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Abstract

Background: Seasonal patterns of influenza A subtypes and B lineages in tropical/subtropical regions across age
have remained to be explored. The impact of the 2009 HIN1 pandemic on seasonal influenza activity have not
been well understood.

Methods: Based on a national sentinel hospital-based influenza surveillance system, the epidemiology of influenza
virus during 2006/07-2015/16 was characterized in the subtropical city, Chengdu. Chengdu is one of the most
populous cities in southwestern China, where the first reported case of A/HINTpdm09 in mainland China was
identified. Wavelet analysis was applied to identify the periodicities of A/H3N2, seasonal A/H1NT,

A/HINTpdmO9, Victoria, and Yamagata across age, respectively. The persistence and age distribution patterns were
described during the pre-pandemic (2006/07-2008/09), pandemic (2009/10), and post-pandemic (2010/11-2015/16)
seasons.

Results: A total of 10,981 respiratory specimens were collected, of which 2516 influenza cases were identified.
Periodicity transition from semi-annual cycles to an annual cycle was observed for composite influenza virus
as well as A/H3N2 along in Chengdu since the 2009 HIN1 pandemic. Semi-annual cycles of composite
influenza virus and A/H3N2 along were observed again during 2014/15-2015/16, coinciding with the emergence and
predominance of A/H3N2 significant antigenic drift groups. However, A/HIN1pdmQ9, Victoria, and Yamagata generally
demonstrated an annual winter-spring peak in non-pandemic seasons. Along with periodicity transitions, age groups
with higher positive rates shifted from school-aged children and adults to adults and the elderly for A/HIN1pdm09
during 2009/10-2010/11 and for A/H3N2 during 2014/15-2015/16.

Conclusions: Differences in periodicity and age distribution by subtype/lineage and by season highlight the
importance of increasing year-round influenza surveillance and developing subtype/lineage- and age-specific
prevention and control measures. Changes of periodicity and age shifts should be considered in public health
response to influenza pandemics and epidemics. In addition, it is suggested to use quadrivalent influenza
vaccines to provide protection against both influenza B lineages.
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Background

Influenza can cause epidemics and pandemics which
give rise to significant morbidity and mortality world-
wide [1, 2]. Viruses of influenza A subtypes and B line-
ages are the main causes of the disease burden in
humans.

Despite the mass of research on seasonal influenza,
seasonality of influenza virus has not been well charac-
terized in tropical/subtropical regions. Diverse seasonal
patterns, including annual and semi-annual cycles, as
well as year-round activity have been widely observed
[3-5]. In addition, the epidemic peaks of type A and B
viruses were found to coincide less frequently in trop-
ical/subtropical countries than in temperate countries [6,
7]. However, epidemiological studies focusing on individ-
ual influenza subtypes/lineages are limited. Conse-
quently, analyzing surveillance data with greater spatial
resolution (i.e., at the city level rather than on a national
scale) of specific influenza types, subtypes, and lineages
in tropical/subtropical regions is crucial to develop local
prevention and control measures, as well as to under-
stand influenza persistence worldwide.

During March and early April 2009, the 2009 pan-
demic influenza A virus subtype HIN1 (A/
HIN1pdm09) emerged in the Americas and subse-
quently caused the 2009 HIN1 pandemic worldwide
[8, 9]. After the pandemic, A/HIN1pdmO09 replaced
the pre-existing seasonal influenza A virus subtype
HIN1 (seasonal A/HIN1), circulating as a seasonal
influenza virus with influenza A virus subtype H3N2
(A/H3N2) and influenza B lineages, B/Victoria/2/
87-like (Victoria) and B/Yamagata/16/88-like (Yama-
gata) [10, 11]. It is suggested that novel antigenic var-
iants might interrupt the circulation of the resident
viruses, possibly through competition for susceptible
hosts [12]. However, the impact of the newly emerged
pandemic strain on the seasonal epidemics of the
resident influenza subtypes/lineages has not been well
understood. The epidemiological characteristics of A/
HIN1pdmO09 during the post-pandemic periods re-
main to be explored.

This retrospective study aimed to describe and com-
pare the epidemiological and virological characteristics
of influenza A subtypes and B lineages during pre-pan-
demic, pandemic, and post-pandemic seasons and to re-
veal the impact of the 2009 HINI1 pandemic on
influenza activity in a subtropical city in detail. Influenza
surveillance data during 2006/07-2015/16 were col-
lected in the subtropical city, Chengdu, where the first
reported case of A/HIN1pdmo09 in mainland China was
identified [13]. Serving as the capital of Sichuan prov-
ince, Chengdu is one of the most populous cities in
southwestern China and is the western center of logis-
tics, commerce, and finance. Despite the importance of
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Chengdu, to our knowledge, there is little research avail-
able on the epidemiological characteristics of influenza
virus in this city. Based on ten-year influenza surveil-
lance the seasonality and the age distribution of A/
H3N2, seasonal A/HIN1, A/H1N1pdm09, Victoria, and
Yamagata were identified. The persistence of specific/in-
dividual influenza subtypes/lineages in each respiratory
season was evaluated.

Materials and methods
Influenza surveillance data
Chengdu is located at the 30.67°N and 104.07°E, with a
registered population of 14.7 million [14]. It has a typical
subtropical humid climate. A sentinel hospital-based in-
fluenza surveillance system was initiated in 2001 by the
Sichuan Center for Disease Control and Prevention, as
part of the National Influenza Surveillance Network in
China [15]. Since 2006, the sentinel hospitals have
started to report the year-round surveillance data on a
centralized online system maintained by the Chinese
Centre for Disease Control and Prevention, which has
significantly decreased the missing data rate. Therefore,
we focused on 2006/07-2015/16 season in this study.
During 2006/07-2007/08, influenza surveillance was
conducted in two sentinel hospitals. Since 2008/09, one
more sentinel hospital was included in the surveillance
system. All three sentinel hospitals are Grade III level A
(top-class in China). The number of physicians and
nurses remained at 17, 30, and 38 in these hospitals re-
spectively, in order to keep consistency during the
ten-year surveillance. Each week, sentinel hospitals re-
ported the numbers of total visits to outpatient and/or
emergency departments as well as patients with
influenza-like-illness (ILI) to a centralized online system
maintained by the Chinese Center for Diseases Control
and Prevention. ILI was defined by the World Health
Organization [WHO)] as sudden onset of fever with mea-
sured body temperature > 38 °C and a cough or sore throat
in the absence of other diagnoses. In each sentinel hos-
pital, the first one or two (the first three or four since
2013) nasopharyngeal swabs were collected on each day of
the weeks in which ILI data were recorded, resulting in
10-15 (20-30 since 2013) specimens per hospital per sur-
veillance week. Clinical specimens were inoculated in
Madin-Darby canine kidney (MDCK) cells and/or specific
pathogen free (SPF) chicken embryos. Hemagglutination
inhibition (HI) test and/or real-time reverse transcription
PCR (RT-PCR) assay were performed to identify the types,
subtypes, and lineages of influenza viruses. ILI consult-
ation and influenza virological surveillance were carried
out following the guideline for national influenza surveil-
lance [16] and more details could be found in the previous
description and study in China [33].
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Influenza periodicity and seasonality analyses
A(HIN1)pdmO09 emerged in Chengdu in May 2009,
therefore, a respiratory season was defined as the period
from May of one year to April of the following year in
this study. Three pre-pandemic seasons (2006/07—-2008/
09), the pandemic season (2009/10), and six
post-pandemic seasons (2010/11-2015/16) were in-
cluded. In 2009/10, 31 (3.6%) influenza A virus-positive
isolates were unsubtyped amd were allocated among
three subtypes, A/H3N2, seasonal A/HIN1, and A/
HIN1pdmO09, according to the seasonal ratio of total
numbers for each subtype. Influenza B virus-positive
specimens that were not determined were similarly allo-
cated into two lineages, Victoria, and Yamagata, except
in 2009/10 when 78 out of 92 (84.8%) influenza B
virus-positive specimens were not determined.

Time series of the monthly influenza virus positive rates
which were calculated as monthly numbers of positive
specimens (all influenza viruses, or each A subtype, or
each B lineage) divided by monthly total numbers of spec-
imens tested were compiled. Since individual move from
one age group to another, age in relation to birth year was
inspected. Monthly age-specific positive rates of each sub-
type/lineage were aggregated into four age groups, 0—4,
5-17, 18-59, and >60years. To characterize influenza
virus seasonality, wavelet analysis was applied. Wavelet
analysis has been used for various infectious diseases data
[17, 18] to identify periodicities in time series data and
help track variations in periodicity over time [19]. The
sowas package [20, 21] implemented in MATLAB R2016b
(Mathworks, Natick, MA) was applied to conduct wavelet
analysis. Time series data were square root-transformed
prior to analysis as previously applied to other epidemio-
logical analyses [22—24] in order to stabilize variance be-
cause of the increased number of specimens collected and
the 2009 HIN1 pandemic.

Statistical analyses

To assess differences in age distribution of each subtype/
lineage, the positive rates of a given subtype/lineage
across four age groups for a given respiratory season
were compared using chi-square or Fisher’s exact tests.
A P value satisfying P< 0.05 was considered as statisti-
cally significant. Statistical analyses were performed
using SPSS v21 (SPSS Inc., Chicago, IL, USA).

Results

Seasonality and periodicity of influenza virus in Chengdu
During 2006/07-2015/16, 645,205 (0.85%) ILI cases
were recorded. A total of 10,981 respiratory specimens
were detected and 2516 (22.91%) influenza viruses were
isolated (Table 1). The composite influenza virus activity
including all influenza isolates exhibited changes in peri-
odicity. During the pre-pandemic seasons 2006/07—
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2008/09 and the post-pandemic seasons 2014/15-—
2015/16, semi-annual cycles were identified, with one
peak in summer or early autumn and the other in
winter or early spring. However, an annual cycle with
a peak in winter or early spring was detected during
2011/12-2013/14 (Fig. 1). Wavelet analysis showed
that the semi-annual cycle was statistically significant
(P< 0.05) in 2014/15-2015/16, and the annual cycle
was statistically significant (P < 0.05) in 2010/11 and
2013/14 (Fig. 1b).

To understand seasonality of each subtype/lineage
across age in Chengdu, 803, 111, 862, 333, and 325 influ-
enza cases of A/H3N2, seasonal A/HIN1, A/
HIN1pdmO09, Victoria, and Yamagata were analyzed
(Table 1). Individual subtypes and lineages demonstrated
annual and/or semi-annual cycles (Fig. 2 and Additional
file 1: Figure S1). Before the pandemic, A/H3N2 exhib-
ited semi-annual cycles (P < 0.05), with one peak during
August-September and the other during January—Febru-
ary. Similar to composite influenza activity, an annual
cycle with a peak in August—September was observed
for A/H3N2 since 2009/10. Based on wavelet analysis,
A/H3N2 did not exhibit any statistically significant peri-
odicity during 2011/12-2012/13 when A/H3N2 viruses
were not frequently detected. In addition to the major
summer-autumn peak, a minor winter peak of A/H3N2
resurged resulting in the co-existence of statistically sig-
nificant (P< 0.05) semi-annual cycles and the annual
cycle during 2014/15-2015/16. Both annual and
semi-annual cycles were observed for seasonal A/HIN1 in
2006/07-2008/09. Additional surveillance data might be
necessary to identify the epidemic pattern. Seasonal A/
HINI completely disappeared from the Chengdu popula-
tion after the pandemic. A/HIN1pdmO9 emerged in
Chengdu in May 2009 and demonstrated a minor summer
peak and a major winter peak during 2009/10. After the
pandemic, an annual cycle with a peak in December—Feb-
ruary predominated. Both Victoria and Yamagata exhib-
ited an annual cycle (P < 0.05) with a winter—spring peak
in most seasons.

All four age groups demonstrated similar seasonal
patterns for influenza subtypes/lineages, although a few
exceptions were observed (Additional file 1: Figure S1).
For example, statistically significant semi-annual cycles
(P< 0.05) of A/H3N2 were observed only in
school-aged children in 2006/07, as well as in adults and
the elderly in 2009/10 and 2014/15-2015/16. Moreover,
instead of an annual cycle, statistically significant (P
< 0.05) semi-annual cycles were observed in the elderly
in 2013/14 for A/HIN1pdmO09. In addition, influenza vi-
ruses were not detected in the elderly during the
pre-pandemic seasons. Therefore wavelet analysis was
unable to identify any statistically significant influenza
periodicity for this age group.
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Fig. 1 Composite influenza virus activity in Chengdu, China, 2006/07-2015/16. a The monthly positive rates of all influenza viruses
combined and monthly distribution of influenza A subtypes (A/H3N2, seasonal A/HIN1, and A/HIN1pdm09) and B lineages (Victoria
and Yamagata). b Wavelet power spectrum of the monthly positive rates of all influenza viruses combined. Black lines highlight
periodicities that reach statistical significance of 95% based on 1000 Monte Carlo simulation. The region outside the white-curved
cone indicate the presence of edge effects. The power values were shown in the panel on the right. Time series have been
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Subtype/lineage distributions by season

On average, 70.6 and 29.3% of influenza-positive
cases during the 10 surveillance seasons were type A
and B influenza viruses, respectively (Table 1). Com-
pared with those in the pre-pandemic period, a sta-
tistically significant decrease of positive rates in the
pandemic was observed for most non-pandemic in-
fluenza viruses, except for A/H3N2 with similar
positive rates between pre-pandemic and pandemic
period. After the pandemic, seasonal A/HIN1 com-
pletely disappeared from the Chengdu population,
and the positive rate of A/HIN1pdm09 became sig-
nificantly lower than in the pandemic (Additional file
2: Table S1). Positive rates of A/H3N2 and Yamagata
during the post-pandemic seasons were similar with
those during the pre-pandemic seasons, while the
positive rates of Victoria in the post-pandemic
seasons were significantly higher than in the
pre-pandemic seasons. A type or subtype/lineage was
considered ‘dominant’ in Chengdu if it account for
50% or more of the total influenza isolates for a par-
ticular respiratory season. The predominant influenza
subtypes/lineages observed in Chengdu are shown in
Fig. 1la and Additional file 2: Table S1. There were
at least two subtypes/lineages co-circulating in each
season. One or two influenza A subtypes predomi-
nated in most seasons, except in 2011/12 when
Victoria predominated. Influenza A subtypes gener-
ally co-circulated in most seasons, but A/
HIN1pdmO09 viruses were not detected in 2011/12
and 2014/15. Two influenza B lineages co-circulated
during most seasons, except in 2012/13-2013/14
when Victoria viruses were not detected.

Heterogeneous age distributions of individual subtypes/
lineages

The positive rates of all influenza viruses combined
over the ten surveillance years exhibited statistically
significant difference across four age groups, 0-4, 5—
17, 18-59, and 60+ years. The highest positive rate
was observed in school-aged children for all influenza
viruses combined as well as for each subtype/lineage
(Table 1). However, when assessed by respiratory sea-
son, the age distribution patterns varied between sub-
types/lineages (Fig. 3).

Prior to the pandemic, there were not any statisti-
cally significant difference between seasonal positive
rates of influenza subtypes and lineages (Fig. 3). Dur-
ing the pandemic season, the lowest positive rates of
A/H3N2 and seasonal A/HIN1 were found in chil-
dren aged 0—4vyears, while A/HIN1pdm09 were more
frequently isolated in school-aged children and adults
than in other age groups. In 2010/11 the age groups
with higher seasonal positive rates for A/HIN1pdm09
changed to adults and the elderly. In the subsequent
seasons, A/HIN1pdm09 appeared to be more fre-
quently detected in school-aged children or adults.
The highest seasonal positive rates of A/H3N2 were
not consistently detected in any specific age group
during the post-pandemic seasons. Notably, similar to
A/H1IN1pdmO09, age shift behavoir was also observed
for A/H3N2. A/H3N2 were more frequently isolated
in school-aged children and adults in 2014/15. How-
ever, age groups with higher positive rates changed to
adults and the elderly in 2015/16. Lastly, both
Victoria and Yamagata were more frequently detected
in school-aged children.
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(See figure on previous page.)

Fig. 2 Seasonal distribution and wavelet power spectrum of influenza subtypes/lineages. a The monthly positive rates of influenza A subtypes (A/
H3N2, seasonal A/H1N1, and A/HIN1pdm09) and B lineages (Victoria and Yamagata) and monthly numbers of laboratory confirmed cases by age
group. b Wavelet power spectrum of the monthly positive rates of influenza subtypes/lineages. Black lines highlight periodicities that reach
statistical significance of 95% based on 1000 Monte Carlo simulation. The region outside the white-curved cone indicate the presence of edge
effects. The power values were shown in the panel on the right. Time series have been square-root transformed

Discussion

Seasonality and periodicity of influenza virus in Chengdu
10-year surveillance showed periodicity transitions of
composite influenza virus activity in Chengdu, a sub-
tropical city in southwestern China. Composite influenza
activity changed from semi-annual cycles during
pre-pandemic seasons to annual cycles since the 2009
pandemic. Moreover, semi-annual cycles were observed
again during 2014/15-2015/16 when A/H3N2 major
antigenic drift groups, A/Switzerland/9715293/2013-like
(SW13) and A/HongKong/5738/2014-like (HK14) [25],
predominated. These A/H3N2 strains dominated in
2014/15 in many countries and caused massive morbid-
ity and mortality because of the antigenic variation [26].
This seasonal pattern was different from the temperate
regions and many tropical/subtropical areas with
well-defined annual or semi-annual peaks [3-5]. Viro-
logical data of influenza virus demonstrated that an an-
nual cycle with one peak in winter was noticeable in the
temperate region of China, including Beijing and Shan-
dong province [27, 28]. Influenza virus peaked in summer
in Guangdong province in subtropical southern China
[29]. However, seasonal pattern was not determined in
Chongging which is adjacent to Sichuan province [30]. A
number of factors might drive influenza circulation pat-
terns, including viral evolution, host susceptibility, demo-
graphic characteristics, and environmental conditions. An
epidemiological study during the pre-pandemic period in
Hong Kong found non-stationary seasonality of composite
influenza virus activity, which might be caused by a lack
of herd immunity when significant antigenic changes in
A/H3N2 emerged and predominated [31]. However, the
seasonality and interaction of individual influenza sub-
types/lineages remain to be investigated.

By analyzing the time series of individual influenza A
subtypes and B lineages across age, the differences in sea-
sonality among influenza subtypes/lineages and the differ-
ent response of resident subtypes/lineages when a novel
pandemic strain or new antigenic groups emerged and
predominated were observed. Our study firstly found peri-
odicity transitions of A/H3N2, which were similar to com-
posite influenza activity. Semi-annual periodicity of A/
H3N2 shifted to an annual cycle since the 2009 pandemic
and became evident again coinciding with the emergence
and predominance of A/H3N2 major antigenic drifts in
2014/15-2015/16. The periodicity transmissions of A/
H3N2 have not been reported previously and are possibly

related to the emergence and predominance of the novel
pandemic subtype or major antigenic drifts in a largely
susceptible population. Secondly, after the pandemic, the
pre-existing seasonal A/HIN1 was replaced by A/
HIN1pdm09 as observed in other studies [12, 22].
Thirdly, A/HIN1pdmO09 generally exhibited an annual
cycle peaked in winter or early spring except for 2011/12
and 2014/15 when this virus subtype was not detected.
‘Skip-and-resurgence’ behavior of A/HIN1pdm09 was
found during 2011/12-2012/13 in Europe and Eastern
Asia, which might be related to the level of immunity as
well as the number of susceptible individuals in the popu-
lation [32]. Our study found that the ‘skip-and-resurgence’
behavior recurred during 2014/15-2015/16. It has just
been less than ten years since the emergence of A/
HIN1pdm09. Therefore, it is not known whether more
‘skip-and-resurgence’ processes would occur in the future.
Fourthly, both Victoria and Yamagata exhibited an an-
nual cycle with a winter-spring peak, which was con-
sistent with previous studies of combined influenza B
lineages across China [33]. In addtion, our study
showed that the annual cycle of both Victoria and Ya-
magata did not change according to the significant
antigenic variations of influenza A viruses during the
pandemic and post-pandemic seasons.

In general, the co-circulation and interaction of A/
H3N2, seasonal A/HINI1, A/HIN1pdmO09, Victoria
and Yamagata constituted the composite influenza ac-
tivity. The mechanism of the discrepant seasonality
has not yet been clarified. But viral evolution, host
susceptibility, and environmental factors might drive
influenza circulation activity [3, 4, 34, 35]. The extent
of periodicity transitions might be associated with the
genetic differences and degrees of the antigenic
change of the novel pandemic subtype or major anti-
genic variants, the antigenic relatedness of resident
influenza viruses, and the level of host herd immun-
ity. Moreover, similar seasonal patterns of influenza
subtypes/lineages across age were identified, which
might indicate that the factors driving influenza circu-
lation are probably the same across different age
groups.

Heterogeneous age distributions of influenza subtypes/
lineages

Our study found that the highest positive rate of each
subtype/lineage was in school-aged children for all study



Zhou et al. BMC Infectious Diseases

(2019) 19:89

Page 8 of 11

p-value

Fig. 3 (See legend on next page.)

@ 1407 o 04 A/H3N2 - 25
= 120 -
25
8 2 100
o L 15
o 804
Zg
; g 601 L 10
[}
E 8_ 40 4
@ L5
S 0 204
z [
£ 0 ’ . : —=l o
2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 201213 2013114 2014115 2015116
p-value 1.00 0.09 0.92 <0.001 0.002 0.37 0.06 0.02 <0.001 <0.001
o 401 Seasonal A/HIN1 mos [
= - 5-17
86 0l . 18-59
=3 = 60+ 10
8 g
= £ 2
S @
s £
53 '
8 104
g a
=
£ 0 l-l I | ) i . . . . . —1lo
2006/07 2007/08 2008/09 200910 2010/11 2011/12 2012/13 2013114 2014115 2015116
p-value 0.26 0.57 0.08 <0.001
g w04 A/H1N1pdm09
-"5 . 300{ ®m 5-17 - 30
o o mm 18-59
,?', £ = 60+
0 2004
3 2 200
s E
N §1oo-
g a
=
£ 0
2006/07 2007/08 2008/09 200910 2010/11 201112 2012113 2013/14 2014/15 2015/16
p-value <0.001 <0.001 0.004 0.003 <0.001
@ 1204 ; ; - 20
> w04 Victoria
= == 517 18
0 . 100 1 16
o o mm 18-59
Q c - 14
o — 801 mm 60+
=) 12
= 5 oo 10
B
© £ 8
S 404
N ©O -6
c g [,
S o 204 [,
[r=4
< . 0
2006/07 2007/08 2008/09 2009/10 2010/11 201112 2012113 2013114 2014/15 2015/16
p-value 035 039 0.38 0.07 0.37 <0.001 1.00 <0.001
@ - 20
2 04 Yamagata
B —~ %1 mm 517
g8 . 18-59 15
0 o %01 == o+
2 c 10
s o
S 404
s E
N ©O
c @ 20+ M5
o <
=
€ 04 0

2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16
1.00 096 077 059 0.10 1.00 1.00 <0.001 <0.001 <0.001

Positive rate (%) Positive rate (%) Positive rate (%) Positive rate (%)

Positive rate (%)




Zhou et al. BMC Infectious Diseases (2019) 19:89

Page 9 of 11

(See figure on previous page.)

Fig. 3 Age distribution of influenza subtypes/lineages. Laboratory-confirmed cases of influenza A subtypes (seasonal A/HIN1T, A/HINTpdm09, and
A/H3N2) and influenza B lineages (Victoria and Yamagata) in Chengdu during 2006/07-2015/16. P values of chi-square tests for positive rates of
each subtype/lineage across age groups in each respiratory season were listed. Fisher's exact test was used instead of the chi-square test when

seasonal counts were less than five

seasons combined. However, age distribution patterns
varied by subtype/lineage and by season. Interestingly,
age groups with higher positive rates for A/H3N2 shifted
from school-aged children and adults in 2014/15 to
adults and the elderly in 2015/16. The same age shift be-
havior of A/H3N2 has not been reported elsewhere but
was observed for A/HIN1pdmO09 from the 2009/10 pan-
demic season to 2010/11 in this study and some previ-
ous studies [12, 36]. School-aged children and working
adults have high social contact rates, so they are likely to
experience the highest incidence of infection during the
initial phase of a pandemic in a susceptible population
[37, 38]. The age shift of A/HIN1pdm09 was proposed
to be due to the age heterogeneity in the pre-existing
immunity obtained from the first wave of the pandemic
[35, 37]. It is noted that the age shift of A/H3N2 oc-
curred when A/H3N2 major antigenic drift groups,
SW13 and HK14, emerged and predominated in the
Chengdu population during 2014/15-2015/16. There-
fore, the same scenario explaining the age shift of A/
H1N1pdmO09 might also be applicable for A/H3N2.

Implication for influenza prevention and control

measures

Understanding the epidemiological characteristics of in-
fluenza virus are critical for directing prevention and
control measures. Since school-aged children and work-
ing adults were likely to have highest detection rates of
infection for the emergence of novel pandemic strains or
major antigenic drifts, it might be beneficial to prioritize
influenza vaccination and implement interventions (e.g.,
school-closure) for school-aged children and working
adults to prevent and control influenza outbreaks and
pandemics in Chengdu [39, 40]. Influenza vaccine has
been introduced in China since 1998 [41], but the
immunization program has not been carried out. There
is growing interest in establishing routine immunization
programs nationwide [42]. Currently, only trivalent inac-
tivated influenza vaccine (TIV) is available in the market
in China. Every year, TIV with updated vaccine strains
recommendated by the WHO for the influenza season,
generally from November of one year to April of the fol-
lowing year, in the northern hemisphere is applied in
Chengdu. Differences in seasonality of influenza sub-
types/lineages would complicate the optimization of vac-
cination campaigns. Therefore, except for following the
timing of vaccination which is typically recommended
for the Northern Hemisphere in winter, A/H3N2 activity

should be accommodated. The timing of vaccination
recommendated by the WHO for the influenza season
in the southern hemisphere, generally from May to Oc-
tober of one year, might be incorporated. In addition,
our study found that the two influenza B lineages
co-circulated during most seasons. Accordingly, it is
suggested that quadrivalent influenza vaccine (QIV) in-
stead of TIV should be used to provide protection
against both influenza B lineages.

Our study has some limitations that might motivate
future research. Firstly, our virological surveillance data
focused only on patients with ILI from sentinel hospitals,
which might be improved by selecting a random sample
of people with influenza-like symptoms from both hos-
pitals and the community. Secondly, during the ten-year
surveillance, only a subset of ILI cases were tested,
typed, and subtyped, which might get some age groups
over sampled and might not represent all of the ILI
cases. To minimize the potential bias, the first one or
two (the first three or four since 2013) nasopharyngeal
swabs on each day of the weeks were collected as previ-
ously described [33]. Moreover, the sampling strategy
might have a minor impact on our study because we
used the detection rates but not the number of positive
cases of subtypes/lineages to assess the pattern of influ-
enza activity as previously described [12, 40]. We used
the detection rates of influenza virus instead of ILI cases
to describe influenza activity due to the following rea-
sons. Firstly, other respiratory viruses, like human rhino-
virus, human parainfluenza virus, respiratory syncytial
virus, human adenovirus, and so on, might cause clinical
symptoms similar to influenza [43]. Therefore, the char-
acteristics of ILI data might reduce the reliability for de-
scribing the pattern of influenza epidemics. Secondly,
the ILI data are not able to reveal influenza activity of
different types and subtypes/lineages. Lastly, our data
only cover three pre-pandemic and six post-pandemic
influenza seasons. On-going surveillance is necessary to
reveal age-specific influenza seasonality after the
pandemic.

Conclusion

This study broadens our understanding of the epidemio-
logical and virological characteristics of specific influenza
subtypes/lineages across age groups during pre-pandemic,
pandemic, and post-pandemic seasons in the subtropics.
The co-circulation of A/H3N2, seasonal A/HINI1, A/
HIN1pdmO09, Victoria, and Yamagata together constituted
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the composite influenza activity. Differences in periodicity
and age distribution patterns by subtype/lineage and
by season was identified. Our findings highlight the im-
portance of strengthening year-round influenza surveil-
lance and developing age-specific prevention and control
measures, with due consideration of summer-autumn epi-
demics, periodicity transition, and age shift behavoir. In
addition, a quadrivalent influenza vaccine is recommend
to provide protection against both influenza B lineages.
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