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Limited information is available on the
non-influenza etiology and epidemiology of
influenza-like illness (ILI) in China. From
April 2011 to March 2014, we collected oropha-
ryngeal swabs from children less than 5 years
of age with symptoms of ILI who presented to
the outpatient departments of Suzhou Univer-
sity Affiliated Children’s Hospital (SCH). We
used reverse transcription polymerase chain
reaction (rt-PCR) or PCR to detect 11 respira-
tory viruses. Among 3,662 enrolled ILI patients,
1,292 (35.3%) tested positive for at least one
virus. Influenza virus (16.9%) was detected
most frequently (influenza A 7.4%, influenza B
9.5%), followed by respiratory syncytial virus
(RSV) (5.6%), parainfluenza virus (PIV) types
1–4 (4.8%), human bocavirus (HBoV) (3.8%),
human metapneumovirus (HMPV) (3.5%), and
adenovirus (ADV) (3.0%). Co-infections were
identified in 108 (2.9%) patients. Influenza virus
predominantly circulated in January–March
and June–July. The 2013–2014 winter peaks of
RSV and influenza overlapped. Compared with
other virus positive cases, influenza positive
cases were more likely to present with febrile
seizure, and RSV positive cases were more
likely to present with cough and wheezing, and
were most frequently diagnosed with pneumo-
nia. These data provide a better understanding
of the viral etiology of ILI among children less
than 5 years of age in Suzhou, China. Influenza
is not only the most frequently identified
pathogen but it is also the only vaccine pre-
ventable illness among the 11 pathogens
tested. Such findings suggest the potential
value of exploring value of influenza vaccina-
tion among this influenza vaccination target
group. J. Med. Virol. 88:1334–1340, 2016.
# 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Acute respiratory infections (ARI) are one of the
leading causes of morbidity and mortality in children,
especially in developing countries [Razanajatovo
et al., 2011]. The etiology of ARIs is often unknown,
because viral testing among patients with respiratory
symptoms is uncommon [Ju et al., 2014]. Many
countries conduct influenza-like illness (ILI) surveil-
lance, and monitor cases of respiratory illness with
fever. Data from these surveillance systems suggest
that ILI is caused by a wide range of respiratory
viruses, including seasonal influenza A and B viruses
(FLU A and FLU B), respiratory syncytial viruses A
and B (RSV A and RSV B), parainfluenza viruses 1–4
(PIVs 1–4), human rhinovirus (HRV), adenovirus
(ADV), and others [Ren et al., 2009; Buecher et al.,
2010; Razanajatovo et al., 2011; Thiberville et al.,
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2012]. Recent advances in molecular detection techni-
ques have facilitated the identification of several
novel respiratory viruses that could also cause influ-
enza-like illness, such as human metapneumovirus
(HMPV), human bocavirus (HBoV), human coronavi-
rus (HCoV-NL63 and HKU1), and more [van der
Hoogen et al., 2001; van der Hoek et al., 2004; Woo
et al., 2005; Allander et al., 2007].
In 2000, China launched a nationwide surveillance

network for influenza. This ILI surveillance system
provides timely, though nonspecific, data on influenza
activity. In China, as in other countries, only 10–30%
of influenza-like illnesses are caused by influenza
virus [Thomas, 2014; Otomaru et al., 2015]. Identify-
ing ILI causative agents based on clinical signs and
symptoms is difficult, because most respiratory
illnesses, regardless of etiology, lead to similar clini-
cal presentations. In addition, there are limited data
on the incidence and clinical presentation of respira-
tory infections caused by viruses other than influenza
in China [Peng et al., 2012; Yang et al., 2012; Li
et al., 2013; Ju et al., 2014; Fu et al., 2015].
Building upon the influenza surveillance system

established in Suzhou University Affiliated Children’s
Hospital (SCH) in 2009, we investigated ILI cases
from April 2011 to March 2014 among children less
than 4 years of age presenting to the outpatient
department in SCH, Suzhou to better understand
how frequently 11 common viral respiratory patho-
gens cause ILI, and to describe their associated
epidemiological and clinical characteristics.

MATERIALS AND METHODS

Study Site

This study was conducted at SCH in Jiangsu
Province, China. SCH is the single tertiary children’s
hospital serving Suzhou district. An investigation of
medical records showed that in 2011 the total num-
ber of outpatient visits among children less than
5 years old at this hospital was 396,568, which
accounted for approximately 28.5% of all outpatient
visits among children less than 5 years of age in the
municipal district of Suzhou [Wang et al., 2013].

Patient Enrollment

We conducted surveillance for influenza-like-illness
(ILI) among children less than five years old who
presented to the outpatient department of SCH from
2011 to 2014. ILI was defined as the presence of fever
(axillary temperature �38˚C) and cough or sore throat
(inflamed or red pharynx was used to judge sore throat
in young children), with onset of symptoms within the
last 3 days. At the beginning of each month, we
randomly selected 1–3 trained attending physicians
among the 20 serving within the outpatient department
and emergency department (ED) to enroll patients five
working days per week. After obtaining informed
consent from the parent or guardian, physicians

enrolled all children less than 5 years of age who met
the ILI case definition on any data collection day. At the
time of enrollment, the investigator or physician col-
lected an oropharyngeal swab specimen, and conducted
a brief questionnaire to collect contact information,
demographic data, past medical history, and a descrip-
tion of clinical manifestations.

Specimen Management and Laboratory Tests

After collection, each oropharyngeal swab was
immediately placed into viral transport media
(Youkang Technology Co., Beijing, China). The media
was then divided into two tubes; one was stored at
4˚C, while the other was stored at �80˚C. Within
72hr, the first tube was sent by cold chain to the
National Influenza Surveillance Network laboratory
of Suzhou CDC for influenza virus testing; the second
tube was sent to the molecular laboratory of the
Department of Epidemiology, School of Public Health,
Fudan University to conduct testing for respiratory
viruses other than influenza.
Viral RNA was extracted using High Pure Viral

RNA Kits (Roche, Shanghai, China) according to the
manufacturer’s instructions. Viral DNA was
extracted using MagGene Viral DNA/RNA Kits (Tian-
gen Biotech, Beijing, China). We used reverse tran-
scription-polymerase chain reaction (RT-PCR) or
polymerase chain reaction (PCR) methods to detect
11 common respiratory viruses, including influenza A
and B, RSV A and B, PIVs 1–4, ADV, HMPV, and
HBoV. For influenza virus testing, we performed
rRT-PCR using influenza virus A/B dual fluorescent
quantitative RT-PCR kits (BioPerfectus Technology
Co., Jiangsu, China). For other respiratory virus
testing, we used methods obtained by literature
review (Supplement Table). The primers were synthe-
sized by Sangon Biotech Company, and reverse
transcriptase and Taq polymerase were obtained
from Takara Company (PrimeScript1 RT Master Mix
and Premix Taq1 Version 2.0).

Statistical Analysis

Data analysis were performed using SPSS statisti-
cal package version 17.0 (SPSS Inc., Chicago, IL).
Descriptive statistics were used to summarize the
continuous variables and discrete variables. Categori-
cal variables were presented as numbers or percen-
tages, and Chi-square or, when appropriate,
two-tailed Fisher’s exact test were used to compare
groups. Continuous variables were presented as the
mean with standard deviation (S.D.) or the mean
with 95% confidence interval (CI) or as the median
with inter-quartile range (IQR). Student’s t test or
nonparametric test was used to compare groups.

Ethics Statement

This study was approved by the Institutional Review
Board (IRB) of the School of Public Health, Fudan
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University. Verbal informed consent was obtained
from parents or guardians of children before specimen
collection and questionnaire administration.

RESULTS

Demographics of Enrolled Patients

From April 2011 to March 2014, we enrolled 3,662
patients with ILI; throat swabs were collected and
respiratory virus detection was completed on all.
Among these, 2,882 (78.7%) were from the outpatient
department, while 780 (21.3%) were from the ED. The
male to female ratio was 1.28:1 and the median age
was 19.5 months (IQR: 10.5–36.0). The distributions of
gender, age, district, and medical insurance were
similar across the outpatient department and the ED.

Detection of Respiratory Viruses

Among the 3,662 ILI patients, 1,292 (35.3%) tested
positive for at least one virus, and among these, 846
(65.5%) tested positive for a respiratory virus other
than influenza. The percent positive was highest for
influenza virus (16.9%, influenza A 7.4%, influenza B
9.5%), followed by RSV (5.6%), PIV types 1–4 (4.8%),
HBoV (3.8%), HMPV (3.5%), and ADV (3.0%). The
majority of patients with RSV had RSV type A
(96.1%). Among the patients with PIV, all four types
were identified, with PIV types three and one
accounting for the majority (63.1% and 26.1%, respec-
tively). Co-infection was identified among 108 (2.9%)
patients, and of these, 51 (47.2%) were co-infected
with influenza and other viruses. (Table I). The age
and gender distribution of different virus positive ILI
cases was shown in Table II. The majority of RSV,
PIV, ADV, and HBoV positive cases were aged 12–35
months, but HMPV positive cases mainly distributed
in 36–47 months age group.

Seasonal Distribution

The proportions testing positive for at least one virus
were 43.3%, 31.0%, and 33.2% in April 2011–March
2012, April 2012–March 2013, and April 2013–March
2014, respectively (x2¼ 35.6, P< 0.001). During the
3 years, respiratory viruses were detected in every
month of the 3 years, with the overall percent positive
specimens among all ILI specimens collected ranging
between 10% and 60%. The percent positive for respira-
tory viruses demonstrated an obvious seasonal
pattern, highest in December–March and lowest in
September–November (Fig. 1). During the 3 years,
influenza had three peaks, the first in January–March
2012 when influenza B virus predominated, the second
in July and August 2012 when influenza A virus
predominated, and the third in December
2013–January 2014 when influenza A virus predomi-
nated. RSV infection occurred predominantly from
October to December 2011, March to April 2012, Decem-
ber 2012 to February 2013, and November 2013 to

February 2014. The 2013–2014 winter peak of RSV
overlapped with the influenza virus winter peak. PIV
types 1–3 circulated year round, but peaked in summer
and autumn. The monthly distribution of the other
respiratory viruses was relatively constant, with no
clear seasonal pattern.

Age and Gender Distribution

The proportion of cases testing positive for at least
one virus increased with age, from 25.8% in <6
months children to 47.0% in 48–59 months children
(P< 0.001). Influenza virus, especially type B, con-
tributed to the high percent testing positive for at
least one virus in children �2 years old. For RSV, the
positive rate in children aged 12–35months was
higher than that of very young infants and older
children. There was no difference in the percent
positive for at least one virus between males and
females (35.5% vs. 35.0%, P¼ 0.074).

Clinical Characteristics

The clinical characteristics of infections caused by
different respiratory viruses are shown in Table III.
The influenza positive ILI cases were more likely to
have convulsion than other virus positive ILI cases
(2.3% vs. 0.7%, x2¼ 5.20, P¼ 0.02). Compared to
other virus positive ILI cases, the RSV positive cases
were more likely to have cough (82.6% vs. 68.2%,
x2¼ 17.0, P< 0.001) and wheezing symptoms (15.1%
vs. 5.8%, x2¼ 21.9, P< 0.001), and were more

TABLE I. Respiratory Virus Test Results From Outpatients
Aged Less Than 5 Years With Influenza-Like Illness in

Suzhou, China From April 2011 to March 2014 (N¼ 3662)

Viral typea
Number of

positive cases
Positive
rate (%)

Influenza virus 619 16.9
FLU A 270 7.4
FLU B 349 9.5

RSV 206 5.6
RSV A 198 5.4
RSV B 8 0.2

PIV 176 4.8
PIV 1 46 1.3
PIV 2 4 0.1
PIV 3 111 3.0
PIV 4 15 0.4

HMPV 128 3.5
ADV 109 3.0
HBoV 138 3.8
Co-infectionb 108 2.9
At least one virus detectedc 1292 35.3
At least one virus other than
influenza detectedd

846 23.1

aInfluenza viruses (FLU), respiratory syncytial viruses (RSV), para-
influenza viruses (PIV), human metapneumovirus (HMPV), adeno-
virus (ADV), and human bocavirus (HBoV).
bMore than one respiratory virus detected.
cAt least one respiratory virus tested positive.
dAt least one respiratory virus detected and influenza virus not
detected.
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frequently diagnosed with pneumonia (57.3% vs.
15.5%, x2¼ 175.6, P< 0.001) (The pneumonia diag-
nosed mainly depended on auscultation of lungs). The
PIV positive cases had the highest proportion pre-
senting with vomiting (23.3% vs. 12.3%, x2¼ 15.5,
P< 0.001). Most of the ADV positive ILI cases were

identified from the ED, and were more likely to
present with diarrheal symptoms than other virus
positive cases (18.2% vs. 10.0%, P¼ 0.016). The HBoV
positive ILI cases had the highest proportion present-
ing with rhinorrhea (46.2% vs. 26.9%, x2¼ 22.6,
P< 0.001).

TABLE II. Demographic Characteristics of Influenza-Like Illness Outpatients by Virus Type, Suzhou Children’s Hospital,
Suzhou, China, April 2011–March 2014, n (%)

Flu(þ)
(N¼619)

RSV(þ)
(N¼206)

PIV(þ)
(N¼176)

HMPV(þ)
(N¼128)

ADV(þ)
(N¼109)

HBoV(þ)
(N¼138)

Virus(�)
(N¼2370) P-value

Gender 0.910
Male 359 (58.0) 120 (58.1) 98 (55.4) 67 (52.7) 61 (56.1) 77 (55.8) 1323 (55.8)

Age <0.001
0m- 30 (4.8) 5 (2.3) 7 (4.1) 5 (4.1) 1 (1.0) 11 (7.7) 288 (12.2)
6m- 77 (12.5) 31 (15.1) 36 (20.3) 16 (12.2) 26 (24.2) 29 (21.2) 693 (29.2)
12m- 169 (27.3) 91 (44.2) 57 (32.4) 29 (23.0) 35 (31.8) 40 (28.8) 581 (24.5)
24m- 125 (20.2) 53 (25.6) 26 (14.9) 26 (20.3) 14 (13.6) 24 (17.3) 330 (13.9)
36m- 106 (17.1) 22 (10.5) 29 (16.2) 40 (31.1) 20 (18.2) 19 (13.5) 283 (11.9)
48–59m 112 (18.1) 5 (2.3) 21 (12.2) 12 (9.5) 13 (12.1) 16 (11.5) 194 (8.2)

District 0.001
Gusu district 108 (17.4) 27 (13.1) 34 (19.2) 28 (21.9) 18 (16.9) 38 (27.5) 432 (18.2)
New urban
district

429 (69.3) 135 (65.5) 101 (57.5) 82 (64.4) 74 (67.7) 78 (56.9) 1593 (67.2)

County-level
district

73 (11.8) 37 (17.9) 31 (17.8) 14 (11.0) 10 (9.2) 19 (13.7) 273 (11.5)

Other
district

9 (1.4) 7 (3.6) 10 (5.5) 4 (2.7) 7 (6.2) 3 (2.0) 68 (2.9)

Health insurance <0.001
Yes 259 (47.7) 69 (33.7) 52 (29.7) 54 (41.9) 48 (43.9) 50 (36.5) 1077 (45.5)

Fig. 1. Monthly distribution of respiratory virus detection in five most commonly detected
viruses among children less than 5 years of age seeking outpatient care for influenza-like
illness, Suzhou China, 2011–2014. RSV, Respiratory syncytial viruses; PIV, parainfluenza
viruses; HMPV, human metapneumovirus; ADV, adenoviruses; and HBoV, human bocavirus.
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DISCUSSION

This study used surveillance data from an influ-
enza network sentinel hospital to describe the
frequency of ILI caused by 11 common respiratory
viruses and their associated epidemiological and
clinical characteristics in Chinese children. In our
study, 35.3% of ILI cases among outpatient children
less than 5 years old tested positive for at least one
virus, and among these, 65.5% tested positive for a
respiratory virus other than influenza. The most
common respiratory virus causing ILI was influ-
enza virus, followed by RSV, PIV types 1–4,
HBoV, HMPV, and ADV. The percent of ILI cases
testing positive for any respiratory virus was
highest in December–March and lowest in
September–November. Influenza is not only the
most frequently identified pathogen but it is also
the only vaccine preventable illness among the 11
pathogens tested.
The proportion of children seeking outpatient care

for ILI who tested positive for at least one virus in
our study (35.3%) is similar to that found in a study
in Beijing China among adults >16 years of age
seeking care for ILI [Yang et al., 2012]. Our percent
positive was lower than that observed in other
studies conducted among children less than 5 years
of age seeking outpatient care for ILI in southern
China: Huizhou [Ju et al., 2014] (57.9%), Zhuhai
[Li et al., 2013] (44.8%), and the central China city of
Wuhan [Peng et al., 2012] (55.8% during 2008–2010,
which covered the 2009 H1N1 pandemic period).
While the differences in percent positive among
studies might be explained by numerous factors,

including case definition, specimen types, and popula-
tion distribution, one factor that may have led to an
underestimation of cases testing positive for at least
one virus in our study is that, unlike the studies in
Huizhou [Ju et al., 2014] and Wuhan [Peng et al.,
2012], we did not used the commercial kit to test the
viruses, which might affect the yield. In addition, we
did not test for viral pathogens such as human
rhinovirus and human coronavirus, which are com-
mon etiologies of ARIs in children [Cui et al., 2011;
Song et al., 2013]. Therefore, the actual percent of
viral infection among children with ILI in Suzhou is
likely higher than 35.3%.
The virus detected most frequently in our study

was influenza (16.9%), followed by RSV (5.6%), and
PIV (4.8%). These data are consistent with the
positive rates observed in other studies among chil-
dren less than 5 years old in China [Peng et al.,
2012; Li et al., 2013; Ju et al., 2014]. In Italy, the
most common viruses causing ILI among young
children in 2008–2009 were influenza virus A, fol-
lowed by rhinovirus, and RSV [Razanajatovo et al.,
2011]. In Belgium, the most commonly identified
viruses causing ILI among young children in 2009
were influenza virus and RSV [Hombrouck et al.,
2012], while in France 2009, the most frequent
respiratory viruses were RSV and human metapneu-
movirus [Falchi et al., 2011]. Of note, these European
studies were all carried out during the 2009 H1N1
influenza pandemic period, which may have influ-
enced the spectrum of viruses circulating at the time.
During the influenza pandemic period, the activity of
several non-influenza respiratory viruses was reduced
or delayed compared to non-pandemic periods.

TABLE III. Clinical Characteristics of Illness by Virus Isolated Among Children Less Than 5 Years Old, Suzhou China,
2011–2014

Virus(þ)�
(N¼ 1292)

Flu(þ)
(N¼ 619)

RSV(þ)
(N¼ 206)

PIV(þ)
(N¼ 176)

HMPV(þ)
(N¼ 128)

ADV(þ)
(N¼ 109)

HBoV(þ)
(N¼ 138)

Clinic
Outpatient 839 (64.9) 463 (74.8) 153 (74.4) 108 (61.6) 80 (62.2) 46 (42.4) 90 (65.4)
Emergency department 453 (35.1) 156 (25.2)c 53 (25.6)c 68 (38.4) 48 (37.8) 63 (57.6)c 48 (34.6)

Past history
Underlying conditiona 63 (4.9) 28 (4.6) 12 (5.7) 2 (1.4) 20 (11.1)c 5 (4.8) 0 (0.0)
Immunosuppressive drug useb 89 (6.9) 84 (13.6)c 10 (4.9) 5 (2.8) 20 (11.3)c 5 (4.8) 14 (10.0)
Premature birth 129 (10.0) 53 (8.5) 25 (12.3) 12 (7.0) 15 (8.5) 16 (14.5) 11 (8.0)

Clinical symptoms
Fever T(˚C) 38.8�0.6 38.9� 0.6d 38.6� 0.5 38.8� 0.5 38.9� 0.5 39.0� 0.6d 38.7� 0.6
Cough 911 (70.5) 446 (72.0) 170 (82.6)c 101 (57.5)c 102 (79.7)c 63 (57.6)c 104 (75.0)
Rhinorrhea 375 (29.0) 152 (24.5) 77 (37.2)c 58 (32.9) 55 (31.1) 30 (27.3) 64 (46.2)c

Wheezing 94 (7.3) 37 (5.9) 31 (15.1)c 10 (5.5) 14 (8.1) 3 (3.0) 5 (3.8)
Vomiting 178 (13.8) 75 (12.1) 29 (14.0) 41 (23.3)c 17 (9.5) 18 (16.7) 26 (19.2)
Diarrhea 133 (10.3) 62 (10.0) 17 (8.1) 29 (16.2) 19 (10.8) 20 (18.2)c 13 (9.6)
Convulsion 19 (1.5) 14 (2.3)c 1 (0.5) 2 (1.4) 2 (1.4) 0 (0.0) 0 (0.0)

Diagnosis
Bronchiolitis 158 (12.2) 110 (17.8)c 23 (11.0) 32 (18.3)c 12 (7.0) 3 (3.1)c 14 (9.8)
Pneumonia 286 (22.1) 131 (21.1) 118 (57.3)c 17 (9.9)c 59 (33.8)c 10 (9.2)c 41 (29.4)c

Asthma 50 (3.9) 19 (3.1) 25 (12.2)c 2 (1.4) 12 (7.0)c 1 (0.9) 11 (7.8)c

Acute otitis media 50 (3.9) 3 (0.5) 2 (1.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

�ADV, adenovirus; HBoV, human bocavirus; HMPV, human metapneumovirus; FLU, Influenza viruses; PIV, parainfluenza viruses, RSV,
respiratory syncytial viruses.
aUnderlying medical conditions include asthma, chronic pulmonary disease, congenital heart disease, neuromuscular disease, renal
dysfunction, blood disorders, immunosuppression, etc.
bImmunosuppressive drug use during the past 12 months.
cChi-square test P< 0.05 in comparison with other virus positive cases.
dStudent t test P< 0.05 in comparison with other virus positive cases.
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RSV, which in many countries has been reported to
be almost as common a cause of ARIs among children
as influenza, causes the greatest burden of disease
among children less than 5 years of age compared
with older children [Nair et al., 2010]. In our study,
RSV was the second most commonly detected virus
after influenza virus. RSV infection occurred predom-
inantly in the spring and winter seasons, and the
2013–2014 winter peak of RSV overlapped with
the influenza virus peak. RSV commonly confounds
the study of the epidemiology and disease burden of
influenza. The co-circulation of RSV with influenza
virus impacts the sensitivity and positive predictive
value of ILI surveillance for influenza activity [Tang
et al., 2010; Ruf and Knuf, 2014]. Therefore, when
capacity does not allow for laboratory confirmation of
respiratory viruses, epidemiologists should consider
how RSV may impact ILI surveillance data, as RSV
is likely contributing to ILI disease burden, particu-
larly in December–April.
In our study, we found that children infected with

different respiratory viruses presented with different
signs and symptoms. For example, compared with
other viruses, influenza was more frequently associ-
ated with convulsion, RSV was more likely to cause
cough and wheezing, HBoV more often caused
rhinorrhea, while PIV and ADV were more likely to
cause vomiting and diarrhea. These results are
consistent with other studies, suggesting that,
despite the common, non-specific signs and symp-
toms associated with respiratory illness, infection
with each virus can lead to differences in clinical
presentation [Chen et al., 2004; Kesebir et al., 2006;
Zhang et al., 2014], while these differences are
probably too subtle to guide clinical diagnosis and
empiric treatment.
This study has several limitations. First, we did

not detect other viruses known to cause ILI in
children, such as human rhinoviruses and human
coronavirus, which likely led to an underestimation
of our viral positive rate among ILI cases. Second,
the lack of controls may be a more relevant issue
given that some of these viruses could have been
associated with carriage or shedding from a previous
or impending illness event, particularly during
co-infections. Third, the loss of sensitivity inherent in
the use of the ILI case definition (particularly as
operationalized as measured fever) and throat swabs
alone. It was reported that using ILI which requires
measure fever could drop the sensitivity by >10%
and that only obtaining throat swabs could drop the
sensitivity by another 10% [Dawood et al., 2015].
This study systematically investigated the frequency

of 11 viral respiratory etiologies of medically attended
ILI and their associated clinical characteristics among
children less than 5 years of age in Suzhou City,
Jiangsu Province. Although the majority of ILI cases
testing positive for at least one virus tested positive for
a respiratory virus other than influenza, it is impor-
tant to consider the contributions of co-circulating

viruses when evaluating the burden and cost of
influenza-associated ILI outpatient visits. Influenza is
the most common frequently identified pathogen and
the unique vaccine preventable illness. The local
children still would benefit from the improvement in
influenza vaccination coverage.
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