China CDC Weekly

Methods and Applications

Modelling the Emerging COVID-19 Epidemic and Estimating
Intervention Effectiveness — Taiwan, China, 2021

Weikang Liu*%; Wenjing Ye**; Zeyu Zhao'*; Chan Liu'; Bin Deng'; Li Luo'; Jiefeng Huang'; Yao Wang';
Jia Rui'; Benhua Zhao'; Yanhua Su'; Shenggen Wu% Kun Chen’ Jianming Ou**; Tianmu Chen'*

ABSTRACT

Introduction: The coronavirus disease 2019
(COVID-19) pandemic recently affected Taiwan,
China. This study aimed to calculate the
transmissibility of COVID-19 to predict trends and
evaluate the effects of interventions.

Methods: The data of reported COVID-19 cases
was collected from April 20 to May 26, 2021, which
included daily reported data (Scenario I) and reported
data after adjustment (Scenario II). A susceptible-
exposed-symptomatic-asymptomatic-recovered model
was developed to fit the data. The effective
reproductive number (R,) was used to estimate the
transmissibility of COVID-19.

Results: A total of 4,854 cases were collected for
the modelling. In Scenario I, the intervention has
already taken some effects from May 17 to May 26
(the R, reduced to 2.1). When the R, was set as 0.1,
the epidemic was projected to end on July 4, and a
total of 1,997 cases and 855 asymptomatic individuals
would have been reported. In Scenario II, the
interventions were projected as having been effective
from May 24 to May 26 (the R, reduced to 0.4).
When the R, was set as 0.1, the epidemic was
projected to end on July 1, and a total of 1,482 cases
and 635 asymptomatic individuals would have been
reported.

Conclusion: The epidemic of COVID-19 was
projected to end after at least one month, even if the
most effective interventions were applied in Taiwan,
China. Although there were some positive effects of
intervention in Taiwan, China.

INTRODUCTION

Recently, a coronavirus disease 2019 (COVID-19)
epidemic emerged in Taiwan, China, although local
epidemic had been
controlled since early 2021 (7). An average of 414 daily

authorities announced the
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confirmed cases were reported from May 18 to May 24
in Taiwan, China (2). The epidemic was potentially
traced to gatherings of local citizens (3). Furthermore,
the epidemic’s accelerated spread might also be related
to the Alpha variant (B.1.1.7) of COVID-19 (J).
Facing this situation, Taiwan, China moved urgently
to implement a series of control measures to respond to
the epidemic.

Dynamics models have played important roles in
analyzing emerging infectious disease such as dengue
fever (4). It might also have applications in analyzing
COVID-19, including estimating transmissibility,
predicting trends, and evaluating the effects of
interventions (5). Differing from statistical models,
these dynamics models could better
transmission mechanisms. The dynamics models that
are commonly used in COVID-19 are the susceptible-
infectious-recovered and susceptible-exposed-
infectious-recovered models (6). However, these
models
asymptomatic infections. Therefore, we developed a
susceptible-exposed-symptomatic-asymptomatic-
recovered (SEIAR) model that considered transmission
via asymptomatic infections. The SEIAR model had
been applied in Hunan Province and Jilin Province in
China (7-8). In this study, the SEIAR was further
applied to analyze COVID-19 transmission in Taiwan,
China and to evaluate the effects of some interventions
for controlling COVID-19.

explain

could not capture the influence of

METHODS

Data Collection
The daily reported data of COVID-19 from April
20 to May 26, 2021 was collected from the website of
Taiwan Affairs Office of the State
(http://www.gwytb.gov.cn). The demographic data

Council

was collected from the Chinese National Bureau of
Statistics (http://www.stats.gov.cn/).
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Model Development

The total population was divided
categories, including susceptible (S), exposed (E),
infectious D, asymptomatic A), and
recovered/removed  individuals (R) (Figure 1). The
model was based on the following assumptions: 1)
susceptible individuals could be infected via contact
with symptomatic and asymptomatic individuals, and
the transmission rate was defined as B; 2) the
incubation period of symptomatic individuals and the
latent period of asymptomatic individuals were 1/ @
and 1/ w’, respectively; the proportion  of
asymptomatic infection was defined as p (where 0 < p
< 1); exposed individuals would become asymptomatic
individuals at a rate of pwE or become infectious
individuals at a rate of (1 — p) w’E; and 3) infectious
individuals and asymptomatic individuals would
become recovered individuals (R) after an infectious
period of 1/v and 1/+’, respectively. The infectious
individuals died due to illness at a rate of f.

The equations for SEIAR model were as follows:

into five
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In this model, the definitions of the parameters were
sourced from previous studies (/~8). Combined with
previous studies (6-7), the value of parameter k was
set as 0.7, p was set as 0.3, @ was set as 0.3333, @’
was set as 0.2, -y was set as 0.2, and <y’ was set as 0.1.
According to extracted data, the total population was
set at 23,561,236, and the case-fatality rate f'was set as
0.005.

Because the basic reproductive number (R)) was
difficult to quantify when coupled with the

interventions, we used an effective reproductive

° SS(I+xA)/N

FIGURE 1. The framework of susceptible-exposed-
symptomatic-asymptomatic-recovered model.
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number (R4 to estimate COVID-19 transmissibility.
The equation was as follows:
1-p F»p)
Rp=0l7—+—=
7= 7 (f +y

The effectiveness of the interventions was evaluated

2

by examining the decreasing value of R,#. In Jinlin
and Zhejiang Province, R,z dropped below one after
the implementation of strict interventions from the
national (8=9). Therefore, the
interventions in Taiwan, China could also decrease the

government

value of Reﬁ?

Statistics Analysis

The calibration between reported data and the
SEIAR model was performed using the least squares
method. The coefficient of determination (R2) was
used to evaluate the goodness of fit. We calibrated the
data according to the increasing and decreasing trends
of reported data. Two scenarios were used to model the
data: Scenario I used daily reported data, and Scenario
I used daily reported data after correction. The
correction was implemented by adjusting daily totals to
account for missed cases or delays in reporting or
diagnosis.

RESULTS

A rtotal of 4,854 cases were reported in Taiwan,
China from April 20 to May 26, 2021. In addition,
over 100 cases were reported daily after May 15
(Figure 2).

In Scenario I (Figure 2A), the model appeared to
have a relatively good fit with the data (R*=0.951,
P<0.001). The results showed a total of 4,948 cases
and 2,120 asymptomatic individuals before May 26,
and the R g of the 3 segments were 4.5 (April 20 to
May 15), 5.6 (May 15 to May 17), and 2.1 (May 17 to
May 26), respectively. The interventions already
showed some effects from May 17 to May 26 as the
R reduced to 2.1. Based on the above situation, the
government was assumed to impose more interventions
after May 26 and simulate the sub-scenarios of
interventions as follows: 1) if R,z=1, the number of
daily reported cases would slowly decrease; a total of
3.2 million cases would be reported from May 26 to
August 29, and the epidemic would be not over; 2) if
Ry =0.5, the number of daily reported cases would
decrease, and the epidemic would end on August 29
and report a total of 0.5 million cases from May 26 to
August 29; and 3) if R,z=0.1, the number of daily
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FIGURE 2. The simulation results of epidemic trends based on the different value of R.; in Taiwan, China, 2021, according
to two types of report data. (A) Scenario I; (B) Scenario Il.

Note: In scenario |, the daily reported data was directly simulated in the model, and the curve was divided into 3 segments
(from April 20 to May 15, from May 15 to May 17, from May 17 to May 26) based on the heterogeneity of the epidemic
trends and the best goodness-of-fit of the model. We modeled the data according to trends from May 17 to May 26 and
estimated the effects of interventions after May 26 by setting R.; to 1, 0.5, and 0.1. In scenario Il, the daily reported data
after adjustment was simulated in the model, the calibration of curve was divided into four segments (from April 20 to May
15, from May 15 to May 17, from May 17 to May 24, from May 24 to May 26) according to the heterogeneity of the epidemic
trends and the best goodness-of-fit of the model. We predicted the data according to the trend from May 24 to May 26, and

performed intervention after May 26 when setting R.;to 0.1.

reported cases would quickly decrease, a total of 1,997
cases and 855 asymptomatic individuals would be
reported from May 26 to July 4, and the epidemic
would end on July 4.

In Scenario II (Figure 2B), the model fitted the data
(R?=0.968, P<0.001) from April 20 to May 26 after
regression correction. There were 4,847 confirmed
cases after regression correction. A total of 5,293 cases
and 2,268 asymptomatic individuals were simulated in
our model before May 26, and the Reﬁr of 4 segments
were 4.5 (April 20 to May 15), 8.1 (May 15 to May
17), 1.5 (May 17 to May 24), and 0.4 (May 24 to May
26), respectively. The interventions had already shown

effectiveness from May 24 to May 26, with the Ry

decreasing to 0.4. A total of 2,758 cases and 1,182
asymptomatic individuals would be reported from May
26 to August 7, and the epidemic would end on
August 7. Furthermore, if the government imposed
more interventions after May 26 and a sub-scenario of
Ryr=0.1 was simulated, the epidemic would end on
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July 1 with a total of 1,482 cases and 635
asymptomatic individuals from May 26 to July 1.

DISCUSSION

In this study, the SEIAR model was used to calculate
the transmissibility of COVID-19 to predict the
development trends and evaluate the effectiveness of
interventions in Taiwan, China. The results showed
that the Rzﬁ of the first segment was 4.5, and the
second segment was 5.6. Further interventions are
suggested to be implemented to control the epidemic.

The transmissibility in the first stage of the epidemic
(April 20 to May 15) in Taiwan, China was 4.4 or 4.5,
which suggested that one of the infectious or
asymptomatic individuals could infect 4.4 to 4.5
susceptible individuals after contact if no interventions
were adopted. A study reported that the alpha variant
of COVID-19 (B.1.1.7) had a 43% to 90% higher

reproductive number than preexisting variants (10).
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Therefore, imported cases might have had the alpha
variant and led to the epidemic in Taiwan, China (7).
Furthermore, large gatherings were also potential
factors accelerating the epidemic. Increased contact
frequency also heightened the risk of transmission for
COVID-19.

Several interventions have already been implemented
for the epidemic. For example, the local authorities
announced an upgraded alert for epidemic prevention
and control to the third level in Taipei City and Xinbei
City on May 15. There are 4 levels of alert, and a larger
number means stricter measures. Taiwan, China have
also suspended entry of foreigners and stopped
passengers from transferring on flights since May 19. A
reduction in the value of R,z had already been
observed, but the local authorities should further
strengthen interventions to accelerate the end of the
COVID-19 epidemic, which was projected to end after
at least one additional month with effective
interventions (Reﬁr =0.1). Therefore, the following
measures are suggested for
strengthening: 1) strictly tracing close contacts and
enhancing testing of symptomatic and asymptomatic
individuals; 2) treat cases according to severity;
3) employing community management measures and
maintaining social distancing, and; 4) administering
vaccinations as soon as possible and improving the
vaccine coverage (11).

This study was subject to at least 3 limitations. First,
the parameters of the model were not calculated from
first-hand data in Taiwan, China, which might lead to
some uncertainty of the simulated results. Second, we
did not add the effect of vaccination into the
prediction of the model. Third, the effectiveness of
each intervention could not be quantified in this model
due to limits in the data.
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