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Abstract

Background: In order to control the COVID-19 pandemic, barrier gestures were used

to reduce the transmission of the virus within a community and avoid large peaks of

infections with the risk of overwhelming the healthcare systems. The acceptability of

these measures is the backbone of their successful implementation. However, popu-

lation compliance with these measures within a community is uncertain, even when

mandatory. At the beginning of the 2020–2021 academic year, the University of Liege

complemented these measures, by organizing a weekly screening by saliva testing on

a voluntary basis for all its workers and students. Their compliance with the different

measureswasnecessary for effective control programandan intensive communication

plan was implemented throughout the 2020–2021 academic year for that purpose

Method and principal findings: An online survey was launched upon the implementa-

tion of the saliva testing in order (i) to assess the level of acceptance of the different

measures by the university workers and students and (ii) to identify the factors deter-

mining their acceptance (based on the Health Belief Model) and their reported level

of implementation. A total of 921 responses was received and analysed by sub-group

comparison, structural equation modelling and multivariable ordinal logistic regres-

sion. Healthmotivation, susceptibility, severity and perception of benefits were identi-

fied as the key determinants of protectivemeasures acceptance

Conclusion and significance: In order to influence positively these mental constructs

and to increase the level of implementation of control measures, it is therefore rec-

ommended to raise the awareness of the university workers and students about their

self and collective responsibility to protect themselves and the population at risk that

can be severely affected by the disease. The non-medical faculties (i.e. the Faculty of

Medicine and the Faculty of Veterinary Medicine excluded) should be specifically tar-

geted as their heathmotivation was significantly lower. This survey demonstrates that

the risk mitigation strategies against COVID-19 should integrate the importance of

individual perception. The methodology developed in this survey can be generalised

in space and time, in different contexts.
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1 INTRODUCTION

Infection with Severe Acute Respiratory Syndrome Coronavirus 2

(SARS-CoV-2) induces coronavirus infectious disease 19 (COVID-19)

(Coronaviridae Study Group of the International Committee on Tax-

onomy of Viruses, 2020). Since the first report on 31 December 2019,

COVID-19 has resulted in highmorbidity with around 132million con-

firmed cases worldwide (World Health Organization, 2021) and 0.99

million in Belgium (as of early May 2021). By the end of April 2021,

therewere around24,250deaths inBelgiumwith close to53%of these

occurring in nursing home (NH) residents (Sciensano, 2021).

COVID-19 represents the largest pandemic of the century. Since

the onset of the pandemic and based on the existing knowledge of

other coronaviruses such as the Middle East Respiratory Syndrome

coronavirus (MERS-CoV), the control of COVID-19 mainly relies on

different barrier gestures aiming at preventing and controlling the

transmission of the virus. Three main human to human COVID-19

transmission pathways are described: direct contact, aerosols and

droplets (Rahman et al., 2020). Aerosol and droplet transmissions are

considered as the predominant pathways. The virus is excreted in the

air through coughing and sneezing. It can then be inhaled, ingested or

landing on a mucous membrane causing a new infection. The risk of

transmission of COVID-19 is therefore particularly important in closed

environments where the aerosols may remain suspended in the air at

high concentrations for long periods. As the virus can survive up to a

few days in the environment (Ali & Alharbi, 2020; vanDoremalen et al.,

2020), indirect contact transmission can occur in case of contact with

virus-contaminated surfaces and infection by the virus through nasal,

oral and ocular routes. The World Health Organisation recommended

control measures in order to reduce the transmission of the virus

within communities and avoid large peaks of infections with the risk

of overwhelming the healthcare systems. In addition to vaccination

(that was not in place during this study in Belgium), these measures

are: (i) the limitation of people movements and contacts by travel

bans, confinements or quarantine, (ii) the limitation of gathering (e.g.

restricted social bubbles, forbidden indoor sports and competitions),

(iii) the regular screening of people and high risk contact-tracing and

(iv) different protective measures aiming at reducing the infection

by aerosols or droplets such as regular handwashing and surface

decontamination, wearing masks or gloves and maintaining physical

distancing. Depending on countries, their implementation is either

up to people or mandatory. Ensuring mandatory application of these

control measures through law enforcement (police and army deploy-

ments) at large scale and over a long period is costly (Boterman, 2020;

Pfattheicher et al., 2020). Because of that constraint, self-compliance

to barrier measures was recommended in several countries. It appears

from the observations, the comments read on the social networks and

some events reported by the media that, for various reasons, these

measures are not always properly implemented (e.g. lockdown parties

and non-respect of the quarantine after travelling). The non-respect

of these preventive and control measures are at the origin of the

outbreak of several clusters and should therefore be addressed. A

few psychological studies analysed some of the determining factors

regarding the adoption of the measures recommended to control

COVID-19 or the acceptance of the social behaviour changes required

to effectively address it (Gibson Miller et al., 2020; Moussaoui et al.,

2020; Pfattheicher et al., 2020;Wise et al., 2020). In those studies, the

determining factors varied according to themodel used (e.g. capability,

opportunity, motivation-behaviour model of behaviour change) or

pre-existing data from consulted studies on beliefs, perceptions and

cues to action reported there. However, most factors identified in

those studies were similar to the ones of the Health Belief Model

(HBM) which was specifically developed to study health-related

behaviours (Abraham & Sheeran, 2015). Indeed, the HBM capacity to

predict health-related behaviours has been proven by several studies

resulting in its recommendation for use in health education program

settings (Janz & Becker, 1984). The HBM defines five perceptions or

mental constructs which influence the actual intention to implement

a given behaviour (Abraham & Sheeran, 2015): risk susceptibility, risk

severity, health motivation, benefits of the behaviour(s) and barriers

to behaviour implementation. To those five constructs, ‘anxiety’, a

psychological state, was added. A review of the determinants of pro-

tective behaviours during the H1N1 pandemic confirmed that these

perceptions are important determining factors. The levels of stress

and trust in authorities have also been identified as key determinants

(Bish & Michie, 2010). In order to better understand and promote the

adoption of proper COVID-19 proper risk mitigation behaviours by

the population, an urgent need for research in health psychology was

therefore highlighted (Arden &Chilcot, 2020; Bish &Michie, 2010).

In September 2020 in Belgium, authorities analysed the COVID-

19 context with respect to the beginning of the 2020–2021 academic

year and a ‘Yellow’ code was established in all teaching facilities. This

code allowed the traditional face-to face teaching to take place under

certain conditions and compliance of barrier gestures such as regu-

lar handwashing with hydro-alcoholic gel, keeping physical distanc-

ing of 1.5 m, wearing masks inside the buildings and defining people

circulation flow. In addition to these measures and to better control

the SARS-CoV-2, the University of Liege (ULiege) organised a volun-

tary large-scale weekly screening by saliva RT-qPCR testing (quanti-

tative reverse-transcriptase polymerase chain reaction). The test was

available for all workers and students of ULiege. This screening was

planned to allow an early detection of any contaminated person. If the

sensitivity of this test is lower than the naso-pharyngeal swap sample

(91% instead of 98%) (Czumbel et al., 2020), it was proven useful as a
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screening test since it is cheaper and allows a less invasive self-

sampling. Any person that tested positive was recommended to notify

authorities and respect a mandatory 7- to 10-day self-quarantine

period. ULiege students and workers’ compliance in adopting the dif-

ferentmeasureswas necessary for the control program to be effective.

In addition, an intense communication effort regardingmitigationmea-

sures to be implementedwas undertaken for the 2020–2021 academic

year.

This study aimed at assessing (i) the acceptance level of the differ-

ent barriermeasures byULiege staffs and students, (ii) the determining

factors of their adoption and (iii) their reported level of implementation

in order to be able to better react toCOVID-19 like health events in the

future and improve its management in situ.

2 MATERIALS AND METHODS

2.1 Survey development and methodology

In order to assess the individual perceptions of students and workers

of ULiege towards hygiene measures and control program established

for the academic year 2020–2021, an online survey was developed

to record the respondents’ perceptions and their eventual changes

over time. The survey started on 28 September 2020 and ended on 6

November 2020.

The questionnaire (Appendix S1) included a general section in order

to collect different socio-demographic variables and respondent his-

tory regarding COVID-19. In addition, a section to assess different

HBM mental constructs and an additional section including different

questions with respect to respondent’s perception of COVID-19 in

general were included in the questionnaire.

In the first section, respondent socio-demographic variables con-

sidered in the study were gender, country of origin, faculty and status

(e.g. student, academic or administrative staff). Then in the second sec-

tion, questions to determine the HBM constructs in addition to anxi-

ety were formulated based on good practices (Cummings et al., 1978)

and questionnaires used in other studies (Renault, 2020; Vande Velde

et al., 2015). The ‘susceptibility’, ‘severity’, ‘health motivation’ and ‘anx-

iety’ were assessed indirectly by a set of questions. For each question

respondents were asked to rate their level of agreement with differ-

ent statements on a 0 (fully disagree) to 9 (fully agree) scale. Nine pro-

tective measures were considered: complying with the recommended

period of quarantine if tested positive or in case of a high risk contact,

regularly washing hands, wearing a face-mask, physical distancing, lim-

iting the social bubble to the number specified by the national author-

ities, getting regularly tested (participation in the saliva testing organ-

ised by ULiege) and getting vaccinated as soon as possible. For each of

thesemeasures, the respondentswere first asked to rate on a0–9 scale

its effectiveness, and the importance of the perceived constraints (e.g.

time, burden, cost, life quality) linked to its implementation. To mea-

sure the adoption level of control measures, respondents were asked

to specify how frequently they used to implement each control mea-

sure on a 0 (never) to 9 (always) scale. For measures not always appli-

cable (e.g. applicable only in case of positive test result or high-risk con-

tact), the respondent’s willingness to implement themwas assessed on

a 0 (Not at all) to 9 (Yes, always) scale. In case the benefits of ameasure

was scored as good (≥4) but the reported frequency of implementation

was low (≤5), an open question was asked in order to determine the

main reason for non-implementation.

The third section included different questions suggested by the

WHO Survey tool and guidance in order to monitor risk perception,

preventive behaviours, emotional status and trust towards the govern-

ment anddifferent sources of information (WorldHealthOrganization,

2020). Six questions were chosen and paired based on topic. For each

pair of questions, only one out of the two questions was randomly cho-

sen and asked to respondents in order to keep the interview process

short (10min as target).

The survey was developed on LimeSurvey in English and French. It

was tested by 4 persons from ULiege community before its final vali-

dation and dissemination. Invitations to fill in the online survey were

sent through the platform used to retrieve saliva test results and pub-

lished in the journal My news of the ULiege in October 2020 in order

to reach the persons that were not getting tested. The data collection

was carried out from the 28 September to the 6 November 2020 due

to COVID-19 ‘Code Red’ issued in ULiege, that is, the closure of any

in-person activity at ULiege and therefore the suspension of the saliva

testing on the 26October 2020.

2.2 Descriptive statistics and analyses by
subgroups

The data collected was extracted in Excel. Based on the general sec-

tion of the questionnaire on socio-demographic data, an exploratory

analysis was performed to assess the frequency distribution of respon-

dents in the different subgroups. The attitudes and beliefs among the

different subgroups were compared using contingency analysis (and

chi-square statistical tests) or ordinal logistic regression.

2.3 Assessment of the different HBM constructs
by structural equation modelling

Structural equation modelling (SEM) relies on an existing theory,

the HBM in our case, and combines exploratory factor analysis and

multiple regression in a model based on a network of relationships

between both measured variables and latent constructs (Schreiber

et al., 2006; Suhr, 2006). A latent construct is an unobserved vari-

able measured indirectly by a set of different observed variables. In

our case, the five different constructs of the HBM representing the

individuals’ perceptions have been measured either directly (benefits

and barriers) or indirectly through different questions (susceptibility

and severity of COVID-19 and health motivation) and a psychological

variable, called ‘anxiety’ was added to the model (Figure 1). The

perceptionsmeasured indirectly represent the latent constructs of the

model.
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e1068 RENAULT ET AL.

F IGURE 1 TheHealth BeliefModel

The data collected was randomly split in two datasets on which an

exploratory (EFA) and a confirmatory factor analysis (CFA) were per-

formed with the Lavaan package in R studio (version 3.6.1 2019-07-

05) to confirm the number of factors to consider and the questions

related to each of them. Once the contribution of the different ques-

tions and sub-questions to the different latent factors were identi-

fied by the EFA and confirmed by the CFA, SEM were developed using

maximum likelihood estimation to evaluate the influence of the differ-

ent HBM constructs, on the actual behaviour or intention to imple-

ment the behaviour. A SEM analysis was performed for each control

measure and overall. For the SEM related to the overall measures’

implementation, the average of the scores obtained for each of the 9

measures was used to calculate the global benefits’ perception, bar-

riers’ perception and measures’ implementation scores. The reliabil-

ity of the different models were assessed by different fit indexes and

their usual cut-off values (Schreiber et al., 2006): Tucker Lewis index

(tli) ≥ 0.95, comparative fix index (cfi) ≥ 0.90, standardized root mean

square residual (srmr) < 0.08 and root mean square error of approx-

imation (rmsea) < 0.08 with confidence interval. The significant rela-

tionships in the SEMmodel were identified by a p value< .05.

To confirm the SEM results (especially in the case of some unsat-

isfactory fitting indexes), a multivariable ordinal logistic regression

was performed using behaviours as outcome variables and latent con-

structs as explanatory variables. For the latter, a composite score

equivalent to the average score of each of the questions contributing

to a given factor was calculated and used as explanatory variables with

higher scores corresponding to higher perceptions of the HBM con-

structs. Significant determining latent constructs identified through

themultivariable ordinal logistic regressionwere then compared to the

latent variables having a significant relationship in the SEMmodel.

2.4 Influence of socio-demographic variables on
the HBM constructs

Based on the composite scores obtained for each HBM construct, the

influence of the different socio-demographic variables on the HBM

constructs was assessed by a multivariable ordinal logistic regression

model. This influence was considered as significant for p value< .05.

3 RESULTS

3.1 Descriptive statistics

A total of 921 complete responses were received out of which 55

responses were filled for a second time by the respondents. When

comparing the number of responses obtained to the maximum num-

ber of persons testedweekly by the screening (12,163onweek42), the

response rate was 7.6% (for the respondents working in one faculty or

more). The response rate in the different faculties or services (for the

respondents working in one faculty only) varied from 1.35% (for The

Liege school ofManagement) up to 6.36% (for the general services and

administration staff) with 1.01 to 2.01% of the students and 0.70 up

to 7.36% of the personnel represented in each faculty (Figure 2 and

Appendix S2). The profile of the respondents is made of 66% women
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RENAULT ET AL. e1069

F IGURE 2 Repartition of the respondents per faculty. Legend: Others* indicate students and staff belonging from two other faculties

TABLE 1 Respondents’ profile (expressed in percentage,N= 866)

Gender

Female Male Other Total

Gender 66 34 0 100

Status

A bachelor student 18 9 0 27

Amaster student 17 7 0 24

A scientific and academic staff 17 11 0 28

A technical staff or worker 2 3 0 5

An administrative staff 10 3 0 13

Other 2 1 0 3

Known previous high risk contact

No 42 23 0 66

Yes 23 11 0 34

Already tested for COVID-19

before Uliege screening?

0 0 0 0

No 49 26 0 75

Yes 17 7 0 25

Tested positive (in % of the

persons tested)

13 11 0 12

and 34% men with 51% students, 46% staffs and 3% others (Table 1).

The sample and the targeted population had similar sex ratios.

Among the respondents, 34% had a previous high-risk contact and

5% had already been tested positive either prior to the saliva tests

or through the saliva screening. Among the persons tested positive

at least once, 96% of them reported that they alerted their contact

persons, 92% reported that they applied the recommended period of

quarantine and 71% reported that they notified the ULiege authori-

ties. A largemajority, 98%, answered that theywould participate to the

ULiege screening in the future and 38.5% estimated that the control

measures (including the saliva tests) established by the ULiege would

be sufficient and effective to control the coronavirus infections within

ULiege (31.5% said they would not and 30% did not know).

A large majority of the respondents (64%) consider close contact

as the main contamination pathway, aerosol projections as the second

(30%) and indirect contact as the least frequent (6%) (Appendix S3A).

Less than 30% of the respondents strongly agree with the state-

ment describing a stressed emotional status (Appendix S3B). Never-

theless, more than 50% of the respondents perceive COVID-19 as a

disease spreading fast and more than 75% consider the pandemic as

media hyped. Forty per cent of the respondents consider the deci-

sions regarding the national control program adapted and consider the

restrictions as justified (Appendix S3C).The level of trust of the respon-

dents towards the different sources of information shows a low level of

confidence towards social media and the press and a high level of trust

towards health professionals and health authorities (Appendix S3D).

Regarding control measures to be implemented, a majority (>50%)

of respondents mentioned implementing them (or intending to imple-

ment them) most of the time or always except for four measures:

respecting a physical distance of 1.5 m, avoid any direct physical con-

tact with more persons than the recommended number, respect the

recommended period of quarantine in case of known contact with an
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TABLE 2 Reported implementation rate of the different control measures (expressed in percentage)

Measures

Very

low

(0–2)

Below

average

(3–4)

Above

average

(5–7)

High

(8–9)

I don’t

know

Implemented (0: never to 9 : always)

Frequently washmy hands with soap andwater or use disinfectants to clean hands

(at least when entering and exiting a public place (e.g. shop, classroom, restaurant)

1 4 24 72 0

Wear amask in all public places 0 2 9 89 0

Respecting a physical distance of 1.5m 2 14 52 32 0

Avoid any direct physical contact withmore persons than the recommended number 7 18 32 42 0

Getting regularly tested as per the ULiege protocol (salivary test) in order to check

my infectious status

4 2 15 79 0

Intention to implement (0: never to 9 : always) 0 0 0 0 0

Provide a list of my contact persons the last 7 days if requested (tracking or tracing) 5 7 22 64 2

Respect the recommended period of quarantine if tested positive 1 1 6 91 1

Respect the recommended period of quarantine in case of known contact with an

infected individual

5 13 31 48 2

Getting vaccinated as soon as the vaccine is available 19 14 20 34 13

infected individual and getting vaccinated as soon as the vaccine is

available (Table 2).

We noticed some sub-groups differences (Table 3). Some measures

are less respected by men; it is the case of wearing a mask in all public

places and frequently washing hands. Except wearing a mask in public

places, every measure tested (physical distance, testing, contact with

more persons than recommended andwashing hands) is less respected

by ULiege students compared to workers. In case of an infection or a

contact with an infected person, men and students (vs. workers) are

less willing to respect the recommended period of quarantine and to

provide a list of contact persons. On the other hand, women are less

ready to be vaccinated as soon as the vaccine is available than men.

Regarding the compliance or intention to comply (for measures to be

implementedonly in caseof infection, contact, or availability of the vac-

cine), we observe no significant difference between the medical and

non-medical faculties.

3.2 Structural equation model

In order to implement the SEM, 148 responses with missing answers

for the questions needed to assess the different HBM constructs were

omitted. Themodel was therefore based on 773 responses.

The EFA determined that the different scores issued from the 13

questions asked to assess the health motivation, susceptibility and

severity (Appendix S4) were contributing to 4 factors or latent con-

structs as shown in Table 4. An additional component labelled as ‘Anx-

iety’ was added to the HBM. The CFA showed good fitting indexes for

these four latent constructs (Figure 3a) with a cfi and a tli equal to 0.9

and the rmsea and srmr of 0.07.

The hypothesized model (Figure 3b) for the overall implementation

appears to be acceptable but not ideal [cfi: 0.9, tli: 0.8, rmsea: 0.09

(0.08–0.09), srmr: 0.11]. A post hoc modification model was tested by

removing the ‘anxiety’ construct but did not bring any improvements to

themodel. No additional post hocmodificationswere conducted as the

fit indexes were considered acceptable with at least 1 of them consid-

ered as good at the exception of the SEMmodel related to themeasure

9, getting vaccinated as soon as possible (Table 5).

The model shows that the perceptions of COVID-19 severity, con-

trol measures’ benefits and health motivation of the respondents are

positively related to the implementation of these measures while the

perception of COVID-19 susceptibility is negatively related to the

overall implementation.

When looking at theSEManalysing the relationship for thenine spe-

cific measures (Table 5 and Appendix S5), it appears that the benefit

perceptions are positively related to the implementation of the 9mea-

sures and the anxiety profile of the respondents does not have any sig-

nificant relationship with any of themeasures. The barrier perceptions

are negatively correlated to the implementation for all the measures

except measure number 5 (M5) (wearing a mask). Health motivation

is positively correlated to all the measures except M3 (quarantine in

case of high-risk contact) andM8 (participate to the saliva testing). The

severity is positively correlated with the implementation of M3 (quar-

antine in case of high-risk contact), M6 (respecting physical distancing)

andM7 (respecting the social bubble) while these three BSM are nega-

tively correlated with susceptibility. For the nine SEM, at least 1 of the

fitting indexes shows a good fit.

3.3 Multivariate ordinal logistic regression model

3.3.1 Influence of the HBM constructs on the
control measures’ implementation

Because the fitting indexes of the overall SEM model are not perfect

with only 1 or 2 of the fitting indexes of the measure specific SEM
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TABLE 3 Results of the sub-group comparison by ordinal logistic regression for (A) the actions and (B) the intentions

(A) Actions

Wearing amask

Respecting

physical distance

Avoiding direct

physical contacts

Getting regularly

tested

Frequently

washingmy

hands

N Coeff p Coeff p Coeff p Coeff p Coeff p

Sex Ref= Female 512

Male 259 0.46 <.0001 0.12 .113 0.06 .405 0.05 .536 0.26 .001

Status Ref= academic or scientific staff 220

Student 388 0.14 .130 0.60 <.0001 0.44 <.0001 0.32 <.0002 0.24 .001

Faculty Ref= Faculty ofMedicine or

veterinaryMedicine

171

Other faculties (non-medical) 470 0.00 .984 0.08 .475 0.08 .325 0.08 .426 –0.07 .375

(B) Intentions

Respecting the

quarantine period

if tested positive

Respecting the

quarantine period

in case of high risk

contact

Providing the list

of my contact

persons

Getting

vaccinated as soon

as possible

N Coeff p Coeff p Coeff p Coeff p

Sex Ref= Female 512

Male 259 0.29 .006 0.18 .019 0.19 .162 –0.37 <.0001

Status Ref= academic or scientific staff 220

Student 388 0.54 <.0001 0.34 <.0001 0.37 <.0001 0.12 .124

Faculty Ref= Faculty ofMedicine or

veterinaryMedicine

171

Other faculties (non-medical) 470 –0.09 .445 –0.012 .884 0.07 .410 0.11 .188

N, number; Coeff, coefficient; ref, reference,

Bold values indicate significant associations.

models indicating a good fit, a complementary multivariable ordinal

logistic regression model was run in order to confirm the results using

composite scores for the latent constructs. The significant relation-

ships (p< .05) identifiedbetween thedifferentHBMconstructs and the

measures’ implementation either individually or overall were the same

as in the SEMmodel (Table 6).

3.3.2 Influence of socio-demographic variables on
the HBM constructs

The different socio-demographic characteristics (sex, age and faculty)

as well as the previous history with COVID-19 (previous high-risk con-

tact and previous positive test) have some significant impact on the dif-

ferentHBMconstructs (Table 6) and therefore an indirect effect on the

implementation of control measures (Figure 4).

Themales have a significantly lower perception of the overall biose-

curity measures’ benefits and a lower health motivation. Older people

haveahigherperceptionof the severityof thediseaseandof theoverall

benefits of control measures but also a higher perception of the imple-

mentation of barrier measures. The students have a higher perception

of the susceptibility and the administrative staff a higher perception of

the severity.

Most of the non-medical faculty members generally have a lower

health motivation than the members of the Faculty of Medicine. Indi-

viduals from a few faculties have a lower perception of the overall ben-

efits (HEC and ‘Other’) and a higher perception of the barriers (Faculty

of Law and Faculty of VeterinaryMedicine).

Having ahistory of high-risk contactwith a positive person is related

toahigherperceptionof susceptibility andbarriers anda lowerpercep-

tion of severity, heathmotivation on benefits. People that have already

been tested positive to COVID-19 have a significantly higher percep-

tion of the susceptibility and benefits, a lower perception of barriers

and a higher health motivation.

4 DISCUSSION

It has been demonstrated that in case of pandemics, the neces-

sary social behaviour changes needed to control the disease are

determined by different demographic and attitudinal determinants

(Bish & Michie, 2010). Therefore, communication to promote these

behavioural changes should target some specific groups and stress the

beliefs and attitudes having the main influence on the behaviour adop-

tion (Arden & Chilcot, 2020). Only a few studies have been published

so far regarding the determinants of the adoption of the COVID-19
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e1072 RENAULT ET AL.

TABLE 4 Results of the exploratory and confirmatory factor analysis (N= 773)

Question

code

Are you in agreement with the following sentences

(0: fully disagree to 9: fully agree)

Factor

loading Latent factor

Psy (1) Compared to other people of my age. I am a careful person 0.88 Healthmotivation

Psy (2) Compared to other people of my age. I am really careful about my health 0.65

PHR (2) We all have a collective responsibility in the fight against the coronavirus as

any of us could be spreading the disease involuntarily

0.39

Psy (3) Compared to other people of my age. I ammore likely to be sick 0.44 Anxiety

Psy (4) Compared to other people of my age. I am aworried person 0.7

Susc (1) I consider that for me avoiding an infectionwith COVID-19 in the current

situation is extremely difficult

0.59 Susceptibility

Susc (2) Based on the number of contacts I am having and the actual COVID-19

context. I think that the probability (chances) for me to be in contact with

an infected personwithout knowing it are really high

0.67

Susc (3) I believe that any person could be a carrier of the COVID-19 and

contaminatemewithout knowing it

0.56

Susc (4) I believe that COVID-19 is easily transmitted by direct contact or through

contaminatedmaterials or surfaces

0.82

PHR (1) There is a high probability for me to be unknowingly infected by the

coronavirus and therefore to contaminate other persons

0.6

Sev (1) If I was contracting COVID-19. I believe I would be very severely ill 0.81 Severity

Sev (3) I think the coronavirus (SARS-Cov2) is a very dangerous virus severely

affecting the health of the persons infected over a long time

0.72

Sev (4) I believe that getting infected by the coronavirus would severely affect my

life in general over a long time

0.92

Fit indexes of the confirmatory factor analysis model: comparative fix index (cfi): 0.91, Tucker Lewis index (tli): 0.88; rootmean square error of approximation

(rmsea): 0.07 (0.06–0.08) and standardized root mean square residual (srmr): 0.07. Each question code refers to the code used in the Appendix S1.

TABLE 5 Results of the different structural equationmodels showing the coefficients of the significant relationships (p< .05) and the fitting
indexes

Overall M1 M2 M3 M4 M5 M6 M7 M8 M9

Health

belief

model

constructs

Health

motivation

0.22 0.09 0.13 NS 0.22 0.25 0.32 0.26 NS –0.06

Anxiety NS NS NS NS NS NS NS NS NS NS

Severity 0.18 NS NS 0.18 NS NS 0.29 0.12 NS NS

Susceptibility –0.09 NS NS –0.13 NS NS –0.13 –0.16 NS NS

Barriers NS –0.31 –0.07 –0.13 –0.08 NS –0.11 –0.18 –0.1 –0.16

Benefits 0.55 0.47 0.42 0.56 0.38 0.39 0.26 0.39 0.25 0.8

Fit indexes cfi 0.88 0.88 0.88 0.87 0.88 0.89 0.86 0.86 0.88 0.85

tli 0.81 0.84 0.85 0.83 0.84 0.85 0.82 0.81 0.84 0.81

rmsea 0.09

(0.08–0.1)

0.08

(0.07–0.08)

0.07

(0.06–0.08)

0.08

(0.07–0.08)

0.07

(0.07–0.08)

0.07

(0.06–0.08)

0.08

(0.07–0.08)

0.08

(0.08–0.09)

0.07

(0.06–0.08)

0.10

(0.09–0.10)

srmr 0.11 0.08 0.08 0.09 0.08 0.09 0.08 0.1 0.07 0.1

Fix indexes: cfi, comparative fix index; tli, Tucker Lewis index; rmsea, rootmean square error of approximation; srmr, standardized rootmean square residual.

In bold, fit indexes of the confirmatory factor analysis model that are in the range with the recommended values (other are close to the range). NS: non-

significant (p > .05); M1: provide a list of my contact persons the last 7 days if requested; M2: respect the recommended period of quarantine if tested

positive; M3: respect the recommended period of quarantine in case of known contact with an infected individual; M4: frequently wash my hands with soap

andwater or use disinfectants to clean;M5:wear amask in all public places;M6: respecting a physical distance of 1.5m;M7: avoid any direct physical contact

withmore persons than the recommended number;M8: getting regularly tested (saliva test); M9: getting vaccinated as soon as the vaccine is available.
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RENAULT ET AL. e1073

F IGURE 3 Results of the structural equationmodel (SEM) related to the overall measures’ implementation. (a) Confirmatory factor analysis
for the latent constructs to be used for the SEM and/or composite scores. (b) Structural equationmodel for the overall implementation. In (b), bold
arrows indicate significant correlation (p< .05); continuous line indicates positive correlation; discontinuous line indicates negative correlation

control measures and to the best of our knowledge, none of the exist-

ing studies have analysed the general implementation of the control

measures. If some measures such as wearing masks appear to be more

important than other for the control of the pandemic (Zhang et al.,

2020), the effectiveness of control programs relies on the implemen-

tation of all measures together. Such studies are essential in order to

be able to communicate more efficiently to the public and increase the

level of adoption of prevention and controlmeasures by the population

(Arden &Chilcot, 2020).

This study was designed in parallel with the saliva screening organ-

ised at ULiege in order to assess the acceptability and adoption of

the control program established by ULiege authorities. Therefore, the

survey was mainly disseminated through the platform used to deliver

the test results and was only largely disseminated to all once through

the monthly journal of ULiege. The study sample represents 7.6% of

the population tested during week 42 (week with the highest number

of persons tested). Five per cent of the respondents were tested

positive while the percentage of positive tests during saliva screening

was 4%. We can therefore consider the population as representative

of the population who participated to saliva screening. The sex ratio

among the students and the staff in the sample population and the

studied populationwere not significantly different and could therefore

be representative of the overall ULiege members. Nevertheless, the

limited survey diffusion to participants which took part to the saliva

testing represents a potential bias and any extrapolation to the overall

members of ULiege population should bemadewith caution.

This study shows that the perception of the COVID-19 severity and

of the benefits of control measures are significantly associated to a

higher level of implementation as well as health motivation of individ-

uals (including the sense of collective responsibility). The importance

of health motivation and especially the sense of collective responsibil-

ity and empathywas also demonstrated in other studies (GibsonMiller
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e1074 RENAULT ET AL.

TABLE 6 Results of the ordinal logistic regressionmodel (N= 773)

Susceptibility Severity

Health

motivation

Overall

benefits

Overall

barriers

Overall imple-

mentation

N Coeff p Coeff p Coeff p Coeff p Coeff p Coeff p

Sex Ref= Female 512

Male 259 −0.17 .223 –1.18 .219 –0.67 <.001 –0.42 .005 0.6 .662 –0.27 .066

Other 2 1.14 .303 –1.71 .157 –1.41 .226 –1.01 .431 0.8 .945 −1.42 .191

Age groups

(1: youngers to

4: olders)

0.18 .059 0.32 .001 0.17 .082 0.34 .001 0.24 .01 0.30 .00

Status Ref=Academic or

scientific staff

220

Student 388 0.79 <.001 0.11 .605 –0.10 .673 –0.24 .290 0.42 .057 –0.62 .01

Technical staff or worker 40 −0.45 .134 0.05 .885 −0.17 .596 –0.74 .03 −0.08 .791 −0.39 .237

Administrative staff 98 0.28 .286 0.60 .027 0.43 .112 −0.14 .628 0.23 .395 −0.06 .826

Other 27 −0.05 .885 0.17 .624 0.08 .834 −0.37 .345 0.40 .284 −0.74 .067

Faculty Ref= Faculty ofMedicine 109

Faculty of Agro-Bio Tech

(Gembloux )

58 0.12 .665 –0.31 .264 –0.84 .004 –0.21 .475 0.46 .117 –0.56 .057

Facutly of Applied Sciences 75 –0.26 .315 0.30 .266 –0.21 .450 –0.23 .402 –0.10 .691 –0.15 .573

Faculty of Architecture 17 −0.36 .435 0.39 .368 –0.41 .368 –0.9 .841 0.35 .410 –0.65 .146

Faculty of Law, Political

Science and Criminology

48 −0.10 .740 0.44 .150 –0.70 .027 −0.39 .219 0.80 .007 −0.45 .160

Faculty of Philosophy and

Letters

77 0.38 .156 0.47 .070 –0.64 .02 −0.18 .524 0.49 .069 −0.08 .779

Faculty of Psychology,

Speech Therapy and

Education Sciences

52 0.26 .419 0.34 .242 –0.71 .018 −0.34 .287 0.03 .932 −0.33 .299

Faculty of Sciences 101 0.12 .619 0.19 .432 –0.34 .178 –0.03 .905 0.13 .582 –0.22 .398

Faculty of Veterinary

Medicine

62 0.51 .069 0.15 .593 −0.31 .271 0.97 .739 0.59 .039 −0.44 .132

General services of

administration or

management

73 0.10 .759 −0.53 .103 –1.17 <.001 −0.62 .067 0.59 .070 −0.53 .121

HEC Liège School of

Management

55 0.39 .182 0.25 .387 −0.35 .233 –0.62 .039 0.44 .127 –0. 70 .018

Other 46 0.39 .233 0.01 .986 –1.04 .001 –0.68 .041 0.48 .122 –0.86 .008

Known high-risk

contact

Ref=Yes 265

No 508 0.56 <.001 –0.41 .004 –0.52 <.001 –0.40 .006 0.30 .033 –0.64 <.001

Already tested

positive

Ref=Yes 51

No 722 0.80 .003 0.42 .877 0.55 .047 0.66 .019 –0.63 .024 0.63 .023

N, number; Coeff, coefficient; Ref, reference.

Bold values indicate significant associations.

et al., 2020; Liekefett & Becker, 2021; Moussaoui et al., 2020) and

seems to be a key to induce behaviour changes. Another study based

on the HBM did not mention health responsibility but highlighted the

perceived severity at population level, as having a higher influence on

themeasures’ implementation than theperceivedpersonal susceptibil-

ity or severity (N’Goala et al., n.d.). Responsibility towards public health

is an argument frequently used and expressed by national authorities

in their communication plans. Severity and benefit perceptions were

also previously identified as behaviour change determinants (Bish &

Michie, 2010; Moussaoui et al., 2020; Wise et al., 2020). A higher sus-

ceptibility perception is associated with a lower level of implementa-

tion of control measures which could be surprising as the opposite
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RENAULT ET AL. e1075

F IGURE 4 Effect of the socio-demographic variables on the Health BeliefModel constructs and of the HBM constructs on the barrier
gestures’ implementation. (a) Significant differences based on age, sex, status and past history with COVID-19. (b) Significant differences per
faculty. Rectangle-shape indicates observed variables and oval-shape indicates latent constructs

association would have been expected (Bish & Michie, 2010). It could

be explained by a sense of powerlessness, ‘the likelihood of being

infected is so high that nothing could prevent us from being infected’

or the perceived lack of individual control on the prevention of the dis-

ease that is described as a barrier in the health belief model. Indeed,

a person would be less likely to engage into a protective behaviour if

he considers that the control of the disease does not rely on its action

but on others. This perception was defined as a ‘drop-in the bucket

feeling’ by some authors and highlighted as a social dilemma having a

detrimental impact on the implementation of prevention and control

behaviours (Attari et al., 2014; Bonniface & Henley, 2008). In fact, dur-

ing the study, the COVID-19 situation in Belgium as a whole changed

drastically with the appearance of the second wave (https://epistat.

wiv-isp.be/covid/covid-19.html) which could have triggered a feeling

of powerlessness. In addition, this hypothesis is partially confirmed

when analysing the open question related to the non-implementation

of the control measures where the inability to keep physical distancing

frequently is related to external reasons such as work or study condi-

tions, living in community and public transports. This finding should be

further investigated in order to better understand this hypothesis (e.g.

by carrying out the same study during the COVID-19 disappearance).

Anxiety and barriers have respectively a positive and a negative corre-

lation with implementation, but the difference is not significant.

Based on these findings, it is important to further analyse the socio-

demographic determinants that could influence the four perceptions

having a significant impact on the level of implementation in order to

identify specific target groups and themes to be included in the com-

munication plans.

Health motivation is significantly lower for the members of non-

medical faculties (Figure 4b) and for males. Older persons have higher

perceptions of control measures’ benefits and of disease severity. A

previous study on protective behaviours during a previous pandemic

(H1N1) also identified older persons as persons with the highest adop-

tion rate or protective behaviours (Bish & Michie, 2010). This finding

seems logical as the persons over 65 years old represent a population

with a higher risk of contracting the COVID-19 and to develop severe
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e1076 RENAULT ET AL.

forms of the disease. Persons that were previously affected byCOVID-

19 or who know people that were affected, are considered as possi-

ble cues to action for having a direct and positive impact on behaviour

implementation (Abraham& Sheeran, 2015). In our study respondents

that were previously tested positive have a higher perception of the

susceptibility and a higher perception of the benefits and health moti-

vation, which should overall predict a higher implementation rate as

expected.Nevertheless, respondents that had a previous high-risk con-

tact with an infected person are more likely to have a lower percep-

tion of the severity and benefits, a higher perception of the susceptibil-

ity and barriers and a lower health motivation. All these elements are

associated with a lower implementation rate of biosecurity measures,

which is quite surprising. The reason might be linked to the sense of

powerlessness already mentioned above or some other social dilem-

mas not consideredby theHBMsuch as the non-implementation based

on the fact that no one else does it, known as ‘sucker effect’, or because

all the others are doing it so it is not necessary for one self to do it,

known as ‘free-riding’ (Moussaoui et al., 2020). These elements might

be worth investigating further.

The findings of this survey suggest possible improvements to com-

munication plans regarding COVID-19 prevention and control at the

ULiege. It would be advised to intensify communication regarding the

sense of self and collective health responsibility, especially in non-

medical faculties. In addition, young people should be targeted with

communication showing the benefits of control measures, especially

in preventing severe consequences for the persons at risk in order to

increase their healthmotivationand their benefits and severitypercep-

tions, three key mental constructs identified as lower in the younger

population and positively related to the implementation of measures.

The need to promote behaviours through enhanced public responsi-

bility and common interest have been previously identified as a key

factor to ensure population cooperation in case of crisis (Drury, 2018)

and was proven efficient in previous communication strategies (Carter

et al., 2015). It was highlighted as particularly important in Western

Europe where people are, compared to Asia, less likely to accept indi-

vidual freedom restrictions for the benefits of the community (Kraus &

Kitayama, 2019; Triandis, 2001). It is particularly the case for COVID-

19 preventive measures as (i) some measures are mainly protecting

others (e.g. wearing masks) and (ii) some groups of the population are

more vulnerable and need to be protected. In fact, peoplemight be less

likely to engage into a behaviour having negative impact on their imme-

diate interests if they are not convinced that the concerned behaviour

really protect the most vulnerable people. Messages promoting empa-

thy should therefore be joined with evidence-based messages show-

ing the effectiveness of the measures to protect others. With respect

to diseases such as COVID-19 where the severity highly varies with

factors such as age (younger people being less severely affected), co-

morbidity (people suffering from previous aggravating illnesses more

severely affected), empathy is particularly important for the strongest

to complywith barriermeasures knowing that it is theirway out to pro-

tect the weakest or most vulnerable ones (Attari et al., 2014) by emo-

tionally understanding what the latter are going through. The lack of

understanding the importance of applying measures to protect others

and not only oneself was considered a factor in explaining the low com-

pliance observed in France during the first months of the pandemic as

communicationmainly focused on fear (N’Goala et al., n.d.).

To achieve higher effectiveness, the communication strategy should

consider the possible sources of information andprioritise the one con-

sidered as most trustful. It appears clearly from our study that the

media and social networks are not considered as trustful sources of

information. Communication should therefore originate from health

workers, public health institutions and/or ECDC considered as the

most trustful and, on a lower level, from the national COVID-19 infor-

mation website and the national Security Council. Nevertheless, the

possible positive influence of social media was highlighted if used

to reinforce the perceived social norm by increasing the visibility of

appropriate behaviours (Bond et al., 2012) or having the message

spread by individuals considered as peers and/or sharing a common

identity with the target group (Abrams et al., 1990).

As the perceptions might evolve based on the context and in order

to evaluate the effectiveness of the communication addressed to the

members of ULiege, the survey should be applied again over time in

order to capture trends or perception changes related to eventual

interventions or contextual changes. It might also be valuable to bet-

ter disseminate the survey as to include all faculty personnel in order

to have a study population more representative of the Belgian popula-

tion (with respect of the age stratum). This would allow to extrapolate

findings at the country level.

5 CONCLUSION

This original study allowed identifying the key determinants of the

adoption of protective behaviours by members of ULiege. It provides

key recommendations for communication plans to authorities aiming

at improving the level of implementation of control measures includ-

ing the need to increase the sense of collective responsibility and the

role students can play, if not to protect themselves, to protect the pop-

ulation at risk that can be severely affected by the disease. The sur-

vey should be continued and extended to a large population in order

tomonitor the trends of both perceptions and behaviours over time.
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