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Background: COVID-19 has quickly spread throughout the world, necessitating assessment of effective con-
tainment methods. The purpose of this study was to examine the impact of government mandated school
closures, stay at home orders and mask requirements

Methods: Cumulative incidence rates were calculated at 14-day intervals until the day of the first vaccine
administration in the country. Rate ratios were calculated using negative binomial regression while investi-
gating the effects of adjusting for several sociodemographic and medical factors

Results: Faster implementation of mask mandates was consistently shown to be protective. States with mask
mandates made at three to six months had a 1.61 times higher rate than those who implemented within one
month (adjusted rate ratio=1.61, 95% confidence interval: 1.23-2.10, P = .001). States with mask mandates
made after 6 months or with no mandate had a 2.16 times higher rate than those who implemented within 1
month (adjusted rate ratio=2.16, 95% confidence interval: 1.64-2.88, P < .0001). In contrast, both stay at
home orders and school closures had no significant influence on disease trajectory.

Discussion: The benefits of mask mandates are apparent, especially when mandates were issued within a
month. The impact of school closing and stay at home orders were less clear.

Conclusions: Our results suggest that of the different physical distancing measures implemented by the gov-
ernment, mask mandates are the most important.

© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.

INTRODUCTION

The 2019 novel coronavirus (COVID-19), known as the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was
recently identified as the causative agent of COVID-19.! The virus,
originating from Wuhan, China, quickly spread throughout the world,
leaving countries scrambling to assess the best containment meth-
ods.” Though the virus initially presented in the United States (US)
after infected individuals came into the country from international
locations, the mode of transmission quickly became domestically
person to person.” Initially, some states, such as Washington, Califor-
nia, and New York were saw extremely high rates*. Throughout the
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pandemic, the states with the highest rates have changed®. While
states with large cities were initially disproportionately affected,
with New York City (NYC), emerging as a “hotspot,” rates are now
higher in states with larger rural populations.>°

As the world started to learn more about the biology of SARS-CoV-
2, proposals for containment measures attempted to address the
modes of transmission. Spread of SARS-CoV-2 occurs primarily
through respiratory droplets.” However, the virus can also survive on
hard surfaces for hours to days.® Because the spread of the virus is
largely contingent upon proximity to one another, common contain-
ment measures included attempts to create physical distance (eg,
public health measures such as restrictions on gatherings).? As the US
federal government scrambled to establish containment measures,
states and local governments laid out vastly heterogeneous rules on
how individuals would prevent close contact.'®'! In April of 2020,
the Centers for Disease Control and Prevention (CDC) suggested that
use of masks in public areas could be useful in addition to other phys-
ical distancing measures.'?
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajic.2021.02.002&domain=pdf
mailto:bkrishna@nyit.edu
https://doi.org/10.1016/j.ajic.2021.02.002
https://doi.org/10.1016/j.ajic.2021.02.002
http://www.ScienceDirect.com
http://www.ajicjournal.org

B. Krishnamachari et al. / American Journal of Infection Control 49 (2021) 1036—1042 1037

Analyses that have been reported on existing data show that miti-
gation efforts may be successful. A report from the CDC examined
data from the metropolitan areas of San Francisco, Seattle, New
Orleans and NYC in terms of the timing of policy measures, commu-
nity mobility, and incidence rates. They found that the percentage of
residents leaving home declined as the number of policies issued
increased, with data trends suggested that physical distancing meas-
ures may decrease incidence rates. The analysis was limited by lack
of information on confounders (eg, age, gender, and race) and limited
data on mobile phone coverage.'> Another study examined the
impact of several physical distancing measures on the growth rate of
confirmed COVID-19 cases using county level data across the US.
They reported that government-imposed physical distancing meas-
ures reduced the daily growth rate by 5.4 % after 1-5 days, 6.8 % after
six to ten days, 8.2% after 11-15 days, and 9.1% after 16-20 days, and
suggested that failure to enact these types of restrictions would fuel
exponential spread.'*

Most current published studies utilize mathematical modeling to
make predictions based on hypothetical situations, yielding a variety
of conclusions. One study modeled the effects of physical distancing
measures on the progression of the COVID-19 epidemic in Wuhan,
which showed that physical distancing measures may be most suc-
cessful if their relaxation is gradual rather than done as a sudden lift-
ing of interventions. However, they noted that results varied by the
duration of infectiousness and the role of school children in the epi-
demic.'® Another group created a model to study the impact of physi-
cal distancing and school closure on viral transmission while
accounting for age differences. They reported that physical distancing
in China during their outbreak was sufficient to control COVID-19,
with a 40%-60% reduction in peak incidence with proactive school
closures.'® A mathematical model used to investigate the value of
physical distancing interventions in a mid-sized US city (modeled
after Seattle) showed that interventions that start earlier in the epi-
demic delay the epidemic curve while interventions initiated later
flatten the epidemic curve.'”” A meta-analysis of 172 observational
studies across 16 countries found that viral transmission was reduced
with physical distancing.'®

This same study found that face mask use reduced the odds of
infection (adjusted odds ratio=0e15, 95% confidence interval [CI]:
0.07-0.3).'® The benefits of using masks may work in tandem with
physical distancing. It has also been estimated. the number of excess
cases per 100,000 residents in states reopening indoor dining rooms
without masks was ten times the number in states reopening with
masks after 8 weeks (643.1 cases; 95% CI=406.9, 879.2 and 62.9
cases; Cl=12.6, 113.1, respectively).!° Moreover, an analysis of the
impact of policy measures has suggested that nationally mandating
face masks for employees early in the pandemic could have reduced
the weekly growth rate of cases and deaths by more than 10 percent-
age points in late April and could have led to as much as 19%-47% less
deaths nationally by the end of May. Cases would have been larger by
6-63% without stay-at-home orders and larger by 17%-78% without
business closures.?°. Hypothetical mask models support these results
and one such study suggested that even weak (ineffective) masks
could be useful in curbing disease transmission.”' It has also been
noted that widespread implementation and enforcement of sus-
tained community mitigation measures helped with mitigation of
COVID-19, noting a decline in rates once measures were imple-
mented.? Similarly, a study looking at daily county-level COVID-19
growth rates in 15 states and Washington, D.C,, estimated that more
than 200,000 COVID-19 cases could have been averted by May 22,
2020 if utilizing masks in public had been mandatory in all loca-
tions.>> While some of the data that has been published show protec-
tive outcomes from mask usage, not all studies show this and some
have shown that when used improperly, the mask can actually facili-
tate infection.**

Much of the research that has been published has not been guided
by statistics when assessing the influence of physical distancing and
other infection mitigation techniques on the COVID-19 infection
rates. Reports have largely been based either on charting existing
data and making conclusions by visual inspection, or creating models
based on simulated data. Additionally, many studies compare rates
between states by looking at set dates, rather than adjusting for
where a location is in their epidemic cycle. Given that the date of the
first COVID-19 case in a state was widely spread around the country,
comparison would be more appropriate while placing all states at the
same starting point of an epidemic curve. Finally, most studies have
not accounted for socio-demographic factors. While many have sug-
gested that population density is a factor in infection rates, this only
addresses how many people exist in a given square footage of land
and does not account for the structure in which these individuals are
spaced throughout the state. On December 11, 2020 the Food and
Drug Administration (FDA) issued an Emergency Use Authorization
(EUA) for the first COVID-19 vaccine and the first vaccination in the
U.S. was given on December 14, 2020, marking the date at which the
trajectory of disease rates will be changed by this intervention.?

The purpose of the present study was to examine the impact of
school closures, stay at home orders and mask mandates on cumula-
tive incidence rates of COVID-19 in states up until vaccination was
introduced, while investigating whether controlling for a variety of
socio-demographic variables would affect results. Additionally, the
effects of controlling by population density as well as the percent of
percent of population represented by an urban population were
examined.

METHODS

Data were gathered for the 50 states and the District of Columbia.
Data for cumulative counts of cases were obtained from the COVID-
19 Data Repository by the Center for Systems Science and Engineer-
ing (CSSE) at Johns Hopkins University.? Data for dates of social gath-
ering restrictions for each state were acquired from the University of
Washington GitHub dataset.?® The physical distancing variables gath-
ered were days to stay home orders, days to school closing and days
to issuing a mask mandate.

All sociodemographic variables were acquired through the 2010
Census or 2018 Community Survey.?”-*® Prevalence of several varia-
bles were evaluated for confounding, including population density,
percent of population represented by an urban population and per-
centage in each location of people who are: Black/African American;
Hispanic; age 65 and older; female; in poverty; have a college degree;
own a computer; have internet access at home; use carpooling for
work and use public transit for work.

Data regarding the prevalence of health conditions were obtained
from the Centers for Medicare and Medicaid®® or have one of the fol-
lowing medical conditions: diabetes; hypertension; and ischemic
heart disease.

Statistical analyses

The first day of the epidemic at any location was defined as the
first day at least 50 cases were reported. The days to implementing
stay at home orders and days to school closure were calculated as the
dates between the date a state issued an emergency order to the date
of implementation of the measure. The days to implementing a mask
mandate were calculated as the days between CDC guidance on
wearing masks (April 3, 2020) to the date of mandate. When no man-
date had been made at the time of analysis, the date of analysis was
used, as that would represent the maximum number of days that
could theoretically exist to mask mandate for those states.
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Days to stay home orders and days to school closing mandate
were made into categorical variables using the median values as cut-
off points. The number of days to stay home orders and to school
closing were somewhat homogeneous between states, and thus the
states were divided into two groups, rounding to the nearest two
week increment. The median values for days to these government
mandates were as follows: Stay at home orders had a median of
17 days and days to school closure had a median of six days. For days
to stay home orders the categories created were (1) mandate issued
in 14 days or less and (2) mandate issued after 14 days. For days to
school closing, the categories created were (1) mandate issued in
seven days or less and (2) mandate issued after seven days. Mask
mandates were implemented quite a while after stay at home orders
and school closures, with a wide range in days to making a mandate
between the states. Several states had not made a mask mandate as
of the date of this analysis. The median days to mask requirements
were as follows: the 25th percentile was 28 days, the median was
91 days, and the 75th percentile was 130 days. For days to mask man-
dates the categories created were (1) mandate issued in one month
or less, (2) mandate issued between one and three months, (3) man-
date issued between three and six months, and (4) mandate issued
after six months or no mandate issued yet.

Cumulative incidence rates were calculated as the total number of
reported cases at a given time divided by the population size of that
location, multiplied by 100,000. Cumulative incidence rates were cal-
culated for states represented in each of the physical distancing cate-
gories. Using negative binomial regression, rate ratios, and 95%
confidence intervals were calculated comparing the group that took
the longest to implement measures vs those who took the shortest
amount of time. Analysis of cumulative incidence was done in 14 day
intervals until day 262 of the epidemic curve. This day represents the
day in the epidemic cycle for which data was available for all states
prior to the date of the first vaccine administration in United States
(December 14, 2020).

Table 1
Mask mandates and state characteristics

Goodness-of-fit for including different confounders was assessed
using Akaike’s Information Criterion (AIC)-based selection criteria to
create a final model of predictors. The Akaike Information Criterion
is a measure that estimates the relative amount of information lost
by a given model, rewarding models that achieve a high goodness-
of-fit score and penalizing models that over-fit the data. The score
allows for direct comparison of models derived from the same data-
set, with a lower score indicating the superior model. Statistical
analysis was conducted using SAS 9.4. Statistical significance was set
at P-value < .05.

RESULTS

Table 1 shows the mean and standard deviation values for several
variables of states in each category of mask mandate implementation.
As the categories were created by days to mask implementation, the
mean days to mask mandates increased with each group, with the
fastest group implementing mandates at 19 days (SD 7), and subse-
quent groups taking 64 (SD 22), 106 (SD 12) and 224 (SD 3) days for
implementation. Eight states had not yet implemented mask man-
dates at the time this study was concluded. The mean days to school
closure were similar for the all groups (between five and seven days),
except the fourth group, which took longest to implement mask
measures or did not implement mask measures, where the mean was
11 days. This was similar to the pattern for stay at home orders,
where three groups took a mean of 17 days. However, the fourth
group, which took longest to implement mask measures or did not
implement mask measures, took a mean of 26 days

The mean cumulative incidence at day 30 showed the group fast-
est to implement mask mandates had the highest cumulative inci-
dence at this time point with 260 cases per 100,000 (SD). However,
by day 262, they had the lowest cumulative incidence, at 3450 cases
per 100,000. The groups taking longer amounts of time for mandates

U.S. Department of Health & Human Services
Region and Associated States

Mean days to mask
mandate from date of schoolClosure stay at home incidence day 30,
CDC guidance (SD)*  (SD)

Mean cumulative
incidence day 262
cases per 100,000 (SD) cases per 100,000' (SD)

Mean daysto Mean daysto Mean cumulative

orders (SD)

Region 1: Connecticut, Maine, Vermont 197

Region 2: New Jersey , New York

Region 3: Delaware, District of Columbia,

Maryland, Pennsylvania

Region 5: Illinois, Michigan

Region 9: Hawaii

Region 10: Alaska

Region 1:Massachusetts, Rhode Island 6%!

Region 3: Virginia

Region 4: North Carolina, Mississippi

Region 6: New Mexico

Region 8: Colorado, Utah

Region 9: California, Nevada

Region 10: Oregon, Washington

Region 1: New Hampshire 106'?

Region 3: West Virginia

Region 4: Alabama, Kentucky, South Carolina

Region 5: Indiana, Minnesota, Ohio, Wisconsin

Region 7: Kansas

Region 6: Arkansas, Louisiana, Texas

Region 8: Montana

More than 6 months Region 4: Florida, Georgia, Tennessee 224°
or no mandate yet Region 6: Oklahoma

Region 7: lowa, Missouri, Nebraska

Region 8: North Dakota , South Dakota, Wyoming

Region 9: Arizona

Region 10: Idaho

Mandate in
1 month or less

Between 1 and
3 months

3- 6 months-

in the 4 states
that implemented

74 1710 260 (201) 3450 (1595)

73 173 122 (100) 4427 (1796)

53 17° 94 (104) 5290 (1507)

1112 26'° 103 (49) 7362 (2498)

*CDC issued mask recommendations on April 3 2020

Day first vaccine was administered in USA, December 14, 2020. Day 262 represents the day in the epidemic cycle for which data was available for all states.
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had progressively higher rates, with 4427, 5290 and 7362 cases per
100,000, respectively.

Figure 1 depicts the impact of taking longer to issue mask man-
dates, with those taking the longest showing the largest cumulative
incidence. Figure 2 depicts graphs for school closings and stay at
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home orders. There was no statistically significant difference
between groups for either physical distancing measure.

Table 2 shows the beta values, P-values and AIC values when
assessing the significance of potential confounders in regression anal-
yses when comparing different lengths of time to mask mandates at

8000

Over 6 months or no
7000 mandate
Mean (SD): 224 (3)

6000 3-6 months
Mean (SD): 106 (12)
1-3 months
5000 Mean (SD): 64 (22)
1 month or less

4000 Mean (SD): 19 (7)

Cumulative Incidence per

100,000

3000

2000

1000

14 28 42 56 70 84 98 112 126 140 154 168 182 196 210

Day in Epidemic (day 1= day at which at least 50 cases were present in State)

One month or less eeeese One to three months

three to six months Over six months/no mandate yet

First vaccine
given in USA
12/14/2020

262

* Adjusted rate ratio at day 262 shows that the 3-6 month and over six month/no mandate groups are significantly different than the 1

month or less group. The adjusted rate ratio between the 1-3 months group and 1 month or less group was not statistically significant.

Fig 1. Days to Mask Mandate and Cumulative Incidence Rates per 100,000 *Adjusted rate ratio at day 262 shows that the 3-6 month and over 6 month/no mandate groups are sig-
nificantly different than the 1 month or less group. The adjusted rate ratio between the 1-3 months group and 1 month or less group was not statistically significant.

6000
5000
4000
3000
2000
1000

0 -
14 28 42 56 70 84 98 112 126 140 154 168 182 196 210 224 238 252

Cumulative Incidence per 100,000

Day in Epidemic (day 1= day at which at least 50 cases were present in State)

e 14 days or less to stay at home orders «s e« s« Over 14 days to stay at home orders

7 days or less to school closure Over 7 days to school closure

262

One week or less to School Closure: Arkansas, Alabama, Alaska, Arizona, Delaware, District of Columbia, Georgia, Kansas, Louisiana, Maine, Minnesota, Michigan, Mississippi, Montana, New,

Hampshire, New Mexico, Nevada, North Carolina, North Dakota, Oklahoma, South Carolina, Texas, Vermont, Virginia, West Virginia, Wyoming

Over a week to school closure: California, Connecticut, Colorado, Florida, Hawaii, Idaho, Illinois, Indiana, lowa, Kentucky, Maryland, Massachusetts, Missouri, Nebraska, New Jersey, New York,

Ohio, Oregon, Pennsylvania, Rhode Island, South Dakota, Tennessee, Utah, Washington, Wisconsin

14 days or less to stay at home orders: Alabama, Alaska, Delaware, Georgia, Idaho, Illinois, Louisiana, Maine, Massachusetts, Michigan, New Jersey, New Mexico, Oklahoma, South Carolina,

Vermont, West Virginia, Wisconsin

Over 14 days to stay at home orders: Arizona, Arkansas, California, Colorado, Connecticut, District of Columbia, Florida, Hawaii, Indiana, Iowa, Kansas, Kentucky, Maryland, Minnesota, Mississippi,
Missouri, Montana, Nebraska, Nevada, New Hampshire, New York, North Carolina, North Dakota, Ohio, Oregon, Pennsylvania, Rhode Island, South Dakota, Tennessee, Texas, Utah, Virginia,

Washington, Wyoming

Fig 2. Days to school closure and stay at home orders and cumulative incidence rates per 100,000 One week or less to School Closure: Arkansas, Alabama, Alaska, Arizona, Delaware,
District of Columbia, Georgia, Kansas, Louisiana, Maine, Minnesota, Michigan, Mississippi, Montana, New, Hampshire, New Mexico, Nevada, North Carolina, North Dakota, Okla-
homa, South Carolina, Texas, Vermont, Virginia, West Virginia, Wyoming Over a week to school closure: California, Connecticut, Colorado, Florida, Hawaii, Idaho, Illinois, Indiana,
Iowa, Kentucky, Maryland, Massachusetts, Missouri, Nebraska, New Jersey, New York, Ohio, Oregon, Pennsylvania, Rhode Island, South Dakota, Tennessee, Utah, Washington, Wis-
consin 14 days or less to stay at home orders: Alabama, Alaska, Delaware, Georgia, Idaho, Illinois, Louisiana, Maine, Massachusetts, Michigan, New Jersey, New Mexico, Oklahoma,
South Carolina, Vermont, West Virginia, Wisconsin Over 14 days to stay at home orders: Arizona, Arkansas, California, Colorado, Connecticut, District of Columbia, Florida, Hawaii,
Indiana, lowa, Kansas, Kentucky, Maryland, Minnesota, Mississippi, Missouri, Montana, Nebraska, Nevada, New Hampshire, New York, North Carolina, North Dakota, Ohio, Oregon,
Pennsylvania, Rhode Island, South Dakota, Tennessee, Texas, Utah, Virginia, Washington, Wyoming. * Rate ratio shows no statistically significant difference between groups at day 262.
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States with mask mandates made at 3-6 months
had a 1.61 times higher rate than those
who implemented within 1 month.

Rate ratio=1.61(95% CI: 1.23-2.10), p=0.001)

Rates in states with mask mandates made at 1-
3 months were not significantly different than
15 those who implemented within 1 month.
Rate ratio= 1.20 (95% CI: 0.91-1.61), p=0.19)

0.5

Rate ratio, Mask Mandate Between 1-3 months
Compared to Mask Mandate Within 1 Month

Rate ratio, Mask Mandate Between 3-6 months
Compared to Mask Mandate Within 1 Month

States with mask mandates made after 6 months or with no
mandate had a 2.16 times higher rate

than those who implemented within 1 month.
Rate ratio=2.16 (95% CI: 1.64-2.88, p<0.0001)

Rate ratio, Mask Mandate Greater than 6 months
or no Mandate Yet Compared to Mask Mandate
Within 1 Month

Fig 3. Rate Ratios, Adjusted for Percent in State Age 65 or Over, Comparing COVID-19 Rates Based on Different Lengths of Time to Mask Mandates at Day 262. *All rate ratios

adjusted for percent in state age 65 or over.

day 262, organized by increasing AIC values. Only the variables for
percent of the state at age 65 and older as well as male gender
showed a statistically significant effect on the regression analyses
and also lowered the AIC values. Running a regression analysis
with both the age and sex terms did resulted in the sex-term los-
ing statistical significance (data not shown). Thus, the final
regression model was adjusted only for percent of population
aged 65 or over.

Figure 3 shows the rate ratios adjusted for percent of population
aged 65 or older, comparing the cumulative incidence in the groups

Table 2

taking longest to implement mask mandates vs the lowest. An
adjusted rate ratio comparing states with mask mandates made at
one to three months versus one month or less did not result in a sta-
tistically significant result (adjusted rate ratio= 1.20, 95% CI: 0.91-
1.61, P=.19). States with mask mandates made at three to six months
had a 1.61 times higher rate than those who implemented within one
month (adjusted rate ratio=1.61(95% CI: 1.23-2.10), P = .001). States
with mask mandates made after six months or with no mandate had
a 2.16 times higher rate than those who implemented within one
month (adjusted rate ratio =2.16 (95% CI: 1.64-2.88, P < .0001).

Significance of potential confounders in regression analysis calculating rate ratios comparing COVID-19 rates based on different lengths of time to mask mandates at day 262

Confounder Akaike’s Information Criterion (AIC)-* Beta value of variable' P-value
Unadjusted model 1289.91 NA NA
Adjustment for sociodemographic variables

Percent of population in state who are 65 years or older 1281.93 —0.0902 .001
Percent of population in state who are male 1287.41 0.1391 .03
Percent of population in state represented by an urban population 1290.61 0.0052 .25
Percent of population in state who use carpooling to get to work 1291.27 -0.0332 42
Percent of population in state in state who are black 1291.79 0.0019 73
Population density of state 1291.81 <0.00001 .76
Percent of population in state who use public transit for work 1291.85 —-0.0024 .81
Percent of population in state who are in poverty 1291.87 0.0040 .84
Adjustment for medical conditions

Percent of population in state with chronic obstructive pulmonary disease (COPD) 1290.55 —0.0309 .24
Percent of population in state with asthma 1290.67 —0.0885 .26
Percent of population in state with hypertension 1291.57 —0.0044 .56
Percent of population in state with heart failure 1291.67 0.0150 .62
Percent of population in state with diabetes 1291.85 —0.0039 .81
Ischemic heart disease 1291.91 0.0143 1.00

*Smaller indicates better model.

TEffect of variable when added to the regression model examining different lengths to mask mandates and COVID-19 cumulative incidence rates.
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DISCUSSION

The goal of this study was to quantify the impact of physical dis-
tancing measures and mask mandates implemented by state gov-
ernments on COVID-19 infection rates while factoring in the effects
of several potential confounders using aggregate data from the US
Census Bureau and the Centers for Medicare & Medicaid Services.
We found that the majority of sociodemographic and health factors
did not significantly change the association between government
mandates and COVID-19. The variable for percent of population
aged 65 and above did significantly change results. After adjusting
for this variable, the benefits of issuing mask mandates quickly
were apparent, particularly when mandates were issued within a
month. The impact of school closings and stay at home orders were
less clear.

At the beginning of the pandemic, there were suggestions that the
increased COVID-19 rates in certain states were mostly a result of
high population density. As state population density does not address
what proportion of a state is urbanized and thus susceptible to
crowding, we also attempted adjusting for levels of urbanized popu-
lation within a state. The US Census Bureau defines “urban” as
densely developed territories.?”?® The results of this study suggest
that mask mandates may be helpful regardless of a state’s infrastruc-
ture. It is telling that the group of states that implemented mask
mandates most quickly initially had the highest COVID-19 rates but
were eventually able to lower this rate beneath the rates seen in the
states that took longer to implement measures.

The results of this study cannot be taken to mean that school clo-
sures and stay at home orders are not beneficial. One possibility is
that these physical distancing measures may not have occurred soon
enough in many areas to make a significant difference. There was
also not very much heterogeneity in how many days states took to
close schools — this was one of the earliest interventions adopted.
Additionally, a lack of statistically significant results with regards to
school closures and its consequences on COVID-19 incidence rates
should not be interpreted as children being exempt from the risks of
COVID-19. It is important to consider that measures are needed to
protect children in addition to adults, since children may be suscepti-
ble to a rare but severe COVID-19 manifestations. Several infected
children have been described with a multisystem inflammatory
syndrome, with some cases resulting in death®*>!. The potential for
severe clinical manifestations in children warrants careful delibera-
tion of the opening and closing schools in areas of high disease
transmission.

Other published studies support our findings. For instance, the
study by Courtemanche et al may be the most similar published study
to our analysis, which found no evidence that school closures or bans
on large social gatherings affected growth rate. They found that clos-
ing restaurant dining rooms/bars and/or entertainment centers/gyms
led to significant reductions in the growth rates. There were several
aspects of their study that differed from our study, including analysis
at the county level, an outcome of daily growth rate, and use of a
combined variable for restaurant closure with other types of business
closures. Additionally, they did not adjust for epidemics beginning
at different time points in different locations or sociodemographic
variables.'® The studies by Kaufman et al., Chernozhukov et al and
Gallaway et al all suggest wearing masks in public locations is
beneficial.'*->%%2

The challenge in the models used in most of the existing studies
assessing physical distancing measures is that there is no adjustment
for sociodemographic variables. However, it must be recognized that
the United States does have several sub-populations that vary in
these variables. There must be an acknowledgment that several other
variables influence cumulative incidence, including race, age, and
poverty. Many COVID-19 analyses suggest a disproportionate burden

of illness and death among racial and ethnic minority groups, particu-
larly the Black/African American community.>?

A strength in our study was the attempt to statistically adjust for
several pertinent confounding variables as opposed to relying only
on visual representations of epidemic curves that do not account for
subpopulations. However, this approach is also a potential weakness,
as the use of aggregate data from a variety of external sources is not
ideal. Rather, these socioeconomic variables should be evaluated by
using individual level data. In the process of assessing the success of
government mandates, it will be crucial to gather statistical support
for observations and account for confounding variables so that solid
conclusions can be made to help guide public health measures.

There are several other issues to consider when interpreting the
results of our study. In terms of physical distancing laws, it is unclear
how each state reported their data, which may lead to a great deal of
heterogeneity. The definitions for physical distancing measures were
vastly different between locations. Additionally, the results of our
study are representative only of the US, which has had one of the
highest COVID-19 transmission rates. While some other countries
have had similarly high transmission rates, nations such as Australia
and New Zealand have not shown this level of transmission. It should
also be noted that individual personal behaviors vary substantially
between countries, with an emphasis on personal civil liberties over
public health measures in some.

Enforcement of physical distancing has been much higher in other
countries than in the United States. In countries where physical
distancing measures such as lockdowns have been enforced, trans-
mission rates have decreased.>® In the US, other than a CDC recom-
mendation for people to stay six-feet apart, there were no
enforcements of these rules, making accurate measurement of physi-
cal distancing difficult. The CDC has noted that the recommendation
would not have been possible to follow in many cities, where public
transit is the key form of transportation. Thus, the mask mandates by
the CDC were suggested as that may be the only means by which
people could protect themselves.

We omitted analysis of restrictions on gatherings, closing of non-
essential business and restaurant closures as the definitions were so
vastly different between states. Additionally, even when a state
implemented a measure, distinct counties and/or cities may have had
additional regulations and mandates that were not accounted for
here. Finally, we concluded analysis at the time-point where people
started to be vaccinated for COVID-19, as this influences COVID-19
rates. Analysis will need to be conducted after vaccination becomes
available in larger quantities of individuals to assess the need
for government physical distancing mandates in conjunction with
vaccination.

Future studies should investigate other control variables. For
example, multi-generational households are at a higher risk for dis-
ease transmission.>* Square footage of homes and the structure of
the home (apartment complexes vs stand-alone homes) may play a
role in disease transmission as well.>> Occupations vary greatly in
how much physical distancing is feasible as well as how much com-
muting using public transportation is required.>® There are numerous
other variables that can be taken into account in order to accurately
assess how COVID-19 transmission can be reduced. Additionally,
there are multiple ways data can be analyzed to show risks, trends
and disease burden. Analysis could occur using new cases per day,
number of hospitalizations or mortality rates, as these may show dif-
ferent patterns than our analysis. Despite the weaknesses in our
study our study provides support to the idea of issuing mask man-
dates on the government level.

There will likely be multiple waves of COVID-19 epidemics
throughout the country. Limited data on wearing masks and behav-
iors towards gatherings suggest that failure to follow these measures
may be the most challenging aspect of infection control in the US. A
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cross-sectional survey of 1,034 US residents showed that 30% of peo-
ple reported attending gatherings with more than 50 people and 76%
of people did not wear masks outside the home.>” In contrast, a Chi-
nese research study reported that only 3.6% of people reported going
to crowded places and 2.0% reported not wearing masks outside the
home.*® Ultimately, the success of government mandates will be
determined by human behavior. Our analysis did not measure com-
pliance with government mandates in any of the states which is an
important factor. The United States has a distinct political profile,
which has become a large factor in whether or not individuals choose
to comply with mask mandates. Results on a study looking at parti-
sanship and mobility found that partisanship was more important
than COVID-19 infection in terms of behavior, and rates in Democrats
were 13.1% less likely to be socially mobile as compared to independ-
ents, while Republicans were 27.8% more likely to be mobile.*®

In conclusion, our findings demonstrate the need for an evidence-
based public health response to curbing the COVID-19 pandemic.
Given the immense toll the pandemic has taken on human lives in
nearly every location in the United States, all locations must take
basic infection control precautions as well as physical distancing
measures. Areas of high risk must may need to implement localized
measures that go beyond broader state measures.

The role of mask mandates, stay at home orders and school clo-
sure in curbing the COVID-19 pandemic post wide-scale vaccination
is needed along with updating infection control guidance with
emerging research and best practices. Additionally, further evalua-
tion of mask mandates, stay at home orders, and school closures
should be planned as it is not a matter of if there will be a future pan-
demic, but when. Practical recommendations are also needed to aid
policymakers, public health professionals, and infection control prac-
titioners to prevent and respond to future disease outbreaks beyond
routine infection prevention and control practices.
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