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Abstract The objective of the present study was to evaluate
the epidemiology of influenza A(HIN1)pdmO9 and its
hemagglutinin (HA) molecular and phylogenetic analysis
during 2010-2014 in Dalian, North China. A total of 3717
influenza-like illness (ILI) cases were tested by real-time
PCR and 493 were found to be positive. Out of these 493
cases, 121 were subtype influenza A(H1N1)pdm09, of which
14 cases were reported in 2010-2011, 29 in 2012-2013, and
78 in 2013-2014. HA coding regions of 45 isolates were
compared to that of the vaccine strain A/California/7/
09(H1N1), and a number of variations were detected. P83S,
S185T, S203T, R223Q, and 1321V mutations were observed
in all of the Dalian isolates. Furthermore, a high proportion
>71 % of the strains possessed the variation D97N and
K283E. Phylogenetic analysis confirmed the close match of
the majority of circulating strains with the vaccine strains.
However, it also reveals a trend of strains to accumulate
amino acid variations and form new phylogenetic groups.

Keywords Influenza A(HIN1)pdm09 - Phylogenetic
analysis

Introduction

Influenza A(HIN1)pdmO9 virus characterized by gene

segments from avian, swine, and human origin causes the
first influenza pandemic of the 21st century. It emerged in
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Mexico on April 2009 and spread globally within 3 months
resulting in more than 18,500 deaths reported within a year
[1]. The Food and Drug Administration (FDA) and the
World Health Organization (WHO) recommended A/Cal-
ifornia/07/2009(HIN1) for use as the strain for the vaccines
against A(HIN1)pdmO9 virus [2], while, even under
immune pressure, the highly active A(HIN1)pdmO9 vari-
ants emerged again in December 2010 [3].

Hemagglutinin (HA) is a surface glycoproteins of
influenza virus, which play an essential role in the early
stages of viral replication. It binds to cellular oligosac-
charide receptors containing sialic acid and mediates entry
of the viral genome into the host cell by causing the fusion
of host endosomal membrane with the viral envelope [4].
HA monomers are synthesized as precursors that are then
glycosylated and cleaved into two smaller polypeptides:
the HA1 and HA2 subunits. The continuous process of
genetic change among influenza strains, which mainly
occurs in the HA1, causes the emergence of new antigenic
variants [5]. Since the beginning of the 2009 pandemic,
A(HIN1)pdm09 continuously evolved, phylogenetic anal-
ysis of the A(HIN1)pdm09 HA gene showed that it can be
clustered into eight major genetic groups [6]. Acquiring
new amino acid changes may alter viral features such as
antigenic characteristics, virulence, and its antiviral drug
susceptibility. Thus, constant surveillance should be
strengthened to monitor the pathogenicity of circulating
strains.

The main objective of the present study is to evaluate
the epidemiology and phylogenetic analysis of
A(HIN1)pdmO09 that circulated in Dalian during July 2010
to June 2014. Monitoring of antigenic sequence variations
among vaccine and circulating strains is helpful to predict
the effects of vaccination against the current strains and
explain the rapid spread and predominance of the variants.
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Materials and methods
Design

3717 nasopharyngeal swab samples from ILI (influenza-
like illness) patients were collected and sent to Dalian
Center for Disease Control and Prevention for pandemic
influenza diagnosis between July 2010 and June 2014. The
following is framework of surveillance protocol: Real-time
PCR was used to detect influenza viruses RNA and their
subtypes (seasonal A(HINI1), seasonal A(H3N2), and
influenza A(HIN1)pdm09). Positive samples were cultured
in MDCK cells and HA1 regions were amplified with RT-
PCR. PCR products were purified and sequenced to com-
pare with the HA1 regions of vaccine strain.

Detection of influenza virus types A and B and type
A subtypes

Total RNA was isolated from clinical samples using
RNeasy Mini Kit (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions. One-Step PrimeScript RT-
PCR Kit (TaKaRa, Dalian, China) was chosen for initial
detection of influenza A and B viruses and the subsequent
subtyping of influenza A-positive samples. The specific
primers are shown in Table 1. Multiplex real-time PCR
was performed to detect types A and B and subtypes H3N2
and A(HIN1)pdmO9 virus. Briefly, total reaction volume
was 20 pul that contained 10 pl of One-Step RT-PCR
Buffer IIT (2x), 0.4 ul of TaKaRa Ex TaqHS, 0.4 ul of
PrimeScript RT Enzyme Mix II, 0.4 pl of ROX Reference
Dye II, 0.2 mM of influenza A and B virus (or H3N2 and
HIN1pdm09 virus) primers, 0.1 mM of influenza A and B
virus (or H3N2 and HIN1pdmO9 virus) probes, and 2 pl of
RNA sample. Real-time PCR was performed to detect
HINI1 virus. Briefly, total reaction volume was 20 pl,
containing 10 pl of One-Step RT-PCR Buffer III (2x),
0.4 pl of TaKaRa Ex TaqHS, 0.4 pl of PrimeScript RT
Enzyme Mix II, 0.4 pl of ROX Reference Dye II, 0.4 mM
of HIN1 primers, 0.2 mM of HINI1 probes, and 2 pl of
RNA sample. The cycling protocol was 45 °C for 5 min
and 95 °C for 30 s, followed by 40 cycles of 95 °C for 5 s,
60 °C for 34 s, in an ABI 7500 Real-Time PCR System
(Applied Biosystems, USA).

MDCK cell culture

The preparation of influenza strains has been described
previously [7]. Briefly, flasks (T-25) with the grown
Madine Darby Canine Kidney (MDCK) cells were pre-
pared by washing two times with PBS. 500 pl of the
influenza-positive specimens was inoculated onto MDCK

Table 1 Primers and probes used for influenza virus detection and
primer pairs used for amplification of HAIl genes of influenza
A(HINI1)pdmO9 virus

Primer/probe Sequence 5'-3’

InfA-F GACCRATCCTGTCACCTCTGAC

InfA-R AGGGCATTYTGGACAAAKCGTCTA
InfA-probe TGCAGTCCTCGCTCACTGGGCACG
InfB-F TCCTCAACTCACTCTTCGAGCG

InfB-R CGGTGCTCTTGACCAAATTGG

InfB-probe CCAATTCGAGCAGCTGAAACTGCGGTG
H1-F GAATGCGAATTACTGATTTCCA

HI-R GCATGATGCTTGATACTCCGGT

H1-probe CTTTGGGGAATATTTCGAATCTCTCAAA
H3-F AGTGTGATGGCTTCCAAAATAAGA
H3-R GAGGCAACTAGTGACCTAAGGGA
H3-probe TGGGACCTTTTTGTTGAACGCAGCAA
SwHI1-F GTGCTATAAACACCAGCCTCCCA
SwHI-R CGGGACATTCCTCAATCCTGT
SwHI1-probe CAGAATATACATCCGATCACAATTGGAAAA
SwHAI1-F AGCAAAAGCAGGGGAAAATAAAAGC
SwHA1-R CCTACTGCTGTGAACTGTGTATTC

cell culture at 35 °C under 5 % CO, for 60 min. After
removing the supernatant with a sterile pipette, 5 ml of
serum-free Dulbecco’s Modified Eagles Medium (DMEM)
supplemented with tosylsulfonyl phenylalanyl chlor-
omethyl ketone (TPCK)-treated trypsin (2 pg/ml) was
added. The flask was incubated at 35 °C under 5 % CO,.
The flasks were monitored daily for virus growth by
cytopathic effects (CPE), and the cell culture supernatant
was harvested when at least 75 % of the cell monolayer is
exhibiting CPE. The presence of virus was assessed by a
hemagglutination (HA) procedure using a 0.5 % suspen-
sion of human red blood cells group O and Rhesus nega-
tive. All cell culture reagents were obtained from Gibco
BRL.

One-step RT-PCR for the amplification of HA1
genes

Total RNA was isolated from A(HIN1)pdm0O9-positive cell
culture supernatants using RNeasy Mini Kit (Qiagen, Hil-
den, Germany) according to the manufacturer’s instruc-
tions. Reverse transcription and HA1 amplification were
achieved using the SuperScript™ III One-Step RT-PCR
system (Invitrogen, Carlsbad, CA) with SwHA-F1 and
SwHA-R primer pair (Table 1). In brief, a reaction volume
of 50 pl contained 25 pl buffer (2x), 2 ul of each primer
(10 pM), 1 pl of Superscript III/Platinum enzyme miXx,
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0.5 pl of RNase, and 5 pl of purified RNA. Cycling con-
ditions in a Veriti 96-well thermal cycler (Applied
Biosystems, Weiterstadt, Germany) were 50 °C for 30 min
and 94 °C for 10 min, followed by 40 cycles of 95 °C for
30 s, 58 °C for 30 s, and 72 °C for 2 min. Results of 2 %
agarose gel electrophoresis revealed a 1264-bp PCR
product.

PCR product purification and sequencing

PCR products were purified using a QIAquick PCR
purification kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Purified PCR products were
sequenced (Shenzhen Huada Gene Research Institute,
China) using SwHA-FI and SwHA-R primer pair
(Table 1).

Phylogenetic analysis

45 representative sequences were selected by randomly
choosing from 64 A(HIN1)pdmO9 isolates during July
2010 to June 2014 of Dalian. Reference sequences of
AHIN1)pdmO09 (including 1 vaccine sequence and 9 ref-
erence sequences of groups) were retrieved from Global
Initiative on Sharing Avian Influenza Data (GISAID). The
sequence data were analyzed with DNASTAR, Lasergene
v7.1. After alignment and trimming of the sequences, the
length of HAI1 genes of A(HINI1)pdmO9 was 981 bp.
Phylogenetic tree was constructed with the neighbor-join-
ing method, bootstrapped with 1000 replicates using
MEGA software version 5.05. The GenBank accession
numbers for the sequences of HAl genes of
AHIN1)pdm09 determined in this study are KU710443-
KU710487.

Results

Surveillance and prevalence of influenza virus
among ILI patients

A total of 3717 influenza-like illness (ILI) cases identified
at two referral hospitals were tested for influenza virus in
the 4-year period, 2010-2014. Real-time PCR analysis
revealed that 493 (13.3 %) of the 3717 samples were
positive for influenza viruses. Out of these 493, 121
(3.3 %) were confirmed as A(HIN1)pdm09, 234 (6.3 %)
were H3N2, and 138 (3.7 %) were influenza B, while none
were detected as HIN1 (Table 2).

The monthly distribution of influenza virus from con-
firmed cases tested by real-time PCR was also studied
(Fig. 1). Influenza A  viruses, including H3N2,
A(HIN1)pdm09, and influenza B viruses, peaked during
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different periods. H3N2 virus activity peaked during
August—October 2010 and remained low until peaking
again during January—February 2013. Influenza B virus
activity was low during 2010 and peaked during January—
March 2012, with two periods (January—March 2012 and
January—March 2014) showing highest activity. H3N2 and
influenza B persisted throughout the study period, whereas
for A(HIN1)pdm09, it was emerged in 2010-2011 period,
with disappearance in 2011-2012, and it is interesting to
note that A(HIN1)pdm0O9 re-emerged and co-circulated
with H3N2 during 2012-2013, becoming the dominant
subtype during 2013-2014.

Phylogenetic and molecular characterization
of A(HIN1)pdmO9 strains

The HA1 sequences (Asp-1 to Arg-327) from 45 Dalian
isolates were compared with vaccine strain A/California/7/
09(HIN1) during 2010-2014. Molecular analysis shows
that all viruses displayed the amino acid mutations P83S,
S185ET, S203T, R223Q, and 1321V in the HAI region.
Furthermore, a high proportion, 75.6 %, of the Dalian
strains possessed the variation D97N. The third most
common variation was K283E, which was observed at
71.1 % of the Dalian strains. Phylogenetic analysis showed
Dalian circulating strains belonged to two phylogenetic
groups, during 2010-2014 (Fig. 2). In detail, 34 of the 45
sequences (75.6 %) belonged to genetic group 6, charac-
terized by the double mutation D97N and S185T. Three
sub-clusters were seen within this group, 3 sequences
(6.7 %) belonged to genetic group 6A, 20 sequences
(44.4 %) belonged to genetic group 6B, and 11 sequences
(24.4 %) belonged to genetic group 6C. Group 7, charac-
terized by the mutations S185T, S143G, and A197T,
included 11 sequences (24.4 %). In this group, eight also
had the S84G and H138Q mutations. Genetic groups were
named according to the European Centre for Disease
Prevention and Control’s (ECDC) technical document
[8-10].

Discussion

Influenza surveillance from Dalian CDC indicates that
influenza contributes significantly to the number of ILI
patients seeking care in Dalian during 2010 to 2014.
Overall, influenza A and B viruses predominated during
distinct periods with little overlap (Fig. 1). Influenza
A(HIN1)pdmOQ9 virus spread fast and becomes a world-
wide pandemic these years. In this study period,
A(HIN1)pdmO09 emerged with low rate during 2010-2011,
disappeared during 2011-2012, re-emerged during
2012-2013 and became the dominant subtype during
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Table 2 Number of ILI cases tested, and number and percentage of confirmed influenza virus infection by real-time PCR in Dalian, July 2010-
June 2014

Years ILI cases A(HINI1)pdm09 Seasonal A(H3N2) Influenza B Total influenza
tested positive (% of ILI) positive (% of ILI) Positive (% of ILI) positive (% of ILI)
July 2010-June 2011 1000 14 (1.4) 98 (9.8) 15 (1.5) 127 (12.7)
July 2011-June 2012 615 NA (NA) 25 (4.1) 56 (9.1) 81 (13.2)
July 2012—June 2013 778 29 (3.7) 74 (9.5) 4(0.5) 107 (13.8)
July 2013-June 2014 1324 78 (5.9) 37 (2.8) 63 (4.8) 178 (13.4)
Total 3717 121 (3.3) 234 (6.3) 138 (3.7) 493 (13.3)
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Fig. 1 Monthly distribution of positive number of influenza A(H3N2), A(HIN1)pdm09, and B viruses in Dalian, July 2010-June 2014

2013-2014 (Table 2). The low incidence during
2010-2011 and disappearance of A(HIN1)pdmO9 in 2012
may partly be explained by immune pressure, while it is
becoming increasingly clear that current vaccines can only
provide moderate protection against influenza and such
protection is greatly reduced or absent in some seasons
[11]. Some observational studies showed that median
monovalent A(HIN1)pdm09 vaccine effectiveness was
69 % (range 60-93) [12, 13]. Mutations accumulated in
HA genes may indirectly influence antigenicity and cause
epidemic.

Most interestingly, normal seasonal thythm of influenza
epidemics was disturbed by a significant prevalence peak
of H3N2 in summer 2010 of Dalian (Fig. 1). This result is
broadly consistent with WHO’s 2010-2011 seasonal
influenza reviews of southern China and Mexico, which
showed that H3N2 was the predominant virus circulating
during the northern hemisphere summer, peaking in late
August to early September [14]. Dalian, a famous seaside
tourist city in north China, has a large numbers domestic

tourists and foreign visitors in July or August. The
migration of this scale may contribute to the initiation of
influenza epidemics in summer of Dalian.

Previous pandemics showed the novel virus subtype
may replace previously circulating viruses [15]. For
example, in 1957, when the H2N2 strain emerged, it
replaced the previously circulating HIN1 strain. Then in
1968, the H2N2 strain was replaced by the H3N2 strain
[16—18]. In this study, we found that after A(HIN1)pdm09
emerged in 2009, HINI, which was the predominant
subtype in some years of Dalian, disappeared (Table 2). It
looks like A(HIN1)pdmO9 virus completely replaced
HINI1 virus circulating. These observations are similar to

Fig. 2 Phylogenetic analysis of HAl genes of influenzap
A(HINID)pdm09 virus isolated in Dalian during July 2010-June
2014. Red boxes indicate common amino acid changes, compared to
the vaccine strain, A/California/7/09. The tree was constructed with
the neighbor-joining method, bootstrapped with 1000 replicates using
MEGA software version 5.05 (Color figure online)
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Vaccine virus

Reference viruses
Jul.2010-Jun.2011
Jul.2012-Jun.2013
Jul.2013-Jun.2014

A/Dalian/SWL1201/2014(7-Feb-2014)
A/Dalian/SWL1125/2014(20-Jan-2014)
A/Dalian/SWL170/2014(14-Jan-2014)
A/Dalian/SWL1131/2014(20-Jan-2014)
A/Dalian/SWL11042(23-Dec-2013)
A/Dalian/SWL169/2014(14-Jan-2014)
A/Dalian/SWL1338/2013(25-Mar-2013)
A/Dalian/SWL174/2014(14-Jan-2014)
A/Dalian/SWL1359/2014(3-Mar-2014)
A/Dalian/SWL11087/2013(30-Dec-2013)
A/Dalian/SWL1198/2014(6-Feb-2014)
A/Dalian/SWL11055/2013(30-Dec-2013)
A/Dalian/SWL319/2013(27-Dec-2013)
1 A/Dalian/SWL181/2014(14-Jan-2014)

K163Q

A256T

A/Dalian/SWL1109/2014(20-Jan-2014)
A/Dalian/SWL1232/2014(10-Feb-2014)

K283E

A/Dalian/SWL193/2014(17-Jan-2014)

V234l

D97N

A/Dalian/SWL153/2014(14-Jan-2014)
A/Sibiu/162492/2014

41 AlDalian/SWL1127/2014(20-Jan-2014)

A/Dalian/SWL1186/2014(6-Feb-2014)

A/Dalian/SWL1270/2013(25-Feb-2013
A/Dalian/SWL1160/2013(28-Jan-2013)
A/Dalian/SWL1187/2013(4-Feb-2013)
A/Dalian/SWL1191/2013(4-Feb-2013)
AlDalian/SWL1204/2013(5-Feb-2013)

Group 6B

A/Dalian/SWL1323/2013(18-Mar-2013) Group 6C

A/Dalian/SWL1342/2013(25-Mar-2013)

AlDalian/SWL141/2013(7-Jan-2013)
A/Dakar/07/2014

A/Dalian/SWL1207/2013(5-Feb-2013)

A/Dalian/SWL1181/2013(29-Jan-2013)
A/Dalian/SWL1284/2013(5-Mar-2013)

V249L

—

AlAstrakhan/1/201] —M8M8M8M8M8M8M ™M Group 5

A/Hong_Kong/5659/2012

A/Dalian/SWL114/2013(5-Jan-2013)
A/Dalian/SWL1266/2013(25-Feb-2013)
Al/Dalian/SWL1171/2013(29-Jan-2013)

Group 6A

AlChristchurch/16/2010

A/Hong_Kong/3934/2011

AlCalifornia/07/2009H1N1

A/Dalian/SWL136/2011(10-Jan-2011)

A/Dalian/SWL168/2011(24-Jan-2011)

| A/Dalian/SWL126/2011(10-Jan-2011)

A/Heilongjiang_Xiangfang/191/2011

P83s
5185T

5203T 5143G |
R223Q A197T
1321V

S84G

A/Norway/2197/2013

A/Dalian/SWL1360/2013(1-Apr-2013)

H138Q; A/Dalian/SWL125/2013(7-Jan-2013)

A/Dalian/SWL18/2013(5-Jan-2013)

A/Dalian/SWL1267/2013(25-Feb-2013)
A/Dalian/SWL1247/2013(21-Feb-2013)
A/Dalian/SWL1307/2013(11-Mar-2013)

A/Dalian/SWL127/2013(7-Jan-2013)
A/Dalian/SWL1306/2013(11-Mar-2013)

Group 4
Group 3

A/Czech_Republic/32/2011 ————  —  Group 2

Group 7
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situations in other parts of the world [19, 20] and corre-
spond to the hypotheses that the emergence of novel
viruses has often been coupled with the disappearance of
existing seasonal virus strains [21, 22].

Gradual minor point mutations in the genes responsible
for encoding the HA proteins, called antigenic drift, may
occur. These point mutations may cause the emergence of
new antigenic variants, which make viruses to either escape
antibodies acquired by host during previous infections or to
develop drug-resistant strains [23, 24]. El Moussi et al.
showed that, in Tunisia, 11 out 17 (64.7 %) S185T muta-
tion strains were from severe cases, while whether this
substitution affects receptor-binding ability of the
A(HIN1)pdmO09 remains to be determined [25]. Mutation
S203T, which located at the antigenic site Ca, has been
reported to affect the infectivity and transmissibility of
influenza virus in humans [26]. Melidou et al. suggested
that the occurrence of 3211 in severe cases could only be an
effect of changing frequency over time rather than an
association to severity [27]. The D222G mutation, which
has been observed in severe cases previously, allows the
virus to gain double specificity in receptor binding and
contributes the virus to reach the lower respiratory tract
[28, 29]. In this study, none of the Dalian strains showed
the D222G change, while all of the viruses analyzed dis-
played the amino acid changes P83S, S185T, S203T,
R223Q, and 1321V in the HA1 region and a high proportion
>71 % of the strains possessed the variation D97N and
K283E. Furthermore, sporadic aa substitutions and the
presence of variation in glycosylation sites within HA1
were also seen in A(HIN1)pdmO9 virus. It is possible that
these changes, accumulating over time, may result in a
virus with different antigenic properties.

Hl-based phylogenetic analysis showed that all the
strains clustered in two main branches with a significant
genetic distance. Approximately, 75.6 % of the strains fell
into group 6 and 24.4 % into group 7. During 2010-2011,
all Dalian circulating strains belonged to phylogenetic
group 7. During 2012-2013, circulating strains were scat-
tered in group 6A, 6B, 6C, and group 7, contained specific
mutations in HA1 (Fig. 2). Although only one strain
A/Dalian/SWL1338/2013 scattered in group 6B during
2012-2013, during 2013-2014 all the 20 Dalian strains
belonged to phylogenetic group 6B. A relatively low match
with the vaccine strains during 2013-2014.

The present work is the first molecular study of the
influenza pandemic viruses circulating in Dalian during
2010-2014, which contribute to a better understanding of
the genetic evolution of the A(HINI1)pdmO9 viruses.
Nevertheless, detailed genetic information of the evolution
of influenza virus genes and the function of the specific
mutations identified in this study is needed to clarify.
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