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Articles

The effect of social deprivation on the dynamic of
SARS-CoV-2 infection in France: a population-based analysis

Stéphanie Vandentorren®, Sabira Smaili*, Edouard Chatignoux, Marine Maurel, Caroline Alleaume, Lola Neufcourt, Michelle Kelly-Irving,
Cyrille Delpierre

Summary

Background Data on health inequalities related to the dynamic of SARS-CoV-2 infection in France are scarce. The aim
of this study was to analyse the association between an area-based deprivation indicator and SARS-CoV-2 incidence,
positivity, and testing rates between May 2020 and April 2021.

Methods We analysed data reported to the Systeme d'Information de Dépistage Populationnel surveillance system
between May 14, 2020 and April 29, 2021, which records the results of all SARS-CoV-2 tests in France. Residential
addresses of tested individuals were geocoded to retrieve the associated aggregated units for the statistical information
(IRIS) scale, corresponding to an area comprising 2000 inhabitants relatively homogenous in terms of socioeconomic
characteristics. A social deprivation score was assigned to each area using the European Deprivation Index (EDI). We
fitted negative binomial generalised additive models to model the age-standardised and sex-standardised ratios for
SARS-CoV-2 incidence, positivity rates, and testing rates, and to estimate incidence rate ratios (IRRs) and 95% ClIs of
their association with EDI quintiles, using the first quintile (least deprived) as the reference category, adjusted for
week, population density, and region.

Findings Analyses were based on 70 990 478 SARS-CoV-2 tests, of which 5000 972 were positive. SARS-CoV-2 incidence
was higher in the most deprived areas than the least deprived areas (IRR 1-148 [95% CI 1-138-1-158]) and positivity
rates were also higher (IRR 1-283 [1-273-1-294]), whereas testing rates were lower in the most deprived areas than
the least deprived areas (IRR 0-905 [0-904-0-907]). SARS-CoV-2 incidence and positivity rates remained higher in the
most deprived areas than the least deprived areas during the second and third national lockdowns, and variation in
testing rate was observed according to population density.

Interpretation Our results highlight a positive social gradient between deprivation and the risk of testing positive for
SARS-CoV-2, with the highest risk among individuals living in the most deprived areas and a negative social gradient
for testing rate. These findings might reflect structural barriers to health-care access in France and lower capacity of
deprived populations to benefit from protective measures.

Funding None.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction

The COVID-19 health crisis has exacerbated existing
social inequalities.’” People who are socially deprived
have a disproportionately greater risk of SARS-CoV-2
infection, of developing severe COVID-19, and COVID-
related mortality.** The underlying mechanisms for this
increased risk include differential exposure to the virus,
greater susceptibility to infectious diseases and associated
complications, and unequal access to care.

The social-residential environment can affect the
differential exposure to the virus, especially high popu-
lation densities and overcrowded housing. The social-
residential environment can also influence the differential
frequency of comorbidities such as diabetes, hypertension,
or overweight and obesity, which are more prevalent
among people who reside in deprived residential areas.

The first studies in New York showed that inequality
in COVID-19 incidence was strongly associated with
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occupation, which itself is strongly correlated with gender
and racial inequalities.*® Lockdowns increased inequalities
because people working in front-line jobs, such as essential
retail, delivery, and health-care workers were unable to
work from home. People at high risk of exposure were
those in close contact with patients or with the public.”
Such inequalities have been identified in several
countries, including some with universal health-care
systems. A spatial analysis of the spread and dynamics of
COVID-19 in Europe® found that the proportion of older
people (aged =75 years) in the population, gross domestic
product per capita, and the unemployment rate were
associated with high COVID-19 mortality rates. Another
study in Switzerland showed that people living in more
socially advantaged areas were more likely to get tested
for SARS-CoV-2, and less likely to test positive, be
admitted to hospital or intensive care, or to die from
COVID-19 than people living in more deprived areas.’
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Research in context

Evidence before this study

We searched PubMed, WHO COVID-19, and Cairn databases for
articles published in English, Spanish, and French between

Jan 1,2020 and Nov 30, 2021, using the search terms “Health
inequalities” (social inequalities, gender inequalities, racial
inequalities, territorial inequalities, social deprivation, racial
disparities, ethnic disparities, differentials, socioeconomic
status, socioeconomic position)” and “testing” and “COVID-19".
Our search yielded 90 relevant articles. Studies have shown that
the ongoing COVID-19 health crisis has exacerbated existing
social inequalities in many countries, including some with
universal health-care systems. People who are socially deprived
have a disproportionately greater risk of SARS-CoV-2 infection,
of developing severe COVID-19, and death. The underlying
mechanisms for this increased risk include differential exposure
to the virus, greater susceptibility to infectious diseases and
associated complications, and unequal access to care. However,
data on health inequalities in the context of SARS-CoV-2
infection in a country with a strong health-care system such as
France remain scarce. No studies have investigated the
temporal dynamics of SARS-CoV-2 incidence, positivity,

and testing rates at the national level in terms of social
inequalities since the pandemic started in France.

Added value of this study

We found that the incidence of SARS-CoV-2 infection and
positivity rates were higher, whereas testing rates were lower,
in the most socially deprived areas when compared with the

In France, the test, trace, isolate strategy was initiated on
May 11, 2020. SARS-CoV-2 RT-PCR diagnostic tests were
provided free of charge and without need for prescription.
The first national lockdown and closure of schools were
implemented between March 17 and May 3, 2020, followed
by a second, less stringent lockdown between Oct 29 and
Dec 14, 2020, during which schools remained open. The
third lockdown from April 3 to May 2, 2021, included
reintroduction of public health measures (ie, closure of
commerce, curfews, no moving between regions, and
teleworking) and school closures, but was less stringent
than the second lockdown. Initial studies from France
showed that the risk of SARS-CoV-2 infection during the
first wave (March to May, 2020) was highest among health-
care professionals who had direct physical contact with
patients or the general public.” Seroprevalence was twice
as high in the most socially deprived neighbourhoods of
cities, and among people living in collective housing in
closed establishments (eg, shelters) and in overcrowded
housing.” The paucity of data on individual social
characteristics in medical records and in surveillance
system databases in France makes it difficult to rapidly
monitor the evolution of the pandemic with regard to
socioeconomic characteristics in the general population.”
To date, the only available data are from ad-hoc surveys

least deprived areas. After adjustment for population density,
we also highlighted the influence of population density on the
risk of infection at the municipality level. These differences were
especially marked in densely populated areas and to a lesser
extent, in moderately populated areas. By contrast,

the incidence of SARS-CoV-2 was lower in sparsely or very
sparsely populated municipalities across all levels of deprivation
and the positivity rate remained stable by level of deprivation.
Our results showed that the differential rate of outcomes
between the most and the least deprived areas changed over
time according to changes in the measures implemented by the
French Government to manage the pandemic, particularly
lockdowns. To our knowledge, this is the first study to assess the
dynamics of the SARS-CoV-2 pandemic in France in terms of
social deprivation using a national COVID-19 surveillance
database.

Implications of all the available evidence

Our findings highlight the need to account for deprivation and
other social determinants to adapt strategies and reduce
transmission (eg, accessibility of testing or promotion of
SARS-CoV-2 vaccines). In the context of increased social
inequalities during the current pandemic, our results might
encourage health authorities to address these issues more
rapidly. Without the consideration of social inequalities,

any national prevention policies implemented in response to
the pandemic are likely to increase inequalities.

such as the EpiCOV study,” which assessed the evolution
of social disparities in infection during the early stages of
the pandemic and during the first and second lockdowns
(from mid-March to early June 2020) in France." Real-time
data on the social pattern and dynamics of SARS-CoV-2
infection are not available.

Few international studies” have investigated the tem-
poral dynamics of SARS-CoV-2 incidence at the national
level in terms of social inequalities since the start of the
COVID-19 pandemic. In France, no large-scale studies
have investigated social inequalities in relation to pre-
vention policies such as lockdown measures during the
COVID-19 pandemic. We aimed to assess the association
between neighbourhood social deprivation and SARS-
CoV-2 incidence, test positivity rates, and testing rates
between May, 2020 and April, 2021 in France.

Methods

Data sources

In this population-based analysis, we used data from
the Systéme d’Information de Dépistage Populationnel
(SIDEP) surveillance system, implemented on
May 13, 2020. SIDEP is a secure platform that records
all SARS-CoV-2 RT-PCR and antigen test results
from laboratories, hospitals, pharmacies, nurses, and
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physicians across France. Information is also collected
on sex, age, residential address, and postcode.

An external partner (Etalab) geocoded residential
addresses (appendix p 2) to retrieve the associated
aggregated units for the statistical information (IRIS)
scale, corresponding to an area comprising 2000 inhabi-
tants who are relatively homogenous in terms of
socioeconomic characteristics. Hereafter, these units
are referred to as areas.

Access to information was controlled and SIDEP data
were obtained in accordance with privacy laws (General
Data Protection Regulation [EU] 2016/679).

We collected data between May 14, 2020 and
April 29, 2021. We used aggregated weekly data counts for
analysis. We excluded notifications with missing data on
age and sex (appendix p 3).

Outcomes

We computed incidence, positivity, and testing rates in
each area a and week w, stratified by age group and sex,
according to group classifications used in the 2017 French
population census (0-14, 15-29, 30—44, 45-59, 60-74,
275 years). A period of 60 days was used to define
two separate SARS-CoV-2 infections in the same
person”" to calculate outcomes following the method-
ology standardised by Santé Publique France (appendix
p 3). Incidence, positivity rate, and testing rate were
calculated as follows:

number of individuals testing
positive in the week for the first
time in more than 60 days

incidence,

a,w,age,sex”

census population

number of individuals testing
positive in the week for the first
time in more than 60 days

positivity T, g sen= — -
number of individuals testing

positive or negative who had not
tested positive during the
previous 60 days

number of individuals testing
positive or negative in the week
who had not tested positive during

. the previous 60 days
testing rate

a,w,age,sex

census population

Exposure

A social deprivation score was assigned to each area
using the European Deprivation Index (EDI; 2015
French version).” Scores were calculated as a
combination of ten census-based variables aggregated at
the area level associated with the individual level of
deprivation (proportion of individuals of foreign
nationality, proportion of households without a car,
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proportion of individuals employed as managers or
intermediate professionals, proportion of single-parent
families, proportion of households with at least two indi-
viduals, proportion of non-owner occupied households,
proportion of unemployed individuals, proportion of
individuals without post-secondary school education,
proportion of overcrowded dwellings, and proportion of
non-married individuals). Quintiles of the national
distribution of EDI scores were computed for metro-
politan France, whereby the first quintile (Q1) represents
the least deprived areas and the fifth quintile (QS5)
represents the most deprived areas.

Covariates

Population density was defined at the municipality level
according to the definition used by the European
Union,” which accounts for areas within a municipality
where a large number of inhabitants are concentrated in
a small area. These densely populated areas are
determined by dividing the geographical area into 1 km
squares. A densely populated area was defined as a
municipality where more than half of the population
lives in a single dense area. Population density was
categorised into sparsely or very sparsely populated
municipalities (>50% of the population living in an
area where the density is <300 inhabitants per kma2),
moderately populated municipalities (>50% of the
population living in an area where the density is between
300 and 1500 inhabitants per km?2), and densely populated
municipalities (>50% of the population living in an area
where the density is 21500 inhabitants per kma2).

Since the region variable might be associated with
deprivation and testing for SARS-CoV-2 infection, region
was considered as a potential confounder of the
association between EDI and SARS-CoV-2 incidence,
positivity rates, and testing rates.

Statistical analysis

We imputed missing data on area codes using the
postcode of residential addresses (appendix p 2). We used
indirect standardisation to compute age-standardised and
sex-standardised ratios for each outcome, stratified by area
and week using the national rate (by age group and sex) as
the reference. To assess the effect of deprivation on the
dynamic of SARS-CoV-2 infection, we fitted successive
negative binomial generalised additive models” to model
standardised ratios per week for incidence, positivity rate,
and testing rate. We estimated incidence rate ratios (IRRs)
with 95% ClIs of the association between each outcome
and EDI quintiles (Q1 [least deprived] was used as the
reference category). We fitted three models: the first
model included EDI quintiles and week; the second model
included EDI quintiles and week, and was adjusted for
population density (sparsely or very sparsely populated
[reference category], moderately populated, and densely
populated); and the third model, which was fitted to
evaluate the interaction between EDI quintiles and

See Online for appendix
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Total SARS-CoV-2 tests*

Positive SARS-CoV-2 testst

Total 70990478 5000972
Sex
Male 32109488 (45-2%) 2325793 (46:5%)
Female 38880990 (54-8%) 2675179 (53-5%)
Age, years
0-14 7274872 (10-2%) 472596 (9:5%)
15-29 16316329 (23-0%) 1226357 (24-5%)
30-44 16038167 (22:6%) 1147898 (23-0%)
45-59 14364443 (20-2%) 1074509 (21-5%)
60-74 9923649 (14-0%) 637131 (12.7%)
>75 7073018 (10-0%) 442481 (8-8%)
EDI quintiles
1 (least deprived) 10119377 (14-3%) 664240 (13:3%)
2 11309720 (15:9%) 735827 (14:7%)
3 11956 964 (16-8%) 786892 (15-7%)
4 14697932 (20.7%) 982447 (19-6%)
5 (most deprived) 22906485 (32:3%) 1831566 (36:6%)
Population density
Sparsely or very sparsely populated 21618 005 (30-5%) 1426416 (28:5%)
Moderately populated 20430947 (28-8%) 1413811 (283%)
Densely populated 28941526 (40-8%) 2160745 (43-2%)

Data are n (%). Data relate to the period May 14, 2020 to April 29, 2021. Counts might include multiple tests for the
same individual. EDI=European Deprivation Index. *Cumulative total of individuals who tested positive or negative for
SARS-CoV-2 in aweek who had not tested positive in the previous 60 days. fCumulative total of individuals who
tested positive for SARS-CoV-2 in a week who had not tested positive in the previous 60 days.

Table: Distribution of total SARS-CoV-2 tests and positive tests by age, sex, EDI quintile, and population

density
— Incidence per 100000 population -~~~ June 2-July 11, 2020 (second stage of lockdown lifting)
— Positivity rate per 100 tests ---- Oct 29-Dec 14, 2020 (second lockdown)
—— Testing rate per 100000 population —— April 3-May 2, 2021 (third lockdown)
500 . .
5000
4007 4000
300 13000
200 2000
100 1000
0 =0
Q
&~
X
Qﬁi

Figure 1: Weekly dynamics of SARS-CoV-2 incidence, positivity rates, and testing rates in France between
May 14, 2020 and April 29, 2021
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population density, included EDI quintiles and week, and
was adjusted for population density and the interaction
term. All three models were adjusted for region as random
intercept to account for the mean region-specific variation
during the time period (appendix p 9).

We then stratified analyses by population density
category. We calculated sex-standardised and age-
standardised ratios for each outcome using the rate (by
age group and sex) of each population density category as
the reference. Two models were used: the first included
EDI quintiles and week (unadjusted), and the second
included EDI quintiles, week, and was adjusted for
region (appendix p 10).

All generalised additive models used a thin plate
spline® to model the week variable and a separate smooth
function for each EDI quintile.

All statistical analyses were done using R software
(version 4.0.4.) and the mgcv package (version 1.8-33).

Role of the funding source
There was no funding source for this study.

Results

Between May 14, 2020 and April 29, 2021, SIDEP
received 70990478 SARS-CoV-2 test notifications from
47383 areas, of which 5000972 were positive (table).
38880990 (54:8%) of 70990478 total tests and
2675179 (53-5%) of 5000972 positive tests were
reported among women. Individuals younger than
45 years accounted for 39629 368 (56-0%) total tests and
2846851 (57-0%) positive tests. The least deprived areas
(Q1) accounted for 10119377 (14-3%) total tests and
664240 (13-3%) positive tests, and the most deprived
(Q5) accounted for 22906485 (32-3%) total tests
and 1831566 (36-6%) positive tests. Densely populated
municipalities accounted for 28941526 (40-8%) total
tests and 2160745 (43 - 2%) of positive tests. We excluded
1013180 (1-4%) of 72354287 tests and 1182 (2-4%) of
48566 areas due to a mismatch between the EDI and
SIDEP databases, and 350630 (0-5%) of 72354287 tests
with missing data on age and sex (appendix p 2).

Figure 1 shows the weekly dynamic of SARS-CoV-2
infection during the study period. SARS-CoV-2 incidence,
positivity rates, and testing rates peaked in October, 2020,
and April, 2021, leading to the second and third
lockdowns, respectively. A peak in the testing rate was
also observed in December, 2020.

SARS-CoV-2 incidence was higher in the most
deprived areas (Q5) than the least deprived areas (QL;
IRR 1-235 [95% CI 1-224-1-245]). These associations
were less strong after adjustment for population density
(IRR 1-148 [1-138-1-158]). Adjusted SARS-CoV-2 inci-
dence was higher in moderately populated munici-
palities (IRR 1-094 [1-089-1-098]) and densely populated
municipalities (1-233 [1-228-1-238]), than in sparsely or
very sparsely populated municipalities (figure 2;
appendix p 11).

The SARS-CoV-2 positivity rate was also higher in the
most deprived areas (Q5) than the least deprived areas
(Q1; IRR 1-266 [95% CI 1-255-1-276]). After adjustment
for population density, these associations were stable and
slightly stronger for Q5 than Q1 (IRR 1-283 [1-273-1-294]).

www.thelancet.com/public-health Vol 7 March 2022
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The positivity rate decreased with population density
(IRR 0-964 [0-961-0-968] for moderately populated
municipalities; 0-963 [0-960-0-967] for densely popu-
lated municipalities; figure 2; appendix p 11).

The testing rate was higher in the most deprived areas
(Q5) than in the least deprived areas (Q1; IRR 1-004
[1-002-1-006]), but lower in moderately deprived areas
(0-987 [0-984-0-989] for Q2; 0-977 [0-975-0-979] for
Q3). After adjustment for population density, testing
rate decreased with deprivation (IRR 0-905 [0-904-0-907]
for Q5) and increased with population density (1-154
[1-152-1-156] for moderately populated municipalities;
1-305[1-302-1-307] for densely populated municipalities
(figure 2; appendix p 11).

The interaction between EDI quintiles and population
density groups (model 3) was significant (p<0-0001) for
SARS-CoV-2 incidence, positivity rate, and testing rate
(appendix pp 12-13); therefore, we analysed the association
between deprivation and each outcome stratified by
population density (figure 3). A social gradient (ie, higher
incidence in more deprived areas) was found for the SARS-
CoV-2 incidence in moderately and densely populated
municipalities. In contrast, incidence was lower in all
quintiles compared with Q1 in sparsely or very sparsely
populated municipalities. The adjustment for region did
not change the results. A social gradient was also found for
the positivity rate (figure 3) in moderately and densely
populated municipalities. In the unadjusted model, for
sparsely or very sparsely populated municipalities, the
positivity rate was lower for all quintiles when compared
with Q1. All the associations remained unchanged after
adjustment for region, with the exception of sparsely or
very sparsely populated municipalities, where the
associations were not significant with the exception of that
for Q5 (IRR 1-023 [1-001-1-046]; appendix p 15). In
adjusted models, an inverse social gradient was found for
the testing rate in sparsely or very sparsely populated
municipalities (IRR 0-939 [0-935-0-943) and moderately
populated municipalities (0-901 [0-897-0-905] for Q5
compared with Q1). In both models, for densely populated
municipalities, the testing rate was only lower in Q5
compared with Q1 (IRR 0-929 [0-925-0-932]; appendix
p 15).

Weekly dynamics of SARS-CoV-2 incidence, positivity
rates, and testing rates by EDI quintile are presented in
the appendix (p 31). Between May 14 and 20, 2020,
SARS-CoV-2 incidence was 17% (95% CI 0-4-36-0;
IRR 1-170 [95% CI 1-004-1-364]) higher in sparsely or
very sparsely populated municipalities for Q5 than Q1
and 329% (15-51; IRR 1-319 [1-150-1-513]) higher in
moderately populated municipalities for Q5 than Q1
(appendix p 16). The incidence differential across EDI
quintiles then decreased to the lowest level in the week
of Oct 1-7, 2020 (figure 4), whereby incidence was 31%
(29-33; IRR 0-689 [0-668—0-711]) lower in Q5 than Q1
in sparsely populated municipalities, and 23% (21-25;
IRR 0-771 [0-752-0-791]) lower in Q5 than QI in
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Figure 2: IRRs of the association between EDI quintile and SARS-CoV-2 incidence, positivity rates, and testing
rates

Q1 represents the least deprived areas (reference category) and Q5 represents the most deprived areas.

The unadjusted model estimated IRRs and 95% Cls of the association of each outcome (incidence, positivity rate,
and testing rate) with EDI adjusted for week and region as random-intercept. The adjusted model estimated IRRs
of the association of each outcome with EDI adjusted for week, population density (sparsely or very sparsely
municipalities [reference category], moderately populated municipalities, and densely populated municipalities),
and for region as random-intercept. An IRR of less than 1 indicates a negative association and an IRR of more than
1 shows a positive association. 95% Cls were narrow and thus are provided in the appendix (p 11). IRR=incidence
rate ratio. EDI=European Deprivation Index. Q=quintile.

moderately populated municipalities (appendix p 16).
From Nov 5, 2020, the incidence remained higher in Q5
than Q1 (IRR 1-050 [1-026-1-073]; appendix p 18) in
moderately populated municipalities, but fluctuated in
sparsely populated municipalities. In densely populated
municipalities, the incidence was higher in Q5
than Q1 for the whole study period. However, the
incidence differential reached a peak in the week of
June 25-July 1, 2020 and the week of Nov 26-Dec 2, 2020
(end of the second lockdown; figure 4). SARS-CoV-2
incidence remained higher in Q5 than in Q1 until
the last week of the study in densely populated
municipalities (48% [43-54]; IRR 1-482 [1-429-1-538];
appendix p 20).

Between May 14 and 20, 2020, the positivity rate was 7%
(7 to 24; IRR 1-073 [95% CI 0-929 to 1-239]) higher in
Q5 than Q1 in sparsely or very sparsely populated
municipalities, however this difference was not significant,
and 40% (95% CI 24 to 59; IRR 1404 [1-237 to 1-593])
higher in moderately populated municipalities (appendix
p 21). The positivity rate differential across EDI quintiles
then decreased reaching the lowest level in the week of
Oct 8-14, 2020 and increased thereafter (figure 4). From
Oct 29, 2020 (second lockdown) onwards, the positivity
rate was higher in Q5 than in Q1 in moderately populated
municipalities. In sparsely populated municipalities, the
positivity rate remained lower in Q5 than in Q1 until the
week of Dec 3-9, 2020 (figure 4), and remained similar
thereafter. The positivity rate in densely populated
municipalities was higher in Q5 than Q1 for the whole
study period. The differential rate between EDI quintiles
peaked at 39% (95% CI 32 to 46; IRR 1-390 [1- 319 to 1-465])
during the week of July 9-15, 2020, and decreased
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Figure 3: IRRs of the association between EDI quintiles and SARS-CoV-2 incidence, positivity rate, and testing
rates, stratified by population density category

Q1 represents the least deprived areas (reference category) and Q5 represents the most deprived areas.

The unadjusted model estimated IRRs (with 95% Cls) of the association of each outcome (incidence, positivity,
and testing rates) with EDI quintile from stratified analyses, with a separate model per each population density
group (densely populated, moderately populated, and sparsely or very sparsely populated municipalities) adjusted
for week. The adjusted model estimated IRRs (with 95% Cls) of the association of each outcome with EDI from
stratified analyses, with a separate model per each population density group (densely populated, moderately
populated, sparsely or very sparsely populated municipalities) adjusted for week and adjusted for region as random
intercept. An IRR of less than 1 shows a negative association and an IRR of more than 1 shows a positive
association. 95% Cls were narrow and thus are provided in the appendix (pp 15-16). IRR=incidence rate ratio.
EDI=European Deprivation Index. Q=quintile.

thereafter before increasing again 2 weeks before the
second lockdown until the last week of the study
(519 [47 to 56]; IRR 1-511[1-467 to 1-557]; appendix p 25).

Overall, the testing rate was lower in Q5 than Q1 in
sparsely or very sparsely populated municipalities and
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moderately populated municipalities, during the second
lockdown. The testing rate remained lower or similar
to Q1 thereafter, with the exception of the week of
April 29 to May 5, 2021, when the testing rate was 12%
(10-14; IRR 1-119 [95% CI 1-098-1-139]) higher in Q5
than Q1 in sparsely or very sparsely populated
municipalities and 14% (12-17; IRR 1-142 [1-118-1-166])
higher in Q5 than QI in moderately populated muni-
cipalities (appendix p 26). In densely populated munici-
palities, the testing rate was higher in Q5 than Q1 until
the week of July 23-29, 2020. Thereafter, the testing rate
was lower in Q5 than Q1 with the exception of during the
second lockdown, and the week of April 29 to May 5, 2021,
when rates were similar between both quintiles.

Discussion

In this study of data from the French COVID-19 national
surveillance-testing database, we found that between
May, 2020 and April, 2021, in densely and moderately
populated municipalities, SARS-CoV-2 incidence and
positivity rates were higher and testing rates were lower
in the most socially deprived areas compared with the
least deprived areas. In contrast, in sparsely or very
sparsely populated municipalities, compared with Q1,
SARS-CoV-2 incidence and testing rates were lower in all
deprivation quintiles and the positivity rate remained
stable across deprivation quintiles. With regard to the
analysis of the weekly dynamics of incidence, positivity,
and testing by EDI quintile and population density
group, our results showed that the differential rate
between the most and the least deprived areas varied
over time according to changes in the measures
implemented by the French Government to manage the
pandemic, especially lockdowns.

Our findings are consistent with previous studies in
the USA,»* India,” England,® and Switzerland.’ In
France, the EpiCoV study highlighted the association of
housing conditions (overcrowding) and urban density
on the circulation of the virus." The associations
observed Dbetween deprivation and SARS-CoV-2
incidence and positivity rates might be the result of
various potential factors. People living in the most
deprived areas have a higher probability of living
in overcrowded housing, which is a risk factor for
contamination and COVID-19-related mortality.” These
individuals are also less likely to be employed as
managers or intermediate professionals or to have a
higher level of education than people who live in the
least deprived areas, which exposes them to occupations
that are associated with a higher risk of infection.
Individuals residing in more deprived areas are more
likely to have a lower level of health literacy® and
are less likely to benefit from preventive measures
implemented by the government. People living in
densely populated communities were also often living
in overcrowded housing, which meant they were less
able to protect themselves during lockdowns. These
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EDI quintiles
— Q1 (least deprived) Q2 —Q3 —
---- June 2-July 11, 2020 (first stage of lockdown lifting)

— Q5 (most deprived)
---- Oct 29-Dec 14, 2020 (second lockdown)

—— April 3-May 2, 2021 (third lockdown)
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First day of the week
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First day of the week

Figure 4: Weekly IRRs for the association between EDI quintiles and SARS-CoV-2 incidence, positivity rate, and testing rate, by population density

IRRs shown are from stratified models of association of outcomes with EDI (Q1 used as a reference) adjusted for week. One model was performed separately within
each population density group (sparsely or very sparsely, moderately, densely populated municipalities). An IRR of less than 1 shows a negative association and an IRR
of more than 1 shows a positive association. IRRs are shown in the appendix (pp 16-30). IRRs=incidence rate ratios. EDI=European Deprivation Index. Q=quintile.

findings emphasise the importance of structural deter-
minants of health.

Previous studies in the USA on inequalities in access
to testing found that ethnic minorities were less likely to
be tested’” A preprint study in New York® assessed
whether living in a high-income zipcode area was
associated with increased rates of COVID-19 testing.
Significant disparities were identified in the probability
of testing negative for SARS-CoV-2 across various income
levels, ranging from 38% in the poorest neighbourhoods
by zipcode to 65% in the wealthiest neighbourhoods by
zipcode. A study done in in Liverpool (UK) provided
substantial evidence on social inequalities in large-scale
asymptomatic rapid testing of populations for SARS-
CoV-2. The data linkage to novel geospatial data in this
study highlighted inequalities in testing outcomes by
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deprivation, exclusion from internet technologies, and
accessibility to test sites.”

By adjusting for population density, we highlighted the
influence of this factor on the risk of testing positive for
COVID-19 at the municipality level. Incidence and testing
rates were lower in sparsely or very sparsely populated
municipalities than in densely populated municipalities.
In the USA, Monnat and colleagues reported that the
most rural states had the lowest levels of COVID-19
testing.” Moreover, another US study suggested that rural
states with the most inhabitants with specific risk factors
(eg, hypertension, obesity, diabetes) had the highest
SARS-CoV-2 positivity rates and the lowest testing rates.”
In our study, the positivity rate was higher in sparsely or
very sparsely populated municipalities than in more
densely populated municipalities. We hypothesise that
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people in these areas who went for testing only did so
because they had COVID-19 symptoms, and so were more
likely to test positive, whereas people living in densely
populated municipalities tested more frequently, whether
they had symptoms or not, probably because access to
testing is easier in those areas. After an initial period
wherein there was a limited capacity for SARS-CoV-2
testing, which was mainly reserved for severely ill patients,
a new testing policy was implemented in France to system-
atically test for potential infection with SARS-CoV-2
and enable lifting of the lockdown restrictions on
May 11, 2020.*

Regarding the influence of region of residence, we
observed that the distribution of positive tests and total
tests by EDI quintiles differed across regions, justifying
the use of the region variable as a confounder in the
association between deprivation and outcomes. Adjust-
ment for region in the models did not change our results,
with the exception of areas with a lower population
density where no social gradient was observed for
positivity rates after adjustment. This suggests complex
spatiotemporal interactions, at least in lower density
areas, which should be further investigated.

Regarding the weekly dynamic of SARS-CoV-2
incidence, positivity rates, and testing rates, we found
that during the second and third lockdowns in France,
incidence and positivity rates were higher in the most
deprived areas than the least deprived areas, in moderately
and densely populated municipalities. The differential
rates between the two levels of deprivation increased
quickly, indicating that social inequalities increased. In
contrast, the testing rate was mostly similar between the
highest and lowest deprivation quintiles during the
second lockdown but higher in the most deprived areas
during the third lockdown in moderately populated
municipalities. Testing rates were similar across the least
and the most deprived deprivation quintiles during the
second lockdown in densely populated municipalities,
but lower in the most deprived areas than the least
deprived areas during the third lockdown. Conversely, in
sparsely or very sparsely populated municipalities, SARS-
CoV-2 incidence, positivity rates, and testing rates were
lower in the most deprived areas than the least deprived
areas during the second lockdown. Incidence and testing
rates were higher in the most deprived areas during the
third lockdown and positivity rates were similar between
the highest and lowest deprivation quintiles. A previous
study in France showed that lockdowns led to social
inequalities in the reduction in COVID-19 infections."
Our results might be explained by lower levels of res-
ponsiveness among people living in socially deprived
areas to COVID-19 national protective measures due to
their living conditions. Workers employed in essential
sectors are less likely to work from home and continue to
be at greater risk of exposure.” Additionally, people with
low-level qualifications, those on low incomes, and those
working informally or illegally are more likely to need to

leave their homes to make a living.* Socioeconomic
inequalities are pervasive with regard to understanding
preventive measures and health-care information accessi-
bility and literacy.” Importantly, despite free access to
testing in France, inequalities in testing rates reflect
inequalities in access to care in general, and in preventive
health access in particular. The use of health care by a
population is dependent on a combination of factors
including financial resources, health insurance, the
supply of care and of services (public transport), individual
characteristics (education, family status, professional
status, literacy), and health-care needs (general, physical
health, and mental health).

Testing campaigns had a substantial effect on the
variations observed in the weekly dynamic of outcomes.
In particular, testing increased during the Christmas
holidays as a result of encouragement by health
authorities. Although the testing rate increased across
all levels of deprivation, social inequalities remained,
since people living in the most deprived areas were less
likely to be tested than those living in the least deprived
areas, especially in moderately and densely populated
municipalities.

This study has a number of limitations. We used the
methodology standardised by Santé Publique France,
which considered a period of 60 days for clearance of
infection rather than longer durations (eg, 90 days), based
on an analysis of the literature and as a conservative
choice. The geocoding of residential addresses led to
missing data in the area code because of erroneous
addresses. The imputation procedure to assign an area
code to each individual might have resulted in the
misclassification of some area codes. Additionally, we
excluded 1-4% of tests and 2-4% of areas due to a
mismatch between the EDI and SIDEP databases; the
area exclusions were homogeneous over each week of the
study period. The use of population estimates from 2017
instead of 2021 might have introduced bias, especially if
the structure of the population has evolved differentially
during this time period due to deprivation. It is difficult to
formally assess such changes sincce population data were
not available for 2021. However, we assessed population
shifts in the IRIS scale between 2015 and 2017, which
showed that the population change increment was only
marginally correlated with deprivation (data not shown).
Furthermore, the potential bias caused by using data for
the 2017 population will not affect the results on the
dynamics of the IRRs, but solely results on the mean
differences, as population shifts would be low (and non-
differential) within a year. Data about living conditions
and socioeconomic status are not available in the SIDEP
database. Accordingly, since we did not have individual-
level socioeconomic data, we used the residence area code
of individuals to assign a level of deprivation score to each
area. In future studies, we will aim to decipher the
independent influence of some of the components of the
EDI, especially those that might be particularly relevant
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to the risk of testing positive for SARS-CoV-2, such
as the proportion of people of foreign nationality
or the proportion of overcrowded dwellings. Furthermore,
the use of an ecological-social measure of deprivation has
been shown to underestimate the social inequalities
observed using individual data.”® Nevertheless, this is the
first study to describe the SARS-CoV-2 pandemic dynamic
in France with regard to social deprivation using a national
exhaustive surveillance COVID-19 testing database.
Additional limitations include the inability to include
ethnicity data, to account for vaccination uptake, and to
link some datasets across systems (eg, hospitalisations
and deaths) at the time of our study.

Our results show there were considerable social
inequalities in the risk of SARS-CoV-2 infection during
the first year of the COVID-19 pandemic in France. To
better identify the mechanisms driving such inequalities,
data on the living conditions of individuals and their
socioeconomic circumstances are urgently needed.
Measures of deprivation and other social determinants of
health should also be used to enhance transmission
reduction strategies (eg, accessibility of testing, promotion
of anti-SARS-CoV-2 vaccines). However, these data are
rarely collected in health surveillance systems in France,
which limits efforts to manage the epidemic fairly.” Our
study shows the importance of monitoring changes over
time when implementing prevention policies, to describe
social inequalities in health, and ultimately to address
them. Surveillance systems that include social variables
should be established in France and elsewhere so that
routine reporting of health outcomes according to social
factors is possible. Availability of such data would help
ensure that the wellbeing of deprived social groups is
considered as an integral part of any public health policy,
and that research on health inequalities can be directed
efficiently towards key questions.
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