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Abstract

Introduction

Clinical and etiological characteristics of influenza-like illness (ILI) in outpatients is poorly

understood in the southern temperate region of China. We conducted laboratory-based sur-

veillance of viral etiology for ILI outpatients in Shanghai from January 2011 to December

2013.

Materials and Methods

Clinical and epidemiological data from ILI outpatients, both children and adults, were col-

lected. A total of 1970 nasopharyngeal swabs were collected and tested for 12 respiratory

viruses using multiplex RT-PCR, and the data were analyzed anonymously.

Results

All 12 respiratory viruses were detected in the specimens. At least one virus was detected

in 32.4% of 1970 specimens analyzed, with 1.1% showing co-infections. The most frequent-

ly detected agents were influenza A (11.7%), influenza B (9.6%), and rhinoviruses (3.1%).

Other viruses were present at a frequency less than 3.0%. We observed a winter peak in

the detection rate in ILI patients during 3 years of surveillance and a summer peak in 2012.

HCoV, HADV, and HMPV were detected more frequently in children than in adults. Patients

infected with influenza virus experienced higher temperatures, more coughs, running

noses, headaches and fatigue than patients infected with other viruses and virus-free pa-

tients (p<0.001).

Conclusions

The spectrum, seasonality, age distribution and clinical associations of respiratory virus in-

fections in children and adults with influenza-like illness were analyzed in this study for the
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first time. To a certain extent, the findings can provide baseline data for evaluating the bur-

den of respiratory virus infection in children and adults in Shanghai. It will also provide clini-

cians with helpful information about the etiological patterns of outpatients presenting with

complaints of acute respiratory syndrome, but further studies should be conducted, and lon-

ger-term laboratory-based surveillance would give a better picture of the etiology of ILI.

Introduction
Influenza-like illness (ILI), a subset of acute respiratory infections (ARI), represents approxi-
mately 62% of acute respiratory infections[1]. Viral pathogens are the most significant contrib-
utors [2].ARI is caused by many viruses, including the following: influenza viruses (IAV, IBV
and ICV), respiratory syncytial virus(RSV),rhinovirus(HRV), human parainfluenza viruses
(HPIV)1–4, human metapneumovirus(HMPV), human coronaviruses (HCoV) NL63,229E,
OC43, and HKU1, human enterovirus (HEV) and adenovirus(HADV)[3].The similar clinical
presentations of patients infected by various respiratory viruses make etiological diagnoses dif-
ficult when physicians simply make decisions based only on physical symptoms. The etiology
of influenza-like illness (ILI) has been well characterized in some parts of the world, especially
in temperate regions of the Northern Hemisphere [4–7].However, much less is known about
the etiology of ILI in China, especially in Southeast China, which is located in a temperate
region.

Pudong New Area is the largest and most developed district in Shanghai, with an extremely
dense population of 5.5 million in 2013, representing one-fifth of the population of Shanghai.
Shanghai Dongfang Hospital and Shanghai Zhoupu Hospital have been national influenza sur-
veillance sentinel units since 2007. As in other regions of China, ILI data from hospitals can
provide valuable information that could be used for monitoring the onset of an epidemic, espe-
cially the circulation of influenza virus. However, the epidemiology in Pudong of viral etiology
for ILI is poorly understood. With support from the Chinese Key SciTech Program for Infec-
tion Control(under The Twelfth Five-year Framework), a laboratory-based influenza-like ill-
ness surveillance system was established in 2011 in Pudong New Area. We adapted multiplex
RT-PCR assays for the detection of influenza virus and a number of other respiratory viruses
that have recently been introduced, and these assays are also more sensitive than culture
[8–10]. The objective of this study was to examine the clinical and etiological characteristics of
influenza-like illness (ILI) in outpatients in this area from January 2011 through December
2013.

Materials and Methods

Ethics statement
This study did not involve any health-related patient interventions. The surveillance and sam-
pling protocols were approved by Shanghai Pudong New Area Center for Disease Control and
Prevention Review Board. A verbal informed consent was obtained from each subject; however,
the patient identities have not been disclosed at any stage. The institutional board was in-
formed of the specific needs with reference to the study setting and approved this mode of con-
sent. A check box was included in the data form to document the consent-taking procedure.
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Case definition and study population
An ILI case was defined as a sudden onset of fever(�38°C), cough and/or sore throat, with no
laboratory-confirmed evidence of etiology[11, 12].A co-infection was diagnosed when a patient
tested positive for two viruses on RT-PCR. The study population, including children (<15
years) and adults (�15 years),consisted of the ILI cases who sought medical attention in the
outpatient fever clinics of the above mentioned two hospitals from January 2011 to December
2013.

Specimens and data collection
Five to ten ILI cases per hospital who had not received antiviral drugs were invited to partici-
pate in this study each week. Nasopharyngeal swabs were collected by well-trained nurses. The
swabs were sent in 3 ml of viral transport medium to Pudong New Area Center for Disease
Control and Prevention within 48 hrs after collection and were stored at -70°C. Data were col-
lected simultaneously using a standardized case report form, which included both demography
and clinical information (such as symptoms, treatment, and temperature).

Nucleic acid extraction
Nucleic acid was extracted by the NucliSens easy MAG platform with the NucliSens magnetic
extraction reagents (bio Me´rieux, The Netherlands) according to the manufacturer’s instruc-
tions using a sample volume of 250μl. The elution volume of nucleic acid was 50μl.

cDNA synthesis
Reverse transcription was performed with an ABI 9700 GeneAmp PCR system (Applied Bio-
systems, Singapore) using the first-strand cDNA synthesis reagents (Ferments, Germany), ac-
cording to the Seeplex RV12 ACE Detection Kit’s user manual (Seegene Inc., Seoul, Korea).
The final reaction volume was 20μl with 8μl total RNA, 1μl random hexamer (0.2μg/μl), 3μl
nuclease-free water, 4μl 5×RT buffer, 2μl 10 mM dNTP, 1μl Rnase inhibitor (20 u/μl), and 1μl
reverse transcriptase (200 u/μl). The reaction was chilled on ice for 2 min, run at 37°C for
90 min, 94°C for 2 min and chilled on ice for 2 min. All cDNA samples were stored at -20°C
until use.

RT-PCR and Real-time PCR
PCR amplification was performed with an ABI 9700 GeneAmp PCR system using a Seeplex
RV12 ACE Detection Kit. It is designed for simultaneous detection of 12 respiratory viruses, in-
cluding IAV, IBV, RSVA, RSVB, HADV, HMPV, HPIV1-3, HRV, HCoV-229E/NL63, and
HCoV-OC43/HKU1. Sample cDNAs were tested in a 2-tube reaction following the protocol
supplied by the manufacturer. HMPV, HADV, HCoV-229E/NL63, HPIV-2, HPIV-3 and
HPIV-1 were detected by set A. IAV IBV, HCoV-OC43HKU1, HRV-A/B, RSV-A, and RSV-B
were detected by set B. Positive controls included a mixture of all 12 virus clones. The negative
control contained only ddH2O. Each set consisted of 4μl 5×RV12 ACE PM (A or B), 3μl 8-
Mop Solution, 10μl 2×Multiplex Master Mix and 3μl of the sample’s cDNA. The PCR reaction
program was 94°C for 15 min, 40 cycles of 94°C for 0.5 min, 60°C for 1.5 min and 72°C for
1.5 min, with extension at 72°C for 10 min.

Real-time PCR for human influenza C (IFVC) and human bocavirus(HBoV) was performed
using an Influenza Virus C Real Time RT-PCR kit (Shanghai ZJ Bio-Tech Co., Ltd., People’s
Republic of China)and a Diagnostic Kit for Human Bocavirus DNA (GuangzhouDAAN Gene
Co., Ltd., People’s Republic of China). In accordance with the manufacturer’s instructions,
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PCR for ICV was performed in a volume of 25μl using ABI 7500 fast (ABI, USA). Each reaction
consisted of 19μl IFVC Super Mix, 1μl RT-PCR Enzyme Mix and 5μl Extraction RNA template
for a final volume of 25μl. The PCR reaction was performed in the instrument at 45°C for
10 minutes (min), and 95°C for 15 min, followed by amplification consisting of 40 cycles of
15 seconds (s) at 95°C and 1 min at 60°C. Positive and no-template controls were included in
each run.PCR for HBoV was performed in a volume of 20μl using ABI 7500 fast. Each reaction
consisted of 14μl HBoV PCR Reaction Mix, 0.7μl Enzyme Mix, 3.3μl Primer and Probe Mix
and2μl Extraction DNA template for a final volume of 20μl. The PCR reaction was performed
in the instrument at50°C for 8 min, 93°C for 2 min, 10 cycles of 45 s at 93°C and 1 min at 55°C,
followed by amplification consisting of 30 cycles of 30 s at 93°C and 45 se at 55°C. Positive and
no-template controls were included in each run.

Electrophoresis
PCR products were sized using QIAxcel DNA Screening gel cartridge (QIAGEN) on the QIAx-
cel system (QIAGEN, Switzerland), which enabled high-resolution capillary electrophoresis. A
50–800 bp QX DNA Size Marker (Qiagen) was included on QIAxcel runs, and the size of the
products was determined using the QIAxcel ScreenGel software (Qiagen). The QIAxcel system
produces a digital gel image and an electropherogram for fragment analysis. The expected PCR
product sizes of set A were 749bp (HMPV), 534 bp (HADV), 375 bp (HCOV-229E/NL63),
264 bp (HPIV-2), 188 bp HPIV-3), and 139 bp (HPIV-1), while the product sizes of set B were
754 bp (IFV-B), 578 bp (HCOV-OC43/HKU1), 394 bp (HRV-A/B), 273 bp (HRSV-A), 206 bp
(IFV-A) and 143 bp (HRSV-B).

Statistical Analysis
Data were collected by the staff of the sentinel hospitals and laboratories on a standardized case
report form and entered into an online data management system established by China CDC.
The data were analyzed with SPSS software. The mean and SD or median and IQR were calcu-
lated for continuous variables, and percentages were calculated for categorical variables. A
Pearson chi-square test and one-way ANOVA were used for categorical data or continuous
data, respectively, wherever appropriate. A multivariate unconditional logistic regression anal-
ysis was used to determine factors associated with various clinical signs of ILI in outpatients.
All statistical tests were 2-sided. P values<0.05 were considered statistically significant.

Results and Discussion

Clinical characteristics of the ILI case-outpatients
A total of 1970 ILL outpatients who met the ILI-case definition criteria were enrolled in this
study. Of these outpatients, 51.8% were male. The mean age was 19.7±16.9 years. A tempera-
ture reading of>39°C was documented in 262(13.3%) of the subjects. A total of 67.9% of the
subjects reported a cough, 51% pharyngalgia, 40.5% running nose, 32.4% fatigue, 28.2% head-
ache, and 7.6% myalgia. Patients infected with influenza virus experienced higher temperatures
and more coughs, running noses, headaches and fatigue than patients infected with other virus-
es or patients who were virus-free(p<0.001) (Table 1).

Viral etiology of ILI cases
All the subjects’ samples were analyzed (Table 2). All of the 12 respiratory viruses were de-
tected. At least one agent was detected in 638 specimens (32.4%) by multiplex RT-PCR. The vi-
ruses most commonly detected were influenza A virus (IAV) and influenza B virus (IBV) at
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230 (11.7%) and 162 (8.2%), respectively. All of the others were present at a frequency less than
4%: HRV in 61(3.1%) patients, HADV in 53(2.7%) patients, HCoV in 51(2.6%) patients, HPIV
in 48(2.4%) patients, RSV in 47(2.3%) patients, HMPV in 5(0.3%) patients, and HBoV in 2
(0.1%) patients (Table 2)A single infection was identified in 616 (31.3%) patients, and co-infec-
tion was observed in 22 (1.1%). There were 14 cases with co-infection in children less than
15 years of age, not significantly different (p>0.05) from the corresponding result for adults
(�15)(Table 3).Of the 22 co-infection specimens, the most frequent combination was IAV and
HRV (n = 6), followed by IAV and HPIV, IBV and HCoV, HPIV and HCoV, RSV and HPIV,
RSV and HCoV. Each of these combinations was observed in two cases. The combinations IBV
and HRV, HPIV and HRV, RSV and HRV, RSV and HADV, IBV and HPIV, and HRV and
HCoV were each observed in one case.

Seasonal distribution of respiratory viruses
The characteristics of the seasonal patterns of respiratory viral pathogens were identified in our
study. The monthly distribution of viruses is shown in Fig. 1A, 1B, 1C and 1D. We observed a
winter peak in the detection rate in ILI patients during 3 years of surveillance and a summer
peak in 2012. Influenza virus was the most commonly detected agent in the three winter sea-
sons (i.e., 2010/2011, 2011/2012 and 2012/2013) and in one summer season (2012)(Fig. 1A
and 1B). The results showed that IAV and IBV circulated from year to year in Shanghai
(Fig. 1B).

Table 1. Clinical characteristics of ILI-outpatients in Shanghai from January 2011 to December 2013.

Characteristics Influenza virus-positive Other virus-positive * virus-negative P value Total#

n = 393 n = 245 n = 1332 n = 1970

Demographics

Male 185(47.1%) 129(52.7%) 706(53%) 0.113 1020(51.8%)

age(y)(means±SD) 24.2±18.0 17.4±17.8 18.8±16.1 <0.001 19.7±16.9

Clinical

Presentation

Temperature(°C)�39°C 79(20.2% of 391) 23(9.4% of 245) 79(5.9% of 1329) <0.001 262(13.3% of 1965)

Cough 320(81.4%) 174(71.0%) 843(63.3%) <0.001 1337(67.9%)

Sore throat 214(54.5%) 133(54.3%) 658(49.4%) 0.117 1005(51.0%)

Running rose 200(50.9%) 109(44.5%) 489(35.7%) <0.001 798(40.5%)

Headache 139(35.4%) 60(24.5%) 357(26.8%) 0.002 556(28.2%)

Fatigue 161(41.0%) 67(27.3%) 410(30.8%) <0.001 638(32.4%)

Interval (days) 1(0–1) 1(0–1) 1(0–1) 0.605 1(0–1)

Routine examination

White cell count(×109/l) 8.84±11.97(n = 358) 8.49±5.20(n = 219) 8.27±7.15(n = 1213) 0.496 8.41±8.16(n = 1790)

Percentage of neutrophis(%) 60.81±18.91(n = 351) 59.4±18.47(n = 216) 59.4±18.12(n = 1192) 0.439 59.7±18.32(n = 1759)

Percentage of lymphocytes (%) 25.5±22.7(n = 339) 29.1±20.0(n = 211) 28.5±19.6(n = 1162) 0.038 27.9±20.3(n = 1712)

Values are mean with SD or n (%) of outpatients unless otherwise stated. Normally distributed data are reported as means with SD and non-normally

distributed data as medians with inter quartile range.

The characteristics contain demography characteristic, presenting symptoms, and clinical findings.

*Positive cases for at least one respiratory virus except Influenza viruses by RT-PCR.

# Include all ILI cases regardless of virology RT-PCR test results.

Boldface font indicates statistical.

doi:10.1371/journal.pone.0119513.t001

Clinical and Etiological Characteristics of ILI Patients

PLOS ONE | DOI:10.1371/journal.pone.0119513 March 30, 2015 5 / 15



Table 2. Distributions of agents detected in respiratory samples in Shanghai Pudong, January 2011 through December 2013.

Month Total
samples

No.(%) of isolates

IAV IBV ICV HPIV-
1

HPIV-
2

HPIV-
3

RSV-
A

RSV-
B

HCOV-
OC43/
HKU1

HCOV-
229E/
NL63

HADV HRV-
A/B

HMPV HBoV

Jan-11 42 21
(50.0)

3(7.1) 0 0 0 0 0 0 0 0 0 0 0 0

Feb-
11

46 2(4.3) 6
(13.0)

0 1(2.2) 0 0 1(2.2) 0 1(2.2) 0 2(4.3) 0 0 0

Mar-
11

44 0 17
(38.6)

0 0 0 1(2.3) 0 0 1(2.3) 0 2(4.6) 0 0 0

Apr-11 30 0 5
(16.7)

0 2(6.6) 0 0 0 0 0 0 3(10) 0 0 0

May-
11

39 0 3(7.6) 1(2.6) 2(5.2) 0 3(7.6) 0 0 0 0 4
(10.3)

0 0 0

Jun-11 32 0 0 0 0 0 0 0 0 0 0 2(6.3) 0 0 0

Jul-11 44 0 2(4.5) 0 0 0 1(2.3) 0 0 1(2.3) 0 3(6.8) 0 0 0

Aug-
11

72 0 2(2.8) 0 2(2.8) 1(1.4) 1(1.4) 0 0 3(4.2) 1(1.4) 3(4.2) 0 0 0

Sep-
11

88 0 3(3.4) 0 4(4.5) 4(4.5) 0 2(2.3) 4(4.5) 5(5.7) 11(12.6) 0 0 0 0

Oct-11 89 0 0 0 1(1.1) 2(2.2) 0 12
(13.6)

0 0 4(4.5) 2(2.2) 0 0 0

Nov-
11

28 0 3
(10.7)

0 1(3.6) 2(7.1) 0 1(3.6) 0 0 0 2(7.1) 0 0 0

Dec-
11

6 0 5
(83.3)

0 0 0 0 0 0 0 0 0 0 0 0

Jan-12 145 0 53
(36.6)

0 0 0 0 2(1.4) 0 0 1(0.7) 4(2.8) 0 0 0

Feb-
12

120 9(7.5) 43
(35.8)

0 0 0 0 2(1.7) 0 0 0 1(1.7) 1(1.7) 0 0

Mar-
12

109 18
(16.5)

14
(12.8)

0 1(0.9) 0 0 2(1.8) 2(1.8) 1(0.9) 1(0.9) 2(1.8) 3(2.8) 0 0

Apr-12 79 12
(15.2)

0 0 3(3.8) 0 0 0 1(1.3) 0 3(3.8) 3(3.8) 2(2.5) 1(1.3) 0

May-
12

89 4(4.5) 1(1.1) 0 0 0 1(1.1) 1(1.1) 0 0 5(5.6) 0 4(4.5) 0 0

Jun-12 81 3(3.7) 2(2.5) 0 0 0 0 0 0 2(2.5) 3(3.7) 0 5(6.2) 1(1.2) 0

Jul-12 118 63
(53.4)

0 0 0 0 0 0 0 1(0.8) 3(2.5) 0 5(4.2) 2(1.7) 0

Aug-
12

57 16
(28.2)

0 0 0 0 0 1(1.7) 0 0 0 0 1(1.7) 0 1(1.7)

Sep-
12

49 5
(10.2)

0 0 0 0 0 2(4.1) 0 0 0 0 6
(12.2)

0 0

Oct-12 46 0 0 0 0 0 0 0 0 0 0 0 6
(13.0)

0 0

Nov-
12

48 0 0 0 0 0 0 1(2.1) 3(6.3) 0 3(6.3) 0 8
(16.6)

0 0

Dec-
12

74 17
(22.8)

0 0 0 0 0 0 5(6.8) 0 0 1(1.4) 3(4.1) 0 0

Jan-13 72 11
(15.3)

0 0 0 0 0 0 4(5.6) 0 0 5(6.9) 1(1.4) 0 0

Feb-
13

19 5
(26.3)

0 0 0 0 0 0 0 0 0 0 1(5.3) 0 0

(Continued)

Clinical and Etiological Characteristics of ILI Patients

PLOS ONE | DOI:10.1371/journal.pone.0119513 March 30, 2015 6 / 15



HRV (not detected in 2011) was the second most frequently detected viral agent presenting
during 2012 and 2013. It peaked in September-November in 2012 but showed no seasonality in
2013(Fig. 1C).HADV and HCoV were other major viral pathogens of ILI. HADV infection
presented predominantly in 2011 and 2013, while HCoV presented predominantly in 2011 and
2012, and one peak was observed in September (Fig. 1C). HPIV, RSV, and HMPV appeared
sporadically during the study period but presented an epidemic peak in September-October of
2011(Fig. 1D). The results suggested that multiple respiratory viruses may circulate concur-
rently in the population and cause a large proportion (approximately 40%) of ILI.

Gender and age distribution of respiratory viral etiology
The distribution of respiratory viral pathogens from confirmed cases tested by RT-PCR by age
and gender is shown in Table 3. Respiratory viruses were detected in 314(49.2%) of the male
patients and 324(50.8%) of the female patients. There was no gender difference in susceptibility
to ILI in Shanghai (Table 3).

IAV and IBV were most frequently identified in all age groups. The proportion of samples
positive for IAV was higher in subjects 15–24 and 25–59 years of age (44.0%, and 41.8%, re-
spectively) than in other age groups. This difference was statistically significant (p = 0.001).
HCoV-229Eand HCoV-OC43 were detected frequently (13.3%, and 7.6%, respectively) in chil-
dren less than 5 years of age. These values differed significantly from the corresponding values
for other age groups (p = 0.002 and p = 0.01, respectively).HPMV and HBoV were only

Table 2. (Continued)

Month Total
samples

No.(%) of isolates

IAV IBV ICV HPIV-
1

HPIV-
2

HPIV-
3

RSV-
A

RSV-
B

HCOV-
OC43/
HKU1

HCOV-
229E/
NL63

HADV HRV-
A/B

HMPV HBoV

Mar-
13

20 6
(30.0)

0 0 0 1(5.0) 0 0 0 0 0 1(5.0) 2
(10.0)

0 0

Apr-13 19 3
(15.8)

0 0 0 0 0 0 0 0 0 3
(15.8)

2
(10.5)

0 0

May-
13

26 2(7.7) 0 0 1(3.9) 1(3.9) 2(7.6) 1(3.9) 0 0 0 1(3.8) 4
(15.4)

0 0

Jun-13 16 0 0 0 0 0 0 0 0 0 0 1(6.3) 2
(12.5)

0 0

Jul-13 51 5(9.8) 0 0 1(2.0) 3(5.9) 1(2.0) 0 0 0 0 4(7.8) 0 0 0

Aug-
13

52 2(3.9) 0 0 1(1.9) 1(1.9) 0 0 0 0 0 2(3.8) 1(1.9) 0 0

Sep-
13

38 2(5.3) 0 0 2(5.3) 1(2.6) 0 0 0 1(2.6) 0 1(2.6) 4
(10.5)

1(2.6) 0

Oct-13 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov-
13

26 6
(23.1)

0 0 0 0 0 0 0 0 0 1(3.8) 0 0 0

Dec-
13

38 18
(47.4)

0 0 0 0 0 0 0 0 0 0 0 0 12.6)

Total 1970 230
(11.7)

162
(8.2)

1
(0.05)

22
(1.1)

16
(0.8)

10
(0.5)

28
(1.4)

19
(1.0)

16(0.8) 35(1.8) 53
(2.7)

61
(3.1)

5(0.3) 2(0.1)

IAV: Influenza A virus; IBV: Influenza B virus; ICV: Influenza C virus; HRV: Human Rhinovirus; HADV:Human Adenovirus; HCoV-229E: Human

Coronavirus 229E;HCoV-OC43: Human Coronavirus OC43; HPIV-1: Human Parainfluenza Virus-1; HPIV-2: Human Parainfluenza Virus-2; HPIV-3:

Human Parainfluenza Virus-3; RSV-A: Respiratory Syncytial Virus-A; RSV-B: Respiratory Syncytial Virus-B;HMPV: Human Metapneumovirus;

doi:10.1371/journal.pone.0119513.t002
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detected among subjects less than 15 years of age. HPIV was detected more frequently in sub-
jects�60 years of age compared with other age groups, but the difference between these fre-
quencies was not statistically significant (Table 3).

Factors Associated with Clinical Signs of ILI
The odds of having symptoms of cough, sore throat, running nose, fatigue, headache and tem-
perature>39°C were higher in influenza virus-infected outpatients than in others, with odds
ratios [ORs] of 1.99, 95% CI 1.60–2.47, p<0.001; 1.22, 95% CI 1.01–1.48,p = 0.038; 1.62, 95%CI
1.34–1.96, p<0.001; 1.25, 95%CI 1.02–1.53, p = 0.028; 1.24, 95%CI 1.01–1.52; and 1.40, 95%
CI1.07–1.83, p = 0.015, respectively. Compared with the odds in patients�5 years of age, the
odds of having a cough or running nose were higher for those in other age groups(OR3.22,95%
CI 2.34–4.42; p<0.001;1.90,95% CI1.50–2.41,p<0.001,respectively). However, the odds of hav-
ing a sore throat, fatigue or headache were higher for patients�5 years of age (OR2.56, 95%
CI2.0–3.23, p<0.001; 50, 95%CI 20–100, p<0.001; and 100, 95%CI 20–333, p<0.001, respec-
tively (Table 4).

Table 3. Distribution of Viral Etiology of the outpatients with influenza-like infection by age and gender, Shanghai, China, 2011–2013.

0–4y 5–14y 15–24y 25–59y �60 P
value

Male Female P
value

Total

n =
105

% n =
200

% n =
91

% n =
213

% n =
29

% n =
314

% n =
324

% n =
638

%

IAV※ 25# 23.88§ 65 32.5 40 44.0 89 41.8 11 37.9 0.001 121 38.5 109 33.7 0.833 230 36.0

IBV 9 8.6 55 27.5 23 25.3 70 32.9 5 17.2 <0.001 64 20.4 98 30.2 0.001 162 25.4

ICV 1 1.0 0 0 0 0.0 0 0.0 0 0.0 ／ 0(0) 0.0 1 0.3 ／ 1 0.2

HRV 14 13.3 21 10.5 9 14.3 15 7.0 2 6.9 0.77 33 10.5 28 8.6 0.712 61 9.6

HADV 16 15.2 19 9.5 6 9.5 12 5.6 0 0.0 0.065 30 9.6 23 7.1 0.476 53 8.3

HCoV-
229E

14 13.3 10 5 2 3.2 6 2.8 3 10.3 0.002 19 6.1 16 4.9 0.764 35 5.5

HCoV-
OC43

8 7.6 4 0.2 1 1.6 2 0.9 1 3.4 0.01 8 2.5 8 2.5 0.886 16 2.5

HPIV-1 6 5.7 5 2.5 4 6.3 5 2.3 2 6.9 0.342 12 3.8 10 3.1 0.794 22 3.4

HPIV-2 3 2.9 5 2.5 4 6.3 2 0.9 2 6.9 0.187 10 3.2 6 1.9 0.389 16 2.5

HPIV-3 1 1.0 2 1 1 1.6 4 1.9 2 6.9 0.067 5 1.6 5 1.5 0.91 10 1.6

RSV-A 6 5.7 12 6 1 1.6 7 3.3 2 6.9 0.335 12 3.8 16 4.9 0.341 28 4.4

RSV- B 6 5.7 5 2.5 2 2.2 4 1.9 2 6.9 0.205 10 3.2 9 2.8 0.94 19 3.0

HMPV 2 1.9 3 1.5 0 0.0 0 0.0 0 0.0 ／ 2 0.6 3 0.9 0.598 5 0.8

HBoV 1 1.0 1 0.5 0 0.0 0 0.0 0 0.0 ／ 1 0.3 1 0.3 0.96 2 0.3

Single
infection

98 93.3 193 96.5 89 97.8 210 98.6 27 93.1 ／ 302 96.2 314 96.9 0.099 616 96.6

Co-
infection

7 6.7 7 3.5 2 2.2 3 1.4 2 6.9 12 3.8 10 3.1 0.794 22 3.4

IAV: Influenza A virus; IBV: Influenza B virus; ICV: Influenza C virus; HRV: Human Rhinovirus; HADV:Human Adenovirus; HCoV-229E: Human

Coronavirus 229E;HCoV-OC43: Human Coronavirus OC43; HPIV-1: Human Parainfluenza Virus-1; HPIV-2: Human Parainfluenza Virus-2; HPIV-3:

Human Parainfluenza Virus-3; RSV-A: Respiratory Syncytial Virus-A; RSV-B: Respiratory Syncytial Virus-B;HMPV: Human Metapneumovirus; Boldface

font indicates statistical.

# Case number

§ Percentage of detected virus in virus infected cases of each group

※ Detected virus

doi:10.1371/journal.pone.0119513.t003
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Multiplex RT-PCR is considered to be one of the most sensitive and specific methods for
the diagnosis of respiratory virus infections [13, 14]. The Seeplex Respiratory Virus Detection
assay (Seegene Inc., Seoul, Korea) was introduced to the respiratory research community in
2007 and can efficiently differentiate 12 respiratory viruses[10]. The application of multiplex
design RT-PCR allows the simultaneous detection of multiple infections. In our study, multi-
plex viral agents, including IV (A and B), RSV (A and B), HPIV1-3, HRV, HCoVs (229E and
OC43), HADV and HMPV were analyzed in a large population with ILI. To our knowledge,
this is the first study of respiratory virus etiology with ILI in both children and adults in Shang-
hai. The overall detection rate of respiratory virus was 32.4%in the 3 years of laboratory-based

Fig 1. Monthly percentage of ILI outpatients positive for viral etiology in Shanghai, 2011–2013. A shows the monthly percentage of ILI outpatients
positive for influenza virus, non-influenza virus and positive for any one of the studied respiratory viruses. B shows the monthly percentage of ILI outpatients
positive for influenza subtypes. C shows the monthly percentage of ILI outpatients positive for HRV, HADV and HCoV. D shows the monthly percentage of ILI
outpatients positive for HPIV, RSV and other respiratory viruses.

doi:10.1371/journal.pone.0119513.g001

Table 4. Results of multivariate analyses for factors associated with 6 clinical signs of virus positive in outpatients, Shanghai, China*, 2011–
2013.

Clinical sign of ILI§.

Factors Cough Sore throat Running nose

Yes, n =
494

No, n =
144

OR(95% CI),p
value

Yes, n =
347

No, n =
291

OR(95% CI),p
value

Yes, n =
309

No, n = 329 OR(95% CI),p
value

other viral
positive

174
(35.2)

71 (49.3) Ref 133
(38.3)

112
(38.5)

Ref 109 (35.3) 136 (41.3) Ref

Flu viral
positive

320
(64.8)

73 (50.7) 1.99(1.60–
2.47),<0.001

214
(61.7)

179
(61.5)

1.22(1.01–1.48),
0.038

200 (64.7) 193 (58.7) 1.62(1.34–1.96),
<0.001

Age<5y 95 19.2) 10 (6.9) 3.22(2.34–4.42),
<0.001

39 (11.2) 66 (22.7) 0.39(0.31–0.50),
<0.001

62 (20.1) 43 (13.1) 1.90(1.50–2.41),
<0.001

Male 243
(49.2)

71 (49.3) 1.08(0.89–
1.31),0.432

169
(48.7)

145
(49.8)

0.96(0.81–
1.15),0.682

152 (49.2) 162 (49.2) 0.99(0.83–
1.19),0.907

Interval 2d# 38 7.7 10(6.9) 1.38(0.94–
2.01),0.102

298.4 196.5 1.71(1.21–2.42),
0.002

247.8 247.3 0.99(0.70–
1.40),0.955

Factors Fatigue Headache Temperature※

Yes, n =
228

No, n =
410

OR(95% CI),p
value

Yes, n =
199

No, n =
439

OR(95% CI),p
value

>39°C, n =
102

�39°C, n =
534

OR(95% CI),p
value

other viral
positive

67 (29.4) 178
(43.4)

Ref 60 (30.2) 185
(42.1)

Ref 2322.5 22241.6 Ref

Flu viral
positive

161
(70.6)

232
(56.6)

1.25(1.02–1.53),
0.028

139
(69.8)

254
(57.9)

1.24(1.01–
1.52),0.043

7977.5 31258.4 1.40(1.07–
1.83),0.015

Age<5y 10.4 104
(25.4)

0.020.01–0.05),
<0.001

1 (0.5) 104
(23.7)

0.010.003–0.05),
<0.001

1918.6 8616.1 1.31(0.95–1.82),
0.104

Male 111
(48.7)

203
(49.5)

0.96(0.79–
1.16),0.662

99 (49.7) 215
(49.0)

0.92(0.76–
1.12),0.413

45 (44.1) 268 (50.2) 0.95(0.73–
1.23),0.682

Interval 2d# 33 (14.5) 15 (3.7) 3.15(2.24–
4.43),<0.001

26 (13.1) 225.0 2.04(1.45–2.87),
<0.001

87.8 407.5 0.830.49–
1.390.474

*Six multivariate unconditional logistic regression analyses were separately conducted to examine factors for each clinical sign of ILI. ILI outpatients from

whom influenza viral were detected positive by RT-PCR as confirmed influenza patients, and from whom other respiratory viral were detected positive by

RT-PCR as confirmed other respiratory viral infection patients. Boldface font indicates statistical. OR, odds ratio; Ref, reference.

§Data are number (%) outpatients unless otherwise indicated.

#Interval between illness onset and hospital visit.

※Total of 2(0.2%)outpatients missing information on temperature results in the Influenza virus positive ILI-case group.

doi:10.1371/journal.pone.0119513.t004
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surveillance. All of the 12 respiratory viruses were detected. Influenza virus was the most com-
monly detected agent in both children and adults; other viruses were present at a frequency less
than 4.0%.

We observed a winter peak in the detection rate in ILI patients during 3 years of surveillance
and a summer peak in 2012.Similar results have been reported in other studies in South China
[15]. However, the ILI incidence only peaked during winter in Beijing and North China [6].
HCoV, HADV, and HRV were more frequently detected in children than in adults; HMPV
and HBoV were only detected in children less than 15 years of age. Coughs, sore throats, run-
ning noses, fatigue, headache and temperatures>39°C were higher in influenza virus-infected
outpatients than other respiratory virus-infected patients.

In our study, the investigation of the clinical characteristics of ILI showed that patients with
IV experienced more coughs and temperatures >39°C than patients with other respiratory
virus or those who were virus free. This result is consistent with the findings of previous re-
search [6].

Children less than 5 years of age experienced more coughs, running noses and temperatures
>39°C than adults. In the study by Friedman and Attia[16], the symptom triad of cough, head-
ache, and pharyngitis was found to be a predictor of isolation of influenza virus in febrile chil-
dren who were selected from emergency department patients at a tertiary pediatric center
according to predetermined criteria indicating influenza infection. Respiratory viruses can
cause influenza symptoms[17]. There is inconsistency about whether certain symptoms can be
used to distinguish specific infections, and it is generally accepted that there are no symptoms
specific to any viral infection. Some other studies have attempted to identify signs or symptoms
specifically associated with influenza virus or other viruses [18, 19], but no definitive conclu-
sions have been drawn.

During the study period, 32.4% of the specimens were positive for at least one virus. This re-
sult is consistent with the results of several previous studies that found percentages between
27–34.6% [6, 20–22], but it is lower than those reported by several investigators who found per-
centages between 48.7–59.5%[23, 24]. There are multiple explanations for these differences.
The differences could be due to true differences in the overall burden, to differences among
study populations, or to detection methods that differed from among studies. It is difficult to
compare the results, as the reported data were obtained with different detection methods or
PCR primers [21, 25]. Future comparative studies to evaluate the sensitivity and specificity of
these detection methods should clarify this issue. Second, the infection rates may vary with geo-
graphical location and with the particular period chosen for testing [25, 26]. Third, the patient
population and its environment may influence the results. In our study, up to 1332 specimens
were negative in RT-PCR although all of them matched well with the inclusion criteria for ILI.
Negative findings could have resulted from the low load of viral material in samples, or to in-
fection with bacteria or other viruses such as enterovirus.

The seasonal pattern of ILI cases in Shanghai was quite unique according to our study.
Results differ markedly among studies in terms of the respiratory viruses most commonly

found among studies. As in many previous studies [4, 6, 7, 20, 27–30], influenza A and B virus
were the most commonly detected viral pathogens in outpatients with ILI in our region. An ep-
idemic of influenza virus usually occurs in the winter. However, an epidemic peak of IAV infec-
tion was observed in the summer of 2012. More patients with influenza-like illness were
observed during this period. This result was consistent with the Chinese National Influenza
Center (CNIC) (2012 2013) China flu Weekly Report[31]. In addition, HRV, RSV, HADV,
HCoV, HPIV and HMPV were identified from outpatient specimens and contributed collec-
tively to 38.4% of all ILI laboratory-confirmed cases in our study. The detection rate of influen-
za virus was significantly higher among adult patients, whereas other viruses, such as HADV,

Clinical and Etiological Characteristics of ILI Patients

PLOS ONE | DOI:10.1371/journal.pone.0119513 March 30, 2015 11 / 15



HCoV, and HMPV, were prevalent among children less than 15 years of age. These findings
are consistent with reports from other studies [5, 32–34].

HRV was not present in 2011, but it was the second most frequently detected viral agent in
both children and adults in 2012 and 2013, representing approximately 10% of all positive
cases. The positive rate (3.1%) was lower than that found by previous studies, which detected
HRV in 10% to>40% of respiratory infections[29, 35]. HRV may circulate year-round in our
region, a result found by previous studies [20, 25, 28]. RSV-positive samples occurred at a low
level in our study. This finding contrasts with other studies [27, 36], where the predominant
virus detected in children less than 5 years of age was RSV. The reason for this difference is
that we did not include hospitalized children, as RSV has been shown to be a common cause of
lower respiratory tract infection in children admitted to the hospital[5, 37, 38]. Previous studies
on RSV infections have primarily been conducted in hospitalized elderly adults with medical
conditions such as cardiopulmonary diseases[39] that may predispose them to viral infections
that are relatively uncommon in the general population.

In our study, a total of 22 samples (3.5% of the total number of RT-PCR positive cases) re-
vealed the presence of co-infections. In co-infection cases, influenza A virus, PIV, and RSV
were found together most frequently, at rates of 36.4% (8/22). Previous studies have reported
that co-infections were associated with more severe signs than mono-infections [40, 41]. Chil-
dren were found to be more likely to be co-infected than adults in the present study. However,
the subsequent clinical conditions of ILI illness patients were not obtained, and thus the associ-
ation between co-infections and severe signs cannot be analyzed. We will address such research
themes in the future.

This study has limitations. First, no testing for other etiologies (such as enterovirus or bacte-
ria) of acute respiratory illness was performed. As is generally known, respiratory viruses, bac-
teria and other microorganisms can cause respiratory illness with influenza-like symptoms.
Without doubt, other microorganisms could have been additional pathogens in the negative
specimens, and our results may underestimate the role of virus infection. Second, the histories
of influenza vaccine in ILI outpatients were not obtained. Thus, the analysis of clinical charac-
teristics in ILI patients may be biased. Third, we did not collect all ILI cases presenting at the
above two sentinel sites fromMonday through Sunday. Facility staffs were involved in the proj-
ect on a voluntary basis, with frequent shifts of personnel to other facilities.

In conclusion, the spectrum, seasonality, age distribution and clinical associations of respi-
ratory virus infections in children and adults with influenza-like illness were analyzed in
Shanghai for the first time in this study. To a certain extent, the findings can provide baseline
data for evaluating the burden of respiratory virus infection in children and adults in Shanghai.
It also can provide clinicians with helpful information about the etiological patterns of outpa-
tients presenting with complaints of acute respiratory symptoms, but further studies should be
conducted, and longer-term laboratory-based surveillance would give a better picture of the eti-
ological characteristics of ILI.
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