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Abstract

Background: Acute respiratory infections are a common disease in children with high mortality and morbidity.
Multiple pathogens can cause acute respiratory infections. A 2-year survey of hospitalized children was conducted
to understand the epidemic situation, seasonal spread of pathogens and the improvement of clinical diagnosis,
treatment and prevention of disease in Huzhou, China.

Methods: From September 2017 to August 2019, 3121 nasopharyngeal swabs from hospitalized children with
acute respiratory infections were collected, and real-time PCR was used to detect various pathogens. Then,
pathogen profiles, frequency and seasonality were analyzed.

Results: Of the 3121 specimens, 14.45% (451/3121) were positive for at least one pathogen. Of the single-pathogen
infections, RSV (45.61%, 182/399) was the most frequent pathogen, followed by PIVs (14.79%, 59/399), ADV (14.54%,
58/399), MP (10.78%, 43/399), and IAV (5.26%, 21/399). Of the 52 coinfections, RSV + PIVs viruses were predominantly
identified and accounted for 40.38% (21/52) of cases. RSV was the most frequent pathogen in all four groups. The
highest positive rate of the pathogens occurred in the winter (21.26%), followed by autumn (14.98%), the summer
(14.119%) and the spring (12.25%).

Conclusion: Viruses are the main pathogens in hospitalized children with acute respiratory infections in Huzhou
city, Zhejiang Province, China. Among the pathogens, RSV had the highest detection rate, and MP is also a
common pathogen among children with acute respiratory infections. This study provided a better understanding of
the distribution of pathogens in children of different ages and seasons, which is conducive to the development of
more reasonable treatment strategies and prevention and control measures.
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Background

Acute respiratory infections (ARIs) which can cause many
deaths every year globally, particularly in pediatrics, are a
common public safety threat and lead to high mortality
and morbidity worldwide, especially in developing coun-
tries [1-3]. Many pathogens can cause ARIs, in addition
to bacteria, many pathogenic microorganisms are difficult
to isolate and culture. Including some viruses that are gen-
erally considered to be the main cause of the disease [4,
5], such as influenza A virus (IAV), respiratory syncytial
virus (RSV), influenza B virus (IBV), adenovirus (ADV),
parainfluenza 1, 2 and 3 (PIVs), and human rhinovirus
(HRV), several new viruses, such as human metapneumo-
virus (hMPV) [6—8], human coronaviruses (HCoV)-NL63,
229E, OC43, and HKU1, human bocavirus (HBoV), myco-
plasma pneumoniae (MP) and chlamydia pneumoniae
(CP), have been discovered in human respiratory tract
specimens with ARIs.

Currently, there are only a few available vaccines to
prevent respiratory virus infections. Therefore, to under-
stand the patient’s condition, treatment strategy, and
prevention and control strategies, we must identify the
patient’s pathogen. The rapid development of molecular
diagnostic technologies, such as real-time polymerase
chain technology [9] that can simultaneously perform
nucleic acid amplification in numerous microorganisms.
These advances allow for the reassessment of the effects
of various breath pathogens.

China has an area of 9.6 million square kilometers,
and the climate varies greatly from place to place. So far,
there have been many epidemiological reports about
ARIs such as Shenzhen and Gansu [1, 10]. The pathogen
composition of ARIs is geographically diverse and re-
lated to the local epidemic status and climatic conditions
[11, 12]. However, there is no applicable research about
hospitalized children in Huzhou city, which is located in
northern Zhejiang Province, China, the northern sub-
tropical monsoon climate zone. To understand the etio-
logical profile of viruses, MP and CP of inpatient
children with ARIs in urban and surrounding areas, We
participated in a national research program on respira-
tory infections to understand the etiological characteris-
tics of respiratory infections in hospitalized children in
Huzhou.

Methods

Patients and clinical samples

The study was conducted from September 2017 to
August 2019 in Huzhou Central Hospital, Huzhou,
Zhejiang Province. A total of 3121 nasal and throat
swabs (NTS) were collected from hospitalized children
diagnosed with ARIs. Patients were admitted according
to the following criteria: (1) at least one of the following
manifestations of acute infection: fever (temperature >
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37.5°C), chills and abnormal white blood cell (WBC) dif-
ferentials, leukocytosis (WBC count more than 10,000/
mL) or leukopenia (WBC count less than 4000/mL); and
(2) at least one of the following signs/symptoms of re-
spiratory tract infection: cough, shortness of breath,
sputum production, tachypnea, lung examination abnor-
malities (crackles or wheeze), and chest pain [13]. NTS
were collected by nurses who have undergone rigorous
training and assessment and kept in the transport
medium and stored at —80°C prior to analysis. This
study was approved by the Ethics Committee of Huzhou
Center Hospital.

Molecular detection of respiratory pathogens
Nucleic acid extraction was performed in strict accord-
ance with the instructions of the Geneaid kit. According
to the manufacturer’s instructions, we used real-time
polymerase chain reaction (PCR), or real-time RT-PCR
assay from Huirui Bio-Tech Co., Ltd., Shanghai, China
to detect the nucleic acids.

All specimens were tested for IAV, RSV, IBV, ADV,
PIV1-3, HRV, hMPV, HCoV, HBoV, MP and CP.

Statistical analysis

Statistical analyses were conducted using SPSS 23.0
(SPSS Inc. Chicago, IL, USA). For comparison of cat-
egorical data, a chi-square test or Fisher’s exact test was
used. P-value <0.05 was considered to be statistically
significant.

Results

Patient grouping and division by season

A total of 3121 children aged 7 days to 14vyears after
birth were divided into 4 groups: (1) 414 cases in the in-
fants group (newborn ~ 1-year-old); (2) 969 cases in the
toddlers group (>1~3years old); (3) 987 cases in the
preschoolers group (>3 ~ 6 years old); and (4) 751 cases
in the schoolchildren group (7 ~ 14 years old). According
to the seasons, all the children were divided into four
groups: (1) 759 cases in the spring (March to May), 751
cases in the summer (June to August), 614 cases in the
autumn (September to November), and 997 cases in the
winter (December to February).

Pathogen etiologies of ARlIs in children

A total of 3121 clinical samples were collected from
September 2017 to August 2019 in hospitalized chil-
dren with ARIs. Of them, 451 specimens 14.45%
(451/3121) were positive for at least one pathogen, a
total of 403 cases were positive for the virus, with a
positive rate of 12.91%, additionally, 56 cases were de-
tected by MP and CP, with a positive rate of 1.80%.
Single infections accounted for 88.47% (399/451) of
cases in all positive patients. Coinfections were
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Fig. 1 Identification of virus, MP and CP based on 451 pathogen-positive hospitalized children with ARIs. a Single infection and coinfections. In
our study, the single-pathogen infection rate of ARIs in hospitalized children reached 88.47%. b Distribution of the 399 cases with single-
pathogen infection. RSV was the most frequent pathogen, identified in 45.61% of the cases, followed by PIVs (14.79%), ADV (14.54%), MP (10.78%),
IAV (5.26%), and other pathogens that were identified in under 5.0% of the samples. ¢ Distribution of different combinations of the 52 cases with
pathogen coinfections. RSV + PIVs viruses were predominantly identified and accounted for 40.38% cases, followed by RSV + ADV (26.92%), RSV +

-

MP (15.38%), RSV + IAV (5.77%), PIVs+HBoV(5.77%), HBoV+HRV (1.92%), RSV + HCoV (1.92%) and RSV + HBoV (1.92%)

observed in 11.53% (52/451) of cases. Of the single
pathogen infections, RSV was the most frequent
pathogen, identified in 45.61% (182/399) of the cases,
followed by PIVs (14.79%, 59/399), ADV (14.54%, 58/
399), MP (10.78%, 43/399), IAV (5.26%, 21/399), and
other pathogens that were identified in under 5.0% of
the samples. Of the 52 coinfections, RSV +PIVs

Table 1 Demographic data of the hospitalized children
admitted with ARIs

Variable Total Single infection coinfections
N=3121 (%) N=399 (%) N=52 (%)
Age groups (years)
Infants 414 (13.26%) 78 (18.84%) 10 (242%)
Toddlers 969 (31.05%) 126 (13.00%) 13 (1.34%)
Preschoolers 987 (31.62%) 113 (11.45%) 21 (2.13%)
Schoolchildren 751 (24.06%) 82 (10.92%) 8 (1.07%)
Total 3121 399 (12.78%) 52 (1.67%)
X (P) 17.583 (0.001) 4.980 (0.173)
Gender
Male 1753 240 (13.69%) 29 (1.65%)
Female 1368 159 (11.62%) 23 (1.68%)
x> (P) 2.947 (0.086) 0.003 (0.953)

The overall detection rate decreased with the increase of the age of enrolled
children infected by single pathogen. There were significant differences in the
detection rates of pathogens among the four groups (x> = 17.583, p=0.001),
while there was no significant difference in the coinfections among the four
groups. There was no difference in different genders in single infection

and coinfections

viruses were predominantly identified and accounted
for 40.38% (21/52) of cases, followed by RSV + ADV
(26.92%, 14/52), RSV + MP (15.38%, 8/52), RSV + IAV
(5.77%, 3/52), PIVs+HBoV (5.77%, 3/52), HBoV+HRV
(1.92%, 1/52), RSV + HCoV (1.92%, 1/52) and RSV+
HBoV (1.92%, 1/52) (Fig. 1). No other types of coin-
fections were found in this study.

Demographic data of the hospitalized children admitted
with ARls

The distribution of the pathogens in the four age groups
and different genders is shown in Table 1. The overall
detection rate decreased with the increase of the age of
enrolled children infected by single pathogen. The high-
est proportion was observed in the infants group
(18.84%), and the proportion were 13.00% in the tod-
dlers group, 11.45% in the preschoolers group and
10.92% in the schoolchildren group. There were signifi-
cant differences in the detection rates of pathogens
among the four groups (x> =17.583, p = 0.001). The de-
tection rates of the coinfections in the four groups were
2.42%, 1.34%, 2.13%, and 1.07% with increasing age, re-
spectively, and there was no significant difference among
the four groups. The detection rates by gender were
13.69% in males and 11.62% in females. There was no
difference between males and females (x*=2.947, p=
0.086). The coinfection rates were 1.65% and 1.68% in
males and females, respectively, and there was no differ-
ence in different genders (x> = 0.003, p = 0.953).
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Distribution characteristics of pathogens in different age
groups

In all four groups we found that although the predomin-
ant pathogens are different, but RSV had the highest de-
tection rate in each group. However, as age increased,
the detection rate decreased, while MP infection rates
increased. In the infants group, PIVs (22.45%) were the
second-most prevalent pathogens, followed by ADV
(7.14%), MP (4.08%), HRV (4.08%), IAV (3.06%), hMPV
(2.04%), CP (2.04%), HBoV (1.02%) and HCoV (1.02%).
In the toddlers group, PIVs (13.16%) were the second-
most prevalent pathogens, followed by ADV (10.53%),
HBoV (7.24%), MP (6.58%), IAV (4.61%), HRV (2.63%),
hMPV (2.63%), CP (1.32%) and IBV (0.66%). In the pre-
schoolers group, ADV (21.94%) was the second-most
prevalent virus, followed by PIVs (15.48%), MP (14.19%),
IAV (3.87%), HRV (1.29%), hMPV (1.29%), and IBV
(0.65%). In the schoolchildren group, PIVs (17.35%) were
the second-most prevalent virus, followed by ADV
(15.31%), MP (15.31%), IAV (8.16%), HBoV (2.04%),
hMPV (1.02%), CP (1.02%) and IBV (1.02%) (Fig. 2).

Seasonal distribution of different pathogens

Respiratory pathogens can be detected throughout the
year, but the rate was not distributed equally during dif-
ferent seasons in Huzhou city, Zhejiang Province (Fig. 3).
The highest positive rate occurs in the winter (21.26%),
followed by the autumn (14.98%), summer (14.11%) and
spring (12.25%). Among the four major pathogens (RSV,
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MP, ADV and PIVs), RSV was most detected in the win-
ter (55.65%), ADV and PIVs were most detected in the
summer (36.11 and 36.14%), while MP can be detected
in all four seasons, but the highest detected occurred in
the spring (31.37%), followed by the autumn (27.45%),
summer (25.49%), and winter (15.69%). The remaining
pathogens (IAV, HBOV, HRV, and CP) were detected
only in the autumn and winter, hMPV was mostly de-
tected in the winter (77.78%), and IBV and HCoV were
only detected in the winter.

The positive rates of viruses, mycoplasma and chlamydia
in the four age groups

With increasing age, the overall MP positive rate showed
an upward trend, while CP had the opposite trend, but
there was no significant difference among the four
groups (x* =6.124, p = 0.106; x> = 4.234, p = 0.132). Fur-
ther analysis found that if the sample were divided into
groups of children <6 years old and > 6 years old, there
was a significant difference (x> = 6.144, p = 0.013) in the
MP positive rate between the two groups, while the CP
difference was still no significant (x* = 1.339, p = 0.247).
As age increased, the detection rate of viruses decreased,
and there was a statistically significant difference among
different age groups (x> = 28.735, p = 0.000) (Table 2).

Discussion
To our knowledge, this is the first comprehensive virus,
MP, and CP etiology study of hospitalized pediatric

-
®RSV ®PIVs uADV MP mIAV

100%

90%

0% .
70%
60%
50%
40%
30%
20%
10%
0%

Infants Toddlers

highest detection rate in each group
A\

®HBoV mHRV

Fig. 2 Distribution characteristics of pathogens in different age groups, In the figure, the abscissa indicated the four age groups and the ordinate
indicated the detection rate of pathogens. In all four groups, we found that although the predominant pathogens are different, RSV had the

®=hMPV uCpP u[BV

Preschoolers

mHCoV

School children




Gao et al. Virology Journal (2020) 17:119

Page 5 of 8

m Spring ™ Summer ™ Autumn Winter

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30,00
20.00

10.00 I
0.00

RSV PIVs ADV MP 1AV HBoV HRV hmPV P 1BV HCoV

Fig. 3 Seasonal distribution of different pathogens. In the figure, the abscissa represented different pathogens and the ordinate represented the
detection rate of pathogens in different seasons. Respiratory pathogens can be detected throughout the year, but the rate was not distributed
equally during different seasons. Most pathogens have the highest detection rate in winter, such as RSV, IAV, HRV, etc,, while PIVs and ADV have

the highest detection rate in summer

patients with ARIs, including newly identified respiratory
viruses, in Huzhou. ARIs account for approximately 20%
of premature deaths in infants by systematic analysis
[14]. Prior studies have noted the etiology and epidemi-
ology of hospitalized ARIs patients, including children
and/or adults worldwide [15-17], but the study of in-
patient in children with ARIs is more limited.

We conducted a large study from 2017 to 2019 to as-
sess the regional common pathogens infection pattern in
children in Huzhou, China. General respiratory patho-
gens, including RSV, ADV, PIVs, 1AV, IBV, MP, and CP,
as well as newly identified viruses, such as HBoV, HCoV,
and hMPV, were detected by PCR, then, the age and
gender distribution, infection frequency, and seasonality
of the respiratory infectious pathogens were analyzed.

In 3121 children, the detection rate of pathogens was
14.45% (451/3121), and a total of 403 cases were positive
for the virus, the positive rate was 13.07%. Wang H,
et al. had reported the nearly result in Shenzhen [16],

but it was lower than in 22 provinces of China (36.6%)
and Shandong (35.75%) [7, 13]. The overall infection rate
decreased with the increase of children’s age, these re-
sults suggested that pathogens in ARIs were closely asso-
ciated with patient’s age which affects exposure
opportunities to viruses and immune status, the result is
consistent with the previous report [18]. The single in-
fection rate in infants is as high as 18.84%. The reason
for this phenomenon may be that immunity gradually
increases with the child’s growth. Infants with weak im-
munity, rapid disease changes, and high detection rates
of pathogens should be given high clinical attention.
This study found that some of the children’s respira-
tory NTS detected two pathogenic nucleic acids, RSV +
PIVs and RSV + ADV infection, which were ranked in
the top two. There was no significant difference among
the four groups. The detection rate was 2.42% in the in-
fants’ group, while the schoolchildren group was 1.07%.
As age increased, coinfection tended to decrease. Chen J,

Table 2 Mycoplasma-, chlamydia- and virus-positive rates in different age groups

Pathogen Infants (414) Toddlers (969) Preschoolers (987) Schoolchildren (751) X2 P

MP 4 (0.97%) 10 (1.03%) 22 (2.03%) 15 (2.00%) 6.124 0.106
CcP 2 (0.48%) 2 (021%) 0 (0.00%) 1(0.13%) 4.234 0.132
virus 92 (22.22%) 140 (14.45%) 133 (13.48%) 82 (10.92%) 28.735 0.000

With increasing age, the overall MP positive rate showed an upward trend, while CP had the opposite trend, but there was no significant difference among the
four groups. As age increased, the detection rate of viruses decreased, and there was a statistically significant difference among different age groups
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et al. [19] have reported a similar result in Chengdu.
Until now, there has been no consistent opinion on the
cause of coinfection [20, 21] and the impact on the se-
verity of the disease is still controversial [22]. The results
of Chen YW, et al. [23] in northern Taiwan and Asner
SA, et al. [24] showed that there was no difference in
clinical disease severity between viral coinfections and
single respiratory infections. The reason for coinfection
may be that children’s immune systems are not mature
enough and susceptible to infection by a variety of path-
ogens, so young children should pay more attention.
Then we will study whether coinfection is related to the
severity of the disease, complications, and prognosis.
Our study showed that RSV was the most frequently
detected in hospitalized children of ARIs, but as age in-
creased, the positive rate decreased, which was consist-
ent with previous studies in Shenzhen, Shandong,
Chengdu, Taiwan, Turkey and Russia [2, 7, 19, 23, 25,
26], followed by PIVs, ADV, MP, IAV, and other patho-
gens that were identified in under 5.0% of the sample.
Several cities, such as Suzhou and Shanghai within 150
km of Huzhou, all also have been found that the virus
detection rate tends to decline with the increase of age,
while the detection rate of MP is the opposite. Shanghai
[27] results showed that the detection rate of RSV
(33.59%), PIVs (13.28%) and ADV (3.97%) ranked the
top three in viral infections, The study in Suzhou [28]
from 2005 to 2011 also found that RSV (35.51%), hMPV
(10.71%) and PIVs (5.84%) ranked the top three in viral
infections. We found that the MP detection rate in both
places was higher than that in Huzhou, It may be mainly
due to the following reasons: Firstly, the MP infection
rate was greatly affected by seasonal weather and varied
greatly from year to year. Secondly, they used a combin-
ation of PCR and ELISA to detect MP in the Suzhou
study, which also increased the detection rate. Thirdly,
the patients studied in Shanghai were mainly with lower
respiratory tract infections. We also founded that the de-
tection rate of hMPV was significantly higher in Suzhou
than ours, mainly because the number of infants (51.8%)
included in the Suzhou study was relatively large, while
hMPV mainly infected infants. The detection rate of
RSV was 45.61% in our research which was higher than
16.02% in Shandong province [7], 33.70% in Chengdu
province [19] in other regions of China. RSV may cause
annual epidemics worldwide because of variability in the
virus [29]. The prevalence of RSV had been reported to
be related to alternating cycles of multiple genotypes
and changes in G protein [30]. Both temporal and geo-
graphic clustering of particular may occur [31]. In sum-
mary, the detection of respiratory infection pathogens is
greatly influenced by climate and varies from place to
place. Our research showed that the detection rate of
RSV was high, probably because the time we studied was
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in the RSV popular years and climatic conditions were
conducive to the spread of RSV.

In our study, respiratory pathogen infections had
major seasonal changes, most of which occurred in the
winter and were lowest in the spring. Similar results
were reported in other studies [18, 32], which is different
from Shenzhen and Shandong [2, 7]. The difference in
seasonal pathogen detection is affected by a variety of
factors, among which climate is an important factor,
such as the time of sunlight exposure, temperature, hu-
midity and so on, which change the duration of the virus
in the environment [33]. The RSV detection rate was
higher in the winter and spring, which was consistent
with previous studies [34, 35] and different from Shen-
zhen [2], while MP can be detected in all seasons, it is
slightly higher in the spring and autumn but lowest in
the winter. PIVs promote a variety of clinical manifesta-
tions and result in asymptomatic pneumonia [36]. With
the exception of the preschooler group, the positive rate
of PIVs was second in each group. It had the highest de-
tection rate in summer and can be detected all year
round, unlike Chengdu [19]. Such as IAV, HCoV and so
on have the highest detection rate in the winter. We
found the characteristics of the peak time of pathogen
infection showed certain homogeneity between Huzhou,
Shanghai and Suzhou [28], RSV peaked in winter, in
contrast, higher levels of MP and PIVs detected rela-
tively warm weather, lower in winter in Shanghai [27].
Wei J, et al. [28] also found RSV exhibited notable sea-
sonal distributions, peaking in winter months, ADV and
PIVs were more frequently detected in summer in
Suzhou. These results indicate the geographical diversity
and climate of the Taihu Lake region could contribute
to seasonal variations of pathogens that cause ARIs.

MP can cause upper and lower respiratory tract infec-
tions, is one of the important pathogens causing atypical
pneumonia, and easily causes outbreaks in children. Our
research indicated that the detected rate of MP was
higher in children over 6 years old than the lower age
groups, while the virus is the opposite. Therefore, differ-
ent treatment and prevention measures should be
formulated for children of different age groups.

Our research still left much to be desired. First, the
sample volume was not sufficient, with only 3121 pa-
tients and 451 positive cases. Second, the case collection
did not last long enough. More large-scale cases that last
longer can lead to a better assessment of the seasonal
distribution of pathogens throughout the year and the
detection rate in the four groups.

Conclusions

We first revealed many pathogens, especially RSV, PIVs,
ADV, and MP, play an important role in hospitalized
children with ARIs in Huzhou city, Zhejiang Province,
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China. At the same time, we also revealed the distribu-
tion characteristics of pathogens in different ages and
seasons, which is conducive to the development of more
effective treatment strategies and prevention and control
measures in hospitalized children.

Abbreviations

ARIs: Acute respiratory infections; IAV: Influenza A virus; RSV: Respiratory
syncytial virus; IBV: Influenza B virus; ADV: Adenovirus; PIVs: Parainfluenza 1, 2
and 3; HRV: Human rhinovirus; hMPV: human metapneumovirus;

HCoV: Human coronaviruses; HBoV: Human bocavirus; MP: Mycoplasma
pneumoniae; CP: Chlamydia pneumoniae; NTS: Nasal and throat swabs;
WBC: White blood cell; PCR: Polymerase chain reaction

Acknowledgments
We thank the patients, nurses, and clinicians of the participating hospitals for
their participation and cooperation in this study.

Authors’ contributions

MG, XY, WHZ, and DWC designed the study. MG and WHZ drafted the
manuscript. WM, CFS, ZXZ, QLH, and HYS were responsible for sample
collection and acquisition of data for this work. All authors have read and
approved the final manuscript.

Funding

This work was supported by the grants from the National Key Programs for
Infectious Diseases of China (20172X10103008-005) and the Huzhou Public
Welfare Research Project (2018GYB62).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Huzhou Central
Hospital (Approval No. 20140626) and signed informed consent was
obtained from the parents or legal guardians of children under 14 years old.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Clinical Laboratory, Huzhou Central Hospital, Affiliated
Central Hospital Huzhou University, Huzhou 313000, China. *Hepatobiliary
and Pancreatic Surgery, Huzhou Central Hospital, Affiliated Central Hospital
Huzhou University, Huzhou 313000, China. *Department of Respiratory
Diseases, Huzhou Central Hospital, Affiliated Central Hospital Huzhou
University, Huzhou 313000, China. *Department of Pediatrics, Huzhou Central
Hospital, Affiliated Central Hospital Huzhou University, Huzhou 313000, China.
°Department of Blood Transfusion, the First Affiliated Hospital, College of
Medicine, Zhejiang University, Hangzhou 310003, China. ®Department of
Clinical Laboratory, Shaoxing Second Hospital, Shaoxing 312000, Zhejianeg
Province, China.

Received: 4 April 2020 Accepted: 2 July 2020
Published online: 01 August 2020

References

1. Huang G, Yu D, Mao N, Zhu Z, Zhang H, Jiang Z, et al. Viral etiology of
acute respiratory infection in Gansu Province, China, 2011. PLoS One. 2013;
8(5):e64254.

2. Wang H, Zheng Y, Deng J, Wang W, Liu P, Yang F, et al. Prevalence of
respiratory viruses among children hospitalized from respiratory infections
in Shenzhen, China. Virol J. 2016;13(1):39-43.

3. Dong W, Chen Q, Hu Y, He D, Liu J, Yan H, et al. Epidemiological and
clinical characteristics of respiratory viral infections in children in Shanghai,
China. Arch Virol. 2016;161(7):1907-13.

20.

21.

22.

23.

24.

Page 7 of 8

Tregoning JS, Schwarze J. Respiratory viral infections in infants: causes,
clinical symptoms, virology, and immunology. Clin Microbiol Rev. 2010;23(1):
74-98.

Rudan I, Chan KY, Zhang JS, Theodoratou E, Feng XL, Salomon JA, et al.
Causes of deaths in children younger than 5 years in China in 2008. Lancet.
2010;375(9720):1083-9.

Cui B, Zhang D, Pan H, Zhang F, Farrar J, Law F, et al. Viral aetiology of
acute respiratory infections among children and associated meteorological
factors in southern China. BMC Infect Dis. 2015;15:124.

Liu T, Li Z Zhang S, Song S, Julong W, Lin Y, et al. Viral Etiology of acute
respiratory tract infections in hospitalized children and adults in Shandong
Province, China. Virol J. 2015;12(1):168-74.

Peasah SK, Purakayastha DR, Koul PA, Dawood FS, Saha S, Amarchand R,

et al. The cost of acute respiratory infections in northern India: a multi-site
study. BMC Public Health. 2015;15:330.

Liu JK, Wei CH, Yang XY, Dai AL, Li XH. Multiplex PCR for the simultaneous
detection of porcine reproductive and respiratory syndrome virus, classical
swine fever virus, and porcine circovirus in pigs. Mol Cell Probes. 2013;27(3-
4):149-52.

He Y, Lin G-Y, Wang Q, Cai X-Y, Zhang Y-H, Lin C-X, et al. A 3-year
prospective study of the epidemiology of acute respiratory viral infections
in hospitalized children in Shenzhen, China. Influenza Other Respir Viruses.
2014;8(4):443-51.

Nair H, Brooks WA, Katz M, Roca A, Berkley JA, Madhi SA, et al. Global
burden of respiratory infections due to seasonal influenza in young
children: a systematic review and meta-analysis. Lancet. 2011;378(9807):
1917-30.

Zhang Y, Yuan L, Zhang Y, Zhang X, Zheng M, Kyaw MH. Burden of
respiratory syncytial virus infections in China: systematic review and meta-
analysis. J Glob Health. 2015;5(2):020417-23.

Feng L, Li Z Zhao S, Nair H, Lai S, Xu W, et al. Viral etiologies of hospitalized
acute lower respiratory infection patients in China, 2009-2013. PLoS One.
2014,9(6):299419.

Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global, regional,
and national causes of child mortality: an updated systematic analysis for 2010
with time trends since 2000. Lancet. 2012;379(9832):2151-61.

Khor CS, Sam IC, Hooi PS, Quek KF, Chan YF. Epidemiology and seasonality
of respiratory viral infections in hospitalized children in Kuala Lumpur,
Malaysia: a retrospective study of 27 years. BMC Pediatr. 2012;12:32.

Wang H, Zheng Y, Deng J, Chen X, Liu P, Li X. Molecular epidemiology of
respiratory adenovirus detection in hospitalized children in Shenzhen,
China. Int J Clin Exp Med. 2015;8(9):15011-7.

Zimmerman RK; Rinaldo CR, Nowalk MP, Gk B, Thompson MG, Moehling KK,
et al. Influenza and other respiratory virus infections in outpatients with
medically attended acute respiratory infection during the 2011-12 influenza
season. Influenza Other Respir Viruses. 2014;8(4):397-405.

Wen X, Huang Q, Tao H, Zou W, Gao M, Guo H, et al. Clinical characteristics
and viral etiologies of outpatients with acute respiratory infections in
Huzhou of China: a retrospective study. BMC Infect Dis. 2019;19(1):32-9.
Chen J, Hu P, Zhou T, Zheng T, Zhou L, Jiang C, et al. Epidemiology and
clinical characteristics of acute respiratory tract infections among
hospitalized infants and young children in Chengdu, West China, 2009-
2014. BMC Pediatr. 2018;18(1):216.

Antunes H, Rodrigues H, Silva N, Ferreira C, Carvalho F, Ramalho H,

et al. Etiology of bronchiolitis in a hospitalized pediatric population:
prospective multicenter study. J Clin Virol. 2010;48(2):134-6.

Calvo C, Pozo F, Garcia-Garcia ML, Sanchez M, Lopez-Valero M, Perez-Brena
P, et al. Detection of new respiratory viruses in hospitalized infants with
bronchiolitis: a three-year prospective study. Acta Paediatr. 2010;,99(6):883-7.
Goka EA, Vallely PJ, Mutton KJ, Klapper PE. Single, dual and multiple
respiratory virus infections and risk of hospitalization and mortality.
Epidemiol Infect. 2015;143(1):37-47.

Chen YW, Huang YC, Ho TH, Huang CG, Tsao KC, Lin TY. Viral etiology of
bronchiolitis among pediatric inpatients in northern Taiwan with emphasis
on newly identified respiratory viruses. J Microbiol Immunol Infect. 2014;
47(2):116-21.

Asner SA, Science ME, Tran D, Smieja M, Merglen A, Mertz D. Clinical
disease severity of respiratory viral co-infection versus single viral
infection: a systematic review and meta-analysis. PLoS One. 2014,9(6):
€99392.



Gao et al. Virology Journal

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2020) 17:119

Gokee S, Kurugdl Z, Koturoglu G, Cicek C, Aslan A. Etiology, seasonality, and
clinical features of viral respiratory tract infections in children hospitalized
with acute bronchiolitis: a single-center study. Glob Pediatr Health. 2017;4:
2333794X17714378.

Kurskaya O, Ryabichenko T, Leonova N, Shi W, Bi H, Sharshov K et al. Viral
etiology of acute respiratory infections in hospitalized children in
Novosibirsk City, Russia (2013 - 2017). PLoS One. 2018;13(9):e0200117.

Liu P, Xu M, He L, Su L, Wang A, Fu P, et al. Epidemiology of respiratory
pathogens in children with lower respiratory tract infections in Shanghai,
China, from 2013 to 2015. Jpn J Infect Dis. 2018;71(1):39-44.

Ji' W, Chen ZR, Zhou WF, Sun HM, Li BQ, Cai LH, et al. Etiology of acute
respiratory tract infection in hospitalized children in Suzhou from 2005 to
2011. Zhonghua Yu Fang Yi Xue Za Zhi. 2013;47(6):497-503.

Agoti CN, Mwihuri AG, Sande CJ, Onyango CO, Medley GF, Cane PA, et al.
Genetic relatedness of infecting and reinfecting respiratory syncytial virus
strains identified in a birth cohort from rural Kenya. J Infect Dis. 2012;
206(10):1532-41.

Hu P, Zheng T, Chen J, Zhou T, Chen Y, Xu X, et al. Alternate circulation and
genetic variation of human respiratory syncytial virus genotypes in
Chengdu, West China, 2009-2014. J Med Virol. 2017;89(1):32-40.

Pangesti KNA, Abd El Ghany M, Walsh MG, Kesson AM, Hill-Cawthorne GA.
Molecular epidemiology of respiratory syncytial virus. Rev Med Virol. 2018;
28(2):¢1968.

Zimmerman RK; Rinaldo CR, Nowalk MP, Balasubramani GK, Moehling KK,
Bullotta A, et al. Viral infections in outpatients with medically attended
acute respiratory illness during the 2012-2013 influenza season. BMC Infect
Dis. 2015;15:87.

Ren L, Gonzalez R, Wang Z, Xiang Z, Wang Y, Zhou H, et al. Prevalence of
human respiratory viruses in adults with acute respiratory tract infections in
Beijing, 2005-2007. Clin Microbiol Infect. 2009;15(12):1146-53.

Yu J, Xie Z, Zhang T, Lu Y, Fan H, Yang D, et al. Comparison of the
prevalence of respiratory viruses in patients with acute respiratory infections
at different hospital settings in North China, 2012-2015. BMC Infect Dis.
2018;18(1):72.

Zhao Y, Lu R, Shen J, Xie Z, Liu G, Tan W. Comparison of viral and
epidemiological profiles of hospitalized children with severe acute
respiratory infection in Beijing and Shanghai, China. BMC Infect Dis. 2019;
19(1):729.

Wu KW, Wang SM, Shen CF, Ho TS, Wang JR, Liu CC. Clinical and
epidemiological characteristics of human parainfluenza virus infections of
children in southern Taiwan. J Microbiol Immunol Infect. 2018;51(6):749-55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and clinical samples
	Molecular detection of respiratory pathogens
	Statistical analysis

	Results
	Patient grouping and division by season
	Pathogen etiologies of ARIs in children
	Demographic data of the hospitalized children admitted with ARIs
	Distribution characteristics of pathogens in different age groups
	Seasonal distribution of different pathogens
	The positive rates of viruses, mycoplasma and chlamydia in the four age groups

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

