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Objective: As a heavily populated megacity, Shanghai faces major epidemic risks.

However, Shanghai’s control of COVID-19 has been successful owing to both the

strict government policy and wide community participation. Here, we investigated the

impact of these stakeholders and examined who played a major role across different

epidemic stages.

Design: We extended the classic susceptible-exposed-infectious-recovered (SEIR)

model considering the heterogeneous contact structure in four social sceneries, i.e.,

school, workplace, public entertainment venues, and neighborhood community, which

could reflect the impact of lockdown policy and wide participation of residents happened

at the community level.

Result: The simulation results showed that without lockdown policy and only with

community participation, the daily new confirmed cases would gradually increase to

more than 7,000 [292/1,000,000] at the end of Sep. However, without community

participation and only with a lockdown policy, the daily new confirmed cases sharply

decreased to 30 [1.2/1,000,000] at the end of the 1st month and remained low for several

months. However, when a lockdown policy was gradually lifted, the new confirmed

cases increased exponentially, eventually reaching more than 17,000 [708/1,000,000].

Therefore, a government lockdown policy was necessary for the rapid control of

COVID-19 during the outbreak stage while community participation is more important

in keeping the number of new confirmed cases low during the reopening stage.

Conclusion: Government lockdown policy and community participation play different

roles in the control of COVID-19 at different stages of the epidemic: although the

government played a leading role in setting up policies, the broader participation of

community fever clinics (CFCs) and the general public were especially crucial in winning

the battle against COVID-19 in the long run.
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INTRODUCTION

China experienced the outbreak of COVID-19 in January 2020
that started in Wuhan and then spread to other cities. With
24–28 million permanent residents and a high population
density, Shanghai was considered at high risk for epidemic
spread (1). However, Shanghai performed surprisingly well-
in terms of controlling the spread of COVID-19. In the first
month of the epidemic (from 20 January to 19 February 2020),
Shanghai confirmed a total of 346 new daily confirmed cases,
of which around 255 were infected locally. The locally infected
new confirmed cases peaked at 24 on 2 February 2020 and
then gradually decreased, approaching zero at the end of the
first month of the epidemic. In the following 8 months (20
February−19 October 2020), only 10 new confirmed cases were
infected locally (2).

Many factors helped to prevent and control COVID-19 in
Shanghai. At the government level, a series of policies were
issued soon after the identification of the first confirmed case
of COVID-19 in Shanghai. A workplace lockdown and a ban
on public gatherings were implemented; these policies were not
reversed until 11 February 2020. All schools were closed in
March 2020 and then gradually reopened from 26 April 2020.
Universities remained closed until the fall semester, and all
courses were delivered online until the universities reopened
(3). Public entertainment venues, such as cinemas, theaters,
Internet cafes, and gyms, were also closed (see Figure 1). A
quarantine of people arriving in Shanghai was another important
policy implemented by the government (4). The lockdown and
reopening timelines are displayed in Figure 1.1

At the same time, a great deal has been done at the community
level to combat COVID-19 in Shanghai (5, 6). The concept
of community participation in health was formally articulated
by the World Health Organization (WHO) at Alma Ata in
1978 to achieve the “Health for All” strategy, acknowledging
that primary care is a key component of local involvement in
community participation (7). Community health service centers
(CHSCs) are the primary healthcare institutions in urban China.
CHSC general practitioners (GPs) conducted daily checks of
the physical well-being of residents who were self-isolating
at home. In addition, community fever clinics (CFCs) were
established in CHSCs after the outbreak of COVID-19, which
helped with the prompt identification of patients with suspected
fever symptoms, the rapid isolation of suspected patients, and the
transfer of patients to nearby large general hospitals with greater
diagnosis and treatment capabilities. GPs and neighborhood
committees, and residents actively participated in fighting
COVID-19, such as through epidemiological investigation and
vaccination mobilization (8). Moreover, residents voluntarily
changed their behavior, such as reducing travel plans for the
Spring Festival, wearing masks when going out, having online

1All the detailed information is collected from the Weibo (microblog) account

of the Information Office of Shanghai Municipality at https://weibo.com/u/

2539961154. This account is used by city authorities for releasing official

information. Updates of COVID-19 intervention and prevention policies were all

published on this account.

meetings and communication, using online shopping, staying
home rather than gathering, and socializing in the community
even for the elderly (9, 10).

In sum, the effective control of the COVID-19 epidemic
in Shanghai was possible because of all the abovementioned
efforts from both government policies (11). and community
participation of CFCs, Neighborhood Committee, and residents
(12–14). However, as most existing studies analyzing the
prevention and control intervention measures implemented in
China have used qualitative methods, describing what has been
done, at what time, and with what impact (5, 15, 16), several
questions need to be further addressed, such as What is the
impact of each stakeholder on controlling COVID-19? Who
played a major role at each stage of the epidemic? Is there a shift
of dominant role across different stages of the epidemic? In the
present study, we used a modeling approach to quantitatively
investigate the impact of these stakeholders on the control
of COVID-19.

MATERIALS AND METHODS

Model Construction
We developed a system dynamics model based on the
classic susceptible-exposed-infectious-recovered (SEIR) model
(17), which reflects the spread of a virus through contact
and transmission between four groups of individuals: S (the
susceptible), E (the exposed, which refers to the infected
population without symptoms, especially during the incubation
period), I (the infected, which refers to the infected population
with symptoms), and R (the removed that includes the recovered
and died population). Several extensions to this model are made,
as shown in Figure 2. First, to comply with the track, trace, and
quarantine policy in Shanghai, we extended the model to include
Sq, Eq, Iq, and Rq, representing the quarantined groups of S, E, I,
and R. Second and more importantly, we further disaggregated
the model into four social scenarios—schools, workplaces,
public entertainment venues, and neighborhood communities
(18), within which the contact rate changed according to the
mandatory lockdown policy issued by the government for the
first three and according to voluntary behavior change in the
general public for the last.

Model Structure
As the quarantined and hospitalized population cannot contact
other people, the total population contacting others in each
scenery, Ni, can be represented as Ni = Si + Ei + Ii + Ri + Rqi.
The transmission of the COVID-19 happens when S contacts E or
I. However, not all people are contagious during the incubation
period. Suppose θ percent of E are infectious. All I are contagious,
but many are isolated at CFCs. Suppose µ percent of I are kept in
isolation. The only source of infection is then θE + (1 – µ) ×
I. Given that c as the contact rate and β as the infectivity, the
transmission of S to E is (θEi + (1 – µ) × I) × (S/N) × βc.
The track, trace, and quarantine approach can only trace close
contacts of confirmed cases. With q percent of infected people
being quarantined, the transmission of E to Eq is (1 – µ) × I ×
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FIGURE 1 | Lockdown and reopening timeline.

FIGURE 2 | The extended susceptible-exposed-infectious-recovered (SEIR) model.
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FIGURE 3 | Simulation results and historical data.

(S/N) × βcq, and the transmission of S to Sq is (1 – µ) × I ×
(S/N)× (1 – β)× cq.

Therefore, the model can be represented as follows:

Si = Si0 +

∫ t

0
(Sqi/T1− ((1− µ)Ii + θEi)βciSi/Ni

−(1− µ)Ii(1− β)ciqSi/Ni)dt (1)

Sqi = Sqi0 +

∫ t

0
((1− µ)Ii(1− β)ciqSi/Ni

−Sqi/T1+ InSqi)dt (2)

where T1 is the duration of quarantine;

Ei = Ei0 +

∫ t

0
((1− µ)Ii(1− β)ci(1− q)Si/Ni

+θEiβciSi/Ni − Ei/T2+ Ej)dt (3)

Eqi = Eqi0 +

∫ t

0
((1− µ)Ii(1− β)ciqSi/Ni − Eqi/T2

+InEqi)dt (4)

where T2 is the average incubation period;

Ii = Ii0 +

∫ t

0
(Ei/T2− Ii/T3− αIIi − γIIi)dt (5)

Iqi = Iqi0 +

∫ t

0
(Eqi/T2− Iqi/T3)dt (6)

Hi = Hi0 +

∫ t

0
(Ii/T3+ Iqi/T3− αHHi − γHHi)dt (7)

where T3 is the waiting time to be admitted to the hospital, which
is affected by testing capacity and hospital facility availability;

Ri = Ri0 +

∫ t

0
(γIIi)dt (8)

Di = Di0 +

∫ t

0
(αIIi)dt (9)

Rqi = Rqi +

∫ t

0
(γHHi)dt (10)

Dqi = Dqi +

∫ t

0
(αHHi)dt (11)

where γI and γH represent the recovery rates of I and H,
respectively, and αI and αH represent the death rates of I and
H, respectively.

The parameter settings were in line with previous literature
(19–21), and the detailed information is presented in
Appendix 1.

Model Validation
Themodel was constructed in Vensim 8.0.9. Themodel simulates
the progression of COVID-19 in Shanghai over the 9-month
period from 20 January 2020, when the first case of COVID-19
appeared in Shanghai, to 19 October 2020, long after the COVID-
19 outbreak in Shanghai had declined. The SEIR model has been
widely used for investigating COVID-19 (17, 18, 22), suggesting
that the model structure is valid. The model parameter setting
is mostly referred to previous literature (19–21). We compared
the model simulation results with historical data published daily
on the website of the Health Commission of Shanghai. As shown
in Figure 3, the simulated new confirmed cases and cumulative
confirmed cases fit well-with the historical data, which increases
confidence in the model.

RESULTS

Using the model, we focused our investigation on the
effectiveness of the lockdown policy and community
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TABLE 1 | Heterogeneous contact rate under lockdown policies.

Contact rate setting Explanation

1. Base (Actual): school contact rate remained 0 until April 27th and gradually increased.

After summer holiday, it reached normal level.

2. Extended lockdown: school contact rate remained 0 until Sep and then it returned

normal level.

3. No lockdown: school contact rate was 0 for winter and summer holiday, otherwise, it

remained normal level.

1. Base (Actual): Workplace contact rate reduced to low level until February 11th and gradually

returned to normal rate in 2-month time.

2. Extended lockdown: workplace remained lockdown for one more month compared to

Base scenario.

3. No lockdown: workplace contact rate reduced to low level during Spring Festival and

returned to normal soon afterward.

1. Base (Actual): public place contact rate reduced at low level until Feb 11 and gradually

returned to normal rate in 3-month time.

2. Extended lockdown: public place remained lockdown for one more month compared to

Base scenario.

3. No lockdown: public place contact rate increased during Spring Festival and returned to

normal soon afterward.

FIGURE 4 | Simulation results for different lockdown policies.
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participation in the fight against COVID-19 in Shanghai.
The lockdown policy mainly changes the contact rate in schools,
workplaces, and public entertainment venues. Community
participation mainly includes residents’ behavior changes
in terms of reducing the contact rate in the neighborhood
community and the enhancement of CFCs to cut the chain of
infection as early as possible.

Scenario 1: The Effectiveness of Lockdown
Policies
Lockdown policies are included in the model through changes in
the contact rate in different scenarios, as shown in Table 1.

The simulation results showed that the lockdown policy is
effective in controlling the spread of COVID-19. Without a
lockdown policy, the number of new confirmed cases gradually
increased over time, approaching 8,000 new confirmed cases at
the end of the simulation. However, a long period of lockdown is
not necessary. After the number of new confirmed cases reached
a low level in February, an extended lockdown had little impact
on future numbers of new infections, as shown in Figure 4.

TABLE 2 | Parameter setting for isolation of the infected population with

symptoms at community fever clinics (CFCs).

CFC 100 Effectiveness of fever clinics = 0.6+step (0.4, 13)

CFC 80 Effectiveness of fever clinics = 0.4+step (0.4, 13)

CFC 60 Effectiveness of fever clinics = 0.2+step (0.4, 13)

CFC 40 Effectiveness of fever clinics = step (0.4, 13)

Scenario 2: The Effectiveness of CFCs
After the outbreak of COVID-19, CFCs were additionally
established to help identify and isolate suspected patients at the
community level and to transfer these patients to nearby large
general hospitals for further treatment. We assumed that the
fever clinics could isolate 60% of the infected population under
normal conditions, and we increased this by 40 percentage points
during the COVID-19 epidemic, reaching 100% isolation of the
infected population with symptoms. We also simulated another
three scenarios assuming the fever clinics could only isolate 40,
20, and 0% of the infected population under normal conditions,
yielding estimates of 80, 60, and 40% isolation rates during the
COVID-19 pandemic, as shown in Table 2.

The CFCs play an important role in fighting COVID-19.
As shown in Figure 5, when the percentage of the infected
population with symptoms (I) being isolated is at the low level of
40%, the number of new confirmed cases increased exponentially,
approaching 6,000 at the end of the simulation. When 60% of
the infected population with symptoms could be isolated, the
number of new confirmed cases were declined to around 150.
Whenmore than 80% of the infected population could be isolated
by the CFCs, there were only around 10 new confirmed cases, and
the spread of the virus was well-controlled.

Scenario 3: The Effectiveness of Residents’
Behavior Changes
To help control the spread of the virus, residents in Shanghai
changed their behaviors to reduce the contact rate in
neighborhood communities. In the absence of the COVID-
19 epidemic, people in Shanghai customarily participate in

FIGURE 5 | Simulation results for various effectiveness of community fever clinics (CFCs).
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FIGURE 6 | Simulation setting for contact rate at neighborhood community.

FIGURE 7 | Simulation results with and without residents’ cooperation in terms of behavior change.

many social gatherings during the Spring Festival, reuniting
with family members and friends. However, during the Spring
Festival periods in 2020 and 2021, most people stayed at home
and got in touch with their family members and friends online.
Two situations were tested, which are as follows: the base
scenario presents the real situation where people reduced their
contact with others in January and February 2020 and then

gradually increased to their normal level in May 2020. The other
situation considered was that of no behavior change on the part
of residents—here, the contact rate was set to increase by 60%
during the Spring Festival and then decline back to the normal
level after the holiday, as shown in Figure 6.

The simulation results in Figure 7 shows that without
behavior changes on the part of the general public, the number of
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TABLE 3 | Scenario setting for only lockdown and only community participation.

Scenarios Contact rate Contact rate Contact rate Contact rate at Effectiveness

at school at workplace at public venues neighborhood of CFC

Base Reduced Reduced Reduced Reduced 0.6+ step (0.4, 13)

Only lockdown Reduced as base Reduced as base Reduced as base No behavior change 0.6

Only community participation No change No change No change Reduced as base 0.6+step (0.4, 13)

new confirmed cases first peaked during the Spring Festival, when
people were gathering with family members and friends. The
number of new confirmed cases then declined after the Spring
Festival, with the lockdown policy in place, but it then increased
again with the reopening of the economy. Exponential growth in
new confirmed cases was identified in this simulation, with the
number of new confirmed cases reaching around 500 people at
the end of the simulation.

Scenario 4: Government Lockdown Policy
vs. Community Participation
Besides the base scenario representing the actual situation that
happened in Shanghai, other two scenarios were simulated:
first, only government lockdown policies were implemented,
without enhanced CFC intervention or behavior change of the
general public; second, with only community participation, i.e.,
enhanced CFC intervention and resident’s behavior change,
but no government lockdown policy. The parameter setting is
presented in Table 3.

From the simulation results in Figure 8, we can see that
with only the lockdown policy, the number of new confirmed
cases declined to a very low level during the first several
months of the COVID-19 epidemic as a result of reductions
in the contact rates through schools, workplaces, and public
entertainment venues. However, after the reopening, contact
rates gradually returned to normal levels in the absence
of community participation, in the long run, the number
of new confirmed cases increased exponentially, reaching
17,000. In contrast, with only community participation and
no lockdown policy, the number of new confirmed cases
continued to increase slowly over time. Even when residents
changed their behavior such that contact in neighborhood
communities was reduced and the CFCs effectively identified
and isolated 80% of infected patients, it was not possible to
eliminate the virus because people in the incubation period
could still spread the virus in schools, workplaces, and public
entertainment venues. The number of new confirmed cases
increased almost linearly, reaching around 7,500 at the end of
the simulation.

DISCUSSION

Government lockdown policy and community participation have
different impacts on the control of COVID-19 at different stages
of the epidemic.

The outbreak stage will be controlled if a strict lockdown of
workplace, schools, and public entertainment places have been

implemented for 2 weeks, as most COVID-19 cases have an
incubation period of<14 days and most people who were during
the incubation period will develop symptoms in this lockdown
period and then be isolated by a CFC or quarantined in a hospital
(23, 24). This approach would reduce the sources of infection to a
very low level and limit further infections, getting the epidemic
under control in a short time frame. A longer lockdown will
have little impact on the control of COVID-19 with the longer
lockdown. Considering the major social and economic costs of
lockdowns (25, 26), reopening at the earliest possible stage should
be a preferred policy. However, reopening would increase the
contact rate, which may lead to another increase in the number
of new infections (24). Many countries have witnessed the second
and third waves of the COVID-19. For example, a study of the
first and second waves of the COVID-19 pandemic in Africa
showed that a large portion of the African countries experienced
a second wave after the loosening of public health and social
measures, such as canceled public events, closed public transport,
and international travel controls (27).

Facing this challenge, community participation is the key
factor for keeping COVID-19 under control at this later stage.
In Shanghai, CFCs are housed within CHSCs, which are
the main primary care institutions. Shanghai was among the
first cities to implement China’s General Practice System—
the key target of the country’s new healthcare reform (28),
and after the 10-year fundamental construction of the General
Practice System, 225 CFCs were able to be established in a
very short period in Shanghai. These CFCs were distributed
near or right in the residential communities (29), thus CFCs
can help to identify patients earlier once the suspected
patients visited CHSC and to promptly isolate them at the
community level to keep the spread of the virus as low as
possible. CFCs treated patients with a fever in separate clinics,
preliminary diagnosed suspected patients with COVID-19
through epidemiological investigation or acid-based diagnostic
tests (some CFCs were able to perform such tests), and
helped to transfer suspected patients to nearby hospitals. It is
undeniable that CFCs played an important role in screening at-
risk patients and cutting the infection chain after loosening the
lockdown policies.

Besides the contribution of CFCs, neighborhood committees
and residents’ participation have also been critical for the
control of the COVID-19 epidemic. The positive responses
at the personal respective include wearing masks when going
out, reducing visits and gatherings, and using the Internet
for shopping and meetings (30, 31). People in Shanghai were
also actively engaged in the anti-epidemic movement and
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FIGURE 8 | Simulation results comparing the effects of lockdown policy and community participation: part (A) compares the only lockdown scenario with only

community participation scenario; part (B) represents the lockdown scenario only; and part (C) represents the community participation scenario only.

even participated in community management as volunteers,
such as measuring temperatures as gatekeepers at community
entry points, assisting with the epidemiological investigation
and information collection for inflow population from other
provinces, and participating in vaccination promotion (32).
All these activities directly reduced the contact rate and
source of infection, which served to cut the chain of
infection (33, 34).

CONCLUSIONS

This research was built on a system dynamics model with a
heterogeneous contact structure to investigate the impact of
government policy, especially lockdown of school, workplace,
and public entertainment venues, and the impact of community
participation, especially CFC and residents’ protective behavior,
on the control of COVID-19. Simulation results illusted that

without lockdown policy the daily new confirmed cases would
gradually increase, reaching more than 7,000 [292/1,000,000] at
the end of simulation. While without community participation,
the daily new confirmed cases would sharply decrease in the first
month but increase exponentially when the lockdown policy was
lifted. This result implied that the broader participation of the
community was especially crucial in winning the battle against
COVID-19 in the long run, though the government lockdown
policy played a dominant role in the outbreak stage of the
epidemic. This result may not apply to places with different
social mixes, such as rural areas. Further research on changing
model structure and parameter setting is needed for places
with the different social mixes. However, for most cities, with
a large portion of the working population and many schools,
wider participation from the community level for reduced
contact and early identification and isolation of infected patients
could help limit the spread of COVID-19 after the resume of
normal life.
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