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Abstract

:

Closure of Higher Education Institutions in the early phase of the SARS-CoV-2 pandemic was largely diffused. With their reopening, numerous preventive measures have been enacted, but limited evidence exists on students’ behavior that could influence their infection risk. We conducted a case-control study at the Sapienza University of Rome to identify protective and risk factors for SARS-CoV-2 infection. Students attending the campus within 48 h of SARS-CoV-2 infection were considered cases. Controls were students who come in contact with a confirmed case within the campus. Demographic features and activities carried out before positivity or contact were investigated. Multivariable logistic regression models were built to identify factors associated with SARS-CoV-2 infection, estimating adjusted odds ratios (aOR) and 95% confidence intervals (95% CI). The analysis showed an increased risk of SARS-CoV-2 infection for attending the second year or above of university (aOR 17.7, 95% CI 2.21–142.82) and participating in private parties or ceremonies (aOR 15.9, 95% CI 2.30–109.67) while living outside the family (aOR 0.08, 95% CI 0.01–0.54) and attending practical activities or libraries on campus (aOR 0.29, 95% CI 0.08–0.97) reduced the risk. Data strongly suggests that it may be safe to participate in activities organized under strict infection prevention guidelines. Tailored prevention measures might reduce the risk of infection in university students.
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1. Introduction


In response to the first wave of the SARS-CoV-2 epidemic in Italy, on 5 March 2020, the Italian government issued various restrictions on social and work activities that were deemed to incur a high risk of virus transmission [1]. Accordingly, schools at all levels and higher education institutions (HEIs) replaced face-to-face lectures with remote teaching activities. HEIs remained closed until the start of the new academic year in September 2020, when face-to-face activities partially resumed, albeit conditional on the adoption of strict prevention measures [2]. These included: a 50% reduction in classroom capacity; hybrid face-to-face/at-distance lectures; and enforcement of face masks within campus premises. The reopening of schools and universities for face-to-face activities has been debated at length, given the inherently high risk of infection in places where it is common to share closed spaces for long periods. Indeed, although in this age group infection by SARS-CoV-2 is often a- or pauci-symptomatic [3], one main concern is the possibility that a wider circulation of the virus in the student population would lead to a higher infection risk in the non-student community of cities hosting universities [4,5,6], as well as in university staff [7], who are more likely to develop severe forms of COVID-19 [8]. On the other hand, the prolonged closure of HEIs has led to a worsening of student performance [9] and of their mental health and well-being [10], suggesting that the closure of face-to-face teaching activities cannot be considered a sustainable measure in the long term. As a consequence, when they reopened in the fall of 2020, numerous universities enacted various mitigation measures to prevent campus outbreaks and to avoid further interruptions to in-person teaching activities [6,11]. Nevertheless, evidence of HEIs as enhancers of SARS-CoV-2 spread is sparse and mixed. Studies on the prevalence of SARS-CoV-2 antibodies in various university communities suggest that the circulation of the virus in these communities, before the closure of teaching activities, was essentially identical to that of the general population [12,13,14]. However, there have been reports of outbreaks on campuses after HEIs reopened [15,16,17,18], thus highlighting a possible role of these institutions in sustaining the pandemic.



To date, HEI student behavior, both on and off campus, which might affect the risk of SARS-CoV-2 infection, has not been adequately investigated. HEI activities have been guaranteed, until now, by the adoption of tight mitigation measures often accompanied by screening strategies for the early detection of SARS-CoV-2 cases [7,18,19]. However, in the current scenario, where non-pharmacological mitigation measures are being progressively attenuated or abolished altogether, it is becoming of great importance to investigate the specific occasions and types of activities involving HEI students that are most likely to increase the risk of SARS-CoV-2 transmission. Control of SARS-CoV-2 spread among students can help to bring the epidemic under control [20], especially given that the duration of protection by vaccines and their efficacy against new variants of SARS-CoV-2 is still unclear [21]. Indeed, after the first wave of the SARS-CoV-2 pandemic, when the most affected individuals were over 40 years old [22], an increase in numbers testing positive was observed in people under 25 years of age in the following months [23]. It is notable that this synchronized with the full reopening of schools and HEIs and with the emergence of the omicron variant of concern of SARS-CoV-2, B.1.1.529 [24], which is characterized by an increased capability of transmission [25] and reinfection [26].



Analyzing infection risk factors in HEI students should generate data that can adequately inform policymakers and therefore guide the elaboration of mitigation and communication measures tailored to this population, in which full compliance with non-pharmacological measures might be difficult to achieve [27] and which could be by some degree interested by the inadequate health literacy levels found in the general population [28]. This could allow infections to be kept under control in higher-education settings and therefore permit regular face-to-face teaching activities to continue for the time being without sacrificing infection control [20]. Here we present a case-control study conducted on students, not vaccinated against SARS-CoV-2, and who attended the Sapienza University of Rome between October 2020 and July 2021. We aimed to investigate how the demographic characteristics of the students, the activities they carried out within the university and the possibility of exposure to the virus outside the university might influence the risk of contracting SARS-CoV-2 infection in this population.




2. Materials and Methods


2.1. Design


This matched case-control study was conducted within the surveillance system for SARS-CoV-2 of Sapienza University of Rome and was approved by the institutional ethics board of the Umberto I teaching hospital of Rome (protocol n. 0226/2021). The surveillance system was established at the Special Office for Prevention, Protection, and High Vigilance (hereafter High Vigilance) in September 2020 to monitor and manage SARS-CoV-2 cases within the university campus. Cases among students and university staff, confirmed by antigen tests or by reverse transcription-polymerase chain reaction, were reported to High Vigilance, which then ascertained their attendance on campus premises in the 48 h preceding the onset of symptoms or the positive test. For these cases, High Vigilance would activate the contact tracing system to identify close contacts between students and university staff. Contact tracing was carried out using three tools that monitored the presence of individuals on campus: daily self-certification at the campus entrance; seat reservation in the classroom for in-person attendance of teaching activities or for study rooms; and registration by teachers of participants in face-to-face teaching activities. Moreover, cases were asked for close contacts during a telephone interview conducted with the help of the staff and the resident physicians of the Department of Public Health and Infectious Diseases. Finally, SARS-CoV-2 cases and their close contacts were notified to the relevant local health units to arrange the necessary quarantine and isolation periods.



For this study, students who were confirmed positive for SARS-CoV-2 and had attended the campus within 48 h of the onset of symptoms or the positive test and who reported to the surveillance system of the university from October 2020 to July 2021 were considered cases. Controls were defined as students who frequented the same lectures or practical activities or the same campus premises of a confirmed case during the last day of the positive individual’s presence. Five eligible controls for each case were selected, using a random-number sequence, from students identified by contact tracing. The five eligible controls were then contacted progressively by order of selection until two students agreed to participate in the study. The random-number sequence was generate using a freely available random-number generator [29]. Both cases and controls were contacted by High Vigilance by e-mail to explain the study and to invite participants, and to ask for consent to be contacted by telephone by the staff and the resident physicians of the Department of Public Health and Infectious Diseases for the administration of a questionnaire.




2.2. Data Collection


The questionnaire consisted of two sections. The first section investigated the demographic and general characteristics of the case/control (gender, age, year of attendance at the university, faculty area, contacts with confirmed SARS-CoV-2 cases or with persons with symptoms of influenza-like illness (ILI), adherence to preventive measures, pre-existing medical conditions, type of housing arrangement, number of roommates, cohabitation with frail roommates, in-person working roommates and roommates under 18 years). The second section centered on activities that risked possible exposure to SARS-CoV-2, grouped into four categories comprising campus activities (involvement in practical activities or visiting libraries; consumption of food in bars, canteens, or common areas on campus), transport and travel activities (use of city public transportation, car sharing, long-range transportation, hotels), personal life activities (attendance of courses and libraries outside the university, in-person working activity, volunteer activity, use of healthcare services), and social life activities (consumption of food at bars or restaurants, visiting pubs or clubs, gyms or swimming pools, museum, cinemas or theatres, beauty salons or hairdressers, banks or post offices, shopping malls, places of worship, private parties or ceremonies, being a host or being hosted by a friend). As the study started before the onset of the vaccination campaign in Italy in December 2020, no specific question about vaccination status was included. However, 74.5% of cases included in this study were reported in October and November 2020 and vaccines initially were only available for certain categories of workers and frail subjects. Only two cases were reported in July 2021, when vaccine availability was extended to all persons over the age of 18. For cases, the investigators enquired about the possibility of exposure during the 14 days before the onset of symptoms, or during the 14 days before the positive test for asymptomatic cases. For controls, the enquiry period was the 14 days before contact with the matched case. The questionnaire was administered via telephone interviews. All 116 cases reported to High Vigilance were contacted. The final sample size included 51 cases and 102 controls matched for the date of contact.




2.3. Statistical Analysis


Descriptive statistics were calculated using median and interquartile range (IQR) for continuous variables and frequencies and proportions for dichotomous and categorical variables. In the first instance, conditional multivariable logistic regression models were built to estimate adjusted odds ratios (aORs) and 95% confidence intervals (CIs) for each possible exposure or general characteristic of SARS-CoV-2 infection (Model 1). Age, gender, presence of frail roommates, having pre-existing medical conditions, and contact with a known case or a person with ILI symptoms were deemed as confounders and included in each model. A second multivariate conditional regression model (Model 2) was then built including, in addition to the confounders mentioned above, all types of exposure achieving a p-value less than or equal to 0.35 in model 1. To avoid the ratio of events/predictors being too low [30], a best subsets variable selection was performed for model 2 with the “gvselect” Stata package [31], using the Furnival-Wilson leaps-and-bounds algorithm [32] adapted to non-normal regression models [33]. The model with the lower Akaike’s information criterion was selected [34]. All possible interaction terms between exposures were examined by adding them, one at a time, to the main effects model and were tested using a significance level cutoff of 0.05. All statistical analyses were performed using Stata (StataCorp LLC, 4905 Lakeway Drive, College Station, TX, USA) version 17.0. A two-sided p-value < 0.05 was considered statistically significant.





3. Results


3.1. Demographic and General Characteristics of Cases and Controls


A total of 116 confirmed cases were reported to High Vigilance from October 2020 to July 2021, of whom 51 agreed to participate in the study, achieving a response rate of 44.0%. Age and gender composition did not differ between non-responders and participants in the study. These cases were compared with 102 controls matched for date of contact, who were included after contacting 158 eligible students. Again, we found no differences in age and gender between included controls and non-responders. The general characteristics of the study population are reported in Table 1. Cases were more often female (74.5%) than controls (56.9%), while the median age was very similar between the two groups (22 years, IQR 20–24, for cases; 21.5 years, IQR 20–24 for controls). Slightly more controls than cases suffered from a pre-existing medical condition. Cases were more often enrolled in degree courses in healthcare faculties (43.1% vs. 37.3%), while the representation of first-year students was the same in both cases and controls (29.4%). With regards to housing conditions, compared to cases, controls lived less often with their family (80.4% vs. 70.6%), with underage (23.5% vs. 16.7%) and working (86.3% vs. 78.4%) roommates, and more often with frail roommates (21.6% vs. 24.5%). Adherence to face mask and hand-hygiene guidelines was very high in both groups (cases: 96.1%; controls: 94.1%), while contact with confirmed SARS-CoV-2 cases or with persons showing ILI symptoms was much higher among cases (68.6% vs. 25.5%).




3.2. Possibility of Exposure to SARS-CoV-2 in Cases and Controls


The activities involving both cases and controls during the enquiry period are reported in Table 2. Possibilities of exposure to SARS-CoV-2 were unevenly distributed between cases and controls. Notably, cases regularly had fewer possibilities of exposure to the virus on campus, both when undergoing practical activities and visiting libraries (41.2% vs. 51.0%), and when consuming meals (66.7% vs. 75.5%); they also used public transport more often (60.8% vs. 55.9%). In their social life, cases went to restaurants or bars (66.7% vs. 72.5%), gyms or swimming pools (13.7% vs. 17.6%), museums, cinemas, or theatres (2.0% vs. 5.9%), beauty salons or hairdressers (29.4% vs. 31.4%), banks or post offices (2.0% vs. 22.5%), shopping malls (27.5% vs. 36.3%) and places of worship (9.8% vs. 12.7%) less often than controls. Moreover, having guests at home or being hosted by friends was less common for cases (60.8% vs. 70.6%). Conversely, they frequented pubs and clubs (17.6%) and participated in private parties and ceremonies (21.6%) more often than negative students (13.7% in both categories). In their personal lives, cases attended courses and libraries outside the university (2.0% vs. 7.8%), accessed healthcare services (13.7% vs. 26.5%) and attended in-person working activities (9.8% vs. 16.7%) less frequently than controls, but participated slightly more often in volunteer activities (3.9% vs. 2.9%).




3.3. Predictors of Infections with SARS-CoV-2 in Cases and Controls


Results of Model 1 and Model 2 regressions are reported in Table 3. The conditional multivariate regression models adjusted for age, gender, living with frail roommates, having a pre-existing medical condition, and having had contact with a confirmed SARS-CoV-2 case or with a person with ILI symptoms (Model 1) showed a significant association between a possibility of exposure and a positive test for SARS-CoV-2 only for having participated in private parties and ceremonies (aOR 4.86, 95% CI 1.34–17.63), while visiting banks or post offices seemed to lower the risk of infection (aOR 0.09, 95% CI 0.01–0.81). No demographic or general characteristics were significantly associated with the outcome. The conditional multivariate regression model with characteristics and possibilities of exposure selected from Model 1 regressions (Model 2) indicated instead a significant increase in the risk of infection only for attending the second year or above of university (aOR 17.7, 95% CI 2.21–142.82) and participating in private parties or ceremonies (aOR 15.9, 95% CI 2.30–109.67), while not living with family members (aOR 0.08, 95% CI 0.01–0.54) and taking part in practical activities or visiting libraries on campus (aOR 0.29, 95% CI 0.08–0.97) significantly reduced the risk. No significant interaction terms between exposures were found. Among confounding variables, male gender showed a lower association with SARS-CoV-2 infection (aOR 0.20, 95% CI 0.05–0.76) while, as expected, contact with a confirmed SARS-CoV-2 case or a person with ILI symptoms greatly increased the risk (aOR 35.55, 95% CI 5.91–213.88).





4. Discussion


In this matched case-control study, we found that, after adjusting for other activities with the potential for exposure to the virus and potential confounders (Model 2), the risk of SARS-CoV-2 infection in the Sapienza University student community was increased only by the type of housing used by students and by their year of attendance at the university, and, among possibilities of exposure, only by attending private parties or ceremonies. No other activity seemingly increased the risk, including activities on campus.



Indeed, participating in practical activities and visiting libraries on campus premises seems to have lowered the risk of SARS-CoV-2 infection in students, in line with a previous report showing that the frequency of university courses had no effect on the risk of infection [35]. At the time of the study, numerous prevention measures were in place at Sapienza University: the capacity of classrooms was halved, use of face masks was enforced everywhere on campus, mixed face-to-face/distance learning activities were offered to students, and access to bars and canteens was limited. Moreover, a free screening test service for SARS-CoV-2 was offered to all asymptomatic students [19] and a surveillance system for SARS-CoV-2 cases in students and university staff was established by High Vigilance. Overall, these measures appear to have contributed to maintaining a safe environment on campus, probably empowered by the widespread communication campaign enacted by Sapienza University that encouraged students to focus on four basic rules when on campus, namely, hand washing, staying at home if showing symptoms, physical distancing, and mask use [36]. Interestingly, students in the second year or above appeared to be more likely to contract a SARS-CoV-2 infection. Indeed, Moro et al. reported a higher prevalence of anti-SARS-CoV-2 antibodies in postgraduate students than in undergraduates [14]. These findings may be due to the possibly wider social network of students in the higher years, together with a propensity of early-year students to adhere more closely to institution rules [37]. In any case, the higher risk in second-year students and above highlights a gap in knowledge of campus preventive measures in these students, thus pointing out the importance of correctly and continuously informing students about prevention measures to increase their compliance and consequently the effectiveness of the measures. Notably, there were no significant differences between students of healthcare and other faculties, although the former was slightly more often positive. These results contrast to some extent with the findings that healthcare students seem to have a high prevalence of previous SARS-CoV-2 contacts [14]. Indeed, while healthcare workers have a high prevalence of previous infections with SARS-CoV-2 [38] and a high risk of infection [39,40], undergraduate students probably have reduced contact with patients and access to hospital wards because of the general restrictions in access to healthcare services, thus reducing their risk of infection.



Since the beginning of the pandemic, social behavior has been recognized as a major driver of the virus spread [41]. In our study, private parties and ceremonies, such as birthdays and weddings, were associated with an increase in SARS-CoV-2 transmission risk, in line with a large body of evidence in the general population [35,40,42,43,44,45]. While public and private social activities have generally been strictly regulated or banned altogether, private parties and celebrations have more likely been able to escape control and recommended preventive measures. These possibilities of exposure may be even more important in the younger university population, given their usually wide social network, as pointed out by the very high aOR of infection for participants. Conversely, social activities often thought to be high risks, such as visiting restaurants, bars, or pubs, did not impact the risk of infection in our sample, in contrast with published data [35,40,44,46,47]. Along the same lines, other forms of social and travel activities were not associated with a higher risk of infection. Indeed, sparse and sometimes conflicting evidence exists on the risk of infection in some of these settings. Visiting gyms and receiving visitors at home have been found both to increase the risk of infection [35,43,44] and to have no effect [46,47,48]. Shopping activities [35,40,46,47,48], visits to places of worship [35,40,46], and use of public transportation [35,40,44,46,48] have more consistently been reported as representing no additional risk. Despite the discrepancies between the studies, which probably reflect the timing of their execution and heterogeneity in the preventive measures implemented in different countries, when taken together these data seem to indicate a minimal risk when visiting places open to the public, provided strict regulations are in place (access only on booking, mandatory use of face masks and social distancing, forced air ventilation, reduction in maximum capacity). Lastly, in-person working activities did not impact on infection, despite being reported as a risk factor [35,47]. This difference could underline a difference in how university students conceive and value work compared to the general population. Usually, students take paid work, often as casual labor, to be able to maintain their studies, and this could result in a more cautious attitude towards possible exposure to the virus, for fear of losing a valuable source of funds.



Household transmission has been widely recognized as a significant factor in the spread of SARS-CoV-2 [44,49,50], but while some studies reported the number of roommates [35,48] as a driver for the increased risk, we did not find this in our study. Interestingly, not living with family members appeared to have a protective role, reducing the risk of being infected. Indeed, university students who live away from their family often live with classmates or work colleagues. In this context, it is known that the household composition and the degree of intimacy has a considerable influence effect on the risk of contagion [50,51], and the number of close contacts may be lower in accommodation shared with associates, regardless of the number of roommates, compared to those that normally occur between family members. Furthermore, in our sample, only a small proportion of students resided in university accommodations, which have been suggested as places at high risk of outbreaks [15]. At odds with the literature [35,52,53], we found that living with minors of school age did not seem to have an impact on the infection risk. This might be because students, even those who live with their families, do not usually look after children at home. Moreover, at the time of the study, strict implementation of preventive measures in schools may have limited the risk of transmission via school-age children [53].



This study has several strengths and limitations. First, various biases could have affected the study. Given the often-asymptomatic course of COVID-19 in the age group targeted in the study, we could not exclude past or even current infections among the controls. Moreover, the referral of cases, although strongly recommended, was not mandatory for students. This may have led to a degree of self-selection for cases who had more interest in the issue of contact tracing and the prevention of virus spread and who were consequently more inclined to avoid behavior that represented a greater risk of transmission. Furthermore, although anonymity was granted to participants, the presence of a bias of social desirability among cases cannot be completely excluded, especially regarding the adherence to prevention measures, which was very high in both cases and controls. All these factors may ultimately have resulted in a failure to identify some associations between variables and the risk of infection.



Second, one consequence of self-selection may have been the significant difference in the gender distribution between cases and controls, even after controlling for other confounding factors, although there is no evidence in the literature for a higher risk of infection in females. Nevertheless, in our opinion, this had little impact on the analysis, as we deem the factors investigated in the present study to be unaffected by gender. However, to take account of this imbalance, gender was always included as a confounder in all multivariable models. A stratified analysis by gender could have provided an explicit way to address an eventual residual confounding effect of this variable in the model. However, given the matched design of our study, such an approach would have been unfeasible to perform such analysis without losing too much statistical power, or giving up the matched design, which would have introduced other biases into the analysis. Moreover, the entirely randomized selection of controls from the entire population of students who came into contact with the SARS-CoV-2 positive cases assures a fair representation of the population of origin, so we are reasonably confident in the internal validity of our study. Third, as all cases and all controls attended lectures during the enquiry period, we were unable to estimate the risk for this activity, which is a major part of campus life. Nevertheless, the attendance of lectures was strictly regulated, as already mentioned, so the attributable risk should be considered negligible. Furthermore, we investigated other on-campus activities that theoretically involved a higher risk of transmission, given the potentially less strict surveillance of preventive measures compared to face-to-face lectures. Fourth, the power of the statistical analysis, given the not-very-large sample size, may not have been sufficient to highlight other significant differences between the two groups in addition to those reported. The main strength was that the case-control study design, with the recruitment of cases of SARS-CoV-2 infection and their matched controls on a given calendar day, allowed us to obtain unbiased estimates of relative risk [54]. Furthermore, although the preventive measures that were in place throughout the 10-month duration of the study and the degree of virus circulation varied extensively in Italy, matching on calendar day we were able to avoid any confounding effect of these time-dependent factors. Nevertheless, for this reason, the results of this study might not be easily generalized to other countries with significantly different prevention measures and the status of the epidemic. Finally, we were able to investigate a large number of exposure risks and possible confounders without incurring a recall bias, since the telephone interviews were carried out within a few days of reporting the case and selection of controls.




5. Conclusions


To the best of our knowledge, this is the first study to investigate HEI student characteristics and behavior on and off campus associated with SARS-CoV-2 infection using a case-control design. In our opinion, this study provides a meaningful advance in the debate on whether and how to fully reopen face-to-face campus activities, as our data strongly suggest that if universities and other public places are organized following strict guidelines on infection prevention measures, as was the case of Sapienza University, it may be safe to attend them even in the case of an infectious disease epidemic. Furthermore, these findings improve the knowledge of risk factors for SARS-CoV-2 infection in a population potentially at great risk of infection and of spreading the virus to elderly and frail individuals, and can therefore guide the implementation of tailored non-pharmaceutical prevention measures aimed at students.
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Table 1. General characteristics and contacts of SARS-CoV-2 among case and matched control students attending the Sapienza University of Rome between October 2020 and July 2021. Results are expressed as frequency (percentage) of the median (interquartile range).
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N (%)




	

	
Cases

	
Controls






	
Patients

	
51

	
102




	
Gender

	

	




	

	
Female

	
38 (74.5)

	
58 (56.9)




	

	
Male

	
13 (25.5)

	
44 (43.1)




	
Age, years

	

	




	

	
Median (IQR)

	
22 (20, 24)

	
21.5 (20, 24)




	
Faculty area

	

	




	

	
Non-healthcare area

	
29 (56.9)

	
64 (62.7)




	

	
Healthcare area

	
22 (43.1)

	
38 (37.3)




	
Year of study

	

	




	

	
First year

	
15 (29.4)

	
30 (29.4)




	

	
Second and above years

	
36 (70.6)

	
72 (70.6)




	
Type of housing

	

	




	

	
With family

	
41 (80.4)

	
72 (70.6)




	

	
With other roommates/university accommodation/alone

	
10 (19.6)

	
30 (29.4)




	
Roommates under 18 years of age

	

	




	

	
No

	
39 (76.5)

	
85 (83.3)




	

	
Yes

	
12 (23.5)

	
17 (16.7)




	
No. of roommates

	

	




	

	
0 or 1

	
7 (13.7)

	
14 (13.7)




	

	
2

	
16 (31.4)

	
29 (28.4)




	

	
3

	
12 (23.5)

	
36 (35.3)




	

	
4 and more

	
16 (31.4)

	
23 (22.5)




	
Frail roommates

	

	




	

	
No

	
40 (78.4)

	
77 (75.5)




	

	
Yes

	
11 (21.6)

	
25 (24.5)




	
In-person working roommates

	

	




	

	
No

	
7 (13.7)

	
22 (21.6)




	

	
Yes

	
44 (86.3)

	
80 (78.4)




	
Coexisting condition

	

	




	

	
No

	
43 (84.3)

	
80 (78.4)




	

	
At least one

	
8 (15.7)

	
22 (21.6)




	
Adherence to preventive measures (face mask and hand hygiene)

	

	




	

	
Never/Rarely/Sometimes

	
2 (3.9)

	
6 (5.9)




	

	
Often/Always

	
49 (96.1)

	
96 (94.1)




	
Contact with known case or with person with ILI symptoms

	

	




	

	
No

	
16 (31.4)

	
76 (74.5)




	

	
Yes

	
35 (68.6)

	
26 (25.5)








IQR: interquartile range; ILI: influenza-like illness.
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Table 2. Activities during the enquiry period of cases and matched-control students attending the Sapienza University of Rome between October 2020 and July 2021. Results are expressed as frequency (percentage).
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N (%)




	

	
Cases

(n = 51)

	
Controls

(n = 102)






	
University activities




	
Attended practical activities or libraries on campus

	
21 (41.2)

	
52 (51.0)




	
Consumed food in bars and canteens in common areas on campus

	
34 (66.7)

	
74 (75.5)




	
Transport and travel activities




	
Used public transport

	
31 (60.8)

	
54 (52.9)




	
Used car-sharing services

	
0 (0.0)

	
9 (8.8)




	
Long-range travel

	
11 (21.6)

	
22 (21.6)




	
Stayed in hotels

	
0 (0.0)

	
3 (2.9)




	
Social life activities




	
Consumed food at bars or restaurants

	
34 (66.7)

	
74 (72.5)




	
Visited pubs and clubs

	
9 (17.6)

	
14 (13.7)




	
Visited gyms or swimming pools

	
9 (17.6)

	
19 (18.6)




	
Visited museums, cinemas, or theatres

	
1 (2.0)

	
6 (5.9)




	
Participated in private parties or ceremonies

	
11 (21.6)

	
14 (13.7)




	
Visited beauty salons or hairdressers

	
15 (29.4)

	
32 (31.4)




	
Visited banks or post offices

	
1 (2.0)

	
23 (22.5)




	
Visited shopping malls

	
14 (27.5)

	
37 (36.3)




	
Visited places of worship

	
5 (9.8)

	
13 (12.7)




	
Hosted (by) others outside their own family

	
31 (60.8)

	
72 (70.6)




	
Personal life activities




	
Attended lessons or libraries off campus

	
1 (2.0)

	
8 (7.8)




	
Did volunteer activities

	
2 (3.9)

	
3 (2.9)




	
Carried out in-person work activity

	
5 (9.8)

	
17 (16.7)




	
Accessed healthcare services

	
7 (13.7)

	
27 (26.5)
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Table 3. Risk of infection with SARS-CoV-2 in cases and matched-control students attending the Sapienza University of Rome between October 2020 and July 2021.
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Model 1 a

	
Model 2 b




	
aOR

	
95% CI

	
p-Value

	
aOR

	
95% CI

	
p-Value






	
General characteristics

	

	

	

	

	

	




	
Faculty type (healthcare vs. non-healthcare)

	
0.56

	
0.17–1.81

	
0.332 §

	

	

	




	
Year of university attendance (second year and above vs. first year)

	
2.00

	
0.48–8.29

	
0.337 §

	
17.7

	
2.21–142.82

	
0.007




	
Adherence to preventive measures (often/always vs. never/rarely/sometimes)

	
1.00

	
0.14–7.08

	
0.998

	

	

	




	
Type of housing (shared apartment/campus accommodation/living alone vs. living with family)

	
0.36

	
0.11–1.16

	
0.087 §

	
0.08

	
0.01–0.54

	
0.009




	
No. of roommates (Ref: 0 or 1)

	

	

	

	

	

	




	
 2

	
1.40

	
0.38–5.14

	
0.608

	

	

	




	
 3

	
0.68

	
0.15–2.96

	
0.603

	

	

	




	
 4 or more

	
1.70

	
0.41–7.07

	
0.465

	

	

	




	
Roommates under 18 years of age (yes)

	
2.00

	
0.57–7.04

	
0.280 §

	

	

	




	
In-person working roommate (yes)

	
1.84

	
0.47–7.16

	
0.380

	

	

	




	
Campus activities

	

	

	

	

	

	




	
Attended practical training or libraries on campus (yes)

	
0.48

	
0.19–1.18

	
0.111 §

	
0.29

	
0.08–0.97

	
0.045




	
Consumed food in bars and canteens in common areas on campus (yes)

	
1.24

	
0.49–3.15

	
0.652

	

	

	




	
Transport and travel activities

	

	

	

	

	

	




	
Used city public transportation (yes)

	
1.29

	
0.53–3.14

	
0.581 §

	

	

	




	
Used car-sharing services (yes)

	
NA

	
NA

	
NA

	

	

	




	
Long-range travel (yes)

	
0.68

	
0.22–2.17

	
0.519

	

	

	




	
Stayed in hotels (yes)

	
NA

	
NA

	
NA

	

	

	




	
Social lifeactivities

	

	

	

	

	

	




	
Consumed food in bars or restaurants (yes)

	
0.70

	
0.29–1.67

	
0.429 §

	

	

	




	
Visited pubs or clubs (yes)

	
0.76

	
0.21–2.71

	
0.669

	

	

	




	
Visited gyms or swimming pools (yes)

	
1.23

	
0.43–3.49

	
0.702

	

	

	




	
Visited museums, cinemas, or theatres (yes)

	
0.23

	
0.02–2.86

	
0.253 §

	

	

	




	
Participated in private parties or ceremonies (yes)

	
4.86

	
1.34–17.63

	
0.016 §

	
15.9

	
2.30–109.67

	
0.005




	
Visited beauty salons or hairdressers (yes)

	
1.00

	
0.41–2.45

	
0.996

	

	

	




	
Visited banks or post offices (yes)

	
0.09

	
0.01–0.81

	
0.032 §

	
0.09

	
0.01–1.06

	
0.056




	
Visited shopping malls (yes)

	
0.78

	
0.32–1.88

	
0.579

	

	

	




	
Visited places of worship (yes)

	
0.68

	
0.20–2.34

	
0.544

	

	

	




	
Hosted (by) others outside their own family (yes)

	
0.38

	
0.14–1.05

	
0.063 §

	

	

	




	
Private lifeactivities

	

	

	

	

	

	




	
Did volunteer work (yes)

	
2.30

	
0.27–20.2

	
0.452

	

	

	




	
Carried out in-person work activity (yes)

	
0.48

	
0.12–1.92

	
0.301 §

	

	

	




	
Attended courses or libraries outside campus (yes)

	
0.22

	
0.02–2.66

	
0.234 §

	

	

	




	
Accessed healthcare services (yes)

	
0.52

	
0.16–1.68

	
0.275 §

	
0.25

	
0.05–1.35

	
0.106








a Conditional logistic regression adjusted for: age; gender; frail roommates, coexisting conditions, contact with confirmed SARS-CoV-2 cases, or with persons with ILI symptoms. b Conditional logistic regression adjusted for: age; gender; frail roommates, coexisting conditions, contact with confirmed SARS-CoV-2 cases or with persons with ILI symptoms, and selected exposures from models 1. § Dependent variables originally included in model 2. ILI: Influenza-like illness; aOR: adjusted odds ratio; CI: confidence interval; ref: reference.
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