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Abstract (275 words)

Background: Social distancing measures to address the U.S. COVID-19 epidemic may have
significant health, social, and economic impacts.

Objective: To estimate the mean change in state-level COVID-19 epidemic growth before versus
after the implementation of statewide social distancing measures.

Design: Interrupted time-series analysis.
Setting: United States.

Measurements: Our primary exposure was time in relation to implementation of the first statewide
social distancing measure. The pre-implementation period began 14 days prior to implementation and
included up to 3 days after implementation to account for incubation. Post-implementation began 4
days after, up to and including March 30. Our primary outcome was the COVID-19 growth rate,
calculated as the log of daily COVID-19 cases minus the log of daily COVID-19 cases on the prior
day.

Results: All states applied some form of statewide social distancing between March 10-27. The
mean daily COVID-19 growth rate decreased beginning four days after implementation of the first
statewide social distancing measures, by an additional 0.8% per day; 95% ClI, -1.4% to -0.2%;
P=0.002). This reduction corresponds to an increase in doubling time of the epidemic from 3.3 days
(before) to 5.0 days (at 14 days after implementation).

Limitations: Potential bias due to the aggregate nature of the ecological data, potential confounding
by contemporaneous changes (e.g., increases in testing), and potential underestimation of social
distancing due to spillovers across neighboring states.

Conclusion: Statewide social distancing measures were associated with a decrease in U.S. COVID-
19 epidemic growth. Based on the size of the epidemic at the time of implementation in each state,
social distancing measures were associated with a decrease of 3,090 cases at 7 days, and 68,255
cases at 14 days, after implementation.
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Introduction

Modeling estimates suggest that up to 80% of Americans will be infected with severe acute
respiratory syndrome coronavirus 2 (SARS CoV-2) if no preventive interventions are implemented (1).
In response, state governments in the United States have applied social distancing measures in an
attempt to limit transmission and reduce morbidity and mortality. Such measures have been applied
during prior pandemics, with moderate success (2-4), and are predicted to prevent a rapid,
overwhelming epidemic in modeling studies (5). However, the extent to which social distancing
measures have influenced the course of the COVID-19 pandemic has not been established. Because
of the economic and social costs associated with social distancing measures (7, 8), there is immense
value in quantifying the extent to which they have benefits for epidemic control. We conducted an
interrupted time-series analysis to compare the daily growth rate of COVID-19 cases before versus

after implementation of social distancing measures in the United States.

Methods

We searched government websites and third-party sources to identify all statewide social distancing
measures implemented between January 21 and March 30, 2020 (see Supplementary Appendix).
To obtain daily state-specific COVID-19 cases, we used the New York Times COVID-19 database
(https://github.com/nytimes/covid-19-data, last accessed March 31, 2020).

Our primary outcome was the rate of change in daily COVID-19 cases in each state, calculated
as the natural log of cases on each date minus the natural log of cases on the prior date. Analysis
was restricted to days in which a state had at least 30 cumulative cases reported, to minimize effects
of volatile rate changes early in the epidemic. Our primary exposure of interest was time, measured
as a continuous variable and divided into two periods: pre-implementation (14 days prior, through

three days after, implementation of the first statewide social distancing measure) versus post-
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implementation (four or more days after implementation). We selected this transition point based on
estimates of the COVID-19 incubation period (9).

As a secondary exposure, we examined the dates of statewide restrictions on internal
movement (colloquially referred to as “lockdowns”). For states that did not implement statewide
restrictions on internal movement during the study period, we set the date of analysis as day 0 and
attributed the prior 14 days to the pre-implementation period.

We fit mixed effects linear regression models, specifying the log difference in daily cases as
the outcome of interest and a random effect for state. Explanatory variables included time in days,
implementation period, and a time-by-implementation period product term. To assess the robustness
of our findings, we adjusted for additional covariates, specified longer incubation periods, and

stratified the estimates based on the size of the state epidemic (see Supplementary Appendix).

Results

A complete list of dates of statewide social distancing measures, by type of measure and state, is
contained in the Supplementary Appendix (eTable 1). During March 10-27, all 50 states and the
District of Columbia implemented at least one statewide social distancing measure (eFigure 1). The
most widely enacted measures on the first date of implementation were cancellations of public events
(34/51 [67%]) and closures of schools (26/51 [51%]). The first social distancing measures were
implemented when the median epidemic size was 36 cases (interquartile range [IQR], 17-72).
Figure 1A shows the mean COVID-19 daily case growth rate mapped against the date of the
first statewide distancing measures. At the date of implementation of the first social distancing
measure, states had a mean daily case growth rate of 30.6% (95% confidence interval [Cl], 28.6-
32.7; Table 1), corresponding to a doubling of total cases every 3.3 days. From fourteen days prior,
through three days after, implementation of the first social distancing measure, the mean daily case

growth rate did not change (-0.2% per day; 95% CI, -0.7% to 0.4%; P=0.52). Beginning four days
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after implementation of the first statewide social distancing measure, the mean daily case growth rate
decreased by an additional 0.8% per day (95% ClI, -1.4% to -0.2%; P=0.002). This estimate
corresponds to a mean daily case growth rate that had declined to 25.9% (doubling of total cases
every 3.8 days) by day 7 after implementation and to 20.2% (doubling of total cases every 5.0 days)
by day 14.

As of March 30, 30 states (59%) had implemented a statewide restriction on internal
movement, a median of 10 days after the first statewide social distancing measure (IQR 8-12) was
implemented in the respective states, when the median epidemic size was 415 cases (IQR, 147-
1172). The mean daily case growth rate had already been declining at a mean rate of -0.9% per day
during the 14 days prior to implementation of statewide restrictions on internal movement (95%

Cl, -1.1% to -0.6%; P<0.001) (Table 1, Figure 1B). There was no additional decline in mean daily
case growth after implementation of statewide restrictions on internal movement (0.3%; 95% ClI, -
1.4% to 2.0%; P=0.72).

Sensitivity analyses suggested our estimates were not sensitive to inclusion of additional

covariates, were consistent with the known incubation period, and did not differ by size of the

epidemic at implementation (eTables 2 and 3).

Conclusions

In this interrupted time-series analysis, we found that implementation of social distancing measures
was associated with a reduction in the mean daily growth rate of COVID-19 cases. Our estimates
imply that the number of days to double the cumulative case count increased from 3.3 days to 5.0
days in the 14 days following the implementation of social distancing measures. Assuming a
cumulative epidemic size of 4,171 cases (equivalent to the cumulative number of cases in the U.S. at
the time of implementation in each state), the reduction in growth rate we estimated corresponds with

a reduction in total cases from 26,356 to 23,266 at 7 days, and from 156,360 to 88,105 at 14 days
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after implementation. Stated differently, our model implies that social distancing reduced the total
number of COVID-19 cases by approximately 3,000 cases at 7 days after implementation, and by
68,000 cases at 14 days. These results are consistent with both the theoretical effect of social
distancing on epidemic spread (5) and the historical benefit observed implementing such
interventions during prior epidemics of communicable diseases (11).

Our findings should be interpreted with the following limitations in mind. Our estimates would
be biased toward the null if: 1) state and local governments had intensified social distancing
measures in response to a worsening epidemic, 2) there were significant violations of the stable unit
treatment value assumption (e.g., workplace closures of large employers that had spillover effects
across state lines), or 3) surveillance and testing intensified during the study period (thereby resulting
in increased case reporting). Moreover, statewide restrictions on internal movement were often
implemented after other social distancing measures had already been applied, further biasing our
estimate toward the null. Our study was also limited by little observation time after statewide
restrictions on internal movement were implemented. Finally, our estimated effects of social
distancing in terms of mean daily case growth rates cannot be extrapolated linearly beyond the study
period, nor can they answer questions about the appropriate timing of rescinding such measures.

In summary we demonstrate that the U.S. COVID-19 epidemic growth rate declined within

approximately one incubation period following the initiation of statewide social distancing measures.
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Figure 1A-B. Scatter plots and predictive margins with 95% confidence interval derived from regression models of the daily COVID-19
growth rate pre vs. post-implementation of the first statewide social distancing measures (1A) and statewide restrictions on internal
movement (1B). The red line indicates the date of implementation in each state. The green dashed line is 4 days after implementation

of the social distancing measure.
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Table 1. Linear regression models for the daily growth rate before vs. after implementation of the first statewide social distancing
measure and statewide restrictions on internal movement

Statewide restriction on internal movement

First statewide social distancing measure
Coefficient | 95% Confidence P-value Coefficient | 95% Confidence P-value
Interval Interval
Constant 0.306 0.286, 0.327 <0.001 0.209 0.190, 0.229 <0.001
Time (days relative to intervention) | -0.002 -0.007, 0.004 0.53 -0.009 -0.011, -0.006 <0.001
Post-intervention period 0.002 -0.032, 0.035 0.92 -0.039 -0.138, 0.06 0.44
Time x post-intervention period | -0.008 -0.014, -0.002 0.008 0.003 -0.014, 0.020 0.72

Note: The post-intervention period begins four days after social distancing measures were implemented to account for the disease

incubation period.
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