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Dear Editor,

The recent outbreak of novel coronavirus disease 2019
(COVID-19) has already become a global-scale epidemic.
Since the case from China was reported on Dec 30th, 2019
(Huang et al., 2020; Li et al., 2020), the pathogen was soon
identified as a new coronavirus on Jan 7th, 2020 and tenta-
tively named 2019-nCOV (Huang et al., 2020) and later re-
named SARS-CoV-2 by the International Committee on
Taxonomy of Viruses. However, strict control measures,
including the lockdown of Wuhan city did not take effect
until Jan 23rd, by which time several million people have
already travelled outside Wuhan for the upcoming Chinese
New Year, spreading the disease to other areas of China. For
the whole month of February, rigorous prevention and con-
trol measures were taken by the Chinese government and the
whole country is literally in a lockdown state. The necessity
of these strict measures has been questioned both domes-
tically and internationally concerning the devastating effects
on the global economy; and there is also severe debate over
when these control measures, including travel bans and
public gathering bans, should be lifted. However, the effec-
tiveness of these strict control measures has not been sys-

tematically evaluated using epidemiological data. In this
study, we provided a retrospective modelling-based evalua-
tion of the effectiveness of government control measures on
COVID-19 in China, using the public data by the end of
February 2020.
Since the impact of an epidemic depends on both the

number of persons infected and the spectrum of clinical se-
verity, we first analyzed the change of severity rate and the
fatality rate over time. We found that both parameters remain
unchanged over the investigated phase for each province and
are not affected by the strictness of control measures (Figure
S1 in Supporting Information), indicating that the total
number of severe cases and deaths are largely determined by
the total number of infections, thus supporting the im-
portance and urgency of outbreak prevention and control of
transmission. The fact that the severity and the fatality rate
remain unchanged during the whole epidemic course sug-
gests that the biology of the virus itself did not change over
time; this is in line with genetic sequencing results that few
mutations are identified among virus samples collected from
different generations of patients (Ceraolo and Giorgi, 2020;
Lu et al., 2020). The significantly higher reported fatality
rate in Wuhan city and Hubei province compared to other
regions are probably due to the shortage of medical supplies
and the underestimation of total cases of infection.
Using an adjusted susceptible-exposed-infectious-re-

covered (SEIR) model, we fitted the public data by taking the
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effect of prevention policies into consideration and achieved
an almost perfect fit for the real data (Supplementary
Methods in Supporting Information). Key epidemiological
parameters including incubation rate (σ), infectious rate (β)
and recovered rate (γ) were estimated in a dynamic manner
(Figure 1A). As expected, the incubation rate (σ) shows little
to none change over time (Figure 1B and C). In this regard,
the average duration of incubation (1/σ) is estimated to be 5.9
days based on data in Wuhan, which is generally in agree-
ment with existing reports (Backer et al., 2020; Chan et al.,
2020; Guan et al., 2020). While the recovered rate shows a
slow but steady increase over time (Figure 1D), the in-
fectious rate dramatically changed during the whole outbreak
process (Figure 1B and E). Of note, the dynamic values of

the infectious rate are within the range of the recent esti-
mation by Yang et al. (Yang et al. 2020), suggesting that our
approach for model parameter estimation is plausible. The
national infectious rate clearly peaked around Jan 23rd, the
day of Wuhan lockdown and has continued to drop ever
since. This trend is more apparent when analyzing the data of
Wuhan city alone (Figure 1E). There is a one-week gap
between the peak day (around Feb 1st) and the day of Wuhan
lockdown, which is mostly due to the delay effect of pre-
vention interventions (Figure 1E). The curve for other cities
displayed a continuous descending trend from the beginning
of the available data point (around Jan 20th, the city of
Nanjing was shown as an example in Figure 1E), when strict
control measures have already been in place. In Wuhan, the

Figure 1 Parameter estimation of the SEIR transmission model. A, Heatmap showing the dynamic change of estimated parameters of the SEIR model over
time. In order to compare data among different cities, only relative values are shown in the heatmap. Data for example cities (in red) are shown in C–E. B,
Fold changes of the three parameters of the SEIR model. Dynamics of estimated σ (C) or γ (D) parameters over time in Wuhan. E, Dynamics of estimated β
parameter over time in the population of mainland China (left), Wuhan city (middle) and Nanjing city (right). In this figure, the modelling analysis was
performed in the populations of the Hubei province, the mainland of China as well as the top 44 cities of the whole mainland of China. Dashed lines indicate
the date of lockdown of Wuhan.
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recovery rate has continued to increase with more than 2-fold
change which is probably due to the dramatic improvement
of medical conditions, such as the immobilization of thou-
sands of physicians from all over the country and immediate
establishment of several new hospitals in Wuhan. These data
indicate a significant correlation between the infectious rate
and the recovery rate with prevention and control measures.
To our knowledge, our work is the first to evaluate the ef-
fectiveness of government control on the spread of COVID-
19 using a modelling approach.
Next, we simulated the possible outcome scenarios with

different degrees of government prevention. Assuming there
is a direct correlation of the infectious rate (β in the SEIR
model) and the strictness of prevention measures, we simu-
lated the outbreak dynamics in different prevention scenarios
in Wuhan using different estimated infectious rate (β) values
while keeping other parameters (σ and γ) as their average
values (Supplementary Methods in Supporting Information).
In the case of low to no prevention (with high infectious rate
at the early stage, from Jan 27th to Feb 1st as shown in Figure
1E), the peak of predicted infection cases would eventually
reach ca. 7.78 million, covering 70% of the whole population
of Wuhan city (Figure S2A in Supporting Information). The
number of potentially infected individuals dramatically re-
duces as the infectious rate decreases upon prevention in-
terventions (after Feb 1st; Figure S2B in Supporting
Information). These data suggest that the strictly enforced
quarantine and travel ban have significantly decreased the
otherwise uncontrollable spread of the disease.
By the end of February 2020, the COVID-19 epidemic has

already been reported in more than 50 countries. Areas with a
high risk of exponential outbreak include Japan, South
Korea, Italy, Singapore and Iran. Since the situation in China
has already been well controlled, a retrospective evaluation
of the epidemiological characteristics and transmission dy-
namics would provide valuable insights that might help with
disease control decisions worldwide. Using a similar ap-
proach, we next modeled all the publicly available data (by
the end of February) on several different countries that al-
ready have considerable amounts of confirmed cases and
predict their epidemic curve with various degrees of gov-
ernment control, assuming similar transmission properties of
the virus in different counties (Figure S3 in Supporting In-
formation). In Singapore, where only mild government in-
tervention existed, a surprisingly continuous decrease in the
infectious rate and increase in the recovery rate was ob-
served, implying the potential inhibitory effect of warm
climate on the spreading of the virus; whereas the situation in
Italy, Korea, and Iran are quickly deteriorating. For Japan,
although the infectious rate is getting better, the recovery rate
is not, implying either a latency in hospitalization or lack of
dedicated medical resources.
There is no doubt that the capability of management and

control of COVID-19 transmission heavily rely on the pre-
paredness of a country’s health system. While it remains
debatable whether large economy bodies in Asia such as
South Korea and Japan should adopt similar control mea-
sures as the Chinese government; in less developed countries
with insufficient medical resources and absence of a pan-
demic preparedness plan, a mild response might be in-
adequate to deal with such an outbreak. Extreme quarantine
and transport control measures similar to China should be
considered to mitigate local transmission following con-
firmed importation.
In conclusion, we have constructed an SEIR model and

fitted all the publicly available China COVID-2019 data in a
dynamic manner, and get a fairly accurate model of the
whole process of the epidemic in China. We estimated the
overall fatality rate to be 0.68% outside of Hubei province.
Through simulation, we also evaluated the importance and
effectiveness of strict government control enforced by Chi-
nese authorities. It is clear that the control measures, both in
Wuhan and nationwide, have significantly reduced trans-
missibility. Considering the potential threat of fast world-
wide COVID-19 outbreak to public health and global
economy, more strict government controls are advised based
on the China experience.
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