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Abstract To identify circulating emerging/reemerging

viral strains and epidemiological trends, an influenza sen-

tinel surveillance network was established in Shandong

Province, China, in 2005. Nasal and/or throat swabs from

patients with influenza-like-illness were collected at sen-

tinel hospitals. Influenza viruses were detected by reverse

transcription polymerase chain reaction (RT-PCR) or virus

isolation. From October 2005 to March 2012, 7763

(21.44 %) of 36,209 swab samples were positive for

influenza viruses, including 5221 (67.25 %) influenza A

and 2542 (32.75 %) influenza B. While the influenza

viruses were detected year-round, their type/subtype dis-

tribution varied significantly. Peak influenza activity was

observed from November to February. The proportion of

laboratory-confirmed influenza cases was highest among

participants aged 0-4 years (14.97 %) in the 2005-2009

and 2010-2012 influenza seasons and the positivity rate of

influenza A(H1N1)pdm09 was highest in the 15 to 24 year

age group during the 2009-2010 influenza season. Genetic

analysis of hemagglutinin (HA) and neuraminidase (NA)

genes revealed that the viruses matched seasonal influenza

vaccine strains in general, with some amino acid mutations.

Influenza A(H1N1)pdm09 strains isolated in Shandong

Province were characterized by an S203T mutation that is

specific to clade 7 isolates. This report illustrates that the

Shandong Provincial influenza surveillance system was

sensitive in detecting influenza virus variability by season

and by genetic composition. This system will help official

public health target interventions such as education pro-

grams and vaccines.

Introduction

Influenza viruses are important viral respiratory patho-

gens that can cause severe illness and death. Influenza A

viruses have been responsible for several human pan-

demics in recent history. For example, H1N1 in 1918-20

caused an estimated 50 million excess deaths, H2N2 in

1957-8, 1 million deaths, H3N2 in 1968-9 up to 1 mil-

lion deaths and H1N1pdm09 in 2009 an estimated

200,000 deaths. Each year influenza epidemics also

occur in many parts of the world and are a cause of high

mortality and morbidity [1]. The World Health Organi-

zation (WHO) estimates that, globally, there are

3–5 million severe cases and 250,000–500,000 deaths

caused by influenza every year, with most deaths

occurring among elderly populations [2]. Antigenic drift

plays an important role in the occurrence of influenza

epidemics [1]. Because of the high mutation rate of

influenza viruses, year-round continuous monitoring for

viral genetic change is essential.

Influenza surveillance is an important tool for monitor-

ing circulating strains, detecting emerging/reemerging

viruses, and identifying epidemiological trends in different

geographical areas. It is also relevant for the evaluation of

antigenic and genetic characteristics of circulating strains

in comparison with recommended vaccine strains.
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The Global Influenza Surveillance and Response System

(GISRS) is active in 112 countries, which together com-

prise about 90 % of the global population. China is part of

GISRS. Influenza surveillance in Shandong Province star-

ted in 2005 with three virology laboratories and seven

sentinel hospitals. In response to the emergence of influ-

enza A (H1N1) pdm09 in North America, the influenza

surveillance network expanded to 18 virology laboratories

and 27 sentinel hospitals in 2009, covering all districts in

Shandong Province. Before 2009, the surveillance was

conducted from October to March, when influenza was

more common. Since May 2009, surveillance has been

conducted year-round.

Shandong Province, located in eastern China (latitude

34�38’25’’ to 38�38’69’’N), has a long coastline facing

Japan and the Republic of Korea and an estimated popu-

lation of 99.70 million. In this report, we summarize

influenza surveillance data, analyze the influenza activity

and the genetic features of virus strains in Shandong Pro-

vince during the period from 2005 to 2012.

Materials and methods

Case definition of influenza-like illness (ILI)

and the study population

A case of influenza-like illness (ILI) was defined as a

person who presents with a history of sudden onset of fever

C38 �C in the preceding 3 days, with cough or sore throat

[3]. All specimens were collected from seven sentinel

surveillance hospitals from October 2005 to March 2009

and 27 hospitals from May 2009 to March 2012 (Fig. 1).

Laboratory diagnosis

Nasal or throat swabs from ILI patients were collected and

transported to the virology laboratory according to the

National Technical Documents for Influenza published by

the Chinese Center for Disease Control and Prevention

(CCDC) [4]. From 2005 to March 2009, all samples from

sentinel surveillance hospitals were tested for influenza

viruses by virus isolation in MDCK cells. From May 2009,

the clinical specimens were identified by viral culture and/

or RT-PCR and/or real-time RT-PCR by the 18 virology

laboratories in Shandong Province.

Virus isolation and identification

Nasal or throat swabs were used to inoculate Madin-Darby

canine kidney (MDCK) cells. Upon the appearance of a

cytopathic effect (75-100 %) or after 7 days of culture, the

cell supernatant fluid was harvested and a hemagglutination

(HA) test performed. If the HA titer was greater than or

equal to 1:8, the sample was considered positive. If the HA

titer was less than 1:8 or 0, the cell supernatant was sub-

jected to an additional passage. For viruses with an HA titer

C1:8, the influenza virus subtype was determined using the

hemagglutination inhibition (HI) assays with the reference

antisera distributed each year by the Chinese National

Influenza Center (CNIC). For viruses with an HA titer\1:8,

the subtype was identified by RT-PCR or real-time RT-PCR

according to the technical documents published by CCDC

[4]. All of the isolated viruses were sent to CNIC.

RNA extraction and RT-PCR detection

Viral RNA was extracted from nasal or throat swabs and

viruses using a QIAGEN RNA Mini Kit (cat. no. 74104,

Germany) according to the manufacture’s protocol. A one-

step RT-PCR or a real-time RT-PCR was used to detect

different influenza virus subtypes using QIAGEN kits.

Samples were first classified as influenza A or influenza B.

Most influenza-A-positive samples were further tested to

identify different subtypes following Chinese technical

documents [4].

Sequencing and phylogenetic analysis

To construct a phylogenetic tree, 143 isolated influenza

viruses with high viral load from different surveillance

years were selected: 47 influenza A(H3N2), 39 influenza B

and 57 influenza A(H1N1)pdm09 viruses. The HA or NA

gene was amplified using primers described previously

[5–7]. The resulting single fragments were sent to Huada

Gene Biotechnology Company (Beijing China) for

sequencing by the dideoxynucleotide chain termination

method. The gene sequences were aligned using the Clustal

W program for the major coding regions: HA1 (966 bp) for

A (H3N2), HA1 (1002 bp) for influenza B, HA (1550 bp)

and NA (1250 bp) for influenza A (H1N1) pdm09.

Neighbor-joining (NJ) phylogenetic trees were constructed

using MEGA 5.0 software, using Kimura’s two-parameter

distance model with 1000 bootstrap replicates. Bootstrap

values above 90 were labeled on major tree branches for

reference. All gene sequences in this study were deposited

in the GeneBank database under accession numbers

CY063666-063702, CY064922-064936, KR107136-

107200, and KT424131-179.

Statistical analysis

Statistical analysis was performed using SPSS 17.0 soft-

ware (SPSS Inc., Chicago, IL, USA) and Excel 2007. Pro-

portions of influenza-positive tests in different age and sex

groups were compared by chi-square test. A multivariate
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logistic regression model was applied to examine the rela-

tionship between the positive rate and the different age

groups. P B 0.05 was considered statistically significant.

Results

Influenza positivity in sentinel surveillance hospitals

in Shandong Province

A total of 36,209 ILI samples were collected from 2005-12

and tested for influenza virus, by virus isolation, real-time

RT-PCR or RT-PCR (since May 2009). Of these, 21.44 %

(7763/36209) were positive for influenza viruses (Table 1).

The highest prevalence of influenza was 39.72 % during

the 2009-2010 surveillance season, followed by the

2007-2008 season (25.88 %). This increase was primarily

due to the emergence of influenza A (H1N1) pdm09 in

2009 and changes in detection methods.

Influenza types and subtypes in Shandong Province

While the influenza viruses were detected year-round, the

types/subtype varied considerably. The percentage distri-

bution of influenza viruses by month was plotted over the

total number of positive samples for influenza viruses in

the respective year (Table 1 and Fig. 2). Based on the HI

assay and the RT-PCR results, 67.25 % (5221/7763) of the

positive samples were influenza A:263 seasonal A (H1N1),

3143 influenza A (H1N1) pdm09, 1153 seasonal A (H3N2)

and 662 influenza A non-typed. The remaining positives

were influenza B (32.75 %, 2542/7763). Influenza A was

predominant during most of the surveillance years (ranging

from 51 % to 95.35 %), except in the 2011-12 influenza

season (20.58 %). There were at least two influenza virus

subtypes co-circulating in Shandong Province in each

surveillance year. The prevalent influenza viruses were

seasonal A (H1N1) and seasonal A (H3N2) in the 2005-06

and 2006-07 influenza season, respectively. There was an

equal distribution of seasonal A (H3N2) and influenza B

during 2007-08 and an increase in prevalence of seasonal A

(H1N1) during the 2008-09 influenza season. In 2009-10,

seasonal A (H1N1) was completely replaced with influenza

A (H1N1) pdm09 virus. The seasonal A (H3N2) viruses

circulated at a low level in 2008-09, and their activity

increased just before emergence of influenza A (H1N1)

pdm09 in September 2009. In the 2010-11 influenza sea-

sons, there was co-circulation of influenza B, seasonal A

(H3N2) and influenza A (H1N1) pdm09 viruses. The

influenza A (H1N1) pdm09 virus demonstrated a very

discrete pattern with peaks in November, 2009 and Jan-

uary, 2011 (Fig. 2). In the 2011-12 influenza season,

influenza B virus became the predominant virus in Shan-

dong Province.

Fig. 1 Influenza surveillance laboratories and sentinel hospitals in Shandong Province
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Seasonality

Figure 2 demonstrates the seasonality of influenza activity.

In the four influenza seasons from 2005 to 2009, one peak

was consistently observed from December to March, which

is considered the winter season in Shandong Province.

Samples from December and January accounted for

59.97 % of all positive samples during the four influenza

seasons.

In the 2009-10 influenza season, a major peak was

observed from September to December because of the

pandemic caused by influenza A (H1N1) pdm09. With the

decrease in influenza A (H1N1) pdm09, the peak and the

positive rate sharply declined. In the 2010-12 influenza

seasons, the greatest influenza activity was observed during

January and February, with minor influenza A (H3N2)

activity in September 2010.

Age and sex distribution

The median age of ILI patients enrolled in the study was

16.41 years (range: 1 month-95 years), and the mean age

Table 1 Surveillance for influenza-like illness in Shandong Province, China, 2005-2012

Surveillance

yeard
No. tested Influenza

positive

Influenza B Seasonal Influenza A Influenza

A(H1N1)pdm09
H3N2 H1N1 A non-typed

n %a n %b n %b n %b n %b n %b

2005.10-2006.3 739 86 11.64 % 4 4.65 % NA NA 82 95.35 % NA NA NA NA

2006.10-2007.3 783 156 19.92 % 35 22.44 % 112 71.79 % 9 5.77 % NA NA NA NA

2007.10-2008.3 962 249 25.88 % 122 49.00 % 123 49.40 % 4 1.61 % NA NA NA NA

2008.10-2009.3 1222 156 12.77 % 8 5.13 % 14 8.97 % 134 85.90 % NA NA NA NA

2009.5-2010.3 11886 4721 39.72 % 1055 22.35 % 460 9.74 % 34 0.72 % 506 10.72 % 2666 56.47 %

2010.4-2011.3 10295 1039 10.09 % 241 23.20 % 254 24.45 % NA NA 120 11.55 % 424 40.81 %

2011.4-2012.3 10322 1356 13.14 % 1077 79.42 % 190 14.01 % NA NA 36 2.65 % 53 3.91 %

Total 36209 7763 21.44 % 2542 32.75 % 1153 14.85 % 263 3.39 % 662 8.53 % 3143 40.49 %

a : The proportion positive for influenza virus b: the percentage of different subtypes among all positive samples
c : influenza A non-typed d: the samples from seven sentinel hospitals in 2005-2008 surveillance years and 27 sentinel hospitals in 2009-2012

NA: not detected

Fig. 2 Distribution of influenza virus subtypes from 2005-2012 by

month. The left axis shows the number of positive samples and the

right axis shows the percent monthly distribution of seasonal

influenza. The inset shows the overall distribution of influenza types

and subtypes for the years 2005-12
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was 9 years. Among ILI cases, children under 5 years of

age constituted 31.82 %. The under-5 age group also

accounted for the highest percentage of laboratory-con-

firmed cases in the 2005-09 and 2009-12 influenza seasons,

while the age group 15-24 years was the highest in the

2009-10 pandemic influenza season (Fig. 3).

There was a statistically significant difference in the

proportion of influenza-virus-positive cases among differ-

ent age groups (0-4, 5-14, 15-24, 25-59, C60 years old);

(p\ 0.0001). The frequency of influenza A was signifi-

cantly lower among children (\15 years) than that among

adults (5.64 % vs. 7.32 %, p\ 0.0001), in the surveillance

years 2005-12 except the 2009-10 season. For influenza B,

the positive rate among children (\15 years) was statisti-

cally significantly higher (p\ 0.0001, OR: 5.517, 95 %

CI: 4.649-6.548) than that among adults during all these

periods. In the 2009-2010 surveillance season, further

analysis showed that influenza A(H1N1)pdm09 in the 15 to

24-year-old (OR 3.735, 95 % CI 2.697-5.172, P\ 0.0001)

and 5 to 14-year-old (OR 2.386, 95 % 1.722-3.306,

P\ 0.0001) groups were significantly higher compared

with the C60-year-old group.

From 2005 to 2012, there was no significant difference

in the influenza-positive proportion among males and

females, and the male-to-female ratio was 1.

Phylogenetic analysis of influenza viruses

A/H3N2 influenza viruses

The HA gene of the 47 circulating influenza A (H3N2)

viruses identified in Shandong Province during the 2006-11

surveillance seasons were compared with the vaccine

strains. As seen in Figure 4, H3N2 Shandong strains

grouped into three clusters: the 2006-2008 isolates, with

99.1 %-100.0 % similarity clustered with the A/Brisbane/

10/07-like strain, which was a 2007-2009 northern hemi-

sphere vaccine component. In 2008-2009 a change

(K173Q/E) in the circulating strain took place. In the

2009-2011 influenza season, influenza A(H3N2) virus with

96.9 %-100.0 % similarity, fell into three phylogenetic

clades. Some isolates still grouped with A/Brisbane/10/07,

while most strains fell into the clades represented by

A/Perth/16/09 and A/Victoria/208/2009, with the amino

acid mutation T212A. The nine potential N-glycosylation

sites were found to be conserved in all isolates during the

2006-2011 seasons.

Influenza A (H1N1) pdm09 virus

A phylogenetic tree of the HA and NA nucleotide

sequences of the Shandong Province strains from the

2009-2011 seasons and the vaccine are shown in Figure 5

and Figure 6. Among the Shandong influenza A (H1N1)

pdm09 strains during 2009-2011, the gene sequence simi-

larities in HA and NA were 98.4 %-100 % and 98.5 %-

100 %, respectively. All isolates were descended from

A/California/2009-like viruses. The HA phylogeny shows

that the amino acid substitutions P83S, S203 and I321V

were found in all of the Shandong isolates. The substitu-

tions S128P and D86G/Y were identified in 50 % and 30 %

of the A/H1N1 pdm09 viruses in the 2009-2010 and

2010-2011 season, respectively. The selected viruses had

histidine (H) at position 275 in the NA gene, indicating

sensitivity to neuraminidase inhibitors. Other substitutions,

V106I and N248D in the NA gene, were present in the

analyzed viruses.

Fig. 3 Influenza-like illness (ILI) cases by age, 2005-2012. For the

blue bar, the axis shows the percentage of subjects in the different age

groups for the collected ILI samples (N = 24,323 in 2005-2012

except 2009-2010, N = 11,886 in 2009-2010). For the red bar, the

axis shows the positive rate in the different age groups
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Fig. 4 Phylogenetic tree

comparing the HA1 genes of

A/H3N2 Shandong strains and

the vaccine strain
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Fig. 5 Phylogenetic tree

comparing the HA genes of

A/H1N1pdm09 Shandong

strains and the vaccine strain.

The representative strains from

A/California/07/2009 (H1N1)

(red triangle) and Shandong (red

circle) and other parts of the

world were used to generate the

phylogenetic tree. A/Sichuan/

01/2009 (red square) was the

first influenza A(H1N1)pdm09

strain in China, A/Shandong/01/

2009 (red triangle) was the first

influenza A(H1N1)pdm09 strain

in Shandong Province. The

characteristic amino acid

(S203T) is shown at the root of

the branch
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Fig. 6 Phylogenetic tree

comparing the NA genes of

A/H1N1pdm09 Shandong

strains and the vaccine strain
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Influenza B virus

Phylogenetic analysis based on the HA1 sequences of 39

influenza B virus isolates from 2006-2012 revealed that

influenza B virus was present as a mixed population of

viral variants, since viruses belonging to both B/Victoria

and B/Yamagata lineages co-circulated in different pro-

portions (Fig. 7). The Shandong strains from 2006-2012

grouped into four clades, represented by the corresponding

vaccine strains. The substitutions D197N, and S230D/G

and 163 deletions were observed in all Shandong B/Yam-

agata isolates, and the B/Victoria isolates also had L58P

and N75K substitutions, with the exception of four strains

(Fig. 7).

Discussion

In this report, we have described the influenza virus sea-

sonality and evolutional analysis of influenza virus in

Shandong Province during the period from 2005 to 2012.

We found that influenza viruses affected all age groups and

circulated seasonally during the winter months of

November through February, with peak circulation occur-

ring in December and January, similar to patterns docu-

mented in the temperate regions of the northern hemisphere

[8–12]. The epidemiological data revealed that multiple

influenza subtypes co-circulated in Shandong Province and

that the predominant subtype varied each year (Table 1 and

Fig. 2), which may partly be due to limited immunological

cross-reactivity between influenza subtypes. There was

also evidence that the dynamic patterns and displacements

of different subtypes were linked to host factors, environ-

mental factors, and the virulence and/or pathogenicity of

each strain [13–15]. Genetic and phylogenetic analysis of

influenza virus circulating in Shandong Province confirmed

that the genetic makeup of influenza viruses may change

from year to year.

A strong surveillance system that covered all of the

diverse settings in Shandong Province enabled us to

monitor the emergence of influenza A (H1N1) pdm09 virus

throughout the province. After the detection of the influ-

enza A (H1N1) pdm09 virus outbreak in North America in

the spring of 2009, we observed a high prevalence of

seasonal A/H3N2 in Shandong province, which was con-

sistent with the other provinces in China [16]. By contrast,

the United States reported that [90 % of the positive

samples contained influenza A (H1N1) pdm09 virus during

the first wave in 2009 [17]. To delay community outbreaks

of influenza A (H1N1)pdm09 in China, a strict prevention

strategy was implemented in the early stage of the pan-

demic, including border entry screening [18], resulting in

only sporadic and imported cases. With the opening of

school and the modulated prevention strategy in September

2009, the number of influenza A (H1N1) pdm09 patients

gradually increased [19]. In October 2009, influenza A

(H1N1) pdm09 became the predominant virus, and a dis-

tinct peak occurred in November 2009, and followed by a

sharp decline in January 2010, when influenza B viruses

became more prevalent. These observations are in agree-

ment with those from other parts of the world, where

influenza A (H1N1) pdm09 either completely replaced

seasonal influenza or co-circulated with seasonal influenza

viruses [20, 21]. At the same time, in response to the

influenza A(H1N1)pdm09 pandemic, a free vaccination

program was implemented in Shandong Province from

October 2009 to March 2010, covering about 5 million

people of all ages (data unpublished): 0-5 years (1.99 % of

those who were vaccinated), 6-15 years (30.87 %),

16-24 years (27.4 %), 25-59 years (35.26 %) and C

60 years (4.48 %). This helped prevent the virus from

circulating more widely among the population. At the same

time, we found that the first wave of the 2009 pandemic

started to decline in December 2009, which was in agree-

ment with the national data in China [18]. The decline was

attributed to protection after natural infections or vacci-

nation during these periods.

In the 2010-2011 surveillance season, influenza B virus

circulation was observed in the early phase, then influenza

A/H3N2 in August-November 2010, followed by a second

wave of influenza A (H1N1) pdm09 in January 2011,

similar to what is observed presently in most countries or

districts around the globe [22–24]. The ‘‘second-wave’’

pattern that was observed could also be seen in the

1918-1919 H1N1 pandemic and 1957-1958 H2N2 pan-

demic, but only a single peak was observed in the 1968

H3N2 pandemic, which demonstrates the unpre-

dictable nature of influenza pandemics [25]. We postulate

that at least four factors play key roles in this phenomenon.

First, the antibody against influenza A (H1N1) pdm09 virus

acquired by natural infections or vaccination or prior

immunity may have decreased. Wang et al. reported that at

least 50 % of vaccinees and recovered patients lost pro-

tective immunity after 6 months [26]. Dorigatti et al. [27]

stated that the main reason for the 2010-2011 influenza A

(H1N1) pdm09 wave was not a decay of homologous

immunity but decreased levels of the preexisting protective

cross-reactive immunity in adults during 2009 by the

winter of 2010 in the United Kingdom, which resulted in

more susceptible people. In Shandong Province, the result

of the serological surveys in 2010 showed that the sero-

prevalence rate in September was 25.85 %, the positive

rate of vaccinated people decreased from 50.9 % to

25.43 %, and the positive rate of the age group C60 years

increased from 8.4 % to 28.43 % from January to

September 2010 [28, 29]. Thus, the decay of homologous

Influenza virus in Shandong Province, China 3055
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and/or heterologous immunity may have resulted in the

second wave of the influenza A (H1N1) pdm09 epidemic in

the 2010-2011 surveillance seasons in Shandong Province.

Second, the transmissibility of influenza A (H1N1) pdm09

virus may have increased, partly because of the genetic

adaptation of the virus to the human host. Dorigatti et al.

Fig. 7 Phylogenetic tree comparing the HA1 genes of influenza B Shandong strains and the vaccine strain
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also showed that viral transmissibility increased in England

[27], with the effective reproduction number Re increasing

from 1.2 in the second wave to 1.5 by the start of the third

wave (Fall 2010). Third, the shift in the age distribution of

cases between the two waves contributed to the appearance

of the second wave [23, 30]. Compared with the 2009-2010

epidemics, for the age group C25 years, the percent of the

verified cases in all positive cases increased from 25.63 %

to 40.4 %, while it decreased from 69.29 % to 38.2 % for

the age group of 5-24 years in the second wave (data

unpublished). Lastly, some environmental factors may

have contributed to the second wave. There is evidence that

drastic changes in meteorological parameters, such as

humidity and cold weather [31, 32], can modulate viral

survival and transmissibility and also affect human

immunity. According to the Shandong Weather Bureau, the

average temperature in January 2011 was 2 degrees

centigrade lower than that in January 2010, and the average

amount of the rain decreased 5 mm, which may have

substantially affected the ability of the virus to be trans-

mitted among the population.

Age-group analysis revealed that the highest rate of

influenza virus positivity except for the 2009-2010 influ-

enza season was observed among children in the age group

of 0-4 years, which could be due to timely medical diag-

nosis and treatment when the children were ill, compared

with young adults and adults, who prefer to remain at home

and use self-administered medication, which was also

verified by the reported ILI cases from the sentinel hospi-

tals [33, 34]. At the same time, the highest rate of influenza

A (H1N1) pdm09 positivity in the 2009-2010 season was in

the age group of 15-24 years, followed by 5-14 years,

which is consistent with reports from Mongolia (16-

24 years), Taiwan (5-19 years) and Delhi (5-18 years and

18-25 years). These may be explained by their behavior

and the high exposure rates among school age-children

[35, 36].

Diversity in circulating influenza types and subtypes

poses a real challenge to vaccine strategies [37]. The viral

antigenic and evolutional analysis of circulating influenza

viruses is considered the best method to recommend the

most suitable influenza vaccines for the northern and

southern hemisphere. Phylogenetic analysis of circulating

viruses showed a general good match between recom-

mended vaccine strains and circulating viruses in the

2006-2012 surveillance seasons, whereas some strains were

more divergent in different surveillance seasons, such as

influenza A (H3N2). In the 2007-2008 and 2008-2009

seasons, most of the Shandong influenza A(H3N2) viruses

had high similarity to the vaccine strain A/Brisbane/10/

2007, while some strains gradually evolved with the sig-

nature genetic marker K173Q/E after Spring, 2008. In the

2009-2010 season, the prevalent strains were replaced by

an A/Perth/16/2009-like strain, an A/Victoria/208/2009-

like strains evolved into the predominant strains until 2011,

with the main amino acid mutation T212A. The strains fell

into two clades in 2009-2011. At the same time, the amino

acids in the H3 HA1 from 2006 to 2011 had a total of 50

amino acid substitutions, 14 of which were located at well-

known antigenic sites.

Like other circulating strains in China, the influenza (A/

H1N1) pdm09 virus isolates were characterized by three

fixed mutations, P83S, S203T (except Chinese reference

stain A/Sichuan/SWL01/2009) and I321V, with respect to

A/California/07/2009. All Shandong influenza A (H1N1)

pdm09 strains analyzed belonged to clade 7 with the sig-

nature sequence S203T in the HA1 protein [38]. Certain

amino acid substitutions such as D222G in HA have been

reported in connection with severe disease and poor out-

come [39, 40], but none of Shandong isolates analyzed in

this study had this substitution. The significance merits

further study, especially in more-serious cases reported

from Shandong province. Only one isolate, A/Shandong-

Lixia/SWL131/2011, had the R257K substitutions reported

previously in Finland [41]. The significance of substitution

at this position for disease severity has not been clearly

demonstrated. In the NA gene, the clade-7-specific sub-

stitutions (V106I and N248D) were uniformly seen in the

analyzed viruses, while the characteristic Y275H substi-

tutions reportedly associated with drug resistance were

absent.

In conclusion, our study clearly illustrates that influenza

was an important cause of ILI. Analysis of the epidemio-

logical and virological data, together with the genetic and

antigenic data, has also provided insights into the pattern of

virus spread, the genetic diversity during seasonal epi-

demics, and the dynamics of evolution. Continuous

surveillance of the dynamics of influenza virus subtypes

and genetic change throughout consecutive years is nec-

essary to find new antigenic or drug-resistant variants. This

will further facilitate pandemic planning and response

capacity at the national as well as the global level.
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Ruutu P et al (2010) Genetic diversity of the 2009 pandemic

influenza A (H1N1) viruses in Finland. PLoS One 5(10):e13329

Influenza virus in Shandong Province, China 3059

123


	Dynamic patterns of circulating influenza virus from 2005 to 2012 in Shandong Province, China
	Abstract
	Introduction
	Materials and methods
	Case definition of influenza-like illness (ILI) and the study population
	Laboratory diagnosis
	Virus isolation and identification
	RNA extraction and RT-PCR detection
	Sequencing and phylogenetic analysis
	Statistical analysis

	Results
	Influenza positivity in sentinel surveillance hospitals in Shandong Province
	Influenza types and subtypes in Shandong Province
	Seasonality
	Age and sex distribution

	Phylogenetic analysis of influenza viruses
	A/H3N2 influenza viruses
	Influenza A (H1N1) pdm09 virus
	Influenza B virus

	Discussion
	Acknowledgments
	References




