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Abstract

Background

Despite substantial evidence on the effectiveness of non-pharmaceutical interventions

(NPIs), there is still limited evidence on the individual effects of different types of NPIs on

social distancing, especially in low- and middle-income countries.

Methods

We used panel data analysis to evaluate the effects of mandatory social distancing rules on

social distancing. We obtained data on six different categories of mandatory restrictions

implemented in Brazil, by date and state, from state government gazettes (diários oficiais).

We then defined a social distancing rules index (SDI) to measure the strictness of social dis-

tancing rules, assigning each a value of 2, 1, or 0 depending on whether restrictions were

full, partial, or very limited/non-existent at every given time. A separate variable was defined

for masking mandates. We tested whether the following variables were associated to social

distancing: SDI, masking mandates, COVID-19 incidence, population socioeconomic sta-

tus, and political orientation. Data is for each day between March 11th and November 10th,

2020 in the 27 Brazilian states (N = 6615).

Findings

Social distancing increased when social distancing rules were stricter, and decreased when

the use of face masks became mandatory. The effects of different types of restrictions var-

ied: suspending in-person classes and gatherings, religious/sport/cultural activities had a

greater effect than other types of restrictions. Also, the effect of social distancing rules on

people’s behaviour decreased over time, especially when rules were stricter.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0265346 March 17, 2022 1 / 16

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Fracalossi de Moraes R, Russell LB,

Santos da Silva LL, Toscano CM (2022) Effects of

non-pharmaceutical interventions on social

distancing during the COVID-19 pandemic:

Evidence from the 27 Brazilian states. PLoS ONE

17(3): e0265346. https://doi.org/10.1371/journal.

pone.0265346

Editor: Carlos Alberto Zúniga-González,
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Interpretation

Mandatory social distancing rules must be adopted to increase social distancing. Stricter

rules have a higher impact, but result in decreased compliance over time. Policymakers

should prioritize more targeted policies.

Introduction

In the absence of widespread vaccination or treatments against COVID-19, social distancing is

strongly recommended to reduce infection transmission rates [1–5]. The practice of social dis-

tancing means staying home or at least away from others as much as possible to help prevent

spread of the disease in the community. By minimizing physical contact between people, trans-

mission of infection is reduced, particularly for COVID-19, which is transmitted mainly

through respiratory droplets. As such, social distancing measures have been widely adopted to

mitigate the COVID-19 pandemic.

Yet, what determines levels of social distancing in a society? Should governments expect

people to practice social distancing voluntarily or should they adopt mandatory measures? If

mandatory measures are adopted, for how long are people likely to comply with them before

having ‘pandemic fatigue’? Which types of NPIs are the most effective in making people stay at

home? Answering these questions is important for both public health and economic reasons.

Strict social distancing measures reduce transmission rates but slow down economies [6,7].

They may also have distributive and intergenerational effects since socioeconomic impacts are

stronger on the most vulnerable and there are potential effects on public indebtedness [8].

These effects are especially severe in low- and middle-income countries, where a high propor-

tion of the population works in the informal sector [9,10] and governments have lower fiscal

capacity, which is essential for stimulating the economy.

In the early stages of the pandemic, some evidence suggested that people practiced social

distancing voluntarily, and that this effect was stronger than the effect of mandatory restric-

tions in all but the poorest countries [11]. Case studies in the United States and Sweden

seemed to reinforce this finding as people adopted social distancing before mandatory restric-

tions were introduced. In addition to fear of getting infected, this behaviour would have been

driven by empathy for others [12], trust in science [13,14], or trust in government institutions

[15].

However, NPIs in the form of mandatory social distancing rules significantly increased the

likelihood of someone staying at home [13,16–20]. The effect of these NPIs on people’s behav-

iour is not constant across time and space though, nor among different individuals. A study in

the United States demonstrated that political conservatism predicted less compliance with

behaviours aimed at preventing spread of COVID-19 [21]. The widespread circulation of con-

spiracy theories also influenced people’s behaviour. In the United States, people holding more

conspiracy beliefs at the beginning of the pandemic showed the lowest increase in social dis-

tancing [22]. Mandatory rules were also associated with individual traits: people with traits

associated to anxiety, prosociality, and rule compliance were more likely to practice social dis-

tancing [23]. The duration of restrictions is also likely to influence social distancing levels: the

longer the mandatory restrictions were in effect the less people complied with them [20]. Fre-

quent extensions can create confusion and frustration, making people less likely to comply

with rules–as observed in Italy [24]. This is important for policymakers because the timing of

social distancing rules may indirectly influence transmission rates: if adopted too early, com-

pliance might be low later on when most needed.

PLOS ONE Effects of non-pharmaceutical interventions on social distancing during the COVID-19 pandemic in Brazil

PLOS ONE | https://doi.org/10.1371/journal.pone.0265346 March 17, 2022 2 / 16

the Coordination for the Improvement of Higher

Education Personnel, CAPES, https://www.gov.br/

capes/pt-br (grant number 88887.494988/2020-

00) and is a member of the National Institute of

Science and Technology for Health Technology

Assessment (IATS) (project: 465518/2014-1).

Cristiana M. Toscano was funded by the Brazilian

National Council for Scientific and Technological

Development (CNPq) - Process # 402834/2020-8

and a scientific productivity scholarship from the

Brazilian National Council for Scientific and

Technological Development (CNPq), and is a

member of the National Institute of Science and

Technology for Health Technology Assessment

(IATS) (project: 465518/2014-1). The funders had

no role in study design, data collection and

analysis, decision to publish, or preparation of the

manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0265346
https://www.gov.br/capes/pt-br
https://www.gov.br/capes/pt-br


Moreover, different types of NPIs are likely to have different effects on social distancing lev-

els and, as a consequence, on transmission rates. An analysis of different NPIs found that sus-

pending gatherings, closing schools and imposing border restrictions were the most effective

measures in reducing transmission [25], but the data covered only the months of March and

April 2020, raising questions about people’s behaviour over longer periods of time. Looking

only at March–April 2020 is also limited because social distancing measures were often

adopted simultaneously in various countries, making it hard to isolate the individual effects of

different types of restrictions. In addition, the impacts of different types of NPIs may be drasti-

cally different depending on the country adopting them and when they were adopted [25].

This paper examines the determinants of social distancing levels during the COVID-19

pandemic in Brazil. Brazil provides an opportunity to investigate the determinants of social

distancing levels because policies were implemented primarily by state governments, with no

coordination by the national government. As such, it enables us to compare state policies and

outcomes within the same country while controlling for factors that are hard to hold constant

in cross-country comparisons. In this article, focus is on the effects of mandatory social dis-

tancing rules on people’s behaviour and on the interaction between the strictness of restric-

tions and their duration. We also examine the role of masking.

Materials and methods

We conducted a balanced panel data regression analysis using daily state-level data for the

period from March 11th, 2020 to November 10th, 2020. The study period starts when the

WHO declared the global COVID-19 pandemic–which prompted various governments to

adopt social distancing measures–and includes eight months, encompassing the whole first

wave of the pandemic in Brazil. All the 27 Brazilian states were included in the analyses (Dis-

trito Federal was considered a state). We tested the following hypotheses:

H1. The stricter the mandatory social distancing rules the more people practiced social
distancing.

H2. Restricting certain activities had a greater impact on increasing social distancing than
restricting others.

H3. As the duration of mandatory social distancing rules increased, compliance decreased.

H4. The stricter the social distancing rules the faster social distancing levels decreased over time.

H5. Mandatory masking decreased social distancing.

H6. The higher the incidence of new COVID-19 cases the more people practiced social distancing.

H7. The lower the socioeconomic level of a state the less people practiced social distancing.

H8. The higher the proportion of right-wing voters in a state the lower the social distancing levels.

Dependent variable

Social distancing levels. The dependent variable is the level of social distancing. The unit

of analysis is the state-day, considering the 27 Brazilian states over the analysed period. Social

distancing levels are inversely related to mobility: the more people stayed at home in a given

day the higher the social distancing levels. We therefore used data from the Brazilian geoloca-

tion company In Loco (later renamed Incognia), which collected data about daily levels of

social mobility through apps in over 60 million smartphones in Brazil–similar to Google
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Mobility Reports. In Loco used various apps, including those of major telecommunication

companies, retail stores, and banks [26], aggregating the data into the ‘social distancing index’,

used here as a measure of social distancing, which has been done in previous research [27,28].

This index is expressed in percentages where 100% means that everybody (in the sample)

stayed at home for a whole day in a given geographical area.

Independent variables

1. Strictness of mandatory social distancing rules. To measure the strictness of social

distancing rules we use the social distancing rules index (SDI), introduced in previous work

[29] and used elsewhere [20,30–32]. This index measures whether the following activities or

places were restricted or suspended at every given time: 1) gatherings, cultural, sport and reli-

gious activities; 2) non-essential shops and offices; 3) restaurants, bars, pubs, and similar

places; 4) non-essential industries; 5) schools; and 6) public transportation. Each measure was

assigned a value of 2, 1 or 0 depending on whether suspension or restriction was full, partial,

or very limited/non-existent–and the index is the sum of these values. The index’s values were

adjusted to be between 0 and 10 (a more intuitive scale than 0 to 12), in which 10 is the greatest

level of restriction. Information on implemented measures came from state legislation pub-

lished in the 27 state government gazettes (diários oficiais). Details of the criteria used for cod-

ing each of these variables are described in the supplemental appendices (S1 Table). The data

used in this article are available at Harvard Dataverse [33]. Data on social distancing measures

in Brazil covering a longer period are available at https://medidas-covidbr-iptsp.shinyapps.io/

painel and http://tinyurl.com/ipeacoronavirus.

2. Incidence of new cases of COVID-19. We hypothesized that a growing incidence of

cases should increase awareness about the epidemic and consequentially people’s fear of get-

ting infected or infecting others, and as such influence their behaviour. We used rolling aver-

ages (considering the seven days between t − 6 and t) of the number of new COVID-19 cases

per 100,000 people. Data was obtained from the Brazilian Ministry of Health [34]. Underre-

porting of cases could be a problem, but there was a high correlation between the numbers of

new cases and new deaths, suggesting that underreporting rates did not vary substantially over

time: the Pearson correlation coefficient between rolling averages of new cases and new deaths

between March 11th and November 10th, 2020 was above (or close to) 0.6 for the 27 states, all

statistically significant at a confidence level of 95%.

While rising incidence of new cases is hypothesized to lead to stricter social distancing mea-

sures, it is also true that higher levels of social distancing are expected to lead to a subsequent

decline in incidence of new cases. The relationship runs only forward in time: new cases at

time t or earlier cause social distancing at time t and later, but social distancing at time t and

later does not cause cases earlier in time. We therefore included incidence at time t in the

regressions to explain social distancing at time t. Our incidence measure incorporates a lag

between incidence of new cases and social distancing because the rolling average at t includes

6 days before as well as day t and because reported cases at t lag actual cases at t. We experi-

mented with longer lags, lagging incidence one and two weeks, but the results were the same

so we report the results for incidence at t.
3. Duration of social distancing rules. The longer the rules last the less likely people are

to comply with them: social isolation causes psychological fatigue; people may seek to escape

from domestic abuse; or people might have to work once savings are exhausted. Duration of

rules is measured by the number of days since the first mandatory social distancing rule was

introduced in a state. For example, if mandatory restrictions on social and economic activities

(of any type) were in place for 30 days, the value of this variable for that day is 30. Values for
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days when there was not any measure in place are 0. All states changed the strictness of rules

over the analysed period, but rules were never completely dropped. So, this variable amounts

to a linear time trend which starts with the first NPI.

The duration of rules should also interact with the strictness of mandatory social distancing

rules. Strict rules should be unlikely to be followed for long periods of time, but less strict rules

should be more tolerable. Levels of compliance should therefore decrease faster when rules are

stricter.

4. Socio-economic levels. Negative impacts of the epidemic and of mandatory social dis-

tancing rules are proportionally higher on the poor [8,35]. In poorer places, people should be

less likely to practice social distancing because they are less likely to have savings and more

likely to have informal jobs. Moreover, poverty is highly correlated with years of education,

which might negatively influence people’s ability to understand information about the pan-

demic, especially in a context in which the national government and other actors in Brazil sys-

tematically disseminated disinformation. Socioeconomic level is measured by GDP per capita

in each state in 2018 (data is from the Brazilian Institute of Geography and Statistics–IBGE)

[36]. Values of this variable are fixed over the analytical period.

5. Political orientation of voters. The political orientation of people might influence

their willingness to practice social distancing. A stronger sense of social responsibility should

be more common among left-wing people. In contrast, those who vote for right-wing candi-

dates should put more emphasis on their freedom of movement. In the models presented in

this article, this is measured by the proportion of people who voted for Brazil’s current presi-

dent Jair Bolsonaro (a far-right politician) in the run-off of the 2018 presidential election,

being fixed for the analytical period. Data for each of the states was obtained from Brazil’s

Superior Electoral Court (Tribunal Superior Eleitoral–TSE) [37].

6. Mandatory masking. Once wearing a mask becomes mandatory, people’s feeling of

safety should increase because they are less likely to get infected or transmit infection to others.

We created two dummy variables. One of them is for partial masking, which are cases when

masking was mandatory in some places or under certain circumstances (e.g., in shops, public

transportation, churches). The other is for full masking, which are cases when face masks were

mandatory in both public and private spaces (except in someone’s house or private cars). No

mandatory masking is the reference category, which is for cases when the use of masks was not

mandatory, or was mandatory only for a limited number of people or circumstances (e.g., for

health workers). From the 19th August 2020 on, the value of 2 was assigned to all states because

wearing a face mask in public and private spaces became mandatory in the whole country and

remained so until the end of the period analysed. Information for this variable came from state

legislation published in the 27 state government gazettes (diários oficiais).

Statistical analysis

Initially, we looked at the strictness of the social distancing rules and social distancing levels in

the 27 Brazilian states, contrasting these geographically. We then evaluated the correlations

between the strictness of social distancing rules and levels of social distancing in all states, fur-

ther detailed in the supplemental appendices (S1 Fig). Their Pearson correlation coefficients

were above 0.5 in 23 states (and 0.43, 0.29, 0.27 and 0.20 in the other four states).

Next, we did a panel data analysis (using Stata 13), with daily data for all 27 states from

March 11th to November 10th, 2020, totalling 6,615 data points. We ran six models considering

different combinations of the following variables: 1) strictness of mandatory social distancing

rules (SDI); 2) incidence of new cases of COVID-19; 3) duration of social distancing rules; 4)

socio-economic levels; 5) political orientation of voters; and 6) mandatory masking. Initially,
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we included all independent variables (model 1). In this model, state dummies were not

included as they were likely to capture the effect of a few of the covariates.

As the variables ‘political orientation of voters’ and ‘socio-economic levels’ were highly cor-

related (r = .62), we ran separate models (models 2 and 3) including in each only one of these

variables, thus preventing potential bias from multicollinearity. As there was also a high corre-

lation (r = .73) between the variables ‘duration of social distancing rules’ and ‘mandatory use

of face masks’, we also ran separate models (models 4 and 5) with only one of these variables

(including also state dummies). Model 6 included only the variables which were significant (p-

value < 0.05) in models 1–5, including also state dummies and an interaction between the

strictness and duration of social distancing rules. Eq 1 below presents the specification of

model 6.

SDit ¼ b0 þ b1ðSDIitÞ þ b2ðDurationitÞ þ b3ðMaskPartialitÞ

þb4ðMaskFullitÞ þ b5ðSDIit � DurationitÞ þ ai þ uit

ð1Þ

where SDit is the level of social distancing expected in Brazilian state i at day t (in a scale of 0–-

100%), SDIit is the strictness of mandatory social distancing measures in Brazilian state i at day

t (in a scale of 0–10), Durationit is the number of days (at day t) since the first mandatory social

distancing measure was adopted in Brazilian state i, MaskPartialit and MaskFullit are dummy

variables measuring whether there was mandatory masking (partial and full, respectively) in

Brazilian state i at day t, αi is the dummy variable for state i, and uit is the error term.

Next, we ran three models estimating the individual effects of six different types of social

distancing rules. In models 7–9 the variable SDIit was replaced by the level of strictness (with

values of 0, 1 or 2) of each one of the six types of NPIs considered in the analyses. Models 8–9

include either ‘duration of social distancing rules’ or ‘mandatory use of face masks’ given their

high correlation. The variables ‘political orientation of voters’ and ‘socio-economic levels’ were

not included because they were likely to be captured by the state dummies.

In all models, we added a dummy variable for weekends and bank holidays since the pro-

portion of people staying at home during these days is likely to be higher. We used cluster-

robust standard errors in all models so that standard errors are robust to serial correlation and

heteroskedasticity.

Results

There was not much variation across Brazilian states regarding the date of implementation of

the first mandatory NPIs. The first state to implement them was Distrito Federal on March

11th, 2020 and the last ones were Mato Grosso do Sul and Rio Grande do Sul on March 19th,

2020. Yet, there was substantial variation in the strictness of NPIs across states and over time,

with rules being the strictest from late March through April 2020. The same applies to social

distancing levels, which were higher during the first weeks of mandatory social distancing

rules. Table 1 shows data for these two variables for all Brazilian states, comparing their aver-

ages in the first two months of the analysed period (11 March– 10 May 2020) to those of the

rest of the period (11 May 2020–10 November 2020). Data are also presented graphically in the

supplemental appendices (S1 and S2 Figs). Table 1 also presents data for other variables ana-

lysed in this article.

Table 2 shows the proportion of days in which full, partial or very limited/non-existent

restrictions were in force, with information for each of the six different types of social distanc-

ing rules in the 27 Brazilian states. Considering the average for Brazil as a whole (last row in

Table 2), the data show that full restrictions for industries were the least common type of

restriction, and full restrictions on schools and partial restrictions on gatherings were the most
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common ones. These data are also presented in maps in the supplemental appendices (S3 and

S4 Figs).

In Table 3, results from the regressions indicate that levels of social distancing depend on

the strictness of mandatory social distancing rules, their duration, and mandatory use of face

masks. Model 1 shows that stricter social distancing rules are associated to increased social dis-

tancing–one unit increase in the SDI (in a scale of 0 to 10) is associated with 1.42 percentage

point increase in social distancing (p< .001, 95% CI [1.25, 1.58]). Duration of rules was also

significant, with each additional day of social distancing rules in place decreasing social dis-

tancing by -0.015 percentage point (p< .001, 95% CI [-0.020, -0.010]). This confirms the

hypothesis of ‘pandemic fatigue’, empirically demonstrated in previous research [38], though

the effect found in our models was small. Mandatory masking in both public and private

Table 1. Measures of social distancing, strictness of social distancing rules and other variables, by state, Brazil.

State Social distancing levels, 0–100%

(average per period)

Strictness of social distancing rules,

0–10 (average per period)

GDP per capita

(Brazilian Reais,

2018)

Percentage of votes for

Bolsonaro (run-off 2018

elections), 0–100%

Introduction of full

mandatory masking

11 Mar-10

May 2020

11 May-10

Nov 2020

t(243), p-

value

11 Mar-10

May 2020

11 May-10

Nov 2020

t(243), p-

value

AC 48.0 42.8 6.8, < .001 6.1 4.7 5.2, < .001 17,637 77.2 19 Aug 20 a

AL 44.2 39.8 5.6, < .001 6.7 5.2 4.7, < .001 16,376 40.1 5 May 20

AM 49.9 40.8 13.0, < .001 6.2 3.6 9.5, < .001 24,533 50.3 20 Jul 20

AP 48.1 42.0 6.8, < .001 4.9 3.8 3.6, < .001 20,248 50.2 19 Aug 20 a

BA 43.9 40.0 5.4, < .001 2.9 4.0 -6.9, < .001 19,324 27.3 30 Apr 20

CE 48.5 41.3 9.7, < .001 8.3 5.3 7.3, < .001 17,178 28.9 30 May 20

DF 46.9 39.5 10.0, < .001 5.7 3.4 12.8, < .001 85,661 70.0 30 Apr 20

ES 44.8 38.4 7.5, < .001 4.2 3.5 3.7, < .001 34,493 63.1 25 May 20

GO 42.4 36.3 8.6, < .001 7.1 4.8 9.9, < .001 28,273 65.5 19 Apr 20

MA 44.9 38.9 9.2, < .001 5.3 3.5 7.0, < .001 13,956 26.7 23 Apr 20

MG 43.8 37.6 8.2, < .001 5.0 3.1 10.4, < .001 29,223 58.2 19 Aug 20 a

MS 43.2 38.0 6.6, < .001 2.1 1.7 5.4, < .001 38,926 65.2 22 Jun 20

MT 42.4 38.5 5.4, < .001 4.0 3.4 3.5, < .001 39,931 66.4 22 Apr 20

PA 45.9 39.2 9.0, < .001 5.4 4.3 5.2, < .001 18,952 45.2 14 May 20

PB 44.0 39.4 6.5, < .001 3.5 5.0 -7.0, < .001 16,108 35.0 2 May 20

PE 47.6 40.6 8.4, < .001 6.9 5.5 4.7, < .001 19,624 33.5 16 May 20

PI 44.8 41.1 5.0, < .001 5.8 6.2 -1.4, .165 15,432 23.0 22 Apr 20

PR 45.0 38.1 7.8, < .001 2.9 2.6 2.0, .044 38,773 68.4 28 Apr 20

RJ 49.0 40.4 11.4, < .001 5.1 4.2 4.5, < .001 44,223 68.0 4 Jun 20

RN 42.9 39.1 5.5, < .001 6.0 5.2 2.8, .006 19,250 36.6 7 May 20

RO 45.3 41.0 5.6, < .001 5.4 4.8 2.8, .005 25,554 72.2 14 May 20

RR 42.7 38.7 5.7, < .001 6.3 4.5 6.0, < .001 23,189 72.6 27 May 20

RS 47.5 39.8 7.8, < .001 5.0 5.8 -4.2, < .001 40,363 63.2 10 May 20

SC 47.3 38.4 9.1, < .001 6.4 3.1 14.4, < .001 42,149 75.9 19 Aug 20 a

SE 42.4 38.3 6.0, < .001 6.0 5.4 2.3, .022 18,443 32.5 7 May 20

SP 46.2 38.7 9.3, < .001 5.6 4.5 5.2, < .001 48,542 68.0 7 May 20

TO 40.2 35.6 6.2, < .001 2.8 3.0 -1.8, .071 22,933 49.0 5 May 20

AC, Acre; AL, Alagoas; AM, Amazonas; AP, Amapá; BA, Bahia; CE, Ceará; DF, Distrito Federal; ES, Espı́rito Santo; GO, Goiás; MA, Maranhão; MG, Minas Gerais; MS,

Mato Grosso do Sul; MT, Mato Grosso; PA, Pará; PB, Paraı́ba; PE, Pernambuco; PI, Piauı́; PR, Paraná; RJ, Rio de Janeiro; RN, Rio Grande do Norte; RO, Rondônia; RR,

Roraima; RS, Rio Grande do Sul; SC, Santa Catarina; SE, Sergipe; SP, São Paulo; TO, Tocantins.
a From 19 Aug 2020 on, wearing a face mask in public and private places became mandatory in the whole country (after the National Congress overrode a presidential

veto). By then, these states had not yet adopted full mandatory masking.

https://doi.org/10.1371/journal.pone.0265346.t001
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spaces reduced social distancing by -3.41 percentage points (p< .001, 95% CI [-4.30, -2.51]).

The effects of the rates of new COVID-19 cases, GDP per capita, and political orientation of

the electorate were not significant in model 1.

In models 2 and 3, first GDP per capita, then political orientation of voters was included. Nei-

ther variable was statistically significant in these models. In models 4 and 5, either duration of

social distancing rules or mandatory masking was included. Both remained statistically significant,

with higher coefficients than in models 1–3, suggesting that each may be in part capturing the

effects of the other. The coefficients for the SDI were statistically significant across all models.

In model 6, we kept the significant variables of previous models (p< .05) and introduced

an interaction between the duration of social distancing rules and their strictness. The effect of

mandatory masking remained significant, but less substantial than in the other models.

Table 2. Proportion of days in which social distancing rules were in force, by type of restriction and level of strictness (11th March– 10th November 2020), by state,

Brazil, 2020.

State Gatherings, culture,

sports, religion (%)

Non-essential shops

(%)

Restaurants, bars, etc.

(%)

Non-essential industry

(%)

Schools (%) Public transportation

(%)

0 1 2 0 1 2 0 1 2 0 1 2 0 1 2 0 1 2

AC 2.0 56.3 41.6 38.4 46.9 14.7 3.7 53.5 42.9 100.0 0.0 0.0 2.9 0.0 97.1 44.9 55.1 0.0

AL 0.8 57.6 41.6 22.9 64.9 12.2 22.9 35.5 41.6 97.1 0.0 2.9 4.9 6.5 88.6 22.9 24.9 52.2

AM 2.0 98.0 0.0 65.3 5.7 29.0 38.0 33.1 29.0 100.0 0.0 0.0 2.4 53.1 44.5 3.7 73.5 22.9

AP 2.4 55.5 42.0 59.2 20.0 20.8 52.7 20.0 27.3 100.0 0.0 0.0 2.9 0.0 97.1 89.0 0.0 11.0

BA 2.0 98.0 0.0 65.3 34.7 0.0 58.4 41.6 0.0 100.0 0.0 0.0 2.9 0.4 96.7 21.6 78.4 0.0

CE 2.0 60.8 37.1 34.3 37.1 28.6 4.9 58.0 37.1 34.3 37.1 28.6 2.4 17.6 80.0 34.3 37.1 28.6

DF 0.0 69.0 31.0 65.7 25.7 8.6 49.8 2.0 48.2 100.0 0.0 0.0 0.4 0.0 99.6 100.0 0.0 0.0

ES 2.9 97.1 0.0 23.7 64.9 11.4 25.7 62.9 11.4 100.0 0.0 0.0 4.9 23.7 71.4 100.0 0.0 0.0

GO 0.8 84.9 14.3 56.7 33.5 9.8 7.3 49.4 43.3 61.2 29.0 9.8 2.0 3.7 94.3 3.7 96.3 0.0

MA 2.0 79.2 18.8 4.9 80.8 14.3 60.0 14.3 25.7 94.3 5.7 0.0 2.4 40.8 56.7 75.1 24.9 0.0

MG 2.0 80.0 18.0 84.5 15.5 0.0 84.5 0.0 15.5 100.0 0.0 0.0 2.9 17.1 80.0 6.9 93.1 0.0

MS 3.7 76.3 20.0 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.0 0.0 4.9 95.1 0.0 100.0 0.0 0.0

MT 2.0 84.5 13.5 86.5 13.5 0.0 33.1 21.6 45.3 100.0 0.0 0.0 4.9 0.0 95.1 95.5 4.5 0.0

PA 2.0 75.5 22.4 4.9 95.1 0.0 4.9 66.5 28.6 92.7 7.3 0.0 2.9 29.0 68.2 64.9 35.1 0.0

PB 4.9 83.7 11.4 4.9 78.0 17.1 4.9 72.2 22.9 100.0 0.0 0.0 3.3 0.0 96.7 89.0 0.4 10.6

PE 2.0 60.8 37.1 16.7 49.0 34.3 16.7 34.7 48.6 100.0 0.0 0.0 2.9 6.5 90.6 4.9 60.8 34.3

PI 2.0 46.5 51.4 4.9 46.5 48.6 4.9 35.1 60.0 95.1 2.9 2.0 2.4 0.4 97.1 25.3 70.2 4.5

PR 2.0 98.0 0.0 49.4 50.6 0.0 94.7 5.3 0.0 100.0 0.0 0.0 3.7 75.9 20.4 49.4 50.6 0.0

RJ 2.4 63.7 33.9 34.3 65.7 0.0 3.3 96.7 0.0 100.0 0.0 0.0 2.9 23.7 73.5 29.4 70.6 0.0

RN 2.9 51.4 45.7 10.2 53.1 36.7 10.2 44.1 45.7 100.0 0.0 0.0 2.9 15.1 82.0 38.4 61.6 0.0

RO 3.7 78.0 18.4 7.3 84.1 8.6 7.3 82.9 9.8 96.7 3.3 0.0 2.4 8.6 89.0 12.2 87.8 0.0

RR 2.4 46.5 51.0 34.3 65.7 0.0 45.3 0.0 54.7 100.0 0.0 0.0 2.4 0.8 96.7 62.9 0.0 37.1

RS 3.7 96.3 0.0 3.7 93.9 2.4 3.7 55.9 40.4 37.6 62.4 0.0 3.3 9.0 87.8 3.7 96.3 0.0

SC 2.4 83.7 13.9 86.1 2.9 11.0 86.1 0.0 13.9 85.3 14.7 0.0 3.3 0.4 96.3 34.7 31.4 33.9

SE 2.4 57.6 40.0 22.9 48.6 28.6 22.4 16.7 60.8 100.0 0.0 0.0 2.9 3.7 93.5 4.9 95.1 0.0

SP 2.0 56.3 41.6 4.9 66.5 28.6 4.9 63.7 31.4 100.0 0.0 0.0 2.0 17.1 80.8 100.0 0.0 0.0

TO 4.9 95.1 0.0 97.1 2.9 0.0 97.1 2.9 0.0 97.1 2.9 0.0 2.0 18.8 79.2 21.6 78.4 0.0

Brazil (average) 2.4 73.7 23.9 40.3 46.1 13.5 35.1 35.9 29.0 92.3 6.1 1.6 3.0 17.3 79.7 43.2 48.1 8.7

AC, Acre; AL, Alagoas; AM, Amazonas; AP, Amapá; BA, Bahia; CE, Ceará; DF, Distrito Federal; ES, Espı́rito Santo; GO, Goiás; MA, Maranhão; MG, Minas Gerais; MS,

Mato Grosso do Sul; MT, Mato Grosso; PA, Pará; PB, Paraı́ba; PE, Pernambuco; PI, Piauı́; PR, Paraná; RJ, Rio de Janeiro; RN, Rio Grande do Norte; RO, Rondônia; RR,

Roraima; RS, Rio Grande do Sul; SC, Santa Catarina; SE, Sergipe; SP, São Paulo; TO, Tocantins.

Values are of 0 for non-existent or very limited restrictions, 1 for partial restrictions, and 2 for full restrictions.

https://doi.org/10.1371/journal.pone.0265346.t002
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Results also indicate that the effect of mandatory social distancing rules on social distancing

levels decreased faster when rules were stricter, suggesting that people are more likely to toler-

ate mild rules over long periods of time than very strict ones. This is graphically presented in

Fig 1, with each line indicating the expected level of social distancing across three different lev-

els of strictness of social distancing rules over a period of 150 days since mandatory social dis-

tancing rules were introduced.

None of these models discriminate the individual effects of different NPIs. For example,

what is the impact on social distancing levels of suspending in-person classes relative to sus-

pending industrial activities? Does it make sense to close restaurants if this may lead people to

go more often to the supermarket? Results from models 7–9 (S2 Table) indicate the effects on

social distancing levels of different types of NPIs, with results graphically presented in Fig 2.

The effects of closing schools were the strongest. The effects of the following types of restric-

tions were also significant: partial and full suspension of gatherings, sports, cultural and reli-

gious activities; full suspension of non-essential shops; partial suspension of restaurants and

bars; and partial and full suspension of public transportation. The following mandatory social

distancing rules were significant across models 7–9: partial and full suspension of gatherings,

sports, cultural and religious activities; full suspension of non-essential shops; and partial and

full suspension of in-person classes (S2 Table).

Furthermore, people systematically practiced more social distancing in certain states than

in others, even when controlling for other covariates, as shown by the coefficients of the state

dummies (Fig 3, from model 7). The coefficients are in percentage points so that, for example,

Amazonas had a level of social distancing that was on average around 5 percentage points

higher than that of Goiás.

Table 3. Determinants of social distancing in Brazil. Regression analyses considering six models (11th March– 10th November 2020).

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

β p Β p β p β p β p β p
Social distancing rules index

(SDI)

1.416

(0.083)

< .001 1.418

(0.083)

< .001 1.418

(0.083)

< .001 1.275

(0.086)

< .001 1.612

(0.082)

< .001 1.876

(0.107)

< .001

Duration of social distancing

rules

-0.015

(0.002)

< .001 -0.015

(0.003)

< .001 -0.015

(0.003)

< .001 -0.029

(0.002)

< .001 0.010

(0.004)

.005

Mandatory use of masks

Partial -2.282

(0.433)

< .001 -2.245

(0.403)

< .001 -2.249

(0.403)

< .001 -3.009

(0.367)

< .001 -1.707

(0.407)

< .001

Full -3.408

(0.456)

< .001 -3.350

(0.411)

< .001 -3.347

(0.411)

< .001 -5.242

(0.349)

< .001 -2.137

(0.398)

< .001

Incidence rate of new COVID-

19 cases

0.004

(0.009)

.657

Log GDP per capita 0.361

(0.984)

.714 0.711

(0.478)

.137

Political orientation of voters 0.012

(0.029)

.689 0.019

(0.015)

.218

SDI × Duration of social

distancing rules

-0.009

(0.001)

< .001

Weekend or bank holiday 6.177

(0.242)

< .001 6.175

(0.241)

< .001 6.175

(0.241)

< .001 6.220

(0.243)

< .001 6.137

(0.238)

< .001 6.176

(0.240)

< .001

State dummies No No No Yes Yes Yes

# of observations 6615 6615 6615 6615 6615 6615

R2 .62 .62 .62 .66 .67 .70

• Coefficients reported in the table represent social distancing levels in percentage points varying from 0–100. Cluster-robust standard errors between brackets.

https://doi.org/10.1371/journal.pone.0265346.t003
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Discussion

Our study suggests that mandatory social distancing rules have a significant and substantial

effect on social distancing levels: the stricter the restrictions the more likely people are to stay

at home. The effect of these restrictions is not constant over time though: the longer the rules

are in effect the lower the compliance, and the stricter the rules the more compliance with

rules decreases over time. Among the restrictions, partial and full suspension of gatherings,

cultural, sport and religious activities; full suspension of non-essential shops; and partial and

full suspension of schools were significant across different models.

Regarding the severity of the epidemic, an increase in the incidence of new COVID-19

cases did not affect how much people stayed at home. We hypothesize that this may be related

to the observation that social distancing levels were higher in the early stages of the pandemic,

when people reacted primarily to international incidence and fear, rather than evidence of

local disease occurrence. Available evidence suggest that risk perceptions and self-reported

protective behaviour were significantly increased in the first weeks of the pandemic [39].

Moreover, the effect of the number of new cases might be different in situations with a much

higher number of cases or deaths. In these situations, people would be more likely to experi-

ence the direct effects of the pandemic (e.g., relatives or friends getting infected or dying),

which might increase their level of concern and, as a consequence, change their behaviour.

Results for GDP per capita and political preferences of the electorate were not significant, but

these findings should be interpreted with caution as there was no variation in these two vari-

ables over time.

Fig 1. Effect of the duration of mandatory social distancing measures on social distancing levels, by levels of

strictness, Brazil (11th March– 10th November 2020). Data show the effect of the duration of social distancing rules

on social distancing levels conditioned by the strictness of social distancing rules, and controlling for whether wearing

a mask was mandatory (as in model 6, R2 = 0.70). Shading indicates 95% confidence intervals. The distribution of

values of the SDI in the dataset was the following: 0 (2.2%); 0.8 (0.7%); 1.7 (6.3%); 2.5 (15.1%); 3.3 (17.6%); 4.2 (13.5%);

5 (14.5%); 5.8 (8.3%); 6.7 (8.9%); 7.5 (8.3%); 8.3 (2.8%); 9.2 (0.7%); 10 (1.2%).

https://doi.org/10.1371/journal.pone.0265346.g001
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Data also show that people were more likely to practice social distancing in certain states

than in others (Fig 3). The level of social distancing varied by 7 percentage points across the 27

states due to factors not included in the regressions. This implies that achieving high levels of

social distancing in some states requires stricter rules than in others. It is not possible though

to infer which features of these states contributed to their higher or lower levels of social dis-

tancing. They might be caused by a greater risk aversion among the population of some states,

campaigns ran by the state or local governments, or weather patterns, for example.

In summary, the following hypotheses were confirmed:

• the stricter the mandatory social distancing rules the more people stayed at home;

• the stricter the social distancing rules the more compliance decreased over time;

• mandatory masking decreased social distancing levels;

• some types of mandatory social distancing rules had a greater impact on social distancing

levels than others. Partial and full suspension of schools and gatherings (alongside sports,

cultural and religious activities) were equally effective, indicating that allowing a few selected

activities to return is unlikely to have a significant impact on social distancing levels.

This study has a few limitations. First, situations in the category of ‘partial suspension’ may

vary across different states, over time, and across different types of restrictions, ranging from

more to less restrictions. For example, a few state governments authorized only private schools

to reopen (which we considered by definition a case of ‘partial suspension’). Yet, the propor-

tion of students in private schools varies significantly across different states: the lowest in

Fig 2. Marginal effect of different types of NPIs on social distancing levels in Brazil (11th March– 10th November

2020), considering partial and full restrictions. Marginal effects of different types of mandatory social distancing

rules and mandatory masking on levels of social distancing, controlling for the number of days since measures were

introduced, whether wearing a mask was mandatory, and including dummies for each Brazilian state (as in model 7, R2

= 0.72). Error bars indicate 95% confidence intervals. Coefficients of the other variables are in S2 Table.

https://doi.org/10.1371/journal.pone.0265346.g002
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Acre–around 5%–and the highest in Rio de Janeiro–around 31%, implying a potential larger

effect on social distancing in the latter [40]. Second, the social distancing rules index (SDI)

measures the legal ruling of suspension or restriction of activities, but not its enforcement; and

places where the enforcement capacity is limited might have lower levels of compliance.

Although this is likely to be captured by the state dummy variables, the strength of the effect is

unknown. Third, the models do not account for other policies that might also increase social

distancing. Awareness campaigns and cash transfers, for example, may increase the likelihood

of someone staying at home [25,41–43], and these also varied across different states. Fourth,

there is variation over time for some variables of interest, but not for others, either because

there was no daily data or because these only change substantially over longer periods of time.

These findings have important policy implications. First, governments must adopt manda-

tory social distancing rules if they aim at increasing social distancing to high levels, which is

especially critical in places with low capacity for case detection and contact-tracing [5]. Second,

stricter rules increase social distancing levels more than mild ones, but compliance decreases

proportionally more over time when rules are stricter. The timing for adopting strict rules is

therefore important because compliance may decrease when most needed. This problem may

be partially solved by an on-off lockdown policy [44]. Third, policymakers should invest in

more targeted policies. Suspending in-person classes, gatherings, religious, sport and cultural

activities, for example, increases more social distancing than suspending industrial activities.

Social distancing, however, is obviously not an end in itself, but a means to reduce COVID-

19 cases and deaths, and it is important to learn more about which forms of social distancing

are most effective against cases and deaths. Policy makers will want to weigh the burdens

Fig 3. Social distancing levels across different Brazilian states: Estimated coefficients of the state dummies (11th

March– 10th November 2020). The state of Rondônia was randomly selected as the state of reference. Coefficients

represent the expected difference in social distancing levels relative to the state of Rondônia, controlling for the six

different types of restrictions, number of days since the first social distancing measure was introduced and whether

wearing a mask was mandatory (as in model 7, R2 = 0.72). Error bars indicate 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0265346.g003
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imposed by social distancing measures against their effects on cases and deaths. Closing

schools, for example, has a large effect on levels of social distancing, but also may have large

negative impacts on children and their parents–especially single parents and children without

access to the Internet–so that it is important to know its effects on cases and deaths in order to

be able to weigh its positive effects against the negative impacts. It may also be possible to iden-

tify modifications of some social distancing measures that reduce the burdens: for example,

people are more likely to maintain social distancing in an assembly line than in a mass gather-

ing, so policy-makers should consider suspending gatherings for a longer period of time than

other types of activities. And masking, which reduces the need for social distancing, is effective

with much less burden on social and economic activities.

Finally, although widespread vaccination is reducing the severity of the pandemic, social

distancing measures remain an effective strategy to reduce transmission, even if not necessarily

with the same level of strictness of earlier stages of the pandemic. Moreover, strict social dis-

tancing rules should be once more adopted in case vaccines prove less effective against new

variants or, of course, if other large epidemics emerge in the future.
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