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BACKGROUND: Since late summer 2020, the French au-
thorities implemented a curfew/lightened lockdown-
alternating strategy instead of strict lockdown, to improve
acceptability and limit socioeconomic consequences.
However, data on curfew-related efficacy to control the
epidemic are scarce.
OBJECTIVE: To investigate the effects on COVID-19
spread in France of curfew combined to local and/or na-
tionwide restrictions from late summer 2020 to mid-
February 2021.
DESIGN:We conducted a comparative evaluation using a
susceptible-infected-recovered (SIR)–based model com-
pleted with epidemiokinetic tools.
MAIN MEASURES: We analyzed the time-course of epi-
demic progression rate under curfew in French Guyana
and five metropolitan regions where additional restric-
tions were implemented at different times. Using linear
regressions of the decay/increase rates in daily contami-
nations, we calculated the epidemic regression half-lives
(t1/2β) for each identified period.
KEYRESULTS: In FrenchGuyana, twodecayperiodswith
rapid regression (t1/2β of ~10 days) were observed under
curfew, with slowing (t1/2β of ~43 days) when curfew was
lightened. During the 2-week pre-lockdown curfew
(2020/10/17–2020/11/02) in Provence-Alpes-Côte-
d’Azur, Auvergne-Rhône-Alpes, and Ile-de-France, the
epidemic progression was unchanged. During the post-
lockdown curfew (2020/12/15–2020/02/14), the epi-
demic slowly regressed in Grand-Est (t1/2β of ~37 days),
whereas its progression rate plateaued in Auvergne-
Rhône-Alpes and increased immediately in Provence-
Alpes-Côte-d’Azur, Ile-de-France, and Nouvelle-Aqui-
taine, whatever the curfew starting time was (06:00 or
08:00 pm). Interestingly, a delayed slow decay (17 days
< t1/2β < 64 days) occurred under curfew in all regions
except Ile-de-France.
CONCLUSIONS: Curfew allowed the temporary control of
SARS-CoV-2 epidemic, however variably in the French
regions, without preventing lockdown necessity. To accel-
erate the epidemic regression such as observed in French
Guyana, curfew should be implemented timely with addi-
tional restrictions.
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INTRODUCTION

The world has been with the SARS-CoV-2 pandemic for more
than 1 year. It has resulted in ~140 million infections and ~3
million fatalities. In Europe, a second wave was deadlier than
the first one,1 forcing reluctant governments back to restric-
tions despite the dire economic and social consequences. In
contrast with the March–April 2020 wave, during the second
wave, restrictions and timings were not homogeneous across
Europe with strategies variably including stay-at-home orders,
workplace restrictions, school and venue closures, decreases
in daily public mobility in addition to social distancing,
handwashing, and facemask use.
The French government allowed regional control of restric-

tions. Different criteria were used including the number of
daily new cases, the number of daily hospital and intensive
care unit (ICU) admissions, and the percentage of ICU beds
occupied. Monitoring of SARS-CoV-2 in wastewater was
used when possible.2 Health authorities were concerned that
restrictions might result in deleterious economic, social, and
psychological effects. Initially, a curfew limited to the terri-
tories where the epidemic was the most threatening was im-
plemented on 17 October, followed by a nationwide lockdown
on 02 November 2020. Curfew was initially 10:00pm to
5:00am and then extended to 8:00pm to 6:00am. Bars and
restaurants were closed while shops and schools were main-
tained open and teleworking and distance learning encour-
aged. The nationwide lockdown 15 days later closed “non-
essential” shops such as hairdressers or bookstores. Shops
reopened on 28 November and the lockdown ended on 15
December 2020 followed by a nationwide curfew. The effec-
tiveness of curfew to control the epidemic was questioned.
Therefore, we designed this study to quantify the impact of

curfew and other local and/or nationwide measures on the
epidemic in comparison to the effects obtained with strict
lockdown. Three situations where curfew was experienced in
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France were compared: 1) French Guyana, an overseas terri-
tory located in Latin America in the Amazonian forest; 2) the
pre-lockdown curfew possibly combining additional local
measures applied in a limited number of departments/large
cities; and 3) the post-lockdown nationwide curfew.

METHODS

Study Design

In addition to French Guyana, we selected five regions, i.e.,
Ile-de-France (IDF), Provence-Alpes-Côte-d’Azur (PACA),
Nouvelle-Aquitaine (NA), Auvergne-Rhône-Alpes (ARA),
and Grand-Est (GE), and five departments, i.e., two located
in PACA (Bouches-du-Rhone and Alpes-Maritimes), two lo-
cated in IDF (Paris and Yvelines), and one located in NA
(Gironde), based on the measures applied at variable timings
in relation to the curfew.

French Guyana. Policymakers chose curfew rather than strict
lockdown. The curfew began on May 5, 2020. Initially, the
curfew was from 11:00pm to 05:00am every day except in
Saint-Georges on the Brazilian border, where a complete
lockdown was maintained. On June 10, it was extended from
09:00pm to 05:00am during weekdays and for the entire day
on Sundays; on June 18, it ran 07:00pm during weekdays and
03:00pm on Saturday and during weekends to 05:00am; on
June 25, it covered 05:00pm during weekdays and 01:00pm
on Saturday during weekends to 05:00am. The curfew was
lightened progressively by the different counties from the end
of August 2020. On January 23, 2021, the curfew was again
tightened, from 09:00pm to 05:00am during weekdays and the
whole weekend. Terrestrial borders were closed.

Metropolitan France. Two curfews and one lockdown
occurred. The first curfew began on October 17, 2020, from
09:00pm to 06:00am in certain departments, ~15 days before
the nationwide lockdown (November 2 to December 15, 2020).
A second curfew was established from 08:00pm to 06:00am,
nationally, after the lockdown period. Besides the curfew and
lockdown, other distancing measures were locally applied in
PACA and NA, earlier at the end of August 2020. Hence,
several cities in NA required face masking in public areas since
August 2020 such as in Bordeaux center. Bars and restaurants had
been closed in NA and parties were not allowed since the
beginning of September 2020. In PACA, bars and restaurants
had been closed from 11:00pm to 6:00am since 2020/08/26 and
face masking was required in Nice and Marseille centers for
everyone older than 11. At the end of September 2020, health
authorities classified Bouches-du-Rhône and Gironde as maximal
alert and reinforced alert areas, respectively. By contrast, no local
measures to prevent the epidemic spread were undertaken in IDF,
ARA, and GE during this period. However, on October 17, IDF
was put on curfew until the nationwide lockdown started. There

was no curfew in GE before the national lockdown. Finally, we
chose ARA as an intermediate region with three departments
(Rhône, Isère, and Loire) classified as reinforced alert areas on
September 23 and three cities (Grenoble, Saint-Etienne, Lyon) put
under curfew on October 17, 2020.

Analysis Tools

We used epidemiokinetic tools as previously described.3 Briefly,
this approach is based on a simpler model with fewer parameters
than the traditional compartmental susceptible-infected-
recovered (SIR) and other derived more stochastic models. Our
closed three-compartmental model considers an input function (I)
representing the epidemic progression and an output function
representing its regression. We measure the rate at which the
epidemic progresses rather than the extent of its progression. We
previously showed that estimating progression and regression
rates of the epidemic in real time using simple linear regressions
of the rate decay in the “susceptible” compartment allowed
calculating epidemic half-lives, i.e., the time necessary to alter
the epidemic progression rate by 50%. We estimated that at least
eight half-lives were necessary to observe the complete regres-
sion of the epidemic in lockdown conditions.3 Here, we hypoth-
esized that the efficacy of restrictionmeasures could be evaluated
simply by calculating the epidemic progression rate constants and
thus the epidemic half-lives at each period.

Calculations and Modeling

For each region in France, we collected the numbers of daily new
contaminations on each 7-day interval (I) from May 18, 2020,
through February 2, 2021, published by Santé Publique France
(https://www.santepubliquefrance.fr). As previously described,3

we calculated the epidemic progression rates as follows: S = (Ic(n)
− Ic(n−1)) / Ic(n−1) × 100, where Ic represented the cumulative
infected people each week. Then, S(t) was fitted versus the mid-
point time interval of each week using mono-exponential equa-
tions (S(t)=S0.e

−β*t). Parameters β and S0 were estimated by the
model. We calculated the epidemic progression half-lives
(t1/2β=ln2/β) during each period observed in the curves. Data
are expressed as estimated mean ± SD (coefficient of variation,
CV%). Evaluation of our models was based on the following
criteria: 1) fits between observed and predicted data; 2) Akaike
criteria, lowered as possible to minimize the gap between esti-
mated and observed data; 3) coefficients of variation <30%; and
4) weighted residuals versus time plot that must be randomized
above and below zero. Modeling was performed using Phoe-
nix64-WinNonlin™ (Certara, USA).

RESULTS

French Guyana. The epidemic exhibited three phases, decay
from June 18 to October 18, 2020, followed by increase from
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October 19, 2020, to January 10, 2021, and then decay from
January 11 to February 14, 2021 (Fig. 1). Three distinct decay
slopes were identified during the decreasing phases
(t1/2βD1=10.4±0.7 days, t1/2βD2=42.9±5.3 days, and
t1/2βD3=10.6±1.4 days) and one slope during the increase
phase (t1/2βI1=29.1±4.1 days). Interestingly, the change in
decay slope during the first phase coincided with the progres-
sive curfew lightening.

Metropolitan France. Six to eight alternating phases were
observed in the different regions (Figs. 2, 3, 4, 5, and 6). The
D1-decay periods corresponded to the continuity of the de-
creasing phase observed during the first nationwide lockdown
in France from March 16 to May 11, 2020, with t1/2βD1 of 7.3
±1.8 (NA), 8.0±0.8 (PACA), 9.7±0.6 (GE), 9.7±2.1 (IDF),
and 14.1±2.9 days (ARA). The D3-decay periods with t1/2βD3
of 8.7±0.7 (ARA), 9.4±0.6 (NA), 11.8±1.0 (IDF), and 12.1
±1.1 days (PACA) and the D2-decay period with t1/2βD3 of 9.0
±0.6 days in GE corresponded to the second nationwide
lockdown.
The D2-decay periods observed in PACA and NA showed

longer t1/2βD2 (17.8±1.8 and 16.0±1.1 days, respectively) than
in D1 (Figs. 2 and 3). This decay periodwas even not observed
in GE and certain IDF departments such as Yvelines or just
barely visible with prolonged t1/2βD2 in Paris (62.3±7.1 days),
the whole IDF (39.3±2.2 days), and ARA (34.9±4.4 days)
(Figs. 4 and 6).
The 15-day-long pre-lockdown curfew did not alter the

epidemic progression in PACA and ARA (I2-increasing
phases; Figs. 2 and 6) but plateaued in IDF (Fig. 4), though
insufficiently to avoid a lockdown. The post-lockdown curfew
allowed a slow decline in the epidemic progression rate in GE
(t1/2β=36.5±5.8 days) with a plateau only in ARA (Fig. 6),
while it did not avoid an immediate increase in PACA (I3),
IDF (I2), and NA (I3) (Figs. 2, 3, and 4). A final slow decay
period was observed under curfew in NA (D4), PACA (D4),
and ARA (D4) but not in IDF (Figs. 2, 3, 4, 5, and 6). Of note,
the early curfew from 08:00 to 06:00pm did not affect the
epidemic progression.

DISCUSSION

Our findings support that curfew application was effective in
altering the epidemic spread in French Guyana, probably due
to its geography, population characteristics, and additional
measures that limited social interactions. In contrast, curfew
produced relatively limited benefit in metropolitan France,
with variable effects that highly depended on the nature and
timing of the additional combined restriction measures, often
decided at a local level.
Non-pharmaceutical interventions are the most important

strategies applied to prevent SARS-CoV-2 spread in the com-
munity. Almost all governments instituted social restrictions

despite dramatic socioeconomic disruption. Studies confirmed
containment-related benefits on SARS-CoV-2 spread espe-
cially with early implemented and more restrictive lock-
down.3,4 A series of control measures in China allowed effec-
tively controlling the epidemic in early April 2020 with very
few new cases occasionally reported.5 Korea was one out of
the rare countries never under lockdown to succeed control-
ling the first wave to a manageable level, due to public
compliance in following personal hygiene principles and so-
cial distancing.6

In French Guyana, our findings suggest that the territorial
strategy mainly based on curfew with social distancing mea-
sures, stricter than those applied in metropolitan France such
as school (during the first curfew period) and border closures
(during the two curfew periods), was efficient to control the
epidemic spread. The two phases of reinforced curfews result-
ed in almost similar impact as if strict lockdown was applied3;
however, curfew impact was markedly reduced when restric-
tions started to be lightened by the different counties. While
our analyses were unable to identify the specific curfew-
related benefits, the observed limitation in epidemic spread
in French Guyana was clearly attributed to its combination
with other social interaction-limiting measures, as previously
suggested.7

In metropolitan France, the first nationwide lockdown suc-
cessfully reduced the burden on the medical care system in
IDF and GE regions and prevented the epidemic spread to the
other regions.8 However, with the summer-ending epidemic
progression and continuous increase in SARS-CoV-2-
attributed deaths, policymakers struggled. Wishing to avoid
a new lockdown, they considered more economically compat-
ible and socially acceptable restrictions. A nationwide curfew
was preferred. However, our data show that curfew’s ability to
control the epidemic was limited, highly depending on its
timing and conditions. In PACA and ARA, the first curfew
failed to reduce the epidemic progression (Figs. 2 and 6). The
post-lockdown curfew variably affected the epidemic progres-
sion, whatever its starting time was (06:00pm or 08:00pm).
Hence, the spread plateaued in ARA (Fig. 6) and immediately
increased in PACA, NA, and IDF (Figs. 2, 3, and 4) while
immediately decreased in GE (Fig. 5). Interestingly, a delayed
spread regression was observed in NA, PACA, and ARA but
not in IDF, starting at the time of large shopping center closure
(>20,000m2) in combination with curfew measures. Our data
are in agreement with those showing that among all non-
pharmaceutical interventions, shop closing is one of the most
effective measure to control the epidemic spread.9 However,
closure of only large shopping centers in France was not
enough to slow the spread as obtained with strict lockdown.
Moreover, although the overall restriction policy was able to
alter the contamination progression and limit pressure on
health services, earlier in the metropolitan areas where first
implemented,10 its efficacy in limiting SARS-CoV-2-
attributed mortality over the winter period is questionable.
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Fig. 1 Regression of susceptible individuals (S(t),%) in French Guyana from May 18, 2020, to February 14, 2021, presented in a semi-
logarithmic scale. A Total observed data could be divided into three decay (D, green) and one increasing periods (I, red). B Determination of
three distinct decreasing slopes named βD1, βD2, and βD3 for the decay periods. C Determination of the increasing slope named βI1 for the
increasing period. D Calculation of the different epidemic half-lives (expressed as estimated mean value ± SD (CV%)). The curfew, setup on
2020/05/11, persisted almost permanently with a first reinforcement on June 18, 2020 (blue arrow), a progressive lightening from the end of

August 2020 (red arrow), and a new reinforcement on 2021/01/23 (green arrow).

Fig. 2 Regression of susceptible individuals (S(t),%) in A Provence-Alpes-Côte-d’Azur (PACA) region and B Bouches-du-Rhône (13) and C
Alpes-Maritimes (06) departments from May 18, 2020, to February 14, 2021, presented in a semi-logarithmic scale. A–C Total observed data
divided into seven distinct periods: four decay (D, green) and three increasing periods (I, red). D Calculation of the different epidemic half-lives
(expressed as estimated mean value ± SD (CV%)). The implementation timings of restriction measures are indicated on the graphs as follows:

pre-lockdown curfew (blue arrow), lockdown (red arrow), and post-lockdown curfew (green arrow).
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Fig. 3 Regression of susceptible individuals (S(t),%) in A Nouvelle-Aquitaine (NA) region and B Gironde (33) department from May 18, 2020,
to February 14, 2021, showed in a semi-logarithmic scale. A, B Total observed data divided into 8 distinct periods: four (NA) or three (33)
decays (D, green), one (NA) or two (33) plateaus (P, yellow), and three increasing periods (I, red). C Calculation of the different epidemic half-
lives (expressed as estimated mean value ± SD (CV%)). The implementation timings of restriction measures are indicated on the graphs as

follows: lockdown (red arrow) and post-lockdown curfew (green arrow).

Fig. 4 Regression of susceptible individuals (S(t),%) in A Ile-de-France (IDF) region and B in Yvelines (78) and C Paris (75), two IDF
departments, from May 18, 2020, to February 14, 2021, showed in a semi-logarithmic scale. A–C Total observed data divided into five or six
distinct periods: two or three decays (D, green), none or one plateau (P, yellow). and two increasing periods (I, red). D Calculation of the
different epidemic half-lives (expressed as estimated mean value ± SD (CV%)). The implementation timings of restriction measures are

indicated on the graphs as follows: lockdown (red arrow) and post-lockdown curfew (green arrow).
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In early August, restrictions were decided locally at the
regional, departmental, and/or city level including bar/
restaurant closure, student party prohibition, and face masking
in the public space, explaining the epidemic decline. In the
regions/departments where these measures were not applied,
this spread decrease was not (such as in GE and Yvelines) or
barely observed (such as in Paris, IDF, and ARA) by contrast

to PACA and NA (Figs. 2, 3, 4, 5, and 6). These local
measures initiated early in August, such as in the 06 and 33
departments, allowed reaching regression rates equivalent to
those obtained with a strict lockdown initiated in a later stage
of the epidemic, showing that anticipation of less stringent
restrictions may be as efficient as lockdown to control the
epidemic.

Fig. 5 Regression of susceptible individuals (S(t),%) in the Grand-Est (GE) region from May 18, 2020, to February 14, 2021, showed in a semi-
logarithmic scale. A Total observed data divided into six distinct periods: three decay periods (D, green), one plateau (P, yellow), and two

increasing periods (I, red). B Calculation of the different epidemic half-lives (expressed as estimated mean value ± SD (CV%)). The
implementation timings of restriction measures are indicated on the graphs as follows: pre-lockdown curfew (blue arrow), lockdown (red

arrow), and post-lockdown curfew (green arrow).

Fig. 6 Regression of susceptible individuals (S(t),%) in Auvergne-Rhône-Alpes (ARA) region from May 18, 2020, to February 14, 2021, showed
in a semi-logarithmic scale. A Total observed data divided into seven distinct periods: four decay periods (D, green), one plateau (P, yellow),
and two increasing periods (I, red). B Calculation of the different epidemic half-lives (expressed as estimated mean value ± SD (CV%)). The
implementation timings of restriction measures are indicated on the graphs as follows: pre-lockdown curfew (blue arrow), lockdown (red

arrow), and post-lockdown curfew (green arrow).
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Although lockdown outperforms less stringent restrictions
in reducing cumulative deaths,11 alternatives for lockdown
stringency, time, and duration have been proposed; however,
their relative advantages have been only evaluated based on
predictive models. The quarantine strategy weekly alternating
half of the population on activity and the second half under
quarantine and vice versa was shown to provide a dramatic
reduction in transmission, comparable to that achieved by a
population-wide lockdown, despite maintaining half of the
socioeconomic continuity at 50% of its capacity.12 Since
weekly alternation synchronizes with SARS-CoV-2 disease
time-scale, this strategy allows isolating infected persons at the
time of their peak infection.
Lockdown-release strategy is also determinant, as illustrat-

ed in France, by the dramatic and sudden stop of lockdown-
induced decrease in the epidemic when non-essential shop
reopened on November 28, 2020. Policymakers should be
wary of lockdown-release strategies based on a threshold-
dependent on-off mechanism and continue lockdown until
the number of new contaminations reaches a sufficiently low
threshold. Time to reach this threshold can be easily estimated
by our method by measuring the epidemic regression half-life,
knowing that the end of the exponential process describing the
epidemic regression during lockdown would be reached after
8–10 times the half-life.3 Circuit breaker lockdowns are effec-
tive to delay infection peak but not the total infection load and
infection peak.13 There may be alterations to behavior with
closer contact (e.g., increased shopping and socializing) days
before implementation. However, despite modest reductions
in R, the significant changes to dynamics may prevent
overburdening health services during the next few months. A
gradual release strategy by allowing different population frac-
tions in lockdown to re-enter the working non-quarantined
population seems more effective than an “on-off” strategy of
releasing everyone but re-establishing lockdown if infections
become too high.14 The optimal strategy was found to be to
release half the population 2–4 weeks from the end of an initial
infection peak, and then wait another 3–4 months to allow for
a second peak before releasing everyone else.
To be effective, restrictions should be adapted to the time-

varying estimation of the epidemic spread.15 Epidemic wave
modeling uncertainties in the estimates of prevalence and
simulate of super-spreader presence are concerning.16 Most
countries have chosen to implement tiered restriction system
based on regional infection levels. Implementation of mass
testing campaign to halt the epidemic growth in France was
questioned but based on a modeling study proved relevant
only if the epidemic is limited by other interventions.17 Based
on models, the epidemic was only shown to vanish if complete
lockdown is imposed; otherwise, its presence persists in the
population.18 The epidemic could be kept under control by
implementing contact tracing and quarantine measures along
with lockdown if imposed partially. Limited evidence sup-
ports that combination of lockdown and mass screening might
result in a greater reduction of contaminations and fatalities in

comparison to lockdown only.19 The exact contribution of
curfew combined to mass screening has not been evaluated.
To conclude, curfew is not as effective in controlling

SARS-Cov-2 epidemic spread as stricter measures including
stay-at-home orders. However, combining curfews with addi-
tional restriction measures can slow the spread. The most
critical issue is to initiate restrictive measures as early as
possible.
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