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INTRODUCTION:Maskusage remains lowacross
many parts of the world during the COVID-19
pandemic, and strategies to increase mask-
wearing remain untested. Our objectives were
to identify strategies that can persistently in-
crease mask-wearing and assess the impact
of increasing mask-wearing on symptomatic
severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infections.

RATIONALE:Weconducteda cluster-randomized
trial of community-level mask promotion in
rural Bangladesh from November 2020 to
April 2021 (N=600 villages,N=342,183 adults).
We cross-randomized mask promotion strat-
egies at the village and household level, includ-
ing cloth versus surgical masks. All intervention
arms received free masks, information on the
importance ofmasking, role modeling by com-
munity leaders, and in-person reminders for
8 weeks. The control group did not receive any
interventions. Participants and surveillance staff
werenot informedof treatment assignments, but
projectmaterials were clearly visible. Outcomes
included symptomatic SARS-CoV-2 seropreva-
lence (primary) and prevalence of propermask-

wearing, physical distancing, social distancing,
and symptoms consistent with COVID-19 ill-
ness (secondary). Mask-wearing and distancing
were assessed through direct observation at
least weekly at mosques, markets, the main en-
trance roads to villages, and tea stalls. Individ-
uals were coded as physically distanced if they
were at least one arm’s length from the nearest
adult; social distancingwasmeasured using the
total number of adults observed in public areas.
At 5- and 9-week follow-ups, we surveyed all
reachable participants about COVID-19–related
symptoms. Blood samples collected at 10- to
12-week follow-ups for symptomatic individ-
uals were analyzed for SARS-CoV-2 immuno-
globulin G (IgG) antibodies.

RESULTS: There were 178,322 individuals in
the intervention group and 163,861 indi-
viduals in the control group. The intervention
increased proper mask-wearing from 13.3%
in control villages (N = 806,547 observations)
to 42.3% in treatment villages (N = 797,715
observations) (adjusted percentage point
difference = 0.29; 95% confidence interval =
[0.26, 0.31]). This tripling of mask usage was

sustained during the intervention period and
for 2weeks after. Physical distancing increased
from 24.1% in control villages to 29.2% in
treatment villages (adjusted percentage point
difference = 0.05 [0.04, 0.06]). We saw no
change in social distancing. After 5 months,
the impact of the intervention onmask-wearing
waned, butmask-wearing remained 10 percent-
age points higher in the intervention group.
Beyond the core intervention of free distribu-
tion and promotion at households, mosques,
andmarkets; leader endorsements; and period-
icmonitoring and reminders, several elements
had no additional effect onmask-wearing, in-
cluding text reminders, public signage com-
mitments,monetary or nonmonetary incentives,
and altruisticmessaging or verbal commitments.
The proportion of individuals with COVID-

19–like symptoms was 7.63% (N = 12,784) in
the intervention arm and 8.60% (N = 13,287) in
the control arm, an estimated 11.6% reduction
after controlling for baseline covariates. Blood
samples were collected from consenting, symp-
tomatic adults (N = 10,790). Adjusting for
baseline covariates, the intervention reduced
symptomatic seroprevalence by 9.5% (adjusted
prevalence ratio = 0.91 [0.82, 1.00]; control
prevalence = 0.76%; treatment prevalence =
0.68%). We find that surgical masks are par-
ticularly effective in reducing symptomatic
seroprevalence of SARS-CoV-2. In villages
randomized to surgical masks (N = 200), the
relative reduction was 11.1% overall (adjusted
prevalence ratio = 0.89 [0.78, 1.00]). The effect
of the intervention ismost concentrated among
the elderly population; in surgical mask vil-
lages, we observe a 35.3% reduction in symp-
tomatic seroprevalence among individuals
≥60 years old (adjusted prevalence ratio =
0.65 [0.45, 0.85]). We see larger reductions
in symptoms and symptomatic seropositivity
in villages that experienced larger increases in
mask use. No adverse events were reported.

CONCLUSION: Arandomized-trial of community-
levelmaskpromotion in ruralBangladeshduring
the COVID-19 pandemic shows that the inter-
vention increasedmaskusageandreducedsymp-
tomatic SARS-CoV-2 infections, demonstrating
that promoting community mask-wearing can
improve public health.▪
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Impact of intervention on mask use and biological outcomes. The figure shows the raw means of mask-
wearing (left), COVID-19 symptoms (middle), and symptomatic seropositivity (right) in the control and treatment
arms. The estimated change in each outcome, confidence intervals, and p values adjust for preregistered covariates
(and thus are not computable from the raw values). Individuals who were symptomatic but did not consent to
blood collection were dropped from the sample; measured symptomatic seropositivity thus understates the true
fraction of the population that was symptomatic seropositive.
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We conducted a cluster-randomized trial to measure the effect of community-level mask distribution and
promotion on symptomatic severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections
in rural Bangladesh from November 2020 to April 2021 (N = 600 villages, N = 342,183 adults). We cross-
randomized mask type (cloth versus surgical) and promotion strategies at the village and household
level. Proper mask-wearing increased from 13.3% in the control group to 42.3% in the intervention
arm (adjusted percentage point difference = 0.29; 95% confidence interval = [0.26, 0.31]). The
intervention reduced symptomatic seroprevalence (adjusted prevalence ratio = 0.91 [0.82, 1.00]),
especially among adults ≥60 years old in villages where surgical masks were distributed (adjusted
prevalence ratio = 0.65 [0.45, 0.85]). Mask distribution with promotion was a scalable and effective
method to reduce symptomatic SARS-CoV-2 infections.

A
s of September 2021, the COVID-19 pan-
demic has taken the lives of more than
4.7 million people. Inspired by the grow-
ing body of scientific evidence that face
masks have the potential to slow the

spread of the disease and save lives (1–10),
we conducted a cluster-randomized controlled
trial covering 342,183 adults in 600 villages
in rural Bangladesh with the dual goals of (i)
identifying strategies to increase community-
wide mask-wearing and (ii) tracking changes
in symptomatic severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infections
as a result of our intervention. Although vac-
cines may constrain the spread of SARS-CoV-2
in the long-term, it is unlikely that a substan-
tial fraction of the population in low- and
middle-income countries will have access to
vaccines before the end of 2021 (11). Develop-

ing scalable and effective means of com-
bating COVID-19 is thus of first-order policy
importance.
TheWorld Health Organization (WHO) de-

clined to recommend mask adoption until
June 2020, citing the lack of evidence from
community-based randomized-controlled trials
as well as concerns that mask-wearing would
create a false sense of security (12). Critics ar-
gued that those whoworemasks would engage
in compensating behaviors, such as failing to
physically distance from others, resulting in
a net increase in transmission (13). We direct-
ly test this hypothesis by measuring physical
distancing.
We designed our trial to encourage universal

mask-wearing at the community level, rather
than mask-wearing among only those with
symptoms. We encouraged even healthy indi-
viduals to wear masks because a substantial
share of COVID-19 transmission stems from
asymptomatic or presymptomatic individuals
(14) and masks may protect healthy wearers
by reducing the inhalation of aerosols or drop-
lets (15–17).
After performing pilot studies, we settled on

a core intervention package that combined
household mask distribution with communi-
cation about the value of mask-wearing; mask
promotion and in-person reminders at mos-
ques, markets, and other public places; and
role-modeling by public officials and commu-
nity leaders. We also tested several other strat-
egies in subsamples, such as asking people to
make a verbal commitment, creating opportu-
nities for social signaling, textmessaging, and
providing village-level incentives to increase

mask-wearing. The selection of strategies to
test was informed by both our pilot study re-
sults and research in public health, psychology
(18–20), economics (21–23), marketing (24–26),
and other social sciences (27) on product pro-
motion anddissemination strategies.We tested
many different strategies because it was diffi-
cult to predict in advance which ones would
lead to persistent increases in mask-wearing.
Prediction studies we conducted with policy-
makers and public health experts at theWHO,
India’s National Council of Applied Economic
Research, and theWorld Bank suggested that
even these experts with influence over policy
design could not easily predict which spe-
cific strategies would prove most effective in
our trial.
We powered our intervention around the

primary outcome of symptomatic seropreva-
lence. During our study, we collected sur-
vey data on the prevalence of WHO-defined
COVID-19 symptoms from all available study
participants and then collected blood samples
at endline from those who reported symptoms
at any time during the 8-week study. Our trial
is therefore designed to track the fraction of
individuals who are both symptomatic and
seropositive. We chose this as our primary
outcome because (i) the goal of public health
policy is ultimately to prevent symptomatic
infections (even if preventing asymptomatic
infections is instrumentally important in achiev-
ing that goal) and (ii) symptomatic individuals
are far more likely to be seropositive so power-
ing for this outcome required conducting an
order of magnitude fewer costly blood tests.
As secondary outcomes, we also report the
effects of our intervention on WHO-defined
symptoms for probable COVID-19 infection
and mask-wearing.
Bangladesh is a densely populated country

with 165 million inhabitants; reported infec-
tions reached 15,000 per day during our study
period, but reported cases and deaths are likely
underestimated by one to two orders of mag-
nitude (28–32). The evolution ofmask use over
time in Bangladesh is discussed in greater
detail in (33). In Bangladesh, the government
strongly recommended mask use from early
April 2020. In an April 2020 telephone survey,
more than 80% of respondents self-reported
wearing a mask and 97% self-reported owning
amask. The Bangladeshi government formally
mandated mask use in late May 2020 and
threatened to fine those who did not comply,
although enforcementwasweak tononexistent,
especially in rural areas. During in-person sur-
veillance between 21 and 25May 2020 in 1441
places in 52 districts, we observed 51% of about
152,000 individuals wearing a mask. Another
wave of surveillance was conducted between 19
and 22 June 2020 in the same 1441 locations,
andmask-wearing dropped to 26%, with 20%
wearing masks that covered their mouth and

RESEARCH

Abaluck et al., Science 375, eabi9069 (2022) 14 January 2022 1 of 12

1Yale School of Management, Yale University, New Haven,
CT, USA. 2Woods Institute for the Environment, Stanford
University, Stanford, CA, USA. 3Division of Environmental
Health Sciences, University of California, Berkeley, Berkeley,
CA, USA. 4Division of Infectious Diseases and Geographic
Medicine, Stanford University, Stanford, CA, USA.
5Innovations for Poverty Action Bangladesh, Dhaka,
Bangladesh. 6Innovations for Poverty Action, Evanston, IL,
USA. 7Department of Epidemiology and Population Health,
School of Medicine, Stanford University, Stanford, CA, USA.
8Yale Research Initiative on Innovation and Scale, Yale
University, New Haven, CT, USA. 9Social and Behavioral
Interventions Program, Johns Hopkins Bloomberg School of
Public Health, Baltimore, MD, USA. 10NGRI, North South
University, Dhaka, Bangladesh. 11Department of
Pharmaceutical Sciences, North South University, Dhaka,
Bangladesh. 12Department of Economics, Deakin University,
Melbourne, Australia.
*Corresponding author. Email: jason.abaluck@yale.edu (J.A.);
ahmed.mobarak@yale.edu (A.M.M.)
†These authors contributed equally to this work.
‡These authors contributed equally to this work.

D
ow

nloaded from
 https://w

w
w

.science.org on A
pril 11, 2022



nose and 6% wearing masks improperly. An
August 2020 phone survey in rural Kenya
found that although 88% of respondents claim
to wear masks in public, direct observation
revealed that only 10% actually did (34). These
observations suggest that mask promotion
interventions could be useful in rural areas
of low- and middle-income countries, which
are home to several billion people at risk for
COVID-19.

Results

Our analysis followed our preregistered anal-
ysis plan (https://osf.io/vzdh6/) except where
indicated. Our primary outcome was symp-
tomatic seroprevalence for SARS-CoV-2. We
also analyzed the impact of our intervention
on mask-wearing, physical distancing, social
distancing, and COVID-19–like symptoms. No
adverse events were reported during the study
period.

Sample selection

The unions where we conducted our inter-
vention are geographically dispersed through-
out rural Bangladesh, as shown in Fig. 1.
(Appendix C discusses in more detail how
these unions were selected.) Tables S1 and S2
summarize sample selection for our analysis.
We initially approved 134,050 households, of
which 125,053 provided baseline information.
From these 125,053 households, we collected
baseline information from 342,183 individu-
als. Of these, 336,010 (98%) provided symp-
tom data at week 5 and/or 9. Of these, 27,160
(8.0%) reported COVID-19–like symptoms
during the 9 weeks since the study began.
We attempted to collect blood samples from
all symptomatic individuals. Of these, 10,790
(39.7%) consented to have blood collected
(40.2% in the treatment group and 39.3% in
the control group; p = 0.24). We show in table
S3 that consent rates are about 40% across
men and women and among adults of differ-
ent age groups in both treatment and control
villages.
As such, the sample of individuals for whom

we have symptom data is much larger than
the sample for whom we have serology data.
We tested 9512 (88.2%) of the collected blood
samples to determine seroprevalence for SARS-
CoV-2 immunoglobulin G (IgG) antibodies.
Untested samples (<12%) either lacked suf-
ficient quantity for our test or could not be
matched to individuals from our sample be-
cause of a barcode scanning error. In our pri-
mary outcome analysis, we drop individuals
for whom we are missing symptom data or
who did not consent to blood sample collec-
tion. For the analyses where symptomatic
status is the outcome, we report results using
both this smaller sample as well as the larger
sample of all individuals who provided symp-
tom data. In the baseline, we collected blood

samples from a random sample of individ-
uals (N = 10,085), of whom 339 had COVID-
19–like symptoms. We use these to check
balance with respect to baseline symptomatic
seropositivity (as well as baseline sympto-
matic status).
Of the 600 villages initially recruited for the

study, the analysis sample excludes four villages
where interventions could not be performed
owing to a lack of local government coopera-
tion. We exclude an additional 11 villages
and their village-pairs (where a village and its
village-pair are a control-treatment pair) be-
cause we did not observe them in the baseline
period before the intervention and one village
and its pair for lack of observational data
throughout the intervention period, for a total
analysis sample of 572 villages.

Primary analyses
Our primary outcomes are balanced
at baseline

Although our stratification procedure should
have achieved balance with respect to variables
observed at the time of randomization, given
themany possible opportunities for errors in
implementation,we confirm in appendix L that
our control and treatment villages are balanced
with respect to our primary outcome variables.
This assessment was not preregistered. We
investigated several other covariates and found
a few small imbalances. We checked whether
these affect the main results that we report in
this paper. For example, we foundmore 18- to
30-year-olds in the treatment group than in
the control group, perhaps because households
reported teenagers as 18 years old to receive
moremasks; our results are robust to dropping
this age range.

Our intervention increased mask-wearing

The first column in the top panel of Table 1
reports coefficients from a regression of mask-
wearing on a constant, an intervention indi-
cator (based on the assigned groups), baseline
mask-wearing, the baseline symptom rate, and
indicators for each control-intervention pair.
More details of our statistical methods and
standard error construction are available in
appendix K. Mask-wearing was 13.3% in con-
trol villages and 42.3% in treatment villages.
Our regression adjusted estimate is an increase
of 28.8 percentage points (95% confidence
interval = [0.26, 0.31]; numbers in brackets
represent 95% confidence intervals throughout
the text and tables). If we omit all covariates
(except fixed effects for the stratawithinwhich
we randomized), our point estimate is iden-
tical (table S5). Considering only surveil-
lance conducted when no mask distribution
was taking place, mask-wearing increased
27.9 percentage points, from 13.4% in con-
trol villages to 41.3% in intervention villages
(regression adjusted estimate = 0.28 [0.26,

0.30]). We also run our analysis separately in
mosques, markets, and other locations such as
tea stalls, the entrance of restaurants, and the
main road in the village. The increase inmask-
wearing was largest in mosques (37.0 percent-
age points), whereas in all other locations it
was 25 to 29 percentage points.

Our intervention increased
physical distancing

Contrary to concerns that mask-wearing would
promote risk compensation, we did not find
evidence that our intervention undermines
distancing behavior. In the bottom panel of
Table 1, we report identical specifications to
the top panel but with physical distancing as
the dependent variable. In control villages,
24.1% of observed individuals practiced phys-
ical distancing compared with 29.2% in inter-
vention villages, an increase of 5.1% (regression
adjusted estimate = 0.05 [0.04, 0.06]). Evidently,
protective behaviors like mask-wearing and
physical distancing are complements rather
than substitutes: Endorsing mask-wearing
and informing people about its importance
encouraged rural Bangladeshis to take the
pandemic more seriously and engage in an-
other form of self-protection. The increases in
physical distancing were similar in cloth and
surgical mask villages.
Physical distancing increased 5.1 percentage

points overall, but there was substantial heter-
ogeneity across locations. In markets, individ-
uals were 7.4 percentage points more likely to
physically distance. By contrast, there was no
physical distancing practiced in any mosque,
in either treatment or control villages, prob-
ably as a result of the strong religious norm of
standing shoulder-to-shoulder when praying.

Our intervention had no impact
on social distancing

It is possible that physical distancing increases
because our intervention results in fewer total
people being present in public spaces. If so-
cializing increased in the intervention group,
but only among risk-conscious people, then
we might see physical distancing increase
despite people engaging in overall riskier
behavior. To assess this, as well as to assess
directly if the intervention increased social-
izing, we studied the effects of our interven-
tion on the total number of people observed
at public locations. Although surveillance
staff were not able to count everyone in busy
public areas, the total number of people they
were able to observe gives some indication of
the crowd size. We found no difference in the
number of people observed in public areas
between the treatment and control groups
overall (table S6). The social distancing anal-
ysis was not preregistered, although the spe-
cification exactly parallels our analysis of
physical distancing.
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Our intervention reduced symptomatic
seroprevalence
Among the 336,010 participants who com-
pleted symptomsurveys, 27,160 (8.1%) reported
experiencing COVID-19–like illnesses during
the study period. More participants in the con-
trol villages reported incident COVID-19–like
illnesses (N = 13,853; 8.6%) compared with
participants in the intervention villages (N =
13,307; 7.6%). More than one-third (39.7%) of
symptomatic participants agreed to blood col-
lection. After omitting symptomatic partic-
ipants who did not consent to blood collection,
symptomatic seroprevalence was 0.76% in
control villages and 0.68% in the intervention
villages. Because the fractions we are report-
ing omit nonconsenters from the numerator
but not the denominator, it is likely that the
true rates of symptomatic seroprevalence are
substantially higher (perhaps by 2.5 times, if
nonconsenters have similar seroprevalence to
consenters).
In Table 2 (and table S7), we report results

from a regression of symptomatic seropre-
valence on a treatment indicator, clustering
at the village level and controlling for fixed
effects for each pair of control and treatment
villages. In the tables, we report results with
and without additional controls for baseline
symptoms andmask-wearing rates. In table S7,
we report results from our prespecified linear
model, and in Table 2, we report results from
a generalized linear model with a Poisson fam-

ily and log-link function. Here, we discuss the
latter results (which are in units of relative
risk); the linear model implies results of an
almost identical magnitude. The prevalence
ratios and accompanying confidence intervals
reported in the text correspond to the specifica-
tionswith baseline controls (hence, “adjusted”
prevalence ratio).
The results in all specifications are the same:

We estimate a roughly 9% decline in sympto-
matic seroprevalence in the treatment group
(adjusted prevalence ratio = 0.91 [0.82, 1.00])
for a 29 percentage point increase in mask-
wearing over 8 weeks. In the second column
of Table 2 and table S7, we split our results by
mask type (surgical versus cloth). We find
clear evidence that surgical masks lead to a
relative reduction in symptomatic seropre-
valence of 11.1% (adjusted prevalence ratio =
0.89 [0.78, 1.00]; control prevalence = 0.81%;
treatment prevalence = 0.72%). Although the
point estimates for cloth masks suggests that
they reduce risk, the confidence limits include
both an effect size similar to surgicalmasks and
no effect at all (adjusted prevalence ratio = 0.94
[0.78, 1.10]; control = 0.67%; treatment = 0.61%).
In appendix N, we investigate the robust-

ness of these results to alternative methods
of dealing with missing data from noncon-
senters. In the main text, following our pre-
specified analysis plan, we drop nonconsenting
symptomatic individuals. If we instead impute
seropositivity for symptomatic nonconsent-

ers based on the population average seropo-
sitivity among symptomatic individuals, our
pooled estimate of the impact of masking be-
comes larger and more precise. Notably, with
this alternative imputation, we find effects for
both cloth and surgicalmasks on symptomatic
seroprevalence.
Not all symptomatic seroprevalence is

necessarily a result of infections occurring
during our intervention; individuals may
have had preexisting SARS-CoV-2 infections
and thenbecame symptomatic (perhaps caused
by an infection other than SARS-CoV-2). In
appendix I, we show that if either (i) masks
have the same proportional impact on COVID
and non-COVID symptoms or (ii) all sympto-
matic seropositivity is caused by infections
during our intervention, then the percentage
decline in symptomatic seroprevalence will
exactly equal the decline in symptomatic sero-
conversions. More generally, the relationship
between the two quantities depends on wheth-
er masks have a greater impact on COVID or
non-COVID symptoms, as well as the propor-
tion of symptomatic seropositivity that is a re-
sult of infections preexisting at baseline.

Our intervention reduced WHO
COVID-19 symptoms

In Table 3 and table S8, we report results from
the same specifications with WHO-defined
COVID-19 symptomatic status as the outcome.
This is defined as any of following:
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Table 1. Mask-wearing and physical distancing, controlling for baseline variables. All regressions include an indicator for each control-intervention pair
and baseline symptom rates. The analyses in the top panel control for baseline rates of proper mask-wearing, and the analyses in the bottom panel control
for baseline rates of physical distancing. “Baseline symptom rate” is defined as the rate of surveyed individuals in a village who report symptoms coinciding
with the WHO definition of a probable COVID-19 case. We assume that (i) all reported symptoms were acute onset, (ii) all people live or work in an area
with a high risk of transmission of virus, and (iii) all people have been a contact of a probable or confirmed case of COVID-19 or are linked to a COVID-19
cluster. “No active promotion” refers to any time that surveillance was conducted while promotion was not actively occurring (regardless of the week of
the intervention). This excludes surveillance during the Friday Jumma Prayers in the mosque, when promoters were present and actively encouraged mask-
wearing. “Other locations” include tea stalls, at the entrance of the restaurant as patrons enter, and the main road to enter the village. “Surgical villages”
refer to all treatment villages that received surgical masks as part of the intervention and their control pairs. “Cloth villages” refer to all treatment villages
that received cloth masks as part of the intervention and their control pairs. The surgical and cloth subsamples include surveillance from all available
locations, equivalent to the column labeled “Full” but run separately for each subgroup. Of the 572 villages included in the analysis sample, we exclude an
additional village and its pair in the mosque and market subsamples and two villages and their pairs in the other location subsample because we did not
observe them in the baseline period before the intervention. There are 190 treatment villages that received surgical masks as part of the intervention and
96 treatment villages that received cloth masks. Standard errors are in parentheses.

Parameter Full
No active
promotion

Mosques Markets
Other

locations
Surgical mask

villages
Cloth mask
villages

Proper mask-wearing
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention coefficient
0.288***
(0.012)

0.279***
(0.011)

0.370***
(0.016)

0.287***
(0.012)

0.251***
(0.012)

0.301***
(0.015)

0.256***
(0.019)

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Physical distancing
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention coefficient
0.051***
(0.005)

0.056***
(0.005)

0.000
(0.000)

0.074***
(0.007)

0.068***
(0.006)

0.054***
(0.006)

0.044***
(0.011)

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N villages 572 572 570 570 568 380 192
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

***Significant at the 1% level. **Significant at the 5% level. *Significant at the 10% level.
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1) Fever and cough.
2) Any three of the following: fever; cough;

general weakness and/or fatigue; headache;
muscle aches; sore throat; coryza (nasal con-
gestion or runny nose); dyspnoea (shortness
of breath or difficulty breathing); anorexia
(loss of appetite), nausea, and/or vomiting;
diarrhea; or altered mental status.
3) Anosmia (loss of smell) and ageusia (loss

of taste).
We find clear evidence that the intervention

reduced symptoms: We estimate a reduction
of 11.6% (adjusted prevalence ratio = 0.88
[0.83, 0.93]; control = 8.60%; treatment =
7.63%). Additionally, whenwe look separately
by cloth and surgical masks, we find that the
intervention led to a reduction in COVID-19–
like symptoms under either mask type (p =
0.000 for surgical; p = 0.066 for cloth), but the
effect size in surgical mask villages was 30 to
80% larger depending on the specification. In
table S9, we run the same specifications using
the smaller sample used in our symptomatic
seroprevalence regression (i.e., those who con-
sented to give blood). In this sample, we con-
tinue to find an effect overall and an effect for
surgical masks but see no statistically signif-
icant effect for cloth masks.

In-person reinforcement is crucial to
our intervention
Our core intervention package combinedmul-
tiple distinct elements: We provided people
with free masks and information about the im-
portance of mask-wearing, we had mask pro-
moters reinforce mask-wearing by stopping
individuals in public places who were not
wearing masks and reminding them to do
so, and we partnered with local leaders to
encourage mask-wearing at mosques and
markets. Additionally, in some villages, we
provided a variety of reminders, commitment
devices, and incentives for village leaders. In
appendix J, we attempt to disentangle the
role played by these different elements in
encouraging mask use.
We find no evidence that any of our village-

level or household-level treatments, other than
mask color, affected mask-wearing. For mask
color, we seemarginally significant differences
that are small in magnitude. In surgical mask
villages, blue masks were more likely to be
observed than green masks (adjusted percent-
age point difference = 0.03 [−0.00, 0.06]), and
in cloth mask villages, red masks were more
likely to be observed than purple masks (ad-
justed percentage point difference = −0.02

[−0.04, −0.00]). Text message reminders, in-
centives for village-leaders, or explicit com-
mitment signals explain little of the observed
increase inmask-wearing. Comparedwith self-
protection messaging alone, altruistic messag-
ing had no greater impact on mask-wearing,
and twice-weekly text messages and a verbal
commitment had no significant effects.We saw
no significant difference in the rates of mask-
wearing in the village-level randomization of
surgical versus cloth masks.
We do find nonexperimental evidence that

in-person mask promotion and reinforcement
is a crucial part of our intervention. Our first
pilot study contained all elements of our in-
tervention except in-person reinforcement.
Our second pilot study (1 week later) and the
full intervention (several months later) added
in-person reinforcement. Under the assump-
tion that treatment effects would otherwise
be constant over time, we find that in-person
reinforcement accounts for 19.2 percent-
age points of our effect (regression adjusted
estimate = 0.19 [−0.33, −0.05]), or 65% of the
total effect size. In table S10, we show that this
difference is statistically significantwhether or
not we include baseline controls. This was not
a prespecified analysis.
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Table 2. Symptomatic seroprevalence, expressed in prevalence ratios. All regressions include an indicator for each control-intervention pair. The
regressions “with baseline controls” include controls for baseline rates of proper mask-wearing and baseline symptom rates. “Baseline symptom rate” is
defined as the rate of surveyed individuals in a village who report symptoms coinciding with the WHO definition of a probable COVID-19 case. We assume that
(i) all reported symptoms were acute onset, (ii) all people live or work in an area with a high risk of transmission of virus, and (iii) all people have been a
contact of a probable or confirmed case of COVID-19 or are linked to a COVID-19 cluster. The analysis includes all people surveyed in the baseline household visits,
excluding individuals for whom we did not collect midline or endline symptoms, symptomatic individuals from whom we did not collect blood, and individuals from whom
we drew blood but did not test their blood. The regressions exclude an additional 17,377 individuals in 34 villages because there are zero people who are symptomatic-
seropositive in their village pairs. To check robustness to the type of clustering, in panels 2 and 3 of fig. S2, we show the histogram of effect sizes under “randomization
inference” if we randomly reassign treatment within each pair of villages and then estimate our primary specification. We find that our estimated effect
size is smaller than 7.0% of the simulated estimates with controls and 7.4% of the simulated estimates without controls (these are the corresponding p values
of the randomization inference t test). Blank spaces indicate variables not included in the regression specification reported in each column.

Parameter Intervention effect Intervention effect by mask type

No baseline controls
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio
0.905**

[0.815, 0.995]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for surgical mask villages
0.894*

[0.782, 1.007]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio
for cloth mask villages

0.925
[0.766, 1.083]

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Average symptomatic-seroprevalence rate in paired control villages† 0.0076 0.0076
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

With baseline controls
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio
0.905**

[0.815, 0.995]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for surgical mask villages
0.889**

[0.780, 0.997]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for cloth mask villages
0.942

[0.781, 1.103]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N individuals 304,726 304,726
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N villages 572 572
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

***Significant at the 1% level. **Significant at the 5% level. *Significant at the 10% level. †We report the mean rate of symptomatic seroprevalence at endline. This is not
equivalent to the coefficient on the constant due to the inclusion of the pair indicators as controls.
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Our intervention yields persistent increases in
mask-wearing

In appendix M, we present results on mask-
wearing after our intervention ended. Even
though the door-to-door free mask distribution
occurred in the firstweek only, therewas almost
no attenuation of mask-wearing over the initial
10weeks of surveillance. Notably,mask-wearing
remained comparably increased in the treat-
ment group during the 2 weeks we continued
surveillance after the end of all intervention
activities in the village. Three to 4months later,

mask-wearing waned but remained 10 percent-
age points higher in treatment regions.

Subgroup analyses

Women wear masks more often, but men
respond more to the intervention

In table S11, we analyze the impact of our in-
tervention on mask-wearing and physical dis-
tancing separately by gender, as well as by
whether baseline mask-wearing was above
or below the median. Gender was recorded
in 65% of observations; age was not recorded

during the direct observation surveillance of
mask-wearing in public places, and thus we
do not conduct an age-stratified assessment.
This observed sample is representative of the
rural Bangladeshi population that is present
in crowded public places during the day; this
population is largely composed of men, who
have more social contacts outside the home
than women. In the gender results, we drop
surveillance observations for mosques be-
cause in rural Bangladesh it is rare for women
to attend mosque. We found that the inter-
vention increased mask-wearing by 27.1 per-
centage points for men ([0.25, 0.30]) and 22.5
percentage points for women ([0.20, 0.25]).
Althoughwe do not have the variation to test
this, the gendered difference in effect size
may be because our mask promoters were
predominantly men or because the mask-
wearing rate in control villages was so much
higher for women (31% for women versus 12%
for men). We intentionally hired predomi-
nantly men because most staff interactions
would be with men. Men constituted 88.2%
of all observed adults. We also found a larger
increase in mask-wearing in villages with
below-median baseline mask-wearing (where
mask-wearing increased from 8.7 to 41.9% at
endline) than in those with above-median
baseline mask-wearing (where the increase
was from 17.5 to 42.6%).

The effect on symptomatic seroprevalence
is especially large among the elderly

In Table 4 and table S12, we report results
from our primary specification separately by
age. Table S12 reports our preregistered spe-
cification, a linear model run separately for
each decade of age, pooling cloth mask and
surgicalmaskvillages. Table 4 synthesizes these
results, collapsing by categories of <40, 40 to
49, 50 to 59, and ≥60 years old, reporting re-
sults as a relative risk reduction, and show-
ing results separately for surgical and cloth
masks. We generally find that the impact of
the intervention is concentrated among in-
dividuals over age 50. In surgicalmask villages,
we observe a 22.8% decline in symptomatic
seroprevalence among individuals aged 50
to 59 years (adjusted prevalence ratio = 0.77
[0.60, 0.95]) and a 35.3% decline among in-
dividuals ≥60 years old in our baseline spe-
cification (p = 0.000) (adjusted prevalence
ratio = 0.65 [0.45, 0.85]). For cloth masks, we
find an insignificant (5%) reduction overall but
some evidence of a reduction in symptomatic
seroprevalence among 40- to 49-year-olds; we
investigate more deeply in appendix N and
find that the age gradient appears to be sen-
sitive to how we deal with missing values. In
the bottom panel of Table 4, we report results
where we impute the population average sero-
prevalence among all nonconsenters rather
than dropping them. This alternative approach
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Fig. 1. Map of 600 treatment and control unions. The figure shows the location of the 600 treatment and
control unions in the study. RCT, randomized controlled trial; 1 mile = 1.6 km.
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yields more precise overall estimates and sug-
gests that both cloth and surgical masks have
greater impacts on symptomatic seropreva-
lence at older ages, although the impact of
surgical masks among those ≥60 years old is
smaller than in our baseline specification. Ex
ante, it is not obvious to us which imputation
method should be preferred, although the sec-
ond approach makes our results less sensitive
to differential consent rates that we observe in
some waves of our intervention, as discussed
in appendix N.

The effect on WHO COVID-19 symptoms is
larger among the elderly

In tables S13 and S14 (the latter being our
preregistered specification), we perform the
same analysis using the larger sample of in-
dividuals who reported symptom information.
In this sample, we continue to find larger ef-
fects at older ages, although the differences are
not as stark as those for the symptomatic sero-
prevalence outcome. In table S15, we show that
the age gradient is steeper for surgical masks.

Men and women have similar reductions
in symptoms and symptomatic
seroprevalence

In appendix N and table S28, we show results
for symptoms and symptomatic seropositivity
by gender. We see a similar pattern to the cloth

and surgical mask results: We see significant
effects for both genders for symptoms and
symptomatic seroposivity when we impute
seropositivity at the average value for non-
consenters. If we instead drop nonconsenters,
the symptomatic seropositivity estimates for
men become less precise and are no longer
significantly different from zero, whereas the
estimates for women remain unchanged.

Additional preregistered specifications

In appendix P, we discuss additional prereg-
istered specifications that are not reported
in the text, either because they were substan-
tially underpowered given the available data
or because data on required variables were
unavailable. We also discuss ways in which
trial implementation deviated from our pre-
registered protocol, such as switching from
exclusively phone surveys to household visits
at weeks 5 and 9 to increase response rates.

Intervention cost and benefit estimates

In appendix Q, we assess the costs of imple-
menting our intervention relative to the health
benefits, specifically focusing on our ongoing
efforts to implement this same intervention
at scale in Bangladesh. We consider a range
of possible estimates for excess deaths from
COVID-19 from 1 May to 1 September 2021,
and we assume that our age-specific impacts

on symptomatic seroprevalence will lead to
proportional reductions in mortality. We es-
timate that a scaled version of our interven-
tion being implemented in Bangladeshwill cost
about $1.50 per person, and between $10,000
and $52,000 per life saved, depending on
which estimate we use for excess deaths.

Discussion

We present results from a cluster-randomized
controlled trial of a scalable intervention de-
signed to increase mask-wearing and reduce
COVID-19 symptomatic infections. Our esti-
mates suggest that mask-wearing increased
by 28.8 percentage points, corresponding to
an estimated 51,357 additional adults wearing
masks in intervention villages, and this effect
was persistent even after active mask promo-
tion was discontinued. The intervention led
to a 9.5% reduction in symptomatic SARS-
CoV-2 seroprevalence (which corresponds to
105 fewer symptomatic seropositives) and an
11.6% reduction in the prevalence of COVID-
19–like symptoms, corresponding to 1541 fewer
people reporting these symptoms. If we as-
sume that nonconsenting symptomatic indi-
viduals were seropositive at the same rate as
consenting symptomatic individuals, the total
estimated symptomatic seropositives pre-
vented would be 354. The effects were subs-
tantially larger (andmore precisely estimated)
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Table 3. WHO-defined COVID-19 symptoms, expressed in prevalence ratios. All regressions include an indicator for each control-intervention pair. The
regressions “with baseline controls” include controls for baseline rates of proper mask-wearing and baseline symptom rates. “Baseline symptom rate” is
defined as the rate of surveyed individuals in a village who report symptoms coinciding with the WHO definition of a probable COVID-19 case. We assume that
(i) all reported symptoms were acute onset, (ii) all people live or work in an area with a high risk of transmission of virus, and (iii) all people have been a
contact of a probable or confirmed case of COVID-19 or are linked to a COVID-19 cluster. The analysis includes all people surveyed in the baseline household
visits, excluding individuals for whom we did not collect midline or endline symptoms. Blank spaces indicate variables not included in the regression
specification reported in each column.

Parameter Intervention effect Intervention effect by mask type

No baseline controls
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio
0.885***

[0.834, 0.934]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for surgical mask villages
0.865***

[0.803, 0.928]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for cloth mask villages
0.922*

[0.838, 1.005]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Average symptomatic rate in paired control villages† 0.0860 0.0860
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

With baseline controls
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio
0.884***

[0.834, 0.934]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for surgical mask villages
0.874***

[0.809, 0.939]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for cloth mask villages
0.907**

[0.823, 0.991]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N individuals 321,948 321,948
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N villages 572 572
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

***Significant at the 1% level. **Significant at the 5% level. *Significant at the 10% level. †We report the mean rate of symptomatic status at endline. This is not equivalent to the
coefficient on the constant due to the inclusion of the pair indicators as controls.
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in communities where we distributed surgical
masks, consistent with their greater filtration
efficiency asmeasured in the laboratory (man-
uscript forthcoming). In villages randomized
to receive surgical masks, the relative reduc-
tion in symptomatic seroprevalence was 11%
overall, 23% among individuals aged 50 to
59 years, and 35% among those ≥60 years of
age in preferred specifications.
We found clear evidence that surgicalmasks

are effective in reducing symptomatic sero-
prevalence of SARS-CoV-2. Although cloth
masks clearly reduce symptoms, we find less
clear evidence of their impact on symptomatic
SARS-CoV-2 infections, with the statistical sig-
nificance depending on whether we impute
missing values for nonconsenting adults. The
number of cloth mask villages (100) was half
that for surgical masks (200), meaning that
our results tend to be less precise. Addition-
ally, we found evidence that surgical masks
were no less likely to be adopted than cloth
masks. Surgical masks have higher filtration
efficiency, are cheaper, are consistently worn,
and are better supported by our evidence as
tools to reduce COVID-19 cases.
Our results should not be taken to imply

that mask-wearing can prevent only 10% of

COVID-19 cases, let alone 10% of COVID-19
mortality. Our intervention induced 29more
people out of every 100 to wear masks, with
42% of people wearing masks in total. The
total impact with near-universal masking—
perhaps achievable with alternative strat-
egies or stricter enforcement—may be sev-
eral times larger than our 10% estimate.
Additionally, the intervention reduced symp-
tomatic seroprevalence more when surgical
masks were used and even more for the
highest-risk individuals in our sample (23%
for ages 50 to 59 years and 35% for ages ≥60
years). These numbers likely give a better sense
of the impact of our intervention on severe
morbidity and mortality, because most of the
disease burden of the COVID-19 pandemic is
borne by the elderly. Where achievable, uni-
versal mask adoption is likely to have still
larger impacts.
There are several possible theories for why

wemight observe a larger reduction in COVID-
19 cases for older adults. We did not directly
measure age during surveillance, but mask-
wearing could have increased more for older
adults. A second theory is that older adults are
more susceptible to infections at viral loads
that are preventable by masks. A third theory

is that older adults have fewer social connec-
tions, so that reducing transmission through
any one connection is more likely to prevent
infection by severing all transmissible routes.
A fourth theory is that people exercised more
care andweremore likely towearmasks when
proximate to the elderly.
We identified a combination of core inter-

vention elements that were effective in in-
creasing mask-wearing in rural Bangladesh:
Mask distribution and role-modeling, com-
binedwithmask promotion, lead to large and
sustained increases inmask use. Results from
our pilot studies suggest that combining mask
distribution, role-modeling, and active mask
promotion—rather than mask distribution and
role-modeling alone—seems critical to achiev-
ing the full effect. Our trial results also high-
light many factors that appear inessential: We
find no evidence that public commitments,
village-level incentives, textmessages, altruistic
messaging, or verbal commitments change
mask-wearing behavior. The null results on
our cross-randomizations do not necessarily
imply that these approaches are not worth
trying in other contexts, but they teach us that
large, persistent increases inmask-wearing are
possible without these elements.
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Table 4. Symptomatic seroprevalence by age groups and mask type, expressed in prevalence ratios. All regressions include an indicator for each control-
intervention pair. The regressions include controls for baseline rates of mask-wearing and baseline symptom rates. “Baseline symptom rate” is defined as the rate of
surveyed individuals in a village who report symptoms coinciding with the WHO definition of a probable COVID-19 case. We assume that (i) all reported symptoms
were acute onset, (ii) all people live or work in an area with a high risk of transmission of virus, and (iii) all people have been a contact of a probable or confirmed case
of COVID-19 or are linked to a COVID-19 cluster. The analysis in the top panel uses the preregistered sample, equivalent to that in Table 2; it includes all people
surveyed in the baseline household visits, excluding individuals for whom we did not collect midline or endline symptoms, symptomatic individuals from whom we
did not collect blood, and individuals from whom we drew blood but did not test their blood. The analysis in the bottom panel replicates the regressions in the
top panel but imputes the seropositivity of individuals from whom we did not draw blood. For symptomatic individuals from whom we did not draw blood, we simulate
their symptomatic-seroprevalence status by using the average rate of conditional seropositivity among all symptomatic individuals. This analysis includes all
people surveyed in the baseline household visits, excluding individuals for whom we did not collect midline or endline symptoms.

Parameter All <40 years old
40 to

49 years old
50 to

59 years old
≥60 years old

Preregistered sample: Drop individuals without blood draws
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for surgical mask villages
0.889**

[0.780, 0.997]
0.967

[0.834, 1.100]
1.009

[0.817, 1.200]
0.772**

[0.595, 0.949]
0.647***

[0.448, 0.845]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for cloth mask villages
0.942

[0.781, 1.103]
1.058

[0.870, 1.247]
0.713**

[0.459, 0.967]
0.838

[0.524, 1.153]
1.084

[0.769, 1.399]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Average symptomatic-seroprevalence in paired control villages† 0.0076 0.0055 0.0095 0.0108 0.0104
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N individuals 287,349 146,306 35,839 24,086 27,943
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N villages 538 480 384 348 360
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Imputing symptomatic-seroprevalence for missing blood draws
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for surgical mask villages
0.873***

[0.801, 0.945]
0.917*

[0.829, 1.005]
0.975

[0.862, 1.088]
0.815***

[0.688, 0.942]
0.701***

[0.577, 0.824]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Intervention prevalence ratio for cloth mask villages
0.890**

[0.787, 0.993]
0.861***

[0.758, 0.965]
0.838**

[0.678, 0.998]
1.153

[0.970, 1.336]
0.792**

[0.601, 0.983]
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Average symptomatic-seroprevalence in paired control villages† 0.0189 0.0152 0.0226 0.0229 0.0251
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N individuals 321,383 177,708 51,676 37,340 43,431
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

N villages 570 566 528 504 534
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

***Significant at the 1% level. **Significant at the 5% level. *Significant at the 10% level. †We report the mean rate of symptomatic seroprevalence at endline. This is not
equivalent to the coefficient on the constant due to the inclusion of the pair indicators as controls.
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Prediction studies that we conducted with
policy-makers and public health experts at the
WHOand theWorldBankbefore presentations
of the study results suggest that our results
are informative for policy design. Most of the
respondents in the prediction studies antici-
pated that textmessages, verbal commitments,
and incentives would increase mask-wearing,
when in reality, we estimated fairly precise
null effects, and poll respondents believed
that in-personmask promotionwould have no
additional effect, whereas the evidence from
our pilot studies suggests that it is essential
(for additional details, see appendix R).
Our intervention design is immediately rele-

vant for Bangladesh’s plans for larger-scale
distribution of masks across all rural areas.
The BangladeshDirectorate General of Health
has assigned the study team and the non-
governmental organization Bangladesh Rural
Advancement Committee (BRAC) the responsi-
bility to scale up the strategies thatwere proven
most effective in this trial to reach 81 million
people (35). At the time of writing, we are im-
plementing this program in the 37 districts
prioritized by the government based on SARS-
CoV-2 test positivity rates. Our results are also
relevant for mask dissemination and promo-
tion campaigns planned in other countries
and settings that face similar challenges in
ensuring mask usage as a result of limited
reach and enforcement capacity. The mask
promotion model described in this paper was
subsequently adopted by governments and
other implementers in Pakistan (36), India
(37), and Nepal (38). The intervention package
would be feasible to implement in a similar
fashion in other world regions aswell. Beyond
face masks, the conceptual underpinning of
our strategies could be applied to encourage
the adoption of other health behaviors and
technologies, in particular, those easily observ-
able by others outside the household, such as
purchase and consumption of food, alcohol,
and tobacco products in stores, restaurants,
or other public spaces (39); hand washing
and infection control in health care facilities
(40–42); hygiene interventions in childcare and
school settings (43, 44); improved sanitation
(45, 46); or vaccination drives (47).
Although critics of mask mandates sug-

gest that individualswhowearmasks aremore
likely to engage in high-risk behaviors (48), we
found no evidence of risk compensation as a
result of increased mask-wearing. Indeed, we
found that our intervention slightly increased
the likelihood of physical distancing, presum-
ably because individuals participating in the
intervention took the threat of COVID-19more
seriously. These findings are consistent with
other behaviors, including seat belt use (49)
or immunization (50), where risk compensa-
tion, even if present, is not sufficient to out-
weigh direct effects.

The intervention may have influenced rates
of COVID-19 by increasingmask use, physical
distancing, and/or other risk prevention be-
haviors. Three factors suggest that the direct
impact of masks is the most likely explana-
tion for our documented health impacts. First,
in appendix O, we analyze cross-sectionally the
relationship between our biological outcomes
and bothmask-wearing and physical distanc-
ing.We find that symptoms and symptomatic
seropositivity are negatively correlated with
mask-wearing, but not with physical distanc-
ing, after controlling for mask-wearing. This
analysis uses variation in observational data,
rather than solely experimental data, and
should therefore be interpreted with caution,
as discussed in the appendix. Second, we
see no change in physical distancing in the
highest-risk environment in our study, typ-
ically crowded indoor mosques. However,
women do not typically go to mosques in rural
Bangladesh, and their symptomatic seroposi-
tivity decreased by just as much as that of men,
so outdoor transmission or transmission in
settings that we donot observe directlymay be
important. Third, our study complements a
large bodyof laboratory andquasi-experimental
evidence that masks have a direct effect on
SARS-CoV-2 transmission (1).
We estimate that a scaled version of our in-

tervention being implemented in Bangladesh
will cost between $10,000 and $52,000 per life
saved, depending on what fraction of excess
deaths are attributable to COVID-19. This is
considerably lower than the value of a sta-
tistical life in Bangladesh [$205,000 (51)] and,
under severe outbreaks, is comparable to the
most cost-efficient humanitarian programs at
scale [e.g., distributing insecticide nets to pre-
vent malaria costs $9200 per life saved (52)].
This estimate includes only mortality impacts
and notmorbidity, and greater cost-efficiency
is possible if our intervention can be stream-
lined to further isolate the essential compo-
nents. Most of our costs were the personnel
costs for mask-promoters: If we consider only
the costs of mask production, these numbers
would be 20 times lower. Thus, the overall cost
to save a life in countries where mask man-
dates can be enforced at minimal cost with
existing infrastructure may be substantially
lower than our estimates above.

Study limitations

Our study has several limitations. The distinct
appearance of project-associated masks and
increased mask-wearing in intervention vil-
lages made it impossible to blind surveillance
staff to study-arm assignment. However, staff
were not informed about the exact purpose of
the study. Even though surveillance staff were
plain-clothed and were instructed to remain
discreet, community members could have rec-
ognized that they were being observed and

changed their behavior. Additionally, survey
respondents could have changed their like-
lihood of reporting symptoms in places where
mask-wearing wasmore widespread. If respon-
dents were more cognizant of symptoms in
mask-wearing areas, this may bias us toward
underestimating the impact of masks; if re-
spondents in mask-wearing areas were less
concerned withmild symptoms and thus were
less likely to recall them, this might bias us
toward overestimating the impact of masks.
Althoughwe confirm that blood consent rates
are not significantly different in the treatment
and control groups and are comparable across
all demographic groups, we cannot rule out
that the composition of consenters differed
between the treatment and control groups. The
slightly higher point estimate for consent in the
treatment group biases us away from finding
an effect, because it raises symptomatic sero-
prevalence in the treatment group. Although
control villages were at least 2 km from inter-
vention villages, adults from control villages
may have come to intervention villages to re-
ceive masks, reducing the apparent impact of
the intervention. Although we did not directly
assess harms in this study, there could be costs
resulting fromdiscomfortwith increasedmask-
wearing, adverse health effects such as derma-
titis or headaches, or impaired communication.
Because the study was powered to detect

differences in symptomatic seroprevalence,
we cannot distinguish whether masks work
by making symptoms less severe (through a
reduced viral load at transmission) or by re-
ducing new infections. We selected the WHO
case definition of COVID-19 for its sensitivity,
though its limited specificity may imply that
the impact ofmasks on symptoms comes partly
from non–SARS-CoV-2 respiratory infections.
If masks reduce COVID-19 by reducing symp-
toms (for a given number of infections), they
could help ease the morbidity and mortality
resulting from a given number of SARS-CoV-
2 infections. If masks reduce infections, they
may reduce the total number of infections over
the long-term by buyingmore time to increase
the fraction of the population that is vacci-
nated. At the time of the study, the predomi-
nant circulating SARS-CoV-2 strain was B.1.1.7
(Alpha) (53). The impacts of the Delta variant
on the number of infections prevented by a
given mask-wearer are uncertain; the pop-
ulation-wide consequences of infections pre-
vented by a given mask-wearer may be larger
given a higher reproduction number.
We found that mask distribution, role mod-

eling, and promotion in a low- and middle-
income country setting increasedmask-wearing
andphysical distancing, leading to lower illness,
particularly in older adults. We find especially
robust evidence that surgical masks prevent
COVID-19. Whether people with respiratory
symptoms should generally wear masks to
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prevent respiratory virus transmission, includ-
ing for viruses other than SARS-CoV-2, is an
important area for future research. Our find-
ings suggest that such behavior may benefit
public health.

Methods and materials
Sampling frame and timeline

The intervention protocol, prespecified anal-
ysis plan, and CONSORT checklist are available
at https://osf.io/vzdh6/.Wediscuss our sample-
size calculations in appendix B and discuss the
selection and pairwise randomization in ap-
pendix C. In brief, we stratified villages based
on geographic location and available case data,
and then selected one treatment and one con-
trol village from each pair.
Village-level cluster randomization was im-

portant for three reasons. First, unlike tech-
nologies with primarily private benefits, mask
adoption is likely to yield especially large ben-
efits at the community level. Second, mask
adoption by some may influence mask adop-
tion by others because mask-wearing is im-
mediately visible to other members of the
community (45). Third, this design allows
us to assess the full impact of masks on
symptomatic infections, including through
source control. Individual-level randomization
would identify only whether masks protect
wearers.
Our interventionwasdesigned to last 8weeks

in each village. The intervention started in
different villages at different times, rolling
out over a 6-week period in seven waves.
There were between 16 and 61 village-pairs
grouped in each wave based on geographic
proximity, and paired control and treatment
villages were always included in the same
wave. The first wave was rolled out on 17 and
18 November 2020 and the last wave was
rolled out on 5 and 6 January 2021.
Innovations for Poverty Action (IPA) staff

traveled to many villages that had low mask
uptake in the first 5 weeks of the study and
found that in these villages, local leaders were
not very engaged in supporting mask promo-
tion. Hence, we retrained mask-promotion
staff partway through the intervention to
work more closely with local leaders and set
specific milestones for that partnership.

Outcomes

Our primary outcome was symptomatic sero-
prevalence of SARS-CoV-2. Our secondary
outcomes were prevalence of proper mask-
wearing, physical distancing, and symptoms
consistentwithCOVID-19. ForCOVID-19 symp-
toms, we used the symptoms that correspond
to theWHOcase definition of probable COVID-
19 given epidemiological risk factors: (i) fever
and cough; (ii) three or more of the follow-
ing symptoms (fever; cough; general weakness
and/or fatigue; headache; myalgia; sore throat;

coryza; dyspnea; anorexia, nausea, and/or
vomiting; diarrhea; and altered mental status);
or (iii) loss of taste or smell. Seropositivity was
defined by having detectable IgG antibodies
against SARS-CoV-2.

Intervention materials and activities

Our entire intervention was designed to be
easily adopted by other nongovernmental
organizations or government agencies and
requiredminimal monitoring.We havemade
the materials public in multiple languages to
ease widespread adoption and replication by
other implementers (https://osf.io/23mws/).
We provide design specifications for our

masks in appendix F. We used high-quality
surgical masks that had a filtration efficiency
of 95% [standard deviation (SD) = 1%]; this is
substantially higher than the filtration effi-
ciency of the cloth masks we designed, which
had a filtration efficiency of 37% (SD = 6%).
These cloth masks had substantially higher
filtration than common commercial three-ply
cotton masks but lower filtration than hybrid
masks that use materials not commonly avail-
able for community members in low-resource
settings (54). Although cloth masks have less
leakage because they fit the face more close-
ly (55) and can be sewn without specialized
equipment, they are an order of magnitude
more expensive than surgical masks. The fil-
tration efficiency of the high-quality surgical
masks used in this study was 76% after wash-
ing them with bar soap and water 10 times
(manuscript forthcoming). Although surgical
masks can break down into microplastics that
can enter the environment if disposed of im-
properly, an analysis of waste generated in
Bangladesh’s first lockdown finds that the
mass of surgical mask waste was one-third
that of polyethylene bags, which also break
down into macro- and microplastics (56–58).
Surgical masks were outfitted with a sticker

that had a logo of amaskwith an outline of the
Bangladeshi flag and a phrase in Bengali that
noted that the mask could be washed and
reused (59). The relatively large scale of our
bulk order allowed us to negotiatemask prices
of $0.50 per cloth mask and $0.13 per surgical
mask ($0.06 of which was the cost of a sticker
reminding people that they could wash and
reuse the surgical mask).
Adult household members were asked to

wearmasks whenever theywere outside their
house and around other people. To emphasize
the importance of mask-wearing, we prepared
a brief video of notable public figures discus-
sing why, how, and when to wear a mask. The
video was shown to each household during
the mask distribution visit and featured the
Honorable Prime Minister of Bangladesh
Sheikh Hasina, the head of the Imam Train-
ing Academy, and the national cricket star
Shakib Al Hasan. During the distribution

visit, households also received a brochure
based onWHOmaterials that depicted proper
mask-wearing.
We implemented a basic set of interventions

in all treatment villages and cross-randomized
additional intervention elements in randomly
chosen subsets of treatment villages to inves-
tigate whether those have any additional im-
pact onmask-wearing. The basic intervention
package consists of five main elements:
1) One-timemask distribution and informa-

tion provision (about masks) at households.
2) Mask distribution in markets for 3 to

6 days per week during all 8 weeks of the
intervention.
3) Mask distribution at mosques on three

Fridays during the first 4 weeks of the
intervention.
4) Mask promotion in public spaces and

markets where non–mask wearers were en-
couraged to wear masks (weekly or biweekly).
5) Role modeling and advocacy by local

leaders, including imams discussing the im-
portance of mask-wearing at Friday prayers
using a scripted speech provided by the re-
search team.
Participants andmask surveillance staff were

not told which villages were in which inter-
vention arm, but the intervention materials
were clearly visible. The prespecified analyses
and sample exclusions were made by analysts
blinded to the treatment assignment.

Cross-randomization of behavior change
communication and incentives
Village-level cross-randomizations

Withinthe interventionarm,wecross-randomized
villages to four village-level and four household-
level treatments to test the impact of a range
of social and behavior change communication
strategies on mask-wearing. All intervention
villages were assigned to either the treatment
or the control group of each of these four ran-
domizations. These village-level randomiza-
tions were as follows:
1) Randomization of treated villages to either

cloth or surgical masks.
2. Randomization of treated villages to pub-

lic commitment (providing households sign-
age and asking them to place signage on doors
that declares they are a mask-wearing house-
hold) or not. The signage wasmeant to encour-
age formation of social norms through public
signaling.
3. Randomization of treated villages to no

incentive, nonmonetary incentive, or monetary
incentive of $190 given to the village leader for
a project benefitting the public. We announced
that the monetary reward or the certificate
would be awarded if village-levelmask-wearing
among adults exceeded 75% at 8 weeks after
the intervention started.
4. Randomization of treated villages to 0

or 100% of households receiving twice-weekly
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text message reminders about the importance
of mask-wearing.

Household-level cross-randomizations

We had three household-level cross-
randomizations. In any single village, only
one of these household randomizations was
operative. Because our data collection proto-
cols relied on passive observation at the village
level, we could not record the mask-wearing
behavior of individual households. To infer
the effect of the household-level treatments,
we therefore varied the color of the masks
distributed to the household based on its
cross-randomization status and had surveil-
lance staff record the mask color of observed
individuals. In surgical mask villages, a house-
hold received blue or green masks and pro-
moters distributed an equal number of blue
and green masks in public settings. In cloth
mask villages, households received violet or
red masks and promoters distributed blue
masks in public settings. To avoid conflating
the effect of the household-specific treatment
with the effect of the mask color, we random-
ized which color corresponded to which treat-
ment status across villages (this way a specific
color was not fully coincident with a specific
treatment). The household-level randomiza-
tions, described in further detail in appendix
D and visualized in fig. S1, were as follows:
1) Households were randomized to receive

messages emphasizing either altruism or self-
protection.
2) Households were randomized tomaking

a verbal commitment to be a mask-wearing
household (all adults in the household prom-
ise to wear a mask when they are outside and
around other people) or not. This experiment
was conducted in a third set of villages where
there was no public signage commitment.
3) Households were randomized to receive

twice-weekly text reminders or not. As men-
tioned above, the text message saturation
was randomly varied to 0, 50, or 100% of all
households receiving texts, and in the 50%
villages, the specific households that received
the texts was also random.

Conceptual basis for tested social and
behavioral change communication

We selected intervention elements that had
a reasonable chance of persuading rural
Bangladeshis to wear masks by consulting
literature in public health, development and
behavioral economics, and marketing to iden-
tify some of the most promising strategies.
An extensive literature identifies price and
access as key deterrents to the adoption of
welfare-improving products, and especially
of technologies that produce positive health
externalities, such as face masks (21, 60).
Household distribution of free face masks
therefore formed the core part of our strat-

egy. Inspired by large literature in marketing
and economics on the role of opinion leaders
in new product diffusion, we additionally em-
phasized apartnershipwith community leaders
in mask distribution (25, 61).
The additional village- and household-level

treatments we experimented with were also
motivated by insights frommarketing, public
health, development, and behavioral econom-
ics. For example,masks are a visible goodwhere
social norms are expected to be important, so
we consulted the literature that documented
peer effects in product adoption (62–65). We
experimented with incentives because it is
unclear whether extrinsic rewards crowd
out intrinsic motivation (66–68). We tested
whether soft commitment devices encourage
targets to follow through with actual behavior
change (69, 70), whether public displays can
promote social norms (27), whether an altru-
istic framing inspires people more or less than
self-interest (71), whether social image con-
cerns and signaling can lead to higher com-
pliance (22, 72), andwhether regular reminders
are a useful tool to ensure adoption (23).

Piloting interventions

IPA implemented two pilot studies: Pilot 1
from 22 to 31 July 2020 and Pilot 2 from 13
to 26 August 2020. The objective of the pilot
studies was tomimic some of themajor aspects
of the main experiment to identify implemen-
tation challenges. Each pilot study was con-
ducted in 10 unions that were not part of the
main study area. We used the difference be-
tween the pilot studies to better understand
which elements of our full intervention were
essential. We also conducted focus group dis-
cussions and in-depth interviews with village
residents, community leaders, religious lead-
ers, and political leaders to elicit opinions
on how to maximize the effectiveness of the
intervention.

Surveillance strategies

Mask-wearing and physical distancing were
measured through direct observation. Sur-
veillance was conducted using a standard
protocol that instructed staff to spend 1 hour
at each of the following high-traffic locations
in the village: market, restaurant entrances,
main road, tea stalls, and mosque; the loca-
tion and timing changed so that the mask-
wearing and physical distancing practices
of as many individuals as possible could be
recorded. Although SARS-CoV-2 transmission
is more likely in indoor locations with limited
ventilation than outside, rural Bangladeshi
villages have few nonresidential spaces where
people gather, so observations were conducted
outside except at the mosque, where surveil-
lance was conducted inside.
Surveillance staff were distinct from inter-

vention implementation staff and conducted

surveillance in paired intervention and con-
trol villages. To minimize the likelihood that
village residents would perceive that their
mask-wearing behavior was being observed,
surveillance staff were separate from mask
promoters and wore no identifying apparel
while passively observing mask-wearing and
physical distancing practices in the commun-
ities. They recorded the mask-wearing behav-
ior of all of the adults that they were able to
observe during surveillance periods; observa-
tions were not limited to adults from enrolled
households. Surveillance staff noted whether
adults were wearing any mask or face cover-
ing, whether the mask was one distributed by
our project (and, if so, the color), and how the
mask was worn. We defined proper mask-
wearing aswearing either a projectmask or an
alternative face-covering over the mouth and
nose and improper mask-wearing as wearing
a mask in any way that did not fully cover the
mouth and nose. Surveillance staff observed
a single individual and recorded that person
as practicing physical distancing if he or she
was at least one arm’s length away from all
other people. Additional details are available
in appendix G.

Symptomatic SARS-CoV-2 testing
Symptom reporting

The owner of the household’s primary phone
completed surveys by phone or in-person at
weeks 5 and 9 after the start of the inter-
vention. They were asked to report symptoms
experienced by any household member that
occurred in the previous week and over the
previous month. COVID-19–like symptoms
were defined by whether they were consistent
with the WHO COVID-19 case definition for
suspected or probable cases with an epide-
miological link (73).

Blood sample collection

We collected endline capillary blood samples
from participants who reported COVID-19–
like symptoms during the study period and
consented to blood collection. We addition-
ally collected samples on a subset of randomly
selected participants at baseline, independent
of symptoms, to assess overall seropositivity.
For the purposes of blood collection, endline
was defined as 10 to 12 weeks from the start
of the intervention. Blood samples were ob-
tained by puncture with a 20-gauge safety
lancet to the third or fourth digit. Five hundred
microliters of blood were collected intoMicro-
tainer capillary blood collection serum sepa-
rator tubes (BD, Franklin Lakes, NJ). Blood
samples were transported on ice and stored
at −20°C until testing.

SARS-CoV-2 testing

Blood samples were tested for the presence of
IgG antibodies against SARS-CoV-2 using the
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SCoV-2 Detect IgG ELISA kit (InBios, Seattle,
WA). This assay detects IgG antibodies against
the spike protein subunit (S1) of SARS-CoV-2.
The assays were performed according to the
manufacturer’s instructions. Additional details
are presented in appendix H.

Symptomatic seropositivity

Our primary outcome is symptomatic seropo-
sitivity. As noted above, individuals are symp-
tomatic if they (i) meet the WHO surveillance
definition of probable COVID-19 illness and
(ii) are seropositive in our blood test at end-
line. If either of these conditions fail to hold,
Yij ¼ 0, where Yij is an indicator for whether
individual i in village j is symptomatic sero-
positive. To assess seropositivity, we tested all
individuals who were symptomatic in either
our 5- or 9-week household survey.
Our goal is to estimate the impact of the in-

tervention on symptomatic seropositivity, de-
fined asy0 ¼ Ex½EðYij jTj ¼ 1; xjÞ � EðYij jTj ¼
0; xjÞ� where Tj is an indicator for whether a
village was treated and xj are village-level co-
variates, including baseline mask use in each
village (constructed as described below) and
baseline influenza-like illness and COVID-19
illness based on reported symptoms, as well as
indicators for each pair of villages from our
pairwise stratification method.
In our preregistered specification, we esti-

mate this parameter by ordinary least squares,
clustering at the village level using the ap-
proach in (74–76). The dependent variable
is Yij, the independent variable of interest is
Tj , and controls are included for the xj co-
variates, including baseline mask use and base-
line respiratory symptom rates in each village.
We also report results from a generalized linear
model with a Poisson family and log-link func-
tion to compute relative risk (77). More de-
tails of our statistical analyses are reported
in appendix K.
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Persuading people to mask
Even in places where it is obligatory, people tend to optimistically overstate their compliance for mask wearing. How
then can we persuade more of the population at large to act for the greater good? Abaluck et al. undertook a large,
cluster-randomized trial in Bangladesh involving hundreds of thousands of people (although mostly men) over a 2-
month period. Colored masks of various construction were handed out free of charge, accompanied by a range of
mask-wearing promotional activities inspired by marketing research. Using a grassroots network of volunteers to help
conduct the study and gather data, the authors discovered that mask wearing averaged 13.3% in villages where no
interventions took place but increased to 42.3% in villages where in-person interventions were introduced. Villages
where in-person reinforcement of mask wearing occurred also showed a reduction in reporting COVID-like illness,
particularly in high-risk individuals. —CA
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