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Abstract: The adoption of digital contact-tracing apps to limit the spread of SARS-CoV-2 has been
sup-optimal, but studies that clearly identify factors associated with the app uptake are still limited.
In April 2021, we administered a questionnaire to healthcare university students to investigate their
attitudes towards and experiences of the IMMUNI app. A multivariable logistic regression model
was built to identify app download predictors. Adjusted odds ratios (aORs) and 95% confidence
intervals (CIs) were calculated. We surveyed 247 students. Most respondents (65.6%) had not
downloaded IMMUNI, reporting as the main reason the perceived app uselessness (32.7%). In
the multivariable analysis, being advised to use the app (aOR: 3.21, 95%CI: 1.80–5.73), greater fear
of infecting others (aOR: 1.50, 95%CI: 1.01–2.23), and greater trust in the institutional response to
the emergency (aOR: 1.33, 95%CI: 1.00–1.76) were positively associated with the outcome, whereas
greater belief in the “lab-leak theory” of COVID-19 was a negative predictor (aOR: 0.75, 95%CI:
0.60–0.93). Major technical issues were reported by app users. Targeted strategies aimed at improving
awareness of digital health applications should be devised. Furthermore, institutions should invest
in the development of these technologies, to minimize technical issues and make them accessible to
the entire population.

Keywords: digital contact tracing; IMMUNI app; COVID-19; students

1. Introduction

Contact tracing has long been a key public health tool for slowing or stopping the
spread of infectious diseases [1]. It allows rapid and accurate identification of individuals
who have been exposed to confirmed or probable cases (contacts) and, thus, the infection’s
chain of transmission to be broken [2]. During the COVID-19 pandemic, contact tracing has
assumed a critical role in mitigating transmission of the SARS-CoV-2 virus and limiting its
dramatic effects on health systems and societies [3–5]. Nevertheless, several challenges in
using the traditional contact-tracing strategy have become apparent in many countries [6].
Among these, the scarcity of previously trained personnel, the short time between infection
and the onset of symptoms, as well as a possible recall bias, may have hindered the
effectiveness of this surveillance system [7]. For these reasons, and because a number of
digital health technologies have been implemented successfully in recent years, several
mobile applications have been developed to support the traditional approach by enabling
digital contact tracing [8,9].

Using Bluetooth or GPS technology together with an appropriate app, it is possible
to geolocate and record every device that has been in close proximity with another [10].
This allows users to be tracked and notified when they have been near the device of a
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person who reports testing positive for SARS-CoV-2, and, consequently, to take preventive
measures, such as quarantine [11]. Recognizing the public health potential of digital contact
tracing (DCT) tools, which is underpinned by modelling studies that demonstrate how
DCT could help control the spread of SARS-CoV-2 [8], several countries have introduced
these systems, some of them with positive experiences, especially Eastern countries [7]. In
Italy, the DCT app “IMMUNI” was launched in June 2020 and its use was on voluntary
basis [12]. Briefly, when installed on a smartphone, IMMUNI emits a Bluetooth signal that
includes a random code. It does this on a continuous basis. When a person approaches
another one, their smartphones exchange these codes and store them in their memory, thus
making note of that contact. When a person is notified of testing positive to SARS-CoV-2,
with the help of healthcare personnel, the user is able to report this result to IMMUNI,
sharing his or her random codes and alerting the people he or she has been in close contact
with [13]. However, despite initial interest in this innovation in Italy, and in similar apps in
other Western countries, the intense international debate over the ethical, legal, and societal
implications has hampered efforts to implement DCT strategies [8,14,15].

Recent evidence shows a generally positive attitude towards DCT apps [16], but
issues of cyber security, variable risk perception, and poor awareness of benefits have been
indicated as barriers to their use [17,18]. However, studies that clearly identify factors
associated with app uptake are still limited, and results are mixed [19–21]. Therefore, it is
critical to further investigate the factors that may have hindered app use. This is especially
pertinent among young people, who on one hand are at higher risk of SARS-CoV-2 infection
given their frequent opportunities to socialize [22], while on the other hand they have a
greater degree of digital literacy and acceptance of downloaded apps [21]. The objective
of our study was to investigate the attitude towards the IMMUNI app in a sample of
healthcare university students. We also explored their experiences of using it as well as the
main barriers to its download. Specifically, we aimed to identify the key factors associated
with its uptake among a cohort of people who have been trained to adopt health prevention
behavior, and, thereby, to better understand what may have hampered its adoption in a
population that should be receptive to DCT.

2. Materials and Methods
2.1. Setting and Participants

This cross-sectional study was conducted at Sapienza University of Rome between
14 and 19 April 2021. An online survey was administered to students enrolled in the
healthcare area (i.e., three nursing science courses and one physiotherapy course). Access
to the questionnaire was via a link sent by e-mail to the students’ institutional e-mail
addresses. The study was performed in accordance with the World Medical Association
Declaration of Helsinki. Participants were asked for their consent and were guaranteed
anonymity in the information collected. The institutional ethics board of the Umberto I
teaching hospital/Sapienza University of Rome approved this study (protocol number
571/2021).

2.2. Questionnaire

The questionnaire was self-administered and took approximately five minutes to fill
out (Supplementary Materials). It consisted of a maximum of 33 closed-ended questions
grouped into three sections.

The first section aimed to collect sociodemographic information: age, gender, field of
study, year of study, nationality, Italian Region, finances (i.e., with the financial resources
at your disposal, how well do you get to the end of the month?), main source of health
information (i.e., what is your main source of health information?), health literacy (HL)
(i.e., how often do you need to have someone help when you read instructions, pamphlets,
or other written material from your doctor or pharmacy? [23]), chronic pathologies, and
the occurrence and symptoms of a SARS-CoV-2 infection in the past.
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The second section explored students’ perceptions of and attitudes towards the COVID-
19 pandemic. Specifically, we asked them to rate on a 5-point scale (from 1 [very low]
to 5 [very high]) how great was their fear of getting the SARS-CoV-2 infection, fear of
infecting others, and their concern about the COVID-19 emergency. We also asked students
to express their feelings in relation to the pandemic (i.e., depression, anxiety, and anger,
from 1 [not at all] to 5 [extremely]), to self-report adherence to COVID-19 precautionary
measures (i.e., compliance with social distancing and use of mask, from 1 [not at all] to
5 [extremely]), their trust in institutions (i.e., on a scale from 1 [not at all] to 5 [extremely];
how much do you trust the response of the institutions to the emergency?), and their
belief that the virus originated from a laboratory in Wuhan (i.e., on a scale from 1 [not at
all] to 5 [extremely]; how much do you believe in the “lab-leak theory” of the origin of
COVID-19?). Finally, we asked whether someone had advised them to download and use
IMMUNI, when they had actually downloaded it and whether they were still using it.

The third section was different for students who had downloaded the app and those
who had not. In the first group, we investigated the main reasons for such a download and
their assessment of some app features (i.e., on a scale from 1 [very poor] to 5 [excellent],
how would you assess the privacy features, ease of use, usefulness, and intuitiveness?). In
addition, students were asked to report their personal experience with app notifications.
Two possible scenarios were investigated: (i) receipt of at least one notification as a potential
contact, and the nature of their post-notification behavior, or (ii) at least one notification via
the app of having a SARS-CoV-2 infection, and their assessment of the notification process
(from very lacking to very good) together with the difficulties encountered in submitting
the notification, if applicable. For the students reported to have not download the app,
the third section explored their attitudes. We asked the main reason why they did not
download IMMUNI, and to rate on a scale from 1 (not at all) to 5 (definitely) how effective
some hypothetical incentives would have been in promoting app uptake: (i) receiving
concrete feedback on how the app could help limit the virus spread; (ii) being informed
about the app’s uptake among the population; (iii) making app download mandatory;
(iv) having the opportunity to give feedback on the technical aspects of the app; (v) receiv-
ing more information about personal data collection and management; and (vi) receiving
an economic reward.

2.3. Statistical Analysis

Descriptive statistics were obtained using median and interquartile range, or mean
and standard deviation, for continuous variables and proportions for dichotomous and
categorical variables. Student age was dichotomized using 21 years as a cut-off. Partic-
ipants were classified into four groups according to their year of study: first-, second-,
or third-year students, and students outside prescribed courses. As for nationality, re-
spondents were classed as Italian or non-Italian. Health literacy was categorized into
two groups: adequate HL (answering never/rarely) and non-adequate HL (answering
sometimes/often/always) [24]. Chronic pathologies were grouped into nine categories:
none, autoimmune disease, cardiovascular disease, endocrine disease, genetic disease,
gynecological disease, psychiatric disease, respiratory disease, and cancer. SARS-CoV-2
infection was categorized into four groups: no infection, asymptomatic, mild symptoms,
and moderate/severe symptoms.

For the univariable analysis, the Mann–Whitney U test was used to compare continu-
ous variables between students who had download IMMUNI and the students who had
not, whereas Pearson’s chi-squared test or Fisher’s test was used for dichotomous and
categorical variables, as appropriate. A multivariable logistic regression model was built to
identify predictors of app download. Variables were included in the model based on expert
opinion. Multicollinearity was checked using as threshold a variance inflation factor of 5.
The Hosmer and Lemeshow test was used to evaluate the goodness of fit of the model. As a
result, the final model consisted of the following variables: age (<21 vs. ≥21 years), gender
(male vs. female), HL (inadequate vs. adequate), fear of getting the SARS-CoV-2 infection
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(continuous), fear of infecting others (continuous), concern about the COVID-19 pandemic
(continuous), trust in the response of the institutions to the emergency (continuous), belief
in the “lab-leak theory” of the origin of COVID-19 (continuous), and receipt of some advice
to download the app (yes vs. no). Adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated.

All analyses were performed using Stata (StataCorp LLC, 4905 Lakeway Drive, College Sta-
tion, TX, USA), version 17.0. A two-sided p-value < 0.05 was considered statistically significant.

3. Results

A total of 247 students answered the questionnaire (response rate: 72.4%). Of the
85 students who had downloaded IMMUNI (34.4%), more than half had done it immedi-
ately on launch of the app (N = 48), and the remaining participants between September
and November 2020, but all of them were still using it in April 2021 [Table 1]. The two
groups were of a similar age. Most were females (71.8% vs. 77.2%); almost three in every
four attended undergraduate nursing courses (68.2% vs. 75.3%) and more than 90% were
enrolled as first- or second- year students. Only a minority of responders were non-Italian
(around 2.5%) and approximately half the Italian respondents came from the Lazio Region.
More than 60% of the students in both groups reported that they got to the end of the
month (financially) very well or well enough. The mass media was indicated as the main
source of health information in both groups (around 40%), followed by social networks
and the Internet, whereas only a limited number of students reported not looking for any
health information (~1%). Most students showed adequate HL, with more than two thirds
answering that they never or rarely needed help understanding medical material. The vast
majority of respondents in both groups did not suffer from any chronic conditions and had
never contracted the SARS-CoV-2 infection.

Table 1. Students’ sociodemographic characteristics vs. IMMUNI app download. Results are
expressed as frequency (percentage).

App Download
Yes (N = 85) No (N = 162) p-Value *

Age 0.463
<21 years 43 (50.6) 74 (45.6)
≥21 years 42 (49.4) 88 (54.3)

Gender 0.350
Female 61 (71.8) 125 (77.2)
Male 24 (28.2) 37 (22.8)

Field of study 0.235
Nursing science 58 (68.2) 122 (75.3)
Physiotherapy 27 (31.8) 40 (24.7)

Year of study 0.911
First 37 (43.5) 69 (42.6)
Second 39 (45.9) 79 (48.8)
Third 8 (9.4) 13 (8.0)
Outside prescribed

course 1 (1.2) 1 (0.6)

Nationality 0.999
Italian 83 (97.6) 158 (97.5)
Non-Italian 2 (2.4) 4 (2.5)

Italian Region (N = 241) 0.049
Abruzzo 0 (0.0) 2 (1.3)
Calabria 3 (3.6) 5 (3.1)
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Table 1. Cont.

App Download
Yes (N = 85) No (N = 162) p-Value *

Campania 3 (3.6) 11 (6.9)
Lazio 41 (49.4) 90 (56.9)
Puglia 18 (21.7) 13 (8.2)
Sardegna 1 (1.2) 0 (0.0)
Sicilia 17 (20.5) 29 (18.4)
Umbria 0 (0.0) 1 (0.6)
Veneto 1 (0.0) 2 (1.3)
Missing 2 (0.0) 5 (3.1)

Finances 0.169
I have many difficulties 6 (7.0) 11 (6.8)
I have some difficulties 26 (30.6) 48 (29.6)
Managing well enough 34 (40.0) 83 (51.2)
Managing very well 19 (22.4) 20 (12.4)

Main source of health
information 0.999

Mass media 35 (41.2) 65 (40.1)
Web 20 (23.5) 39 (24.1)
Social network 29 (34.1) 56 (34.6)
None 1 (1.2) 2 (1.2)

Health literacy 0.360
Non-adequate 24 (28.2) 55 (33.9)
Adequate 61 (71.8) 107 (66.0)

Chronic pathologies 0.164
None 72 (84.7) 149 (91.9)
Autoimmune disease 3 (3.5) 1 (0.6)
Cardiovascular disease 0 (0.0) 2 (1.2)
Cancer 1 (1.2) 0 (0.0)
Endocrine disease 1 (1.2) 2 (1.2)
Genetic disease 1 (1.2) 1 (0.6)
Gynecological disease 1 (1.2) 0 (0.0)
Psychiatric disease 0 (0.0) 1 (0.6)
Respiratory disease 6 (7.1) 6 (3.7)

SARS-CoV-2 infection 0.865
No infection 78 (91.7) 149 (92.0)
Asymptomatic 1 (1.2) 1 (0.6)
Mild symptoms 5 (5.9) 8 (4.9)
Moderate/severe

symptoms 1 (1.2) 4 (2.5)

* Pearson’s chi-squared test or Fisher test.

No significant difference in terms of fear of contracting SARS-CoV-2 was observed
between those who downloaded the app compared to those who did not [Table 2]. By
contrast, although it did not reach statistical significance (mean score: 4.5 vs. 4.2), the
first cohort seemed to have a slightly greater fear of infecting others. Concern about the
COVID-19 pandemic did not differ (mean score: 3.9 vs. 3.8), and neither did the students’
feelings in relation to the pandemic, among which, depression was the most reported in
both groups (depression, mean score: 3.1 vs. 3.2; anxiety, mean score: 2.9 vs. 3.0; anger,
mean score: 2.5 vs. 2.8). Self-reported adherence to COVID-19 precautionary measures (i.e.,
respect of social distancing and use of mask) was slightly higher in the first group, albeit not
significantly (mean score: 4.8 vs. 4.6 in both items). Conversely, the group that downloaded
the app had a greater trust in the response of the institutions to the emergency (mean score:
3.6 vs. 3.3). By contrast, students that did not download the app had a significantly greater
belief that the virus originated from a laboratory (mean score: 2.4 vs. 1.9). Finally, a greater
proportion of students among those who had downloaded the app reported they had been
advised to do so (64.7% vs. 38.3%).
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Table 2. Students’ perceptions of and attitudes towards SARS-CoV-2 pandemic vs. IMMUNI app
download. Results are expressed as mean (standard deviation) or frequency (percentage).

App Download
Yes (N = 85) No (N = 162) p-Value *

Fear of getting the SARS-CoV-2 infection 2.8 (1.1) 2.7 (1.2) 0.545
Fear of infecting others 4.5 (0.8) 4.2 (1.1) 0.051
Concern about the COVID-19 emergency 3.9 (1.0) 3.8 (1.1) 0.954
Feelings about the COVID-19 pandemic

Depression 3.1 (1.3) 3.2 (1.3) 0.578
Anxiety 2.9 (1.3) 3.0 (1.4) 0.547
Anger 2.5 (1.4) 2.8 (1.4) 0.122

Adherence to COVID-19 precautionary measures
Maintaining physical distance 4.8 (0.6) 4.6 (0.7) 0.074
Use of mask 4.8 (0.5) 4.6 (0.7) 0.137

Trust in institutional response to the emergency 3.6 (1.0) 3.3 (1.1) 0.025
Belief in the lab-leak theory of COVID-19 origin 1.9 (1.3) 2.4 (1.4) 0.003
Receipt of advice to download the app <0.001

No 30 (35.3) 100 (61.7)
Yes 55 (64.7) 62 (38.3)

COVID-19: coronavirus diseases 2019. * Pearson’s chi-squared test for categorical variables and Mann–Whitney U
test for continuous variables.

The main reasons for uptake of the app, among those who downloaded it, were sense
of duty (40.0%) and respect for others (30.6%), followed by fear of getting the infection
(20.0%), and curiosity (9.4%) [Table 3]. On average, students rated as very good the privacy
features of the app (mean score: 4.0), and they found it easy to use (mean score: 3.8), but
also quite intuitive and useful (mean score: 3.4 for both). Overall, only 8.2% of the students
who downloaded the app received at least one alert that they were a potential contact and
most followed the app advice (around 70%). Similarly, only seven students (8.2%) tried
to notify a positive COVID-19 test through the app, but most of them were not successful
(71.4%). Of these, one student was unable to get the National Unique Code (CUN) whereas
three participants were unable to enter the CUN in the app. Almost three quarters of these
students rated the notification process as lacking or very lacking (71.4%).

Table 3. Attitudes and experiences of surveyed students who downloaded the IMMUNI App. Results
are expressed as mean (standard deviation) or frequency (percentage).

N = 85

Main reason for the app download
Sense of duty 34 (40.0)
Respect for others 26 (30.6)
Fear of getting the infection 17 (20.0)
Curiosity 8 (9.4)

Assessment of app features
Privacy 4.0 (1.1)
Ease of use 3.8 (1.1)
Usefulness 3.4 (1.3)
Intuitiveness 3.4 (1.3)

Receipt of at least one contact notification
No 78 (91.8)
Yes 7 (8.2)

Post-notification behavior (N = 7)
I received and followed the advice provided by the app 5 (71.4)
I received the advice, but I did not do anything 2 (28.6)

Notification of positivity (N = 7)
No, I was not able to 5 (71.4)
Yes, I was given the CUN, and I entered the requested data

on the app 1 (14.3)
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Table 3. Cont.

N = 85

Yes, I provided the CUN to the healthcare professional who
contacted me for contact-tracing purposes 1 (14.3)

Assessment of the notification process (N = 7)
Very lacking 4 (57.1)
Lacking 1 (14.3)
Good 1 (14.3)
Very good 1 (14.3)

Challenges/technical issues (N = 7)
I was unable to get the CUN 1 (14.3)
I was unable to enter the CUN in the app even after calling

the IMMUNI call center 1 (14.3)

I was unable to enter the CUN in the app and I did not
know that I could call the IMMUNI call center 2 (28.6)

I did not had any difficulty 2 (28.6)
Missing 1 (14.3)

CUN: National Unique Code.

Students who did not download IMMUNI reported that the main reason for not doing
so was the belief that it was useless (32.7%) and because they did not know they had to
do it (23.5%), but also for technical issues (almost 20%) and, albeit less frequently, because
of a distrust in data management (around 16%) [Table 4]. In addition, a small percentage
reported hearing of negative experiences (5.6%). As for the hypothetical incentives that
could increase app uptake, information on how app usage could impact virus transmission
dynamics was the main driver (mean score: 3.5), followed by information on the app’s
uptake among the population (mean score: 3.4) and making its download mandatory (mean
score: 3.4). A slightly lower importance was attributed to the opportunity to give feedback
on the technical aspects of the app (mean score: 3.2) and information about personal data
collection and management (mean score: 3.1). Lastly, having an economic reward seemed
to be the least effective incentive (mean score: 2.4).

Table 4. Attitudes of surveyed students who did not download the IMMUNI App. Results are
expressed as mean (standard deviation) or frequency (percentage).

N = 162

Reason for not downloading the app
I do not think it is useful 53 (32.7)
I did not know I had to download the app 38 (23.5)
Technical problems (e.g., no smartphone, operating system
incompatibility, battery problems, insufficient storage on the
phone, etc.)

31 (19.1)

I do not trust data management (privacy issue) 26 (16.1)
I have heard of negative personal experiences 9 (5.6)
Other reasons 5 (3.1)
Effectiveness of hypothetical incentives in increasing the app uptake
Information on how usage can impact transmission dynamics 3.5 (1.3)
Information on the app’s uptake among the population 3.4 (1.3)
Making the app download mandatory 3.4 (1.4)
Opportunity to give feedback on the technical aspects of
the app 3.2 (1.4)

Information about personal data collection and management 3.1 (1.4)
Economic reward 2.4 (1.5)

In the multivariable analysis [Table 5], participants who had received some advice
to download the app seemed to have the highest odds of IMMUNI uptake (aOR: 3.21,
95% CI: 1.80–5.73). Similarly, reporting a higher fear of infecting other people was asso-
ciated with higher likelihood of app download (aOR: 1.50, 95% CI: 1.01–2.23), as well
as a greater trust in the response of the institutions to the emergency (aOR: 1.33, 95%
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CI: 1.00–1.76). On the other hand, greater belief in the “lab-leak theory” of the origin of
COVID-19 was negatively associated with download (aOR: 0.75, 95% CI: 0.60–0.93). By
contrast, age, gender, HL, fear of getting the SARS-CoV-2 infection, and concern about the
COVID-19 pandemic did not seem to be predictors of the outcome.

Table 5. Multivariable logistic regression model for IMMUNI app download among the students
surveyed between 14 and 19 April 2021, Sapienza University of Rome.

App Download
aOR (95% CI) p-Value

Age
<21 years Ref.
≥21 years 0.77 (0.43–1.27) 0.373

Gender
Female Ref.
Male 1.48 (0.75–2.89) 0.265

Health literacy
Adequate Ref.
Non-adequate 0.69 (0.36–1.30) 0.256

Fear of getting the SARS-CoV-2 infection 1.04 (0.79–1.37) 0.776
Fear of infecting others 1.50 (1.01–2.23) 0.042
Concern about the COVID-19 emergency 0.85 (0.62–1.17) 0.327
Trust in institutional response to the
emergency 1.33 (1.00–1.76) 0.049

Belief in lab-leak theory of COVID-19 origin 0.75 (0.60–0.93) 0.011
Receipt of advice to download the app

No Ref.
Yes 3.21 (1.80–5.73) <0.001

aOR: adjusted Odds Ratio. CI: confidence interval. COVID-19: coronavirus diseases 2019.

4. Discussion

The usefulness of DCT apps has been a subject of intense discussion during the
COVID-19 pandemic [18,25]. Most governments have struggled with low participation
rates, which, in turn, have limited the effectiveness of these tools, contributing to the idea
that they are useless and, thus, hindering their adoption [21]. Recently, several researchers
have investigated the acceptability and use of contact tracing apps. Most studies are based
on surveys assessing the uptake of DCT apps among different population subgroups with
a focus on hypothetical tools or the intention to use it, but only a few collect information
on the use of an existing app [21]. The majority of documents report the real uptake using
data of national statistics without a scientific and theoretical background, while other
studies are critical viewpoints arguing on the ethical, technical, political, and scientific
impact of contact tracing apps on society [21]. In our study, we found a higher uptake
rate of the IMMUNI app compared to that in the general Italian population [12], probably
because our sample consisted of students attending healthcare courses, who are more
likely to be committed to health prevention strategies [26]. In addition, the fact that, in our
analysis, almost all students had the opportunity to download the app since they owned a
smartphone, in contrast to the official data where it is more difficult to estimate the number
of people eligible for the app uptake, may have contributed to such discrepancy [18].
Nevertheless, we found that use of the DCT app was relatively limited, albeit at a similar
rate to uptake of comparable apps in other European nations [21]. This is a concern,
however, as these students are the healthcare workforce of tomorrow, and, therefore, it
is imperative to implement educational programs that further encourage the adoption
of preventive strategies [27]. Moreover, it should be mentioned that the current increase
in virus transmission rates due to the omicron variant, and the concomitant abolition
of restrictive measures at both the national and regional level, could make it difficult to
promptly identify the transmission chain using traditional methods [28]. In this scenario, a
high uptake rate of the app would have some advantages, including the support to trace
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contacts, but also would make the population autonomous in the timely application of the
preventive measures and create an environment in which citizens are effectively engaged
in maintaining their personal and community health [29].

As for determinants, IMMUNI uptake was not associated with any socio-demographic
characteristic, including HL, probably because of the healthcare curricula of our students,
but some attitudes towards the pandemic seemed slightly different between the two groups.
Risk perception was confirmed to be a key driver, but it changed over time; thus, people
may have become used to a high level of risk as the pandemic continued, consequently
reducing their motivation to act and use DCT tools [18]. Such changes in risk perception
could explain the app download trend in Italy, which consisted of an initial peak when
the app was launched in June 2020 (up to 600,000 downloads in a single day), followed
by another massive increase in downloads at the beginning of the second wave, reaching
more than 200,000 per day. This then tailed off to around 2000 downloads per day until
April 2021, when the number of cases was limited and the vaccination campaign was at full
deployment [30]. Among other factors explored, a few studies have already documented
how high levels of trust in governments and health authorities can motivate people to
adhere to prevention strategies [18,19,31]. It is fundamental that institutions convey official
messages clearly and coherently, and combating disinformation from other sources as
much as possible [18]. In addition, good communication seems important for increasing
the acceptability of the app in our study population: the strongest predictor of app uptake
in our analyses was being advised to download it, while a reason for non-adoption was a
lack of awareness of the app. Lastly, our participants belonged to an age group that may be
characterized by sociability, the importance of self-identifying with a peer group and the
influence of peers on the adoption of health behavior [32]; therefore, exploiting these social
mechanisms by implementing targeted communication strategies is likely to be effective at
reaching a large fraction of this population [33].

As aforementioned, at the time of the survey (April 2021), Italy was at the end of the
second wave, which had been characterized by a high incidence of SARS-CoV-2 infections
during the fall and winter of 2020–2021 [34]. Hence, in the low transmission risk scenario
of April 2021, it was not unexpected that we found a low perception of the utility of the
DCT tool, similarly to other studies [19,21]. Within this context, communication policies
that help people understand the importance of such measures in safeguarding their own
and community health should be devised [33]. Such campaigns are most effective when
risk perception is high, because people are motivated to take action to protect themselves,
which potentiates DCT acceptance [18]. In fact, it is well known that a low adoption
rate is the main barrier to the effectiveness of these apps [35] and the poor uptake may
be responsible for the limited number of app notifications that our students reported.
However, while potential contacts mostly followed the health recommendations provided
by the app, which is encouraging because it highlights their awareness of the need to adopt
preventive measures promptly, a substantial proportion of our students claimed they were
hampered by technical issues with the notification process. This underlines the importance
of investing in technical improvements of these apps and making them easy to use for the
entire population, most of whom are less digitally literate than young people [35,36]. It is,
in fact, important to highlight that several technical skill challenges could occur, such as
some people not knowing how to download and install an app, or how to interact with it,
thus limiting its acceptance and usage [18].

Interestingly, our findings contrast with a few international studies that report how
concerns about data privacy can negatively impact DCT app adoption [16,31,37,38]. This
could be explained by the fact that, compared to other, similar apps, IMMUNI collects
relatively few data [39]. Additionally, our cohort was composed of university students,
who may be accustomed to sharing their data on the web and not be particularly concerned
about privacy issues [40]. Lastly, as for incentives that might promote the adoption of DCT
apps, despite their recognized importance [41], few studies have investigated this aspect
and available evidence focuses only on financial incentives [42,43]. In our study, it was the
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app’s actual utility (or otherwise) that seemed to influence its adoption rate. This highlights
how the feeling of being engaged may motivate people to participate in a DCT system and
confirms the importance of investing in communication policies that point out the potential
health benefits of using such technologies [44].

This study has some limitations. Firstly, the cross-sectional design hindered the oppor-
tunity to draw causal conclusions between app uptake and associated factors. Secondly,
the relatively low number of participants might have limited the statistical power. Thirdly,
since we investigated students enrolled in healthcare degree courses, results are not gener-
alizable to all university students. For these reasons, further analyses should be conducted
comparing students of both medical and non-medical subjects to highlight possible differ-
ences between the two groups. However, to the best of our knowledge, this is the first study
that investigates how Italian students relate to IMMUNI by analyzing factors that affect its
adoption. Since these factors are specific and different across population subgroups, it is
fundamental to assess and monitor them over time, so that they can be addressed in the
development of similar technologies. In addition, we were able to examine the experience
of students that used the app and also to explore possible incentives to encourage reluctant
or disinterested users. The data provided in this study may support policymakers in devel-
oping effective strategies for the promotion of app uptake and, more broadly, to facilitate
engagement of people with digital health prevention measures.

5. Conclusions

The results of our study suggest that more efforts should be made aimed at raising
population awareness on the usefulness of health digital technologies, restoring their
confidence in health authorities, and limiting the spread of disinformation. To maximize
the active engagement of the population, stakeholders should implement strategies that
provide quality, clear, targeted, and straightforward information. Furthermore, institutions
should invest in the development of these technologies, minimizing technical issues and
facilitating their use in the population. Since university students represent an amenable
target audience, because they are undergoing (often relevant) training and are, therefore,
particularly receptive to educational campaigns, interventions should focus on improving
their knowledge and awareness of how adhering to these strategies can contribute to
safeguarding individual and public health.
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