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Objective To design models of the spread of coronavirus disease-2019 (COVID-19) in Wuhan and the effect of Fangcang shelter hospitals
(rapidly-built temporary hospitals) on the control of the epidemic.

Methods \We used data on daily reported confirmed cases of COVID-19, recovered cases and deaths from the official website of the Wuhan
Municipal Health Commission to build compartmental models for three phases of the COVID-19 epidemic. We incorporated the hospital-
bed capacity of both designated and Fangcang shelter hospitals. We used the models to assess the success of the strategy adopted in
Wuhan to control the COVID-19 epidemic.

Findings Based on the 13348 Fangcang shelter hospitals beds used in practice, our models show that if the Fangcang shelter hospitals had
been opened on 6 February (a day after their actual opening), the total number of COVID-19 cases would have reached 7413798 (instead
of 50844) with 1396017 deaths (instead of 5003), and the epidemic would have lasted for 179 days (instead of 71).

Conclusion While the designated hospitals saved lives of patients with severe COVID-19, it was the increased hospital-bed capacity of
the large number of Fangcang shelter hospitals that helped slow and eventually stop the COVID-19 epidemic in Wuhan. Given the current
global pandemic of COVID-19, our study suggests that increasing hospital-bed capacity, especially through temporary hospitals such as
Fangcang shelter hospitals, to isolate groups of people with mild symptoms within an affected region could help curb and eventually stop
COVID-19 outbreaks in communities where effective household isolation is not possible.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

On 30 January 2020, the World Health Organization de-
clared coronavirus disease-2019 (COVID-19) a public health
emergency of international concern.' The disease was first
reported in Wuhan, China, in December 2019. To control the
COVID-19 epidemic, Wuhan, a city with an estimated popula-
tion of 10 million, started a lockdown on 23 January 2020.” The
city itself was quarantined and turned into an isolation ward.’?

To alleviate the shortage of doctors and medical resources,
medical teams and materials were dispatched in batches to Wuhan
from other parts of China.* Several hospitals in Wuhan were desig-
nated as COVID-19 hospitals and their capacity to accept daily con-
firmed cases of COVID-19 was increased.”® However, the number
of confirmed cases continued to grow even though quarantine and
social-distancing policies were strictly enforced.” The situation with
the epidemic did not improve until the opening of Fangcang shelter
hospitals on 5 February 2020. Fangcang shelter hospitals are rapidly
built temporary hospitals composed of several movable shelters; they
are equipped to provide services such as emergency treatment,
surgical treatment and clinical examination.®

To effectively control the spread of COVID-19, the gov-
ernment of Wuhan decided to move all COVID-19 patients
together, enlist all experts in infectious diseases and doctors
(health-care personnel) and centralize all resources.”'’ To
implement these policies, on 3 February, the decision was
taken to treat patients by severity of infection and to start
building Fangcang shelter hospitals for mild cases, who did
not need intensive care. This approach effectively changed
the family-based quarantine approach into group isolation of
mild confirmed cases."!

Wuhan continued to build more Fangcang shelter hos-
pitals and by the middle of February, the daily number of
new confirmed cases started to decrease (Fig. 1). While the
availability of hospital beds in both designated hospitals and
Fangcang shelter hospitals and sufficient health-care person-
nel were important in minimizing the transmission of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in
the city, it was recognized that front-line health-care personnel
in close contact with infectious patients had a much higher
risk of infection. By 11 February, 3019 health-care personnel
had been infected and five had died."
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Fig. 1. Daily number of confirmed cases of COVID-19 in total (23 January—17 March) and in health-care personnel (23 January-11
February), and cumulative daily number of occupied hospital beds in Fangcang shelter hospitals (5-22 February), Wuhan, China,
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COVID-19: coronavirus disease-2019.
Data source: Wuhan Municipal Health Commission.'?

Here, we build compartmental
models to mimic the spread of CO-
VID-19 in Wuhan and examine how the
lockdown policy controlled the epidem-
ic. We computed the basic reproduction
numbers to assess the risk of infection
in health-care personnel and the general
public. We also estimated the number
of hospital beds needed to control the
COVID-19 epidemic. Many modelling
studies of COVID-19 in Wuhan have
been done;'*"'” however, these models
did not consider the roles played by the
beds in the Fangcang shelter hospitals
and health-care personnel in the infec-
tion dynamic.

Methods

Data used

The epidemic of COVID-19 in Wuhan
resulted in 50003 infections and 2469
deaths as of 15 March 2020."® We ob-
tained data on the reported daily new
confirmed cases of COVID-19, recov-
ered cases and deaths from 23 January
to 17 March from the official website of
the Wuhan Municipal Health Commis-
sion.”” When lockdown started, testing
resources and health-care personnel
were limited. As a result, the data are af-
fected by a testing time lag from the date
of onset of symptoms to the date of the
test result and, therefore, the number of
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confirmed cases reported in the data are
not the actual number of infections on a
specific day. In addition, the diagnostic
criteria for COVID-19 were updated
five times. As shown in Fig. 1, the daily
number of confirmed cases increased
substantially on 13 February, reaching
about 12000. This sudden jump can be
attributed to a change in national test
standards.” Hence, we used data only
from 12 February onwards to estimate the
model parameters and initial variables.
In our models, we treated health-
care personnel separately from the
general public. We extracted data on
the cumulative number of infected
health-care personnel in Wuhan, Hu-
bei province (excluding Wuhan) and
daily infected health-care personnel in
the whole country'>***! to calculate the
daily infection of health-care personnel
in Wuhan from 23 January to 11 Febru-
ary. When the lockdown started, many
health-care personnel were infected
because of the limited hospital capacity
to handle the large number of patients
(Fig. 1). The number of reported cases
among health-care personnel started to
decrease in the middle of February when
a large number of hospital beds were
added through the building of the Fang-
cang shelter hospitals. As an indication
of the effectiveness of control measures,
we estimated the bed capacity of the des-
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ignated hospitals and Fangcang shelter
hospitals from data in public reports for
Wuhan."** We denoted T, as the date
when the lockdown started (23 January
2020), T, as the date when the first bed
in the Fangcang shelter hospitals opened
(5 February) and T, as the date when no
new Fangcang shelter hospital beds were
installed and more of the beds became
free (22 February). We defined phase I
of the epidemic as the period from T,
to T, phase II as the period from T to
T,, and phase III as the period from T,
to the time that our simulations were
terminated. We denoted B, (¢) as the total
number of designated-hospital beds.
Thus, if b (t) is the number of new beds
for COVID-19 patients installed a day
in the designated hospitals, then

B,()=B,(T,)+ [, b(s)ds.t T,
()

Similarly, we defined the total number
of beds in Fangcang shelter hospitals as:

B,(6) = [, b,(s)ds,t >T, ®)

where b,(t) is the number of new beds in-
stalled per day in Fangcang shelter hospitals.
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In a standard designated hospital
or Fangcang shelter hospital, given the
limited resources, the ratio of num-
ber of beds to number of health-care
personnel is usually fixed to ensure
proper care. We use k, and k, to denote
these ratios in designated hospitals and
Fangcang shelter hospitals, respectively.
With information from the Wuhan Mu-
nicipal Health Commission* and news
report,”>** we calculated k, as 2.486
and k, as 1.107, from which we deter-

mined the total number of health-care
personnel. With the construction and
assignment of designated and Fangcang
shelter hospitals, the number of hos-
pital beds used became an important
quantity to reflect the progression and
severity of the epidemic. We defined
V() and V() as the number of avail-
able beds in designated hospitals and
Fangcang shelter hospitals, respectively.
The number of beds started to increase
on 15 February and the cumulative

Juan Lietal.

number of new confirmed cases started
to decrease on 22 February. Therefore,
we did not count the extra beds installed
after 22 February, even though the plan
to build more Fangcang shelter hospi-
tals continued. We thus determined
B,(22) as 13348, the limit of B,(¢). In
addition, we defined the end date of
the COVID-19 epidemic in Wuhan
to coincide with the date that satisfies
B(t)=V(t), I=1,2, when empty beds in
the designated hospitals and Fangcang

Fig. 2. Actual and fitted data for cumulative number of COVID-19 infections, Wuhan, China, 23 January-17 March 2020
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Note: The data from 23 January to 12 February (light blue star markers) were not used in the parameter estimation.

Data source: Wuhan Municipal Health Commission.'”

Fig. 3. Actual and fitted data for cumulative number of COVID-19 infections in health-care personnel, Wuhan, China, 23 January-17

March 2020
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Note: We extracted data on the cumulative number of infected health-care personnel in Wuhan, Hubei province (excluding Wuhan) and daily infected health-care
personnel in the whole country'**?' to calculate the daily number of infections of health-care personnel in Wuhan from 23 January to 11 February.
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shelter hospitals are available to admit
new patients. Note that the daily num-
ber of newly built beds planned was not
the actual number opened and all beds
were opened on a day to day basis as
needed.”* We used the moving aver-
age method to smooth the cumulative
number of beds to calculate the daily
number of new beds put into use (avail-
able in the data repository).*

Models

We developed deterministic suscepti-
ble-exposed-asymptomatic-infectious-
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recovered models for the three phases
of the epidemic based on the assump-
tions listed in Box 1 (available at: http://
www.who.int/bulletin/volumes/98/12/
20-258152). We divided the population
into three groups: non-health-care
personnel (subscript w), health-care
personnel in designated hospitals (sub-
script h) and health-care personnel in
Fangcang shelter hospitals (subscript
g). We further classified these groups
as: susceptible (S,(t)), exposed (E(t)),
asymptomatic (subclinical) infection
(A1), infectious pre-symptomatic

(will eventually show symptoms)
(I,(1)), infectious symptomatic (I,,(t))
and recovered (R(t)). Based on the
flowcharts for the three phases of the
epidemic (data repository),” we es-
tablished model equations accordingly
(data repository).*

We estimated model parameters
and calculated the basic reproduction
number R, for phase III using the next-
generation matrix method.” Using R,
we defined the instantaneous risk index
as R (1).”"*' The formulas for R and R (t)
are given in the data repository.?®

Fig. 4. Actual and fitted data for cumulative number of recoveries from COVID-19, Wuhan, China, 23 January-17 March 2020
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Fig. 5. Actual and fitted data for cumulative number of COVID-19 deaths, Wuhan, China, 23 January-17 March 2020

3000
2500 EEFER * kKK KKK
S 2000
g o
= *
= 1500 **
£
=
~ 1000
500 F
* X
0 I T T T T T T T T T T T T T T T T T T T T T T T T T 1
2325 279 3112 4 6 10 12 14 16 18 20 22 24 26 28 4 6 8 10 12 14 16 18 20 22
Jan Feb Mar
2020
— Fitteddata % Actual data
COVID-19: coronavirus disease-2019.
Data source: Wuhan Municipal Health Commission."”
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Sensitivity analysis

Given the uncertainty of the model
parameters, we did a sensitivity analysis
of key parameters, including the trans-
mission rates (fs), the proportion of
subclinical infections (a) and the num-
ber of beds in the designated hospitals
and Fangcang shelter hospitals (b,,b,).
We used the Latin hypercube sampling
and partial rank correlation coefficient
method.”” To examine how these param-
eters affected the transmission over the
three phases of the epidemic, we gener-
ated 3000 samples of these parameters,
using Latin hypercube sampling and
varied them between 80% and 120% of
their estimated values. We then verified
the monotonic relationships between
the parameters and the outcomes of
the models. We calculated the values of
the partial rank correlation coefhicient,
which determine the significance (par-
tial rank correlation coeflicient magni-
tude >0.5 required) of each parameter
to variations in the model outcomes.

Simulations

We set the initial values and some pa-
rameters for each phase using the data
available. On dayT,, we set the initial
values for variables for Fangcang shelter
hospitals to zero (Table 1; available at:

http:// www .who .int/ bulletin/ volumes/
98/12/20-258152). We estimated the
initial values for the six state variables
for non-health-care personnel and the 14
parameters associated with transmission
using Bayesian methods. We assumed
prior distributions of the parameters were
multivariate Gaussian. We determined
the values of the parameters as the mean
of the posterior distributions, which we
obtained using Markov chain Monte
Carlo methods and used the adaptive
Metropolis-Hastings algorithm with
150000 iterations and a 90000 iteration
burn-in reference.”” We assessed chain
convergence by the Geweke statistic
with values greater than 0.9 indicating a
satisfactory chain convergence.

To further assess the effect of
medical resources in controlling the
COVID-19 epidemic in Wuhan, we
calculated the hospital beds per 1000-in-
fected-person ratios™ to quantify the
minimum number of beds required in
different scenarios. In the case of suffi-
cient or increasing medical resources,
we estimated the hospital beds per
1000-infected-person ratio as:

In
— %1000 (3)
Pop

Juan Lietal.

where Pop is the total population in
Wuhan and the maximum number of
inpatients daily (In, ) is determined
by I ,,(t) + I ,,(t). Larger values of the
hospital beds per 1000-infected-person
ratio mean more beds are needed to
mitigate the epidemic.

Results

Using the daily numbers of new beds in
the designated hospital (23 January-25
February) and the Fangcang shelter
hospitals (5-22 February), we fitted
our model to the data of cumulative
confirmed cases, recovered cases and
deaths from 23 January to 17 March,
and the cumulative number of cases
among health-care personnel from 23
January to 11 February. The estimated
parameters and highest density intervals
are shown in Table 1 and Table 2 (avail-
able at: http:// www.who.int/bulletin/
volumes/98/12/20-258152).

Fig. 2, Fig. 3, Fig. 4 and Fig. 5 show
our data fitting and simulation results.
Our models fitted well with the normal-
ized mean square error 0.97. We esti-
mated that 0.95% (95% CI: 0.95-0.96)
of the total exposed cases progressed
to symptomatic infections (Table 2),
ie. 4.70% (95% CI: 4.40-4.98) pro-
gressed to subclinical infections, which

Table 3. COVID-19 epidemic size and length under different hypothetical scenarios for Fangcang shelter hospitals, Wuhan, China, 2020

Scenario Peak size, highest Peak time, Total no. Length of Total no. Hospital

no. of cases a day days after of infections epidemic, of deaths beds/1000
23 Jan days infected persons

Three-phase 39771 (95% Cl: 30 50844 (95% Cl: 71 5003 (95% Cl: 3323

model® 39727-39827) 50757-50915) 4 888-5 065)

Without Fangcang 4510842 55 7467768 261 1853492 NA

shelter hospitals

Start to use Fangcang shelter hospitals

23 Jan 8976 6 12729 35 324 0.625

30 Jan 12888 9 17218 41 795 0.931

2 Feb 16736 13 22606 47 1301 1.224

6 Feb 2701981 73 7413798 179 1396017 NA®

No. of Fangcang shelter hospital beds

2b,(1) 21963 16 30164 53 1984 1.613

1.5b,(1) 24736 17 31491 54 2182 1.860

1.2b,(0) 29592 21 37426 60 2566 2.282

0.8b,(1) 2783960 70 7404 566 174 1415510 NA®

Use of the 13 348 beds in Fangcang shelter hospitals in 1 or 2 weeks

1907 beds a day 28818 19 37892 59 2362 2.138

953 beds a day 2789770 70 7420852 176 1418806 NA®

Cl: confidence interval; COVID-19: coronavirus disease-2019; b,: number of new beds used in Fangcang shelter hospitals a day in three-phase model; NA: not

applicable.

¢ Fangcang shelter hospitals put into operation on 5 February 2020.
® |n this case, the number of beds cannot be used to calculate the actual ratio of hospital beds/1000 infected persons because they are too few to control the

epidemic.
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is higher than the previously reported
value of 1.20%."

The results of our model simulation
show the peak value of the epidemic of
39771 cases (95% CI: 39727-39827)
on 21 February, 30 days after the lock-
down on 23 January (Table 3). The total
number of infections is 50 844 (95%
CI: 50757-50915), the total number
of hospital deaths is 2920 (95% CI:
2817-2985) and overall deaths (includ-
ing those who died because they could
not get treatment in time) is 5003 (95%
CI: 4888-5065). Our model shows that
the number of new cases a day falls to
zero after 2 April, (95% CI: 2 April-3
April), corresponding to 71 days after
implementation of the lockdown.

Shelter hospital beds

Simulations shown in Fig. 6 and Fig. 7
(scenario 1) show the number of CO-
VID-19 cases a day and cumulative
number of deaths a day with different
dates of opening the Fangcang shelter
hospital beds. The models show that
the earlier the Fangcang shelter hos-
pitals open, the greater the reduction
in the total number of infections, and
the shorter the length of the epidemic.
Our simulations show that if the Fang-
cang shelter hospitals opened on 30
January, the number of infections would
peak on 31 January (peak value 12888
infections), the epidemic would be
shortened by 30 days, compared with
the Fangcang shelter hospitals open-
ing on 5 February, the total number of
infections would decrease by 66.14%
((50844-17218)/50 844), and the total
number of deaths would decrease by
84.11% ((5003-795)/5003; Table 3).
Furthermore, in our model, if Wuhan
started to build the Fangcang shelter
hospitals the day the lockdown started
on 23 January, the epidemic would
reach its peak on 29 January with a daily
peak of only 8976 infections, the total
number of infections would decrease
by 74.96% ((50 844—12729)/50 844),
the length of the epidemic would be 36
days shorter and the cumulative number
of deaths would be reduced by 93.52%
((5003-324)/5003).

Wuhan planned to provide 30000
Fangcang shelter hospital beds,” but
by 22 February when the first empty
bed became available for patients, only
13348 Fangcang shelter hospital beds
had been used. As shown in Table 3

Research
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Fig. 6. Number of daily confirmed cases of COVID-19 under different hypothetical
scenarios, Wuhan, China, 23 January-9 August 2020
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COVID-19: coronavirus disease-2019.

Notes: Scenario 1is the number of daily confirmed cases for different opening dates of Fangcang shelter hospitals (23 or 30
January, or 2,5 or 6 February 2020). Scenario 2 is the number of daily confirmed cases if the number of Fangcang shelter
hospital beds used a day from 5 February 2020 (b,) is 1.2, 1.5 and 2 times higher than that of the model and 0.8 times lower.
Scenario 3 is the number of daily confirmed cases in the absence of Fangcang shelter hospitals if the transmission rate (B, is
0.2,0.4,0.5,0.6 and 0.8 times lower than that of the model. Scenario 4 is the number of daily confirmed cases in the absence
of Fangcang shelter hospitals if the number of beds used in designated hospitals is 1.2, 1.5 and 2 times higher than that of
the model and 0.8 times lower.
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and Fig. 6 (scenario 1), if the Fangcang 5 7 cumulative number of deaths from COVID-19 under different hypothetical

shelter hospitals were launched on 6 scenarios, Wuhan, China, 23 January-9 August 2020
February with 13348 beds used, the

total number of infections would reach
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13348 beds had been opened in 2 weeks 2 6000 - ',' /
with 953 beds a day, Wuhan would have § 1000 " i
missed the opportunity of isolating the 5 2000 / /
large number of confirmed cases, which o | ‘ | | |
:\.fould. hivf lle((ijfobcl)ve31;7.4 million infec- 23 Jan 12 Mar 1May 20 Jun 9Aug
ions in total (Table 3).
The values of the hospital beds per —Model —B 2, —B 15:020 g2 -=f 08,

1000-infected-person ratio in different
hypothetical scenarios are given in Ta-  covip-19: coronavirus disease-2019.
ble 3, Table 4 and Table 5. If the available Notes: Scenario 1 is the cumulative number of deaths for different opening dates of Fangcang shelter hospitals (23 or 30
hospital beds are too few to control the January, or 2, 5 or 6 February 2020). Scenario 2 is the cumulative number of deaths if the number of Fangcang shelter

. . . . hospital beds used a day from 5 February 2020 b, is 1.2, 1.5 and 2 times higher than that of the model and 0.8 times lower.
epldemlc, 1t 1s not p0551ble to estimate o403 is the cumulative number of deaths in the absence of Fangcang shelter hospitals if the transmission rate (8,) is
the hospital beds per 1000-infected- 0.2,04,0.5,0.6 and 0.8 times lower than that of the model. Scenario 4 shows cumulative number of deaths in the absence
person ratio in the absence of additional  of Fangcang shelter hospitals if the number of beds used in designated hospitals is 1.2, 1.5 and 2 times higher than that of
the model and 0.8 times lower. For all the scenarios with NA (not applicable), the public health system will collapse, and the
L i original model is not applicable anymore. We simulate the case by modifying the model accordingly, considering possible
method of replenlShlng beds in the herd immunity and variation of parameters for the non-healthcare group due to a lack of hospital resources.

data on the time, number of beds and
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Fangcang shelter hospitals. In general,
the earlier beds in the Fangcang shelter
hospitals are opened, the smaller the
hospital beds per 1000-infected-person
ratio needed to control the scale of the
epidemic (Table 3 and Table 4). We
also found that if the Fangcang shelter
hospitals are not opened promptly, the
hospital beds per 1000-infected-person
ratio increases and does not guarantee
effective control.
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Absence of shelter hospitals

Before the establishment of the Fangcang
shelter hospitals, most patients were asked
to quarantine or isolate at home because
medical resources were insufficient. We
analysed the effect of home isolation in the
absence of the Fangcang shelter hospitals.

Without the Fangcang shelter hospi-
tals, the epidemic could still be effectively
controlled. Fig. 6 and Fig. 7 (scenario 3)

show that medium to substantial reduc-
tions in contact transmission rates can
reduce the peak number of daily infec-
tions and the final size of the epidemic,
delay the peak time, and reduce the
length of the epidemic. However, the total
number of deaths will increase because
of insufficient resources in the designated
hospitals and the inability to provide im-
mediate treatment to some critically ill
patients (Table 5).

Table 4. COVID-19 epidemic size and length under different hypothetical scenarios with Fangcang shelter hospitals opened on 6

February 2020, Wuhan, China

Scenario Peak size, highest ~ Peak time, Total no. Length of Total no. Hospital
no. of cases a day days after of infections epidemic, of deaths beds/1000
23 Jan days infected persons

6 Feb 2701981 73 7413798 179 1396017 NA
Fangcang shelter 37497 26 48836 68 4290 2976
hospital 1.2b,°

7 Feb + 2500° 33610 23 42282 63 3053 2632

9 Feb + 2500° 36468 25 46747 67 4064 2.893

12 Feb + 2 500° 41609 28 54116 72 4893 3.345

COVID-19: coronavirus disease-2019; NA: not applicable.

° b, denotes number of new beds used in Fangcang shelter hospitals a day.

® Number of newly added beds.

Table 5. COVID-19 epidemic size and length under different hypothetical scenarios if Fangcang shelter hospitals had not been used,

Wuhan, China, 2020
Scenario Peak size, highestno.  Peak time, Total no. Length of Total no. Hospital
of cases a day days after of infections epidemic, of deaths beds/1000
23 Jan days infected persons
Three-phase 39771 30 50844 71 5003 3323
models®
Without Fangcang 4510842 55 7467768 161 1853492 NA®
shelter hospitals
Different contact infection rates*
0.28, 12550 16 15026 40 1592 1.036
048, 16094 19 19947 46 1992 1.277
0.58, 19718 22 24679 51 2468 1.573
0.68, 26344 33 37002 68 6954 2.197
0.88, 2647611 70 7380173 167 1300171 NA®
B, 4849080 55 7497371 156 1668596 NA®
Different number of designated hospital beds in use?
2b, 8924 6 12721 35 321 0.621
1.5b, 13287 14 15942 42 1113 1.068
1.2b, 2645492 75 7402200 180 1377326 NAP
0.8b, 4834709 54 7471387 155 2178835 NAP

COVID-19: coronavirus disease-2019; NA: not applicable.

@ Fangcang shelter hospitals put into operation on 5 February 2020.
® In this case, the number of beds cannot be used to calculate the actual ratio of hospital beds/1000 infected persons because they are too few to control the

epidemic.

< B,=(B,,B,,): the combined format includes the infection rate of susceptible non-health-care personnel by asymptomatic infectious individuals who are not
health-care personnel (8,,) and the infection rate of susceptible non-health-care personnel outside designated hospitals or Fangcang shelter hospitals by infectious
symptomatic individuals who are not health-care personnel (8, ).

4 b, is the number of new beds used in designated hospitals a day.
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Fig. 6 and Fig. 7 (scenario 4) and
Table 5 show that an increase in the
capacity of designated hospitals can also
effectively control the epidemic in the ab-
sence of the Fangcang shelter hospitals.
When the number of designated-hospital
beds is increased by 1.5 times the actual
number, the peak number of daily infec-
tions is reduced to 13 287, the total num-
ber of infections is reduced to 15 942, the
epidemic duration shortened to 42 days,
and the total number of deaths reduced
to 1113. In contrast, if the number of
designated-hospital beds is reduced by
20%, the epidemic will spread on a much
larger scale and last longer.

Instantaneous risk indices

We assessed the instantaneous risk
index of COVID-19 in each phase
of the epidemic. In phase I with the
increasing number of designated-
hospital beds, the risk of transmission
was significantly reduced, R () <1,
compared with the early stage of the
outbreak (Fig. 8). However, the number
of designated-hospital beds was not
enough to cope with the increasing
number of new infections, so the risk
of infection to the general population,
R, (1), was still increasing with a pos-
sibility of exceeding 1 if no more beds
were added. When the Fangcang shelter
hospitals were opened with a steadily
increasing number of beds in phase II,
R, (t) decreased (Fig. 9), although the
risk to health-care personnel in desig-
nated hospitals and Fangcang shelter
hospital, R,(t) and Rg(t), respectively,
continued to increase slightly until
phase Il when R (t), R,(t) and Rg(t) all
decreased (Fig. 10, Fig. 11 and Fig. 12,
all available at: http:// www.who.int/
bulletin/volumes/98/12/20-258152).

Discussion

The lockdown of Wuhan provided a valu-
able opportunity to prevent and control the
spread of SARS-CoV-2 in China and some
other countries of the world.”® Our three-
phase models mimicked and revealed how
the Fangcang shelter hospitals and the
group isolation policy helped to stop the
epidemic in Wuhan. Our study suggests
that, in lockdown cities such as Wuhan
that have implemented social distancing
and effective testing, if household isolation
is not sufficient to inhibit the transmission
of the virus, then effective group isolation
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Fig. 8. Instantaneous risk index (R) for the general population and health-care
personnel in designated hospitals in phase | of the COVID-19 epidemic, Wuhan,
China, 23 January-5 February 2020
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COVID-19: coronavirus disease-2019.

Fig. 9. Instantaneous risk index (R) for the general population and health-care
personnel in designated hospitals and Fangcang shelter hospitals in phase Il of
the COVID-19 epidemic, Wuhan, China, 6-21 February 2020
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of large numbers of people with mild infec-
tion in Fangcang type of facilities can curb
an epidemic of COVID-19.

The success in tackling the COV-
ID-19 epidemic in Wuhan, particularly
the use of shelter hospitals, has been
acknowledged and many countries
have adopted a similar approach.®*
For example, Italy, New Zealand and
the United States of America have built
temporary hospitals by transformation
of caravans, ferries, trains and buses,
and city squares to set up tents based on
local conditions. As the pandemic has
become more widespread and may last
for years to come,” we suggest, when-
ever possible and if needed, countries
build more temporary hospitals such as
the Fangcang shelter hospitals.

0.6020
21Feb

2020

Our modelling has some limi-
tations. Because our focus was on
hospital beds and their role in miti-
gating and controlling the epidemic,
our models are based on simplified
assumptions. In addition, the data on
the number of daily beds are not ac-
curate because of counting processes
and reporting. More accurate data on
hospital beds will improve estimation
of the parameters, but the main results
of our work will not be significantly
affected.

Our findings may provide policy-
makers with useful information on
combatting COVID-19 by considering
increasing hospital-bed capacity to
enhance isolation of cases where home
quarantine is insufficient. l

Bull World Health Organ 2020;98:830-841D| doi: http://dx.doi.org/10.2471/BLT.20.258152


http://www.who.int/bulletin/volumes/98/12/20-258152
http://www.who.int/bulletin/volumes/98/12/20-258152

Juan Lietal.

Acknowledgements

J Li and P Yuan contributed equally to
this work. Q Li, T Zheng and J Li thank
the Laboratory of Mathematical Parallel
Systems and Centre for Disease Model-
ling, York University, for hosting them
while doing this research.

Research

Control of the COVID-19 epidemic in Wuhan, China

Funding: This research was supported
by the Canadian Institutes of Health
Research, Canadian COVID-19 Math
Modelling Task Force (JH, NO, BS, JB,
JDK, HZ), the Natural Science Founda-
tion of Jilin Province, the Natural Sci-
ences and Engineering Research Council

of Canada and York University Research
Chairs program (HZ), and the Chinese
Scholarship Council (PY, QL, TZ, YT).

Competing interests: None declared.

M‘cgb‘g‘g419&3§wb-c—b|

cUL>01739618(50844UAY&)7984137L;|J»A)
Uy 179 8 s &l <3185 (5003 (0 Vo) 3L
(71&&&)

guLal‘ LS’”JU oL>- AMa.U uM\ u.l.a.;\\‘.m: Lozl
aﬂ‘}“ dxw oJL:) oSS 19 M}S BB o>L>- 4.“.>u
L;Le_al.u\)cwMjSoub-,Lm\odmyLla\L;uJ.cugJ\
@19@ﬁ@\%\4w|w%\y & du)_g‘_jduL@,J\
colasandl S}NY\ dxw 8345 O le}-‘x Lol 53 0o ¢ LY
ddﬂ\uw&wlﬁjﬂuw\d%uﬁwb—j
Wf\ﬁbwLﬁl\fwa\ub}A;Jﬂc L§>ub
muwwwdwuo\uﬁmww&u&b
dﬁj‘u&iﬁlg\uw\&jcqw\}}w;)ﬂ9J.“J)S
e s Jlaill 51

e
sl 3 dpadl olddans
2019rtpbbjswjﬂuaf)uw‘ycspwup,d\
e&ubgdﬂ\uwﬁw cuLawd(w .ujs)
'CL,U oJS,U uYU-\ Jc« ubL:g (a\.)o:.wch IR u.]a.“
é}l\uﬁgyu)ﬂ):\.é&.ﬂ\ oYUy (19 Mﬂ KA}.’L@,&
bl‘.) ';LM.S OLA)} mJLL;M\wJJW)\ u}j\ﬁy‘
oﬂY\WCAJuL«.% 19Mj54>uL>u»J>\fu>)bJa\J.¢
QJ;&HUW}M\UM\J&QM\;
sdazall Lo ) CL?u' (":?5:‘] C;\,‘J\ Lo ! C;Liwb
19&;@\:-&9“4.&..&&\.&))(3
J,J\uwd\fﬂmﬂm.u&ebw\c )
o5 L 13 & L.:-;\‘.»J.@lm C}N\JA.»M\ cl.(.mlju
Ja19Mj§aML~al\uYL;\JJ&‘_;L?~‘ RIS J&d\cl:.u‘ﬂ\

ME

PERX : HiEmEmA (COVID-19) EiEHE A e ir ER

B %It R X 2019 £ FE R K EF (COVID-19) fhHF
B, BRIMEFER (FRZERN G ER) At
L 1 R

FE RMNAARRNTIREZERNED XA W
COVID-19 # ¥ % B, & &R Bl WL B 3ot s Bl # 4k,
i COVID-19 Z1E = e EH A, KNEAT
EEERA A E R RO %k, FIA X A AT
i R X A5 H| COVID-19 F 1 iR BUH & o5 2 R T
BRI T MR E B IR N A 13348 KR AL,
RNHBEA LR, WRAET2H 6 H (EHRFRES
ZR) FFik, #AEMRK (COVID-19) # %% Bl &

BN 2wk 7413798 (T 4F 50844), FLT BN &5
3k 1396017 (7 dE 5003), HEE¥HFSE 179 X (W
4k7li)

it © AERSIE T #H AR E MR (COVID-19) i%’
%% ] Bt E 2 KB 7 MY E B R AL, A AR
DAPE AR HR B, AT o 2438 ) R T B 0E & ik
(COVID-19) %& &, % T %1 #7 %% i k (COVID-19)
AARAT, RIVWART KA R, LHBIHE
7 M e 3 [E B 3K Kl B EE B, F%&E?E%%
H BT SR R IR B A K R,
45 AN = ik (COVID-19) % 1f,

Résumé

Hopitaux de campagne de type Fangcang pendant I'épidémie de COVID-19 a Wuhan, en Chine

Objectif Concevoir des modéles de propagation de la maladie a
coronavirus 2019 (COVID-19) aWuhan et mesurer I'impact des hopitaux
de campagne de type Fangcang (hopitaux provisoires construits
rapidement) sur le contréle de I'épidémie.

Méthodes Nous avons utilisé les données relatives au nombre quotidien
de cas confirmés de COVID-19, de guérisons et de décés publiées sur
le site officiel de la Commission municipale de la santé de Wuhan pour
établir des modeles compartimentaux correspondant aux trois phases
de I'épidémie de COVID-19. Nous avons également tenu compte de

Bull World Health Organ 2020,98:830-841D

doi: http://dx.doi.org/10.2471/BLT.20.258152

la capacité d'accueil des hopitaux de référence ainsi que des hopitaux
de campagne de type Fangcang. Nous avons employé ces modéles
afin dévaluer le succes de la stratégie adoptée a Wuhan pour endiguer
I'épidémie de COVID-19.

Résultats En se basant surles 13 348 lits réellement occupés dans les
hopitaux de campagne de type Fangcang, nos modéles ont montré
que si ces structures temporaires avaient ouvert leurs portes le 6
février (un jour apres leur ouverture effective), le nombre total de cas
de COVID-19 aurait atteint 7413798 (au lieu de 50 844), entrainant
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1396017 déces (au lieu de 5003), et I'épidémie aurait duré 179 jours
(au lieu de 71).

Conclusion Bien que les hdpitaux de référence aient permis de sauver
la vie des patients souffrant d'une forme grave de COVID-19, c'est
surtout I'augmentation de la capacité d'accueil des multiples hopitaux
de campagne de type Fangcang qui a contribué a ralentir, puis a enrayer
I'épidémie de COVID-19 aWuhan. Dans le cadre de 'actuelle pandémie

Juan Lietal.

de COVID-19, notre étude suggere qu'un accroissement de la capacité
d'accueil des hopitaux, notamment par le biais de structures temporaires
de type Fangcang, afin d'isoler les groupes présentant peu de
symptoémes au sein d'une région touchée pourrait limiter la propagation
et les flambées épidémiques de COVID-19 dans les communautés ou il
estimpossible d'instaurer un isolement efficace a domicile.

Pesiome

BbonbHuUbI-nputoTbl NoceneHna OaHrkaH Bo Bpems snugemumn COVID-19, r. YxaHb, Kutai

Llenb Pa3paboTaTb MoAen pacnpocTpaHeHna KOPOHaBKPYCHOMO
3abonesaHva 2019 1. (COVID-19) B 1. YxaHb 1 BAVAHMUA OONbHNLL-
npuvtoToB noceneHna OaHrkaH (6bICTPO OTCTPOEHHblE BpeMeHHble
60nbHALBI) Ha BopbOY C anMaeMmen.

MeToabl ABTOPbI MCMONb30BaNM AaHHbIE O €XeOHEBHO
perncTpupyembix NoaTeepaeHHbIx cnydaax COVID-19, cnyyanx
BbI30POBEHNSA I CMEPTAX C OGULIMANbHOTO CaliTa MyHULMNansHoM
KOMUCCUM MO 34PaBOOXPAHEHMIO T. YXaHb, YTOObl MOCTPOUTH
KOMMapTMEeHTHble Moaenu ana Tpex ¢a3 anugemun COVID-19.
Takxe aBTOPbl BKIIIOUMAN YMCIO KOEK B Ha3HAYEHHbBIX OOMbHMLIAX
1 B bonbHMUax-NpuioTax nocenenna QaHrkaH. Mogenu 6binu
MCMOMb30BaHbI AN OLUEHKM yCrexa CTpaTerum, MPUHATON B T. YxaHb
nns 60pbobl ¢ anvaemvert COVID-19.

Pesynbratbl OCHOBbIBAACH Ha GaKTUUYECKM MCMOb30BAHHOM
KonuuecTse Koek (13 348 koek) B O0MbHMLax-MpUoTax noceneHns
DaHrkaH, Hawy Modeny NnokasbiBatoT, UTo, ecin Obl 6ONbHULbI-
npuioTel MaHrkaH Obin OTKPbLITEI 6 GeBpana (Ha cneayloLmi AeHb

nocne nx GakTMYeCckoro OTKpbITKA), obLiee KOMMUECTBO Crydaes
COVID-19 poctnrno 6bl 7413798 yenosek (BMecTo 50 844), npu
3TOM KOMMYECTBO cMepTei cocTtasmio 6bl 1396017 (BMecTo 5003),
a anvaemMua Npodomkanack oel 179 axel (Bmecto 71).

BbiBop B TO BpemA Kak HasHaueHHble OOMbHMLBI Cnacanu »M3Hu
naumeHToB ¢ Taxenon ¢opmon COVID-19, nmeHHo yBenuyeHne
KONMMYyecTBa Koek B OOMbLIMHCTBE GONbHULI-NPUIOTOB NMOoCeneHus
DaHrkaH NoOMOrio 3aMeANUTb Y B KOHEYHOM UTOre OCTaHOBUTb
snuaemuio COVID-19 B 1. YxaHb. C yyeTom Tekyllen rnobansbHol
nanaemum COVID-19 Halwe nccnefoBaHve yKasblBaeT Ha TO, UTO
yBenueHme Yrcna 6onbHNYHbIX KOeK, 0COBEHHO 3a CUET BPEMEHHbIX
60NbHWIL, TakK1X Kak 6onbHULBI-NpUioTel QaHrkaH, And 13onaumn
rpynn niofelt Co cnabo BbIPaXKeHHbIMI CUMMTOMAMI B NOCTPaAaBLIemM
pervoHe CnocobHO MOMOYb COKPATUTb M B KOHEYHOM UTOTre
OCTaHOBUTb BO3HMKHOBeHMe Bcrbiwek COVID-19 B cooblyecTsax,
B KOTOPbIX HEBO3MOXHO 0becneunTb 3ddeKTUBHYIO AOMALIHIO0
M30nAumio.

Resumen

Hospitales de confinamiento Fangcang durante la epidemia de la COVID-19 en Wuhan, China.

Objetivo Diseriar modelos sobre la propagacion de la enfermedad
por coronavirus de 2019 (COVID-19) en Wuhan y sobre el impacto
de los hospitales de confinamiento Fangcang (hospitales temporales
construidos con rapidez) en el control de la epidemia.

Métodos Se usaron los datos sobre los casos confirmados y notificados
diariamente de la COVID-19, los casos recuperados y las muertes del
sitio web oficial de la Comision Municipal de Salud de Wuhan para
elaborar modelos compartimentales de las tres fases de la epidemia
de la COVID-19. Se integro la capacidad de las camas de los hospitales
designadosy de confinamiento Fangcang. Se aplicaron los modelos para
evaluar el éxito de la estrategia que se adoptd en Wuhan para controlar
la epidemia de la COVID-19.

Resultados Teniendo en cuenta las 13 348 camas de los hospitales de
confinamiento Fangcang que se emplearon en la practica, los modelos
indican que si los hospitales de confinamiento Fangcang se hubieran

abierto el 6 de febrero (un dia después de su apertura efectiva), el
numero total de los casos de la COVID-19 habria alcanzado los 7413798
(enlugarde 50 844) y se habrian producido 1396017 muertes (en lugar
de 5003), por lo que la epidemia habria durado 179 dias (en lugar de 71).
Conclusién Si bien los hospitales designados salvaron vidas de
pacientes que padecfan la COVID-19 grave, fue el aumento de Ia
capacidad de las camas en los hospitales de confinamiento Fangcang
lo que ayudd a frenar y finalmente detener la epidemia de la COVID-19
enWuhan. Dada la actual pandemia mundial de la COVID-19, el presente
estudio sugiere que el aumento de la capacidad de las camas en los
hospitales, en especial en los hospitales temporales como los hospitales
de confinamiento Fangcang, para aislar a los grupos de personas con
sintomas leves dentro de una region afectada podria ayudar a frenar
y finalmente detener los brotes de la COVID-19 en las comunidades
donde el aislamiento doméstico eficaz no es posible.
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Box 1. Assumptions used to model the COVID-19 epidemic, Wuhan, China, 2020

1. Natural births and deaths are not considered. No population movement.

2. All susceptible individuals exposed to the virus have the same probability of infection.

3. Subclinical infected cases will recover from the infection and will not be reinfected.””

4.Both A(t) and/,(¢) are infectious virus carriers. Individuals in A (t) will never show symptoms, while individuals in/, (t) will develop into symptomatic
cases (/1) after a specified period of time.

5. Infected health-care personnel who are asymptomatic will continue to work in the hospitals.

6. Transmission between members of the public who are not admitted to hospital and health-care personnel is not considered.

7.The epidemic course in Wuhan had three phases: phase | from 7, (23 January) to T, (5 February), phase Il from T, (5 February) to T, (22 February)
and phase Ill after T, (22 February). In phase |, only designated hospitals were operating. Fangcang shelter hospitals were built to increase bed
capacity starting in phase Il. In phase Ill, all patients with mild and severe confirmed COVID-19 could be admitted immediately to the designated
hospitals and Fangcang shelter hospitals. /, , will not be considered as a single variable in phase lll any longer.

8. Health-care personnel with symptoms of COVID-19 will be admitted and given priority for hospital beds. In phase I, health-care personnel
confirmed with COVID-19 will be admitted to the designated hospitals. After phase |, health-care personnel with mild symptoms will be admitted
to Fangcang shelter hospitals with priority.

9. Non-health-care personnel are admitted into Fangcang shelter hospitals or designated hospitals depending on their symptoms (mild or severe)
and on the number of beds that will be used for health-care personnel in Fangcang shelter hospitals and designated hospitals.

10. Severely infected individuals are admitted to designated hospitals and enter the / ,,(t) class, after which they recover to R,(t) (the class of all
those recovered from the infection at the designated hospitals), or die.

11. From phase I, COVID-19 cases with mild disease are admitted to the Fangcang shelter hospitals as a class we denote as | ,.(t). This class can
recover to R (¢) or can be admitted to designated hospitals if they develop severe symptoms and enter the [, (f) class.

12. Patients in designated hospitals whose condition is improving will not be moved to Fangcang shelter hospitals.

wB1

COVID-19: coronavirus disease-2019.
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Table 1. Variables used in the modelling and their initial values, Wuhan, China, 2020

Variable Description Initial value (95% CI?) Source of values

S, () Number of susceptible people who are not health- 11060000 (11060000-11060000) Markov chain Monte Carlo
care personnel

E0 Number of exposed people who are not health-care 6667.5 (6600.7-6750.9) Markov chain Monte Carlo
personnel

A0 Number of asymptomatic people with COVID-19 (who 13.758 (13.589-14.002) Markov chain Monte Carlo
will never develop symptoms) who are not health-
care personnel

1.0 Number of asymptomatic people with COVID-19 2956.4 (2944.8-2967.5) Markov chain Monte Carlo
(who will develop symptoms) who are not health-care
personnel

1,(0) Number of untreated symptomatic people with 115.01 (113.92-115.83) Markov chain Monte Carlo
COVID-19 who are not health-care personnel

R (0) Number of people who have recovered without 1.5833 (1.5664-1.6033) Markov chain Monte Carlo
entering the hospital who are not health-care
personnel

S,(0) Number of susceptible health-care personnel who 6692 Calculated®
work in designated hospitals

E(0) Number of exposed health-care personnel who work 426 Calculated®
in designated hospitals

A0 Number of asymptomatic health-care personnel with 2 Wuhan Municipal Health
COVID-19 (who will never develop symptoms) who Commission'®
work in designated hospitals

/,.(6) Number of asymptomatic health-care personnel with 190 Calculated"
COVID-19 (who will develop symptoms) who work in
designated hospitals

R.(2) Number of recovered patients from designated 31 Wuhan Municipal Health
hospitals® Commission'

() Total number of patients in designated hospitals® 2692 Wuhan Municipal Health

Commission'”

Sg(t) Number of susceptible health-care personnel who 0 NA
work in Fangcang shelter hospitals

£ Number of exposed health-care personnel who work 0 NA
in Fangcang shelter hospitals

A0 Number of asymptomatic health-care personnel with 0 NA
COVID-19 (who will never develop symptoms) who
work in Fangcang shelter hospitals

1,0 Number of asymptomatic health-care personnel with 0 NA
COVID-19 (who will develop symptoms) who work in
Fangcang shelter hospitals

Rg(t) Number of recovered patients from Fangcang shelter 0 NA
hospitals®

() Total number of patients in Fangcang shelter 0 NA

hospitals®

Cl: confidence interval; COVID-19: coronavirus disease-2019; NA: not applicable.
¢ 95% highest posterior density interval.

® Calculated by multiplying the initial number of beds in designated hospitals by k, (ratio of beds to health-care personnel) = 2.486.
¢ Calculated by summing the number of health-care personnel with COVID-19 in the first 7 days (assumed incubation period).

4 Calculated by summing the number of health-care personnel with COVID-19 in the first 3 days (assumed time to progress from infectious to symptomatic).
¢ All patients including health-care personnel.
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Table 2. Parameter estimation for COVID-2019 in Wuhan, China

Parameter Description Estimated mean values (95% CI?) Source of values

B, Infection rate of susceptible people (non- 3.3775%107°(3.3391 x 1070 Markov chain Monte Carlo
health-care personnel) by asymptomatic 34015x 1079
infectious individuals (non-health-care
personnel)

B., Infection rate of susceptible people 54667 x 1078 (5.4304 x 10°~ Markov chain Monte Carlo
(non-health-care personnel) outside the 55022107
designated hospitals or Fangcang shelter
hospitals by infectious symptomatic
individuals (non-health-care personnel)

B, Infection rate of susceptible health-care Phase I: 1.2477x 107 (1.2425x107—=  Markov chain Monte Carlo
personnel in designated hospitals by 1.2527x1077) Phase llI-Ill: 1.6699 x 10~
infectious patients (1.6570x 107°-1.6814 % 107%)

B, Infection rate of susceptible health-care Phase I:7.0175x10~° Markov chain Monte Carlo
personnel in designated hospitals by (6.8941 x107°-7.1492 x 10~°) Phase
infectious asymptomatic health-care [I-11: 9.5218 x 107 (9.2651 x 10~'°—
personnel in designated hospital 9.6620x 107'°)

B, Infection rate of susceptible health-care 33342x 107 (33104 % 10°— Markov chain Monte Carlo
personnel in Fangcang shelter hospitals by 3.3573%107)
infectious patients

Bg7 Infection rate of susceptible health-care 16957 %107 (1.6374x 10— Markov chain Monte Carlo
personnel in Fangcang shelter hospitals 1.7261x107%)
by asymptomatic infectious health-care
personnel in Fangcang shelter hospitals

Y, Recovery rate of infected asymptomatic 0.0700 (0.0691-0.0708) Markov chain Monte Carlo
people

Y, Recovery rate of infected and untreated 0.0133 (0.0131-0.0134) Markov chain Monte Carlo
people with symptoms (non-health-care
personnel)

% Recovery rate of patients in designated Phase I-II: 0.0089 (0.0088-0.0090) Markov chain Monte Carlo
hospitals? Phase Ill: 0.0839 (0.0829-0.0846)

Y, Recovery rate of patients in Fangcang 0.0241 (0.0238-0.0247) Markov chain Monte Carlo
shelter hospitals?

d, Death rate from COVID-19 of infected and 0.0306 (0.0304-0.0308) Markov chain Monte Carlo
untreated people with symptoms (non-
health-care personnel)

a Death rate from COVID-19 in designated Phase I-II:0.0054 (0.0051-0.0056) Markov chain Monte Carlo
hospitals? Phase lI:0.0022 (2.1587 x 103~

2.2099x 107%)

a Proportion of infected people with 0.9530 (0.9502-0.9560) Markov chain Monte Carlo
symptoms¢

p Proportion of patients admitted to 0.7802 (0.7763-0.7853) Markov chain Monte Carlo
designated hospitals after T

T, Average number of days to progress from 4 (NA) LiRY, etal®
infected to infectious, £, £,, £,

T, Average number of days to progress from 3 (NA) LiRY, etal®
infectious to symptomatic, /., f,,. 1,

k, Ratio of number of beds to health-care 2486 (NA) Wuhan Municipal Health
personnel in designated hospitals Commission, Zhang P*

k, Ratio of number of beds to health-care 1.107 (NA) National Health Commission*
personnel in Fangcang shelter hospitals

0 Transfer rate of patients from Fangcang 0.02 (NA) Bai Y

shelter hospitals to designated hospitals

ClI: confidence interval; COVID-19: coronavirus disease-2019; T, date when the first bed in the Fangcang shelter hospitals opened; £,, £,, E : exposed people who
are not health-care personnel, exposed health-care personnel who work in designated hospitals and exposed health-care personnel who work in Fangcang shelter
hospitals, respectively; / ,/, . | - asymptomatic people with COVID-19 (who will develop symptoms) who are not health-care personnel, asymptomatic health-care

it 'g

h =g

personnel with COVID-19 (who will develop symptoms) who work in designated hospitals and asymptomatic health-care personnel with COVID-19 (who will develop
symptoms) who work in Fangcang shelter hospitals, respectively; NA: not applicable.
¢ 95% highest posterior density interval.

® The infection rate of susceptible health-care personnel in designated hospitals by infectious patients in phase | of the COVID-19 epidemic is different from that in

phases Il and Ill, because of the strict measures put in place to protect health-care personnel after the first phase.*”

¢ Because of the strict measures put in place to protect health-care personnel, the infection rate of susceptible health-care personnel in designated hospitals from

asymptomatic infectious health-care personnel in designated hospitals in phases Il and Il is also different from that in phase I.
4 Including health-care personnel.
¢ In phase Ill, the recovery and death rates in designated hospitals are different from those in phases | and Il because there are enough hospital beds.
" Excluding health-care personnel on the assumption that health-care personnel will be given priority in use of designated hospital beds.

Bull World Health Organ 2020;98:830-841D| doi: http://dx.doi.org/10.2471/BLT.20.258152

841C



Research

Control of the COVID-19 epidemic in Wuhan, China Juan Lietal.

Fig. 10.Instantaneous risk index (R) for the general population in phase Il of the
COVID-19 epidemic, Wuhan, China, 22 February—17 March 2020
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COVID-19: coronavirus disease-2019.

Fig. 11.Instantaneous risk index (R) for health-care personnel in designated hospitals in
phase Il of the COVID-19 epidemic, Wuhan, China, 22 February—17 March 2020
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COVID-19: coronavirus disease-2019.

Fig. 12.Instantaneous risk index (R) for health-care personnel in Fangcang shelter
hospitals in phase Il of the COVID-19 epidemic, Wuhan, China, 22 February—17

March 2020
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