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Background: Knowledge on the settings and activities associated with a higher risk

of SARS-CoV-2 transmission is essential to inform decision-making. We thus designed

a case-control study to identify relevant settings for community transmission of severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in Portugal.

Methods: We evaluated 1,088 cases, identified through the national surveillance

system, and 787 community controls, recruited using random digit dialing.

Sociodemographic characteristics, individual protective measures, and activities

or visited settings were obtained through telephone interview. We report

sex-, age-, education-, and citizenship-adjusted odds ratios (aOR) with 95% confidence

intervals (95% CI).

Results: Household overcrowding (aOR = 1.47; 95% CI 1.14–1.91) and work in

senior care (4.99; 1.30–33.08) increased while working remotely decreased the risk of

infection (0.30; 0.22–0.42). Going to restaurants/other dining spaces (0.73; 0.59–0.91),

grocery stores (0.44; 0.34–0.57) or hair salons (0.51; 0.39–0.66), or the use of public

transportation did not present a higher risk of infection (0.98; 0.75–1.29), under existing

mitigation strategies. Lower education (≤4 years vs. tertiary education: 1.79; 1.33–2.42)

and no Portuguese citizenship (5.47; 3.43–9.22) were important risk factors.

Conclusions: The utilization of public transportation, restaurants, and commercial

spaces was not associated with increased risk of infection, under capacity restrictions,

physical distancing, use of masks, and hygiene measures. Overcrowding, foreign

citizenship, low education and working on-site were positively associated with

SARS-CoV-2 infection.
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INTRODUCTION

Before extended worldwide vaccination coverage is achieved,
non-pharmaceutical measures remain an essential option to
control COVID-19 pandemic in most countries (1). Non-
pharmaceutical measures range from recommendations to
reduce social contacts to nationwide curfews, partial and full
lockdowns, and closure of restaurants, bars, and other non-
essential services (2). These restrictive measures contribute for
a reduction in the incidence of COVID-19 cases but severely
affect social and economic activities (3). The identification of
the circumstances and the settings that determine a higher
risk of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) transmission can contribute to inform a more precise
implementation of protective measures.

Ecological studies identified individuals’ socioeconomic
status, and population density, overcrowding, and mobility as
relevant infection determinants (4–7). Secondary transmission
was shown to occur more frequently among cohabitants than
with other contacts, suggesting an increased risk of intrafamilial
transmission of SARS-CoV-2 (8). Cohabitants sharing rooms
and talking for 30min or more were at higher risk; among
non-cohabitants, the exposure to 1 or more COVID-19 cases,
talking for 30min or more, and the use of ride sharing were
associated with a higher risk of infection (9).

While contact (direct or through a vehicle) with an infected
person is required for transmission to occur, most individuals
cannot identify these contacts, making crucial the identification
of settings with higher risk of transmission. In the United States
(US) a study of 364 cases identified 27% reported contact with
at least one person with known SARS-CoV-2 infection and, of
those, more than 50% were in family or work settings (10).
From those who did not identify any epidemiological link, 44%
had been in gatherings with more than 10 people, 22% had
used public transportation, 28% worked in a healthcare setting,
and 23% had visited a healthcare setting. Also in the US, a
study of 154 cases and 160 controls identified a higher risk of
infection among customers of restaurants, bars, or cafes (11). The
authors identified that non-Hispanic white, highly educated and
those who had 1 or more underlying chronic medical conditions
were less often diagnosed with SARS-CoV-2 infection (11).
Having gatherings at home (with more or <10 people); going
to office settings, gyms, or religious gatherings; or using public
transportation did not show significant differences between cases
and controls (11).

In France, 66.0% of the infected individuals who were

not healthcare professionals identified an epidemiological link;
among those, 35.0% of the infections occurred at home (12).
From the infections occurring outside the home, 33.1% occurred

in the family milieu, 28.8% at work, and 20.8% among friends;
sharing meals and offices had a central role in transmission.
The risk of infection was positively associated with the number
of people living in the household, sharing rides, and going
to bars, restaurants, and sports studios, while going to shops,
using buses or tramways, and working from home reduced the
risk of infection (13). Comparing to public employees, industry
workers, drivers, health and social sectors’ professionals, and

senior executives had a higher risk of infection and those working
remotely had lower risk (12). Estimates did not take into account
the use of individual protective measures nor the potential
confounding of education, nationality, or citizenship (13).

Evidence on the settings with the highest risk of SARS-
CoV-2 transmission, taking into account the adherence to
individual protection measures, is still scarce. We thus aimed
at identifying the settings of transmission of SARS-CoV-
2 in a country with extensive use of non-pharmacological
interventions by comparing a large sample of SARS-CoV-2 cases
and community controls in the largest region of Portugal, Lisbon,
and Tagus Valley.

MATERIALS AND METHODS

Design
This case-control study was conducted within the Lisbon
and Tagus Valley area, comprising one third of the country’s
population distributed between urban and rural, high and low
population density areas.

Cases were individuals with SARS-CoV-2 infection diagnosed
using reverse transcription–polymerase chain reaction and
reported to the National System of Epidemiological Surveillance
during week 39 of 2020 (September 29-October 4). Controls
were identified among residents of the same municipalities as
cases but with no self-reported prior SARS-CoV-2 infection
diagnosis. Controls were selected using random digit dialing,
including landline and mobile phone numbers, with frequency
matching for sex, age (within 10-year bands), and municipality.
Landline numbers were generated assuming the region prefixes
as fixed and randomly generating the remaining digits (4–7);
we generated up to 99 numbers for each prefix, totalling 61,040
landline numbers. For mobile phone numbers, we used the
main operators’ prefixes (91, 93, and 96) and generated the
remaining digits (7) using a distribution proportional to that
observed among cases and assuming that only 10% of these
numbers would belong to a resident in the area and among
those, a 20% participation rate. We generated a total of 47,600
randommobile numbers, randomly ordered to avoid preferential
contact. We tested landline numbers through call attempts; for
mobile numbers, a message was sent mentioning the study and
informing of a subsequent contact.

We included cases and controls residing in the region
during the reference period regardless of their nationality or
immigration status. We excluded cases: (1) without a telephone
number; (2) institutionalized (e.g., nursing homes, prisons); (3)
deceased between the case report and interview dates; and (4)
with communication difficulties (language barriers, deafness,
serious mental disease, or cognitive impairment) and no proxy
available (Figure 1). Telephone numbers from companies or
institutions (controls only) were excluded. Additionally, due
to the small number of controls aged younger than 18 years
successfully recruited (n= 20), only adults were considered.

Data Collection
We developed a questionnaire to collect information on social,
demographic, and behavioral factors potentially related to
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FIGURE 1 | Flow diagram.

SARS-CoV-2 infection. Data were collected between October
2 and November 6, 2020, through a 20-min computer-assisted
telephone interview. Proxies (n = 14) were used when eligible
participants were unable to answer due to cognitive impairment,
deafness, or language barriers. The final sample size included
1,088 cases and 787 controls.

Definition of Variables
We included as dependent variables those related to contextual
factors that could increase the risk of transmission of SARS-
CoV-2. To assess housing conditions, we analyzed the number
of individuals per room, i.e., the number of individuals in the
household divided by the number of rooms with area of 4 m2

or more, excluding storage rooms, vestibules, and bathrooms
(14). Occupation and professional status can be linked to a
higher risk of transmission (13), as such, individuals were
classified as unemployed, students, retired, otherwise inactive, or
employed. The latter were then classified into economic activity
sectors (construction, cleaning, education, healthcare, industry,

restaurants, senior care, and other). Because remote work has
been implemented as a measure to reduce the risk of infection,
we compared those who did and did not work remotely at least
1 day during the reference period; this analysis was restricted to
employed and unemployed individuals.

The use of public transportation (tube, bus, train, boat,
company transport, and others), restaurants and other dining
spaces (coffee shops, bakeries, pastry shops), grocery stores
(including supermarkets), other commercial spaces (including
shopping malls), hair salons (including aesthetic centres), and
gyms (including sports studios) was assessed. History of use was
considered present only for individuals staying for at least 15min
during the reference period.

Adherence to individual protection measures was also
assessed, including frequency of use of face masks, face shields,
and gloves (always or almost always, sometimes, never or almost
never) and hand hygiene (<3 times, 3–5 times, six or more times
a day, to help participants in capturing their perception of daily
frequency of hands hygiene).
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Sex, age, municipality, citizenship (with or without Portuguese
citizenship), and education level according to the highest level
attained (up to 4 years, 6 years, 9 years, 12 years, and tertiary
education) were deemed potential confounders.

Furthermore, we collected data regarding previous known
contacts with persons who were diagnosed with SARS-CoV-2
infection during the reference period.

Reference Period
For cases, questions referred to the 14 days prior to symptom
onset or, in case of asymptomatic individuals, to the 14 days
before the date of the first positive sample collection. For controls,
the reference period was defined as the 14 days prior to the
interview. During field work, further control measures were
implemented, starting October 15 (15). These included rules
regarding stores’ opening times, remote work whenever possible,
and limitation of the number of individuals in events, among
others. To ensure comparability and avoid bias, all controls
interviewed after October 15 had the first 2 weeks of October
as the reference period for exposures. As such, the date used to
determine the reference period for cases was situated between
September 1 and October 4 and for controls between October 2
and October 14.

Analysis
We fitted unconditional logistic regression models to estimate
crude and adjusted odds ratios (aOR) and corresponding
95% CIs (95% Confidence Intervals). Analyses were adjusted
for sex, age, education level, and citizenship status. We
conducted a sensitivity analysis including only individuals
without a known contact with SARS-CoV-2 infection cases
(10, 11). Adherence to individual protection measures was
also described but, due to the high levels of adherence
and balance in cases and controls, was not included in the
regression models.

Given the low percentage (<1.5%) of missing data (Table 1),
a complete case analysis with pairwise deletion was conducted
(16, 17). Data were analyzed using R version 4.0.3 (18).

Ethical and Data Protection Issues
This study was approved by the ethics committees from the
institutions involved. Verbal informed consent was obtained
from the participants prior to the interview. Guidelines from
data protection officers from the institutions involved were
also followed.

RESULTS

The characteristics of the 1,088 cases and 787 controls are
presented in Table 1. Fifty-eight percent of cases and 62.3%
of controls were female. Cases had a mean (SD) age of
44.3 (15.7) years, while controls had a mean (SD) age of
52.9 (16.0) years. Regarding the use of facemasks, 95.7% of
cases and 96.2% of controls reported to use them always
or almost always. Cases and controls also reported high
frequency of hand hygiene (81.5% of cases and 82.2% of

TABLE 1 | Sample characteristics according to sociodemographic aspects,

contacts, and spaces among cases of SARS-CoV-2 and controls from the Lisbon

and Tagus Valley Region in September and October 2020.

No. (%)

Cases Controls

(n = 1,088) (n = 787)

Sex

Female 637 (58.5) 490 (62.3)

Male 450 (41.4) 297 (37.7)

Missing 1 (0.1) 0 (0.0)

Age, years

Mean (SD) 44.3 (15.7) 52.9 (16.0)

Median [min-max] 43.0 [18.0–94.0] 52.0 [18.0–99.0]

Education level

≤4 years 145 (13.3) 96 (12.2)

6 years 94 (8.6) 29 (3.7)

9 years 169 (15.5) 93 (11.8)

12 years 363 (33.4) 193 (24.5)

Tertiary 316 (29.0) 375 (47.6)

Missing 1 (0.1) 1 (0.1)

Citizenship

Portuguese 943 (86.7) 760 (96.6)

Non-portuguese 129 (11.9) 19 (2.4)

Missing 16 (1.5) 8 (1.0)

Contact with known case

No 623 (57.3) 763 (97.0)

Yes 465 (42.7) 23 (2.9)

Missing 0 (0) 1 (0.1)

No. of people per room (area ≥4 m2)

<1 775 (71.2) 662 (84.1)

≥1 311 (28.6) 119 (15.1)

Missing 2 (0.2) 6 (0.8)

Occupation/professional situation

Construction 36 (3.3) 7 (0.9)

Cleaning 43 (4.0) 13 (1.7)

Education 44 (4.0) 34 (4.3)

Healthcare 86 (7.9) 31 (3.9)

Industry 22 (2.0) 7 (0.9)

Restaurant industry 39 (3.6) 12 (1.5)

Senior care 33 (3.0) 2 (0.3)

Other occupation 458 (42.1) 393 (49.9)

Student 57 (5.2) 23 (2.9)

Retired 117 (10.8) 198 (25.2)

Unemployed 99 (9.1) 45 (5.7)

Another professional situation 47 (4.3) 21 (2.7)

Missing 7 (0.6) 1 (0.1)

Remote working*

Unemployed 99 (9.1) 46 (5.8)

No 693 (63.7) 338 (42.9)

Yes 73 (6.7) 159 (20.2)

Missing 223 (20.5) 244 (31.0)

Used public transportation

No 854 (78.5) 661 (84.0)

(Continued)
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TABLE 1 | Continued

No. (%)

Cases Controls

(n = 1,088) (n = 787)

At least once 231 (21.2) 125 (15.9)

Missing 3 (0.3) 1 (0.1)

Went to restaurants and other dining spaces

No 571 (52.5) 327 (41.6)

At least once 513 (47.2) 455 (57.8)

Missing 4 (0.4) 5 (0.6)

Went to grocery stores

No 326 (30.0) 127 (16.1)

At least once 755 (69.4) 659 (83.7)

Missing 7 (0.6) 1 (0.1)

Went to shopping malls/shops

No 825 (75.8) 503 (63.9)

At least once 258 (23.7) 283 (36.0)

Missing 5 (0.5) 1 (0.1)

Went to hair salons/aesthetic centers

No 927 (85.2) 589 (74.8)

At least once 156 (14.3) 197 (25.0)

Missing 5 (0.5) 1 (0.1)

Went to gyms/sports studios

No 1003 (92.2) 723 (91.9)

At least once 81 (7.5) 61 (7.7)

Missing 4 (0.4) 3 (0.4)

Face masks in public spaces or workplace

Always or almost always 1041 (95.7) 757 (96.2)

Sometimes 30 (2.8) 19 (2.4)

Never or almost never 14 (1.3) 7 (0.9)

Missing 3 (0.3) 4 (0.5)

Face shields in public spaces

Always or almost always 33 (3.0) 11 (1.4)

Sometimes 23 (2.1) 13 (1.7)

Never or almost never 1029 (94.6) 759 (96.4)

Missing 3 (0.3) 4 (0.5)

Gloves

Always or almost always 79 (7.3) 30 (3.8)

Sometimes 102 (9.4) 47 (6.0)

Never or almost never 904 (83.1) 706 (89.7)

Missing 3 (0.3) 4 (0.5)

Hands’ hygiene (times/day)

≥6 times 887 (81.5) 647 (82.2)

3–5 times 176 (16.2) 125 (15.9)

<3 times 21 (1.9) 11 (1.4)

Missing 4 (0.4) 4 (0.5)

*Restricted to those employed and unemployed, remaining observations deemed as

missing values.

controls reported to wash hands/use hand sanitiser six or more
times a day).

The risk of infection was 2 to 4 times higher among
individuals with lower education level compared with those with

TABLE 2 | Risk of infection of SARS-CoV-2 among cases and controls from the

Lisbon and Tagus Valley Region in September and October 2020 according to

education level, citizenship status, and known contact with a case.

Odds ratio (95% CI) P-value

Education level

Reference: Tertiary (n = 1,873)

≤4 years 1.79 (1.33–2.42) <0.001

6 years 3.85 (2.50–6.08) <0.001

9 years 2.16 (1.61–2.90) <0.001

12 years 2.23 (1.78–2.81) <0.001

Citizenship

Reference: Portuguese (N = 1,851)

Non-portuguese 5.47 (3.43–9.22) <0.001

Known contact with a case

Reference: No (N = 1,874)

Yes 24.76 (16.45–39.18) <0.001

95% CI, 95% Confidence Interval.

tertiary education (Table 2). Participants without Portuguese
citizenship had a relative risk of infection of 5.47 (95% CI, 3.43–
9.22). Unsurprisingly, the risk of infection among those with
previous known contact with a SARS-CoV-2 infection case was
particularly high (aOR, 24.76; 95% CI, 16.45–39.18).

The results of the main and sensitivity analyses, including
and excluding participants with a known contact with a case,
are presented in Tables 3, 4, respectively. An increased risk of
infection was identified among those living in a house with 1
or more individuals per room (aOR, 1.47; 95% CI, 1.14–1.91)
and for individuals working in senior care (aOR, 4.99; 95% CI,
1.30–33.08). A lower risk of infection was identified among those
who reported working remotely compared with those working
in-office (aOR, 0.30; 95% CI, 0.22–0.42) and among individuals
who went to restaurants and other dining spaces (aOR, 0.73; 95%
CI, 0.59–0.91), grocery stores (aOR, 0.44; 95% CI, 0.34–0.57),
shopping malls/shops (aOR, 0.51; 95% CI, 0.40–0.64), or hair
salons/aesthetic centres (aOR, 0.51; 95% CI, 0.39–0.66) at least
once during the reference period.We did not find any association
with the use of public transportation at least once (aOR, 0.98;
95% CI, 0.75–1.29) or going to the gym at least once (aOR, 1.04;
95% CI, 0.71–1.55).

The results for the analysis restricted to those without known
contact with a SARS-CoV-2 infection case remained essentially
unchanged (Table 4).

DISCUSSION

We identified several settings and activities associated with
SARS-CoV-2 infection, including socioeconomic, work, and
household-related conditions. Cases more frequently had lower
education, no Portuguese citizenship, and lived in crowded
households. The use of public transportation, dining places, or
other commercial areas was not associated with a higher risk of
infection, after adjusting for sex, age, citizenship, and education.
We identified a strong protective effect of working remotely.
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TABLE 3 | Risk of infection of SARS-CoV-2 among cases and controls from the Lisbon and Tagus Valley Region in September and October 2020.

Variable Crude odds ratio (95% CI) P-value Adjusted odds ratio (95% CI)a P-value

No. of people per room (area ≥ 4 m2)

Reference: <1 (n = 1,867) (n = 1,840)

≥1 2.23 (1.77–2.83) <0.001 1.47 (1.14–1.91) 0.004

Occupation/professional situation

Reference: Education (n = 1,867) (n = 1,840)

Construction 3.97 (1.65–10.73) 0.003 1.11 (0.42–3.17) 0.842

Cleaning 2.56 (1.21–5.64) 0.016 0.89 (0.39–2.08) 0.782

Restaurant industry 2.51 (1.17–5.68) 0.022 0.93 (0.41–2.19) 0.860

Healthcare 2.14 (1.17–3.96) 0.014 1.87 (0.98–3.58) 0.058

Industry 2.43 (0.96–6.75) 0.070 0.88 (0.33–2.58) 0.808

Senior care 12.75 (3.53–82.08) <0.001 4.99 (1.30–33.08) 0.041

Other occupation 0.90 (0.56–1.43) 0.660 0.66 (0.40–1.09) 0.109

Student 1.92 (1.00–3.74) 0.053 0.44 (0.21–0.93) 0.030

Retired 0.46 (0.27–0.75) 0.002 0.54 (0.29–1.00) 0.049

Unemployed 1.70 (0.96–3.01) 0.068 0.80 (0.43–1.49) 0.484

Another professional situation 1.73 (0.88–3.45) 0.115 0.91 (0.43–1.95) 0.815

Remote working

Reference: No (working in-office) (n = 1,408) (n = 1,386)

Unemployed 1.05 (0.73–1.54) 0.799 0.75 (0.50–1.14) 0.170

Yes 0.22 (0.16–0.30) <0.001 0.30 (0.22–0.42) <0.001

Used public transportation

Reference: No (n = 1,871) (n = 1,844)

At least once 1.43 (1.13–1.82) 0.003 0.98 (0.75–1.29) 0.897

Went to restaurants and other dining spaces

Reference: No (n = 1,866) (n = 1,839)

At least once 0.65 (0.54–0.78) <0.001 0.73 (0.59–0.91) 0.005

Went to grocery stores

Reference: No (n = 1,867) (n = 1,840)

At least once 0.45 (0.35–0.56) <0.001 0.44 (0.34–0.57) <0.001

Went to shopping malls/shops

Reference: No (n = 1,869) (n = 1,842)

At least once 0.56 (0.45–0.68) <0.001 0.51 (0.40–0.64) <0.001

Went to hair salons/aesthetic centers

Reference: No (n = 1,869) (n = 1,842)

At least once 0.50 (0.40–0.64) <0.001 0.51 (0.39–0.66) <0.001

Went to gyms/sports studios

Reference: No (n = 1,868) (n = 1,841)

At least once 0.96 (0.68–1.36) 0.804 1.04 (0.71–1.55) 0.832

aAdjusted for sex, age, education level, and citizenship. 95% CI, 95% Confidence Interval.

Our results emphasize the role of social determinants
of health in the transmission of infection, as suggested by
others (7, 19). Individuals with lower education tend to
work in manual jobs, have lower income, and are subject
to worse working and housing conditions. They might also
present a poorer health literacy. Migrants (defined here
as individuals without Portuguese citizenship) may also
experience less favorable living and working conditions,
namely overcrowding (20), as observed by Hayward et
al. (21) in their systematic review about the risk factors
for COVID-19 among migrants in high income-countries.

Overcrowding increases proximity to others, which results
in increased transmission risk from undiagnosed COVID-19
cases but also in important limitations to isolation measures
after diagnosis.

Remote work was protective, reducing by 69% the odds of
SARS-CoV-2 infection. Galmiche et al. (13) also identified a
protective effect of remote work, though of smaller magnitude.
There might be some residual confounding as those able to
work remotely tend to have better living conditions, and better
comply with individual protective measures. On the contrary, by
classifying all professionals with at least a day working remotely
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TABLE 4 | Risk of infection of SARS-CoV-2 among cases and controls from the Lisbon and Tagus Valley Region in September and October 2020.

Variable Crude odds ratio (95% CI) P-value Adjusted odds ratio (95% CI)a P-value

Number of people per room (area ≥ 4 m2)

Reference: <1 (n = 1,378) (n = 1,360)

≥1 2.09 (1.60–2.73) <0.001 1.47 (1.10–1.97) 0.010

Occupation/professional situation

Reference: Education (n = 1,380) (n = 1,362)

Civil construction 3.75 (1.42–10.90) 0.010 1.01 (0.34–3.20) 0.986

Cleaning 2.88 (1.26–6.86) 0.014 1.12 (0.46–2.84) 0.807

Restaurant industry 2.29 (0.96–5.68) 0.066 0.79 (0.31–2.09) 0.631

Healthcare 2.05 (1.01–4.23) 0.048 1.74 (0.81–3.77) 0.155

Industry 2.14 (0.74–6.56) 0.165 0.76 (0.24–2.53) 0.651

Senior care 10.62 (2.69–71.27) 0.003 4.03 (0.94–28.25) 0.093

Other occupation 0.87 (0.50–1.54) 0.628 0.62 (0.34–1.15) 0.125

Student 1.85 (0.87–3.96) 0.110 0.41 (0.18–0.97) 0.042

Retired 0.43 (0.24–0.79) 0.006 0.49 (0.24–1.01) 0.052

Unemployed 1.69 (0.87–3.30) 0.124 0.80 (0.39–1.66) 0.543

Another professional situation 1.31 (0.59–1.54) 0.511 0.65 (0.27–1.58) 0.343

Remote working

Reference: No (working in-office) (n = 1,016) (n = 1,003)

Unemployed 1.09 (0.72–1.67) 0.680 0.80 (0.51–1.28) 0.353

Yes 0.21 (0.14–0.30) <0.001 0.27 (0.18–0.40) <0.001

Used public transportation

Reference: No (n = 1,384) (n = 1,366)

At least once 1.73 (1.32–2.25) <0.001 1.16 (0.86–1.57) 0.333

Went to restaurants and other dining spaces

Reference: No (n = 1,378) (n = 1,360)

At least once 0.71 (0.57–0.88) 0.002 0.79 (0.61–1.02) 0.069

Went to grocery stores

Reference: No (n = 1,382) (n = 1,364)

At least once 0.48 (0.37–0.62) <0.001 0.47 (0.35–0.63) <0.001

Went to shopping malls/shops

Reference: No (n = 1,383) (n = 1,365)

At least once 0.61 (0.48–0.77) <0.001 0.56 (0.43–0.73) <0.001

Went to hair salons/aesthetic centers

Reference: No (n = 1,383) (n = 1,365)

At least once 0.54 (0.41–0.71) <0.001 0.58 (0.43–0.78) <0.001

Went to gyms/sports studios

Reference: No (n = 1,379) (n = 1,361)

At least once 1.13 (0.77–1.67) 0.528 1.23 (0.79–1.92) 0.359

Analysis restricted to the cases and controls reporting no known contact with cases of SARS-CoV-2 infection in the reference period.
aAdjusted for sex, age, education level, and citizenship. 95% CI, 95% Confidence Interval.

as remote workers, we might have even underestimated the effect
of such a measure.

We identified other work-related risks. In particular, working
in senior care as in healthcare was a risk factor for infection. This
finding was also reported by Galmiche et al. (12) and might be
explained by the higher risk of infection in these settings but
also by the higher frequency of testing among those professionals
compared with the remaining population.

There was a crude association of public transportation with
risk of infection, but it was largely attenuated after adjustment

for sex, age, education, and citizenship. These results are in line
with a previous ecological study in the same geographical setting,
which underlined the role of socioeconomic aspects rather than
the use of public transportation (22). Similarly, dining areas or
other commercial spaces did not increase the risk of infection,
even after adjustment for education or citizenship. While most of
our results are in agreement with those from Fisher et al. (11) and
Galmiche et al. (13), that is not the case for restaurants and other
dining areas. Those studies reported an increased risk among
those who dined in a restaurant or were in a bar. Discrepant
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results might be explained by contextual differences, especially
considering the collective and individual protective measures
undertaken in each country. First, in Portugal, bars remained
closed since the beginning of the pandemic. Second, early on
in the pandemic, the government required strict measures, such
as the use of masks, physical distancing, environmental hygiene
guidelines and limits in the number of persons for public indoor
spaces in Portugal. Our results show that most respondents used
masks “always and almost always,” which show a high compliance
to the individual preventive measures. Another explanation may
be residual confounding, as going to restaurants or shops could
be a proxy for wealth, which, as abovementioned, has a protective
effect against infection.

As such, this study shows that, if incidence rates of SARS-CoV-
2 infections, hospitalizations and deaths due to COVID-19 rise,
two actions must be taken to limit the control of its transmission.
First, it is important to know the population groups where the
transmission is occurring and the underlying conditions that may
be facilitating it. If needed, the living and working conditions
of those in most vulnerable circumstances must be improved,
as suggested by the International Labour Organization (23) and
the ECDC (24). Second, remote work, physical distancing and
mask use in public places as restaurants and bars, commercial
spaces and public transports, and intensification of ventilation
measures and surfaces’ hygiene, must be implemented, as they
may contribute for the reduction of the risk of transmission in
public settings, while sparing the economic and social side effects
of lockdowns. However, it must be stressed that the populations’
compliance to distancing and stay-at-home measures tends to
decrease through time (25, 26) and, thus, the reintroduction of
these measures must be complemented with sensitizing messages
and enforcement efforts.

Study limitations need to be considered. The procedure for
recruitment of controls might have resulted in selection bias.
Controls presented a higher median age, probably due to the fact
that older individuals were more prone to answer telephone calls
and available to participate in the study during working hours.
However, contacts were tried at different hours and during week-
ends. The proportion of tertiary education among controls was
higher than previously described for the region, and controls
consisted of a lower proportion of foreign-born individuals (27,
28). It should be noted that controls were identified from the
municipalities with higher incidence of SARS-CoV-2, which are
urban municipalities with populations with higher education
levels. Nevertheless, these differences might be due to the fact
that highly educated individuals were probably more aware of the
importance of research thus more willing to participate.

Second, there are potential information biases, including
social desirability and recall bias. The former might have
occurred in the reporting of preventive behaviors during the
reference period, and an inaccurate description of the exposure
conditions. This is particularly important for cases who might
have overestimated their adherence to preventive behaviors, thus
weakening or reversing true associations. This source of bias
might have been particularly relevant when reporting the use of
face masks or hand hygiene habits, as indicated by high levels
of adherence in both cases and controls. Recall bias could have

happened, particularly in the later stages of field work, as cases
had an average 26 days between the midpoint of the reference
period and data collection, while for controls the difference
was 16 days. Furthermore, controls might have experienced
asymptomatic infection, for which they were not tested, thus
being incorrectly assigned as controls instead of cases.

Third, knowledge of the dynamics of transmission is still
limited, thus challenging the control of confounding factors.
Age, sex, and municipality were considered at the design
stage, with age and sex also included in the analysis to avoid
residual confounding. Furthermore, we included citizenship and
education as confounders. We did not formally consider time
in our analysis, as there was a small difference in date used
to define the reference period of cases and controls, measures
implemented at the national level did not change between
these periods.

Fourth, transmission dynamics vary in time and place,
according to population characteristics, epidemic activity,
measures implemented to control the pandemic, and
normalization of the use or non-use of protective behaviors.
These aspects should be considered when attempting to
generalize these results.

Despite these limitations, our study has several strengths.
First, the study design allowed us to obtain estimates of the
relative risk as we used incident cases and community controls
(29). Second, we obtained all cases through the nationwide
official surveillance system, which, by law, demands clinical and
laboratory notification of cases, reducing the risk of bias in case
selection. Third, we collected detailed information regarding the
characteristics of the individuals and the public settings visited by
participants during the reference period. Fourth, the sample size
allowed comprehensive and robust identification of SARS-CoV-2
individual factors and settings of its transmission.

CONCLUSIONS

Data strongly supports that lower socioeconomic status,
including citizenship, and overcrowding increase the risk of
infection, while remote working protects against it. Use of
public transportation, dining options, and commercial spaces
under the implementation of capacity restrictions, physical
distancing, use of masks, and surface hygiene is not associated
with an increased risk of infection. While public settings
did not significantly contribute to the transmission of SARS-
CoV-2, work and home were the settings in which infection
occurs most frequently, especially among individuals from
lower socioeconomic backgrounds. These findings can guide
application of fine-tuned non-pharmaceutical measures while
vaccine access remains limited.
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