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Abstract

Background: The coronavirus disease (COVID-19) pandemic is an important health crisis worldwide. Several strategies were
implemented to combat COVID-19, including wearing masks, hand hygiene, and social distancing. The impact of these strategies
on COVID-19 and other viral infections remains largely unclear.

Objective: We aim to investigate the impact of implemented infectious control strategies on the incidences of influenza,
enterovirus infection, and all-cause pneumonia during the COVID-19 pandemic.

Methods: We utilized the electronic database of the Taiwan National Infectious Disease Statistics System and extracted incidences
of COVID-19, influenza virus, enterovirus, and all-cause pneumonia. We compared the incidences of these diseases from week
45 of 2016 to week 21 of 2020 and performed linear regression analyses.

Results: The first case of COVID-19 in Taiwan was reported in late January 2020 (week 4). Infectious control strategies have
been promoted since late January. The influenza virus usually peaks in winter and decreases around week 14. However, a significant

decrease in influenza was observed after week 6 of 2020. Regression analyses produced the following results: 2017, R2=0.037;

2018, R2=0.021; 2019, R2=0.046; and 2020, R2=0.599. A dramatic decrease in all-cause pneumonia was also reported (R2 values
for 2017-2020 were 0.435, 0.098, 0.352, and 0.82, respectively). Enterovirus had increased by week 18 in 2017-2019, but this
was not observed in 2020.

Conclusions: Using this national epidemiological database, we found a significant decrease in cases of influenza, enterovirus,
and all-cause pneumonia during the COVID-19 pandemic. Wearing masks, hand hygiene, and social distancing may contribute
not only to the prevention of COVID-19 but also to the decline of other respiratory infectious diseases. Further studies are
warranted to elucidate the causal relationship.
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Introduction

Coronavirus disease (COVID-19), which is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
engendered a substantial health burden worldwide, although
the full impact of this virus remains largely unknown [1,2]. As
of May 2020, Taiwan had succeeded in containing COVID-19
without a lockdown, recording just 441 confirmed cases (19.2
cases per 1 million residents) [3]. Many strategies have been
implemented since mid-January, such as boundary control, use
of masks, hand hygiene, and social distancing [4,5]. Advances
in technology also contributed to the control of this novel
pandemic, including big data analysis, proactive tests, and a
real-time, web-based dashboard to track COVID-19 [4,6]. Big
data analytics with smart contact tracing and automated alert
messaging for self-restriction were used to effectively contain
infected patients [7]. Novel technologies contributed to Taiwan’s
COVID-19 response.

Although the full pathophysiology of COVID-19 was not
known, droplet and contract transmission were believed to be
the major transmission route [2]. Wearing a mask was a simple
way to prevent viral transmission and decrease disease spread,
but the public attitude toward masks varied across countries [8].
The World Health Organization’s recommendation of mask use
also varied from time to time [9]. A recent systematic review
and meta-analysis showed a significantly lower risk of viral
transmission by maintaining a physical distance of 1 meter or
more (pooled adjusted odds ratio [aOR] 0.18) [10]. Mask and
eye protection use also resulted in a large reduction in the risk
of infection (mask use: aOR 0.15; eye protection: aOR 0.22).
Additionally, the use of masks by all residents was a key
component to successfully combat COVID-19 and may have
reduced fear and anxiety [5,11,12]. Briefly, although these
customary strategies may have marginal benefits based on
current evidence, experts recommend their use during the
COVID-19 pandemic [13]. However, the effectiveness of these
strategies on other respiratory infections apart from
SARS-CoV-2 remains largely unclear. Jefferson et al [14]
investigated the effectiveness of physical interventions to reduce
the spread of respiratory viruses in their 2011 study and found
that wearing masks and hand hygiene were effective against
viral transmission; social distancing was not. Barasheed et al
[15] explored uptake and effectiveness of masks during mass
gatherings in 2016; they found a pooled protective effectiveness
with a relative risk of 0.89, but an extremely wide range in the
uptake of masks was reported (0.02%-92.8%) [15]. The
effectiveness of these traditional strategies and public
compliance was not fully disclosed.

The Taiwan government executed a name-based mask rationing
plan since late January, and mask factories were recruited.
Masks were re-allocated to the general public to ensure
availability for all citizens. Mask use and medical care were
believed to be key strategies for successful control in Taiwan
[11]. Hand hygiene was also promoted in late January, and a

significant increase of Google searches for “washing hands”
was observed since January 19, 2020 [16]. Citizens of Taiwan
were highly motivated to curb the pandemic, and this led to
successful outcomes. High uptake and compliance of these
traditional practices of infection control, including wearing
masks, hand hygiene, and social distancing, were observed in
Taiwan. Furthermore, we also observed a noticeable decrease
in the number of cases of influenza infection during the
COVID-19 pandemic. Taiwan is located in the northern
hemisphere where influenza infection is usually prevalent
starting in October and peaks in February. We hypothesized
that it may be affected by the strategies in place for COVID-19
control and prevention. Therefore, we conducted this
retrospective study to investigate the prevalence of other
respiratory viral infections using the national surveillance
database.

Methods

Study Design and Database
Our study was approved by the ethical committee of MacKay
Memorial Hospital (No. 20MMHIS140e). Taiwan Centers for
Disease Control (CDC) had a comprehensive surveillance
system and epidemiological data regarding communicable
diseases, influenza virus, enterovirus, and pneumonia that were
available on its website [17]. The Taiwan National Infectious
Disease Statistics System is a public and nationwide database
that provides real-time epidemiologic information to health care
personnel.

All suspected cases of COVID-19 received nucleic acid testing
following the standard procedure by World Health Organization.
All confirmed cases had to be quarantined in hospital and might
be discharged after three consecutive negative tests. A diagnosis
of influenza virus, enterovirus, and pneumonia were made by
physicians based on clinical manifestations, physical
examinations, laboratory tests, and imaging studies. The
diagnoses were uploaded to the national health insurance system
and surveillance system using International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)
codes [18].

We extracted epidemiological data related to the influenza virus,
enterovirus, all-cause pneumonia, and COVID-19. We then
compared the weekly cases from October to May (weeks 45 to
21 of next year) for the 2017-2020 period. We compared the
incidences of these diseases during the same period and plotted
the trendlines. Furthermore, policies and strategies were obtained
from the CDC website to demonstrate the time sequences.

Statistics
The weekly incidences of reported cases were plotted using
Microsoft Office, version 2019 (Microsoft Corp), and SPSS,
version 23.0 (IBM Corp). Linear regression analyses were

performed and R2 values were calculated for each year. The
equation of linear trend estimation was presented as y=αx+ß.
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A positive α coefficient denoted an increase, and a negative α
value indicated a decrease. The value of α reflected the slope

of the trendline and the magnitude of effects. R2, also known
as the coefficient of determination, represented the degree of
dispersion between individual data and the regression line. The

R2 value is always between 0% and 100%, and the higher the

R2 value, the lower the discrepancies between data. An R2 value
close to 1 represents a reliable fitted regression line.

Results

In Taiwan, a unique name-based mask rationing plan was
executed, and hand hygiene has been promoted since January
2020 [3]. Social distancing policies recommended a distance
of at least 1 meter and 1.5 meters from others in outdoor and
indoor settings, respectively, in week 14 of 2020 [3]. We

extracted epidemiological data of target diseases from the
Taiwan National Infectious Disease Statistics System. As of
week 21 of 2020, there were 441 confirmed cases of COVID-19;
Taiwan had a relatively controllable situation [2,3]. The
incidences of influenza, enterovirus, and pneumonia between
week 45 of 2016 and week 21 of 2020 are shown in Figure 1.
Seasonality of each disease was observed and a significant
decrease in all diseases since week 6 of 2020 were found. The
age distribution from week 45 to week 21 of the next year is
summarized in Table 1. Fewer patients with influenza,
enterovirus, and pneumonia were reported in 2020. Among
those with influenza and pneumonia, patients aged 15-24 years
had the lowest rates, and approximately one third of patients
were younger than 15 years. For patients with enterovirus
infection, the majority were younger than 10 years. Compared
with 2019, less than half of patients had enterovirus infection
in 2020 (106,985 vs 220,865).

Figure 1. Weekly incidences of influenza, enterovirus, and pneumonia in 2017-2020. Dotted line indicates a significant decrease in all three diseases
after week 6 of 2020.
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Table 1. Age distribution of people with respiratory viral infection during the study period (week 45 to week 21 of the next year).

YearDisease

2020201920182017

1,518,7871,838,4061,960,2521,405,539Influenza, n

205,911 (13.56)269,477 (14.66)267,395 (13.64)222,203 (15.81)0-4 years, n (%)

311,008 (20.48)377,639 (20.54)418,752 (21.36)263,076 (18.72)5-14 years, n (%)

129,450 (8.52)161,034 (8.76)182,663 (9.32)114,929 (8.18)15-24 years, n (%)

643,141 (42.35)759,040 (41.29)806,152 (41.12)567,302 (40.36)25-64 years, n (%)

229,277 (15.1)271,216 (14.75)285,290 (14.55)238,029 (16.94)≥65 years, n (%)

106,985220,865171,401218,969Enterovirus, n

30,712 (28.71)58,277 (26.39)47,332 (27.61)69,812 (31.88)0-2 years, n (%)

28,397 (26.54)64,160 (29.05)45,190 (26.37)61,824 (28.23)3-4 years, n (%)

30,079 (28.12)71,069 (32.18)51,266 (29.91)60,562 (27.66)5-9 years, n (%)

5908 (5.52)12,450 (5.64)11,913 (6.95)11,312 (5.17)10-14 years, n (%)

11,889 (11.11)14,909 (6.75)15,700 (9.16)15,459 (7.06)≥15 years, n (%)

593,292730,414725,014668,070Pneumonia, n

117,323 (19.77)161,670 (22.13)160,827 (22.18)163,835 (24.52)0-4 years, n (%)

115,580 (19.48)151,033 (20.68)148,408 (20.47)142,120 (21.27)5-14 years, n (%)

25,201 (4.25)29,487 (4.04)31,242 (4.31)28,368 (4.25)15-24 years, n (%)

203,163 (34.24)233,855 (32.02)229,681 (31.68)198,359 (29.69)25-64 years, n (%)

132,025 (22.25)154,369 (21.13)154,857 (21.36)135,388 (20.27)≥65 years, n (%)

We further plotted the reported cases of influenza from week
45 to week 21 of the next year in Figure 2. There was no
significant variation between weeks in 2017, but influenza
increased rapidly around week 50 of 2018 and decreased around
week 14 of 2019. In 2020, the COVID-19 pandemic began in
week 4, during which a dramatic decrease in influenza was

observed. The R2 values for 2017-2020 were 0.037, 0.021,
0.046, and 0.599, respectively (Table 2). This dramatic decrease
was more significant in all-cause pneumonia from week 6
onward (Figure 3). Enterovirus infection was common in Taiwan
and usually increased by week 16 (Figure 4), although no such
increase occurred in 2020.

Figure 2. Incidences of influenza in 2017-2020. COVID-19: coronavirus disease.
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Table 2. Regression analyses results (R2) for 2017-2020.

YearDisease

2020201920182017

0.5990.0460.0210.037Influenza

0.8340.3590.2560.72Enterovirus

0.820.3520.0980.435All-cause pneumonia

Figure 3. Incidences of all-cause pneumonia in 2017-2020. A dramatic decrease in pneumonia from week 6 of 2020 is shown by the dotted line.
COVID-19: coronavirus disease.

Figure 4. Incidences of enterovirus in 2017-2020. Dotted line marks the increase that is usually seen in enterovirus infection cases in week 16, although
this was not observed in 2020. COVID-19: coronavirus disease.
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Discussion

Utilizing the national electronic epidemiologic database, we
found a concomitant decrease in influenza, enterovirus, and
all-cause pneumonia during the COVID-19 pandemic. Infectious
control measures, including wearing masks, hand hygiene, and
social distancing, may contribute not only to the prevention of
COVID-19 but also to decreases in the incidence of other viral
infections and pneumonia.

Advances in technology also contributed to COVID-19 response.
Several novel techniques had been applied to control COVID-19,
including an interactive web-based dashboard, big data analysis,
mobile technology, and social media platforms. Internet-based
digital citizen science is the crucial component for tackling
pandemics in the 21th century [19-23]. Our study utilized
electronic epidemiologic statistics and provided timely
preliminary findings. A combination of novel technology and
traditional infectious control measurements played crucial roles
to fight the pandemic. Controversies regarding the effectiveness
of traditional strategies exist and the uptake of these strategies
varied across countries. Although these strategies are
straightforward for reducing respiratory viral transmission,
convincing evidence supporting their effectiveness is lacking.
Most studies were observational studies or simulation models,
and a strong recommendation was not achieved [24]. For
COVID-19, asymptomatic patients may spread disease so
universal masking in communities was recommended in some
areas [8,12,13,25]. However, the effectiveness of masks is
doubted; different fitted filtration efficiencies were observed in
different masks [26]. Furthermore, wearing masks, especially
N95 respirators, is uncomfortable, which can contribute to
noncompliance. Generally speaking, uptake of masks was widely
accepted in Asian countries, and high compliance of mask use
was observed during the pandemic [8,27]. Additionally, a
shortage of masks was an important issue, and Taiwan
implemented a name-based mask distribution system and
rationing plan to ensure availability of masks for purchase
[5,28]. Although a direct comparison with randomized controlled
trials was not available, our study found a relatively controllable
COVID-19 situation in Taiwan. As of the 21st week of 2020,
there were 441 confirmed cases of COVID-19 in Taiwan. These
traditional strategies were effective for prevention and control.

We found these strategies were effective not only in reducing
COVID-19 but also other respiratory viruses. However, it is
difficult to investigate the independent and combined effects
of each strategy. Although wearing masks, hand hygiene, and
social distancing are straightforward, it is difficult, and may be
unethical, to conduct a randomized controlled trial to compare
their protective effects during the pandemic. In Taiwan, policies
for wearing masks and hand hygiene were implemented in late
January and social distancing was promoted in week 14. The
observed decrease began in week 6, and success may be mainly
attributed to wearing a mask and hand hygiene. Moreover,
previous studies found social distancing had not significantly
reduced transmission of influenza and other viruses [14,29,30].
SARS-CoV-2 is highly contagious; the effects of these practices
may vary in areas with different viruses, societies, cultures,
health care resources, population densities, disease prevalence,

and proportion of subclinical carriers. It is a challenge to
determine the effectiveness of these practices on outcomes since
the results are drawn from descriptive analyses. There were
many factors such as comorbidity, health care access during
COVID-19, age, sex, time of the year, mask wearing behaviors
(eg, all the time, sometimes), hand washing frequencies, etc,
that may affect incidence rates. Nevertheless, the entire causal
relationship between infectious control measurement and viral
transmission was not easily clarified. Further studies are
warranted to investigate the independent and combined effects
of these practices.

Our study demonstrated a significant decrease in respiratory
viral diseases after the implementation of these practices using
linear trend estimation. Time-series analysis was also a useful
tool to predict the trendline based on previous epidemiological
data [31]. However, COVID-19 is a novel situation; thus, a
precise prospective prediction may be not feasible at present.
Additionally, seasonality is an important factor for infectious
diseases, and the onset of the pandemic occurred approximately
6 months ago. The impact of seasonality on COVID-19 remains
unclear. Therefore, we decided to compare the incidences of
the same period (week 45 to week 21 of the next year) in
different years and plot the trendlines using linear regression
analyses [32,33], which is more meaningful and intuitive.
However, the COVID-19 situation changes rapidly and the
optimal strategies to combat COVID-19 have also changed
rapidly. Timely and continuous surveillance and international
cooperation are crucial for successful epidemiological studies.

Since the onset of the COVID-19 pandemic, aggressive
infection-control measures were implemented, and a decrease
in the occurrence of other infectious diseases was observed.
The reason for the observed decrease may be multifactorial,
with other factors such as virus competition contributing as well
[34-36]. Although coinfection with 2 or more viruses were not
uncommon, competition for resources between viruses was
observed [35,37]. Competition of different subtypes of the
influenza A virus was reported in previous study [36]. The
observed decreases of other respiratory infections may be the
result of competition by SARS-CoV-2. However, there were
relatively few cases of COVID-19 in Taiwan. We believe that
mask use, hand hygiene, and social distancing controlled the
spread of COVID-19 as well as influenza, enterovirus, and
all-cause pneumonia. Further studies are warranted to clarify
the causal relationship and elucidate the complex interactions
between people, viruses, and the environment.

The strength of our study was the use of a national, real-time
database on a large population. Our study has some limitations.
First, our study was a retrospective epidemiological study.
Therefore, the underpinning mechanisms and causal
relationships cannot be established; further studies are required
for this. Second, the people of Taiwan were strongly motivated
to control and prevent infection spread; hence, the independent
effects of every single strategy are not easy to confirm. Although
hand hygiene and mask use were implemented in the early phase
of the pandemic response and seemed to be responsible for the
successful decrease in viral transmission, more data on the
efficacy of individual strategies is required. Finally, health care
resources, accessibility of network, availability of masks, and
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attitudes toward mask use varied across different societies and
countries. The impact of COVID-19 was also different in
different areas. Further studies investigating the prevalence of
other respiratory viruses in different countries contribute to
further understanding the entire impact of COVID-19 and
infectious control measurements.

In conclusion, our nationwide epidemiologic study found a
significant decrease in influenza, enterovirus, and all-cause
pneumonia during the COVID-19 pandemic. Wearing a mask,
hand hygiene, and social distancing not only reduced the impact
of COVID-19; these strategies also led to a decline in other
respiratory infections. Further studies are warranted to clarify
this causal relationship.
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aOR: adjusted odds ratio
CDC: Taiwan Centers for Disease Control
COVID-19: coronavirus disease
ICD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2
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