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Abstract Coronavirus disease 2019 (COVID-19) is currently under a global pandemic trend. The efficiency of
containment measures and epidemic tendency of typical countries should be assessed. In this study, the efficiency
of prevention and control measures in China, Italy, Iran, South Korea, and Japan was assessed, and the COVID-
19 epidemic tendency among these countries was compared. Results showed that the effective reproduction
number(Re) in Wuhan, China increased almost exponentially, reaching a maximum of 3.98 before a lockdown and
rapidly decreased to below 1 due to containment and mitigation strategies of the Chinese government. The Re in
Italy declined at a slower pace than that in China after the implementation of prevention and control measures.
The Re in Iran showed a certain decline after the establishment of a national epidemic control command, and an
evident stationary phase occurred because the best window period for the prevention and control of the epidemic
was missed. The epidemic in Japan and South Korea reoccurred several times with the Re fluctuating greatly. The
epidemic has hardly rebounded in China due to the implementation of prevention and control strategies and the
effective enforcement of policies. Other countries suffering from the epidemic could learn from the Chinese

experience in containing COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is a highly
contagious disease spreading globally in early 2020, with
over 200 countries and regions having been affected by
April 1, 2020 [1,2]. The World Health Organization
(WHO) indicated that COVID-19 could still be contained
in countries through containment and mitigation measures
[3,4]. COVID-19 is caused by a novel coronavirus. The
virus can be transmitted from humans to humans through
close contact [5,6]. Fever, dyspnea, and dry cough
accompanied by typical radiographic features of the
lungs are the main clinical symptoms of this disease
[7,8]. Efforts were made to achieve efficient COVID-19
treatment, whereas effective vaccines and drugs remain in
research phases [9,10].

Human contact affects the epidemics of infectious
diseases [11]. Generally, infectious, exposed, and
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recovered individuals are the core factors affecting the
epidemic efficiency of infectious diseases [12]. Effective
policies can reduce the transmission efficiency of infec-
tious diseases by blocking infectious areas, collecting
medical resources to cure patients, and suggesting the
public to take personal protective measures (such as
wearing masks and washing hands) [13]. Different
countries have taken different measures to contain the
pandemic.

In China, COVID-19 was controlled by a series of
comprehensive measures. On January 23, 2020, the city of
Wuhan was locked down. Subsequently, epidemic preven-
tion and control measures were adopted nationwide,
including travel restrictions, contact tracing, quarantine,
extending the Spring Festival holiday, and improving
public health response levels. Huoshenshan Hospital and
the innovative Mobile Cabin Hospitals, which started
treating patients on February 4 and 5, 2020, respectively,
were rapidly built, and medical teams from over 20
provinces rushed to Hubei Province. In particular, on
February 12, 2020, Hubei Province started to include
clinically diagnosed cases into the confirmed cases
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category to strengthen its quarantine/isolation measures.
On February 16, 2020, the New Coronavirus Pneumonia
Prevention and Control Plan was further revised to clarify
and enhance public health interventions in four key areas:
quarantine high-risk individuals, test suspected indivi-
duals, treat patients, and receive and cure all patients.
During these periods, the resumption of work in most
provinces and schools was postponed until the outbreak
improved. Consequently, these strategies cut off the source
of transmission, minimized the epidemic, and steadily
increased the number of cured individuals.

Nevertheless, the COVID-19 epidemic spread rapidly
across the world. We focused on the control measurements
of Italy, Iran, Japan, and South Korea—four countries that
are mainly affected. On January 31, 2020, the government
of Italy declared a national emergency with cancellation of
round-trip flights from Italy to China before the two sides
agreed to resume flights on February 7, 2020. The
Basilicata region imposed a 14-day quarantine on
individuals from epidemic areas in Northern Italy on
February 24, 2020, and school events in Lombard, Veneto,
Piemonte, and Emilia-Romagna were cancelled until
March 1, 2020. On March 1, 2020, Italy was divided
into three regions (red, yellow, and safe), where different
control measures were taken, especially in the red and
yellow regions. On February 19, 2020, Iran announced two
deaths caused by COVID-19 without travel history,
marking the beginning of an outbreak. As several
suspected cases were found in Qom City, related close
contacts were quarantined. On February 20, 2020, Qom
City’s health department closed schools and proposed to
cancel religious activities. By February 24, 2020, over 250
individuals were quarantined, and the National Epidemic
Control Command had been established. In Japan, after
February 5, 2020, guests on board the “Diamond Princess”
were quarantined for 14 days. On February 25, 2020, the
government published the basic guidelines for managing
sporadic, unexplained cases of infection in many parts of
the country. On February 27, 2020, primary and secondary
schools across the country suspended courses from March
2, 2020 until the end of spring break. In South Korea,
COVID-19’s epidemic alert level was raised to the highest
on February 23, 2020. On February 26, 2020, three new
laws targeting COVID-19 were passed unanimously. On
March 2, 2020, South Korea’s education ministry
announced that all schools across the country would
reopen on March 23, 2020. We compared the strategies
adopted by these countries and found that the execution of
prevention and control strategy was not effective in Japan
and South Korea.

Considering the different measures in controlling
COVID-19, we compared different COVID-19 epidemic
trends in China, Italy, Iran, Japan, and South Korea
according to different epidemic control strategies.

Methods
Data source

The epidemic statistics in China from January 10 to March
12, 2020 were collected from the National Health
Commission of the People’s Republic of China.
Considering different epidemic outbreak time points in
other countries, the epidemic data of Italy (from January 30
to March 12, 2020), Iran (from February 20 to March 12,
2020), Japan (from January 16 to March 12, 2020), and
South Korea (from January 20 to March 12, 2020) were
acquired from the WHO.

Statistical analysis

The number of new local cases and new imported cases on
day 0T can be determined using the equations {Z,}/_, and
{M,}],. We assumed that L, and M, follow the Poisson
distribution.

Solution 1 [14,15]:

t
E[L] = ROZP/‘(LFJ‘ +aM, ;)
Jj=0

where E[L,] represents the mean value of the random
variable, p; represents the distribution of serial interval
(SI), and a quantifies the relative contribution of imported
cases to secondary disease transmission. It is assumed that
i # j, L;and L; are independent. Given the distribution of
ST and the observed values of {L,}/_, and {M,},, Ry was
calculated by the maximum likelihood estimation [16].

Solution 2:

We assumed that the number of early local cases
corresponds to exponential growth and calculated expo-
nential growth rate » by fitting the number of new local
cases {L,}., per day during this stage by Poisson
regression [17].

oo |
" M(-n)

where M represents the moment generating function of SI.

/
E[Lt} = thpj(Ltfj + aMt—j)
=1

The effective reproduction number is the average
number of patients who can be infected if their symptoms
begin at time ¢ [18]. Based on this propagation model, the
prior distribution of R, is gamma distribution [19,20]; the
analytical form of R, posterior distribution can be obtained
under the Bayesian framework. In this study, Re refers to
the basic reproduction number at time point z.
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Assuming that SI follows the gamma distribution, the
mean and standard deviation of SI as estimated by
confirmed case information in Shaanxi Province are 5.6
and 3.7 (S12), respectively. Currently, published research
show different estimation results for SI. Previous reports
show a mean and standard deviation of 7.5 and 3.4 (SI3)
[21] and 4.7 and 2.9 (SI1) [22], respectively. We estimated
the corresponding R, and Re for these three Sls.

We assumed that the time of diagnosis for i and i+1
confirmed cases in a country is 7; and 7; ;. The interval
time of a country is defined as 7 = r?z<1>l<{T i1—T,} and

a = arg r?gx{T i+1—T;}. The stage before 7} is defined as
X!

stage 1. Stage 2 occurs from T, ; to March 12, 2020.
Therefore, the probability that the outbreak of stage 2 was
caused by the case of stage 1 is

po=1-][P6SI< (T, -T)

=1

The probability of the above countries is low (Table S1).
Thus, the outbreak probably started in stage 2, which is not
associated with the cases during stage 1. Therefore, the
calculation of the regeneration number related to these
countries was only based on cases in stage 2. With the
exception of the above-mentioned countries, we used the
number of new cases in Italian stage 2 (February 22 to
March 12, 2020) to calculate the Italian R, and Re. The
daily number of new cases from January 20 to February 28,
2020 in South Korea was used to calculate R,, and the

daily number of new cases from January 20 to March 12,
2020 was used to calculate Re. The estimated width of the
sliding time window [18] of Re was 3 days. In South
Korea, Ry and Re are not sensitive to the change of
parameter a. The SI and Re estimates of three different
countries are different. However, the change trend and key
time points are similar (such as the time when R, drops
below 1 or R, reaches the peak). The Re shown in the main
body is the corresponding result of SI (mean: 4.7; SD: 2.9).
The Re of Italy remains high until March 12, 2020,
indicating that the epidemic is still in a rapid growth stage.

Results

Before January 23, 2020, the traditional Chinese Spring
Festival markedly increased population mobility, leading
to an increased risk of COVID-19’s spread. During this
period, our estimations showed that the Re increased
almost exponentially, reaching a maximum of 3.98 on
January 21, 2020 before the lockdown of Wuhan. As a
result, the number of confirmed cases increased rapidly.
However, the number of suspected cases remained at a
plateau, indicating that the detection rate was increasing
and that contact tracing and quarantine measures were
effective. Thus, the Re began to decline. The Re was almost
stable around February 5, which fell below 1 after
February 9, 2020. More details about the epidemic control
strategies in China are shown in Fig. 1.

The prevention and control strategies in Italy, Japan,
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Fig. 1 Time series of the number of newly reported, newly suspected, and newly cured cases with the time points of implementation of

enhanced containment and mitigation interventions.
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Iran, and South Korea are listed as a time series in Fig. 2,
with newly reported cases. We compared the estimated Re
in the five countries. Given the different COVID-19
epidemic onset time in these five countries, we unified the
epidemic time series as Day 1 to Day 29 (Table S2). The
estimated Re values are shown in Fig. 3 and Table 1.

Table1 Summary of the effective reproduction number (Re) in the five
countries
Countries Re
Day 1 Day 29
China 2.80 0.51
Italy 3.47 8.01
Iran 3.90 7.90
South Korea 3.20 6.40
Japan 2.97 391
Discussion

The WHO announced on March 12, 2020 that COVID-19
had become a pandemic [3]. High contagiousness and
large-scale international traveling have driven COVID-19
to spread rapidly worldwide [23,24]. The epidemic in
China peaked in early February, 2020 and is currently
under control. Much fewer confirmed cases are currently
reported compared with the large number of diagnosed
cases a month before [25]. However, the global epidemic
has worsened in the past two weeks [26,27]. A total
number of 16 462 confirmed cases was reported in Italy on
March 12, 2020, compared with 1694 cases on March 1,
2020. In addition, the mortality due to COVID-19 in Italy
was reported to be 4.96% higher than that in any other
countries worldwide. Similarly, the outbreak in South
Korea is growing rapidly, with 7869 infected individuals
by March 12, 2020. The statistics above indicates that
COVID-19 has become a serious global public health
emergency [28-30]. To better understand the trend of the
epidemic, we estimated Re values in China, Italy, Iran,
Japan, and South Korea on the basis of published and
reported epidemic statistics.

Since the lockdown of Wuhan, China, the Re has
gradually decreased by continuous strengthening of
prevention and control measures. Although a slight
rebound occurred due to limited medical resources, the
situation eased soon after national rescue and the use of the
Huoshenshan Hospital and Mobile Cabin Hospitals. The
detection rate of suspected cases has been a key factor
affecting the epidemic trend, which depends on the
implementation of prevention and control strategies and
self-isolation measures by communities and individuals
[25,31]. Given the strict implementation of the prevention

and control strategies and the high compliance of
individual self-isolation in other provinces in China, the
Re rapidly fell below 1 after February 9, 2020. Compre-
hensive prevention and control measures have achieved
initial success, as evidenced by a reduction in the number
of new cases. The Re has been less than 1 for a long time
since February 10, 2020. Compared with Wuhan after the
lockdown, the Re of Italy also decreased but to a smaller
extent and rose again in the later period due to limited
medical resources. Iran’s prevention and control measures
are evidently inferior to those of China. Although the Re
was reduced to a certain extent, a stable period
subsequently appeared (i.e., the optimal control window
period was missed). The Re did not decrease until the
recent implementation of two nationwide prevention and
control strategies. The main features of outbreaks in Japan
and South Korea are the inadequate implementation of
prevention and control strategies, which has resulted in
multiple recurrences of the epidemic and great fluctuation
of Re. Notably, the progress made in the prevention and
control of the epidemic in South Korea gradually showed
preliminary effects, with the number of new confirmed
cases below 100 for two consecutive days from February
14 to 15, 2020. The government has strong prevention and
control efforts and responded quickly [32]. On March 1,
2020, South Korea announced a state of war. In terms of
prevention and control, the government conducted a series
of management strategies such as tracing the source of the
disease, preventing the spread of the disease, focusing on
detection, greatly improving the detection efficiency, and
shortening the detection process and cycle. A key step in
prevention and control is to identify close contacts of
confirmed and suspected cases and prevent the occurrence
of unknown second- or third-generation cases. The Korean
Centers for Disease Control and Prevention monitors
patient exposure through medical facility records, global
positioning system, credit card transaction records, and
closed-circuit television information. Quarantine and
isolation were strictly applied to control the epidemic. In
addition, the public awareness of the epidemic has been
raised [32]. The government’s cooperation in the preven-
tion and control of the epidemic has greatly improved,
which is optimistic for the control against COVID-19.
According to the comparison of Re between countries,
the enforcement of Chinese policies is remarkably more
effective than that of several other countries worldwide.
Since the implementation of the prevention and control
strategy, the epidemic has hardly rebounded in China.
However, outbreaks in South Korea and Japan have
repeatedly occurred, and the Re has not fallen below 1,
indicating that the epidemic situation has not been
effectively controlled and that the number of cumulative
cases will continue to increase (Fig. 3). Furthermore, given
the limited effectiveness of the early prevention and
control strategies, the situation in Iran is still not optimistic.
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Fig. 3 Comparison of the trends of the effective reproduction number of COVID-19 among the five countries.

The trend of the epidemic in Iran and Italy depends on the
strength and execution of the later prevention and control
strategies and public compliance.

Despite the findings, this study has several limitations.
Considering the change of parameters due to practical
situations, such as continuous control measures, the model
should update dynamically according to the updated
epidemic statistics. Qualitative description was applied to
explain the rapid decline of Re in China without
considering other confounding factors. Further studies
should focus more on the causal relationship between
control measures and the COVID-19 epidemic.
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