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What Is Required to Prevent a Second Major
Outbreak of SARS-CoV-2 upon Lifting
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The Chinese government implemented a metropolitan-wide quarantine of Wu-
http://www.cell.com/the-

han city on 23™ January 2020 to curb the epidemic of the coronavirus COVID-19.

innovation

Lifting of this quarantine is imminent. We modelled the effects of two key health

interventions on the epidemic when the quarantine is lifted. © 2020 The Author(s). This is an
open access article under the CC

METHODS BY-NC-ND license (http://
creativecommons.org/licenses/by-

We constructed a compartmental dynamic model to forecast the trend of the
. . . . . A . nc-nd/4.0/).
COVID-19 epidemic at different quarantine lifting dates and investigated the

impact of different rates of public contact and facial mask usage on the epidemic.

RESULTS

We projected a declining trend of the COVID-19 epidemic if the current quar-
antine strategy continues, and Wuhan would record the last new confirmed cases
in late April 2020. At the end of the epidemic, 65,733 (45,722-99,015) individuals
would be infected by the virus, among which 16,166 (11,238-24,603, 24.6%) were
through public contacts, 45,996 (31,892-69,565, 69.7%) through household contact,
and 3,571 (2,521-5,879, 5.5%) through hospital contacts (including 778 (553-1,154)
non-COVID-19 patients and 2,786 (1,969-4,791) medical staff). A total of 2,821 (1,634-
6,361) would die of COVID-19 related pneumonia in Wuhan. Early quarantine
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lifting on 21°° March is viable only if Wuhan residents
sustain a high facial mask usage of >85% and a pre-
quarantine level public contact rate. Delaying city
resumption to mid/late April would relax the require-
ment of facial mask usage to >75% at the same con-

tact rate.

CONCLUSIONS

The prevention of a second epidemic is viable after the
metropolitan-wide quarantine is lifted but requires a
sustaining high facial mask usage and a low public

contact rate.

The outbreak of the novel coronavirus SARS-CoV-2 was
first identified in the Chinese city of Wuhan in early
December 2019, when a group of 27 patients with close
contact with a seafood market were diagnosed with a
pneumonia of unknown cause." The virus was found to
be highly contagious and transmit in populations via
droplet, person-to-person contact, and aerosol transmis-
sion.” The number of infected cases increased rapidly in
Wuhan during the first few weeks of the outbreak, and
then quickly spread to all 31 Chinese provinces and
abroad.” By March 20, 2020, 180 countries worldwide
had reported cases of COVID-19. So far, China has re-
ported 80,695 confirmed cases and 3,097 deaths, account-

ing for about one-third of all cases and deaths worldwide.

To curb the epidemic, the Chinese government intro-
duced a “metropolitan-wide quarantine” of the city of
Wuhan from January 23, 2020, by terminating all public
transportation in the city and intercity links.* During the

metropolitan-wide quarantine, the National Health

Commission and the Chinese Center for Disease Con-
trol urged the use of facial masks in all public spaces,
put in place strict home containment policies, post-
poned schools and industry reopening to reduce
communal activities and person-to-person transmission.
A massive screening program was implemented for indi-
viduals in close contact with infected or high-risk indi-
viduals.” The strict control in Wuhan has been effective,
with the daily reported confirmed cases significantly
reduced from 1,500 to 2,000 at its peak to 10 cases or
less a day.” However, the implementation of the quaran-
tine has also severely damaged its economy, with predic-
tions that the Chinese economy will grow by less than
4% in the first quarter of 2020.” The daily life of Wuhan
residents has also been seriously disrupted, and the long
duration of home containment may result in mental and

psychological issues.”

Lifting the metropolitan-wide quarantine is imminent.
Since late February, major cities across China have
gradually eased their restriction levels and partially
resumed public transportation.” As the epicenter of
the outbreak, Wuhan faces the dilemma of balancing
the substantial accumulating economic losses with
the hard-earned control of the epidemic. Lifting the
quarantine restrictions in the city and reopening trans-
port links with the rest of China has become the top
priority for the policy makers. We aim to determine
what level of the two commonly used control mea-
sures, social distancing and facial mask usage, are
necessary to prevent a resurgence of the epidemic
due to either residual active cases in Wuhan or im-

ported cases after lifting the quarantine.
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Lift quarantine on 21-Mar-2020
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Figure 1 Impact of Various Combinations of Facial Mask Usage and Public Person-to-Person Contact Rates on COVID-19

Various quarantine lifting dates, including hypothetically waiting until all internal cases have resolved and continuing a travel

ban, are presented. Green, smooth declining epidemic after lifting; blue, a second minor outbreak that is less than the current

outbreak; red, a second major outbreak that is greater than the current outbreak.

We estimated that at the end of the epidemic, a total of
65,733 (45,722—-99,015) individuals would be infected by
the virus, among which 16,166 (11,238-24,603, 24.6%)
would be infected through public contacts, 45,996
(31,892-69,565, 69.7%) through household contact, 3,571
(2,521-5,879, 5.5%) through hospital contacts (including
778 [553-1,154] non-COVID-19 patients and 2,786 [1,969—
4,791] medical staff members). The estimated number
of infected individuals was higher than the officially re-
ported number of confirmed cases because the model
estimate also accounted for those with undocumented
infections who had recovered before being diagnosed.
A total of 2,821 (1,634-6,361) would die of COVID-19

related pneumonia in Wuhan.

We examined six proposed dates for quarantine lifting
in our model. When public contact recovered to 100%

the pre-quarantine level and facial mask usage was

high at 95%, the epidemic would follow a smooth decline
to elimination regardless of which day quarantine was
lifted (Figure S4A). In contrast, when facial mask usage
was reduced to 50%, any quarantine lifting date before
April 25 would result in a second major outbreak (Fig-
ure S4B). Similarly, when facial mask usage was sus-
tained at 80%, and the public contact rate was recovered
to 100% of the pre-quarantine level, an earlier lifting on
March 21 may lead to a second minor outbreak (Fig-
ure S4C). But, if the public contact rate was 50% more
than the pre-quarantine level, a second major outbreak
would occur with all quarantine lifting dates except

April 25 (Figure S4D).

Combinations of high facial mask usage and reduced
public contacts may lead to a smooth decline of the
epidemic on various quarantine lifting dates (Figure 1).

For an early lifting date (March 21), facial masks
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needed to be sustained at a relatively high rate (> 85%)
if public contacts were to recover to 100% of the pre-
quarantine level. In contrast, lifting the quarantine on
April 18 allowed public person-to-person contact to
be adjusted back to the pre-quarantine level with a
substantially lower level of facial mask usage (75%).
However, a low facial mask usage (<50%) combined
with increased public contact (>100%) would always
lead to a significant second outbreak in most quaran-
tine lifting scenarios. Lifting the quarantine on April
25 would ensure a smooth decline of the epidemic
regardless of the combination of public contact rates

and facial mask usage.

The quarantine has substantially altered the transmis-
sion pattern of the virus in Wuhan. While our model pre-
dicts that public transmission accounts for the majority
of transmission prior to the quarantine, household trans-
mission is the dominant route of transmission during
quarantine, consistent with a previous study.” This is
intuitively reasonable because the quarantine has signif-
icantly reduced the public contacts of the residents and
increased their contacts with family members in a closed
household environment. In cases where the epidemic is
able to be contained without a second outbreak, the
dominant route of transmission would switch back to
public transmission after lifting the quarantine (Fig-
ure S5A). In cases where the epidemic results in a second
major outbreak (Figure S5B), the second outbreak would
be predominantly driven by household transmission.
Our estimate that ~70% of all infected cases were due
to household transmission is also in broad agreement
with a recent report from the World Health Organization
(78%—85%'°). Further, we estimated 5% hospital-acquired
infections in patients (1.1%) and medical staff (3.8%),

which is consistent with a recent clinical report.”

Our study suggests that maintaining a reduction in the
contact rate below the pre-quarantine levels is an impor-
tant ongoing intervention until a vaccine is available. If
residents return to the same level of activities as pre-quar-
antine, a very high level of facial mask usage rate of 85%

(or other powerful interventions) will be required. Any

additional public interactions, such as the influx of the
five million residents returning to Wuhan, may trigger a
second outbreak. Governments will need to determine
how to minimize public contacts from workplaces, venues
for essential daily commodities, residents, leisure, enter-
tainment venues, and public events although limiting or
modifying the latter may be important. Intercity travel
should be minimized, and the return of the residents
may need to be staged. The full restoration of intercity
public transportation may take months, and careful plan-

ning of the size of population inflow is necessary.

Maintaining ongoing high facial mask usage among
the population may be challenging for a number of
reasons. First, supplying this number of masks to a
population the size of Wuhan let alone other cities in
China and the world will be very challenging and
may critically limit their availability for health care
workers at high risk. Re-using disposable masks may

limit their efficacy.

China is in a unique position to determine if the quaran-
tine measures that successfully contained COVID-19 in
Wuhan can be eased while allowing economic activity
to resume. We recommend population facial mask usage
only when provision of masks for high-risk health care
workers is secured. We acknowledge the substantial
pragmatic issues that exist in rolling out and maintaining
such a program worldwide due to inadequate supply of
facial masks. But notwithstanding this limitation, this in-
formation may be of use to other cities, in other parts of
Asia, Europe, and the United States that are currently
experiencing rising epidemics of COVID-19. Limiting
transmission while maintaining economic activity until

a vaccine is available would be the ultimate goal.
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