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Abstract

Background: Duringtheinitial phases of the vaccination campaign worldwide, nonpharmaceutical interventions (NPIs) remained
pivota in the fight against the COVID-19 pandemic. In this context, it is important to understand how the arrival of vaccines
affected the adoption of NPIs. Indeed, some individuals might have seen the start of mass vaccination campaigns as the end of
the emergency and, as a result, relaxed their COVID-safe behaviors, facilitating the spread of the virus in a delicate epidemic
phase such asthe initia rollout.

Objective: The aim of this study was to collect information about the possible relaxation of protective behaviors following key
events of the vaccination campaign in four countries and to analyze possible associations of these behavioral tendencies with the
sociodemographic characteristics of participants.

Methods: We developed an online survey named “COVID-19 Prevention and Behavior Survey” that was conducted between
November 26 and December 22, 2021. Participants were recruited using targeted ads on Facebook in four different countries:
Brazil, Italy, South Africa, and the United Kingdom. We measured the onset of relaxation of protective measures in response to
key events of the vaccination campaign, namely personal vaccination and vaccination of the most vulnerable popul ation. Through
calculation of odds ratios (ORs) and regression analysis, we assessed the strength of association between compliance with NPIs
and sociodemographic characteristics of participants.

Results: We received 2263 questionnaires from the four countries. Participants reported the most significant changesin social
activities such as going to arestaurant or the cinema and visiting relatives and friends. Thisisin good agreement with validated
psychological models of health-related behavioral change such as the Health Belief Model, according to which activities with
higher costs and perceived barriers (eg, social activities) are more proneto early relaxation. Multivariate analysisusing ageneralized
linear model showed that the two main determinants of the drop of social NPIs were (1) having previoudly tested positive for
COVID-19 (after the second vaccine dose: OR 2.46, 95% Cl 1.73-3.49) and (2) living with people at risk (after the second vaccine
dose: OR 1.57, 95% CI 1.22-2.03).

Conclusions: Thiswork showsthat particular caution has to be taken during vaccination campaigns. Indeed, people might relax
their safe behaviors regardless of the dynamics of the epidemic. For this reason, it is crucial to maintain high compliance with
NPIsto avoid hindering the beneficial effects of the vaccine.

(J Med I nternet Res 2023;25:e47563) doi: 10.2196/47563
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Introduction

The COVID-19 pandemic impacted humanity on an
unprecedented scalewith, asof February 2023, over 757 million
confirmed cases causing over 6.8 million deaths [1]. At the
beginning of 2021, vaccination campaigns were rolled out in
many countries, providing a pharmaceutical measureto protect
against the most severe manifestations of the disease and to
contrast the spreading of the virus. Before vaccines were made
available, the mitigation of infections and deaths was largely
achieved through nonpharmaceutical interventions (NPIs) such
aslockdowns, social distancing, curfews, and use of protective
face masks [2]. These measures aimed at controlling the
epidemic diffusion by reducing overall social contacts as well
as by limiting the spreading potential of unavoidable social
interactions [3-5]. A significant body of literature focused on
the efficacy of these measuresin reducing disease transmission
across different contexts and geographies [6-9] and the
socioeconomic disruption to everyday life brought by stringent
NPIs and their unequal impact on the population [10-13].
Despite the incredible milestone in the fight against
SARS-CoV-2 represented by the start of vaccination campaigns
worldwide, dueto the initial limited supply and unprecedented
logistic challenges, NPIsremained essential, at least in thefirst
phases, to sustain the efforts of massimmunization campaigns
and to reach adequate vaccination coverage [14,15].

In thiscomplex context, the interplay between popul ation-level
mitigation measures, individual decisions related to adoption
of these measures, and the vaccination remains relatively less
explored. Previous studies have focused, primarily from a
mathematical modeling standpoint, on the interplay between
NPIs adoption, COVID-19 spread, and vaccination campaigns
[15-18]. They have shown that early relaxation of COVID-safe
behaviors may contribute to further avoidable infections and
threaten the success of vaccination efforts. Nonetheless,
empirical evidenceto support and quantify if and at which rate
individuals relax their behavior in response to the COVID-19
vaccination is still very limited [19].

In this study, we tackled this limitation by studying, from a
data-driven standpoint, how individual vaccination status and
national rollout advancement impacted the adoption of protective
behaviors such as hand washing, mask wearing, and social
distancing. To account for different national contexts, especially
related to the heterogeneity of vaccination campaigns progress
and to the COVID-19 epidemiological situation worldwide, we
developed a cross-country survey that we administered to a
random sample of anonymous individual s targeted through the
advertisement platform of Facebook in Brazil, Italy, South
Africa, and the United Kingdom. These four countries were
selected based on the diversity of the epidemiological situation,
vaccination coverage, and NPIs implementation at the time
when the survey was conducted to obtain more general and solid
results. More detailsin thisregard are provided in the Methods
section.

https://www.jmir.org/2023/1/e47563

The use of targeted Facebook adsto collect relevant social data
has become a frequent practice in the field of computational
social science [20,21]. This was particularly true during the
COVID-19 pandemic, when the dissemination of
epidemiological and behavioral surveys through the Facebook
advertisement platform gained significant traction. One of the
earliest and most successful examplesisthe COVID-19 World
Symptoms Survey [22] that was deployed from March 2020 to
June 2022, in partnership with University of Maryland and
Carnegie Méllon University, to collect data about COVID-19
vaccine acceptance, preventive behaviors, and symptoms. The
many insights provided by these studies were crucia to
demonstrate the value of online surveys for tracking patterns
and trendsin COVID-19 outcomesin acomplementary fashion
with respect to official reporting [23,24].

Our work fals within this line of research and is aimed at
measuring individual behavioral changes (eg, adoption or
relaxation of protective measures) in association with different
stages of the vaccination campaign. To account for
nonrepresentative sampling, we utilized a poststratification
weighting method that is commonly used in survey research.
This approach helps to approximate a representative sample of
the population in each country. Specifically, in our survey, we
asked about the compliance with NPIs related to six different
activities after key events of the vaccination campaign, namely
the vaccination of older adults and people at risk and the
personal inoculation of the first and second doses. Although
our study did not include acomparison of behaviors before and
after vaccination, our questions were crafted to evaluate
self-reported changesin behaviors during these particular stages
of the vaccination campaign. Rather than inquiring about
specific protective measuresin separate data collection periods
before and after vaccination, we asked participants if they had
relaxed the protective measures they had been taking following
critical moments in the vaccination campaign. This approach
enabled us to determine how the adoption of NPIs changed in
relation to specific vaccination events. By studying the over
2000 responses received, we found that NPIs related to social
behaviorswere those that were rel axed the most after key stages
of the vaccination campaign. This isin good agreement with
the constructs of psychological theoretical frameworks such as
the Health Belief Model (HBM), which suggeststhat NPIswith
higher associated costs are more difficult to adopt and thus are
generdly the first to be relaxed. From this standpoint, we
performed a multivariate analysis using a generalized linear
model (GLM) to quantify the association between the relaxation
of socia behaviors and sociodemographic characteristics of
respondents, such as country of residence, age group, and sex.
Our results show that the two most important determinants
associated with the relaxation of socia behaviors are having
tested positive for COVID-19 and living with people at risk.
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Methods

Study Context

Our survey study was conducted during late
November/December 2021. As of December 1, 2021, Italy and
the United Kingdom had respectively 75% and 69% of
individuals that completed the initidl COVID-19 vaccination
protocol. Vaccination uptake was slightly lower in Brazil (62%),
whileonly 24% of peoplewerefully vaccinated in South Africa
[25]. In December 2021, a new and more transmissible
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SARS-CoV-2 variant of concern (VOC) emerged: B.1.1.529
(Omicron). In mid-December 2021, Omicron was mostly
dominant in South Africa (95% of sequenced genomes) and a
steep increase in the number of caseswas observed in the United
Kingdom (39%) dueto this VOC. However, in Brazil and Italy,
Omicron prevalence was till much lower (12% and 5%,
respectively), but was quickly increasing. These details are
illustrated in Figure 1 together with additional epidemiological
indicators (eg, cumulative number of COVID-19 cases) in the
surveyed countries.

Figure 1. Informative data about each country included in the study [25] with the dates of the beginning of the advertising campaigns.

UNITED KINGDOM
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BRAZIL

Start of vaccination
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Start of the survey
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Study Design

The questionnaire“ COV1D-19 Vaccines and Behaviors Survey”
that we devel oped consisted of two sections. The first aimed at
collecting sociodemographic features such as sex and age. The
second focused on understanding to what extent individuals
changed behaviorsin responseto the COVID-19 vaccinerollout
and which behaviors they relaxed, if any. We considered three
different pivotal stages of the vaccination campaign that may
have acted as a trigger for the behavior change of individuals:
vaccination of those at higher risk of severe symptomsfollowing
COVID-19 infection (those aged 65+ years and people with
comorbidities), the start of theindividual vaccination cycle (ie,
the first dose), and the end of the individual vaccination cycle
(ie, the second dose). Indeed, since the outcome of COVID-19
infections strongly depends on age and on medical condition,
people may have decided to drop COVID-safe behaviors once
the population at higher risk had been immunized. Similarly,
individuals may have felt reassured by personal (partial and
full) immunization and adapted their behaviors accordingly.
We conducted our survey study in 4 countries that we selected
based on different characteristics in vaccination coverage,
disease prevalence, and dominant SARS-CoV-2 variant: Brazil,,
Italy, South Africa, and the United Kingdom. The master version

https://www.jmir.org/2023/1/e47563
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of the survey was created in English and then trandated, with
the help of native speakers, in Italian and Portuguese. The survey
was implemented via Limesurvey [26], a web app that allows
the easy deployment of surveys at scale. The English version
of the questionnaire is provided in Multimedia Appendix 1.

To recruit participants, we distributed the survey via targeted
Facebook advertisements created using Facebook Ads Manager
[27]. We followed the methodology illustrated by Pdtzschke
and Braun [28], and more recently by Perrotta et a [29]. We
created a separate advertising campaign for each country. Each
campaign contained one ads set for each combination of the
three targeting variables used to stratify the population: sex
(male, female), age (18-24, 25-44, 45-64, 65+ years), and region
of residence (based on statistical division of each country; a
completelist of the macro regions used is provided in Table S1
of MultimediaAppendix 2). These are well-known confounding
variables and, through the stratification of ads delivery, wewere
able to obtain sufficient responses in each stratum. Following
this approach, we obtained 32 strata for South Africa and 40
each for Brazil, Italy, and the United Kingdom. Each of them
contained 6 ads that differed only in the ad image used. In
contrast to the description by Potzschke and Braun [28],
Facebook no longer allows morethan 250 active ads at the same
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time. For thisreason, welaunched the advertising campaign for
each country separately, starting with Italy on November 26,
2021, and ending with Brazil on December 22, 2021, as shown
in Figure 1. More details on the survey methodology are
provided in Section S1 of Multimedia Appendix 2.

Inclusion Criteria

We collected atotal of 2263 responses: 435 from Italy (19.2%
of total), 386 from the United Kingdom (17.1%), 305 from
Brazil (13.5%), 1014 from South Africa (44.8%), and 123
(5.4%) submitted from other countries or with no answers (that
wediscarded). Weincluded in our analysisonly questionnaires
containing information about sex, age, and region of residence,
aswe needed these featuresto correct for nonrepresentativeness
of the sample. This led to the exclusion of 196 questionnaires
(8.66% of the total). In the multivariate analysis presented
below, we used additional features, namely education
attainment, household composition, vaccination status, previous
positivity to SARS-CoV-2, and presence of risk factors for
COVID-19. Therefore, for this anaysis, we excluded
guestionnaires in which these features were missing (22% of
the total). Additional information on respondent selection is
reported in Section S2 of Multimedia Appendix 2.

After the exclusion of nondligible respondents, we applied
poststratification weights to align our samples with the general
population of the countries considered. We stratified our
respondents by sex, age, and region, and we calculated the
percentage of respondents (spy) in each stratum k. We then
computed the actual percentage of the population in each stratum
(rpy). We used data from World Population Prospects [30],
which provided estimates of the population in each country in
2020, divided by sex and 5-year age groups. This subdivision
of age groups did not allow for direct comparison with survey
counts for the 18-24 years age group. To address this problem,
we summed the actual population in the 20-24 years age group
with 2/5 of the population stated for the 15-19 years age group.
Finally, we computed the poststratification weight for each
stratum as the ratio between the two percentages: rp,/spy.

Ethical Approval

Ethical approval was obtained from the Bioethical Committee
of the University of Turin (280342 del 8.5.2021).

M easuring Behavioral Changes

Asaproxy for reduced adoption of COVID-safe behaviors, we
considered the following six possible changesin activities: (1)
using public transport more frequently, (2) engaging in social
activitiesmorefrequently (eg, going to restaurants), (3) visiting
relatives and friends more frequently, (4) reducing hygiene
measures (eg, wash hands less often, use disinfectant gel less
often), (5) wearing a face mask less often (where not
mandatory), and (6) reducing the recommended physical
distance (1 or 2 meters) from other people. We chose these
activities as representatives of the main NPIs that were widely
implemented to contrast the spread of SARS-CoV-2 before the
arrival of vaccines. Specifically, survey respondents were asked
if they felt more comfortable doing these activities after each
of the three trigger stages of the vaccination campaign
mentioned above. Possible answers to these questions were

https://www.jmir.org/2023/1/e47563
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organized using a 5-point Likert scale (1=definitely not, 2=no,
3=neither yesnor no, 4=yes, and 5=definitely yes). Participants
were also given the opportunity to report “not applicable’ as
an answer. These cases were treated as missing values. See
Table S2 of Multimedia Appendix 2 for more information.

For each activity, we transformed responses into a binary
variable defining whether an individual engaged or not in
behavior change related to that activity. In particular, options
4 (yes) and 5 (definitely yes) were associated with a changein
behavior, whereas options 1 (definitely no), 2 (no), and 3
(neither yes nor no) were associated with no change.

We also investigated ahypothetical scenario inwhich we asked
respondents about their potential behavioral reaction in case of
afuture worsening of epidemiological conditions. In this case,
we considered four measures they could adopt: (1) wear aface
mask more frequently (where not mandatory), (2) reduce social
contacts, (3) keep agreater physical distance from other people,
and (4) avoid crowded places. Responses were also given on a
5-point Likert scale (from 1=very unlikely to adopt to 5=very
likely to adopt), and we considered that a single NPl would be
adopted with response options 4 (likely) and 5 (very likely) and
not adopted with response options 1 (very unlikely), 2 (unlikely),
and 3 (neutral). Again, “not applicable” answers were treated
asmissing values.

Multivariate Analysis

Additionally, weinvestigated how the relaxation of NPIsrelated
to social behaviorswas associated with respondents’ social and
demographic characteristics. We focused on socia behaviors
since, according to the HBM framework, they are generally
perceived as more costly to give up and thus relaxation of NPIs
in these settings is more likely to occur. The HBM is a
well-known social and psychological model regarding the
adoption of health-related behaviors [31-33], which posits that
the risk perception of an individual plays a pivota role in the
adoption of health behaviors. In detail, two constructs contribute
to the individual perceived threat: individuals' belief on how
likely they are to contract the disease (perceived susceptibility)
and personal evaluation of the severity of the consequences of
the disease (perceived severity). The perceived threat can lead
to the adoption (or the relaxation) of a health-related behavior.
Additionally, individuals ground their choices on perceived
benefits and perceived barriers. Perceived benefits associated
with a health behavior are the personal opinions on the value
or usefulness of that behavior in reducing the perceived threat,
whereas perceived barriers are the individual’'s perception of
the obstacles of adopting the new behavior. This implies that,
for example, heath-related behaviors with high perceived
benefits may not be adopted because of their high perceived
barriers. As a result, health behaviors with high perceived
barriersare usually thefirst to berelaxed. NPIsregarding social
behaviors, despite having high impact on reducing the spread
of the disease, are associated with ahigh perceived cost as they
prevent individuals from participating in everyday activities
and from interacting with their families or friends. For this
reason, of the six activitiesincluded in our questionnaire, in this
part of the analysis, we focused our attention only on “Engage
in social activities more frequently (eg, going to restaurants)”
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and “Visit relatives and friends more frequently,” which will
hereafter be referred to collectively as* social behaviors’.

For the multivariate analysis, we used a fixed-effects model
with alogistic regression and a binary outcome of 1 if at least
one socia behavior was changed and O otherwise. To consider
poststratification weights in the regression, we opted for the
GLM availableinthe Python library Statsmodels[34]. We used
alogit function and a binomial function for outcome. In this
way, the GLM is effectively alogistic regression with weights.
We chose logistic regression because of its explainability of the
coefficients. Nonethel ess, we tested other modelsfor comparison

Table 1. Variablesincluded in the multivariate analysis and their values.

De Gagtano et d

(see Multimedia Appendix 2 for details). Thefeaturesincluded
in the model are provided in Table 1 with the corresponding
reference values. Moreover, we transformed each categorical
featurein a set of dummy variables, using the most frequent as
a reference. For example, the feature age, which can take the
values 18-24, 25-44, 45-64, and 65+, was encoded into 3 dummy
variables (age 18-24, age 25-44, age 45-64), considering the
age group 65+ as the reference. See Section S3 and Table S3
in Multimedia Appendix 2 for an analysis on the independence
of the features and Table $4 of Multimedia Appendix 2 for the
robustness analysis.

Variable Values

Gender Female (reference), male

Age group (years) 18-24 (reference), 25-44, 45-64, 65+

Country Italy, South Africa (reference), United Kingdom, Brazil

Risk Yes (have arisk factor for COVID-19, such as respiratory chronic diseases or immunocompromised
state), No (reference)

Risk in household Yes (have a person in household with arisk factor for COVID-19, such as respiratory chronic diseases

or immunocompromised state), No (reference)

<18 in household
>65 in household
Positive test

Vaccine

Yes (have at least one household member who is under 18 years old), No (reference)
Yes (have at least one household member who is above 65 years old), No (reference)
Yes (previoudly tested positive for COVID-19), No (reference)

Yes (received at least one dose of vaccine), No (reference)

The model is ruled by the following equation:

N
Plylx)
gm = Iog(odds) =By + ;ﬂkxk

lo,
where P(y|X) isthe conditional probability of the binary outcome
(y) given the set of features (X), By istheintercept of the model,
and By is the coefficient related to each feature X,. If we
consider, for example, X to be the binary variable age 18-24,
then the coefficient B, is the logarithm of the odds ratio (OR)
comparing age group 18-24 with the reference group 65+. The
OR is often used in epidemiology to assess the strength of an
association between an outcome and an exposure. In particular,
it represents the ratio between the odds of the outcome in the
presence of the exposure and the odds of the outcome in the
absence of the exposure. Following the example above, the
exponential of (3; is the ratio of the odds of changing socia
behaviors (ie, the outcome) if being part of the age group 18-24
(ie, the exposure) divided by the odds of changing social
behaviorsif being part of the age group 65+ (ie, the value taken
as areference). Therefore, by obtaining the exponential of the
coefficients from the multivariate analysis, we immediately
obtained a measure of the association between the variable we
are considering and the change in social behavior.

The analysis was performed for all three stages of the
vaccination campaign considered in this study: vaccination for
those over 65 years old and people with comorbidities (ie, the
groups at risk), personal first dose, and second dose. While the
survey question related to the first event was accessible to all

https://www.jmir.org/2023/1/e47563

respondents, the questions related to the first and second doses
were only available to vaccinated people. Nonetheless, these
represented almost 80% of the respondents; therefore, the sample
can be considered to be mostly the same.

For the scenario related to aworsening of the epidemiological
conditions, we performed a similar analysis. We included the
same features but, in this case, the binary outcome was 1 if all
four NPIswould be readopted and 0 otherwise.

Results

Sample Composition

Table 2 shows the demographic characteristics of the sample
by country, before applying poststratification weights. These
numbers exclude the data of participantsthat did not report age,
sex or country, but include the data of participants not reporting
other information (such as education or household size). Among
the 2067 questionnaires, the majority came from South Africa
(47.9%), whileltaly, the United Kingdom, and Brazil accounted
respectively for 20.3%, 17.8%, and 13.9% of the responses.
Compared to the overal population, the sex ratio was
unbalanced toward females: thisis particularly evident for Brazil
where male participants represented only 21.8% of the total.
By contrast, the United Kingdom wasthe country with the most
balanced sample in terms of sex with 53.0% of responses from
female participants and 47.0% from male participants. The
average participant agewas 56.7 years (SD 15.6; maximum 93;
median 61, IQR 47-68). Thishigh valueis attributed to the fact
that our survey only targeted individuals over the age of 18

JMed Internet Res 2023 | vol. 25 | e47563 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

years and Facebook’s user base is diverse and comprises
individuals of all ages, including thosein the older demographic.
Furthermore, older adultstend to participate more oftenin online
surveys [35,36]. The average household size was 2.8 (SD 2.2,
IQR 2-4). With regard to educational attainment, Italy and Brazil
showed a magjority of respondents with a secondary-level

De Gagtano et d

education (57.4% and 61.9%, respectively), while in South
Africa and the United Kingdom, most of the respondents
attained a university-level education (47.9% and 44.8%,
respectively). For possible limitations of the sample
composition, please refer to the Discussion.

Table 2. Breakdown of respondents by sex, age group, household size, and education for each surveyed country based on the unweighted sample

(N=2067).
Variable Italy (n=420), n (%) South Africa United Kingdom Brazil (n=289), Total (N=2067), n
(n=990), n (%) (n=368), n (%) n (%) (%)
Sex
Female 261 (62.1) 670 (67.7) 195 (53.0) 226 (78.2) 1352 (65.4)
Male 159 (37.9) 320(32.3) 173 (47.0) 63 (21.8) 715 (34.6)
Age (years)
18-24 42 (10.0) 27 (2.7) 19 (5.2) 49 (17.0) 137 (6.6)
25-44 94 (22.4) 132 (13.3) 70 (19.0) 48 (16.6) 344 (16.6)
45-64 165 (39.3) 438 (44.2) 154 (41.8) 119 (41.2) 876 (42.4)
65+ 119 (28.3) 393 (39.7) 125 (34.0) 73(25.3) 710 (34.3)
Household size
1 111 (26.4) 150 (15.2) 79 (21.5) 52 (18.0) 392 (19.0)
2 117 (27.9) 375(37.9) 160 (43.5) 72 (24.9) 724 (35.0)
34 128 (30.5) 303 (30.6) 98 (26.6) 100 (34.6) 629 (30.4)
5+ 28 (6.7) 135 (13.6) 26 (7.1) 47 (16.3) 236 (11.4)
No answer 36 (8.6) 27 (2.7) 5(1.4) 18 (6.2) 86 (4.2)
Education
Primary school 8(L9) 1(0.1) 4(1.1) 12 (4.2) 25(1.2)
Secondary school 241 (57.4) 447 (45.2) 177 (48.1) 179 (61.9) 1044 (50.5)
University 159 (37.9) 474 (47.9) 165 (44.8) 79 (27.3) 877 (42.4)
Other 1(0.2) 29(2.9) 4(11) 2(0.7) 36 (1.7)
No answer 11 (2.6) 39(3.9) 18 (4.9) 17 (5.9) 85 (4.1)

Behavioral Changes

Figure 2 shows the percentage of respondents by country (A),
age (B), and sex (C) that reported a change in behaviors after
the three key events of the vaccination campaign considered
(vaccination of the population at risk and after the individual
received the first and second doses). Across the board, the
activity that was changed the most is“ Visit relatives and friends
more frequently”, followed closely by “More frequent
engagement in socia activities’ such as going to restaurants
and the cinema. By contrast, “ Reduced hygiene measures’ (eg,
wash hands less often, use disinfectant gel less often) was the

https://www.jmir.org/2023/1/e47563

activity with the lowest percentage of change. Indeed, even after
the second dose, the adoption rate exceeded 10% only in the
United Kingdom. Similar findings can be observed for the two
activities “Wear aface mask |ess often (where not mandatory)”
and “Reduce the recommended physical distance (1 or 2
meters)”, for which the adoption rate was below 30% across all
countries and events. For this reason, in the multivariate
analysis, we focused our attention on social behaviors, defining
behavioral change asthe adoption of “Visit relatives and friends
morefrequently” or “Engagein social activities morefrequently
(eg, going to restaurants)”.
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Figure2. Adoption rate of behaviors after each stage of the vaccination campaign divided by country (A), age group (B), and sex (C). The three stages
considered are: vaccination of people over 65 years or with comorbidities (Risk), after receiving the first vaccine dose (1st dose), and after receiving
the second vaccine dose (2nd dose). Bar plots show mean values and 95% Cls as error bars.
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For all six activities considered, the adoption rate was higher
after the second dose with respect to that after the first dose.
Nonetheless, in Figure 2A, we can observe differences across
countries. Indeed, Italy isthe country where the population felt
more comfortable to increase the use of public transport both
after the first (28.2%) and the second (38.4%) dose, while in
Brazil, the adoption rate was only 14.9% and 17.6%,
respectively. Furthermore, participants from Brazil were less
proneto changetheir social behaviors. For example, only 37.6%
of respondents reported an increase in visits to relatives and
friends after the second dose, while the equivalent figure for
Italy, the United Kingdom, and South Africa was above 50%.

Figure 2B shows the adoption rate by age. Respondents under
25 years old were the most comfortable with reducing hygiene
measures, the use of face masks, and physical distance and with
using public transport more often, with a substantial increase
in the adoption rate a ong with the progress of the vaccination
campaign. By contrast, people over 45 years old wereless prone
torelax socia behaviors, in particul ar after the first and second
doses.

Finally, Figure 2C shows differences in adoption rates by sex.
Mzl e respondents were more comfortableto adopt almost every
activity after all three stages of the vaccination campaign. The
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sole exception is represented by social behaviors for which,
after the second dose, the adoption rate was quite similar for
social activities in general (male: 42.0%; female: 40.3%), but
was higher for female participants with respect to visits to
relatives and friends (male: 43.1%; female: 45.3%).

Figure 3 shows the adoption rate of preventive behaviorsin the
case of a potential worsening of epidemiological conditions by
country (A), age group (B), and sex (C). Across the board, in
the different cases considered, morethan half of the participants
reported that they would readopt COVID-safe behaviorsin this
hypothetical scenario. The United Kingdom showed the lowest
adoption rate, exceeding 60% for avoiding crowded placesonly.
When looking at the age breakdown in Figure 3A, we note that
people over 65 years old would be more prone to readopt all
the preventive behaviors. By contrast, the age groups with the
lowest adoption rates were 25-44 and 18-24 years. We also
noticed that reduction of social contacts was the preventive
behavior with the lowest adoption rate, asit islikely perceived
as more costly to adopt. Indeed, the adoption rate of this
behavior was under 70% for all age groups. Finally, on average,
female participants stated that they would adopt preventive
behaviors more than male participants, with a difference of at
least 20% in the adoption rate between sexes.
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Figure 3. Adoption rate of preventive behaviorsin case of a worsening of epidemiological conditions divided by country (A), age group (B), and sex
(C). Bar charts show mean values as bars and bootstrapped 95% Cls as errors.
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Multivariate Analysis

Figure 4 showsthe ORs obtained from the multivariate analysis
for changesin socia behaviors after the three pivotal stages of
the COVID-19 vaccination campaign. After the vaccination of
older adults and people with comorbidities, having tested
positivefor COVID-19 was positively associated with achange
in socia behaviors (OR 1.82, 95% CI 1.38-2.39). This means
that the odds of changing social behaviors for respondents that
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have been infected by COVID-19 are 1.82 times the odds for
therest of the population. A similar result was obtained for the
feature risk in househol d, which was positively associated with
achangein at least one of the two socia behaviors (OR 1.56,
95% ClI 1.22-1.99). Other features that were positively
associated with the outcome were being vaccinated (OR 1.91,
95% Cl 1.35-2.70) and a primary school-evel education or
lower (OR 2.48, 95% CI 1.29-4.77).
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Figure 4. Odds ratios obtained from multivariate analysis of the survey responses related to behavioral changes after the vaccination of people over
65 years old or with comorbidities (A), after the first vaccine dose (B), and after the second vaccine dose (C). The binary outcome considered was 1 if
there was a changein at least one of the two social behaviors and 0 otherwise. Details about the features are provided in Table 1. HH: household.
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After the first dose, younger age groups engaged more
frequently in socia activities and visited relatives and friends
more often. Indeed, the odds of arelaxation of social behaviors
in the age group 18-24 was 2.47 times (95% CI 1.54-3.96) the
odds of change in the age group 65+. The age group 25-44 and
aprimary school-{evel education or lower were also positively
associated with an increase in social behaviors. Respondents
from the United Kingdom and Brazil had lower odds to change
social behaviors than respondents from South Africa.

After the second dose, having tested positive for COVID-19
(OR 2.46, 95% CI 1.73-3.49) and having people at risk within
the household (OR 1.57, 95% CI 1.22-2.03) were positively
associated with a change in social behavior. Conversely, the
odds of these changes were lower for male respondents (OR
0.59, 95% CI 0.46-0.76), people at risk (OR 0.65, 95% CI
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RenderX

0.50-0.84), respondents from Brazil (OR 0.41, 95% CI
0.27-0.61), and those with a secondary school-evel education
(OR 0.72, 95% CI 0.56-0.93).

Finaly, in Figure 5, we report the ORs for the hypothetical
scenario of aworsening of epidemiological conditions. In this
case, the binary outcome was 1 if the participant would adopt
all four NPIs proposed in the scenario and O otherwise. All age
groups were less likely to adopt all the NPIs when compared
to the 65+ years old group and the same tendency was found
for male respondents with respect to femal e respondents. Other
features showed a negative association, namely being a
respondent from Italy, the United Kingdom, or Brazil; having
tested positive for COV1D-19; and having ahousehold member
aged over 65 years. In contrast, respondents with a primary
school-level education or lower were more likely to adopt all
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four NPIs. However, the feature with the strongest positive
association was the vaccination status. The odds of adopting all
four NPIsin case of aworsening of epidemiological conditions

De Gagtano et d

for people who were vaccinated was 10.88 times higher (95%
Cl 6.96-17.01) than that for people who were not vaccinated.

Figure 5. Odds ratios obtained from multivariate analysis of the answers related to behavioral changes in case of a worsening of epidemiological
conditions. The binary outcome was 1, representing adoption of al four nonpharmaceutical interventions proposed, or 0 otherwise. Details about the

features are provided in Table 1. HH: household.
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Principal Results

We found that asignificant portion of participantsrelaxed NPIs
during the vaccination campaign. In good accordance with the
HBM, thetwo socia behaviorswerethe activitiesthat witnessed
the greatest changes. Indeed, stronger relaxation of NPIs in
social contexts can be explained considering their high perceived
cost (ie, high perceived barriers in the HBM), which makes
them difficult to be adopted for along period. By contrast, the
majority of individuals kept adopting personal activities such
as hygiene measures and use of face masks throughout the
duration of the vaccination campaign. These measures have
indeed smaller costs associated and thus are easier to implement.
Thisfinding al so shows how, after almost 2 yearsin apandemic,
face masks have become widely adopted and accepted, including
in countries where they have rarely been used before, such as
Italy.

We observed age- and sex-specific patterns. After the first and
second vaccine doses, older respondents were far lessinclined
to relax their protective behaviors with respect to younger
respondents. Older people aso reported the highest adoption
rate of NPIs in a hypothetical scenario of worsening of
epidemiological conditions. Thisis consistent with the HBM,
where perceived severity is one of the driving factors of the
adoption of health behaviors. Indeed, older adults are at higher
risk of severe symptoms from COVID-19 [37,38].

We found that femal e respondents reported smaller changesin
NPIs with respect to male respondents. Consistently, in the
multivariate analysis, wefound that being femal e was positively
associated with a change in social behaviors after the second
vaccine dose. In the case of a worsening of epidemiological
conditions, the difference was considerable: the adoption rate
of NPIs was at least 15% higher among female than mae
respondents. These resultsarein line with previous research in
the context of COVID-19 [29,39] or flu [40], where female
participants were found to be moreinclined to adopt preventive
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behaviors. However, it is important to note that while
susceptibility to COVID-19 infection is similar for the two
sexes, COVID-19 infection in male patients is associated with
higher severity and fatality [41,42].

Two of the most important determinants for the drop of social
NPIswere (1) having tested positive for SARS-CoV-2 and (2)
having people at risk in the household. Indeed, both of these
features were positively associated with a change in socia
behaviors after vaccination of the vulnerable population and
after the second dose. Thisis probably due to the fact that after
recovering from COVID-19, individuals are lessworried about
getting the virus again or spreading it and, as a consequence,
they relax their social behaviors. Conversely, having people at
risk in the household may impact the perceived threat of
individuals and can lead them into adopting particularly careful
behaviors in order to protect them. Therefore, after the
vaccination of these vulnerable people or after their own
vaccination, individuals may have felt safe (smaller perceived
susceptibility and severity) to partialy relax their protective
behaviors. However, it is interesting that being at risk was
negatively associated with adrop in social NPIs after the second
dose. Therefore, while people around them felt safer to engage
more frequently in socia behaviors, individuals with a risk
condition on average did not.

Finaly, it is interesting to focus on the vaccination status.
Obviously, this was not used as a feature to analyze change in
behavior after the first and second doses since these questions
were available only for vaccinated people. We found that being
vaccinated was positively associated with adrop in social NPIs
after the vaccination of those over 65 years and people with
comorbidities. This can be explained by considering that this
question was also available to all people who were vaccinated
because of their risk condition (age or comorbidities). After
being vaccinated, these peopl e probably felt more protected and
asaresult relaxed their behaviors. By contrast, being vaccinated
was positively associated with adoption of NPIs in case of a
worsening of epidemiological conditions. This association was
very strong: vaccinated people were 10.88 times more likely to
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adopt al the COVID-safe behaviors examined than
nonvaccinated people. This is concerning because individuals
that are not vaccinated, in addition to being less protected against
COVID-19 from a pharmacological side, also lack behavioral
protection asthey would belesslikely to adopt safer behaviors,
exposing themselves to a higher risk of infection.

Limitations

Whilethe sensitivity analysis shown in Table S4 of Multimedia
Appendix 2 indicated that our results are solid, there are
limitations to our work. First, it is important to acknowledge
that this study followed across-sectional design, which prevents
us from drawing causal associations between exposures and
outcomes. Furthermore, the cross-sectional nature of our survey
poses limitations on directly comparing the adoption of
behaviors before and after the vaccination campaign in our
study. Second, responses obtained via online surveys
administered on Facebook or other social media platforms are
typically not representative of the general population [43-45].
To mitigate thisissue, we carefully planned the data collection
through Facebook advertisements targeted homogeneously
across different demographic groups. The reliability of such
targeting criteriafor recruiting participants for survey research
have been assessed in previous studies [46,47]. Moreover, we
applied poststratification weights to correct for the remaining
imbalances, at least in central observable characteristics such
as age, sex, and region of residence. Confoundersthat were not
included in the study may lead to residual confounding.
Furthermore, we acknowledge possible self-selection bias of
online survey respondents and underrepresentation of minorities.
Another important element to consider isthe language used for
ads and surveys: English, Italian, and Portuguese. While these
are the official languages of the four countries we focused on,
this limited language availability may have caused
underrepresentation of specific groups. Thisis especialy true
for South Africa, where English isthe main language of only a
fraction of the population despite being understood by more
than half of the population and being the most common language
in urban areas.
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Conclusions

NPIs have played a pivota role in the first year of the
COVI1D-19 pandemic, dowing the disease spread while vaccines
were being developed and tested. Even after the start of
vaccination campaigns, NPIs remained essential [14]. Indeed,
due to limited supplies (especialy in low- and middle-income
countries [35,48-52]) and unprecedented logistic challenges,
NPIswere key to mitigating the disease burden as vaccinations
progressed [14-18]. Neverthel ess, the milestone marked by the
arrival of effective vaccines, in a background of pandemic
fatigue, might have affected risk perception of segments of the
population, inducing a reduction in NPIs compliance [19].
Several modeling efforts highlighted the potential negative
effects of such a phenomenon, whereas empirical supporting
evidence remains limited. Here, we tackled this limitation by
investigating whether individuals relaxed behaviors during the
vaccination campaign using an online survey administered via
Facebook, collecting more than 2000 responses across four
countries. Moreover, to understand the role played in the
relaxation of NPIs by different social and demographic
characteristics, we performed a multivariate analysis focusing
on thedrop of NPIsin social contexts. We showed a significant
relaxation of COVID-19 safe behaviors, in particular social
activities, and we found that the main determinants of these
changes are generally connected to shifts in perceived risk.
Therefore, great caution should be taken during a mass
vaccination campaign such as that experienced in the last few
years during the COVID-19 pandemic. Indeed, spontaneous
relaxation of NPIs by the population can jeopardize the
incredible benefits of theimmunization campaign; athough not
immediately evident, these effects are visible over the medium
term, especially in challenging and emergency contexts. For
this reason, it is extremely important for policy makers to
maintain high compliance with NPIs in the first phase of a
vaccination campaign through targeted actions and efficient
communication.

Ultimately, our results can also be used to inform and design
more advanced, data-driven epidemic-behavioral mathematical
model sthat are capable of more accurately capturing the spread
of the virus, the behaviora reaction of individuas, and the
progress of the vaccination campaign.
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English version of the questionnaire.
[PDFE File (Adobe PDF File), 82 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Scheme of the Facebook advertising campaign (Figure S1), macro/micro regions of each country (Table S1), detailed respondent
selection criteria, distribution of "no answer" or "not applicable" responses (Table S2), variance inflation factors for analysis
features (Table S3), robustness analysis (Table $4).
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