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Summary
AIMS OF THE STUDY: A new emerging severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) was first
identified in Wuhan, China, in December 2019 and then
spread rapidly, causing a global pandemic. In Europe, the
first case was identified in Italy on 21 February 2020, in
the Lombardy region bordering on the southern part of
Switzerland (Canton Ticino), where 4 days later the first
case was identified . Ticino was the most affected canton
in Switzerland during the first wave of pandemic. In order
to provide a reliable indicator for the spread of the virus in
this region and help decision making at the public health
level, a seroprevalence study of SARS-CoV-2 was con-
ducted.

METHODS: A cohort study was implemented on a ran-
domly selected sample of 1500 persons. The sample is
representative of the general population of the Canton
of Ticino, stratified by sex and age from 5 years old.
Antibodies against the SARS-CoV-2 nucleocapsid protein

were detected using a rapid qualitative test in 4 data col-
lection periods over the course of 12 months (from
May–June 2020 to May–June 2021).

RESULTS: The seroprevalence of SARS-CoV-2 was es-
timated at 9.0% in spring 2020 (weeks 20–26), 8.4% in
summer 2020 (weeks 32–38), 14.1% in autumn
2020 (weeks 45–52) and 22.3% in spring 2021 (weeks
18–23). In none of these four phases was evidence of an
association between sex or specific age groups and pres-
ence of anti-SARS-CoV-2 antibodies detected. For risk
factors, the only strong and significant association found
was with diabetes in the first three data collection periods
but not in the fourth. Among people who participated in all
four phases of the study and tested positive anti-SARS-
CoV-2 antibodies in the first test, 61.8% were still positive
even in the fourth, 12 months later.

CONCLUSIONS: The results support the hypothesis that,
after one year and despite the severe burden in terms of
hospitalisations and deaths experienced by the Canton Ti-
cino, SARS-CoV-2 infection affected only a minority of the
population (20%) and also suggest that the anti-nucleo-

capsid antibodies persist after 12 months in the majority of
infected persons.

Introduction

A new emerging severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) was first identified in Wuhan, Chi-
na, in December 2019 and then spread rapidly around the
world [1].

Since it was declared a pandemic by the World Health
Organization on 11 March 2020, SARS-CoV-2 has infect-
ed more than 244,000,000 people around the world and
coronavirus disease (COVID-19) has caused more than
4,950,000 deaths to date [2].

COVID-19 is usually associated with a mild to severe
acute respiratory disease showing a wide range of symp-
toms including fever or chills, cough, shortness of breath
or difficulty breathing, fatigue, muscle or body aches, loss
of taste or smell, nausea or vomiting, diarrhoea. Addition-
ally, persons with specific conditions – such as chronic
respiratory, cardiovascular and renal diseases, immunosup-
pressive conditions, obesity, smoking, diabetes – oldest
people and healthcare workers are a highest risk for
COVID-19 and its complications [3]. Asymptomatic forms
are not uncommon, but the estimated prevalence of this
part of the infected population can vary significantly be-
tween countries.

In Europe, the first case was identified in Italy on 21 Feb-
ruary 2020 in the municipality of Codogno close to Milan
in the Lombardy region, bordering on the southern part of
Switzerland (Canton Ticino). The situation rapidly deteri-
orated and on 4 March, 2700 cases were reported [4]. Four
days later, on 25 February 2020, the first case in the Canton
Ticino was identified. Ticino was the most affected can-
ton in Switzerland during the first wave of pandemic, with
3327 infected people and 350 deaths in 4 months; the sec-
ond wave started in October and the community transmis-
sion of the SARS-CoV-2 remained high until the end of
January. As of 18 October 2021, 20 months after the diag-
nosis of the first case, Ticino had had 36,428 infected cases
and 1007 deceased patients.
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The diagnosis of COVID-19 is based on a real-time poly-
merase chain reaction (RT-PCR) assay [5]. In Switzerland,
from the beginning of the outbreak until March 2021, on-
ly symptomatic persons were tested. However, the differ-
ences in data collection between the first and second wave
are substantial: due to the scarcity of tests, during the first
wave in some cantons only symptomatic persons aged ≥65
and with risk factors were tested, whereas in the second
wave the tests were performed on all symptomatic persons,
including those with mild symptoms. This may have influ-
enced the absolute number of new positive cases per day
as well as the positivity rate.

A positive RT-PCR result activates the contact tracing ser-
vice, which formalises the isolation and quarantine of close
contacts (less than 1.5 metres for at least 15 minutes). Oth-
er tests have also been developed, such as the rapid antigen
test, to offer faster and cheaper analysis; however, the RT-
PCR test remains the gold standard.

The prevalence of SARS-CoV-2 in the community can be
estimated by using serological tests. Many commercial an-
tibody tests are now available and allow the detection of
anti-SARS-CoV-2 antibodies – even in asymptomatic per-
sons or persons not tested with RT-PCR – and estimation
of seroprevalence in the population.

In the spring of 2020, many countries and regions affected
by COVID-19 started seroprevalence studies to better un-
derstand the spread of the new coronavirus in the com-
pletely naïve population [6, 7]. In the Canton Ticino, to
provide a reliable indicator for the spread of the virus and
help decision making at the public health level, a prospec-
tive cohort study on a representative sample of resident
population with four data collection periods over the
course of 12 months was implemented. In the present arti-
cle, we show the results of the study, with estimates of both
seroprevalence and persistence of the SARS-CoV-2 anti-
bodies, as well as the association of demographic and risk
factors in people showing positive test results for antibod-
ies against the new coronavirus.

Materials and methods

Study design and participants

This was a cohort study of a randomly selected sample of
1500 persons from the Civil Registry Office database. The
sample was representative of the general population of the
Canton of Ticino, stratified by sex and age from 5 years
old. Up to the end of April 2020, sampled people received
a letter of invitation to participate in the study, differenti-
ated according to age group (5–10, 11–17, over 18 years
old).

Recruitment required that the selected person call the hot-
line to confirm or not their participation in the study. Only
the confirmed participants received a second letter includ-
ing information on organising an appointment with a
physician, a list of selected physicians in their own re-
gion, the written informed consent form and the question-
naire. The questionnaire collects sociodemographic data
and the anamnestic status of the study participant, i.e.,
whether he/she had already been infected with SARS-
CoV-2 (RT-PCR positive), and had symptoms of recent or
past infection. In order to measure the significance and de-

gree of association between risk factors and SARS-CoV-2
infection, the questionnaire also contained questions re-
garding various known risk factors, such as high blood
pressure, diabetes, cardiovascular disease, chronic lung
disease, immunodeficiency, cancer, regular smoker and
body mass index (BMI). During the appointment, all par-
ticipants gave written informed consent and completed the
questionnaire with the help of the physician. After that,
they could undergo serological testing to detect antibodies
against SARS-CoV-2. The questionnaire is provided in the
appendix.

The questionnaires and the results of the tests were univo-
cally encoded and anonymised by the physicians and then
sent to our office to be checked and recorded in a specif-
ic database. Written informed consents were stored by the
physicians, the only ones who know the identity of the par-
ticipants.

For individuals less than 14 years old, parents or a legal
representative provided consent. This study was approved
by the Cantonal Research Ethics Commission of the Can-
ton of Ticino (2020-00914 / CE 3626). The study design
includes four successive follow-up periods of data collec-
tion: 0 (May–June 2020), after 3 months (August–Sep-
tember 2020), after 6 months (November–December 2020)
and after 12 months (May–June 2021).

Detection of antibody against SARS-CoV-2

Antibodies against SARS-CoV-2 were identified using a
rapid qualitative test (Rapid Test SARS-CoV-2 IgM/IgG
Gold, Techno Genetics, produced by KHB Group). This
test measures only the antibodies against the SARS-CoV-2
nucleocapsid protein, so it detects antibodies from natural
infections and not elicited by vaccination. It is based on
solid phase colloidal gold immunochromatographic tech-
nology for the qualitative determination of the presence
of IgM/IgG antibodies against SARS-CoV-2 nucleocapsid
(N) protein in human serum, plasma and whole blood. The
gold SARS-CoV-2 antigen conjugate and the gold chick-
en IgY conjugate are coated to the conjugate pad. The test
line T1 (antibodies against human IgM), the test line T2
(Staphylococcus aureus protein A) and the control line (an-
tibodies against chicken IgY) are pre-coated on the surface
of a nitrocellulose membrane. When the specimen is added
to the sample pad, it migrates through the conjugate pad
resulting in the appearance of test line T1/T2. In this case,
the result is considered positive (presence of IgM/IgG an-
tibodies). In absence – or with a very low level of specific
IgM/IgG, no test line appears, representing a negative re-
sult.

The test was made by the physician taking about 15 μl of
blood from the ring finger (fingerpick blood sample), de-
positing them in the specimen well of the test device and
reading the result after 15 minutes. The validation test pro-
vided by the manufacturer reports a specificity for total an-
tibody IgM + IgG of 98.9% and a sensitivity for total an-
tibody IgM + IgG of 95.1%, 16 days after infection. An
independent assessment made in September 2020 on a mix
of in-hospital symptomatic and asymptomatic patients re-
ported sensitivity and specificity comparable to those de-
clared by the manufacturer [8].
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Statistical analysis

The target of this study is the population of the Canton Ti-
cino (n = 350,986) and the sampling frame is represented
by the resident population aged 5 years and older (n =
339,183), recorded in the Movpop database (Civil Registry
Office). On these data, a probability sampling technique
based on stratified random sampling was used, where the
strata were represented by the age and sex subgroups of the
overall population.

During the design of the study protocol (early April 2020),
as we had no prior knowledge about the seroprevalence
in Canton Ticino, we adopted a conservative maximum un-
certainty criterion. Assuming an overall seroprevalence of
50%, a 95% confidence level, and a margin of error of
±5%, the resulting sample size for each stage was n = 384.
With an assumed dropout rate of 20% for each data collec-
tion phase and a 50% response rate on the overall resulting
sample, we reached the final sample size of n = 1500. Ran-
dom extraction was then performed to allocate this sample
size among the effective proportions of sex and age sub-
groups previously defined in the sampling frame.

In order to check the presence of attrition bias for age
and sex strata, two methods were applied: a Pearson's chi-
square test to compare the observed sample frequencies
with the expected population frequencies in each wave,
and a binary logistic regression considering who stayed in
/ dropped out of the study as response variable, and age
and sex – extracted from the MovPop database – as in-
dependent variables. Post-stratification weighting was ap-
plied to adjust for discrepancies between the sample and
population distributions for age and sex. As the sensitivity
and the specificity of a diagnostic test cannot perfectly de-
tect all true positives and true negatives, the simple fre-
quency of positive tests is a biased estimator of the sero-
prevalence [9]. In order to calculate a “true” prevalence
(intended as a non-biased or, at least, a less biased esti-
mate) from the “apparent” prevalence (observed), an ex-
plicit relationship between estimator, sensitivity and speci-
ficity was considered [9]. Moreover, in order to avoid the
issues of a confidence interval calculation directly on the
“true” prevalence (i.e., actual probability less than nominal
probability), the Blaker’s method on binomial distribution
was applied [10].

The associations between the presence of antibodies
against SARS-CoV-2 and age, sex, and potential risk fac-
tors were evaluated by binary logistic regression models.
With the serological test outcome ( “positive” or “neg-
ative”) as the response variable, two logistic regression
models with different age classes (“5–9”, ”10–19”,
”20–49”, ”50–64”, ”65 and over”) and sex (“male” or
“female”) as categorical independent variables were per-
formed. In order to detect possible associations between
test outcome and eight different risk factors (arterial hy-
pertension, diabetes, cardiovascular disease, chronic pul-
monary disease, immunodeficiency, cancer disease, reg-
ular smoking, overweight/obesity), single and multiple
logistic regression models were calculated. Multiple re-
gression models were performed to test the presence of
possible confounding effects induced by age and sex, with
the covariate age as a continuous variable (≥18 years old),
and sex (“male” or “female”) and the presence of risk fac-
tors (“yes” or “no”) as categorical variables. Moreover,

to determine a possible differentiation of the association
among predictors (risk factors) and outcome (test results),
an effect modification at the level of sex, age or both, for
each risk factor and for each data collection period was ad-
ditionally tested. Association degree and relative statistical
significance between dependent and independent variables
was measured by, respectively, regression coefficients ex-
pressed as odds ratios (ORs) and p-values. The margin of
error of the ORs was estimated using a 95% confidence
level. Statistical analysis was performed using IBM SPSS
Statistics v.21, R language v.3.6.3 [11] and Microsoft Ex-
cel.

Results

Of the 1500 persons invited to participate in the study,
267 (17.8%) declined and 249 (16.6%) did not respond, 48
(3.2%) accepted but did not attend, and 2 (0.01%) were ex-
cluded because they were not resident in Canton Ticino.
Thus, 934 (62.3%) people participated in the first phase,
905 (60.3%) in the second phase, 870 (58%) in the third
phase and 722 (48.1%) in the fourth and last phase of the
study (fig. 1). In order to determine the presence of attri-
tion bias, a goodness-of-fit test and a logistic regression
model were applied. In the fourth phase, the goodness-
of-fit test does not allow rejection of the null hypothesis
of equivalence between observed and expected frequen-
cies in the population for sex (p = 0.103), but not for age
(p <0.05). Specifically, in this data collection period, re-
gression analysis revealed a possible oversampling for the
50–64 age group (OR 2.374, 95% confidence interval [CI]
1.130–4.987; p = 0.022) and for the 65 and over group
(OR 2.521, 95% CI 1.170–5.433; p = 0.018). Moreover, no
statistically significant change was found for the sex vari-
able in any of the four phases. Overall, the median age
of the cohort in the first wave was 47 years (interquartile
range [IQR] 30–61), 53.0% (495/934) were women and
47.0% (439/934) were men.

As shown in figure 2 and table 1, in the first data collection
period (weeks 20–26), the overall estimated seropreva-
lence, adjusted for sensitivity and specificity, was 9.0%
(95% CI 7.1–11.2%); in the second period (weeks 32–38)
it was 8.4% (95% CI 6.5–10.5%); in the third period
(weeks 45–52) it was 14.1% (95% CI 11.7–16.8%) and in
the fourth and last data collection period (weeks 18–23,
2021) it was 22.3% (95% CI 19.2–25.7%).

As shown in table 2, in none of these four phases was evi-
dence of an association between sex and presence of anti-
SARS-CoV-2 antibodies detected. Similarly, no significant
association was found among seropositivity and specific
age groups.

For risk factors, the only strong and significant association
in three out of four data collection periods, either adjust-
ed or not adjusted for age and sex, was found for persons
with diabetes. Chronic pulmonary diseases were signifi-
cantly associated with the presence of antibodies only in
the first phase (not adjusted for sex and age) and in the
second phase, whereas all other risk factors (hypertension,
cardiovascular disease, immunodeficiency, cancer, regu-
lar smoker and overweight/obesity) did not show signif-
icant associations in any of the four phases of the pre-
sent study. A check for the presence of effect modification
on test results through the interactions among sex, age or
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both and each risk factors, suggests that, if present, the
effect was quiet marginal. In the fourth data collection
period, 2 out of 24 regression models showed significant
ORs (Sex*Age*Regular smoker: OR 1.062, 95% CI
1.003–1.126; Sex*BMI 3.786, 95% CI 1.073–13.355).
Moreover, in the overall data collection period, 5 out of
96 regression models showed significant ORs and 3 out of
these 5 models, given the size of the sample, may be due to
random error.

Of the 722 participants in the fourth collection period, 2
had an invalid result; it follows that 720 persons had an
interpretable test result in each of the four periods of the
study: 503 (69.9%, 95% CI 66.5–73.3%) had a negative
test, whereas 42 (5.8%, 95% CI 2.5–9.2%) tested positive
in each of the four phases (data not shown).

Comparison between these 42 persons with the 68 having
a positive test in the first phase still present during the
following three stages of the study provides a rough es-
timate of the persistence of anti SARS-Cov-2 after 12
months (61.8%, 95% CI 49.2–73.3%). Of these 42, 41 per-
sons completed the anamnestic data questionnaire, which
showed that 13 (31.7%) had symptoms and a positive RT-
PCR test result, 8 (19.5%) had symptoms but were not test-
ed, 3 (7.3%) had symptoms but a negative RT-PCR test,
3 (7.3%) had no symptoms but were tested (e.g., during
a hospital stay), and 14 (34.1%) had no symptoms and no
RT-PCR test (data not shown).

Thus, among the group of people who still had anti-SARS-
CoV-2 antibodies after 12 months, 17 out of 41 (41.5%)
were asymptomatic. Of the 16 people who had a positive
result in both serological and RT-PCR tests in the first data
collection period, 100% (16) retained antibodies during the
second period, 93.8% (15) in the third period and, as men-
tioned above, 81.3% (13) 12 months later.

Discussion

This seroprevalence study of the virus SARS-CoV-2 in
Canton Ticino was well accepted by the overall population:
65.6% (934/1500) of the randomly selected sample partic-
ipated in the first phase and, during the following stages of
the study, the dropouts were limited. A total of 77.3% (722/
934) of the initial participants were still present during the
fourth and last phase of the study.

The results from the four data collection periods show that
in Canton Ticino, the estimated prevalence of people with
anti-SARS-CoV-2 antibodies during the first period (9.0%,
May–June) was very close to that found in the second pe-
riod (8.7%, August–September), confirming that after the
first epidemic wave, the summer period – despite light
containment measures – saw a very low circulation of the
virus among the population. Moreover, the serological da-
ta allow a crude estimate of how many COVID-19 cases
were undetected in the period following the first wave

Figure 1: Flow diagram of the cohort study design.
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(May–June 2020). Since 9% of the population from 5 years
old showed antibodies against SARS-CoV-2 and that in the
same period the official cumulative number of COVID-19
cases amounted to about 3300, it is possible to roughly es-
timate that, for every person with a positive RT-PCR test,
there were nine still undetected.

The spread of the virus rose significantly in the following
periods, showing an increase in seropositivity from ap-
proximately 1 person in 11 in the first two phases, to nearly
1 person in 7 in the third phase (14,1%, November–De-
cember) and to nearly 1 person on 5 in the last phase
(22.3%, May–June 2021). Studies are rather concordant in
finding no statistically significant differences between sex-
es [6], but the situation is different for age. Although defin-
itive evidence does not yet exist, most studies find a lower
risk of infection in younger population [12–15]. The pre-
sent study, as well as others [16, 17], did not find any sig-
nificant association between seropositivity and age group.

In Switzerland, several seroprevalence studies have been
carried out in different cantons, but they are often not com-
parable because of different target groups and/or time peri-
ods. After the first pandemic wave, the Canton Ticino had
a seroprevalence lower than Geneva (9% and 11%, [13])
and higher than Vaud (7% [18]). The seroprevalence mea-
sured during the second wave increased, being highest in
Geneva (22%, between November–December 2020), fol-
lowed by Vaud (17%, November 2020), Ticino (14.1%,
November–December 2020) and finally Zürich (8%, De-
cember 2020) [18]. A seroprevalence study conducted be-
tween 1 June and 7 July 2021 in Canton Geneva, estimated
that 29.9% of the population developed antibodies after in-
fection [19].

In the Swiss border countries, the seroprevalence measured
in Italy in the Lombardy region, from 25 May to 15 Ju-
ly 2020, was 7.5% [4], and a more recent study in the same

region (Castiglione d’Adda), conducted from 18 May to 7
June 2021, reported a seroprevalence similar to our es-
timate (22.2%) [15]. In France, seroprevalence from
5–11 October 2020 in the Bourgogne Franche-Comté re-
gion was 9.3% and in the Grand Est regions 11.6% [20]. In
Austria, in the west region, during the middle/end of Oc-
tober 2020, the estimated seroprevalence was 5.7% [21]
and in Germany, in the Baden-Württemberg region, from
20 May to 9 June 2020, it was 12.0% [22].

A significant association between risk factors (arterial hy-
pertension, cardiovascular diseases, immunodeficiency,
cancer, smoking or non-smoking status and high BMI) and
the presence of anti-SARS-CoV-2 antibodies was not de-
tected in our sample, drawn from a population in a non-
hospital setting. Chronic pulmonary diseases showed a sta-
tistically significant association only in the first two
phases, and diabetes was the only disease which kept a
high and significant association in three out of four phases
of the study. Although an exhaustive discussion of the top-
ic is beyond the scope of this study, it is worth noticing that
diabetes – as well as other risk factors [23] – often emerges
as a leading comorbidity among severe COVID-19 hospi-
talised patients [24, 25]. Some of the proposed reasons in-
volve dysregulation of immune response imputable to im-
paired chemotaxis and phagocytosis [26, 27], chronic
imbalance of helper T cells (Th1/Th2) [28], high glucose
levels inhibiting the antiviral response [29], an excessive
and uncontrolled inflammatory response [30] and overex-
pression of the angiotensin converting enzyme 2 (ACE-2)
receptor, the cellular receptor used by SARS-CoV-2 to in-
fect the cell [31].

Through the analysis of the people participating in all the
four data collection periods, it was possible to estimate the
persistence of anti-SARS-CoV-2 antibodies after infection.
Our sample showed that among people who tested pos-

Figure 2: Epidemic evolution over time in Canton Ticino from February 2020 to June 2021. Upper panel: Confirmed new daily COVID-19 cas-
es (light blue lines) and a 7-day moving average (red line). Lower panel: Cumulative confirmed daily cases (light blue lines). The yellow boxes
represent the three data collection periods of the study and the resulting estimated seroprevalences (95% confidence intervals).
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itive in the first period, 86.8% remained positive in the
second, 75.0% were positive in the third and 61.8% were
positive even in the fourth, 12 months later. Moreover, al-
though the sample size was too small to allow statistical
inference, it is interesting to note that almost all of the peo-
ple (81.3%) who tested positive in serological test during
the first collection period and declared a positive previous
RT-PCR test, also retained antibodies in the three subse-
quent phases. As only highly symptomatic persons were
tested with RT-PCR during the first pandemic wave, this
might suggest that those who had symptomatic disease as
a result of developing a strong immune response to the
virus showed greater persistence of anti-SARS-CoV-2 an-
tibodies. Interestingly, a systematic review [32] aiming to
define the risk of reinfection by SARS-Cov-2 reported a
progressive decline in antibody response 3–6 months af-
ter infection. However, an immune response mediated by

T and B cells persists and is still present 8 months after in-
fection.

Although the sample was small, it is worth noting that of
the people who tested positive in each of the four periods
of the study, almost half did not report any symptoms. This
result is consistent with other meta-analysis studies [33].
However, the range of this estimate is very wide and it
is strictly dependent on several factors such as the exper-
imental design and the country where the study was con-
ducted. For example, Ling et al. [34], reported 1% asymp-
tomatic patients in a Chinese study, whereas Keelay et al.
[35] reported a prevalence of 81% in an Argentinean study.
Among these two extremes, a more reliable overall esti-
mation of asymptomatic would be around one fourth of
SARS-CoV-2 infections [36].

Our study has several limitations. The serological test em-
ployed has the advantage of being rapid and minimally in-
vasive. On the other hand, it is a qualitative test and so does

Table 1:
Estimated seroprevalence for each data collection period calculated on the whole sample, sex and age groups.

n Positive tests (%) Negative tests (%) Indeterminate tests (%) Adjusted estimated seroprevalence (95% CI)

Week 20–26 (2020) Total 934 90 (9.6%) 839 (89.9%) 5 (0.5%) 9.0% (7.1–11.2%)

Sex

Females 495 47 (9.5%) 446 (90.1%) 2 (0.4%) 8.5% (6.1–11.6%)

Males 439 43 (9.8%) 393 (89.5%) 3 (0.7%) 9.8% (7.0–13.2%)

Age

5–9 48 3 (6.3%) 45 (93.8%) 0 (0.0%) 3.7% (0.0–15.0%)

10–19 102 10 (9.8%) 90 (88.2%) 2 (2.0%) 9.2% (4.2–17.6%)

20–49 355 30 (8.5%) 323 (91.0%) 2 (0.6%) 8.1% (5.3–11.7%)

50–64 255 29 (11.4%) 225 (88.2%) 1 (0.4%) 10.8% (6.8–15.9%)

65 and over 174 18 (10.3%) 156 (89.7%) 0 (0.0%) 9.7% (5.8–14.8%)

Week 32–38 (2020) Total 905 81 (9.0%) 820 (90.6%) 4 (0.4%) 8.4% (6.5–10.5%)

Sex

Females 481 37 (7.7%) 443 (92.1%) 1 (0.2%) 6.8% (4.5–9.6%)

Males 424 44 (10.4%) 377 (88.9%) 3 (0.7%) 10.2% (7.3–13.7%)

Age

5–9 46 3 (6.5%) 43 (93.5%) 0 (0.0%) 3.9% (0.0–15.8%)

10–19 98 6 (6.1%) 92 (93.9%) 0 (0.0%) 5.8% (1.9–13.1%)

20–49 340 30 (8.8%) 307 (90.3%) 3 (0.9%) 8.4% (5.5–12.1%)

50–64 247 25 (10.1%) 221 (89.5%) 1 (0.4%) 9.8% (5.8–14.8%)

65 and over 174 17 (9.8%) 157 (90.2%) 0 (0.0%) 9.0% (5.2–13.9%)

Week 45–52 (2020) Total 870 125 (14.4%) 738 (84.8%) 7 (0.8%) 14.1% (11.7–16.8%)

Sex

Females 465 66 (14.2%) 396 (85.2%) 3 (0.6%) 13.6% (10.4–17.2%)

Males 405 59 (14.6%) 342 (84.4%) 4 (1.0%) 14.7% (11.2–18.8%)

Age

5–9 33 4 (12.1%) 29 (87.9%) 0 (0.0%) 11.8% (4.1–25.9%)

10–19 93 12 (12.9%) 80 (86.0%) 1 (1.1%) 12.4% (6.2–21.4%)

20–49 317 46 (14.5%) 271 (85.5%) 0 (0.0%) 14.8% (11.0–19.3%)

50–64 243 38 (15.6%) 202 (83.1%) 3 (1.2%) 16.0% (11.0–22.1%)

65 and over 184 25 (13.6%) 156 (84.8%) 3 (1.6%) 12.3% (8.0–17.9%)

Week 18–23 (2021) Total 722 162 (22.4%) 558 (77.3%) 2 (0.3%) 22.3% (19.2–25.7%)

Sex

Females 393 85 (21.6%) 307 (78.1%) 1 (0.3%) 21.4% (17.2–25.9%)

Males 329 77 (23.4%) 251 (76.3%) 1 (0.3%) 23.5% (18.8–28.6%)

Age

5–9 25 7 (28.0%) 18 (72.0%) 0 (0.0%) 27.0% (13.7–45.6%)

10–19 75 19 (25.3%) 55 (73.3%) 1 (1.3%) 25.8% (15.9–37.6%)

20–49 252 52 (20.6%) 200 (79.4%) 0 (0.0%) 20.7% (16.0–26.2%)

50–64 210 48 (22.9%) 161 (76.7%) 1 (0.5%) 22.9% (16.7–30.4%)

65 and over 160 36 (22.5%) 124 (77.5%) 0 (0.0%) 22.0% (15.9–29.4%)

Test results are expressed in absolute numbers and rough percentages. The estimated seroprevalences and the confidence intervals (CIs) are adjusted by the diagnostic sensi-
tivity and specificity of the test.
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Table 2:
Association between the presence of antibodies against SARS-CoV-2 nucleocapsid protein and age, sex and potential risk factors in the four collection periods.

Not adjusted Adjusted

OR 95% CI p-value OR 95% CI p-value

Week 20–26 (2020) Sex

Females 1 (ref)

Males 1.139 0.736–1.763 0.558

Age

5–9 0.627 0.165–2.381 0.492

10–19 1.148 0.527–2.501 0.728

20–49 1 (ref)

50–64 1.331 0.764–2.319 0.313

65 and over 1.170 0.657–2.084 0.593

Risk factor

Arterial hypertension 1.468 0.857–2.514 0.162 1.496 0.819–2.733 0.190

Diabetes 3.062 1.529–6.131 0.002 3.366 1.555–7.285 0.002

Cardiovascular disease 1.496 0.719–3.112 0.282 1.416 0.643–3.118 0.388

Chronic pulmonary disease 2.414 1.012–5.755 0.047 2.377 0.981–5.759 0.055

Immunodeficiency 0.669 0.075–5.980 0.719 0.701 0.078–6.325 0.752

Cancer 0.950 0.260–3.474 0.938 0.928 0.250–3.446 0.912

Regular smoker 1.307 0.749–2.279 0.346 1.299 0.740–2.278 0.362

Overweight/obesity 1.388 0.859–2.240 0.180 1.351 0.823–2.219 0.235

Week 32–38 (2020) Sex

Females 1 (ref)

Males 1.397 0.884–2.210 0.152

Age

5–9 0.714 0.209–2.440 0.591

10–19 0.667 0.269–1.653 0.382

20–49 1 (ref)

50–64 1.158 0.662–2.023 0.607

65 and over 1.108 0.593–2.071 0.748

Risk factor

Arterial hypertension 1.354 0.752–2.437 0.313 1.351 0.706–2.585 0.364

Diabetes 3.189 1.447–7.028 0.004 3.297 1.392–7.812 0.007

Cardiovascular disease 1.603 0.728–3.529 0.241 1.505 0.638–3.548 0.350

Chronic pulmonary disease 3.537 1.443–8.669 0.006 3.418 1.369–8.535 0.008

Immunodeficiency 0.941 0.119–7.456 0.954 1.022 0.128–8.161 0.984

Cancer 0.717 0.167–3.083 0.655 0.734 0.168–3.213 0.682

Regular smoker 1.392 0.783–2.475 0.260 1.383 0.774–2.471 0.273

Overweight/obesity 1.125 0.686–1.844 0.641 1.043 0.625–1.742 0.872

Week 45–52 (2020) Sex

Females 1 (ref)

Males 1.093 0.747–1.600 0.646

Age

5–9 0.760 0.280–2.062 0.590

10–19 0.847 0.422–1.701 0.641

20–49 1 (ref)

50–64 1.084 0.668–1.759 0.745

65 and over 0.841 0.507–1.397 0.504

Risk factor

Arterial hypertension 0.801 0.453–1.416 0.444 .836 0.448–1.559 0.574

Diabetes 2.137 1.006–4.538 0.048 2.550 1.131–5.751 0.024

Cardiovascular disease 1.083 0.515–2.278 0.833 1.170 0.534–2.562 0.695

Chronic pulmonary disease 1.345 0.455–3.971 0.592 1.379 0.462–4.115 0.565

Immunodeficiency 0.527 0.049–5.652 0.597 .568 0.053–6.120 0.641

Cancer 1.511 0.491–4.655 0.472 1.682 0.536–5.275 0.373

Regular smoker 0.714 0.402–1.267 0.249 .679 0.381–1.212 0.190

Overweight/Obesity 1.343 0.871– 2.069 0.182 1.382 0.882– 2.166 0.158

Week 18–23 (2021) Sex

Females 1 (ref)

Males 1.126 0.791–1.602 0.510

Age

5–9 1.438 0.637–3.247 0.381

10–19 1.343 0.732–2.465 0.341
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20–49 1 (ref)

50–64 1.163 0.731–1.848 0.524

65 and over 1.065 0.667–1.700 0.793

Risk factor

Arterial hypertension 0.939 0.558–1.580 0.812 0.850 0.481–1.502 0.576

Diabetes 1.241 0.591–2.607 0.568 1.156 0.526–2.537 0.718

Cardiovascular disease 1.036 0.504–2.129 0.924 0.947 0.446–2.014 0.888

Chronic pulmonary disease 1.406 0.502–3.939 0.517 1.358 0.472–3.904 0.570

Immunodeficiency 0.875 0.154–4.979 0.881 0.898 0.157–5.119 0.903

Cancer 1.145 0.382–3.431 0.809 1.113 0.367–3.378 0.850

Regular smoker 0.783 0.454–1.350 0.378 .790 0.457–1.366 0.400

Overweight/obesity 1.402 0.934–2.105 0.103 1.378 0.905– 2.100 0.135

CI: confidence interval; OR: odds ratio

Odds ratios are estimated by binary logistic regression models, not adjusted and adjusted for sex and age as potential confounders. The references are “Female” for “Sex”,
“20–49” for “Age” and the answer “No” for each item on “Risk factor”.

not allow antibody titration. The estimate of the prevalence
of seropositivity is therefore only binary (presence/absence
of IgG and IgM) and does not provide a precise estimate
of levels of persistant antibodies. It follows that we are un-
able to accurately determine whether people who retain an-
tibodies after 12 months, have had a stronger initial im-
mune response compared with those who have lost their
antibodies during the same period. In addition, although
recent studies show a general persistence of anti-SARS-
CoV-2 antibodies [37, 38], they highlight different kinetics
between anti-nucleocapsid and anti-spike antibodies. The
present study was based exclusively on the detection of an-
ti--nucleocapsid antibodies, so our results, albeit in agree-
ment with some evidence [37], cannot fully elucidate the
complex picture of the humoral immune response against
SARS-CoV-2.

Another limitation is that, to ensure high and sustained ad-
herence to the study, we administered a qualitative ques-
tionnaire to participants. This allowed us only general in-
formation about self-reported illnesses or behaviours, but
not to precisely characterise the risk profile of persons
enrolled in the study. Moreover, although the sampling
process was random, participation was voluntary and we
cannot exclude further biases related to physical condi-
tions, past experiences of severe symptoms, or subjective
attitudes.

Our results support the hypothesis that, after one year and
despite the severe burden in terms of hospitalisations and
deaths experienced in the Canton Ticino, natural infection
with SARS-CoV-2 affected approximately 20% of the pop-
ulation and suggest that anti-nucleocapsid antibodies per-
sist after 12 months in the majority of infected persons.
Furthermore, it is important to emphasise how the response
of the population to cantonal and federal recommendations
was responsible and extensive, allowing a catastrophe of
even greater proportions to be avoided.
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QUESTIONNAIRE FOR PARTICIPANTS in the SARS-CoV-2 Seroprevalence Study 

Doctor.………………………………… Participant ID………… 

Test result: □ negative □ positive □ undetermined

Participant details 

Year of birth: …………………… Gender □ F □ M

ZIP code: ………………………………… City: ………………………………………… 

1) VACCINATION

I received 1 dose: □ no □ yes, please indicate if more than 2 weeks ago: □ no □ yes

I received 2 doses: □ no □ yes,  please indicate if more than 1 week ago: □ no □ yes

2) SOCIODEMOGRAPHIC DATA

Currently, I am: □ retired □ student □ self-employed
□ employee □ executive □ housewife
□ unemployed □ other …………………………………….. 

Living situation □ I live alone
□ I live with other persons aged >11 years
□ I live with other persons including children up to 10 years old

3) ANAMNESTIC DATA

Indications of COVID-19 disease (test = swab RT-PCR) 

□ I had the disease (positive test)  from……………….. to ……………………… 

□ I had compatible symptoms but did not test from ……………….. to ……………………… 

□ I have had compatible symptoms with negative test result from ……………….. to……………… 

□ I have had no symptoms and have not been tested

□ I have had no symptoms but have been tested (e.g. before a hospital stay)

4) CLINICAL DATA (only for ≥ 18 years)

Indicate the presence of any risk factors 
□ arterial hypertension □ diabetes □ cardiovascular disease
□ chronic pulmonary disease □ immunodeficiency (immunosuppressive disease or therapy)
□ cancer □ regular smoking

Indicate BMI only for ≥ 18 years old (weight kg/height m2) 

□ ≤24 □ 25-29  □ ≥ 30

Place and date:………………………… Doctor's stamp and signature:………………………… 


