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Abstract

OBJECTIVE: To examine the associations of stay-at-home order and face-masking recommendation with trends in
daily new cases and deaths of laboratory-confirmed coronavirus disease 2019 (COVID-19) in the United States

DESIGN: Piecewise log-linear modelling of temporal trends with turning-points, followed by quasi-
experimental study on trend turning-point. Simulation studies were carried out to understand the outcomes
under the scenariosif early-implementation and removal of stay-at-home order occurred.

SETTING: Population datain the United States
PARTICIPANTS: Residentsin the U.S., who were affected by the stay-at-home and face-masking policies

MAIN OUTCOME MEASURES: Turning-points of the daily new cases and deaths of COVID-19, and
COVID-19 time-varying reproduction numbers (Rt) in the U.S.

RESULTS: The number and the proportion of U.S. residents under SAHO increased between March 19
and April 7, and plateaued at 29,0829,980 and 88.6%, respectively. The trend in COVID-19 daily cases
reduced after March 23 (P<0.001) and further reduced on April 3 (P<0.001), which was associated with
implementation of SAHO by 10 states on March 23, and the Centers for Disease Control and Prevention's
recommendation of face-masking, respectively. Similar turning points were identified in the trends of daily
deaths with a lag time. The estimates of Rt based on the 3 reported mean serial-intervals of COVID-19 all
started to decline on March 19, when SAHO was first implemented in the U.S. and declined faster after
March 23. After ashort plateau, Rt continued to decline after April 3 and fell below/around 1.0 on April 13.

CONCLUSIONS: There were 2 turning points of COVI1D-19 daily new cases or deathsin the U.S,,
which appeared to associate with implementation of SAHO and the CDC's face-masking
recommendation. Simulation on early-implementation and removal of SAHO reveds
considerable impact on COVID-19 daily new cases and deaths. These findings may inform
decision-making of lifting SAHO and face.
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he coronavirus disease 2019 (COVID-19)

affected more than 660,000 people in the

u.st In response, many states
implemented the stay-at-home order (SAHO).
The Centers for Diseases Control and
Prevention (CDC) recommended also face-
masking. Public hedth interventions were
associated with reduction of SARS-CoV-2
transmission in China but the associations of
SAHO and face-masking recommendation with
COVID-19 epidemiology in the U.S. are
unclear. We examined these associations using
observed data and then performed simulations
for outcomes under the scenarios if early-

implementation and removal of SAHO occurred.

M ethods

We extracted data about daily new cases and
deaths of COVID-19 from theCOVID-19
Tracking Project, which tracked COVID-19
data since February 28, 2020.2 Only the cases
and deaths occurred from March 1 to April 20,
2020 in the 50 states and the District of
Columbia were analyzed. New cases and deaths
were defined as laboratory-confirmed positive
cases or deaths which were reported by a state’s
public health authority for the data consistency
and better data-quaity.® Each of these state
authorities reported its data in different format,
while most, if not al, of them followed the
reporting guidelines of the Centers for Diseases
Control and Prevention (CDC). It is noteworthy
that on April 14, 2020, the CDC updated its
definition of positive cases and included
probable-positive cases.* The impact of this
change to the data released on April 20, 2020
would be minimal due to a short time-interval
(many states have not adopted the criteria yet)
and the confirmatory |aboratory-test result.
Therefore, the case/death numbers reported here
might be smaller than those reported by others.
For quality control of the released and curated
data, the COVID-19 Tracking Project employed
a 4-tier score system, which included 4 simple
components, including reporting positive test
results reliably, reporting negatives sometimes,
for reporting negatives reliably and reporting all
commercial tests. Based on the sum of these
scores, each state corresponded to a letter grade

A, B, C and D, with A for the best quality. All
states scored A or B.

Several population-based factors were included
in the multivariable piecewise log-linear
regression analyses. Specifically, the timing of
SAHO and populations of the states were
obtained to calculate the number of subjects and
the proportion of the U.S. population under
SAHO on a given date.. The proportion of
daily positive results in al daily tests was
obtained from the COVID-19 Tracking Project.’

The time-varying reproduction numbers (Rt)
were defined as the mean number of secondary
cases generated by atypica primary case at the
time t in a population, and estimated using
previously-reported seria-intervals®® and the R
package (Version 3.6.3). Three-day moving
averages of the Rt were reported. We estimated
the segmental coefficients using piece-wise log-
linear models and 2 presumptive turning-points.
Simulation studies were performed using the
prediction function. Statistical analyses were
performed using Stata (version 15) and the
Joinpoint program (NCI, version 4.7.0.0) with
the Poisson Variance option. All P values were
2-sided, with a cutoff of .05 for significance.

Results

On March 19, 2020, the State of Cdifornia
started a stay-at-home order (SAHO) which
affected 3,9512,223 (12.0% of the U.S.
population) U.S. residents (Figure 1). The
number and the proportion of U.S. residents
under SAHO continued to increase until April 7,
and plateaued at 29,0829,980 and 88.6%,
respectively, afterwards.

The log-linear models used by Joinpoint
program and Stata identified similar turning-
points. The population and population-
proportion under SAHO and the proportion of
positive tests were not linked to daily new cases
or death. The trend in COVID-19 daily cases
reduced after March 23 (P<0.001) and further
reduced on April 3 (P<0.001), which was
associated with implementation of SAHO by 10
states on March 23, and the CDC's
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recommendation of face-masking, respectively
(Figure 2). Similarly, there were 2 turning-
points in the trends of COVID-19 daily deaths,
with lag time. Our simulation studies show
early-implementation of SAHO would be
associated with a significant reduction while
removal of SAHO would be associated with a
significant increase in daily new cases and
deaths (Figure 2). The estimates of Rt based on
the 3 reported mean seria-intervals of COVID-
19 all started to decline on March 19, when
SAHO was first implemented in the U.S. and
declined faster after March 23 (Figure 3). After
a short plateau, Rt continued to decline after
April 3 and fell below/around 1.0 on April 13.

Discussion

We show two turning points of COVID-19 daily
new cases or deathsin the U.S., which appeared
to associate with implementation of SAHO and
the CDC's face-masking recommendation.
Simulation on early-implementation and
removal of SAHO reveals considerable impact
on COVID-19 daily new cases and deaths.
Cautions thus are needed in decision-making of
lifting SAHO, when weighing the health
consequences and economic burden of SAHO.

Limitations included lag in COVID-19
reporting, under-testing of the potentia patients
and not reporting daily incidence. There were
no significant changes in the U.S. population
during the study-period. The daily new cases of
COVID-19 thus should be proportional to its
daily incidence in the U.S,, but are easier to
interpret than daily incidence. These findings
may inform policy-making concerning SAHO
and face-masking.

Figure Legends

Figure 1. The population under a stay-at-
home order owing to the COVID-19 in the
United States

Since March 19, 2020 when the State of
Cdlifornia started a stay-at-home order (SAHO),
the number and proportion of the U.S. residents
under SAHO have increased until April 7 and
plateaued afterwards.

Figure 2. Observed and Simulated Trendsin
Daily New Cases and Deaths of Laboratory-
Confirmed Coronavirus Disease 2019
(COVID-19) in the United States between
March 1 and April 30, 2020.

The Joinpoint analyses with Poisson variance
model show that the 2 turning points of March
23 and April 3 divided the trends in U.S.
COVID-19 dally new cases into 3 segments,
with the coefficients of 31.69 (95% ClI, 26.82 to
36.75, P<0.001), 9.75 (95% CI, 7.54 to 12.01,
P<0.001), -0.90 (95% CI, -1.62 to -0.17,
P=0.02), respectively. These turning points
appeared to link to implementing a stay-at-
home order (SAHO) by 10 states on March 23,
and the CDC'’s face-masking recommendation
on April 3. Similarly, the 2 turning points of
April 3 and April 15 divided the trends in U.S.
COVID-19 daily new deaths into 3 segments,
with the coefficients of 25.06 (95% Cl, 21.44 to
28.79, P<0.001), 5.22 (95% CI, 3.36 to 7.11,
P<0.001), -7.90 (95% CI, -13.45 to -1.99,
P=0.01), respectively. The simulated results on
early-announcements of SAHO and face
masking recommendation and early-removals of
SAHO are shown in A and C, and B and D,
respectively. The partial removals of SAHO's
coefficients() may reflex the situations when
some of the U.S. stateslift the SAHO.

Figure 3. Estimated Effective Reproduction
Number (Rt) Based on Laboratory-
Confirmed Coronavirus Disease 2019
(COVID-19) Cases in the United States and
the Reported Serial Intervals.

The effective reproduction number (Rt) was
estimated wusing the previously-reported
COVID-19 mean seria intervals (SI) of 7.5, 4.7
and 3.96 days, as well as the corresponding
standard deviations (SD). The state-wide stay-
at-home-order was first implemented by the
state of California on March 19, 2020 (yellow
dash line). Ten states had implemented a stay-
at-home order by March 23, 2020 (green dash
line), affecting 114,047,753 residents (37.45%
of the U.S. population). The Centers for Disease
Control and Prevention recommended face-
masking on April 3, 2020 (blue dash line).
These dates were linked to the declines of Rt's
at the times of an increase or plateau of the Rt.
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