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Objectives: A hasty reopening has led to a resurgence of the novel coronavirus disease 2019 (COVID-19) in
the United States (US). We aimed to quantify the impact of several public health measures including nonmedical mask-wearing, shelter-in-place, and detection of silent infections to help inform COVID-19
mitigation strategies.
Methods: We extended a previously established agent-based disease transmission model and
parameterized it with estimates of COVID-19 characteristics and US population demographics. We
implemented non-medical mask-wearing, shelter-in-place, and case isolation as control measures, and
quantiﬁed their impact on reducing the attack rate and adverse clinical outcomes.
Results: We found that non-medical mask-wearing by 75% of the population reduced infections,
hospitalizations, and deaths by 37.7% (interquartile range (IQR): 36.1–39.4%), 44.2% (IQR: 42.9–45.8%),
and 47.2% (IQR: 45.5–48.7%), respectively, in the absence of a shelter-in-place strategy. Sheltering
individuals aged 50 to 64 years of age was the most efﬁcient strategy, decreasing attack rate,
hospitalizations, and deaths by over 82% when combined with mask-wearing. Outbreak control was
achieved in the simulated scenarios and the attack rate was reduced to below 1% when at least 33% of
silent pre-symptomatic and asymptomatic infections were identiﬁed and isolated.
Conclusions: Mask-wearing, even with the use of non-medical masks, has a substantial impact on
outbreak control. A judicious implementation of shelter-in-place strategies remains an important public
health intervention amid ongoing outbreaks.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-ncnd/4.0/).
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Introduction
The novel coronavirus disease 2019 (COVID-19) has caused the
most devastating pandemic in modern times, with signiﬁcant
morbidity and mortality (World Health Organization, 2020). The
United States (US) has recorded more cases and deaths than any
other country, with over one-ﬁfth of the global mortality as of 1
October, 2020 (Johns Hopkins University, 2020; Weinberger et al.,
2020). Clinical and epidemiological studies suggest that comorbid
individuals and persons older than 50 years of age have been
disproportionately affected by COVID-19, in terms of both disease
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severity and adverse clinical outcomes (Centers for Disease Control
and Prevention, 2020a; Garg, 2020a). In addition to the catastrophic toll on human health, the restrictive public health
measures implemented to combat the spread of COVID-19 have
led to widespread disruption of education, societal functions, and
the economy (Dorn et al., 2020; Fernandes, 2020; Palumbo and
Brown, 2020). Rapid easing of these measures to alleviate social
and economic woes in the US during the summer of 2020 led to a
resurgence of cases (Johns Hopkins University, 2020), thereby
forcing many states such as Texas, California, and Oregon to
restructure their reopening strategies (CNN et al., 2020a).
A capacity to identify over one-third of silent pre-symptomatic
and asymptomatic infections combined with the immediate
isolation of symptomatic cases is required to control the current
resurgence of COVID-19 before a safe and effective vaccine
becomes available (Moghadas et al., 2020a). Given that this is
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unlikely to be achieved with the existing testing capacity and
sample-to-result timeline in the US, additional public health
measures may be needed to change the trajectory of current
outbreaks, such as shelter-in-place strategies for speciﬁc population segments and mask-wearing. Quantifying the effects of these
measures can help to inform public health mitigation strategies to
curb ongoing outbreaks.
In this study, we aimed to project the impact on adverse clinical
outcomes that could be achieved by mask-wearing and implementing shelter-in-place strategies for various population segments while considering age and comorbidities associated with
COVID-19 (Centers for Disease Control and Prevention, 2020b;
Garg, 2020b; Stokes et al., 2020). In particular, we extended a
previously established agent-based simulation model (Moghadas
et al., 2020a; Shoukat et al., 2020) and simulated various outbreak
scenarios while assuming 5% population immunity for our base
case according to recent seroprevalence studies (SeroTracker,
2020; Bobrovitz et al., 2020). We found that the attack rate,
hospitalizations, and deaths can be reduced by at least ﬁve-fold if
shelter-in-place of comorbid individuals or persons aged 50–64
years is combined with mask-wearing by those not sheltered-inplace. We found that outbreak control can be achieved to bring the
attack rate to below 1% if at least 33% of silent pre-symptomatic
and asymptomatic infections are identiﬁed and isolated.

COVID-19 outbreak scenarios. The natural history of COVID-19 was
implemented by including individual classes with epidemiological
statuses: susceptible, latently infected (not yet infectious),
asymptomatic, pre-symptomatic, symptomatic with either mild
or severe illness, recovered, and dead (Appendix: Figure S1). The
model population was stratiﬁed into ﬁve age groups comprising 0–
4, 5–19, 20–49, 50–64, and 65 years based on US demographics
(U.S. Census Bureau QuickFacts: United States, 2020). We
parameterized the model (Table 1) and determined the proportion
of individuals in each age group who had one or more
comorbidities associated with COVID-19 complications based on
age-speciﬁc means derived from the 2017 Behavioural Risk Factor
Surveillance System (Appendix: Table S1) (Divo et al., 2014; Adams
et al., 2020). In the absence of any social distancing measures, the
daily number of interactions within and between different age
groups were sampled from negative binomial distributions and
implemented based on an empirically determined contact network
(Mossong et al. 2008). When shelter-in-place was integrated as a
social distancing measure, the network of interactions changed
into an age-dependent contact matrix derived from a representative sample population during COVID-19 lockdown (Appendix:
Table S2) (CMMID COVID-19 Working Group et al., 2020).

Methods

Disease transmission occurred probabilistically when susceptible individuals interacted with infectious individuals in asymptomatic, pre-symptomatic, or symptomatic stages of the disease.
For each newly infected individual, we sampled an incubation
period from a log-normal distribution with an average of 5.2 days
(Lauer et al., 2020; Li et al., 2020a). A proportion of infected

Infection dynamics

Model structure
We extended our agent-based transmission model (Moghadas
et al., 2020a; Shoukat et al., 2020) to simulate post-reopening

Table 1
Model parameters, values, and distributions.
 65

Description

0–4

Transmission probability per contact during the
pre-symptomatic stage
Incubation period (days)
Asymptomatic period (days)

0.08
Log-Normal (mean: 5.2, SD: 0.1)
Gamma (shape: 5, scale: 1)

Pre-symptomatic period (days)
Infectious period from onset of symptoms (days)

Gamma (shape: 1.058, scale: 2.174)
Gamma (shape: 2.768, scale: 1.1563)

Proportion of infections that are asymptomatic

0.3

0.31

0.29

0.29

0.18

Proportion of symptomatic cases that
exhibit mild symptoms
Relative transmissibility of severe symptomatic
compared to pre-symptomatic
Relative transmissibility of mild symptomatic
compared to pre-symptomatic
Relative transmissibility of asymptomatic
compared to pre-symptomatic
Proportion of individuals with one
or more comorbidities
Proportion of cases hospitalized with one or
more comorbidities
Proportion of cases hospitalized with one or
more comorbidities – by type of bed occupied
Proportion of cases hospitalized without
any comorbidities
Proportion of cases hospitalized without any
comorbidities – by type of bed occupied
Length of non-ICU stay

0.95

0.9

0.85

0.60

0.20

5–19

20–49

0.89
0.44

(Moghadas et al., 2020a)

0.11

(Moghadas et al., 2020a)
0.1

0.28

40%

Non-ICU
ICU

Source
Calibrated to
R0 = 2.5 (Li et al., 2020a; Wu et al., 2020)
(Lauer et al., 2020; Li et al., 2020a)
Derived from
(Gatto et al., 2020; Li et al., 2020b)
(He et al., 2020)
Derived from
(Li et al., 2020b)
(Mizumoto et al., 2020; Nishiura et al.,
2020)
(Moghadas et al., 2020b; Shoukat et al.,
2020)
(Moghadas et al., 2020a)

0.05

Non-ICU
ICU

50–64

0.55

0.76

(Adams et al., 2020)
(Centers for Disease Control and
Prevention, 2020b; Garg, 2020b)

67%
33%
9%

(Centers for Disease Control and
Prevention, 2020b; Garg, 2020b)

75%
25%
Gamma (shape: 4.5, scale: 2.75)

Length of ICU stay

Gamma (shape: 4.5, scale: 2.75)

Efﬁcacy of mask in preventing transmission (eM)

20%

335

Derived from
(Sanche et al., 2020; Yang et al., 2020)
Derived from
(Sanche et al., 2020; Yang et al., 2020)
(Davies et al., 2013; MacIntyre et al.,
2015; Konda et al., 2020; Mondal et al.,
2020)
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compliance is based on recent polling results, which suggest that
the rate of compliance remains below 75% despite mandatory
mask-wearing in some states (CNN, 2020b). We chose a
conservative non-medical mask efﬁcacy, i.e., eM = 20%, within
the estimated range (Davies et al., 2013; MacIntyre et al., 2015;
Konda et al., 2020; Mondal et al., 2020) for reducing disease
transmission during interactions between susceptible and infected
individuals. The probability of disease transmission was then
reduced by a factor of (1 – eM) or (1 – eM)2 depending on whether
only one or both interacting individuals wore masks, respectively.
We also implemented shelter-in-place strategies based on age and
comorbidities by considering eight scenarios, as described in
Table 2. Under any of these scenarios, the daily interactions of
individuals who were sheltered-in-place were parameterized from
an age-dependent contact matrix (Appendix: Table S2). The total
number of contacts was sampled from a negative binomial
distribution, with parameters derived from a recent study of
contact patterns during COVID-19 lockdown (CMMID COVID-19
Working Group et al., 2020). When both shelter-in-place and
mask-wearing interventions were applied, only individuals who
were not sheltered-in-place wore masks during daily interactions.
In our model, the baseline scenario corresponded to the simulation
of outbreaks without these interventions. For all other scenarios,
we measured the effect of shelter-in-place and mask-wearing on
reductions in the attack rate, hospitalizations, and deaths
throughout the outbreak. In order to compare scenarios for
shelter-in-place, we estimated the strategy efﬁciency (Se) as: Se = La
/Ns, where La is the cumulative number of the outcome of interest
averted (i.e., infections, hospitalizations, or deaths) compared to
the no shelter-in-place intervention, and Ns is the number of
sheltered-in-place individuals. Using Se, we determined the most
efﬁcient strategy for shelter-in-place among the simulated
scenarios.

individuals develop symptoms after a highly infectious presymptomatic stage as part of their incubation period (He et al.,
2020). The pre-symptomatic period was sampled from a gamma
distribution with a mean of 2.3 days (He et al., 2020). The infectious
period following symptom onset was also sampled from a gamma
distribution with a mean of 3.2 days (Li et al., 2020b). We used agedependent estimates to determine the probability of developing
mild, severe, or critical illness during the symptomatic infection
period (Moghadas et al., 2020b; Shoukat et al., 2020). Infected
individuals who were not pre-symptomatic after the latent period
became asymptomatic until recovery, with an infectious period
sampled from a gamma distribution with a mean of 5 days (Gatto
et al., 2020; Li et al., 2020b). Recovery from infection was assumed
to provide adequate immunity for the duration of the outbreak and
prevent re-infection.
The infectivity was parameterized for individuals in asymptomatic, mild symptomatic, and severe symptomatic stages
relative to the infectivity during the pre-symptomatic stage. These
parameters were based on the proportion of secondary cases
resulting from disease transmission during each stage of infection
(Ferretti et al., 2020; Moghadas et al., 2020a). The pre-symptomatic
stage accounts for the highest proportion of secondary infections
(Ferretti et al., 2020; Moghadas et al., 2020a), so we determined the
relative infectivity in the asymptomatic, mild symptomatic, and
severe symptomatic stages to be 11%, 44%, and 89%, respectively
(Moghadas et al., 2020a).
Infection outcomes
We assumed that mild cases recover without the need for
hospitalization. The probabilities of hospitalization and intensive
care unit (ICU) admissions for severe and critical cases were
informed by estimates from COVID-19 outbreaks in the US, and
further classiﬁcation of individuals with and without comorbidities (Centers for Disease Control and Prevention, 2020b; Garg,
2020b). Hospitalized patients were isolated and did not contribute
to further transmission in the population. The average time from
symptom onset to hospital admission was sampled in the range of
2 to 5 days (Moghadas et al., 2020b; Shoukat et al., 2020). The
lengths of non-ICU and ICU stays for hospitalized patients were
sampled from gamma distributions with means of 12.4 and 14.4
days, respectively (Sanche et al., 2020; Yang et al., 2020). We
assumed that severe symptomatic cases who were not hospitalized
self-isolated immediately upon symptom onset and they limited
their daily contacts to a maximum of three until recovery.

Model implementation
We calibrated the model to a baseline transmission probability
per contact to obtain a reproduction number R0 = 2.5 (deﬁned as
the average number of secondary cases generated by a primary
case), as estimated for the initial COVID-19 outbreaks (Li et al.,
2020a; Wu et al., 2020). This reproduction number corresponds to
an attack rate of 60% in an entirely susceptible population. Recent
seroprevalence studies suggest that initial outbreaks generated
population level immunity of about 3.35% at the global scale
(SeroTracker, 2020). This level of immunity varies in the US
population (95% conﬁdence interval: 3.59–9.36%) (SeroTracker,
2020), and thus we considered scenarios with 5%. To account for
the age distribution of pre-existing population immunity, we ﬁrst
simulated the model in an entirely susceptible population and
replicated the scenario for initial outbreaks. We then used the
infection rates in different age groups and initialized our model
with a population that included immune individuals according to
the age-speciﬁc distribution of pre-existing immunity (Appendix:

Interventions
We considered non-medical cloth masks (referred to as masks
in the following) as an intervention measure for the general
population, with compliance rates of 0%, 25%, 50%, and 75% for
individuals aged 2 and older based on the Centers for Disease
Control and Prevention guidelines (CDC, 2020). This range of

Table 2
Shelter-in-place strategies implemented in the model.
Scenario

Who is sheltered-in-place?

S1
S2
S3
S4
S5
S6
S7
S8

Children aged 5 to 19 (school closures)
All individuals with comorbidities associated with
All individuals between 50 and 64 years of age
All individuals aged 65 and older
All individuals aged 50 and older
All individuals with comorbidities associated with
All individuals with comorbidities associated with
All individuals with comorbidities associated with

% of the population

336

COVID-19

COVID-19 or aged 50 to 64
COVID-19 or 65 and older
COVID-19 or 50 and older

18.9
36.3
18.9
16.6
35.6
44.9
40.3
48.9
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Figure 1. (A) Projected incidence of COVID-19 infections per 10,000 population at different mask-wearing compliance rates and with 5% level of pre-existing immunity. (B)
Reductions in attack rate, hospitalizations, and deaths at different mask-wearing compliance rates compared to no mask-wearing. Simulations correspond to mask-wearing
scenarios in the absence of shelter-in-place strategies.

Table S3). To evaluate the intervention measures, we seeded
simulations with one initial infection in the latent stage of the
disease in a population of 10,000 individuals. We averaged the
results over 1000 independent Monte Carlo realizations in each
scenario. The model was coded in Julia language and it is available
at: https://github.com/thomasvilches/covid-shelterin.

projected a median reduction of 9.6% (interquartile range (IQR):
7.3–11.7%) for the attack rate, 11.9% (IQR: 9.8–14.3%) for hospitalizations, and 14.0% (IQR: 11.9–16.1%) for deaths compared to no
mask-wearing (Figure 1B). When we increased the mask-wearing
compliance rate to 75%, the median reductions in the attack rate,
hospitalizations, and deaths were substantially higher at 37.7%
(IQR: 36.1–39.4%), 44.2% (IQR: 42.9–45.8%), and 47.2% (IQR: 45.5–
48.7%), respectively (Figure 1B).
We also estimated the reduction in secondary infections that
could be achieved by mask-wearing. Compared to the nointervention scenario (corresponding to model calibration with
R0 = 2.5), mask-wearing compliance rates of 25%, 50%, and 75%
reduced the reproduction number to 2.30, 2.04, and 1.79,
respectively.

Results
Impact of mask-wearing
We evaluated the impact of mask-wearing in the absence of a
shelter-in-place strategy by assuming population immunity of 5%.
As the proportion of the population wearing masks increased from
0% to 75%, the peak incidence was delayed and its magnitude
decreased (Figure 1A). For instance, with no mask-wearing (0%
compliance) and no shelter-in-place intervention, a mean peak
incidence of 146 per 10,000 population was observed 58 days into
the outbreak. However, with 75% mask-wearing compliance, the
peak incidence was reduced to 55 per 10,000 population (62.3%
reduction) and it occurred with a 3-week delay on day 81 of the
outbreak. For a mask-wearing compliance rate of 25%, we

Impact of shelter-in-place
When shelter-in-place was implemented, the timing of peak
incidence was delayed and its magnitude was reduced for each
scenario (Figure 2). Assuming population immunity of 5% and in
the absence of mask-wearing, the lowest effect on reducing the
attack rate (median: 13.9%; IQR: 11.6–16.2%) was associated with

Figure 2. Projected incidence of COVID-19 with different shelter-in-place strategies combined with mask-wearing compliance rates of 0% (A), 25% (B), 50% (C), and 75% (D)
among those not sheltered-in-place. The level of pre-existing immunity in the population was assumed to be 5% for all scenarios.
337

K. Zhang, T.N. Vilches, M. Tariq et al.

International Journal of Infectious Diseases 101 (2020) 334–341

Figure 3. Reductions achieved in attack rate, hospitalizations, and deaths with each shelter-in-place strategy combined with mask-wearing compliance rates of 0% (A1, B1,
C1), 25% (A2, B2, C2), 50% (A3, B3, C3), and 75% (A4, B4, C4). The level of pre-existing immunity in the population was assumed to be 5% for all scenarios.

and the various combinations of age groups and comorbidities
modeled in each scenario. Based on the number of averted
infections, hospitalizations, and deaths per person sheltered-inplace, we found that S3 was the most efﬁcient strategy, where all
individuals between 50 and 64 years of age were sheltered-inplace (Figure 4). In the absence of mask-wearing, S3 resulted in the
highest numbers of averted infections (median: 1.69; IQR: 1.65–
1.75), hospitalizations (median: 0.085; IQR: 0.083–0.087), and
deaths (median: 0.0091; IQR: 0.0088–0.0093) per person sheltered-in-place, as shown in Figure 4. By contrast, as shown in
Figure 3, strategies S6 and S8 provided the highest reductions in
adverse clinical outcomes but they had relatively low efﬁciency
because a high proportion of the population was sheltered-inplace. Strategy S1 (children aged 5 to 19) required sheltering-inplace for the same proportion of the population as strategy S3, but
S1 was the least efﬁcient strategy in terms of averting hospitalizations (0.021, IQR: 0.019–0.024) and deaths (0.0024, IQR:
0.0022–0.0027) per person sheltered-in-place, mainly due to a
high proportion of daily contacts occurring within their own age
group (5–19 years), as well as better clinical outcomes when
children are infected with COVID-19 compared to older age groups
(Shekerdemian et al., 2020).

sheltering individuals aged 65 years and older (S4). S4 also led to
the highest and earliest peak of incidence (Figure 2A). Sheltering
children aged 5–19 years (S1) was slightly more effective in
reducing the attack rate (median: 19.7%; IQR: 17.5–21.4%) as well as
delaying and lowering the peak incidence. However, S1 underperformed in terms of reducing hospitalizations and deaths
compared to S4 (Figure 3 – A1, B1, C1). We observed the greatest
effects on reducing the attack rate (over 80%), hospitalizations
(over 85%), and deaths (over 87%) with strategies S6 and S8
(Figure 3 – A1, B1, C1), where comorbid individuals combined with
those aged 50–64 (S6) or 50 and older (S8) were sheltered-inplace. We also found that despite a signiﬁcantly lower number of
individuals (i.e., 18.9% of the population) being sheltered-in-place
with strategy S3 (i.e., those aged 50–64 years), S3 outperformed
strategy S7 where over 40% of the population (i.e., all individuals
with comorbidities or aged 65 and older) were sheltered-in-place
(Figure 3).
When mask-wearing was implemented in combination with
shelter-in-place interventions, the peak incidence was further
delayed (Figure 2) and the performance of all strategies improved
proportionally in reducing the attack rate, hospitalizations, and
deaths (Figure 3). We found that when the mask-wearing
compliance was 75%, sheltering individuals aged 50–64 years
(S3; 18.9% of the population) reduced the attack rate, hospitalizations, and deaths, with comparable rates to those obtained
when all comorbid individuals or those aged 50 and older were
sheltered-in-place (S8; 48.9% of the population) in the absence of
mask-wearing (Figure 3). These results suggest that mask-wearing
can reduce the burden of disease and improve the performance of
shelter-in-place strategies without increasing the number of
individuals sheltered-in-place (Appendix: Tables S4–S6). With
75% mask-wearing, the median reduction in the attack rate under
S3 was projected as 82.5% (IQR: 81.6–83.5%) and the median
reductions in hospitalizations and deaths exceeded 86% and 87%,
respectively.

Outbreak control
Shelter-in-place and mask-wearing strategies can substantially
reduce the magnitude of outbreaks and adverse clinical outcomes.
However, since we excluded healthy individuals between 20 and
49 years of age from our shelter-in-place strategies, effective
control of COVID-19 outbreaks will need to include the rapid
identiﬁcation of silent pre-symptomatic and asymptomatic
infections (Moghadas et al., 2020a). Therefore, we conducted
simulations to identify the level of non-symptomatic case
detection required with testing to bring the attack rate below
1% of the population when a highly efﬁcient strategy of sheltering
individuals aged 50–64 years (S3) was combined with maskwearing by those not sheltered-in-place. Our results showed that if
testing capacity and contact tracing allowed for 33% of silent
infections to be identiﬁed, outbreak control could be achieved by
implementing S3 with 75% mask-wearing (Figure 5D). When the

Efﬁciency of shelter-in-place strategies
The number of individuals affected by each shelter-in-place
strategy was variable due to the population distribution in the US
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Figure 4. Efﬁciency of various shelter-in-place strategies as the ratio of the number of adverse outcomes (infections, hospitalizations, and deaths) averted relative to the
number of individuals sheltered-in-place in the absence of mask-wearing.

Figure 5. Projected attack rates under different shelter-in-place strategies with a detection rate of 33% for silent (i.e., pre-symptomatic and asymptomatic) infections and
mask-wearing compliance rates of 0% (A), 25% (B), 50% (C), and 75% (D).

mask-wearing compliance rate was 50%, the attack rate under
most strategies remained above 2% even with a 33% detection rate
for silent infections (Figure 5A,B,C).

causing a resurgence of cases in many US states. However,
curtailing these outbreaks is unlikely in the presence of insufﬁcient
testing, inadequate social distancing, and the ongoing debate (Feng
et al., 2020) over the use of masks in public. In this study, we aimed
to quantify the effects of mask-wearing and shelter-in-place to
identify the optimal strategies for effective control of ongoing and
future COVID-19 outbreaks. A strategic approach to lifting
restrictive public health measures will help to facilitate a safe
economic recovery.
Our results showed that the greatest reductions in the attack rate,
hospitalizations, and deaths were achieved when nearly half of the

Discussion
In the absence of a COVID-19 vaccine, mitigation measures to
curb initial outbreaks have included strict social distancing and
movement restrictions (Flaxman et al., 2020; Khosrawipour et al.,
2020; Lau et al., 2020; The Lancet, 2020). The resulting societal and
economic repercussions have led to a hasty reopening, thereby
339
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population was sheltered-in-place (Figure 3). However, a similar
impact was obtained by sheltering a substantially smaller proportion
(19%) of the population (S3: individuals aged 50–65) when 75% of
those who were not sheltered-in-place wore masks. When
considering a similar proportion of the population in S4, however,
the efﬁciency of the strategy decreased substantially despite a high
proportion of comorbid individuals because persons aged 65 and
older have the lowest number of daily contacts of any age group. On a
population level, our results demonstrated that school closures
(sheltering children aged 5–19 years) were comparatively less
effective in terms of reducing hospitalizations and mortality, which
can mainly be explained by empirical observations that over 60% of
daily contacts among school children occur in their own age group
(Mossong et al., 2008) (Appendix: Table S2), and that they are more
likely to exhibit milder COVID-19 outcomes with lower hospitalization rates (Shekerdemian et al., 2020).
The use of face coverings has been recommended by the Centers
for Disease Control and Prevention to help reduce the spread of
COVID-19 (CDC, 2020). However, there has been a widespread
debate on the effectiveness of mask-wearing despite preliminary
evidence suggesting that it can help reduce transmission
(MacIntyre et al., 2015; CDC, 2020; Konda et al., 2020; Mondal
et al., 2020). Our results demonstrate the beneﬁts of mask-wearing
for reducing the spread of infection and adverse clinical outcomes,
particularly when combined with shelter-in-place strategies for
vulnerable populations. The assumed non-medical mask efﬁcacy
in our analysis (20%) is likely to be conservative given the range of
estimates (20–80%) used in previous studies (Eikenberry et al.,
2020; Ngonghala et al., 2020). However, factors such as the
materials used to make cloth masks (Konda et al., 2020), imperfect
use (Mondal et al., 2020), and the behavior of the mask-wearer
could reduce their effectiveness (Stutt et al., 2020). If non-medical
masks are more effective than assumed in this study, our results
would be conservative and a greater impact on reducing disease
burden may be expected.
Our study has important implications for COVID-19 mitigation
strategies. First, a strategic and coordinated response is necessary
to suppress the ongoing resurgence of cases in the US. Second,
mask-wearing and shelter-in-place continue to be important
measures for reducing the disease burden, and enhancing the
capacity for testing and contact tracing remains a critical pathway
toward curbing the trajectory of developing outbreaks. Given that
the majority of COVID-19 transmission is attributable to shedding
from pre-symptomatic and asymptomatic individuals (Moghadas
et al., 2020a), outbreak control cannot be achieved without
detecting and isolating at least one-third of silent infections. In this
context, mask-wearing can help to reduce the risk of silent
transmission. Finally, in the absence of a vaccine, a judicious
implementation of shelter-in-place strategies could have a large
impact on the control of ongoing and future outbreaks, while
minimizing socioeconomic repercussions in the coming months.
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