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Abstract Background: Enhanced nonpharmaceutical interventions (NPIs) to prevent the Cor-
onavirus Disease 2019 (COVID-19) have shown various levels of impact on common respiratory
pathogens. We aimed to analyze the epidemiological changes seen in certain common respira-
tory viruses found in Taiwanese children (e.g., influenza virus, enterovirus, parainfluenza vi-
rus, adenovirus and respiratory syncytial virus (RSV)) after the implementation of public
health measures, as well as interpret the possible meaning of these changes.
Methods: This retrospective observational study examined the viral isolation from children
younger than 18 years at a medical center in central Taiwan during the period January 2015
eDecember 2020, a time frame of six years. Viral isolations prior to the COVID-19 pandemic
(January 2015eDecember 2019), along with those during the post-COVID-19 period (January
eDecember 2020) were analyzed and compared.
Results: A total of 6899 throat swab samples were collected during the pre-pandemic period of
2015e2019, with 2681 of them having a positive result (38.86%). There were a total of 713 sam-
ples collected in 2020, with 142 of them showing positive results (19.92%). The overall positive
rate of viral isolates significantly decreased in 2020 (p < 0.001). Declines in the isolation of the
influenza virus, parainfluenza virus, adenovirus and enterovirus were observed. The RSV sur-
prisingly became the leading isolate, with up to 47 (6.59%) instances in 2020, and showing
an unusual peak in the winter of 2020. The rise began in September of 2020 and reached its
plateau in November of that year.
Conclusions: Most respiratory viruses decreased under NPIs regarding SARS-CoV-2. However,
the RSV outbreak in the winter of 2020 had shown the limitation of current NPIs. Possible
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explanations have been discussed in details and public preventive measures should be rein-
forced for RSV, particularly amongst people having young children both at home and in care
centers.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic has
changed the way of life in almost every country on the
planet. Prior to vaccines and effective antivirals becoming
available, nonpharmaceutical interventions (NPIs) had been
the most effective available form of control both locally
and globally, as well as for the mitigation of COVID-19.1

These NPIs, including social distancing policies, the wear-
ing of face masks, hand sanitation, lockdowns of certain
scales in administrative districts, and travel restrictions, all
provided a temporary containment of COVID-19 in several
countries. There were many NPIs implemented in Taiwan in
the year 2020. Individuals had to wear face masks in indoor
public spaces, on public transportation and in health care
facilities. Social distancing was also strictly required in
populated public spaces. International border control was
carried out through the requirement that all arriving pas-
sengers undergo a 14-day quarantine period, with active
surveillance on body temperature and respiratory symp-
toms also being implemented.

Surveillance studies had previously demonstrated the
potential benefits of NPIs on preventing the transmission of
several common pathogens via the respiratory route.2 Sur-
veillance data taken in 2020 from Korea and Japan showed
a decrease in influenza activity as compared with previous
seasons.3,4 Studies from France, Finland, and rural Alaska
had also shown decreases in most acute respiratory in-
fections in children.5e7 A significant reduction in hospital
admissions for both non-influenza respiratory viruses and
influenza was reported in Singapore.8 Systematic reviews
have also considered the reduction of transmission associ-
ated with mask wearing for respiratory viruses.9,10 A Taiwan
study in 2020 using figures taken from the National Health
Insurance Research Database (NHIRD) showed significantly
lower rates of common infections after Severe Acute Res-
piratory Syndrome Coronavirus 2 (SARS-CoV-2) preventive
measures were announced.11 A recent study in northern
Taiwan using multiplex RT-PCR tests also showed a reduced
average positivity rate of 11.2% in respiratory viruses after
nationwide public health interventions were established.12

Despite many studies having had already revealed
similar findings, the methods of population selection varied
from study to study. The various study samples may have
come from a database bank using codes of diagnosis,
multiplex RT-PCR tests, viral cultures, serum tests and also
various kinds of rapid antigen tests. Diagnoses may have
been made clinically without microbiological evidence.
Serum tests and rapid antigen tests cannot completely
reflect true infections in time, while multiplex PCR is a
relatively novel technique with limited universality.
2

Amongst these methods, it is viral cultures which may
provide consistent data homogeneity for longer periods of
time.

We aimed to analyze the epidemiological changes in
some common respiratory viral pathogens found in Taiwan
after the application of public health measures, as well as
interpret the possible meaning of these changes.

Materials and methods

We collected viral cultures and viral rapid antigen tests to
analyze the prevalence of some common viruses during the
6-year period of January 2015 to December 2020. Viral
isolations and the results of viral rapid antigen tests were
collected retrospectively. The viral isolates for entero-
virus, influenza virus, adenovirus, parainfluenza virus and
RSV among children (�18 years of age) were from the
virology laboratory of Taichung Veterans General Hospital
(TCVGH), a medical center in central Taiwan. Sources for
the viral isolations came from throat swab samples taken in
outpatient departments, during hospitalizations, in emer-
gency departments and sentinel local clinics in the Tai-
chung area. RSV rapid antigen tests performed during
2019e2020 were also collected. The RSV rapid antigen test
using the BinaxNOW RSV card (Abbott Diagnostics Scar-
borough, Inc., ME, US), with 89% sensitivity and 100%
specificity according to the product instructions, was pro-
cessed at the laboratory of the Children’s Medical Center
of Taichung Veterans General Hospital. The use of these
data involving human subjects was appropriately approved
by the Institutional Review Board (IRB) of Taichung Veter-
ans General Hospital (CE21094B). Open access to the
Taiwan Centers for Disease Control (CDC) data was given,
including the official website and the Disease Surveillance
Weekly Report by the Epidemic Intelligence Center, and
collected for comparison.

Statistical analysis

Hypothesis testing using the Chi-square test was performed
to assess differences between the number of detected vi-
ruses in the 2 groups (i.e., 2015e2019 and 2020). A p
value < 0.05 was considered statistically significant. Anal-
ysis was performed using IBM SPSS Statistics, Version 22.0
(IBM Corp., Armonk, NY, USA).

Results

During the period of 2015e2019, a total of 6899 throat swab
samples from children younger than 18 years of age were
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collected, with 2681 samples showing positive results
(38.86%). There were a total of 713 samples collected in
2020, with 142 of them revealing positive results (19.92%).
The overall positive rate of viral isolates significantly
decreased in 2020 (p < 0.001), as shown in Table 1. The
virus isolation rates of enterovirus, influenza virus, adeno-
virus, parainfluenza virus and RSV were 893 (12.94%), 852
(12.35%), 488 (7.07%), 291 (4.22%) and 157 (2.28%),
respectively, during the period 2015 to 2019. The entero-
virus and influenza virus were the most common viruses
isolated during this period. Surprisingly, RSV became the
leading isolate, with up to 47 (6.59%) cases in 2020. The
percentages of adenovirus, enterovirus and parainfluenza
virus all declined in 2020, while the isolation rate of influ-
enza virus decreased by 7.86% in 2020.

RSV showed an unusual increase during the winter of
2020 (Fig. 1). The rise began in September of 2020 and
reached its plateau in November. Results from RSV rapid
antigen tests performed during 2019e2020 are demon-
strated in Fig. 2. The peak month was August, 2019, while
the peak positive rate was in July, 2019 (55.56%). In 2020,
the most prevalent month was December, while the highest
positive rate was in November (44.9%). The six-year trend
for these five viruses is shown in Fig. 3. We also collected
the RSV isolation numbers from children under six years of
age from the Epidemic Intelligence Center for comparison,
revealing a sudden rise since the 43rd week, which was the
fourth week in October of 2020.

Discussion

People in Taiwan had well-cooperated with public pre-
ventive measures, including strictly required face masks,
social distancing, international border control with quar-
antine, and active surveillance on body temperature and
respiratory symptoms. Hence SARS-CoV-2 did not cause
serious community transmission in Taiwan in 2020. Most of
the confirmed COVID-19 cases were imported from other
countries and contained through hospital quarantines.
However, a nosocomial outbreak occurred in January 2021
which was associated with a medical staff member who
had cared for a confirmed imported case at a COVID-19
Table 1 Outcome of all viral isolations and ratio of

Outcome 2015e2019 (n Z 6,899)

n %

Positive 2681 (38.86%)

Viral Category

Enterovirus 893 (12.94%)
Influenza 852 (12.35%)
Adenovirus 488 (7.07%)
Parainfluenza 291 (4.22%)
RSV 157 (2.28%)
Negative 4218 (61.14%)

Chi-Square test. *p < 0.001.

3

duty hospital in Taoyuan, showing that the persistent
implementations of public health measures can never be
overemphasized. Defining the effects which public health
measures have on other common infections is essential for
both the allocation and preparedness of health resources.
The experience gained from the SARS pandemic during
2002e2003 showed that social distancing, face masks,
hand sanitation, travel restrictions, quarantine policies
and restricted hospital visits were all effective measures
taken to prevent respiratory infections. It is expected that
these methods of control will help in the prevention of all
respiratory tract infections. Additionally, medical visits,
hospital stays, and medical activities all declined, as we
can see from the CDC surveillance system.13 In our study
however, a decline was not observed in all the selected
pathogens.

In a pediatric population, viral spread by an asymp-
tomatic adult carrier remains an important factor. It had
been demonstrated that an asymptomatic individual may
shed the influenza virus, although studies have not
conclusively determined if such people will effectively
transmit influenza.14 Influenza virus transmission may be
reduced through NPIs, particularly by following proper hand
hygiene protocol and the wearing of face masks.15,16 Other
viruses e.g., adenovirus, RSV, parainfluenza virus and
enterovirus are usually carried by an asymptomatic indi-
vidual.17e19 This phenomenon implies that there are dif-
ferences in the natural reservoirs of common respiratory
viruses. Both the SARS-CoV-2 and influenza virus are spread
by infected persons who come in close contact with others.
The seasonal parainfluenza virus, adenovirus, and RSV all
supposedly originated from a human carrier. Following this
rationale, less effectiveness surrounding the public mea-
sures e.g., face mask wearing and hand sanitation can be
expected, as most people tend to take off their face masks
and perform hand hygiene less often at home. This situa-
tion is particularly prominent for those people having in-
fants and toddlers. Therefore, due to personal hygiene
habits and close physical contact with these young in-
dividuals, the spread of these viruses will facilitate. Also, it
has been proven that asymptomatic carriers excreting the
enterovirus play a crucial role in the spread of hand-foot-
each viral category.

2020 (n Z 713) p value

n % <0.001*

142 (19.92%)

<0.001*

25 (3.51%)
32 (4.49%)
27 (3.79%)
11 (1.54%)
47 (6.59%)
571 (80.08%)



Figure 1. The month-year distribution of positive RSV isolates as seen in accumulated bar charts.

Figure 2. The monthly number of positive results of RSV rapid antigen tests during the period of January 2019 to December 2020.
A line chart of positive rates is also demonstrated.
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mouth disease, with their “silent” presence helping to
perpetuate enterovirus circulation in their community.20

The spread of the enterovirus is often seen amongst chil-
dren having frequent and close contact in schools and child
care centers. Social distancing contributes to a decline in
its prevalence, as observed in our study. A decrease in visits
to hospitals and local clinics also reduces any contact with
other infected individuals.

An unexpected outbreak of bronchiolitis amongst children
occurred from September 2020 to December 2020 in our
hospital. A similar finding from the contract virological
4

laboratory of Taiwan’s CDC has shown a high rate of RSV
isolation since September 2020. A study performed in
Australia showed a significant reduction in RSV detection and
admissions, emergency department visits and intensive care
unit admissions due to acute bronchiolitis in New South
Wales during the winter of 2020.21 This was quite a different
finding when compared with our study. Also, a study in
Singapore also showed an overall decrease in RSV incidence
in 2020, as compared with 2019.22 These differences could
be attributed to climate, culture, quarantine methods,
personal protective equipment, hygiene and habits.



Figure 3. Six-year trend of adenovirus, enterovirus, influenza virus, parainfluenza virus and RSV, with RSV monitoring data taken
from the Epidemic Intelligence Center, Taiwan CDC as a comparison. The vertical axis indicates the number of isolates.
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RSV infection is mainly presented as bronchiolitis in
children younger than 3 years of age, causing endemics
during the fall and winter seasons in temperate countries,
as well as during the hot rainy seasons in tropical climates.
A biennial pattern with hospitalization peaks in spring and
fall due to RSV bronchiolitis in Taiwan had been reported in
2011, even though there is no significant seasonality in
southern Taiwan.23 We also found that there was a
5

seasonality of RSV bronchiolitis occurring during the period
2015e2020 (Fig. 3). The peak season for RSV infection is
summer, with a usual decline being seen in winter, except
in 2020 during the COVID-19 pandemic. Taichung is a city
located in central Taiwan with a warm, humid subtropical
climate. The rainy season is mostly during MayeAugust,
which corresponds to the epidemiological findings seen in
tropical areas.24e26 These findings indicate there was a
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distinct rise in RSV incidence in the winter of 2020, despite
the public preventive measures of COVID-19 having been
implemented. Other than the asymptomatic carriage
reasoning, a possible explanation could be the decreased
prevalence of co-infections with other respiratory patho-
gens. In a Dutch community-based study, viral load was
significantly associated with disease severity when RSV was
the only pathogen detected, although there was no evident
association seen in infants co-infected with RSV and
another respiratory virus.27 The decreased incidence of
other respiratory viruses may be attributed to an increased
incidence of RSV being isolated on its own, which caused
more patients to have severe symptoms. This may explain
the phenomenon we observed in the winter of 2020.
Another possible explanation is age-related. Family expo-
sure usually occurs through an infected school age child,
whom the parents believe has only a mild “cold”. Subse-
quently, other young children in the family then become
secondarily infected. Studies have shown a positive corre-
lation between an increase in family size with increasing
incidence of disease.28 Young children have a difficulty in
wearing face masks due to both their hyperactivity and the
poor-fitting of face masks. The compliance of mask wearing
in children may be profoundly underestimated as well.
According to a review of current interventions for COVID-19
prevention in India,29 the selection of a properly fitted,
effective mask may act as a significant landmark in con-
trolling the spreadability of COVID-19 infection.

According to our analysis in this study, further in-home
measures for preventing viruses with asymptomatic car-
riages, particularly RSV which affects young infants and
children, should be enhanced. RSV is the most common
etiologic agent amongst children with bronchiolitis in
Taiwan.30 Other potential pathogens that cause bronchio-
litis include parainfluenza virus, enterovirus D-68 and
human metapneumovirus, as well as the less commonly
seen rhinovirus, influenza virus and adenovirus. Infection
control measures must be emphasized in postpartum
nursing care centers, infant care centers and long-term
care facilities. In addition to the pediatric population,
RSV also causes many outbreaks amongst adults, particu-
larly in the elderly living in long-term care facilities.31

Preventive strategies for hospital-acquired infections,
including self-health monitoring of every medical personnel
and adequate nurseepatient ratios, should be strictly
implemented. As more medical resources begin placing
much attention and effort on COVID-19 vaccines, the
development of RSV vaccines should also catch up as well,
along with the necessary effective antivirals. Incidences of
influenza are expected to remain low under the current
public preventative measures, although the adenovirus,
enterovirus and parainfluenza virus are all less predictable.
Outbreaks of the enterovirus are still possible due to
asymptomatic gastro-intestinal viral shedding, non-
enveloped property living quarters and high environ-
mental tolerance. As the COVID-19 pandemic continues, all
common pathogens should be intensively monitored and
intervened with in time, in order to reduce the burden on
health-care services.

Our study has some limitations, including the retro-
spective, single-centered nature of our analysis which
involved cases with positive viral culture findings via the
6

use of only throat swabs. The testing of viral culture is not
mandatory and may not be performed in every case within
the pediatric population. Additionally, the observed
decrease in number of tests/positivity rate may be related
to a decrease in the overall number of outpatient depart-
ment visits, admissions and emergency department visits.
Still, the reported decrease in viral infections transmitted
via the respiratory route in several countries supports the
generalizability of our observations. Also, the consistency
of the public’s compliance with NPIs could not be quanti-
fied. Furthermore, the period over which we studied the
impact of NPIs was only within a year, so it remains to be
seen whether community transmission of respiratory vi-
ruses has been averted in the upcoming years, particularly
as restrictions are relaxed and the application of COVID-19
vaccinations has been completed.

Conclusion

Most respiratory viruses decreased under NPIs regarding
SARS-CoV-2. However, the RSV outbreak in the winter of
2020 had shown the limitation of current NPIs. Possible
explanations have been discussed in details and public
preventive measures should be reinforced for RSV, partic-
ularly amongst people having young children both at home
and in care centers.
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