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Global spread of coronavirus disease 2019 (COVID-19) has created an unprecedented
infectious disease crisis worldwide[1]. To date, non-pharmaceutical interventions (NPI)
implemented in response to the SARS-CoV-2 epidemic are the main option to curb the spread of
the virus. After new evidence appeared about the aerosol transmission of SARS-CoV-2 [2] and
that face mask use would be associated with a mean risk reduction of virus transmission of 43%
in the non-healthcare setting [3], the World Health Organization has recommended its use. In
France, despite evidence of a risk of rebound of the epidemic by the end of the summer if most
individuals did not use face masks [4], self-reported data from a nationwide survey [5] of 2,000
individuals representative of the French general adult population (based on age, sex, socio-
economic status, and place of residence) indicate that about 40% adhered to this measure after
the end of the lockdown (May 11™), 52% in June, 61% in July and 69% in late August. This
increase may be explained by the French government’s decision to make face mask use
mandatory in indoor venues and at the workplace, following the observed increase in the number
of COVID-19 cases from July in France. However, low adherence to face mask use of the
population may have led the virus to widely circulate [1].

In this report, we sought to examine whether an early implementation of face mask use
with an achievable adherence of 80% in the population would have reduced cumulative COVID-
19 incidence, mortality, and the number of hospital and intensive care unit (ICU) admissions, as
compared to the observed epidemiological situation. We considered an adherence rate of 80% as
achievable because this rate was achieved at the time of the second lockdown in late October [5].
This knowledge is crucial when the hypothesis of repeated rebounds of the epidemic until its
end, and particularly when protection measures are relaxed, cannot be ruled out.

To this end, we report results from a stochastic agent-based microsimulation model of the
epidemic in France, which showed adequate calibration and validation as fully described
elsewhere [4]. Briefly, this model includes (i) a realistic synthetic population generated with
demographic characteristics, medical comorbidities and household structure representative of the
French general population, (ii) a social contact network among the individuals, each with a
geolocalized activity sequence over the day, taking into account co-location probability and
duration, including contacts with family members, extended family members or friends (at home
or at bars and restaurants), contacts at school or at work, and during public transport or grocery
shopping or cultural activities, and (iii) a disease model, which translates the edge weights in the
social contact network into infection probability of the edge over the day. The model included
194 parameters related to French population characteristics (n=140), social contacts (n=33) and
SARS-CoV-2 characteristics (n=21). Parameter values on population characteristics were based
on data from the French National Statistical Institute (INSEE) and Santé Publique France.
Parameters related to social contacts were based on prior studies (n=11) or assumptions when no
data were available (n=22). Finally, parameters on disease characteristics were based on data
from the Direction de la Recherche, des Etudes, de I'Evaluation et des Statistiques (DREES),
Institut Pasteur, and London Imperial College, except for two unknown key parameters of the
epidemic: contamination risk and proportion of undiagnosed COVID-19 cases, which were
simultaneously estimated through model calibration. The model parameters are summarized in
Supplementary Table 1 and fully described elsewhere [4]. Source code for the model has been
deposited in a recognized public source code repository (GitHub,
https://github.com/henrileleu/covid19).

We compared the scenario of the observed epidemiological situation including data from
the French general population survey on face-mask use* to a hypothetical one in which 80% of


https://github.com/henrileleu/covid19

individuals would have been using face masks from the date of the end of the lockdown, i.e.,
May 11", In both scenarios, we assumed that adherence to face mask use would be 80% from
September 1%, the date when its use was mandatory in France, and would remain at this level
throughout the epidemic. This assumed rate, although slightly overestimated, was validated by
data from the French general population survey on face-mask use [5], which reported a 72% rate
of mask adherence in mid-September and a 80% rate achieved in late-October. No other changes
were made to the model parameters previously published [4], except the reduction of COVID-19
mortality in ICUs by 50% since June, following the improvement in care and the use of
dexamethasone in ICUs [6,7].

The results are summarized in Figure 1. We projected that between July 1% and
September 23, early use of face masks with a 80% adherence rate would have reduced the
cumulative incidence by 678,000 [95% prediction interval, 662,000 — 694,000], the number of
hospital admissions by 9,000 [95% prediction interval, 8,900 — 9,200], the number of ICU
admissions by 1,330 [95% prediction interval, 1,300 — 1,360] and the number of deaths by 450
[95% prediction interval, 436 — 464], compared to the observed epidemiological situation in
France. Based on our model, extrapolations after September 23" suggest that these differences
would further increase over time despite a high (i.e. 80%) adherence to face mask use from
September 1% in both scenarios, with a difference of 2,477,000 [95% prediction interval,
2,452,000 — 2,503,000] COVID-19 cases, 40,400 [95% prediction interval, 40,100 — 40,700]
hospital admissions, 5,780 [95% prediction interval, 5,720 — 5,830] ICU admissions, and 2,555
[95% prediction interval, 2,526 — 2,584] deaths by February 1*. Our findings suggest that high
adherence to face mask use is a highly effective measure to curb the viral spread and mitigate its
consequences, particularly when this measure is adopted early by most people. These findings
may be relevant in a context where the perspective of COVD-19 vaccination programs might
lead to reduced adherence to protection measures.



Highlight

In this report we examine whether implementation of face mask use would have reduced
cumulative COVID-19 incidence. Results from a stochastic agent-based microsimulation model
suggest that high adherence to face mask is a highly effective measure to curb the viral spread

and mitigate its consequences when extensively and early adopted.
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Figure 1. Model predicted cumulative incidence of SARS-COV-2 infection (A), COVID-19-
related hospital admissions (B), ICU admissions (C) and deaths (D) in France from July 1%,
2020 to February 1%t 2021.

% 7000.00 A 80000 B
=
=
8 6000.00 § 70000
£ )
] 3
2 2 60000
S 5000.00 g
] @
E @ 50000
2 % 4000.00 2
S8 a8
B 3 E 40000
o
n:_g ]
& £ 3000.00 =
5 5 30000
@ 7]
2 2
g 2000.00
2 g 20000
£ [}
2 ]
§ 100000 3 10000
g
=3
© 0.00 - ' g ===
7/20 820 920 10/20 11/20 12/20 1/21 7/20 820 9/20 10/20 11/20 12/20 1/21
Date (month/year)} Date {month/year)
14000 c 7000 D

= 12000 6000
> %
3 =
& 10000 5 5000
[*] =
£ @
o g
n —
.5 8000 i 4000
] £
@ ©
£ 5
T 6000 E 3000
2 [
e 2
o L
2 4000 2 2000
= 3
2 [z}
£
S 2000 1000

0 0

7/20 820 9/20 10/20 11/20 12/20 1721 7/20  8/20 920 10/20 11/20 12/20 1/21

Date (month/year) Date (month/year)

————— Observed face mask use by the population

— Early face mask use by 80% of the population

The gray area represents the actual observed data for France. The solid gray lines represent the
uncertainty range (95% prediction range) stemming from the uncertainty in the parameter values.
Panel A: no data are available for new infections, only for diagnosed cases.



