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Abstract Acute respiratory tract infections (ARTIs) due to

various viruses are not only the most common causes of

upper and lower respiratory infection but are also major

causes of morbidity and mortality in children. In this study,

we investigated the prevalence and clinical characteristics

of children with virus-related ARTIs and determined the

spectrum of respiratory viruses and their correlation with

meteorological variables in Jiading District, Shanghai,

China. Nasopharyngeal swabs from 2819 children with

ARTIs were collected from August 2011 to December

2014, and used for detection of respiratory viruses by

multiplex RT-PCR. Seventeen respiratory viruses were

detected among 691 (24.5 %) of 2819 patients. The highest

prevalence of respiratory viruses was detected in the age

group of less than 1 year (29.0 %), and the prevalence

decreased with age. This suggests that children less than

one year old are the most susceptible to infection. Influenza

virus (IFV) was the most frequently detected virus (5.8 %),

followed by parainfluenza virus (PIV) (5.7 %), enterovirus

(EV) (4.3 %), and respiratory syncytial virus (RSV)

(3.6 %). Statistical analysis showed that epidemics of IFV,

PIV and EV had distinct seasonal variations. Mean

monthly temperature appeared to be the only meteorolog-

ical factor associated with IFV and PIV infection. These

findings will provide valuable information for decision-

making, prevention and treatment of ARTIs in children.

Introduction

Acute respiratory tract infections (ARTIs) are major risk

factors associated with morbidity and mortality of infants

and children worldwide and are caused by respiratory

viruses and/or bacteria [1, 2]. The majority of ARTIs are

ascribed to respiratory viruses; however, antibiotics were

often used in the clinical treatment of ARTIs in some

developing countries (e.g., China). Investigations of the

prevalence of ARTIs and its correlation with viral patho-

gens are critical for improving the prevention and treatment

of ARTIs.

There are more than 200 respiratory viruses that can

cause ARTIs. Respiratory syncytial virus (RSV), human

rhinovirus (HRV), human metapneumovirus (HMPV),

human parainfluenza virus (PIV), human enterovirus (EV),

influenza virus (IFV), human coronavirus (CoV), aden-

ovirus (ADV), and human bocavirus (BoV) are the most

common viral agents associated with ARTIs, accounting

for around 70 % of ARTIs [3, 4]. As children with ARTIs

often have similar clinical presentations, it is difficult for

doctors to make decisions and prescriptions simply based

on the physical symptoms. Therefore, investigating the

clinical characteristics of children with virus-related ARTIs

and the spectrum of respiratory viruses will facilitate the

development of precise treatments for ARTIs.
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The prevalence of respiratory viruses among children

with ARTIs differs in different regions, and varies over

time [5–12]. It has been relatively difficult to provide real-

time surveillance of ARTIs in China because of its large

population, vast territory and multivariate climatic factors.

In several previous studies, the prevalence of respiratory

viruses with ARTIs in Shanghai [6, 7], Wuhan [5], Harbin

[8], Lanzhou [9, 10], Nanjing [13], Zhuhai [12] and

Shantou [11] were investigated. The positive rates of res-

piratory viruses among patients with ARTIs in these cities

were from 37.6 % to 78.7 %. RSV, HRV, and IFV-A were

the most common respiratory viruses.

In this study, we report the clinical characteristics of

respiratory viral infections in children in Shanghai, China,

from August 2011 to December 2014, and investigated the

etiologic agents. We found that the respiratory virus posi-

tive rate was the highest in children less than 1 year old,

and the positive rate decreased with age without gender

difference. Furthermore, IFV, PIV, EV and RSV were most

frequently observed in children with ARTIs and displayed

seasonal epidemic patterns.

Materials and methods

Study population and sample collection

From August 2011 to December 2014, 2819 children with

ARTIs who had been admitted to Shanghai Nanxiang

Hospital, a district-level general hospital in Shanghai,

China, were recruited in this study. The study was

approved by the Medical Ethics Committee of Shanghai

Nanxiang Hospital. Demographic information and clinical

characteristics were recorded for each patient. Nasopha-

ryngeal swabs were collected from these patients after

obtaining informed consent from their parents or guardians,

and the samples were transported to the laboratory at

Institut Pasteur of Shanghai, Chinese Academy of Sci-

ences, in virus transport medium (including Hank’s buffer,

BSA, HEPES and antibiotics) within 24 hours for the

detection of respiratory viruses.

RNA extraction and detection of respiratory viruses

by multiplex RT-PCR

Viral RNA was extracted from each clinical sample using a

QIAamp Viral RNA Mini Kit (QIAGEN, Germany). Res-

piratory viruses were detected by a multiplex RT-PCR

assay as described previously [6, 14]. In brief, 17 viruses

were detected in a five-tube mRT-PCR assay. Tube 1 tar-

geted IFV-A, IFV-B, RSV, HMPV; tube 2, PIV1–4; tube 3,

EV, HRV and IFV-C; tube 4, CoV-229E, CoV-OC43,

CoV-NL63 and CoV-HKU1; and tube 5, ADV and BoV.

For each tube, we selected one of the targeted viruses and

used the culture supernatant of the standard strain of the

selected virus as a positive control for RNA extraction. As

a result, RSV, PIV-3, HRV, Co-229E and ADV were

selected for tubes 1-5, respectively. The amplification

reaction was performed using a QIAGEN OneStep RT-

PCR Kit (QIAGEN, Germany). For quality control in the

multiple RT-PCR, a mixture of plasmid templates was used

as a positive control, and distilled water was used as a

negative control. A 25-lL PCR mix including 59 QIA-

GEN OneStep RT-PCR Buffer, dNTP Mix (final concen-

tration of each dNTP, 400 lM), primers F and R (final

concentration, 0.6 lM), QIAGEN OneStep RT-PCR

Enzyme Mix (1 lL), RNA template (2.5 lL), and RNase-

free water was prepared. The reaction steps included

reverse transcription at 50 �C for 30 min, initial PCR

activation at 95 �C for 15 min, 40 cycles at 94 �C for 30 s,

55 �C (tube 1 and tube 2) or 50 �C (tube 3, tube 4 and tube

5) for 30 s, and 72 �C for 1 min, and a final extension at

72 �C for 10 min. To increases the amplification in tube 3

and tube 4, an additional eight cycles of 94 �C for 30 s,

55 �C for 30 s, and 72 �C for 1 min were added after the

initial PCR activation. The respiratory viruses were dis-

tinguished according to the product sizes in 2 % agarose

gel electrophoresis.

Meteorological data collection

The data on mean monthly temperature (�C), rainfall (mm)

and relative humidity (%) of Jiading district of Shanghai

were obtained from the Jiading Weather Bureau of

Shanghai. The meteorological station is located at 31� 22’
N, 121� 15’ E.

Statistical analysis

Statistical analysis was performed using SPSS software

(version 17.0; SPSS, Inc., Chicago, IL, USA). Statistical

comparisons of viral incidence between different groups

(i.e., genders, ages and seasons) were performed using the

chi-square (v2) test. Bivariate correlation and multiple

stepwise regression analysis were used to analyze the

associations between viral infection and meteorological

parameters. A probability (p) value less than 0.05 was

considered statistically significant.

Results

Patient characteristics

From August 2011 to December 2014, nasopharyngeal

swabs were collected from 2819 children with ARTIs at
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Shanghai Nanxiang Hospital. Their ages ranged from 2

months to 12 years. The majority of them (1189, 67.4 %)

were between 1 and 6 years old. The ratio of boys to girls

was 1.32 (Table 1). Among 2819 clinical samples from the

recruited children with ARTIs, 691 (24.5 %) samples were

found to be respiratory virus positive. There was no sig-

nificant difference in the incidence of respiratory viral

infection between boys (392/1603; 24.5 %) and girls (299/

1216; 24.6 %) (v2 = 0.007, p = 0.934). The respiratory

virus positive rate was significantly different among the

different age groups (v2 = 10.967, p = 0.012). The positive

rate appeared to decrease with age. Children less than one

year old had the highest positive rate of 29.0 % (94/324).

The positive rate decreased to 25.9 % (197/762) and

24.7 % (281/1137) for the age groups of 1-3 and 3-6 years

old, respectively. The lowest positive rate was observed in

the age group of more than 6 years old (119/596; 20.0 %)

(Table 1). A statistically significant difference was

observed between the age group of less than 1 year old and

the age group of more than 6 years old (v2 = 9.653,

p = 0.002). No statistically significant difference was

observed among the other age groups.

The clinical symptoms of virus-positive ARTIs children

included cough, fever, sore throat, expectoration, runny

rose, rales, diarrhea, rash, headache, muscular soreness,

stomachache, dyspnea, and chest pain (Table 2). Of these,

cough (89.9 %), fever (81.2 %), and sore throat (73.2 %)

were the most commonly observed symptoms. These virus-

positive children were often diagnosed with tonsillitis

(37.2 %), bronchitis (34.3 %), upper respiratory tract

infections (URTIs, 26.1 %) or pneumonia (15.5 %)

(Table 2).

Viral etiology

Seventeen respiratory viruses, including IFV (IFV-A/B/C),

PIV 1-4, EV, RSV, CoV (229E, HKU1, OC43, NL63),

ADV, HMPV, BoV, and HRV were detected among 691 of

2819 children with ARTIs in Nanxiang District of Shang-

hai (Table 3). Multiple viral infections were detected in 60

(2.1 %) patients (46 with two pathogens and 14 with three

pathogens). Influenza viruses, including IFV-A, IFV-B and

IFV-C, were the most frequently detected viruses (163/

2819, 5.8 %), followed by PIV (161/2819, 5.7 %), EV

(120/2819, 4.3 %), and RSV (100/2819, 3.6 %). The

detection rate of CoV, ADV, HMPV, BoV and HRV was

2.3 %, 1.5 %, 1.5 %, 1.2 %, and 0.6 %, respectively.

Among these respiratory viruses, most had a similar dis-

tribution among the different age groups (Fig.1). Interest-

ingly, the prevalence of IFV appeared to increase with age,

while the prevalence of PIV appeared to decrease with age.

Table 1 Patient characteristics

of 2819 children with ARTIs in

Shanghai Nanxiang Hospital

from 2011 to 2014

Characteristic Number (%) Number virus

positive (%)a
Virus-positive rate

in each groupb

Sex

Male 1603 (56.9 %) 392 (56.7 %) 392/1603 (24.5 %)

Female 1216 (43.1 %) 299 (43.3 %) 299/1216 (24.6 %)

Age group (year)

B1 324 (11.5 %) 94 (13.6 %) 94/324 (29.0 %)

1-B3 762 (27.0 %) 197 (28.5 %) 197/762 (25.9 %)

3-B6 1137 (40.3 %) 281 (40.7 %) 281/1137 (24.7 %)

[6 596 (21.1 %) 119 (17.2 %) 119/596 (20.0 %)

Total 2819 691

a Proportion of each group in virus-positive samples
b Proportion of each group in all the samples

Table 2 Clinical symptoms and diagnoses of virus-positive patients

Clinical symptom Number Percentage (%)

Cough 621 89.9 %

Fever 564 81.2 %

Sore throat 506 73.2 %

Running nose 277 40.1 %

Expectoration 300 43.4 %

Rales 197 28.5 %

Diarrhea 41 5.9 %

Rash 36 5.2 %

Headache 30 4.3 %

Muscular soreness 28 4.1 %

Stomachache 17 2.5 %

Dyspnea 16 2.3 %

Chest pain 11 1.6 %

Diagnosis

Tonsillitis 257 37.2 %

Bronchitis 237 34.3 %

Upper respiratory tract infections 180 26.1 %

Pneumonia 107 15.5 %

Total 691

Prevalence of respiratory viruses in children in Shanghai 1909
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Seasonal distribution of respiratory viruses

We further investigated the seasonal distribution of the

respiratory viruses (Table 4). Of the analyzed viruses, IFV,

PIV and EV appeared to have seasonal patterns (p\ 0.05)

(Table 4 and Supplemental Figure 1). For IFV, the highest

prevalence was observed in winter (72/607, 11.9 %), while

the lowest prevalence occurred in summer (22/797, 2.8 %).

Distinct from IFV, the highest prevalence of PIV occurred

in summer (76/797, 9.5 %), and it was only 1.7 % (10/607)

in winter. The prevalence of EV was similar in spring (38/

668, 5.7 %), summer (36/797, 4.5 %), and autumn (32/747,

4.3 %), substantially higher than that in winter (15/607,

2.5 %) (Table 4). RSV and CoV were relatively active

throughout the whole year and have similar prevalence in

different seasons (Table 4 and Supplemental Figure 1).

ADV, HMPV, BoV, and HRV were excluded from the

analysis because their sample sizes were too small.

Correlation of the prevalence of various respiratory

viruses with meteorological variables

The seasonal patterns of IFV, PIV and EV prevalence

(Table 4 and Supplemental Figure 1) suggest a correlation

between the respiratory virus epidemic and meteorological

variables. We performed regression analysis to determine

whether meteorological factors (including mean monthly

temperature, humidity, and rainfall) were associated with

prevalence of various respiratory viruses. The Nanxiang

district of Shanghai has a mean monthly temperature of

17.5 ± 9.2 �C, humidity of 69.7 ± 6.2 %, and rainfall of

90.8 ± 79.1 mm. Bivariate correlation showed that the

incidence of influenza virus infection was significantly

negatively correlated with mean monthly temperature

(Spearman’s rho: -0.472, p = 0.002), but it was not

Table 3 Viral etiologies for all participants (N = 2819)

Virus detected Number Percentage (%)

IFV 163 5.9 %

IFV-A 87 3.1 %

IFV-B 78 2.8 %

IFV-C 3 0.1 %

PIV 161 5.7 %

PIV-1 62 3.1 %

PIV-2 25 1.2 %

PIV-3 52 1.8 %

PIV-4 24 0.9 %

EV 120 4.3 %

RSV 100 3.6 %

CoV 65 2.3 %

HMPV 49 1.5 %

ADV 41 1.5 %

BoV 36 1.2 %

HRV 20 0.6 %

Co-infection 60 2.1 %

Total 691
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Fig. 1 The distribution of

respiratory viruses in different

age groups

Table 4 Seasonal distribution of respiratory viruses

IFV PIV EV RSV CoV

? - ? - ? - ? - ? -

Spring 34 634 49 619 38 630 19 649 14 654

Summer 22 775 76 721 36 761 23 774 21 776

Autumn 35 712 25 722 32 715 26 721 7 740

Winter 72 535 10 597 15 592 30 577 17 590

v2 56.776 51.585 8.169 5.511 7.496

p <0.001* <0.001* 0.043* 0.138 0.058

?, number of positive samples; -, number of negative samples

The chi-square (v2) test was performed using SPSS. A P-value\ 0.05

is indicated by * and is considered statistically significant (in bold)
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correlated with mean monthly humidity (Spearman’s rho:

-0.103, p = 0.521) or mean monthly relative rainfall

(Spearman’s rho: -0.223, p = 0.162) (Table 5). When

multiple stepwise regression analysis was performed, mean

monthly temperature appeared to be the only factor asso-

ciated with influenza virus infection. In contrast, the inci-

dence of PIV infection was significantly positively

correlated with mean monthly temperature (Spearman’s

rho: 0.545, p\ 0.001) and mean monthly rainfall (Spear-

man’s rho: 0.415, p = 0.007). Multiple stepwise regression

analysis showed that mean monthly temperature was the

only factor associated with PIV infection. No significant

correlation was observed between the prevalence of RSV,

EV, and CoV and meteorological variables (Table 5).

Discussion

Infections with respiratory viruses are the most common

causes of ARTIs in children. They can lead to serious dis-

eases such as bronchiolitis and pneumonia and sometimes

even cause death in infants and children worldwide [15]. In

China, the positive rates of respiratory viruses in children

with ARTIs or influenza-like illness (ILI) range from 37.6 to

78.7 % [5–13]. The positive rates appear to be slightly dif-

ferent in different regions, which may be attributed to dif-

ferent years and regional variation, aswell as a lack of unified

methodology. However, a large-scale surveillance based on

39,756 children with ARTIs in central China showed that the

prevalence was only 13.1 %, substantially lower than that

found in other studies [16]. Similarly, in this study, we found

that the prevalence of respiratory viruses was 24.5 % among

2891 children with ARTIs from August 2011 to December

2014 in Jiading district of Shanghai, significantly lower than

those (59.5 % and 78.7 %) obtained from two previous

studies based on 817 children with ARTIs during 2006 to

2008 [17] (v2=353.907, p\0.001), and 164 children with

ARTIs from May 2009 to July 2010 [20] (v2=227.960,
p\0.001) in Shanghai. This may imply that it is important to

have a large sample size in the investigation.

We found that the prevalence of respiratory viruses was

similar between boys and girls, suggesting that there was

no bias for respiratory viral infection with regard to gender.

However, the prevalence appeared to decrease with age,

with the highest prevalence of 29.0 % in the age group of

less than 1 year old (Table 1). One possible reason is that

children younger than 1 year old are more susceptible to

infection with respiratory viruses than older children are.

Another reason might be that children younger than 1 year

old are more likely to be brought to the hospital when

exhibiting symptoms of ARTIs than older children are.

Cough and fever were the two most common symptoms

in our enrolled patients with ARTIs. The majority of febrile

infants in Shanghai are hospitalized and prescribed

antibiotics without accurate identification of bacterial

infections, which may delay treatment and cause unnec-

essary side-effects. For precise treatment, it is urgently

required that doctors know which kind of pathogens the

children are infected with in order to give them proper

medical treatment while avoiding the overuse of

antibiotics.

The proliferation of respiratory viruses among children

with ARTIs differed among different regions and often

varied over time. IFV, RSV and HRV were the most

commonly detected respiratory viruses among children

with ARTIs or ILI in most regions of China. In Shanghai, a

previous study based on 817 cases showed that PIV, HRV,

IFV and RSV were the top four common respiratory

viruses during 2006-2008 [6]. In this study, we investigated

2819 children with ARTIs and found that IFV, PIV and

RSV were still the most common viruses, together with

EV. Compared to the previous study [6], we detected a

decreasing prevalence (0.6 %) of HRV. One possible rea-

son was that relatively severe cases (e.g., sudden onset of

fever [38, cough or sore throat and difficulty breathing)

were enrolled in the previous study [6, 7], which resulted in

a higher detection rate. On the other hand, the genotypes of

certain respiratory viruses also vary over time. A genotype

shift of RSV was observed in Chongqing and Shanghai

from 2006 to 2012 [14, 17, 18]. For PIV, the proportions of

four genotypes (PIV-1, -2, -3, -4) were consistent with

those reported previously [7, 11, 19, 20].

Some previous studies have shown that the prevalence

of certain respiratory viruses (e.g. HMPV, RSV) was

Table 5 Correlations between viral incidence and meteorological parameters

Meteorological parameter IFV PIV EV RSV CoV

r-value p-value r-value p-value r-value p-value r-value p-value r-value p-value

Mean monthly temperature -0.472 0.002* 0.545 \0.001* 0.14 0.382 -0.205 0.198 -0.106 0.51

Mean monthly humidity -0.103 0.521 0.134 0.402 -0.055 0.733 -0.054 0.737 0.066 0.681

Mean monthly rainfall -0.223 0.162 0.415 0.007* 0.022 0.891 -0.242 0.127 0.047 0.769

Bivariate correlation analysis was performed using SPSS. A probability (p) value\ 0.05 is indicated by * and is considered statistically

significant (in bold)

Prevalence of respiratory viruses in children in Shanghai 1911
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correlated with meteorological variables [21, 22]. We

observed seasonal variations for IFV, PIV and EV. The

prevalence of IFV appeared to be significantly negatively

correlated with mean monthly temperature, while the

prevalence of PIV was significantly positively correlated

with mean monthly temperature. Since 2000, a nationwide

surveillance network for influenza has been implemented

in the People’s Republic of China. Sentinel hospitals of the

network are required to upload their daily influenza-like

illness case numbers to the database of Chinese Centers for

Disease Control and Prevention. The national data will help

to draw a definite conclusion on the correlation of the

prevalence of respiratory viruses with the meteorological

variables.

Winter and spring are the high-incidence season of RSV.

Here, we detected a total of 100 RSV-positive samples.

The prevalence of RSV in autumn (3.5 %) and winter

(4.9 %) was slightly higher than that in spring (2.8 %) and

summer (2.9 %) (Table 4). The high prevalence of RSV in

summer differed from what has been observed in previous

studies [11], and the majority of the cases detected in

summer were from July 2012, suggesting a partial outbreak

of RSV during a short period. Because RSV sequences

were not obtained from the samples from July 2012 [14],

we were unable to determine the reason for this unusual

RSV outbreak.

Conclusion

In summary, we performed an epidemiological investiga-

tion on respiratory viruses in children with ARTIs in

Jiading district of Shanghai from 2011 to 2014. We found

that the prevalence of respiratory viruses decreased with

age and that the highest prevalence (29.0 %) occurred in

children less than 1 year old, suggesting that children

younger than 1 year old are the most susceptible to infec-

tion with respiratory viruses. Multiple respiratory viruses

were detected in children with ARTIs in Jiading district of

Shanghai. IFV, PIV, EV, and RSV were the dominant

respiratory viruses, with prevalence of 5.8 %, 5.7 %,

4.3 %, and 3.6 %, respectively. The prevalence of IFV,

PIV and EV exhibited distinct seasonal variation. The

prevalence of IFV and PIV was significantly negatively and

positively correlated with mean monthly temperature,

which was the only meteorological factor associated with

IFV and PIV infection.
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