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Abstract: This study aimed to estimate the seroprevalence of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection within the staff and student populations of the University of
Corsica (France) during the second wave of the epidemic. Methods: A cross-sectional survey was
conducted from 23 November 2020 to 31 January 2021. The participants underwent blood sampling
using a fingerstick procedure and completed an anonymized questionnaire. Sera were tested for the
presence of anti-SARS-CoV-2 IgG (ELISA-S) and, if positive, with an in-house virus neutralization
test (VNT). Results: A total of 418 persons were included in the study. The overall seroprevalence was
12.8% (95% confidence interval (CI), 9.8–16.6%). A total of 15 (31%) of the 49 individuals who had a
positive ELISA-S also had a positive VNT. Seropositivity was associated with living at the city campus
during the week and on weekends (OR = 3.74 [1.40–12.00]), using public transportation/carpooling
(OR = 2.00 [1.01–4.02]), and being in contact with a person who tested positive for SARS-CoV-2
(OR = 2.32 [1.20–4.40]). The main symptoms associated with seropositivity were “having had an
acute respiratory infection” (OR = 3.05 [1.43–6.43]) and “experiencing loss of smell” (OR = 16.4
[5.87–50.7]). Conclusion: These results could be useful for SARS-CoV-2 prevention and control on
university campuses.

Keywords: seroprevalence; antibodies; SARS-CoV-2; ELISA; seroneutralization

1. Introduction

Managing schools and universities during the pandemic of the coronavirus disease
2019 (COVID-19) has been a global challenge [1]. Because of the proximity of many
university students living in high-density housing and their extensive social networks
compared with the general population, the potential for the rapid spread of SARS-CoV-2
in a university setting is of concern [2]. University students around the world have faced
constraints such as the closure of campuses, the rapid and unplanned shift to online
learning, and the introduction of gesture barriers, such as social distancing, the wearing of
masks, and travel restrictions, aimed at reducing the transmission of the virus [3].

In France, universities were closed during the first (March through May 2020) and
second (30 October 2020 to 15 December 2020) COVID-19 waves. The events of 2020 and
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2021 have shown that university campuses could pose significant challenges to the control
of the spread of SARS-CoV-2 [4]. A better understanding of SARS-CoV-2 circulation in
the university population (faculty, staff, and students) and evaluation of the risk factors
inherent to students regarding SARS-CoV-2 infection are critical for guiding universities.

To our knowledge, few studies have reported the seroprevalence of SARS-CoV-2 infec-
tion in universities [5–9]. In the current context, and given the current lack of knowledge in
this field, we decided to set up a cross-sectional study to estimate the seroprevalence of
SARS-CoV-2 within the staff and student populations of the University of Corsica (France),
as well as the exposure factors and symptoms related to seropositivity during the second
COVID-19 epidemic wave. The results of this study may provide insights about virus circu-
lation in this population and can be used to inform decision making regarding university
communities during viral spread.

2. Materials and Methods
2.1. Timeline

In France, the second wave of COVID-19 occurred from the week of 24 August
(2020w35) to the week of 21 December (2020w52), 2020. During this second wave, schools
and universities were kept open because of expanded testing resources and the implemen-
tation of health protocols (mask wearing, class spacing, physical distancing, contact tracing,
quarantine, and self-isolation mandates). Schools and universities opened at the beginning
of September 2020 and remained open until 18 December 2020, with the exception of a
2-week autumn break. During this second wave, students at the University of Corsica had
the opportunity to attend face-to-face classes once or twice per week. All staff were present
on the university campus, with teleworking facilities (at least once a week).

2.2. Study Design

This was a university-population-based cross-sectional study that included voluntary
participation by the students and staff of the University of Corsica, Corte, France. Corte, the
only city campus of Corsica, has 7000 inhabitants. The staff group included administrative
staff, teachers, researchers, and PhD students. The purpose of this study was to estimate
the seroprevalence of IgG antibodies against SARS-CoV-2 from capillary blood samples
collected from 23 November 2020 to 31 January 2021. In relation to the sampling, the
participants were asked to complete a questionnaire investigating sociodemographic data,
comorbidities, symptoms, and past history of COVID-19, as well as behavioral factors. Both
the blood samples and the questionnaires were anonymized.

2.3. Participants

All staff (n = 860) and students (n = 4442) of the University of Corsica were offered the
possibility to participate in this study. They were invited by email to enroll in the study
via their university mail on 23 November 2020. The students and staff were eligible to
participate regardless of whether they had prior confirmed COVID-19 or COVID-19-related
symptoms.

Participants were included in the study after signing a consent form, and a unique
identifier was assigned to them to guarantee their anonymity. Collections were carried
out from 23 November 2020 to 31 January 2021. Because of the lockdown, which started
on 29 October and ended on 15 December 2020, volunteers were offered to participate
at home or on campus. Those who participated at home received a kit containing all
the necessary components for an at-home capillary blood draw, including instructions,
shipping materials, a self-use blood-collection device, a questionnaire, and a stamped
self-addressed padded envelope to be returned to the Laboratory of Virology, UR7310
Bioscope of the University of Corsica. For participants who opted to participate at the
university campus, blood samples were collected at the university’s health service center.
The questionnaire was completed simultaneously. Participants who did not have a blood
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sample or did not complete the questionnaire were excluded from this study. The flowchart
presented in Figure 1 describes the sample-inclusion process (Figure 1).
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2.4. Outcomes

The primary outcome was the estimation of the seroprevalence of anti-SARS-CoV-2
IgG within the staff and student populations. Because the participants underwent serology
testing between 23 November 2020 and 31 January 2021, the results reported here mainly
reflect the circulation of SARS-CoV-2 since the summer of 2020, as IgG responses to the
spike protein are stable for at least 6 months [10].

The secondary outcomes of the present study were as follows. (1) self-reported SARS-
CoV-2 testing history, as assessed using the following question: “Since January 2020, have
you ever tested positive for a SARS-CoV-2 infection?” (responses: “Yes”, “No”, “Don’t
Know”); and (2) self-reported SARS-CoV-2 symptoms, as assessed using the following
question: “Since January 2020, have you ever shown one of the following health statuses or
symptoms?” (responses: “acute respiratory infection (sudden onset of fever or feeling of
fever, with respiratory symptoms)”, “influenza-like illness (sudden onset of fever >39 ◦C,
with muscle pain and respiratory symptoms)”, “loss of taste”, “loss of smell”, “nausea
and/or vomiting, diarrhea”, “abdominal pain”, or “other symptoms (that participants
could specify)”. More than one answer was possible).
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2.5. Serological Analysis

Samples of capillary blood were obtained using a safety lancet on a cleansed finger
puncture and collected into 0.8-mL tubes containing a coagulation activator and a serum
separator. The tubes were centrifuged at 6000 rpm for 15 min and the resulting serum was
stored at −20 ◦C until it was processed for serology.

Samples were tested in duplicate for the presence of anti-SARS-CoV-2 IgG using
the EUROIMMUN enzyme immunoassay kit for the semiquantitative detection of IgG
antibodies against the S1 domain of the viral spike protein (ELISA-S) (reference: EI 2606-
9601 G; EUROIMMUN, Bussy-Saint-Martin, France). The assay has a specificity and a
sensitivity of around 99.8% and 90.3%, respectively, according to the manufacturer’s data.

According to the manufacturer’s instructions, a result was considered borderline if the
ratio was between 0.8 and <1.1, and positive if the sample ratio was 1.1. All samples with
an ELISA-S ratio 0.8 and sufficient serum were then tested using the QuantiVac (IgG) kit
(reference: El 2606-9601-10 G, EUROIMMUN, Bussy-Saint-Martin, France). Quantification
of S1-specific IgG was performed using a 6-point calibration curve covering a range from 1
to 120 relative units (RU)/mL. By multiplication with a factor of 3.2, results in RU/mL were
converted into standardized binding antibody units (BAU)/mL. A result of <25.6 BAU/mL
was considered negative and a result of ≥35.2 BAU/mL was considered positive. In all
ELISA-S positive and borderline samples, neutralizing antibodies were also detected using
a virus neutralization test (VNT), as described previously [11]. VeroE6 cells cultured in
96-well microplates, 100 fifty-percent tissue culture infective dose (TCID50) of the SARS-
CoV-2 strain BavPat1 (courtesy of Prof. Drosten, Berlin, Germany), and serial dilutions
of serum (1/20–1/160) were used. Dilutions associated with a cytopathic effect (CPE)
were considered negative (no neutralization), whereas those with no CPE at day 4 post
infection were considered positive (complete neutralization). The neutralization titer refers
to the highest dilution of serum that yields a positive result. Specimens with a VNT titer of
40 were considered positive (Figure 1).

2.6. Statistical Analysis
2.6.1. Sample-Size Calculation

According to the overall IgG antibodies against SARS-CoV-2 seroprevalence observed
in residual sera in mid-June in Corsica and at the end of October (clinical laboratory
data) [12], a minimum sample size of 421 participants was calculated assuming an a priori
5% IgG antibodies against SARS-CoV-2 seroprevalence, a confidence in the estimate of 95%,
a maximum allowable error in the prevalence of 1.5%, and a university population size of
5302 individuals.

2.6.2. Analysis of Seroprevalence and Epidemiological Factors

The primary outcome was the estimation of the proportion of participants with a
positive ELISA-S test. Baseline characteristics and exposures were presented as the number
(%) for factors and the mean or median for numerical variables, as appropriate. Univariate
analyses were performed to measure the effect of each variable on the serological status. The
Wilcoxon rank sum test was used to compare two independent samples. Chi-squared and
Fisher’s tests were used to compare differences between groups for categorical variables.
Statistical significance was set at p < 0.05.

Seroprevalence was initially calculated as the proportion of participants who had a
positive ELISA-S result. Subsequently, considering the limitations of the ELISA-S method,
the seroprevalence estimate was also adjusted based on test sensitivity (90.3%) and speci-
ficity (99.8%) (reference: EI 2606-9601 G; EUROIMMUN, Bussy-Saint-Martin, France) using
Epitools software (AUSVET, Canberra, Austria) [13].

Univariate logistic regression models were built to identify the potential factors asso-
ciated with the serological status. Only variables that were close to significance (p ≥ 0.2)
were retained for the multivariate analysis. Model selection was performed using the step
Akaike information criterion. Two full models were built: one including the risk factors of
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exposure (such as type of accommodation), and the other including factors representing the
consequence of the exposure (such as the following symptoms: acute respiratory infection,
influenza-like illness, loss of taste, and loss of smell). For the first type of model, seven vari-
ables (education level, residential lifestyle, accommodation type, case contact since January
2020, use of public transportation/carpooling, social interaction level, and worry about
own health) were selected to compose the full model. For the second type of model, four
variables (acute respiratory infection, influenza-like illness, loss of taste, and loss of smell)
were selected to compose the full model. Odds ratios (ORs) and 95% confidence intervals
(CIs) were used to explore factors potentially associated with a positive ELISA-S result.

Statistical analyses were performed using R software, version 4.0.4 (R Fundation,
Vienna, Austria) [14].

2.7. Ethics

The study protocol was approved on 12 November 2020, by the ad hoc ethics commit-
tee (Comité de Protection des Personnes #2020-A00711-38). All data and questionnaires
were checked and validated by the data protection officer of the University of Corsica. All
participants in this study were volunteers and unpaid. The entire university population was
informed that the samples would be used for epidemiological studies via an information
letter. Written informed consent was required for the use of the data in the analyses.

3. Results
3.1. Sociodemographic Data Description

From 23 November 2020 to 31 January 2021, a total of 418 persons (266 staff members
and 152 students) who filled out a questionnaire and had full serology were included in
the study (Figure 1). The baseline characteristics of the participants are summarized in
Table 1. Among the 418 participants, 65% (n = 271) were female and the median age was
31 (IQR: 22–44) years. Half of the participants (50%; n = 209) were postgraduate. Of the
418 participants, 44% (n = 184) lived in Corte (the city hosting the university campus) and
about half of the population lived in apartments (57%; n = 223). Finally, 28% (n = 117) of
the participants had at least one comorbidity (Table 1).

Table 1. Sociodemographic and clinical characteristics of the academic population.

Characteristic Overall,
n = 418 1

Academic Population
p-Value 2

Student,
n = 152 1 University Staff, n = 266 1

Mean age (min; max) 33.8 (17; 64) 21.5 (17; 44) 40.8 (20; 64) <0.001

Age group <0.001
<20 years 54 (13%) 54 (36%) 0 (0%)

[20–29 years] 143 (34%) 91 (60%) 52 (20%)
[30–39 years] 82 (20%) 4 (2%) 78 (29%)
[40–49 years] 73 (17%) 3 (2%) 70 (26%)

>50 years 66 (16%) 0 (0%) 66 (25%)

Gender
Female 271 (65%) 97 (64%) 174 (65%) 0.742

Education level <0.001
High school level and under 75 (18%) 49 (32%) 26 (10%)

Bachelor’s degree 134 (32%) 75 (49%) 59 (22%)
Master’s degree 122 (29%) 28 (18%) 94 (35%)

Over master’s degree 87 (21%) 0 (0%) 87 (33%)

Accommodation type <0.001
Halls of residence 28 (7.1%) 28 (22%) 0 (0%)

Apartment 223 (57%) 83 (65%) 140 (53%)
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Table 1. Cont.

Characteristic Overall,
n = 418 1

Academic Population
p-Value 2

Student,
n = 152 1 University Staff, n = 266 1

House 141 (36%) 17 (13%) 124 (47%)
Unknown 26 24 2

Residential district * <0.001
Corte 184 (44%) 23 (15%) 161 (61%)

Corte/Elsewhere 137 (33%) 95 (62%) 42 (16%)
Elsewhere 97 (23%) 34 (22%) 63 (24%)

Chronic diseases ** 117 (28%) 34 (22%) 83 (31%) 0.048
Unknown 2 0 2

COVID-19 symptoms at any
time since January 2020 *** 149 (36%) 66 (43%) 83 (31%) 0.012

Case contact since January 2020 109 (26%) 50 (33%) 59 (22%) 0.016

Confirmed SARS-CoV-2 cases
since January 2020 (self-report) 27 (6.5%) 11 (7.2%) 16 (6.0%) 0.62

COVID-19 symptoms of
SARS-CoV-2 confirmed cases 22 (5.3%) 9 (5.9%) 13 (4.9%) 0.6

Serological status (ELISA-S) 0.57
Presence Ac IgG-S

Adjusted according to test
sensitivity and specificity

49 (11.7%)
49 (12.8%)

16 (10.5%)
16 (11.5%)

33 (12.4%)
33 (13.5%)

1 Mean (SD); n (%). 2 Wilcoxon rank sum test; Pearson’s chi-squared test. * Three profiles were observed:
people who lived in Corte year-round (Corte), those who lived in Corte during the week and returned to their
family home on weekends (Corte/Elsewhere), and those who lived outside of Corte during the week and on
weekends (Elsewhere). ** Chronic diseases (obesity, diabetes, hypertension, heart disease, asthma, pulmonary
pathology, liver disease, chronic neurological disease, chronic renal failure, rheumatological disease, cancer,
and immunosuppressive disease). *** Symptoms presented during the year 2020 (acute respiratory infection,
influenza-like illness, loss of taste, loss of smell, nausea/vomiting, diarrhea, abdominal pain, etc.).

3.2. Symptoms and SARS-CoV-2 History

As shown in Table 1, 36% (n = 149) of the participants declared having had COVID-
19-related symptoms since 1 January 2020, and 6.5% (n = 27) of them declared having
previously tested positive (PCR test) for SARS-CoV-2 since 1 January 2020. Among the
27 confirmed cases, 5.3% (n = 22) declared having had at least one symptom related to
virologically confirmed SARS-CoV-2.

Twenty-six percent (n = 109 out of 418) of the participants reported having had at least
one contact with a confirmed COVID-19-positive individual since 1 January 2020. Among
those 109 participants, 28% (n = 31) had more than one contact episode. The majority of
contacts consisted of interactions with coworkers or classmates (45%; n = 50 out of 109),
followed by contact with family members (29%; n = 32 out of 109) and friends (26%; n = 29
out of 109).

3.3. Seroprevalence of IgG Antibodies against SARS-CoV-2

Overall, 49 of the 418 participants (11.7%; 95% CI, 8.8–15.3%) tested positive on
ELISA-S, with similar values recorded between students (10.5%) and staff members (12.4%)
(p = 0.57) (Table 1). According to the sensitivity and specificity of the ELISA-S test, true
seroprevalence was estimated at 12.8% (95% CI, 9.8–16.6%) (Table 1).

The serological status and the self-reported positive SARS-CoV-2 test results according
to the presence or absence of symptoms are presented in Table 2.
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Table 2. Serological and reported positive RT-qPCR/antigen test results according to declared
symptomatology.

Characteristic
Reported No Symptoms

at Any Time Since 1
January 2020

Reported Experiencing
Symptoms at Any Time

Since 1 January 2020
p-Value 1

Positive ELISA-S (n = 49) 18 (36.7%) 31 (63.3%) <0.001

Positive RT-qPCR/
antigen test (n = 27) 5 (18.5%) 22 (81.5%) <0.001

Positive RT-qPCR and
positive ELISA-S

(n = 19)
3 (15.8%) 16 (84.2%) <0.001

1 Pearson’s chi-squared test; Wilcoxon rank sum exact test.

Among the 49 participants with a positive ELISA-S result, 63.3% (n = 31) declared
having experienced at least one COVID-19 symptom since 1 January 2020. The symptoms
experienced by participants that were most associated with a positive ELISA-S result
(p < 0.001) were loss of smell (9.4%; n = 14 out of 149) and loss of taste (7.4%; n = 11
out of 149).

3.4. Quantitative Results

The IgG antibody levels against SARS-CoV-2 in 77.5% (n = 38 out of 49) of the ELISA-S
positive samples were measured quantitatively using QuantiVac ELISA-S. The mean IgG
antibody level of symptomatic individuals (124.37 BAU/mL) was slightly higher than,
but not significantly different from, that of asymptomatic individuals, at 62.33 BAU/mL
(p = 0.08175) (Figure 2).
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3.5. Seroneutralization Results

The seroneutralization results obtained for the study population are presented in
Table 3. Among the 49 individuals who had a positive ELISA-S result, 31% (n = 15) had
a positive result on the VNT. Among the 15 participants who were seroneutralization
positive, 46.7% (n = 7) had a VNT titer of 40, 33.3% (n = 5) had a VNT titer of 80, and 20.0%
(n = 3) had a VNT titer of 160.

Table 3. Main characteristics of the participants with positive seroneutralization results.

Characteristic Overall, n = 49 1
Seroneutralization Results

p-Value 2

Negative, n = 34 1 Positive, n = 15 1

Function 0.20
Student 16 (33%) 9 (26%) 7 (47%)

University staff 33 (67%) 25 (74%) 8 (53%)

Mean age (years) 32.20 (12.5) 33.53 (12.2) 29.20 (13.1) 0.13

Gender 0.60
Female 30 (61%) 20 (59%) 10 (67%)

Symptoms since January 2020 0.024
Asymptomatic 18 (37%) 16 (47%) 2 (13%)
Symptomatic 31 (63%) 18 (53%) 13 (87%)

Mean quantification (BAU/mL)
Unknown

108.0 (85.5)
11

73.6 (52.1)
11

160.9 (100.5)
0 0.002

Positive COVID-19 test since
January 2020 19 (39%) 6 (18%) 13 (87%) <0.001

1 Mean (SD); n (%). 2 Fisher’s exact test; Wilcoxon rank sum test; Pearson’s chi-squared test; Wilcoxon rank sum
exact test.

The serum neutralization titers did not differ significantly between students and staff
or according to age and gender. Individuals who had developed symptoms or reported a
confirmed COVID-19 positive result since January 2020 had higher neutralizing antibody
titers than did asymptomatic individuals (p = 0.024 and p < 0.001, respectively) (Table 3).

3.6. Sociobehavioral Characteristics of the Population

The sociobehavioral characteristics of the study population are presented in Supple-
mentary Table S1. Outside of the lockdown period (between 11 May and 29 October 2020),
60% (n = 249) of the participants reported never using public transportation or carpooling.
Regarding social interactions outside of a work, home, and public transport context (e.g., at
the supermarket, the gym, or a bar), 44% (n = 184) of the participants reported having a few
of these interactions several times per week. Regarding the adherence to barrier behaviors,
68% (n = 284) of the participants mentioned adopting the correct actions and behaviors to
protect themselves and others from SARS-CoV-2. At least 30% (n = 152) of the respondents
reported being a little concerned about the consequences of SARS-CoV-2 infection on their
own health, whereas 43% (n = 178) were very concerned about the health of individuals
close to them.

3.7. Association between Factors and Seropositivity

The results of the univariate and multivariate analyses are shown in Supplementary
Table S2 and Table 4, respectively. The following factors were associated with seropositivity:
living in Corte (OR = 3.74 [1.40–12.00]; p = 0.014), using public transportation/carpooling
(OR = 2.00 [1.01–4.02]; p = 0.048), having a case contact since January 2020 (OR = 2.32
[1.20–4.40]; p = 0.012), the presence of an acute respiratory infection (OR = 3.05 [1.43–6.43];
p = 0.005) and loss of smell (OR = 16.4 [5.87–50.7]; p < 0.001). Living in a house (OR = 0.36
[0.15–0.77]; p = 0.013) was a protective factor against prior SARS-CoV-2 infection (Table 4).
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Table 4. Multivariate analysis of the characteristics associated with SARS-CoV-2 seropositivity in the
university population.

Characteristic

Description of Selected Variables
(Univariate Analysis)

Effect of Selected Variables
(Multivariate Analysis)

Overall, n = 390 1
ELISA Results

p-Value 2 Odds Ratio
[95% CI] p-Value 2

Negative, n = 342 1 Positive, n = 48 1

Residential
lifestyle 0.10 0.018

Elsewhere 86 (22%) 81 (55%) 5 (10%) - -
Corte/Elsewhere 123 (32%) 107 (31%) 16 (33%) 1.80 [0.64–5.87] 0.300

Corte 181 (46%) 154 (45%) 27 (56%) 3.74
[1.40–12.00] 0.014

Accommodation
type 0.016 0.028

Apartment 222 (57%) 186(54%) 36 (75%) - -
House 140 (36%) 131 (38%) 9 (19%) 0.36 [0.15–0.77] 0.013

University
residence 28 (7%) 25 (8%) 3 (6%) 0.64 [0.14–2.08] 0.500

Use of public
transporta-

tion/carpooling
154 (39%) 131 (38%) 23 (48%) 0.200 2.00 [1.01–4.02] 0.048

Case contact since
January 2020 97 (25%) 77 (23%) 20 (42%) 0.004 2.32 [1.20–4.40] 0.012

Acute respiratory
infection 67 (16%) 47 (13%) 20 (41%) <0.001 3.05 [1.43–6.43] 0.005

Loss of smell 20 (4.8%) 6 (1.6%) 14 (29%) <0.001 16.4 [5.87–50.7] <0.001
1 n (%).2 Chi-squared test with Rao & Scott’s second-order correction.

4. Discussion

This study revealed that this university community showed a significantly higher
seroprevalence relative to the general population. In fact, this cross-sectional study of IgG
antibodies against SARS-CoV-2 seroprevalence, which was carried out from 23 November
2020 to 31 January 2021 at the University of Corsica (France), showed that 12.8% of the
participants who had a positive ELISA-S result among the students and staff had evidence
of prior infection, with at least 30% of them showing neutralizing antibodies. Notably, this
rate, which was similar between the students and faculty staff, was significantly higher
than the 8.04% (95% CI, 7.24–8.84%) observed in the residual sera of the Corsican general
population during the same period, as assessed using the same serological assays [15].
In this study, we reported that almost 40% of the participants who were positive on
ELISA-S reported no symptoms since January 2020. We also observed an increased risk
of seropositivity concomitant with a wide range of clinical and sociodemographic factors.
As IgG responses to the spike protein are stable for at least 6–8 months [10], the results
reported here mainly reflected the circulation of SARS-CoV-2 among the participants since
the summer of 2020.

However, our seropositivity rate was in the lower range of that observed in a cross-
sectional UK study of SARS-CoV-2 antibody seroprevalence among the university student
population, which reported a rate ranging between 7.6% and 29.7% across the five partici-
pating UK universities during the second wave of the epidemic (December 2020) [16].

We investigated the association between demographical, clinical, and lifestyle factors
and seropositivity. In the present study, participants living in Corte (city campus) during
the week and on weekends were at greater risk than were participants living outside
Corte during the week and outside Corte on weekends. Because Corte is a small town
(approximately 7000 inhabitants), we can assume that contacts between people are more
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frequent, as they come into contact more often in the same indoor places (e.g., there is
only one main supermarket in the city). Furthermore, we know that SARS-CoV-2 can
remain airborne for up to three hours and survive on surfaces [17]. In agreement with
previous studies [18,19], we observed that participants living in houses were at a lower
risk of infection than were participants living in apartments. It can be hypothesized
that single-family homes allow more frequent access to the outdoors than do apartments.
Moreover, apartments have common areas (stairwells, elevators, garbage rooms, and
mailbox rooms, etc.), which do not always allow good ventilation and encourage people
to meet. Similar to a nationwide French case–control study carried out during the second
wave [20], we identified public transportation/carpooling as a risk of SARS-CoV-2 infection.
Public transportation and the mobility of the population facilitate the rapid transmission of
viruses, particularly during the SARS-CoV-2 pandemic [21,22].

In addition, we investigated the association between seropositivity and a history of
SARS-CoV-2. Among the participants, a positive ELISA-S result was significantly associated
with case contact or with having reported testing positive for SARS-CoV-2 since January
2020. The majority of case contacts reported by the participants consisted of interactions
with coworkers or classmates, which suggests that the university community may favor
the transmission of and contamination with SARS-CoV-2. This is in line with previous
studies showing that close contact with people infected with COVID-19 increases viral
transmission [23].

Furthermore, seroprevalence was strongly associated with at least one of the symptoms
self-reported since 1 January 2020. The main symptoms associated with seropositivity were
“having had an acute respiratory infection” and “experiencing loss of smell”. As reported
previously [24], anosmia may be the first presenting symptom, preceding the occurrence
of other COVID-19 symptoms with less specificity, such as a cough and fever [25]. In
addition, we found that individuals who had reported symptoms since January 2020 had
a significantly greater titer of IgG antibodies against SARS-CoV-2 and of neutralizing
antibodies than did those who had not reported symptoms. This agrees with recent reports
indicating that asymptomatic individuals with COVID-19 mount a neutralizing humoral
response that is lower than that observed in symptomatic persons or hospitalized patients
with COVID-19 [26].

Interestingly, almost 40% of the participants who were positive on ELISA-S reported
no symptoms since January 2020. This is in agreement with current data suggesting that
infected persons without symptoms—including both presymptomatic and asymptomatic
persons—account for more than 40% of all SARS-CoV-2 transmission [27–29]. This result
shows that COVID-19 control strategies have to consider the prevalence and transmission
risk of asymptomatic SARS-CoV-2 infection.

This study had several limitations. The selected university community may not be
representative; indeed, our population is composed mainly of university staff (composed of
research professors, administrative staff, and PhDs) since this is the group that responded
most favorably to the call for participation. It is a specific population and data were
obtained through a self-reported questionnaire; however, it is reasonable to assume that
the awareness and memory of symptoms that may be related to COVID-19 have increased,
leading to a lower estimate of the asymptomatic fraction. Furthermore, these results cannot
be extrapolated directly to the general population. In turn, this study had several strengths.
In particular, it was conducted among a university community for which data were scarcely
available. In addition, serological samples were collected during the second wave of intense
SARS-CoV-2 circulation. Finally, several serological methods were used to improve the
interpretation of the seroprevalence results.

5. Conclusions

This study revealed that the university community showed a significantly higher
seroprevalence relative to the general population and that a large proportion had no
significant symptoms related to COVID-19. The results highlight the setting in which
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adherence to measures including hand and respiratory hygiene, physical distancing, mask
wearing, and the ventilation of indoor environments is critical to control the spread of SARS-
CoV-2 viruses. It would be interesting to carry out a follow-up antibody quantification to
evaluate the natural immunity and/or vaccination of the university population over time.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19041953/s1, Table S1: Sociobehavioral characteristics
of the academic population; Table S2: Univariate analysis of the characteristics associated with
SARS-CoV-2 seropositivity in the university population.

Author Contributions: Conceptualization, A.F., L.C., S.M., M.V. and D.D.; methodology, D.D., J.S.,
S.M., L.C., T.F., P.M.S.V., A.A., E.N., M.P., T.B., X.d.L., R.C. and A.F.; software, A.F., J.S. and D.D.;
validation, A.F.; formal analysis, A.F., J.S. and D.D.; investigation, S.M., J.S. and D.D.; data curation,
D.D.; writing—original draft preparation, D.D., L.C. and A.F.; writing—review and editing, A.F.,
S.M., J.S., L.C. and M.P.; supervision, A.F. and T.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This study has been partially funded by SAPRIS-SERO and EpiCoV projects (Institut
national de la santé et de la recherche médicale (Inserm) & Direction de la recherche, des études, de
l’évaluation et des statistiques (Drees).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the French Data Protection Agency and the French ethics
research committee (CPP#2020-A00711-38).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wood, G. There’s No Simple Way to Reopen Universities. Available online: https://www.theatlantic.com/ideas/archive/2020/0

4/colleges-are-weighing-costs-reopening-fall/610759/ (accessed on 24 November 2021).
2. Vasold, K.L.; Deere, S.J.; Pivarnik, J.M. Club and Intramural Sports Participation and College Student Academic Success. Recreat.

Sports J. 2019, 43, 55–66. [CrossRef]
3. Gostin, L.O.; Wiley, L.F. Governmental Public Health Powers during the COVID-19 Pandemic: Stay-at-Home Orders, Business

Closures, and Travel Restrictions. JAMA 2020, 323, 2137. [CrossRef] [PubMed]
4. Renault, V.; Humblet, M.-F.; Parisi, G.; Donneau, A.-F.; Bureau, F.; Gillet, L.; Fontaine, S.; Saegerman, C. The First Random

Observational Survey of Barrier Gestures against COVID-19. Int. J. Environ. Res. Public Health 2021, 18, 9972. [CrossRef]
5. Tilley, K.; Ayvazyan, V.; Martinez, L.; Nanda, N.; Kawaguchi, E.S.; O’Gorman, M.; Conti, D.; Gauderman, W.J.; Van Orman, S.

A Cross-Sectional Study Examining the Seroprevalence of Severe Acute Respiratory Syndrome Coronavirus 2 Antibodies in a
University Student Population. J. Adolesc. Health 2020, 67, 763–768. [CrossRef] [PubMed]

6. Tuells, J.; Egoavil, C.M.; Pena Pardo, M.A.; Montagud, A.C.; Montagud, E.; Caballero, P.; Zapater, P.; Puig-Barberá, J.; Hurtado-
Sanchez, J.A. Seroprevalence Study and Cross-Sectional Survey on COVID-19 for a Plan to Reopen the University of Alicante
(Spain). Int. J. Environ. Res. Public Health 2021, 18, 1908. [CrossRef] [PubMed]

7. Araújo, A.A.d.S.; Quintans-Júnior, L.J.; Schimieguel, D.M.; Corrêa, C.B.; de Moura, T.R.; Cavalcante, R.C.M.; Grespan, R.;
Cerqueira-Meneses, D.d.V.; Barreto-Alves, J.A.; Martins-Filho, P.R. Seroprevalence of SARS-CoV-2 Antibodies in Low-Income
University Students. EXCLI J. 2021, 20, 276–280. [CrossRef] [PubMed]

8. Arnold, C.R.K.; Srinivasan, S.; Herzog, C.M.; Gontu, A.; Bharti, N.; Small, M.; Rogers, C.J.; Schade, M.M.; Kuchipudi, S.V.;
Kapur, V.; et al. SARS-CoV-2 Seroprevalence in a University Community: A Longitudinal Study of the Impact of Student Return
to Campus on Infection Risk Among Community Members. medRxiv 2021. 2021.02.17.21251942. [CrossRef]

9. Tsitsilonis, O.E.; Paraskevis, D.; Lianidou, E.; Pierros, V.; Akalestos, A.; Kastritis, E.; Moutsatsou, P.; Scorilas, A.; Sphicopoulos,
T.; Terpos, E.; et al. Seroprevalence of Antibodies against SARS-CoV-2 among the Personnel and Students of the National and
Kapodistrian University of Athens, Greece: A Preliminary Report. Life 2020, 10, 214. [CrossRef]

10. Dan, J.M.; Mateus, J.; Kato, Y.; Hastie, K.M.; Yu, E.D.; Faliti, C.E.; Grifoni, A.; Ramirez, S.I.; Haupt, S.; Frazier, A.; et al.
Immunological Memory to SARS-CoV-2 Assessed for up to 8 Months after Infection. Science 2021, 371, eabf4063. [CrossRef]

11. Gallian, P.; Pastorino, B.; Morel, P.; Chiaroni, J.; Ninove, L.; de Lamballerie, X. Lower Prevalence of Antibodies Neutralizing
SARS-CoV-2 in Group O French Blood Donors. Antivir. Res. 2020, 181, 104880. [CrossRef]

12. Capai, L.; Ayhan, N.; Masse, S.; Canarelli, J.; Priet, S.; Simeoni, M.-H.; Charrel, R.; de Lamballerie, X.; Falchi, A. Seroprevalence of
SARS-CoV-2 IgG Antibodies in Corsica (France), April and June 2020. J. Clin. Med. 2020, 9, 3569. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph19041953/s1
https://www.mdpi.com/article/10.3390/ijerph19041953/s1
https://www.theatlantic.com/ideas/archive/2020/04/colleges-are-weighing-costs-reopening-fall/610759/
https://www.theatlantic.com/ideas/archive/2020/04/colleges-are-weighing-costs-reopening-fall/610759/
http://doi.org/10.1177/1558866119840085
http://doi.org/10.1001/jama.2020.5460
http://www.ncbi.nlm.nih.gov/pubmed/32239184
http://doi.org/10.3390/ijerph18199972
http://doi.org/10.1016/j.jadohealth.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/33071164
http://doi.org/10.3390/ijerph18041908
http://www.ncbi.nlm.nih.gov/pubmed/33669412
http://doi.org/10.17179/excli2021-3459
http://www.ncbi.nlm.nih.gov/pubmed/33628163
http://doi.org/10.1101/2021.02.17.21251942
http://doi.org/10.3390/life10090214
http://doi.org/10.1126/science.abf4063
http://doi.org/10.1016/j.antiviral.2020.104880
http://doi.org/10.3390/jcm9113569
http://www.ncbi.nlm.nih.gov/pubmed/33167563


Int. J. Environ. Res. Public Health 2022, 19, 1953 12 of 12

13. Sergent, E.S.G. Calculateurs Épidémiologiques Epitools. Ausvet. Available online: https://epitools.ausvet.com.au/ (accessed on
22 November 2021).

14. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2006. Available online: https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-
development-core-team-2006 (accessed on 22 November 2021).

15. Capai, L.; Masse, S.; Fourié, T.; Decarreaux, D.; Canarelli, J.; Simeoni, M.-H.; Amroun, A.; Mohammed-Ali, S.; Saba Villarroel,
P.M.; de Lamballerie, X.; et al. Impact of the Second Epidemic Wave of SARS-CoV-2: Increased Exposure of Young People. Front.
Public Health 2021, 9, 715192. [CrossRef] [PubMed]

16. Vusirikala, A.; Whitaker, H.; Jones, S.; Tessier, E.; Borrow, R.; Linley, E.; Hoschler, K.; Baawuah, F.; Ahmad, S.; Andrews, N.; et al.
Seroprevalence of SARS-CoV-2 Antibodies in University Students: Cross-Sectional Study, December 2020, England. J. Infect. 2021,
83, 104–111. [CrossRef] [PubMed]

17. Chia, P.Y.; Coleman, K.K.; Tan, Y.K.; Ong, S.W.X.; Gum, M.; Lau, S.K.; Lim, X.F.; Lim, A.S.; Sutjipto, S.; Lee, P.H.; et al. Detection of
Air and Surface Contamination by SARS-CoV-2 in Hospital Rooms of Infected Patients. Nat. Commun. 2020, 11, 2800. [CrossRef]
[PubMed]

18. Alsaïdi, I.; De Sousa Santos, F.; Plard, B.; Janvier, E.; Tinland, A.; Hafni, A.; Mosnier, E. Factors Associated with SARS-CoV2
Infection and Care Pathways among the Most Vulnerable Populations Living in Marseille: A Case Control Study. BMC Public
Health 2021, 21, 1704. [CrossRef]

19. van den Broek-Altenburg, E.M.; Atherly, A.J.; Diehl, S.A.; Gleason, K.M.; Hart, V.C.; MacLean, C.D.; Barkhuff, D.A.; Levine, M.A.;
Carney, J.K. Jobs, Housing, and Mask Wearing: Cross-Sectional Study of Risk Factors for COVID-19. JMIR Public Health Surveill
2021, 7, e24320. [CrossRef]

20. Galmiche, S.; Charmet, T.; Schaeffer, L.; Paireau, J.; Grant, R.; Chény, O.; Platen, C.V.; Maurizot, A.; Blanc, C.; Dinis, A.; et al.
Exposures Associated with SARS-CoV-2 Infection in France: A Nationwide Online Case-Control Study. Lancet Reg. Health–Europe
2021, 7, 100148. [CrossRef]

21. Wei, J.-T.; Liu, Y.-X.; Zhu, Y.-C.; Qian, J.; Ye, R.-Z.; Li, C.-Y.; Ji, X.-K.; Li, H.-K.; Qi, C.; Wang, Y.; et al. Impacts of Transportation and
Meteorological Factors on the Transmission of COVID-19. Int. J. Hyg. Environ. Health 2020, 230, 113610. [CrossRef]

22. Fang, L.-Q.; De Vlas, S.J.; Feng, D.; Liang, S.; Xu, Y.-F.; Zhou, J.-P.; Richardus, J.H.; Cao, W.-C. Geographical Spread of SARS in
Mainland China. Trop. Med. Int. Health 2009, 14, 14–20. [CrossRef]

23. Pollán, M.; Pérez-Gómez, B.; Pastor-Barriuso, R.; Oteo, J.; Hernán, M.A.; Pérez-Olmeda, M.; Sanmartín, J.L.; Fernández-García,
A.; Cruz, I.; de Larrea, N.F.; et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): A Nationwide, Population-Based
Seroepidemiological Study. Lancet 2020, 396, 535–544. [CrossRef]

24. Guan, W.; Ni, Z.; Hu, Y.; Liang, W.; Ou, C.; He, J.; Liu, L.; Shan, H.; Lei, C.; Hui, D.S.C.; et al. Clinical Characteristics of
Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [CrossRef] [PubMed]

25. Kang, Y.J.; Cho, J.H.; Lee, M.H.; Kim, Y.J.; Park, C.-S. The Diagnostic Value of Detecting Sudden Smell Loss among Asymptomatic
COVID-19 Patients in Early Stage: The Possible Early Sign of COVID-19. Auris Nasus Larynx 2020, 47, 565–573. [CrossRef]
[PubMed]

26. Robbiani, D.F.; Gaebler, C.; Muecksch, F.; Lorenzi, J.C.C.; Wang, Z.; Cho, A.; Agudelo, M.; Barnes, C.O.; Gazumyan, A.;
Finkin, S.; et al. Convergent Antibody Responses to SARS-CoV-2 in Convalescent Individuals. Nature 2020, 584, 437–442. [Cross-
Ref] [PubMed]

27. He, X.; Lau, E.H.Y.; Wu, P.; Deng, X.; Wang, J.; Hao, X.; Lau, Y.C.; Wong, J.Y.; Guan, Y.; Tan, X.; et al. Temporal Dynamics in Viral
Shedding and Transmissibility of COVID-19. Nat. Med. 2020, 26, 672–675. [CrossRef]

28. Ma, S.; Zhang, J.; Zeng, M.; Yun, Q.; Guo, W.; Zheng, Y.; Zhao, S.; Wang, M.H.; Yang, Z. Epidemiological Parameters of COVID-19:
Case Series Study. J. Med. Internet Res. 2020, 22, e19994. [CrossRef]

29. Zhang, H.; Hong, C.; Zheng, Q.; Zhou, P.; Zhu, Y.; Zhang, Z.; Bi, Q.; Ma, T. A Multi-Family Cluster of COVID-19 Associated
with Asymptomatic and Pre-Symptomatic Transmission in Jixi City, Heilongjiang, China, 2020. Emerg. Microbes Infect. 2020, 9,
2509–2514. [CrossRef]

https://epitools.ausvet.com.au/
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
http://doi.org/10.3389/fpubh.2021.715192
http://www.ncbi.nlm.nih.gov/pubmed/34381756
http://doi.org/10.1016/j.jinf.2021.04.028
http://www.ncbi.nlm.nih.gov/pubmed/33933527
http://doi.org/10.1038/s41467-020-16670-2
http://www.ncbi.nlm.nih.gov/pubmed/32472043
http://doi.org/10.1186/s12889-021-11716-6
http://doi.org/10.2196/24320
http://doi.org/10.1016/j.lanepe.2021.100148
http://doi.org/10.1016/j.ijheh.2020.113610
http://doi.org/10.1111/j.1365-3156.2008.02189.x
http://doi.org/10.1016/S0140-6736(20)31483-5
http://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
http://doi.org/10.1016/j.anl.2020.05.020
http://www.ncbi.nlm.nih.gov/pubmed/32553562
http://doi.org/10.1038/s41586-020-2456-9
http://doi.org/10.1038/s41586-020-2456-9
http://www.ncbi.nlm.nih.gov/pubmed/32555388
http://doi.org/10.1038/s41591-020-0869-5
http://doi.org/10.2196/19994
http://doi.org/10.1080/22221751.2020.1837015

	Introduction 
	Materials and Methods 
	Timeline 
	Study Design 
	Participants 
	Outcomes 
	Serological Analysis 
	Statistical Analysis 
	Sample-Size Calculation 
	Analysis of Seroprevalence and Epidemiological Factors 

	Ethics 

	Results 
	Sociodemographic Data Description 
	Symptoms and SARS-CoV-2 History 
	Seroprevalence of IgG Antibodies against SARS-CoV-2 
	Quantitative Results 
	Seroneutralization Results 
	Sociobehavioral Characteristics of the Population 
	Association between Factors and Seropositivity 

	Discussion 
	Conclusions 
	References

