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Abstract

Objectives: To assess the characteristics and forecasting of respiratory viruses epidemic among young children with acute

respiratory tract infection (ARTI) in west China. Methods: This study retrospected the epidemic characteristics of respiratory

viruses among 11813 pediatric patients with ARTI between March 2018 and March 2020. Results: 11813 samples were collected,

with a mean age of 2.25 years. The ratio of the boy: the girl was 1.36. The two predominant viruses were influenza (Flu)

A and respiratory syncytial virus (RSV), with Flu A accounting for 47.3% (n=1099), 47.5% (n=1333) and RSV accounting

for 32.7% (n=760), 24.7% (n=692) of the positive samples in the two respective years. The positive rate of Flu B was 10.9%

and 13.1%, and the other four viruses were <7%. The most common virus was RSV in the <5 years group and Flu A in

the 5-10 years group. Flu A and RSV demonstrated pronounced seasonality, and their infection rates increased from October.

During the pandemic of SARS-CoV-2, isolation measures led to a decline in the number of ARTI. Conclusions: The study

provided surveillance of respiratory viruses in west China. It will provide guidance for medical staff to implement the necessary

prevention and management strategies before the outbreak of the virus in the future.

Introduction

ARTI is the leading cause of morbidity and mortality in young children.1 In 2015, 138 million ARTI cases,
22 million severe ARTI cases and 0.9 million ARTI deaths occurred globally. The majority of ARTI can
be attributed to viral infection, and among diverse respiratory viruses, respiratory syncytial virus (RSV),
ADV, influenza (Flu) and parainfluenza virus (PIV) are the most common ones.2-5 According to WHO
statistics, RSV infection causes 3.2 million people to be hospitalized, and 1/15 of them eventually die.6 Flu,
with an obvious seasonality in positive infection rate, accounts for 7% of ARTI cases, 5% of ARTI hospital
admissions, and 4% of ARTI deaths in children <5 years.7 ADV infection can be seen all the year round,
accounting for 5% to 10% of lower respiratory tract infections in children.8

After the outbreak of SARS in 2003, China Information System for Disease Control and Prevention (CIS-
DCP), the notifiable disease reporting system, was overhauled. However, the sudden emergence of SARS-
CoV-2, highlighted new threats and need for more effective surveillance.9 The real time broadcast of virulent
viruses such as SARS-CoV-2 during the outbreak raised the awareness that the epidemic of common clinical
respiratory viruses such as RSV, ADV and Flu should also be monitored and reported because they also
cause great health burden. Moreover, the broadcast of many infectious diseases often covered the overall
situation of the whole country, lacking epidemic situation in specific provinces or cities. In addition, the data
obtained were often confirmed positive severe cases reported by local medical institutions, but many mild
outpatient cases have not been included, resulting in the loss of some positive data. Therefore, it’s quite
important to review and update the epidemiological characteristics of respiratory viruses in our region.

A comprehensive and up-to-date epidemiological data on viral ARTI would be vital for clinical management
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especially in warning the possible time of the next outbreak of the respiratory viruses.10Furthermore, it
provides clinicians with priority for virus detection in children, because early identification of virus can reduce
the treatment time by 2.5 to 4 days.11 Therefore, we conducted a retrospective study on the detection results
of respiratory viruses in children with ARTI, aiming to determine the etiologies of viral ARTI in west China.
Through the analysis of the prevalence of the seven respiratory viruses in the past two years, we want to
find out the susceptible population of respiratory viruses, the common types of viruses, the epidemic season
and the changes of the viral positive rate before and during the outbreak of SARS-CoV-2.

Methods

Study population

This study was conducted between March 3, 2018 and March 3, 2020, as no positive sample of any virus
was detected from March 4 to June 3, 2020. Children aged 0–10 years old with ARTI who came to see
pediatricians in our hospital had their nasopharyngeal swabs collected and sent for analysis (n=11813).
Because the specimens were collected at the time of admission or outpatient service, we could fully exclude
the origin of ARTI in hospital. Upon receiving the nasopharyngeal swabs, the laboratory technicians would
process and test the samples immediately.

Specimen detection

All of the seven most common respiratory viruses were tested in each child, among which PIV l, PIV 2, PIV 3,
RSV and ADV were detected by direct immunofluorescence assay using the D³ Ultra DFA Respiratory Virus
Screening and ID Kit (Diagnostic Hybrids, Inc., USA), and Flu A and F1u B were detected by colloidal gold
method using the Influenza A&B Antigen detection Kit (Wondfo Biotech Co., Ltd, China). All the batch
numbers of the reagents are within the period of validity, and the standard reference substance of the reagent
was taken with each test.

Viral identification

For the identification of PIV l, PIV 2, PIV 3, RSV and ADV , samples were observed under Olympus BX43
LED fluorescence microscope after direct immunofluorescence staining. Samples were considered qualified
only when the number of epithelial cells was more than 20, which was judged by at least 2 epithelial cells
in each random field at 200× magnification. When more than 2 green fluorescent cells were found in visual
field, the samples were judged to be positive. When samples were tested for Flu A and F1u B by colloidal
gold method, the quality control line should appear regardless of whether a test line appears, and the result
was judged to be positive if the test line appeared.

Statistical analysis

Data were analyzed with SPSS Statistics 19 (SPSS, Inc., USA). Distribution normality was checked for
all variables including age and gender. The comparison of the age was analyzed by Mann-Whitney U test.
Due to the unequal group sizes and the data variance, Chi-square test or Fisher‘s exact test was used to
analyze the association between age, gender and year groups with respiratory viruses. A P value of <0.05
was considered statistically significant.

Results

A total of 11813 samples were collected in two years, and the socio-demographic variables of all the samples
were outlined in Table 1. In the first year (March 3rd, 2018 to March 3nd, 2019), 82.8% (4294/5184) patients
were less than 5 years old. The mean age of the children was 2.2 (2.5) years old, with more than half (58.1%)
of the patients being less than 1 year old. In the second year (March 4th, 2019 to March 3rd, 2020), 81.7%
(5414/6629) of patients were less than 5 years. The mean age of the children was 2.3 (2.5) years old, with
45.4% of the patients being less than 1 year old. There was no significant difference either in the mean
age (P=0.085) or in the constituent ratio of age (P=0.102) between the two years. The total number of
samples from boys were higher than that from girls (P<0.01). The ratio of boy: girl was 1.36 and 1.37 in
two respective years, without statistical difference (P=0.85).
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The overall positive detection rates of the all the samples were 44.8% in the first year and 42.3% in the
second year, without significant difference (P=0.09). The two predominant viruses were Flu A and RSV in
both years, with Flu A accounting for 47.3%, 47.5% and RSV accounting for 32.7%, 24.7% of the positive
samples in the two respective years. The third predominant virus was Flu B and the positive rates of the
other four viruses were low. Though there was no significant difference in the overall positive rates between
the two years, especially the positive rates of Flu A (P=0.93), the positive rate of RSV in the first year was
significantly higher than that in the second year (P<0.001).

35.1% of children with positive viruses were below 5 years old in the first year. In this age group, Flu A and
RSV were significantly more common (P<0.01). The proportion of RSV decreased to 1.6% (P<0.01) while
that of the Flu A increased significantly to 77.2% (P<0.01) in the 5-10 years group. In the second year,
31.9% of children with positive viruses were below 5 years old. Flu A and RSV, accounting for 40.7% and
31.7% of the total positive viruses, were significantly more common (P<0.01). However, Flu B was more
common than RSV (20.7% vs. 10.6%, P<0.01) in the 5–10 years old age groups. In both years, the virus
positive detection rates of children in <5 years group (>30%) was significantly higher than those in the high
age group (around 10%).

Among the children who came to our hospital because of ARTI, the number of boys was significantly higher
than that of girls. From all the positive samples, 25.8% were boys and 19.0% were girls in the first year,
25.0% were boys and 17.3% were girls in the second year. The constituent ratio of boy: girl has no statistical
significance between the two years (P=0.34). The positive detection rates in boys were of no significant
difference with those in girls (44.9% vs. 44.7%, P=0.96 and 43.2% vs. 41.1%, P=0.27 in two respective
years), and differences between gender were not statistically significant for the seven viruses (P>0.05).

The overall distribution of samples in both years was shown in Figure 1. The seasonal distributions of each
respiratory virus in the first and second year were shown in Figure 2 and Figure 3, respectively. Flu A
and RSV demonstrated pronounced seasonality, with peak infection occurred in autumn and winter (from
October to December), and lowest activity in early of the year (from April to August). Flu B had a small
peak in January and March, but the number of positive cases in other months was small. Because of the
higher total number of children in the second year, the monthly positive number in the second year was
always higher than that in the first year except in January. There were 586 positive samples in January
2019, while in comparison the positive number in January 2020 decreased significantly to 354. In order to
eliminate the influence of the difference in the total number of children tested, we converted the number
of infections to the positive rate of each month. The number of other viruses was too small to detect any
seasonality, so we only made analysis on the positive rates of Flu A and RSV. As shown in Figure 4, the
monthly positive rates of Flu A and RSV were consistent in two years with obvious seasonality.

Discussion

Many kinds of viruses can cause ARTI with various clinical symptoms. Early detection of virus is not only
beneficial for the recovery from infection,12 but also conducive to the control of virus outbreaks so as to
avoid wider spread. Besides, it also strongly helps epidemiological investigation.13

The present study is the first one in the past decade to investigate the epidemiology of respiratory viruses in
west China. We found that the total number of children with ARTI in the second year was more than that
in the first year. In both years, there were more boys than girls with similar boy: girl ratios. The majority of
children with ARTI were young boys, indicating that boys were more vulnerable to ARTI than girls.14 The
average age of the population was only 2.2 ˜ 2.3 years old, and nearly 50% of the children were less than 1
year old. The heavier burden of viral respiratory infections in children less than 1 year might be a result of
an immature immune system and waning of maternal antibodies after 6 months old. Then, children are able
to develop antibodies by themselves between the age of 2.5 to 3.5 years old to prevent viral infections.15

Previous epidemiological data showed that RSV was the most predominant respiratory virus in children.16

However, our data revealed that Flu A was the most common virus in our region. It could be caused by
the usage of more sensitive detection methods or the seasonal variations nature of virus distributions. Our

3



P
os

te
d

on
A

u
th

or
ea

4
A

u
g

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

65
44

62
.2

86
79

47
6

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

results are aligned with a study in which Flu A was found to be the most predominant virus among Chinese
young children, followed by RSV.17 In our study, RSV was predominantly detected in children less than 5
years old, while Flu A and B were mainly in 5 ˜ 10 years old, suggesting that RSV is likely to be infected in
the family or community, while Flu A and B might mainly be infected in school.

The characteristics of geographical areas could significantly affect the observed burden of each respiratory
virus.9 The weather in west China belongs to subtropical monsoon humid climate. The monthly positive rates
of the two years were mostly similar, indicating the positive rate of viruses remains almost unchanged in the
same region unless there were a large number of imported cases. The monthly trend has been consistent until
January. The highest burden of viral infection in the first year was recorded in January, while in comparison
the positive number in January 2020 decreased significantly, mainly due to measures against SARS-CoV-2
such as strict home isolation and long-term wearing of masks, which could effectively block the spread of the
viruses. The sharp decrease in the number of infection was consistent with the data provided by the China
National Influenza Center on 5 June 202018, proving that measures taken by our country against SARS-CoV-
2 were completely effective.19Compared with other viruses, the positive rates of Flu A and RSV were higher
throughout the study period. We knew that Flu A and RSV have obvious seasonality. The positive number
increased when the weather got colder (autumn and winter) and decreased when the weather was warmer
(spring and summer). The total number of positive samples increased from October in the past two years.
Therefore, it’s reasonable to infer that the infection rate of respiratory virus in 2020 may gradually increase
from October if less strict isolation measures would be taken because of the blockage of SARS-CoV-2 in
China.

Due to the timely adoption of various isolation measures, SARS-CoV-2, which broke out in late 2019, did not
break out widely in our region. Besides, few cases have been observed in children and adolescents because
they have a more favorable clinical course than adult.20 From the outbreak to 3 June 2020, our hospital has
tested all presumed cases for SARS-CoV-2 nucleic acid, as well as SARS-CoV-2 antibody tests for 21241
hospitalized patients and their families, but none of the test results were positive. Therefore, the possible
influence of SARS-CoV-2 on the positive rate of the seven respiratory viruses in children could be excluded.

Conclusion

In summary, this study provided important virus surveillance of ARTI burden and seasonality among young
children in west China. The variety of respiratory viruses detected in this study highlighted the need for
a monitoring database of ARTI and its etiological pathogen among children of different ages and genders.
Judging from the epidemic season of respiratory virus in our region, we infer that the infection rate of
respiratory virus in 2020 may gradually increase from October, and people can take corresponding preventive
measures in advance to reduce the risk of viral infection.
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Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years Table 1. Distribution of respiratory viruses according to age and gender in different years
2018.3.3˜2019.3.3 2018.3.3˜2019.3.3 2018.3.3˜2019.3.3 2018.3.3˜2019.3.3 2018.3.3˜2019.3.3 2019.3.4˜2020.3.3 2019.3.4˜2020.3.3 2019.3.4˜2020.3.3 2019.3.4˜2020.3.3

Variables Age n (%) Age n (%) Age n (%) Gender n (%) Gender n (%) Total n (%) Age n (%) Age n (%) Gender n (%) Gender n (%) Total n (%)
<5 years <5 years 5-10 years Boy Girl <5 years 5-10 years Boy Girl

Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received) Samples (% of total sample received)
Total sample received 4294 (82.8) 890 (17.2) 890 (17.2) 2987 (57.6) 2197 (42.4) 5184
(100.0) 5414 (81.7) 1215 (18.3) 3831 (57.8) 2798 (42.2) 6629
(100.0)
Positive samples 1822 (35.1) 501 (9.7) 501 (9.7) 1340 (25.8) 983 (19.0) 2323
(44.8) 2116 (31.9) 690 (10.4) 1656 (25.0) 1150 (17.3) 2806
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(42.3)
Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender) Respiratory virus identified (% of total positive samples within age/gender)
Influenza A 712 (39.1) 387 (77.2) 387 (77.2) 600 (44.8) 499 (50.8) 1099
(47.3) 861 (40.7) 472 (68.4) 791 (47.8) 542 (47.1) 1333
(47.5)
Influenza B 170 (9.3) 83 (16.6) 83 (16.6) 148 (11.0) 105 (10.7) 253
(10.9) 224 (10.6) 143 (20.7) 216 (13.0) 151 (13.1) 367
(13.1)
Parainfluenza virus 1 15 (0.8) 3 (0.6) 3 (0.6) 9 (0.7) 9 (0.9) 18
(0.8) 48 (2.3) 5 (0.7) 34 (2.1) 19 (1.7) 53
(1.9)
Parainfluenza virus 2 0 0 0 0 0 0 15 (0.7) 4 (0.6) 9 (0.5) 10 (0.9) 19
(0.7)
Parainfluenza virus 3 107 (5.9) 5 (1.0) 5 (1.0) 65 (4.9) 47 (4.8) 112
(4.8) 184 (8.7) 6 (0.9) 107 (6.5) 83 (7.2) 190
(6.8)
Respiratory syncytial virus 752 (41.3) 8 (1.6) 8 (1.6) 463 (34.6) 297 (30.2) 760
(32.7) 671 (31.7) 21 (3.0) 414 (25.0) 278 (24.2) 692
(24.7)
Adenovirus 66 (3.6) 15 (3.0) 15 (3.0) 55 (4.1) 26 (2.6) 81
(3.5) 113 (5.3) 39 (5.7) 85 (5.1) 67 (5.8) 152
(5.4)
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