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ABSTRACT

Introduction: Since the global outbreak of
COVID-19, there has been a significant reduc-
tion in pediatric outpatient and emergency
visits for infectious diseases. The purpose of this
study was to analyze the changes in respiratory
viruses in children with community-acquired
pneumonia (CAP) in Shanghai in the past
10 years, especially in the first year after COVID-
19.
Methods: We conducted a retrospective, obser-
vational study; the results for eight common
respiratory viruses (respiratory syncytial
virus (RSV), influenza virus A and B, parain-
fluenza virus 1–3 (PIV), adenovirus (ADV) and
human metapneumovirus) tested by direct flu-
orescent antibody assays in hospitalized CAP

cases in Children’s Hospital of Fudan University
during 2010–2020 were analyzed.
Results: Of the 5544 hospitalized CAP patients
included in this study, 20.2% (1125/5544) were
positive for the eight respiratory viruses. The
top three pathogens were RSV, PIV3 and ADV,
detected from 9.8% (543/5544), 5.3% (294/
5544) and 2.0% (111/5544) of the samples,
respectively. RSV had the highest positive rates
among children \ 2 years old. In 2020, the
detection rate of all viruses showed a sharp
decline from February to August compared with
the previous 9 years. When the Shanghai com-
munity reopened in August 2020, the detection
rate of eight viruses rebounded significantly in
September.
Conclusions: These eight respiratory viruses,
especially RSV and PIV, were important patho-
gens of CAP in Shanghai children in the past
10 years. The COVID-19 pandemic had a sig-
nificant impact on the detection rates for eight
respiratory viruses in children with CAP in
Shanghai.
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Key Summary Points

1. The average detection rate of the eight
common respiratory viruses by DFA was
20.3% in children with community-
acquired pneumonia (CAP) in Shanghai
during the past 10 years.

2. There was a sharp drop in the detection
rate for each virus in 2020.

3. After the community reopened, the
detection rate of the eight respiratory
viruses showed a perfect V-shaped
increase.

4. The changes in social hygiene practices
triggered by the COVID-19 pandemic had
an unimaginable impact on the decline of
respiratory virus prevalence among
children.

5. This phenomenon has important
implications for the control of a new or re-
emerging respiratory virus in the
population in the future.

INTRODUCTION

Significant changes in pathogen detection in
patients with respiratory infections including
CAP due to the outbreak of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2)
were reported in late 2019 [1–6]. These changes
might have come from the competition of
SARS-CoV-2 with other respiratory viruses, but
they were more likely to have come from
improvements in population hygiene practices
to prevent SARS-CoV-2 transmission, such as
wearing facemasks, paying attention to hand
hygiene and keeping social distance [7]. In some
ways, the COVID-19 pandemic is a great
opportunity for us to learn how to control the
prevalence of both regular and emerging respi-
ratory viruses in the population [8–11].

Children are the main groups in the popu-
lation to establish herd immunity against

circulating respiratory and enteroviruses. They
can also reflect, to some extent, the prevalence
of various major respiratory and enteroviruses
in communities during the COVID-19 era.
Sudden changes in people’s hygiene practices
and strict epidemic prevention and control
policies might have a huge impact on the
‘‘normal’’ prevalence of respiratory and gas-
trointestinal infectious diseases in the popula-
tion, but we lacked sufficient data to support
that assumption. There have been no real-world
studies on how the prevalence of infectious
diseases rebound in a community as the pres-
sure to change hygiene habits and behaviors is
removed.

Here, we describe a retrospective study of
10 years (2010–2020) of DFA test results in
children hospitalized with CAP in Children’s
Hospital of Fudan University and present the
dramatic changes in these results triggered by
social hygiene practices and government policy
changes since January 2020 in Shanghai.

This study involving human participants was
reviewed and approved by the medical ethics
committee of the Children’s Hospital of Fudan
University (2021-292).

METHODS

Patients and Data Collection

This retrospective study included all hospital-
ized patients in Children’s Hospital of Fudan
University diagnosed with CAP and admitted:
(1) every Monday between September 1, 2010,
and December 31, 2019; (2) every Monday and
Wednesday between January 1, 2020, and
December 31, 2020.

Patients with nosocomial respiratory infec-
tions, neonates, patients with inhaled airway
foreign bodies and those with tuberculosis
infections were excluded. Criteria for severity of
CAP were based the diagnostic criteria recom-
mended by the 2011 Infectious Diseases Society
of America community-acquired pneumonia
management guideline [12].

To better evaluate the changes in the detec-
tion of respiratory and gastrointestinal viruses
before and after 2020, we counted all cases
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diagnosed with hand-foot-mouth disease
(HFMD) or herpangina between July 1, 2019,
and December 31, 2020, from our hospital’s
electronic medical history system database.

Virus Detection

Nasopharyngeal secretions (NPS) or alveolar
lavage fluids (ALF) of all CAP patients were
routinely collected within 24 h of admission
and detected by direct fluorescent antibody
(DFA) assays in our hospital. Respiratory syn-
cytial virus (RSV), influenza virus A and B (FLU
A/B), parainfluenza virus 1–3 (PIV1-3) and ade-
novirus (ADV) were detected by a commercial
DFA assay (Chemicon International Inc.,
Temecula, CA, USA); human metapneumovirus
(hMPV) was screened by another DFA assay
(Diagnosis Hybrids Inc., USA).

Statistical Analysis

Continuous variables were presented as
mean ± SD standard deviation (SD) and com-
pared between groups by Student’s t-test when
normally distributed. For not normally dis-
tributed variables, the data were expressed as

median (interquartile range, IQR), and non-
parametric tests were used. Categorical variables
were expressed as number (%) and compared
between groups by v2 or Fisher’s exact tests,
when appropriate. IBM SPSS Statistics 22.0 was
used for data analysis. The significance level was
set at P\0.05.

RESULTS

A total of 5627 samples from 5627 cases were
studied. Excluded patients included 10 cases of
nosocomial respiratory infections, 70 neonates,
2 patients with inhaled airway foreign bodies
and 1 patient with suspected tuberculosis. We
enrolled 5544 samples collected from 5544 CAP
patients in total. The median age of the enrolled
patients was 1.0 (IQR 0.5–4.0) years at the time
of diagnosis; 56.0% (3106/5544) of the patients
were\ 2 years old. Overall, 87.5% (4853/5544)
patients had mild to moderate pneumonia and
12.4% (691/5544) severe pneumonia. Of these
patients, 30.6% (1697/5544) had underlying
disease, including congenital heart disease,
epilepsy, immunodeficiency disease and others.

In total, 20.3% (1126/5544) cases were posi-
tive for at least one of the eight respiratory

Fig. 1 Distribution of virus detection rate in each month of 2010–2020
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viruses, with 0.4% (27/5544) being co-positive.
The top three pathogens were RSV, PIV3 and
ADV, detected from 9.8% (543/5544), 5.3%
(294/5544) and 2.0% (111/5544) of the samples,
respectively. RSV and PIV3 had the highest
positive rates among children \ 2 years old
(P\0.001); ADV had the highest positive rate
(3.0%, 40/1305) in children aged 2–4 years
(Table 1). Regarding disease severity, 12.4%
(691/5544) of the patients had severe pneumo-
nia. Of the severe cases, 17.9% (124/691) were
positive for the eight viruses, lower than the
positive rate of 20.6% (1002/4853) in mild to
moderate pneumonia cases (P = 0.099). We
found 4.5% (31/691) of the severe pneumonia
cases were positive for ADV, higher than for
cases with mild to moderate pneumonia
(P\0.001), while the other seven viruses were
not. As for different sample types, RSV had a
higher positive rate in NPS (10.1%, 537/5298)
than in ALF (3.7%, 9/246) (P = 0.001), and
patients with underlying disease had lower
positive rates of RSV (8.4%, 144/1697) than
those without (10.4%, 402/3847) (P = 0.024)
(Table 1).

All eight respiratory viruses could be detec-
ted each month. The distribution of the total
detection rate for the eight viruses by month
showed a ‘‘canyon’’ pattern during the past
10 years, with the bottom in July to August
when the temperature was highest in Shanghai
(Fig. 1). Of the samples, 27.7% (98/353) were
positive in February and only 12.9% (48/371) in
June. The RSV detection rate showed a nearly
perfect U-shaped pattern for the past 10 years.
Contrarily, the detection rates of PIV3 and ADV
were significantly increased in the months with
higher temperature in Shanghai (Fig. 1,
Table 2).

Figure 2A shows the total detection rate for
the eight viruses (range: 1.3–38.8%), presenting
obvious seasonality. Significant differences
existed in the overall positive rates of these
viruses in winter (27.1%, 365/1342) compared
with spring (18.3%, 232/1267), summer (16.3%,
224/1372) and autumn (19.5%, 305/1563)
(P = 0.000) (Table 2), which was mainly due to
the contribution of the high RSV detection rate
in winter. There was a peak of RSV detection
every winter (December to February of theT
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Fig. 2 A and B Trend of the detection rate for eight
respiratory viruses in different seasons. We present the
distribution of the sample number and positive samples in
each season for the past 10 years. A and B Total positive
rates of eight viruses in each season and the positive rates

of each virus. The purple broken line on the right of
A represents the change in the total detection rate for eight
viruses in 2020
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following year), except 2018. In contrast, PIV3
showed a high detection rate in summer (June
to August) each year (Fig. 2B).

In terms of yearly distribution, we found the
annual total detection rate for the eight viruses
showed a slight fluctuation during 2011–2018
(Table 2). This fluctuation of the total detection
rate was mainly caused by the change in RSV.
From 2011 to 2018, the total detection rate for
the eight viruses ranged from 22.6% (83/366) to
16.8% (51/302), with the lowest total detection
rate in 2012. After 5 consecutive years of high
annual detection rate of RSV (9.6–23.0%) from
2010 to 2014, 4 consecutive years of low annual
detection rate of RSV (5.8–6.8%) from 2015 to
2018 followed. The total detection rate in 2019
reached 26.9% (178/661), probably because of
the combined high prevalence of RSV, PIV3 and
ADV during that year. In 2020, the detection
rate of each virus except PIV3 dropped dramat-

ically, and the overall detection rate dropped to
10.5% (88/835), which was the lowest in the
past 10 years (Fig. 2, Table 2). As the 2010
specimens were collected between September
and December, the overall detection rate for
that year was 30.3% (150/495).

SARS-CoV-2 was found in Wuhan, China, in
November 2019. COVID-19 spread across China
rapidly, peaking in February 2020 ([ 69,500
cases). Since August 2020, when Chinese com-
munities reopened, the number of patients with
respiratory and enterovirus infections (repre-
sented by HFMD and herpangina) has gradually
increased. The detection rate of respiratory
viruses, mainly RSV and PIV3, grew gradually
with decreasing temperature, but the influenza
virus still almost disappeared. Due to the period
from February to July 2020, the detection rate of
the eight respiratory viruses was close to zero;
the total detection rate of the eight viruses in

Fig. 3 Between July 2019 and December 2020, the
monthly distribution of positive cases of eight respiratory
viruses (including influenza viruses) among the 5544
patients enrolled in this study and confirmed cases of
HFMD and herpangina in our clinical center were

analyzed. Since January 2020, Chinese residents in com-
munities have been required to wear facemasks, keep social
distance and pay attention to hand hygiene. Since February
2020, COVID-19 has changed to a sporadic epidemic in
China, and most cases were imported
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2020 showed a significant decline for the first
time in the past 10 years (Table 2, Figs. 2 and 3).
This resulted in a typical ‘‘V’’ shape for the 2020
broken line pattern in the 10-year trend of total
virus detection rates for the eight viruses
(Fig. 2A).

DISCUSSION

In this retrospective study, the total detection
rate of eight respiratory viruses by DFA was
20.3%, especially the detection rate of 17.9% in
severe CAP cases, which was far lower than the
results of our previous studies using molecular
biological methods [13–15]. We believe this was
related to the low sensitivity of DFA to nucleic
acid detection methods. However, this study
clearly showed the seasonal characteristics of
the epidemics of eight viruses in children with
CAP over the past 10 years. For example, RSV
detection rates were highest in children with
respiratory infections in winter, especially in
younger children, as reported [12, 16].

From 2011 to 2019, the total detection rate
of the eight viruses was relatively stable, but a
dramatic change occurred in 2020. It was a
unique opportunity for us to learn about disease
control in communities outside of health facil-
ities. This unique opportunity allowed us to
rehearse the preventive and therapeutic strate-
gies for the second ‘‘X’’ disease pandemic in the
future. We also experienced the impact of
changes in the behavior patterns of the whole
population on the prevalence of pathogens cir-
culating among the public.

Sustained community-based measures to
prevent COVID-19 transmission included
keeping social distance, using facemasks, carry-
ing out hand hygiene campaigns and closing
schools or communities, and even cities, in
China. Figure 3 shows the change of positive
rates for the eight viruses was highly consistent
with the timeline of disease control measures
being carried out. Not only the positive rates of
respiratory viruses, but also those of enterovirus
infection cases, such as HFMD or herpangina,
were close to zero in our clinical center, which
had never happened for these respiratory viru-
ses in the past 10 years. This phenomenon was

demonstrated by a marked decline in the inci-
dence of enterovirus encephalitis following the
start of strict COVID-19 quarantine measures,
but not only in the incidence of respiratory
viruses [17, 18]. We also observed a resurgence
of cases of respiratory and enterovirus infec-
tions after the reopening of schools and com-
munities. As was observed in Israel and England
with the reopening of schools, the number of
COVID-19 cases in children has increased again
[19, 20].

Our study has some limitations: Our clinical
center is the unique treatment center for chil-
dren with SARS-CoV-2 in the region as stipu-
lated by the Shanghai Municipal Government.
One consequence of this is a significant decline
in visits by infectious pediatric patients because
of the public’s worries, which may also limit the
credibility of this single-center study in truly
reflecting the detection of eight viruses related
to pediatric CAP in 2020. Also, our clinical
center is a tertiary children’s hospital, and the
cases received may be more serious. In this
study, 12.5% of the patients suffered from sev-
ere pneumonia and 30.6% of the cases had
underlying diseases, indicating the existence of
that background. This also restricted our study,
which might not be able to fully reflect the
actual detection rates of eight viruses in CAP
children in Shanghai, especially as we did not
enroll all hospitalized CAP patients in our clin-
ical center during the 10 years.

CONCLUSIONS

These eight respiratory viruses, especially RSV
and PIV, were important pathogens of CAP in
Shanghai children in the past 10 years. Indi-
vidual and social infection control measures
triggered by the COVID-19 pandemic have had
a significant impact on the detection rate of
these eight respiratory viruses as well as a defi-
nite impact on the prevalence of enteroviruses.
This unique opportunity allowed us to rehearse
the control strategies control and preventive
measures for regular and emerging respiratory
viruses, even the second ‘‘X’’ disease pandemic
in the future.
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