed an increase in
the variety and frequency of mutations detected in the
HA1 domain, these genetic drifts only resulted in a
limited substitution rate (1.3z) within the A/Califor-
nia/07/2009 vaccine strain. Monitoring these mutations
is likely important to predict future pandemics. On the
basis of amino acid substitutions observed in the HA1
domain, the majority of Turkish isolates were classified
as genetic group v; however, oseltamivir resistance-
related mutations were not detected during the post-
pandemic period in Turkey.

Conflict of interest None to declare.
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