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Abstract
Purpose  We aimed to assess the seroprevalence trends of SARS-CoV-2 antibodies in several Swiss cantons between May 
2020 and September 2021 and investigate risk factors for seropositivity and their changes over time.
Methods  We conducted repeated population-based serological studies in different Swiss regions using a common methodol-
ogy. We defined three study periods: May–October 2020 (period 1, prior to vaccination), November 2020–mid-May 2021 
(period 2, first months of the vaccination campaign), and mid-May–September 2021 (period 3, a large share of the popula-
tion vaccinated). We measured anti-spike IgG. Participants provided information on sociodemographic and socioeconomic 
characteristics, health status, and adherence to preventive measures. We estimated seroprevalence with a Bayesian logistic 
regression model and the association between risk factors and seropositivity with Poisson models.
Results  We included 13,291 participants aged 20 and older from 11 Swiss cantons. Seroprevalence was 3.7% (95% CI 
2.1–4.9) in period 1, 16.2% (95% CI 14.4–17.5) in period 2, and 72.0% (95% CI 70.3–73.8) in period 3, with regional 
variations. In period 1, younger age (20–64) was the only factor associated with higher seropositivity. In period 3, being 
aged ≥ 65 years, with a high income, retired, overweight or obese or with other comorbidities, was associated with higher 
seropositivity. These associations disappeared after adjusting for vaccination status. Seropositivity was lower in participants 
with lower adherence to preventive measures, due to a lower vaccination uptake.
Conclusions  Seroprevalence sharply increased over time, also thanks to vaccination, with some regional variations. After 
the vaccination campaign, no differences between subgroups were observed.

Keywords  COVID-19 pandemic · SARS-CoV-2 · Seroprevalence · Epidemiology · Public health · Surveillance

Introduction

An accurate description of the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spread dynamics 
is key to informing and driving policymakers’ decisions. 

Yet, surveillance based on PCR or antigen-reported cases 
resulted in biased estimates of the virus spread [1] due to 
a large share of a- or pauci-symptomatic infections [2, 3], 
changes in care-seeking behaviours, and different screen-
ing and diagnostic strategies across regions and over time. 
For instance, when SARS-CoV-2 first emerged, many Euro-
pean countries had limited testing capacities [4], and some, 
including Switzerland, restricted testing to patients admit-
ted to hospitals. This led to a surveillance bias [5], with 
an underestimation of the number of SARS-CoV-2 cases. 
By contrast, serological studies account for all infections, 
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providing a more representative, albeit less timely, picture of 
the extent and dynamics of the COVID-19 pandemic.

So far, many SARS-CoV-2 seroprevalence studies have 
been conducted, both in the general population and in spe-
cific subgroups, to monitor the pandemic and inform on pop-
ulation levels of immunity [6–8]. A recent literature review 
[9] showed substantial worldwide geographical variability 
in seroprevalence estimates, caused by differences in the 
extent of infections and vaccination coverage. It also showed 
evidence of considerable infection under-ascertainment, 
highlighting the importance of seroprevalence estimates to 
describe the true number of SARS-CoV-2 infections. How-
ever, variabilities in research designs, tests used, or stud-
ies quality and reporting, make it challenging to compare 
estimates between countries or between regions within the 
same country. In addition to their role in assessing immunity 
levels and monitoring the virus’s spread, seroepidemiologi-
cal studies are also a strong tool to understand the drivers 
of the spread and to identify groups at higher risk of infec-
tion. During the pandemic, many factors have been linked 
to increased seropositivity, including socioeconomic, soci-
odemographic, or health characteristics. A higher exposure 
to SARS-CoV-2 is possible in socioeconomically disadvan-
taged individuals [10] (e.g., with a lower income or lower 
educational level), and differences in exposure have been 
found in different age groups [11, 12] or according to job 
type, health behaviours (e.g., smokers versus non-smokers) 
or health characteristics (e.g., with respect to different BMI 
levels or number of comorbidities) [11, 13, 14]. Addition-
ally, the evidence suggests that different levels of strin-
gency of mitigation policies [9] and adherence to preven-
tive measures were also associated with seropositivity [15]. 
However, countries experienced a wide range of different 
epidemiological situations; governments recommendations 
and individual behaviours changed, and vaccines have been 
rolled out. It is therefore likely that factors associated with 
seropositivity have also changed over time.

In Switzerland, the Swiss School of Public Health 
(SSPH +) launched in the early phases of the pandemic 
the Corona Immunitas research program [16], implement-
ing repeated population-based seroprevalence studies, with 
the aim of estimating the proportion of the population who 
developed anti-SARS-CoV-2 antibodies over time. Conduct-
ing repeated studies using a common methodology, at regu-
lar intervals, and with shared coordination, offers unique 
strengths to provide a clear picture of the population immu-
nological status over time and across regions, and allows 
investigating trends in seroprevalence of SARS-CoV-2 anti-
bodies, making comparisons between regions, and investi-
gating differences in the virus’s exposure between differ-
ent populations’ groups. In light of the above, using data 
from Corona Immunitas, we aimed to (1) assess the sero-
prevalence trends of SARS-CoV-2 antibodies in Switzerland 

between May 2020 and September 2021, both at a quasi-
national and cantonal level (descriptive aim), and (2) inves-
tigate risk factors for seropositivity and their changes over 
time (etiologic aim).

Methods

Study design

This study is part of Corona Immunitas [16]. Repeated pop-
ulation-based serological studies were conducted in different 
regions of Switzerland. Testing periods could change for 
each participating site. Invited participants were randomly 
selected from the national residential registry by the Swiss 
Federal Statistical Office for each new assessment wave; 
65,500 participants were invited, the average participation 
rate was around 21%, with regional differences (from 16 to 
39%). For this study, we defined three study periods: period 
1 from May 2020 to October 2020 (before the launch of 
the vaccination campaign in Switzerland), period 2 from 
November 2020 to mid-May 2021 (in the first months of the 
vaccination campaign), and period 3 from mid-May 2021 
to September 2021 (a significant share of the population 
vaccinated). Each period corresponds to a time window 
following each of the first three pandemic waves in Swit-
zerland (Fig. 1). This choice was made because estimating 
seroprevalence after each epidemic wave was deemed more 
informative for descriptive purposes, and it is in line with 
the World Health Organization (WHO) recommendations for 
cross-sectional seroprevalence studies [17]. At each period, 
participants provided a venous blood sample and filled out 
a questionnaire on demographic and socioeconomic char-
acteristics, adherence to COVID-19 preventive measures, 
health status and, once available, vaccination status. The 
questionnaire could be completed either in person or online 
(data were collected using REDCap, Research Electronic 
Data Capture) [18].

Study population

We included 13,291 participants (in period 1 n = 3402, in 
period 2 n = 5611, and in period 3 n = 4278) aged 20 and 
older from 11 Swiss cantons (Additional file1: Fig. S1). 
Around 5.9 million people live in these cantons, that is 
roughly 68% of the entire Swiss population. Those aged 
below 65-years of age and those above were sampled in a 
ratio of 1:1, with few exceptions in some cantons where only 
one age group has been recruited. For the second objective 
of this study, we excluded participants who completed the 
questionnaire more than 30 days before or after having pro-
vided the blood sample for the serology test. The reason for 
this exclusion was to avoid a possible mismatch between 
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serology results and information reported in the question-
naires (preventive behaviours, health status and socioeco-
nomic status). For the same reason, we also excluded partici-
pants who provided information on vaccination status more 
than 11 days before or after providing the blood sample for 
the serology test. Figure S2 (Additional file1: Fig. S2) shows 
a flow diagram of the participants included in the study for 
each study objective.

Testing procedure

We analysed venous blood samples using the SenASTrIS 
assay, developed by the Vaud Central University Hospital 
(CHUV), the Swiss Federal Institute of Technology in Laus-
anne (EPFL) and the Swiss Vaccine Center [19]. The assay 
measures the amount of human immunoglobulins G (IgG) 
that binds the trimeric SARS-CoV-2 spike protein, induced 
either by infection or vaccination. The test was validated 
on a sample of the general population and specificity and 
sensitivity were 99.7% and 96.6% for the detection of IgG 
antibodies. Borderline test results (i.e., a signal just below 
the predefined cut-off) were categorized as seronegative 
(n = 140, 1%). A detailed description of the test is available 
elsewhere [19].

Potential risk factors

For the second objective of this study, we investigated the 
following potential risk factors, selected based on findings 
of previous studies, background expert knowledge and a 
priori reasons for having an increased risk of being sero-
positive [10, 11, 13, 14, 20–22]: sex, age (20–64 years old 

vs 65 years and older), educational level (primary, second-
ary, tertiary), body mass index (BMI; < 18.5; 18.5- 24.9; 
25–29.9, ≥ 30 kg/m2), household monthly income (≤ 3000 
CHF, > 3000–6000 CHF, > 6000–9000 CHF, > 9000 CHF; 
1 Euro equalled 1.046 to 1.112 CHF between 1st January 
2020 and 25th November 2021), employment status (retired, 
outside the labour force, self-employed, employed), number 
of children in the household (none, one child, two or more 
children), comorbidity score (0, 1, ≥ 2), smoking habit (cur-
rent smokers vs non-smokers; former smokers were included 
in the non-smokers category), physical distancing during the 
previous seven days (frequently, occasionally/rarely), staying 
at home during the previous seven days (frequently, occa-
sionally/rarely), wearing a mask during the previous seven 
days (frequently, occasionally/rarely), hygiene measures 
during the previous seven days (frequently, occasionally/
rarely). BMI was categorized according to the World Health 
Organization standard categories [23]. Educational level was 
categorized according to the International Standard Classi-
fication of Education (ISCED). Physical distancing, staying 
at home and hygiene measures’ variables were defined as 
having implemented the measures recommended by public 
health authorities (e.g.: keeping a distance of 1.5 m, staying 
at home whenever possible, avoiding unnecessary activi-
ties outside the home, no handshaking or hugging, washing 
hands regularly, sneezing into the elbow, using tissues, etc.). 
The comorbidity score goes from 0 to ≥ 2 and was calculated 
using the following possible answers (one point for each 
disease) to the question “Do you suffer from one or more of 
the following diseases?”: cancer, immunological diseases, 
cardiovascular diseases, diabetes, hypertension, respiratory 
diseases and allergies.

Fig. 1   Blood samplings per 
week and daily confirmed 
COVID-19 cases reported in 
Switzerland, May 2020–Sep-
tember 2021

Note: In green, daily new COVID-19 cases per million people in Switzerland; 7-day rolling average. In blue, 
number of Corona Immunitas blood samplings per week
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Statistical analysis

To estimate seroprevalence (objective 1), we used a Bayesian 
logistic regression model, adjusted for the antibody test sen-
sitivity and specificity performances [24]. Seroprevalence 
estimates were weighted by the age and sex distribution of 
the population of each canton. We investigated the associa-
tion between potential risk factors and seropositivity (objec-
tive 2) using Poisson regression models and expressed as 
prevalence ratios (PR) and 95% confidence intervals. Robust 
variance estimators were used to relax the assumption that 
the outcome distribution followed a Poisson distribution. 
Sex, age, educational level, BMI, income, employment sta-
tus, number of children in the household, comorbidity score 
and smoking habit were included in the models (hereafter, 
model 1). Results were stratified by study period. Models 
for period 3 were adjusted for vaccination status (hereafter, 
model 2; in Switzerland the vaccination campaign started at 
the end of December 2020, during the second period of this 
study). To investigate seropositivity risk factors and their 
changes over time (objective 2), we used multiple imputa-
tion by chained equations to impute any missing data (30 
imputations). Statistical analyses were conducted using Stata 
17 software (Stata Corp, TX, 2021) and R Statistical Soft-
ware (version 4.1.2; R Foundation for Statistical Computing, 
Vienna, Austria).

We also performed several sensitivity analyses: (1) 
including participants who had completed the questionnaire 
on demographic and socioeconomic characteristics, adher-
ence to COVID-19 preventive measures, and health status, 
more than 60 days before and after their blood sample; (2) 
including a third age category (from 20 to 34 years old; 
based on the hypothesis that people in this category could 
have had more social interactions and therefore an increased 
risk of being infected) and (3) using a score computed from 
the preventive behaviours variables (hereafter, preventive 
behaviours score). The score goes from 0 to 4; one point for 
every “occasionally/rarely” answer to the questions on pre-
ventive behaviours. The higher the score, the less frequent 
the adherence to preventive behaviours.

Results

Characteristics of the sample

We included 13,291 respondents (53% females), with a 
mean age of 55.9  years (SD = 16.9). Characteristics of 
the participants are summarized in Table 1. Participants’ 
characteristics across study periods and by cantons are 
detailed in Tables S1 and S2 (Additional file 1: Tables 
S1 and S2). Some 61% of participants were aged between 
20 and 64 years and 39% were 65 years and older. 46% of 

Table 1   Characteristics of participants (n = 13,291), Corona Immuni-
tas study, Switzerland, May 2020—September 2021

Sociodemographic characteristics
 Sex
  Female 53%
  Male 47%

 Age group
   ≥ 65 39%
  20–64 61%

  Children in the household
  No children 77%
  One child 9%
  More than one child 14%

Socioeconomic characteristics
 Educational levela

  Tertiary 46%
  Secondary 48%
  Primary 6%

 Household income
   > CHF 9000 34%
  CHF > 6000–9000 28%
  CHF > 3000–6000 28%
  CHF ≤ 3000 10%

 Employment status
  Retired 38%
  Outside the labour forceb 10%
  Self employed 10%
  Employed 42%

Health status
 Body Mass Index
   < 18.5 3%
  18.5–24.9 52%
  25–29.9 33%
   ≥ 30 12%

 Comorbiditiy scorec

  0 53%
  1 32%
   ≥ 2 15%

 Smoking
  Non-smoker 84%
  Smoker 16%

Preventive behaviours
 Physical distancing during previous 7 days
  Frequently 91%
  Occasionally/rarely 9%

 Staying at home during previous 7 days
  Frequently 69%
  Occasionally/rarely 31%

 Wearing mask during previous 7 days
  Frequently 83%
  Occasionally/rarely 17%
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participants were highly educated, 42% were employed and 
23% lived with children. 47% had one or more comorbidi-
ties. In our sample people aged over 65 years were over-
represented by design, and smokers, employed participants, 
households with one or more than one child, low-income 
households and people with only primary education were 
slightly underrepresented [25].

Seroprevalence estimates and trends

During period 1, seroprevalence was 3.7% (95% CI 2.1–4.9). 
It increased to 16.2% (95% CI 14.4–17.5) during period 2 
and to 72.0% (95% CI 70.3–73.8) during period 3. Sero-
prevalence varied by age group, with higher estimates in 

younger participants (20–64 years) during period 1 and 
in older participants (65 years and older) during period 3 
(Additional file 1: Table S3). There were some regional vari-
ations between cantons (Table 2 and Fig. 2). During period 
1, seroprevalence in cantons from the French and Italian 
speaking regions of Switzerland ranged from 3.0 to 7.7%, 
and in cantons from the German speaking regions from 2.1 
to 5.0%. We found substantial differences between cantons 
during periods 2 and 3.

Factors associated with seropositivity

Table 3 shows the results of the multivariable models by 
study period. Information on missing data are reported 
in Tables S4 and S5 (Additional file1: Tables S4 and 
S5). Before the start of the vaccination campaign (period 
1), participants aged between 20 and 64  years had a 
higher prevalence of seropositivity (PR = 2.32, 95% CI 
1.03–5.22) compared to older participants. After the start 
of the vaccination campaign (period 3), participants aged 
20–64 years old (PR = 0.85, 95% CI 0.78–0.93), with a low 
household income (PR = 0.75, 95% CI 0.68–0.82) or with 
an employment status different from retired had a lower 
prevalence of seropositivity compared to reference catego-
ries. Participants with a BMI of 25 or more (PR = 1.12, 
95% CI 1.04–1.19) or with one or more comorbidities 
(PR = 1.12, 95% CI 1.06–1.18) had a higher prevalence 

a International Standard Classification of Education (ISCED)
b Outside the labour force includes participants in training/studying 
and unemployed participants
c Comorbidity score goes from 0 to ≥ 2 and was calculated using the 
following possible answers: cancer; immunological diseases; cardio-
vascular diseases or diabetes or hypertension; respiratory diseases; 
allergies

Table 1   (continued)

 Hygiene measures during previous 7 days
  Frequently 94%
  Occasionally/rarely 6%

Table 2   Seroprevalence 
estimatesa (IgG anti Sars-CoV-2 
Spike) by study period and 
canton, Corona Immunitas 
study, Switzerland, May 2020–
September 2021

Samplings in Bern, Grisons, Lucerne and Saint Gallen started after period 1. Data for Ticino and Vaud 
period 3 were not available for the analyses presented in this study
IgG immunoglobulin G, NA not available
a Seroprevalence was estimated using Bayesian regression adjusted for the antibody test sensitivity and 
specificity performances and weighted by age and sex of the general population of each canton
b In cantons Grisons and Saint Gallen, only participants aged from 20 to 64 years were tested
c In canton Ticino, during period 1, only participants aged from 20 to 64 were tested. During period 2 only 
data from people aged 65 years or more were available for these analyses

Time window Period 1, n = 3402 Period 2, n = 5611 Period 3, n = 4278
01/05/2020–31/10/2020 01/11/2020–15/05/2021 16/05/2021–31/09/2021

% (95%CI) % (95%CI) % (95%CI)

National level 3.7 (2.1–4.9) 16.2 (14.4–17.5) 72.0 (70.3–73.8)
Basel-Landschaft 2.9 (1.3–5.4) 16.5 (13.4–19.9) 82.8 (78.0–87.3)
Basel-Stadt 5.0 (2.6–7.8) 19.7 (16.2–23.2) 77.2 (72.7–81.6)
Bern NA 10.9 (7.4–14.7) 78.1 (74.1–82.0)
Fribourg 5.9 (3.2–9.1) 22.5 (18.7–26.6) 73.5 (68.4–78.4)
Grisonsb NA 15.7 (11.5–20.3) 43.2 (37.2–49.3)
Lucerne NA 15.5 (11.7–19.7) 58.9 (54.4–63.6)
Neuchâtel 3.0 (1.4–5.4) 19.2 (15.4–23.1) 79.2 (74.8–83.2)
Saint Gallenb NA 11.7 (7.8–16.5) 62.2 (56.6–68.0)
Ticinoc 7.7 (5.3–10.3) 6.8 (4.1–9.7) NA
Vaud 6.5 (3.8–9.8) 23.7 (20.3–27.1) NA
Zurich 2.1 (1.0–3.6) 9.7 (6.7–13.0) 78.5 (74.3–82.5)
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of seropositivity. However, all these differences disap-
peared upon adjustment for vaccination status in period 
3 (percentages of vaccinated participants in period 3 are 
reported in additional file 1: Table S6).

None of the self-reported preventive behaviours 
(Table 4) were associated with seropositivity before the 
start of the vaccination campaign (period 1). In period 3, 
participants who reported to occasionally or rarely prac-
tice physical distancing (PR = 0.81, 95% CI 0.75–0.89), 
stay at home (PR = 0.94, 95% CI 0.90–0.98), wear a mask 
(PR = 0.76, 95% CI 0.70–0.84) and perform hygiene meas-
ures (PR = 0.79, 95% CI 0.72–0.87) had a lower prevalence 
of seropositivity compared to participants who frequently 

adhered to preventive behaviours. All these differences 
disappeared after adjusting for vaccination status.

Sensitivity analyses gave similar results as the main 
analyses and results are shown in supplementary material 
(Additional file1: Tables S7–S10).

Discussion

Main findings

Seroprevalence in Switzerland rose sharply between May 
2020 and September 2021, with some regional variations, 

Fig. 2   Trends of seroprevalence 
estimates (IgG anti SARS-
CoV-2 Spike) per canton and by 
age group, Corona Immunitas 
study, Switzerland, May 2020–
September 2021

Note: estimates are reported with 95% CIs
Abbreviations: BL= Basel-Landschaft; BS= Basel-Stadt; BE= Bern; FR= Fribourg; GR= Grisons; LU= 
Lucerne; NE= Neuchâtel; SG= Saint Gallen; TI= Ticino; VD= Vaud; ZU= Zürich
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from 3.7% (95% CI 2.1–4.9) in May–October 2020, to 16.2% 
(95% CI 14.4–17.5) between November 2020 and mid-
May 2021, and finally 72.0% (95% CI 70.3–73.8) between 

mid-May and September 2021. Before the start of the vac-
cination campaign, seropositivity differed by age but not by 
other factors. After the start of the vaccination campaign, 

Table 3   Association of sociodemographic, socioeconomic characteristics and health status with SARS-CoV-2 seropositivity across study peri-
ods, Corona Immunitas study, Switzerland, May 2020–September 2021

a Model adjusted for: sex, age, educational level, body mass index, income, employment status, children in the household, comorbidity score and 
smoking habit
b Model additionally adjusted for vaccination status
c Outside the labour force includes participants in training/studying and not employed participants
d Comorbidity score goes from 0 to ≥ 2 and was calculated using the following possible answers: cancer; immunological diseases; cardiovascular 
diseases or diabetes or hypertension; respiratory diseases; allergies

Factor Period 1, n = 3108
(01/05/2020–31/10/2020)

Period 2, n = 4969
(01/11/2020–15/05/2021)

Period 3, n = 2836
(16/05/2021–31/09/2021)

Model 1a, PR (95%) Model 1a, PR (95%) Model 1a, PR (95%) Model 2b, PR (95%)

Sex
 Female 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Male 1.15 (0.82–1.62) 1.05 (0.92–1.20) 0.93 (0.89–0.98) 0.97 (0.94–1.00)

Age groups
  ≥ 65 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 20–64 2.32 (1.03–5.22) 1.22 (0.96 -1.54) 0.85 (0.78–0.93) 0.94 (0.89–0.99)

Children in the household
 No children 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 One child 0.71 (0.40–1.24) 1.20 (0.96–1.49) 0.90 (0.82–1.00) 0.97 (0.90–1.04)
 More than one child 1.01 (0.64–1.60) 1.11 (0.90–1.35) 0.92 (0.85–0.99) 1.06 (0.99–1.12)

Educational level
 Tertiary 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Secondary 1.62 (1.12–2.35) 0.83 (0.72–0.96) 0.95 (0.91–0.99) 1.01 (0.98–1.04)
 Primary 1.49 (0.59–3.79) 1.15 (0.89–1.50) 0.92 (0.82–1.03) 1.01 (0.93–1.10)

Household income
  > CHF 9000 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 CHF > 6000–9000 0.72 (0.44–1.19) 1.07 (0.90–1.27) 0.88 (0.83–0.93) 0.99 (0.95–1.03)
 CHF > 3000–6000 0.76 (0.46–1.27) 1.25 (1.04–1.51) 0.83 (0.78–0.88) 0.97 (0.94–1.01)
 CHF ≤ 3000 0.79 (0.38–1.65) 0.94 (0.71–1.26) 0.75 (0.68–0.82) 0.94 (0.89–1.01)

Employment status
 Retired 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Outside the labour forceb 1.09 (0.46–2.60) 0.69 (0.54–0.89) 0.84 (0.72–0.97) 1.00 (0.90–1.10)
 Self employed 1.10 (0.50–2.41) 0.68 (0.49–0.95) 0.78 (0.69–0.88) 0.97 (0.90–1.06)
 Employed 0.56 (0.25–1.26) 0.81 (0.63–1.04) 0.84 (0.77–0.93) 1.00 (0.95–1.06)

Body Mass Index
 18.5–24.9 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
  < 18.5 0.49 (0.12–1.96) 1.07 (0.70–1.63) 0.99(0.86–1.14) 1.04 (0.93–1.16)
 25–29.9 0.72 (0.49–1.07) 1.12 (0.97–1.30) 1.08(1.03–1.13) 1.04 (1.00–1.07)
  ≥ 30 0.67 (0.38–1.17) 1.18 (0.97–1.44) 1.12(1.04–1.19) 1.04 (1.00–1.09)

Comorbiditiy scored

 0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 1 1.23 (0.82–1.79) 0.95 (0.82–1.10) 1.08(1.03–1.13) 1.01 (0.98–1.04)
  ≥ 2 1.26 (0.74–2.16) 1.24 (1.04–1.48) 1.12(1.06–1.18) 1.00 (0.97–1.03)

Smoking
 Non-smoker 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Smoker 0.80 (0.49–1.29) 0.81 (0.66–0.99) 0.93 (0.86–1.00) 0.97 (0.92–1.01)



1460	 S. Tancredi et al.

1 3

seropositivity was higher among participants over 65 years, 
with a high income, retired, overweight or obese, or with 
other comorbidities, due to a higher vaccination uptake. 
Seropositivity was lower in participants with lower adher-
ence to preventive measures, due to a reduced propensity for 
vaccination uptake.

Comparison with other studies

This study’s findings describe the evolution of the SARS-
CoV-2 spread and of population immunological status in the 
first phases of the COVID-19 pandemic in several cantons 
of Switzerland, accounting for under-ascertainment and dif-
ferences in testing strategies across Swiss cantons. Euro-
pean seroprevalence estimates varied widely during the pan-
demic, depending on study populations, study periods and 
methods used. However, our seroprevalence estimates were 
roughly similar to estimates found by other seroprevalence 
surveys in the same periods in other Swiss cantons [24, 26] 
and to pooled estimates from other European high-income 
countries [9]. We found some variations in seroprevalence 
estimates between cantons during period 1, with estimates 
ranging from 3.0 to 6.5% in the French speaking cantons, 
being 7.7% in Ticino, and ranging from 2.1 to 5.0% in Ger-
man speaking cantons. These results are particularly inter-
esting in light of the fact that, especially at the beginning of 
the pandemic, comparisons between studies were hindered 
by differences in study designs. We also found substantial 
differences during period 2 and 3. However, these results 

are difficult to interpret, since seroprevalence estimates were 
strongly influenced by vaccination rates during these peri-
ods, and differences in testing periods could have resulted 
in different estimates.

During the first period of this study, i.e., before the start of 
the vaccination campaign, we found a higher prevalence of 
seropositivity in participants aged between 20 and 64 years 
compared to those aged 65 years and older. Other studies 
showed higher seroprevalence in younger adults [10–13] 
compared to older population’s groups, and this could be due 
to the fact that younger populations were considered at lower 
risk of severe illness and therefore could have had more 
social interactions. No other factor was associated with sero-
positivity during the first period of this study, despite several 
studies showing differences in seropositivity according to 
socioeconomic characteristics (e.g., higher seroprevalence in 
people with lower income or lower educational level) [10], 
health behaviours (e.g., higher seroprevalence in smokers vs 
non- smokers) [11, 13] or other sociodemographic character-
istics (e.g., higher seroprevalence in households with more 
than one child) [13]. The higher prevalence of seropositivity 
found during the third period of this study among partici-
pants aged over 65 years, overweight or obese, retired and 
with other comorbidities, was due to a higher vaccination 
rate in these subgroups. These results were expected, since 
the vaccination campaign in Switzerland prioritised people 
with a higher risk of severe illness and death (i.e., older 
people and people with comorbidities or a high BMI) [27]. 
Having a high household income was also associated with 

Table 4   Association of recommended preventive behaviours with SARS-CoV-2 seropositivity across study periods, Corona Immunitas study, 
Switzerland, May 2020–September 2021

Data from Ticino and data from Vaud period 1 were not included because not harmonizable with data from other sites
a Model adjusted for sex, age, educational level, body mass index, income, employment status, children in the household, comorbidity score and 
smoking habit
b Model additionally adjusted for vaccination status

Factor Period 1, n = 2151
(01/05/2020–31/10/2020)

Period 2, n = 4969
(01/11/2020–15/05/2021)

Period 3, n = 2836
(16/05/2021–31/09/2021)

Model 1a, PR (95%) Model 1a, PR (95%) Model 1a, PR (95%) Model 2b, PR (95%)

Physical distancing during previous 7 days
 Frequently 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Occasionally/rarely 1.25 (0.61–2.59) 1.52 (1.18–1.96) 0.81 (0.75–0.89) 0.97 (0.92–1.02)

Staying at home during previous 7 days
 Frequently 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Occasionally/rarely 1.43 (0.86–2.37) 1.13 (0.96–1.33) 0.94 (0.90–0.98) 1.02 (0.99–1.05)

Wearing mask during previous 7 days
 Frequently 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Occasionally/rarely 0.68 (0.41–1.13) 1.06 (0.78–1.43) 0.76 (0.70–0.84) 0.96 (0.91–1.02)

Hygiene measures during previous 7 days
 Frequently 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
 Occasionally/rarely 0.97 (0.31–3.02) 0.88 (0.62–1.25) 0.79 (0.72–0 .87) 1.01 (0.94–1.08)
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higher seropositivity due to a higher vaccination uptake. 
This finding is consistent with other studies conducted in 
Switzerland [28] and elsewhere [29, 30].

Regarding preventive behaviours, despite several personal 
and social preventive measures associated with a reduction 
in the incidence of COVID-19 [21, 31], we did not find 
associations between adherence to preventive behaviours 
and seropositivity before the start of the vaccination cam-
paign (period 1). This result could be due to selection bias, 
as people who adhered less to preventive measures were 
also less likely to participate in this study. Another hypo-
thetical explanation is that people who did not frequently 
adhere to the recommended measures benefited from the 
collective adherence to those same measures, or from the 
low seroprevalence in period 1. During the last study period, 
we found a lower prevalence of seropositivity in people with 
lower adherence to recommended preventive behaviours, 
especially in participants who less frequently wore masks. 
This was explained by a lower vaccination uptake in these 
groups. Other studies investigated the associations between 
willingness to receive the COVID-19 vaccine and adher-
ence to preventive behaviours [32], showing that people 
who are more prone to follow prevention recommendations 
are also more likely to get vaccinated. Overall, the associa-
tions between risk factors and seroprevalence during period 
2 were difficult to interpret because period 2 included blood 
sample collected both before and after the vaccination cam-
paign and because, during the first months of the vaccina-
tion campaign, self-reported information on vaccination 
status was less reliable, due to organizational difficulties in 
promptly modifying the questionnaires to include questions 
on vaccination status.

Strengths and limitations

This study has some limitations. Overall, the participation 
rate was moderate (21%). Moreover, despite random repre-
sentative samples of the population being invited, selection 
bias is possible, with a higher participation rate of highly 
educated participants compared to the Swiss general popula-
tion. Further, seroprevalence could be underestimated due to 
waning immunity [33], people failing to produce antibodies 
[34] and due to the fact that we only measured the amount 
of anti-SARS-CoV-2 IgGs, without assessing other types 
of antibodies. We were therefore not able to distinguish 
between infection-related and vaccination-related antibod-
ies. Information bias is also possible, since the information 
collected through the questionnaire was self-reported. The 
key strengths of our study include the use of a large popu-
lation-based sample covering a significant proportion of the 
country and with repeated samplings over time, the use of a 
previously validated test with high sensitivity and specificity, 

and post-stratification weights to account for differences in 
sex and age.

Conclusions

Seroprevalence in Switzerland has increased sharply over 
time, also thanks to the increasing vaccination coverage, 
with some regional differences. After the vaccination cam-
paign, no differences between subgroups were observed.
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