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Abstract

Background and objectives: Public health interventions have reduced coronavirus disease 2019 (COVID-19) trans-
mission in several countries, but their impacts on COVID-19 epidemics in the USA are unclear. We examined asso-
ciations of stay-at-home order (SAHO) and face-masking recommendation with COVID-19 epidemics in the USA.

Methods: In this quasi-experimental interrupted time-series study, we modeled temporal trends in daily new 
cases and deaths of laboratory-confirmed COVID-19 cases, and COVID-19 time-varying reproduction numbers in 
the USA between March 1 and April 20, 2020. In addition, we conducted simulation analyses.

Results: The number of residents under SAHO increased since March 19 and plateaued at 290,829,980 (88.6% of 
the U.S. population) on April 7. Trends in COVID-19 time-varying reproduction numbers peaked on March 23, fur-
ther reduced on April 3, and fell below/around 1.0 on April 13. Early-implementation and early-lift of SAHO would 
reduce and increase COVID-19 epidemics, respectively. Multivariable piecewise log-linear regression revealed the 
states’ neighboring relationship with New York was linked to COVID-19 daily new cases and deaths. There were 
two turning points in daily new-case trend, being March 28 (slope-changes = −0.09) and April 3 (slope-changes 
= −0.09), which appeared to be associated with implementation of SAHO on March 28 (affecting 48.5% of the 
US population in 22 states and District of Columbia), and face-masking recommendation on April 3, respectively. 
There were also two turning points in daily new-death trend, being April 9 (slope-changes = −0.06) and April 19 
(slope-changes = −0.90).

Conclusions: We identified two turning points of COVID-19 daily new cases or deaths in the USA, which seem to 
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be linked to implementation of SAHO and the Center 
for Disease Control’s face-masking recommendation.

Introduction

As of July 3, 2020, the coronavirus disease 2019 (COVID-19) has 
been diagnosed in more than 2.7 million people and led to 128,024 
deaths in the USA.1–3 Several blind spots underlying these stagger-
ing numbers have been revealed and discussed.4 In response, 40 
states and the District of Columbia (DC) implemented a stay-at-
home order (SAHO).5,6 The Centers for Disease Control and Pre-
vention (CDC) also recommended face-masking on April 3, 2020.7 

http://creativecommons.org/licenses/by-nc/4.0/
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It had been demonstrated previously that public health interven-
tions were associated with reduction of the systemic acute respira-
tory syndrome-coronavirus (SARS-CoV-2) transmission in several 
countries,8–11 but the associations of SAHO and face-masking rec-
ommendation with COVID-19 epidemics in the USA are unclear.

Therefore, we examined these associations using observed pop-
ulation data and then performed simulations for outcomes under 
the scenarios if early-implementation and lift of SAHO occurred. 
Without the data on these associations, the roles of SAHO and 
face-masking in controlling COVID-19 pandemics will remain 
unclear, and the public health officials and state governments will 
be poorly informed about the best timing, best modalities (or their 
combination), and best length to implement these interventions.

Methods

Quasi-experimental interrupted time series study is the compara-
tive analysis of outcome variable(s) in a cohort with longitudinal 
(time series) “panel” data sets before and after an intervention. This 
approach is widely used in situations when randomization is not 
possible or extremely difficult.12,13 Due to the technical difficulty 
in randomization and proper control of policy implementation for 
COVID-19, this study design appeared to be the best fit to address the 
impact of COVID-19 public health interventions. Therefore, we con-
ducted a quasi-experimental interrupted time series study to compare 
the changes in COVID-19 epidemics before and after SAHO and 
face-masking recommendation. We extracted the national and state-
level daily new cases and deaths of COVID-19 from the COVID-19 
Tracking Project, which has tracked COVID-19 data since February 
28, 2020.2 Only those cases and deaths that occurred from March 1 
to April 20, 2020 in the 50 states and DC 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 better data consistency and quality.2 Each of 
these state authorities reported its data in different format, while 
most, if not all, of them followed the reporting guidelines of the 
CDC. It is noteworthy that on April 14, 2020, the CDC updated its 
definition of positive cases and included probable-positive cases.3 
The impact of this change to the data released on April 20, 2020 
would be minimal due to the use of confirmatory laboratory-test 
results and the short time-interval (many states have not adopted 
the criteria yet). Therefore, the case/death numbers reported here 
might be smaller than those reported by others after April 14.

For quality control of the released and curated data, the COV-
ID-19 Tracking Project employed a 4-tier score system, which in-
cluded four simple components, namely, reporting positive test re-
sults reliably, reporting negatives sometimes, 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 or D, 
with A for the best quality. All states scored A or B.

This study was exempt (Category 4) from an Institutional Re-
view Board review owing to the use of data from a publicly avail-
able, de-identified database.

Several population-based factors were included in the multi-
variable 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 USA 
population under SAHO on a given date.5 The state populations 
were extracted from the USA Census (up to July 2019).14 To adjust 
for confounders, the proportions of daily positive results in all dai-
ly tests, and state-level daily new cases and deaths were obtained 
from the COVID-19 Tracking Project.2

Statistical analysis

The time-varying reproduction number (Rt) was defined as the 
mean number of secondary cases generated by a typical primary 
case at the time (t) in a population, and estimated using previous-
ly-reported mean serial-intervals15–17 and the R package (version 
3.6.3).8,18 The mean serial interval was defined as the average time 
from the illness onset to successive cases in the chains of trans-
mission.15–17 Three-day moving averages of the Rt were reported 
for their better sensitivity than 5-day moving averages, due to the 
greater amount of data points (data not shown). We estimated the 
segmental coefficients using piecewise log-linear models and two 
presumptive turning-points, including the day as the unit for x axis 
(i.e. the per-day change in the logarithmic values of COVID-19 
daily new cases or deaths). Simulation analysis was performed us-
ing the prediction function. All 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 two-
sided, with a cut-off of 0.05 for significance.

Considering the recently reported state heterogeneity of COV-
ID-19 epidemics in the European Union,19 we examined the asso-
ciation between the states’ neighboring relationship with New York 
(epicenter at the time) and COVID-19 epidemics (daily COVID-19 
new cases or new deaths). The relationship was coded as 0 for New 
York, 1 for the six neighbor states (Connecticut, Massachusetts, 
New Jersey, Pennsylvania, Rhode Island, and Vermont), and 2 for 
the other states and DC. We compared these epidemics using Wil-
coxon rank sum test and Student’s t-test. We then conducted sen-
sitivity studies using multivariable piecewise log-linear regression 
with the states’ relationship with New York as a covariate. The 
COVID-19 trend lines were smoothed in the figure using a locally 
weighted scatter smoothing (known as LOWESS) algorithm.20,21

Results

On March 19, 2020, the state of California started a SAHO which 
affected 39,512,223 residents (12.0% of the U.S. population) (Fig. 
1). The number and proportion of residents under the SAHO subse-
quently implemented by other 39 states and DC continued to increase 
until April 7, and plateaued at 290,829,980 and 88.6%, respectively. 
Approximately 85.2% of the U.S. population were under SAHO on 
April 3, 2020, while only 3.4% of the U.S. population were added 
from April 3 to April 25. The number of the states that implemented 
a state-wide SAHO peaked at 41 on April 25, 2020, and some states 
started to lift the state-wide SAHO on April 26, 2020 (Table 1).

The log-linear models used by Joinpoint program and Stata 
identified similar turning-points. In the multivariable piecewise 
log-linear regression models (Stata models), the number of states 
under SAHO [coefficient = 0.03, 95% confidence interval (CI) of 
−0.01 to 0.07, p = 0.15], the population under SAHO (coefficient 
of log10(population under SAHO) = −0.13, 95% CI of −0.88 to 
0.63, p = 0.74; coefficient of population under SAHO = 0.00, 95% 
CI of 0.00 to 0.00, p = 0.78), population-proportion under SAHO 
(coefficient = −0.16, 95% CI of −1.37 to 1.05, p = 0.79) and the 
proportion of positive tests in the USA (coefficient = −0.24, 95% 
CI od −0.73 to 0.24, p = 0.32) were not linked to the daily new 
cases or deaths. The trend in COVID-19 daily cases reduced after 
March 23 (slope changes = −0.18, 95% CI of −0.22 to −0.14, p 
< 0.001) and further reduced on April 3 (slope change = −0.10, 
95% CI of −0.18 to −0.08, p < 0.001), which appeared associated 
with the implementation of SAHO by 10 states (34.7% of the U.S. 
population) on March 23, and the CDC’s recommendation of face-
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masking on April 3, respectively (Fig. 2). Similarly, there were 2 
turning-points in the trends of COVID-19 daily deaths, with a lag 
time of 10–12 days compared with that of COVID-19 daily new 
cases. The overall slope change of daily new deaths attributable to 
SAHO and face-masking were −0.17 (95% CI of −0.21 to −0.14) 
and −0.13 (95% CI of −0.25 to −0.07), respectively.

Our simulation analysis shows early-implementation of SAHO 
would be associated with a significant reduction in daily new cases 
and deaths, while lift of SAHO would be associated with a sig-
nificant increase in daily new cases and deaths (Fig. 2). The es-
timates of Rt based on the three reported mean serial-intervals of 
COVID-19 all started to decline on March 19, when SAHO was 
first implemented in the USA, and declined faster after March 23 
(Fig. 3). After a short plateau, Rt continued to decline after April 3 
and fell below/around 1.0 on April 13.

We found that New York state and its neighbor states had higher 
daily new cases and deaths than other states (Table 2 and Fig. 4). 
The multivariable piecewise log-linear regression also revealed 
the state’s neighboring relationship with New York was linked to 
COVID-19 daily new cases (coefficient = −1.43, 95% CI of −1.57 
to −1.28) and new deaths (coefficient = −1.42, 95% CI of −1.57 
to −1.26), whereas the two turning points were March 28 (slope 
changes = −0.09, 95% CI of −0.17 to −0.01) and April 3 (slope 
changes = −0.09, 95% CI of −0.17 to −0.01) for daily new cases, 
and April 9 (slope changes = −0.06, 95% CI of −0.10 to −0.02) and 
April 19 (slope changes = −0.90, 95% CI of −0.94 to −0.86) for 
daily new deaths, respectively. Correspondingly, there were 159 
million USA residents (48.5% of the U.S. population, 23 states) 
under SAHO on March 28, 279.5 million U.S. residents (85.2% of 
the U.S. population, 38 states) under SAHO on April 3, and 290.8 
million U.S. residents (88.6% of the U.S. population, 41 states) 
under SAHO since April 7.

Discussion

The population under SAHO in the USA grew from March 19, 

2020 to April 6, 2020, and reached 290,829,980 (88.6%) by April 
7. The multivariable piecewise log-linear regression models iden-
tified two turning points of COVID-19 daily new cases and the 
time-varying reproduction number, Rt, in the USA, as well as the 
link between states’ relationship with New York and COVID-19 
epidemics. The two turning points were associated with implemen-
tation of SAHO on March 28 (affecting 48.5% of USA population 
in 22 states and DC) and the CDC’s face-masking recommenda-
tion on April 3. Similar turning points of COVID-19 daily new 
deaths were April 3 and April 15, which represented 10 and 12 
days of delay, respectively. Simulation on early-implementation 
and lift of SAHO also reveals considerable impacts on COVID-19 
daily new cases and deaths.

Several recent studies showed that public health interventions, 
including school closure, cordons sanitaire, traffic restriction, so-
cial distancing and others, were linked to reduction of Rt and daily 
incidence of COVID-19.8–11 However, these data were mostly 
from other countries where the socioeconomic systems and the 
modalities and extents of public health interventions were differ-
ent from those in the USA.5,6 Among several modalities of social 
distancing, including school closure, gathering restrictions and 
restaurant restriction,6 the implementing time of SAHO appeared 
to be the only factor that matched to the identified turning point 
(March 28) in this study. Moreover, the Berkeley Interpersonal 
Contact Study also showed reduction in interpersonal contact 
in the USA between Mach 22 and April 8.22 Therefore, our and 
others’ data together suggest that the implementation of SAHO, 
which is the strictest social distancing modality, may be required 
to reach the turning point/timing in trends of new cases. In ad-
dition, the studies in China also support our findings that travel 
restriction alone would reduce SARS-CoV2 transmission,8–10 but 
additional reduction in transmission in the community (e.g., face-
masking in the USA) may be required to attenuate or reverse the 
epidemic trajectory.

The effects of masking on the epidemic of COVID-19 in the 
USA was simulated using the filtering efficacy of masks on in-
fluenza.23,24 The influence of public intervention on COVID-19 

Fig. 1. The population under a stay-at-home order (SAHO) owing to the COVID-19 in the USA. Since March 19, 2020, when the state of California started a 
SAHO, the number and proportion of the USA residents under SAHO increased until April 7 and plateaued afterwards.
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Table 1.  Characteristics of the states that implemented a stay-at-home order (SAHO) and those not in the USA, sorted by the starting date

State Start date State popula-
tion#, million

Proportion of the USA population 
under SAHO on the start date End date* SAHO dura-

tion, days
Total state 
count

California 19-Mar 39.5 12.0% 1

Illinois 21-Mar 12.7 18.6% 2

New Jersey 21-Mar 8.9 18.6% 3

New York 22-Mar 19.5 24.5% 4

Connecticut 23-Mar 3.6 34.7% 5

Louisiana 23-Mar 4.6 34.7% 15-May 53 6

Ohio 23-Mar 11.7 34.7% 7

Oregon 23-Mar 4.2 34.7% 8

Washington 23-Mar 7.6 34.7% 9

West Virginia 23-Mar 1.8 34.7% 4-May 42 10

Delaware 24-Mar 1.0 38.7% 11

Michigan 24-Mar 10.0 38.7% 12

New Mexico 24-Mar 2.1 38.7% 13

Hawaii 25-Mar 1.4 43.7% 14

Idaho 25-Mar 1.8 43.7% 30-Apr 36 15

Indiana 25-Mar 6.7 43.7% 1-May 37 16

Vermont 25-Mar 0.6 43.7% 17

Wisconsin 25-Mar 5.8 43.7% 13-May 49 18

Colorado 26-Mar 5.8 45.5% 26-Apr 31 19

Minnesota 27-Mar 5.6 47.6% 20

New Hampshire 27-Mar 1.4 47.6% 21

Alaska 28-Mar 0.7 48.5% 22

Montana 28-Mar 1.1 48.5% 26-Apr 29 23

Rhode Island 28-Mar 1.1 48.5% 24

District of Columbia 30-Mar 0.7 54.6% 25

Kansas 30-Mar 2.9 54.6% 4-May 35 26

Maryland 30-Mar 6.0 54.6% 15-May 46 27

North Carolina 30-Mar 1.9 54.6% 28

Virginia 30-Mar 8.5 54.6% 29

Alabama 31-Mar 4.9 58.3% 30-Apr 30 30

Arizona 31-Mar 7.3 58.3% 31

Nevada 1-Apr 3.1 63.2% 32

Pennsylvania 1-Apr 12.8 63.2% 33

Maine 2-Apr 1.3 74.5% 30-Apr 28 34

Tennessee 2-Apr 6.8 74.5% 30-Apr 28 35

Texas 2-Apr 29.0 74.5% 30-Apr 28 36

Florida 3-Apr 21.5 85.2% 4-May 31 37

Georgia 3-Apr 10.6 85.2% 30-Apr 27 38

Mississippi 3-Apr 3.0 85.2% 27-Apr 24 39

Missouri 6-Apr 6.1 87.0% 3-May 27 40

South Carolina 7-Apr 5.1 88.6% 4-May 27 41
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Fig. 2. Observed and simulated trends in daily new cases and deaths of laboratory-confirmed COVID-19 in the USA between March 1 and April 30, 2020. 
The Joinpoint analyses with Poisson variance model shows that the two turning points of March 23 and April 3 divided the trends in USA COVID-19 daily 
new cases into three segments, with the coefficients of 31.69 (95% CI of 26.82 to 36.75, p < 0.001), 9.75 (95% CI of 7.54 to 12.01, p < 0.001), and −0.90 (95% 
CI of −1.62 to −0.17, p = 0.02), respectively. These turning points appeared to link to implementation of a SAHO by 10 states on March 23, and the CDC’s 
face-masking recommendation on April 3. Similarly, the two turning points of April 3 and April 15 divided the trends in USA COVID-19 daily new deaths into 
three segments, with the coefficients of 25.06 (95% CI of 21.44 to 28.79, p < 0.001), 5.22 (95% CI of 3.36 to 7.11, p < 0.001), and −7.90 (95% CI of −13.45 
to −1.99, p = 0.01), respectively. The simulated results on early-implementations of SAHO and face-masking recommendation and early-lift of SAHO are 
shown in A and C, and B and D, respectively, in a form removing a portion or all of the slope changes attributable to SAHO (denoted as removal of SAHO’s 
coefficient(ß) in the figure).

State Start date State popula-
tion#, million

Proportion of the USA population 
under SAHO on the start date End date* SAHO dura-

tion, days
Total state 
count

Arkansas NA 3.0

Iowa NA 3.2

Kentucky NA 4.5

Massachusetts NA 6.9

North Dakota NA 10.5

Nebraska NA 0.8

Oklahoma NA 4.0

South Dakota NA 0.9

Utah NA 3.2

Wyoming NA 0.6

#The state populations were extracted from the Census data up to July 2019. *Only the statewide lift of SAHO was counted. Some states used a three-phase reopening strategy 
but have not reached completely open status as of July 1, 2020. Some counties elected to lift the SAHO before the statewide lift was announced. NA, not applicable due to no 
statewide SAHO.

Table 1.  Characteristics of the states that implemented a stay-at-home order (SAHO) and those not in the USA, sorted by the starting date - (continued)
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Fig. 3. Estimated effective Rt based on laboratory-confirmed COVID-19 cases in the USA and the reported serial intervals. The effective Rt was estimated 
using the previously-reported COVID-19 mean serial-intervals (SI) of 7.5 (A), 4.7 (B) and 3.96 (C) days, as well as the corresponding standard deviations (SDs). 
The statewide SAHO was first implemented by the state of California on March 19, 2020 (yellow dashed line). Ten states had implemented a SAHO by March 
23, 2020 (green dashed line), affecting 114,047,753 residents (37.45% of the U.S. population). The CDC recommended face-masking on April 3, 2020 (blue 
dashed line). These dates were linked to the declines in Rt’s at the times of an increase or plateau of the Rt.
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mortalities in New York and the USA were also simulated using 
mathematical models and the data of COVID-19, Ebola and in-
fluenza viruses.25 However, neither of the studies used laboratory-
confirmed cases and COVID-19-based models. Further, neither of 

the studies simulated the early implementation of SAHO. There-
fore, using the population data of laboratory-confirmed cases, we 
simulated the potential outcomes of implementing SAHO and 
face-masking recommendation based on the piecewise log-linear 

Fig. 4. Observed trends in daily new cases and deaths of laboratory-confirmed COVID-19 by state neighboring relationship with New York in the USA 
between March 1 and April 30, 2020. The daily new cases (A) and new deaths (B) of COVID-19 were higher in New York than in the six neighboring states 
of New York (Connecticut, Massachusetts, New Jersey, Pennsylvania, Rhode Island, and Vermont), and higher in the neighboring states than other non-New 
York states (p < 0.001 for both). The lines were smoothed using a locally weighted scatter smoothing (known as LOWESS) algorithm.

Table 2.  COVID-19 epidemics by the states’ neighboring relationship with New York in the USA, March 1 to April 20, 2020.

State category# Daily new cases, 
median (interquartile) Total cases p-value* Daily new deaths, 

median (interquartile)
Total 
deaths p-value*

New York 6,392 (682 to 8,327) 247,506 209 (0 to 606) 14,347

Neighbor states of New York, n = 6 179 (20 to 1,178) 185,830 <0.001 2 (0 to 27) 8,811 <0.001

Other states, n = 34 64 (14 to 209) 337,629 <0.001 1 (0 to 6) 14,086 <0.001

#The District of Columbia was included. *The p-values of comparing the state groups with New York (Wilcoxon rank sum and Student’s t test) were all smaller than 0.001.
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models recommended by the guidelines of the USA’s National 
Center for Health Statistics and other methodological considera-
tions.26–29 The simulation analysis demonstrates a much smaller 
scale of COVID-19 in the USA if SAHO would have been imple-
mented earlier, and a concerning reverse of stable downward trends 
in COVID-19 daily new cases and deaths if being lifted soon. In-
deed, the SAHO was not implemented in any of the USA states till 
March 19, when the daily new cases reached 4,190 (crude daily 
incidence of 12.8 per 1 million) in the USA.1 In contrast, a much 
more strict SAHO was implemented in China on January 23, when 
the daily new cases were 259 (crude daily incidence of 0.18 per 1 
million) in China and 70 (crude daily incidence of 7.2 per 1 mil-
lion) in Wuhan.8,30 These data suggest an earlier implementation of 
SAHO in terms of crude daily incidence would be more effective. 
Consistent with the previous study and recent surge in daily new 
cases,25,31 we also show that (early) lift of SAHO would be associ-
ated with a second wave or upward trend of COVID-19 daily new 
cases and deaths. Therefore, caution should be used when consid-
ering lift of SAHO prematurely.

Rt is one of the most widely used metrics for assessing trans-
mission rate of infectious diseases,8,25 and linked to the incidence 
decay with exponential adjustment model (known as IDEA) and 
Farr’s law.32 However, Rt is difficult to estimate. One of the chal-
lenges is the variances in the SARS-CoV2 serial intervals.15–17 
The reported serial intervals of COVID-19 ranged from 3.96 to 
7.5 days, and were first used to rigorously examine the changes 
of Rt associated with SAHO and face-masking recommendation 
in the USA. Two similar turning points were identified in the Rt 
trends estimated using three different serial intervals, and further 
support the findings discovered using our piecewise log-linear 
model.

Geographic attributes have been shown to be linked to COV-
ID-19 epidemics in several countries.33–36 The geographic differ-
ences of COVID-19 incidence and deaths in states have been re-
ported in a previous study,37 which, unfortunately, did not conduct 
quantitative trend analyses. The states’ neighboring relationship 
with the epicenter (New York) in the USA was linked to the COV-
ID-19 epidemics in our multivariable models, while the number of 
states under SAHO, proportion of positive COVID-19 testing and 
the number and proportion of the populations under SAHO were 
not linked to them. Additional works are needed to better under-
stand the geographic differences in state-level COVID-19 trends.

Many COVID-19 studies were published as preprints. Some 
of them were of inferior methodological merit and low reporting 
quality, as discussed before.30,38,39 This observation is concerning, 
and calls for more collaborative efforts in the efficient review and 
timely dissemination of studies on COVID-19.

The major strength of this study is that we used state-level 
and national data of laboratory-confirmed cases in the analyses.2 
Moreover, a very rigorous study-design was used. We applied mul-
tivariable models to exclude confounders and a quasi-experimental 
interrupted time series study-design to infer the impacts of pub-
lic health interventions. The quasi-experimental interrupted time 
series study-design is likely the most rigorous method available 
for when randomization and controlling are not possible,12,13,19 
as the case for when COVID-19 SAHO and face-masking were 
implemented in the USA. Further, two piecewise log-linear regres-
sion methods were used to rigorously examine trends changes, 
according to the guidelines on trend analyses of population data 
and other methodological considerations.26–29 Finally, the simula-
tion analysis provides comprehensive estimates of trends changes 
linked to early-implementation of SAHO at various time points 
and early-lift of SAHO with various extents. Indeed, the recent up-
ward trends in the USA COVID-19 epidemics are consistent with 

our simulated scenarios of early SAHO lift (even in some states 
or counties).2,3,31 Thus, the proper timing and duration of SAHO 
implementation warrant further research.

Several limitations of this study are noteworthy. First, the 
COVID-19 positive rates varied among states and by time, sug-
gesting under-testing of the potential patients. The exact COV-
ID-19 case numbers are thus not available, although efforts were 
made to estimate them using the Johns Hopkins’ data repository 
of COVID-19 cases.40 Given the data inconsistence we noticed,1 
such an estimation was not optimal in our view. We were more 
confident in the reliability of the laboratory-confirmed case num-
bers. Inclusion of positive-test rate in our models may alleviate 
the variances in test rate across time. Indeed, the positive-test rate 
was not a factor linked to COVID-19 epidemics in our multivari-
able models. Second, there was a lag in COVID-19 reporting,41 
which may lead to inaccurate estimation of the case numbers. 
However, the increases in the proportion of the tested popula-
tion appeared stable in the USA,2 and was not a factor linked to 
COVID-19 epidemics in our multivariable models. It suggests 
that the lag in reporting may not change significantly as the time 
changes, and will have minimal impact on the trend analyses. 
Third, the CDC changed the diagnostic criteria of COVID-19 on 
April 14, 2020. The timing and extent of these changes in each 
state were largely unknown, while we consider the data released 
before April 20 acceptable owing to the transition time of dif-
ferent criteria. Therefore, the data released after April 20 would 
have an unmeasurable bias and would not be suitable for compar-
ing with those before April 20. Thus, we were not able to reliably 
compare the observed and the simulated COVID-19 trends after 
April 20. Finally, we did not report the daily incidence. There 
were no significant changes in the USA population during the 
study-period. The daily new cases of COVID-19 thus should be 
proportional to its daily incidence in the USA but are easier to 
interpret than daily incidence and were used here.

Future direction

Future research should be focused on how state-level SAHO 
changes the COVID-19 epidemics. This is particularly interesting 
since state heterogeneity has been reported in 27 European Union 
states,19 and in the USA, states’ neighboring relationship with New 
York was linked to COVID-19 epidemics (as this study showed). 
As more data and more-reliable data become available, we will 
keep looking into the association of SAHO and face-masking poli-
cies with changes in the COVID-19 epidemic.

Conclusions

There were two turning points of COVID-19 daily new cases or 
deaths in the USA, which appeared to be associated with the im-
plementation of SAHO and the CDC’s face-masking recommenda-
tion. Simulation on early-implementation and lift of SAHO reveals 
considerable impact of these interventions on COVID-19 daily 
new cases and deaths. These findings may inform decision-making 
of lifting SAHO and face-masking recommendation.
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