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Abstract The outbreak of the coronavirus disease 2019 in China was first reported in Wuhan in December 2019
and gradually spread to other areas in China. After implementation of prevention and control measures, the
estimation of the epidemic trend is needed. A phase- and region-adjusted SEIR model was applied for modeling
and predicting the number of cases in Wuhan, Hubei Province and regions outside Hubei Province in China. The
estimated number of infections could reach its peak in late February 2020 in Wuhan and Hubei Province, which is
55 303–84 520 and 83 944–129 312, respectively, while the epidemic peaks in regions outside Hubei Province in
China could appear on February 13, 2020 with the estimated 13 035–19 108 cases. According to the estimation, the
outbreak would abate in March and April all over China. Current estimation provided evidence for planned work
resumption under stringent prevention and control in China to further support the fight against the epidemic.
Nevertheless, there is still possibility of the second outbreak brought by the work resumption and population
migration, especially from Hubei Province and high intensity cities outside Hubei Province. Strict prevention and
control measures still need to be considered in the regions with high intensity of epidemic and densely-populated
cities.
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Introduction

The outbreak of the coronavirus disease 2019 (COVID-19)
in China was first reported in Wuhan in December 2019
and gradually spread to other areas in China [1]. On
January 30, 2020, World Health Organization (WHO)
announced that it had listed the COVID-19 outbreak as a
Public Health Emergency of International Concern [2]. As

of March 11, 2020, the cumulative number of confirmed
cases in China (including Hong Kong, Macao, and
Taiwan) reached 80 793; 67 781 of which were reported
from Hubei Province (49 986 in Wuhan) [3]. Based on the
data reported by National Health Commission of the
People’s Republic of China (NHC), we found that the
epidemic in Hubei Province (including Wuhan) was
significantly different from that outside. Most studies
published or preprinted online [4–7] focused mainly on the
epidemic in Wuhan before prevention and control
measures were taken. The trend of the epidemic needs to
be further investigated and discussed, especially in the
whole Hubei Province and regions outside Hubei Province
in China after the public health measures putting into
action.
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In the early stage of the disease outbreak, measures for
disease prevention and control were relatively weak due to
insufficient understanding of its infectivity. Meanwhile,
studies focusing on the speed of disease transmission
started to predict the number of infections. Forecasts of the
basic reproduction number, R0, which represents the
average number of new infections generated by each
infected person [4], were carried out by many institutions.
The value of R0 was estimated to reach 2.2 [8], 2.6 (1.9–
3.1) [4], 3.8 [5], or even 6.47 [9], respectively. All these
results suggested that the 2019 novel coronavirus (2019-
nCoV) had a strong ability of human-to-human transmis-
sion.
R0 plays a crucial role in predicting the prevalence of

infectious diseases. Generally, R0 > 1 indicates that
effective prevention and control measures have not been
taken, thus the prevalence of diseases would be self-
sustaining. While R0 < 1 implies that the number of new
cases would decrease with the time passing by, thus the
prevalence of diseases would gradually subside [4]. The
corresponding prevention and control measures may
effectively control the spread of the disease despite the
lack of vaccines and effective treatment. Taking SARS as
an example, the effective reproduction number, Re (i.e., the
average number of secondary cases under different control
scenarios) [10], was decreased to less than 1 after strict
quarantine [11].
After the COVID-19 outbreak, many unprecedented

public health measures were implemented in China. The
Huanan Seafood Wholesale Market was closed on January
1, 2020 once an epidemiological link to the market of the
initial cluster was detected [12,13]. Furthermore, the public
transportation to and from Wuhan, the epidemic focus of
the outbreak, was halted since January 23, 2020 [14]. By
January 26, 2020, 30 provinces in China had initiated the
first-level public health emergency response and conducted
medical examinations on each individual from Hubei [15].
On the same day, the traditional Chinese New Year festival
was extended and the spring semester for students was
postponed to delay the large scale population migration
and gathering [16]. Transportation restriction and quar-
antine were gradually established, with all close contacts
and suspected cases receiving medical observation and
quarantine for 14 days [17]. As the number of infections
increased in early February, China took on more stringent
prevention and control measures since early February. Two
specialized hospitals and several mobile cabin hospitals
were established in Wuhan [18,19]. Community-oriented
public health management stated goal of “Never miss a
single household, never miss a single individual,” was
carried out in many cities of Hubei Province [20]. Since
February 21, 2020, the diagnosis has been mainly based on
contact history, clinical manifestation, and imaging
evidence of pulmonary lesion suggestive of pneumonia,
while viral detection with RT-PCR is still being performed

in a part of patients, to detect possible infections more
timely [21].
All these actions may work to reverse the epidemic trend

of COVID-19. Additionally, it might neglect many
comprehensive factors that occurred as the epidemic
progresses by using a single R0 to predict the number of
infections. Previously, we have forecasted the phase-
adjusted epidemic trend of COVID-19 in Wuhan with
control measures taken into consideration [7], which was
proved to match the actual trend well according to the
recent data reported by NHC. However, considering the
rapid progression of the epidemic and a great difference
between Wuhan and Hubei Province and regions outside
Hubei Province in China, updated estimation in Wuhan
and region-adjusted estimation in the whole China is
further needed. This study aimed at (1) estimating the
epidemic trend in Wuhan, Hubei Province and regions
outside Hubei Province in China, respectively using phase-
and region-adjusted Re with different levels of prevention
and control measures taken into consideration,
(2) predicting the possible infection scale and epidemic
characteristics of COVID-19, (3) providing potential
evaluation criteria for the effectiveness of current preven-
tion and control measures, (4) finally offering theoretical
support for current decision-making on infectious disease
prevention.

Materials and methods

Model

We employed an infectious disease dynamics model
(Susceptible, Exposed, Infectious, and Removed model
(SEIR model)) for modeling and predicting the number of
COVID-19 cases in Wuhan, Hubei Province and regions
outside Hubei Province in China. The model is classically
applied to analyze the infectious disease which has a
definite latent period, and has been proved to be predictive
for a variety of acute infectious diseases in the past such as
Ebola and SARS [11,22–27]. And utilization of this
mathematical model is significantly instructive in assessing
the impact of isolation of symptomatic cases as well as
medical observation of asymptomatic contact cases and
promoting evidence-based decisions and policies.
The model was established based on the following

assumptions: no new transmissions from animals, no
differences in individual immunity, no super-spreaders, the
time-scale of the epidemic is much faster than character-
istic times for demographic processes (natural birth and
death), and no differences in natural births and deaths. In
this model, individuals are classified into four types:
susceptible (S; at risk of contracting the disease), exposed
(E; infected but not yet infectious), infectious (I; capable of
transmitting the disease), and removed (R; those who
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recover or die from the disease). The total population size
(N) is given by N = S+ E+ I+ R. It is assumed that
susceptible individuals who have been infected first enter a
latent (exposed) stage, during which they may have a low
level of infectivity. The differential equations of the SEIR
model are given as [28,29]:
dS/dt = – βSI/N
dE/dt = βSI/N – σE
dI/dt = σE – γI
dR/dt = γI
β = R0γ

where β is the transmission rate; σ is the infection rate
calculated by the inverse of the mean latent period; γ is the
recovery rate calculated by the inverse of the infectious
period.
R software (Version 3.6.2) was applied for all the

calculations and estimates in the current study.

Data collection and parameter values

Estimation of the epidemic trend in both Hubei Province
and Wuhan

We first estimated the epidemic trend in Hubei Province
and Wuhan, respectively, with phase adjusted Re to keep in
line with the actual levels of prevention and control
measures in different phases. At baseline, S was assumed
to be the population of Hubei Province (59.17 million) and
Wuhan (11 million), respectively [8,30]. The initial
assumed numbers of cases caused by zoonotic exposure
were 40 (I) in Wuhan according to Imai et al.’s estimation
[4] and 60 (I) in Hubei Province calculated by the
proportion of Wuhan infectious cases in Hubei Province
from daily reported data released by NHC. We assumed E
at 20 times of I in accordance with Read et al. [5]. Absence
of fever in COVID-19 cases is more frequent than in
SARS-CoV and MERS-CoV infection [31]. Such patients
may be missed for diagnosis since the current surveillance
case definition focused mainly on fever detection.
Accordingly, the possibility of E at 30 times of I cannot
be excluded. Therefore, we also explored the model with E
at 30 times of I to provide a possible range of infections. R
was set as 0. s was set as 1/5.2 according to the latest
article by Li et al. [8], which calculated the mean
incubation period of COVID-19 to be 5.2 days. Chen
et al. [32] calculated the average hospitalization period of
31 discharged patients to be 12.39 � 4.77 days. Yang et al.
calculated the median time from disease onset to diagnosis
among confirmed patients to be 5 days [33]. g was
accordingly set as 1/18 (ceiling of 12.39+ 5 is 18) [7].
Re was chosen by various phases. The first phase ranges

from December 1, 2019 to January 23, 2020 and can be
regarded as the early phase of the epidemic when a few
prevention and control measures were implemented. R0

was set as 3.1 consistent with Imai et al.’s estimation of
high transmission level [4]. On January 23, 2020,
airplanes, trains, and other public transportation within
the city were restricted and other prevention and control
measures such as quarantine and isolation were gradually
established in Wuhan and Hubei Province [14]. So the
second phase began on January 24, 2020 and Re was set as
2.6 consistent with Imai et al.’s estimation of moderate
transmission level [4]. February 2, 2020 was the last day of
the extended Spring Festival holiday and more medical
resources were mobilized to support Wuhan and Hubei
Province ever since [34]. Two specialized hospitals which
came into service to admit more infections, and mobile
cabin hospitals, which were originally gymnasium, were in
operation to admit cases with mild to moderate symptoms
[18,19]. In addition, more and more medical teams arrived
in Wuhan and Hubei Province. Therefore, the third phase
began on February 3, 2020 and Re was set as 1.9 according
to Imai et al.’s estimation of low transmission level [4]. It
might take the longest incubation period (about 14 days)
for all these measures to take effect. Finally, the last phase
began on February 16, 2020 and Re was set as 0.9, 0.5, and
0.25, respectively, assuming the prevention and control
measures are sufficient and effective to depict three
different levels of preventive measures in reducing
transmission probability [7].

Estimation of the epidemic trend in regions outside Hubei
Province in China

Next, we provided an estimation of the epidemic trend in
regions outside Hubei Province in China, trying to fill the
research gaps and depict the disease holistically. Consider-
ing the large population flow between cities and provinces
during the Spring Festival, we chose the median date
(January 12, 2020) of the travel rush period as the starting
date of estimation. The set of S, R, σ, and γ was similar to
the first section. The initial values of I, 541 and 793, was
set based on the previous estimation of numbers of
infections in Wuhan with E = 20I and 30I, respectively [7],
and two assumptions. The first assumption indicates that
the outflow rate of the population from Hubei Province
was constant. In the second assumption, the proportion of
infected people in the outflow population was the same as
the proportion of infected people in Wuhan. We assumed
that exposed cases in regions outside the epidemic focus
are relatively less and calculated based on data reported by
NHC that E was approximately at 10 times of I in regions
outside Hubei Province in China.
Re was also selected by phases but different from those

in Wuhan and Hubei Province, considering the relatively
low cumulative number of COVID-19 cases and prompt
prevention and control measures in regions outside Hubei
Province in China. The first phase ranged from January 12
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to 23, 2020. This is the peak period of Spring Festival
travel rush. A few measures were taken during this time.
Transportation from Wuhan was not yet stopped. Regions
outside Hubei Province in China were assumed to be
confronted with the same transmission risk as Hubei
Province. Therefore, R0 was set as 3.1 consistent with Imai
et al.’s estimation of high transmission level [4]. By
January 26, 2020, 30 provinces in China had initiated the
first-level public health emergency response and conducted
medical examinations on each individual coming from
Hubei [15]. The epidemic entered into a new phase with
stringent measures implemented. The second phase began
on January 24, 2020 and Re was set as 1.9, consistent with
Imai et al.’s low estimation of moderate transmission level
[4]. After a long incubation period, February 6, 2020 was
regarded as a new time point when various measures began
to take effect. The number of newly-confirmed cases
decreased continuously for 14 days in regions outside
Hubei Province in China [35]. For the third phase, it began
on February 7, 2020 and Re was set as 0.9. Since February
14, 2020, the number of confirmed cases was significantly
reduced and the number of cases discharged from hospital
exceeded that of the newly-confirmed cases in several
provinces [3]. Therefore, the last phase began on February
14, 2020 and Re was set as 0.5, 0.3, and 0.15, respectively,
to predict the epidemic situations after different levels of
actual intervention taking effect.

Regional distribution of COVID-19 cases in China

Due to the limited daily data source in different regions in
China every day, we were unable to conduct estimation for

each region outside Hubei Province, but regarded them as a
whole continuous region. To supplement this, we described
the regional distribution of COVID-19 cases in China to
show the regional disparity of the current epidemic. The
epidemic maps of COVID-19 in China and Hubei Province
were drawn using ArcGIS 10.2 (Environmental Systems
Research Institute, Inc., California, USA) based on data
from National Earth System Science Data Center and
National Bureau of Statistics of China.

Results

Estimation of the epidemic trend in Wuhan

COVID-19 infections in Wuhan would reach 17 656–
25 875 by the end of the first phase (December 1, 2019–
January 23, 2020) with R0 as 3.1. At the end of the second
phase (January 24, 2020–February 2, 2020), it would be
32 061–46 905 with Re decreased to 2.6. During February
3 to 15, 2020 (the third phase), the number of infections
would reach 53 070–77 390 in the end when Re reduced
sequentially to 1.9. Finally, if Re could gradually drop to
0.9, 0.5 or 0.25 during the fourth phase as we estimated
(February 16, 2020–April 30, 2020), the peaks could occur
on February 23, February 19 or February 18, 2020 in
Wuhan. The number of infections could be 58 077–84 520,
55 869–81 393 or 55 303–80 588 with Re = 0.9, 0.5 or
0.25, respectively, and then might continue to decline in
March and April until the epidemic disappears. The actual
confirmed cases reported by NHC peaked on February 18,
2020, in line with our estimated epidemic trend with Re =
0.25 (Fig. 1 and Fig. 2).

Fig. 1 Phase-adjusted estimation of the number of COVID-19 cases in Wuhan, China (December 1, 2019– April 30, 2020, E = 20I).
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Estimation of the epidemic trend in Hubei Province

As shown in Fig. 3 and Fig. 4, the division of epidemic
phases and the determination of R values in Hubei
Province were the same as those in Wuhan. The number
of infections in Hubei Province would reach 26 559–
38 967 by the end of the first phase (December 1, 2019–
January 23, 2020) with R0 as 3.1 and would increase to
48 351–70 906 by the end of the second phase (January 24,
2020–February 2, 2020) as Re decreased to 2.6. When Re

reduced to 1.9, the number of infections would reach
80 441–117 856 at the end of the third phase (February 3,

2020–February 15, 2020). In the fourth phase (February
16, 2020–April 30, 2020) when Re gradually dropped to
0.9, 0.5 or 0.25 after effective prevention and control
measures taking effect, the epidemic peaks were expected
to occur on February 23, February 19 or February 18,
2020, respectively. The number of infections could
eventually be 88 310–129 312, 84 819–124 231 or
83 944–122 946 with Re = 0.9, 0.5 or 0.25, respectively,
and might keep dropping for next two months. The actual
confirmed cases reported by NHC peaked on February 18,
2020, which was exactly the same day as we estimated
with Re = 0.25 (Fig. 3 and Fig. 4).

Fig. 2 Phase-adjusted estimation of the number of COVID-19 cases in Wuhan, China (December 1, 2019–April 30, 2020, E = 30I).

Fig. 3 Phase-adjusted estimation of the number of COVID-19 cases in Hubei Province, China (December 1, 2019–April 30, 2020, E = 20I).
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Estimation of the epidemic trend in regions outside
Hubei Province in China

According to our prediction model, the number of
infections in regions outside Hubei Province in China
would reach 6531–9573 by the end of the first phase
(January 12, 2020–January 23, 2020) with R0 as 3.1 when
the number of initial infections were 541 and 793 on
January 12, 2020, respectively. However, it would increase
almost twofold to 11 870–17 400 by the end of the second
phase (January 24, 2020–February 6, 2020) as Re

decreased to 1.9. When Re was reduced sequentially to
0.9, the number of infections would decline correspond-

ingly to 13 035–19 108 by the end of the third phase
(February 7, 2020–February 13, 2020). The epidemic
peaks would appear on February 13, 2020 and the total
number of infections would keep falling after that. In the
last phase (February 14, 2020–April 30, 2020), Re was
expected to drop gradually to 0.5, 0.3, and 0.15 with
effective prevention and control measures in effect. By
then the number of infections would be 2346–3439, 1051–
1541, and 540–790 with Re = 0.5, 0.3, and 0.15,
respectively, on April 30, 2020. The actual confirmed
cases in regions outside Hubei Province peaked on
February 11, 2020, two days ahead of our estimated peak
day (Fig. 5 and Fig. 6).

Fig. 4 Phase-adjusted estimation of the number of COVID-19 cases in Hubei Province, China (December 1, 2019–April 30, 2020, E = 30I).

Fig. 5 Phase-adjusted estimation of the number of COVID-19 cases in regions outside Hubei Province, China (January 12, 2020–April 30, 2020,
E = 10I, I = 541).
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The number of deaths of COVID-19 cases might range
from 2686 to 6207 in Hubei Province (including 2212–
5071 in Wuhan). It is estimated that there would be about
91–191 deaths due to COVID-19 in regions outside Hubei
Province (Table 1).

Regional distribution of COVID-19 cases in China

We compared the cumulative number of confirmed
COVID-19 infections and infection rate (per million
population) on January 20, 2020 with that on March 11,
2020 in China, particularly in Hubei Province.
By January 20, 2020, there were 270 cases in Hubei

Province and 21 imported cases in regions outside Hubei
including 14 in Guangdong Province, 5 in Beijing, and 2 in
Shanghai. As of March 11, 2020, the cumulative number of
confirmed cases in China (including Hong Kong, Macao,
and Taiwan) reached 80 980. In regions outside Hubei
Province, there is a more severe epidemic in major
financial regions (Beijing, Guangdong, and Shanghai)
and regions neighboring Hubei Province (Anhui, Chong-

qing, Henan, Hunan, Jiangxi, and Jiangsu), where more
than 10 per million population were infected. Inner
Mongolia, Liaoning, Qinghai, Taiwan, and Tibet are
among the few regions where the number of confirmed
diagnoses per million population was less than 3 in China.
Within Hubei Province, the cumulative number of

confirmed cases reached 67 781, surging nearly 250
times from January 20 to March 11, 2020. Wuhan, the
epidemic focus of COVID-19, accounted for 73.7% of the
total confirmed number in Hubei Province (more than 4500
per million population). There are differences in the
prevalence of different distances from Wuhan. In the areas
adjacent to Wuhan (Ezhou, Xiaogan, Xiantao, Huanggang,
and Xianning), the average infection rate was 330 to 1214
per million population. Conversely, the infection rate of
three relatively distant provincial cities (Shiyan, Enshi, and
Shennongjia Forestry District) was 75 to 196 per million
population.

Discussion

The epidemic trend and transmission risk of COVID-19
called for timely estimation to evaluate the effectiveness
and sufficiency of the current control and treatment
measures. Data reported by NHC indicate a great
difference between the epidemic focus regions Wuhan
and Hubei Province and regions outside Hubei Province in
China, necessitating the region-adjusted estimation of the
epidemic trend. In early phase of the epidemic, few control
measures resulted in the rapid growth of the outbreak.
Based on previous studies, more than 100 000 people
would be infected in China without effective prevention

Fig. 6 Phase-adjusted estimation of the number of COVID-19 cases in regions outside Hubei Province, China (January 12, 2020– April 30, 2020,
E = 10I, I = 793).

Table 1 Estimating the number of deaths of COVID-19 cases in China
Number of deaths Number of cases

Wuhan 2212–5071a 55 303–84 520

Hubei Province 2686–6207b 83 944–129 312

Regions outside
Hubei Province

91–191c 13 035–19 108

a The estimated percent of deaths is about 4%–6%.
b The estimated percent of deaths is about 3.2%–4.8%.
c The estimated percent of deaths is about 0.7%–1%.
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and control measures (Re > 3) [5,6]. On January 23, 2020,
public transportation to and from Wuhan were restricted,
and more and more prevention and control measures such
as quarantine and isolation were gradually established in
China. Since then, Re was expected to gradually step down
with strict measures coming into effect. Therefore, in the
current study, a phase- and region-adjusted SEIR model
was performed to estimate the number of infections in
China.
Hubei Province and its capital city Wuhan are the

epidemic focus regions where the COVID-19 outbreak
emerged. The trend of the estimated cases in Hubei
Province including Wuhan is in accordance with the trend
of currently confirmed cases. The relatively big difference
in number may be due to the possible existence of a large
number of mild and asymptomatic cases and the limita-
tions of current diagnostic measures. Therefore, the
epidemic peaks are highly possible to occur in Wuhan
and Hubei in late February 2020 as estimated in the current
study. The estimated peak number of infections would be
55 303–84 520 and 83 944–129 312, respectively, and
would occur around February 20, 2020. Our estimated
epidemic trend was in line with the actual trend reported by
NHC, increasing the credibility of the estimation model.
At the early stage of the outbreak, for lack of awareness

of the disease and sufficient prevention and control
measures, a huge number of latent infections flowed out
from Hubei Province across the country during the Spring
Festival. Regions outside Hubei Province might be
confronted with similar risk of COVID-19 transmission
as Hubei. However, in later phases, Re values in regions
outside Hubei Province in China may decline faster than
those of Hubei Province and Wuhan because of the
following reasons. Compared with the epidemic focus
regions, there were fewer infections in other regions in the
early stage. The epidemic intensity of the disease was not
so high as in Wuhan and Hubei. And the medical resources
were relatively more sufficient. The daily number of
newly-confirmed cases in regions outside Hubei Province
in China has decreased since February 4, 2020. The
number of newly-added recovered cases exceeded that of
newly-confirmed cases while the number of existing
confirmed cases has begun to decline since February 12,
2020. Our estimation findings support the assertion that the
epidemic peaks may have already emerged [3]. It’s further
proved by our estimation. In regions outside Hubei
Province in China, the turning point of the model appeared
on February 13, 2020. The peak number of infections was
19 108 as estimated. It is reasonable to speculate that the
outbreak would be halted soon with maintaining the
effective prevention and control measures all over the
country.
At present, the situation of epidemic prevention and

control in China is showing a positive trend, the work of
enterprise epidemic prevention and control still needs to

implement. The deployment of strengthening epidemic
control and resumption of work issued by the Communist
Party of China Central Committee and the State Council is
used to guide all regions to further promote the effective
implementation of enterprise resumption of work and
epidemic prevention and control [36]. This announcement
together with our estimation provide evidence for planned
work resumption under stringent prevention and control in
regions outside Hubei Province in China to further support
the fight against the epidemic. Prevention and control
measures for returning population migration should be
paid great attention, especially in the regions with high
intensity of epidemic such as Hunan, Guangdong,
Zhejiang provinces as well as densely-populated cities
such as Shanghai and Beijing. A 14-day medical
observation period and protective measures in the work-
place or other public spaces are still of great importance to
prevent the reversal of the epidemic trend, even when the
peak of the confirmed cases seemed to have emerged.
It is hard to estimate the number of deaths of COVID-19

cases during the outbreak stage. Early research has
calculated the case fatality rate (CFR) of 11% [32],
however with the application of potentially effective new
therapies such as convalescent plasma from the recovered
patients and cytokine storm monoclonal antibody drugs
[37], the cure rate of severe and critically ill patients is
expected to increase. We calculated the CFR of COVID-19
to be 4%–6% in Wuhan and 3.2%–4.8% in Hubei Province
according to NHC report [3]. The CFR outside Hubei
Province was calculated to be 0.7%, but considering that
there are still some severe and critically ill patients in the
hospital, the CFR was extended to 0.7%–1.0%. At present,
great importance must be attached to further strengthening
the treatment of severe patients in order to effectively
reduce the CFR.
The present study has some limitations. Firstly, the SEIR

model was based on a few essential assumptions (e.g., no
multiple zoonotic sources of the virus, no infectivity during
incubation period, and no super-spreaders), which lacked
supportive evidence currently. Specifically, due to the
inherent limitation of the SEIR model [25], which assumes
diseases spread evenly across homogeneous population,
the number of cases in the current study might be
underestimated constrained by the possible existence of
super-spreaders and asymptomatic infectors. We could do
essential modification to the estimation model in future
research. Secondly, the accuracy of the estimation model
depends largely on the accuracy of the parameters it used
(S, E, I, R, β, σ, and γ). Data lags might exist since the
parameters (such as recovery period) were based on
published literatures rather than real-time data. There are
inevitable deviations between the prediction and reported
data. The predicted data are relatively stable, while the
reported data may be affected by many real-time human
factors. For example, the currently not stringent enough
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standard for recovery (proven by the occurrence of those
discharged but turned out to be not fully recovered) may
make the reported peak falsely advanced. Despite the
deviations, the epidemic trend estimated by SEIR model
could provide theoretical reference for disease prevention
and control. With more precise parameters obtained as the
epidemic progresses and more published researches, our
estimation model will also be more precise. We will further
revise the model in the future research. Thirdly, since Re is
a dynamic parameter, it would be hard to avoid bias in the
model when using a fixed Re value in every single phase.
Furthermore, the model involved so many parameters that
the multi-sensitivity analysis would be very complex. For
that reason, we only considered the relationship between
number of people exposed to disease (E) and number of
people infected (I), which we thought would impact the
model mostly, and made two possible assumptions (i.e.,
E = 20I and E = 30I). SEIR model was also estimated with
two initial data in regions outside Hubei Province. The
number of infected people leaving Wuhan was calculated
as 541 and 793 based on our predictive number in Wuhan
under two different assumptions. They could be considered
as equivalents to sensitivity analyses in some extent. Also,
the model fit information should be supplemented once the
data corresponding to actual situations are available in the
future. With practical restriction, we regarded regions
outside Hubei Province in China as a whole mainly
because the big differences among regions outside Hubei
Province are not as significant as those between Hubei
Province and other regions, and it is uncertain to predict the
epidemic trend for every province and city separately with
uncertain essential parameters. Lastly, the SEIR model in
the current study is usually used to estimate the epidemic in
a closed crowd. The relatively large population flowing in
regions outside Hubei Province in China may make the
application of the model not as reasonable as in Wuhan and
Hubei Province. Due to the inconstant domestic population
migration and the increasing potential cases imported from
abroad in the coming weeks, it is hard to make accurate
epidemic forecast in the SEIR model, especially for the
possible second outbreak.
Despite the limitations mentioned above, this study was

the first phase- and region-adjusted estimation of the
epidemic trend in strict-controlled Hubei Province and
regions outside Hubei in China based on the latest data.
The peak of the number of infections would probably
occur by the end of February in Hubei Province and
Wuhan, and may have occurred in regions outside Hubei
Province. Nevertheless, there is still possibility of the
second outbreak brought by the work resumption and
population migration, especially from Hubei Province and
high intensity cities outside Hubei Province. Therefore,
strict prevention and control measures still need to be
considered, especially in the regions with high intensity of

epidemic such as Hunan, Guangdong, Zhejiang provinces
as well as densely-populated cities such as Shanghai and
Beijing.
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