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KEY POINTS

Question: Are mask mandates with an increase in population-wide facial masking in the U.S. associated

with decreased hospitalizations due to COVID-19?

Findings: We hypothesize that facial masking, by reducing the viral inoculum to which the wearer is
exposed, can lead to less severe disease if infection occurs. Using publicly-sourced epidemiological data,
we assessed the change in proportion of hospitalizations due to COVID-19 as.a result of the introduction
mask mandates in 1083 counties across 49 states in the U.S. (representing 82% of the U.S. population).
We found a statistically significant drop of up to 7.13 (95% Cl: -4.19, -10.1) percentage points in COVID-
19 hospitalizations following mask mandates, while controlling forage categories in the county, testing
and cases/hormalized by population, and population mobility (as a way to control for other non-

pharmaceutical interventions such as:sheltering-in-place).

Meaning: Facial mask mandates seem to be associated with reduced severity of COVID-19 disease

across the U.S.
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ABSTRACT

Importance: Population-wide facial masking decreases COVID-19 transmission but may also decrease
the severity of disease by reducing the viral inoculum to which the wearer is exposed. The mortality of
COVID-19 infection decreased in the U.S. in the second wave over the summer of 2020 compared to the

first, but reasons for declining severity of disease have not been fully elucidated.

Objective: To determine if facial mask mandates instituted in U.S. counties aver the spring and summer
of 2020 were associated with declining severity of infection as measured by the number of

hospitalizations for COVID-19.

Design: Data on hospitalizations due to COVID-19; testing actess determined by number of tests
performed per day per 100,000 people; new cases per day normalized by population; measures of
population mobility to control for,6ther non-pharmaceutical interventions such as lockdowns, social
distancing, and business closures; age categories in each census tract; and dates of masking mandates in
U.S. counties were all obtained from open-sourced epidemiologic datasets. We used a staggered
difference-in-difference study design to assess the impact of the introduction of mask mandates
(defined as the treatment) on the proportion of hospitalizations due to COVID-19 per week from March

10-September 16, 2020.

Setting: U.S. counties with available full datasets on relevant COVID-19 metrics

Exposure: Mask mandates

Main outcome: Proportion of hospitalizations due to COVID-19

Results: Using data from 1083 counties (34% of U.S. counties, 82% of U.S. population) from 49 states,

we found a statistically significant drop in hospitalization rates due to COVID-19 up to 12 weeks
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following county mask mandates of 7.13 (95% Cl: -4.19, -10.1) percentage points, after controlling for

age categories by county, testing access, numbers of cases, and population mobility.

Conclusion and Relevance: Facial masking may decrease COVID-19 severity by decreasing the viral
inoculum to which individuals are exposed. Mask mandates across 1083 counties in the U.S. in 49 states
decreased hospitalization rates from COVID-19 even when controlling for other factors that could
impact disease severity, including age, testing access, number of cases, and mobility (as a proxy for
other non-Pharmaceutical interventions such as sheltering-in-place). This study adds to the growing
evidence for the impact of masking on disease severity and on the utility of population-wide facial

masking for COVID-19 pandemic control.


https://doi.org/10.1101/2020.10.21.20208728

medRxiv preprint doi: https://doi.org/10.1101/2020.10.21.20208728; this version posted October 23, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

INTRODUCTION

The mortality associated with COVID-19 in the United States decreased with the second wave of
infection seen in July-August 2020 compared to the first wave in April-May per the National Center for
Health Statistics Mortality Reporting System.! Reasons suggested for this decreasing mortality include
better treatments and hospital preparedness, younger age at diagnosis, higher testing rates (allowing for
detection of more asymptomatic/mild infections), improved infection control and testing in nursing

homes, and the virus mutating to a less pathogenic form:

Another factor that could be associated with the declining severity of diséase is population-wide
facial masking. Our group” and others®” have suggested viral inoculum or dose as a factor associated
with disease severity of SARS-CoV-2 and hypothesized that masking” and social distancing” could be
reducing the size of the inoculum to which-people who become infected are exposed. Although the
Centers for Disease Control'and Prevention recommended facial masking for the public on April 3, 2020,
counties across the U.S. required masking for their population on different dates over the spring and

summer of 2020 based on local surges in cases and local political forces.

The severity of disease with COVID-19 can be estimated by hospitalization rates since patients
with severe disease require admission for inpatient oxygen and treatment. To assess the impact of
county-based mask mandates on disease severity in the U.S., we analyzed COVID-19 hospitalization
rates before and after mask mandates were introduced in 1083 U.S. counties across 49 U.S. states,

comprising 82% of the U.S. population (as per the 2016 Census)®.
METHODS:

Data for this analysis were obtained from the open-sourced Delphi’s COVID-19 Surveillance Project
dataset available as an application programming interface (API), the open-sourced COVID-19 Tracking

Project, and the SafeGraph COVID-19 Data Consortium.® Mask mandate dates were obtained from a
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published dataset sourced from county health departments’ websites.® The introduction of a mask
mandate by a U.S. county was defined as the start date of the “treatment” (the requirement to wear
masks) and the outcome variable was the proportion of a county’s hospital admissions due to COVID-19.
Hospitalizations were identified by ICD-10 diagnosis code based on medical record summaries provided

by health system partners to the COVID-19 Surveillance project.

Since counties across the U.S. enacted mask mandates at different dates ornot at all, we
adopted a staggered difference-in-difference study design.” Whenever a county was provided with both
state and county-level mask mandates, we'chose the earlier date as our treatment start date. We
controlled for the total number of COVID-19 tests per 100,000 people {positive and negative PCR,
antibody, and antigen tests) performed each day per state from the COVID-19 Tracking Project and the
confirmed cases per 100,000 people fromthe COVID-19 Surveillance Project. We also included various
measures of population maobility'such as the proportion of cell phone users inferred to be staying at
home from the COVID-19 Data Consortium to control for other non-pharmaceutical interventions such
as lockdowns, sheltering-in-place, social distancing, and business closures. Finally, we used 2016
intercensal estimates® to control for county-level age, categorized as population counts within the
following age brackets: 0-14 years, 15-44, 45-64 and >64 years. Our coefficient of interest is the effect of
mask mandates every week on the proportion of hospitalizations due to COVID-19.” We include county

codes and factored weekly timestamps in the regression to control for location and time fixed effects.

We did not impute missing values and only selected U.S. counties and date ranges with reliable
data across datasets. Our final analytic dataset had data from 1083 counties (34% of U.S. counties, 82%
of U.S. population per the 2016 population estimate®) from 49 states from March 10 to September 16,
2020 (Figure). Although we have reliable data since February 1%, we opted to use data starting on March
10" to prevent the initial noise from local governments scrambling to react to the pandemic from

affecting our estimates.
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RESULTS:

The Figure shows the change in hospitalizations secondary to COVID-19 in the 12 weeks prior to
and the 12 weeks following mask mandates across the 1083 counties. There is a statistically significant
drop in hospitalization rates due to COVID-19 up to 12 weeks following mask mandates with up to a 7.13
percentage point decrease (95% confidence interval (Cl) -4.19 to -10.1), with a small pre-treatment
effect that is likely explained by the fact that the population had already started masking prior to
regional mandates. The change in the proportion of COVID-19-related hospitalizations was -0.54
percentage points (95% Cl £2.03) 2 weeks after the mask mandate, -1.45 (+2.64) at 4 weeks, -2.89
(+3.25) at 6 weeks, -4.06 (£3.85) at 8 weeks, -5.32 (+3.53) at 10 weeks; and -7.13 (+2.94) at 12 weeks.
Sensitivity analysis showed that our results are not sensitive to any start date between February 1* and

March 31%, 2020.

Finally, we ran-the same analysis using the proportion of outpatient doctor visits as the outcome

variable and observed a similar decrease at the inflection point of mask mandates (data not shown).

DISCUSSION:

We demonstrate that hospitalizations due to COVID-19 decreased after population-wide facial masking
mandates were instituted across the U.S. using data from 1083 counties across 49 states from March to
September 2020. These decreases were observed from the inflection point when mask mandates were
instituted across counties and are independent of age distribution in the census tract, number of cases,
mobility of the population, and testing access. Although testing for SARS-CoV-2 infection across the U.S.
has increased, our models controlled for number of daily tests performed in each state and new
confirmed cases per 100,000 people in the county, suggesting that the case-hospitalization rate

(hospitalizations per case of COVID-19) is indeed decreasing. Since hospitalization for COVID-19 is a
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marker of disease severity, mask mandates across the U.S. seem to be associated with decreased

severity of SARS-CoV-2 infection over time.

Facial masks filter out the majority of viral particles to which the wearer is exposed, decreasing
transmission.® The severity of COVID-19 disease, once acquired, is likely dependent on a number of host
factors (age, co-morbidities, etc.) and viral factors, including the viral inoculum. The association between

9,10

inoculum size and disease severity has been seen in animal models with SARS-CoV-2.”7" Mareover, this

dose-response relationship has been observed in a number of other infectious diseases, including

Salmonella infection,"* measles,” dengue,*? and influenza."**

Although younger age, better
treatments, increased testing, and better infection_control in nursing homes-are all factors that could be
contributing to lower case-hospitalization rates, our model controls for testing rates, cases, mobility (as
a proxy for lockdowns, business closures; and social distancing in the region), and age categories in the
counties. Moreover, treatments'for COVID-19 are given for severe disease in hospitalized patients only,
with no approved outpatient treatments yet available. Finally, although the D614G mutation in the

spike protein of SARS-CoV-2 may increase infectiousness, there is no evidence that new mutations in the

virus are less pathogenic.

The limitations of our analysis include not having data on compliance to facial masking by the
populace in each county and not having access to the specific ages of hospitalized patients with COVID-
19. Moreover, we could not grade the severity of infection beyond knowing whether a patient was ill
enough to merit inpatient admission. Further statistical analysis such as a Bacon-Goodman
Decomposition™® of the time-factored treatment effect could help further understand treatment effect

heterogeneity.

In conclusion, these data provide additional observational evidence for the hypothesis that

facial masking may be associated with reduced severity of COVID-19 disease. The imputed mechanism is
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that masks reduce the viral inoculum to which the wearer is exposed. Combined with social distancing,
hand hygiene, and appropriate testing, this analysis adds to the evidence that population-wide facial

masking is one of the pillars of the COVID-19 mitigation as we await a safe and effective vaccine.
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Figure 1: Impact on Mask Mandates on COVID-19 Hospitalizations in 1083 U.S. Counties
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Effect of mask mandates on hospitalizations for COVID-19 (controlling for population mobility, testing rates, confirmed
cases per 100K, age categories) in 1083 U.S. counties (blue dots) indicated on U.S. map
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