
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t    t p : / / c r e  a   t i 
v e  c  o  m  m  o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .   

Farnham et al. BMC Public Health         (2024) 24:3038 
https://doi.org/10.1186/s12889-024-20514-9

BMC Public Health

*Correspondence:
Andrea Farnham
andrea.farnham@uzh.ch

Full list of author information is available at the end of the article

Abstract
Background The social distancing measures associated with the COVID-19 pandemic had far reaching effects 
on sexual behavior worldwide. However, it remains unclear whether sexual contact with non-steady partners was 
a contributor to the spread of SARS-CoV-2. The aim of this study was to (i) describe risk factors for SARS-CoV-2 
seropositivity after the first pandemic wave among people using HIV Pre-Exposure Prophylaxis (PrEP) in Zurich, 
Switzerland, including sexual contact with non-steady partners, and (ii) assess whether the SARS-CoV-2 seropositivity 
among PrEP users in this time period differed from that of a demographic matched population level comparison 
group.

Methods The study was conducted between July 2020 and October 2020 as a nested cross-sectional study within 
two ongoing cohort studies, SwissPrEPared (all eligible PrEP users in Switzerland ≥ 18 years old) and Corona Immunitas 
(a series of cross-sectional and longitudinal studies measuring the SARS-CoV-2 seroprevalence across Switzerland, 
beginning in April 2020). All SwissPrEPared participants were recruited from Checkpoint Zurich (the main PrEP clinic in 
Zurich) and were men having sex with men or transgender women. Data were collected on participants’ SARS-CoV-2 
antibody status, social characteristics and behavioral data after the first wave of the pandemic in Switzerland, and 
seroprevalence was compared with a propensity score-matched sample from the general Zurich population.

Results Of the 218 participants enrolled, 8.7% (n = 19, 95% CI: 5.5–13.5%) were seropositive for SARS-CoV-2 during 
the first pandemic wave, higher than that of the general male population in Zurich aged 20–65 (5.5%, 95% CI: 
3.8–8.2%). Participants on average reduced their social outings, but the seronegative were more socially active 
before, during, and after the first lockdown period. In a logistic model, increasing mean sexual partner count was 
not associated with seropositivity (OR: 1.02, 95% CI: 0.95, 1.07). The estimated risk ratio for seropositivity for the 
participants compared to the general Zurich population after propensity score matching was 1.46 (95% CI: 0.53, 3.99).

Conclusions Our study suggests that SARS-CoV-2 seropositivity was slightly elevated among people taking PrEP in 
Zurich during the first wave of the pandemic, but that socializing and sexual activity were less important than other 
factors in contributing to risk.
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Background
Soon after the emergence of SARS-CoV-2, unprece-
dented restrictions on social contact and mobility were 
implemented globally to contain the virus, including 
rules on restricting sexual contacts. These restrictions 
often had unintended consequences, especially on men-
tal health [1], stress, substance use, and sleep patterns 
[2–4]. These consequences were not evenly distributed 
among the population, with the burden of the mental 
health effects of social distancing falling disproportion-
ately on vulnerable populations such as adolescents, 
young people, and people with minority sexual orienta-
tion or gender identity [4–6]. In Switzerland, social dis-
tancing measures were implemented starting in March 
2020, and the strongest restrictions occurred over the 
first waves of the pandemic.

Social distancing measures were particularly difficult 
for people with non-steady sexual partners to implement 
[6]. Sexual behavior is complex and cannot be changed 
easily; previous research has shown that mate-seeking 
motives (especially among young men) was one of the 
strongest predictors of lack of compliance with social 
distancing measures [7]. People who are not in steady 
sexual relationships are more likely to live alone and thus 
more likely to suffer from social and mental isolation due 
to the pandemic and its associated restrictions. A study 
in Germany showed that loneliness, anxiety and depres-
sion during the pandemic were particularly high among 
people with minority sexual orientation or gender iden-
tity, and especially those living alone [5]. Some estimates 
suggest that over 50% of urban households are solitary 
in many metropolitan areas [2], and that men having sex 
with men (MSM) are particularly likely to live alone [6]. 

A robust scientific evidence base has emerged that the 
first phases of the COVID-19 pandemic had significant 
effects on sexual behavior worldwide [6, 8]. However, few 
studies focused specifically on people with non-steady 
sexual partners or the result of changes in their sexual 
behavior on risk of acquiring SARS-CoV-2 [8]. Much of 
the research in this area has focused on MSM, partly due 
to pre-existing research on sex behaviors in this popula-
tion. Most studies on changes in sexual activity among 
MSM showed reductions in numbers of sexual partners 
during the first phases of the pandemic [1, 9–12]. How-
ever, a few studies showed no change or even increases 
in the number of sexual partners in this population dur-
ing the first year of the pandemic [13–15]. It still remains 
poorly understood how social distancing measures dur-
ing the pandemic affected the sexual health of people not 
in a steady relationship. It also remains unclear whether 

sexual contact with non-steady partners was a contribu-
tor to the spread of SARS-CoV-2.

HIV pre-exposure prophylaxis (PrEP), a preventa-
tive treatment for HIV, involves the use of antiretroviral 
medication by individuals who are HIV-negative but at 
high risk of infection. As PrEP is almost exclusively taken 
by people with multiple sexual partners, some studies 
have taken advantage of existing PrEP cohorts to inves-
tigate how the pandemic investigated sexual risk taking 
[1, 16–20]. However, these studies suffered from lack of 
a comparable population cohort to understand whether 
risk was elevated in PrEP cohorts compared to other 
populations with similar demographic characteristics. In 
our study, we were able to integrate people taking PrEP 
into an existing population level seroprevalence study 
(Corona Immunitas) to better examine and compare the 
influence of sexual behavior on the COVID-19 pandemic 
on this population.

The aim of this study was to (i) describe risk factors 
for SARS-CoV-2 seropositivity after the first pandemic 
wave among people using PrEP in Zurich, Switzerland, 
including sexual contact with non-steady partners, 
and (ii) assess whether the SARS-CoV-2 seropositivity 
among PrEP users in this time period differed from that 
of a demographic matched population level comparison 
group.

Methods
Study design, setting and participants
This study is a cross-sectional study nested within two 
ongoing studies: SwissPrEPared and Corona Immunitas. 
The study was conducted between July 2020 and October 
2020, a period corresponding to the end of the first pan-
demic wave and the beginning of the second.

SwissPrEPared national program and cohort study
The SwissPrEPared program is a large, ongoing nation-
wide Swiss cohort of PrEP users. Individuals are eligible 
to participate if they are ≥ 18 years old and express inter-
est in PrEP in one of the participating medical centers. 
While the study is open to anyone interested in PrEP, vir-
tually all participants are, in practice, MSM. The enroll-
ment for the SwissPrEPared study is detailed elsewhere 
[21], but in brief, all persons interested in PrEP and 18 
years of age or older living in Switzerland are eligible for 
the SwissPrEPared study. Following recommendations 
in line with those of the European AIDS Clinical Society 
(EACS) [22], three monthly screenings for counseling and 
STI screening are recommended for those on daily PrEP 
and at least six monthly screenings for those on event-
based PrEP. Active participants of the SwissPrEPared 
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study who attended Checkpoint Zurich for their routine 
PrEP appointments between July 15 and October 6, 2020 
(before the second wave of the COVID-19 pandemic hit 
Switzerland), were eligible for participation in the Corona 
Immunitas substudy. Checkpoint Zurich is the largest 
PrEP center in Switzerland.

Corona Immunitas national research program
Corona Immunitas is a nation-wide Swiss research pro-
gram of cross-sectional and longitudinal SARS-CoV-2 
seroprevalence studies that investigated the spread and 
impact of infection with SARS-Cov-2 in Switzerland 
over six phases (https:/ /www.co rona-im muni tas.ch/en/) 
[23–[27. To ensure comparability, a standardized proto-
col (ISRCTN18181860) [28] including the same baseline 
questionnaire and serological testing was administered 
in the Swiss general population and in several subpopu-
lations [29]. For this study, we used data from Corona 
Immunitas phase 2 of the canton of Zurich, for which 
randomly selected individuals from the general popula-
tion were recruited using age stratified sampling (20–64 
years, ≥ 65 years) and invited to participate. These data 
from the general public was used as a comparison for the 
data from SwissPrEPared.

The SwissPrEPared study (NCT03893188) was 
approved by the lead ethical committee (EC) in Zurich on 
14 May 2019 (BASEC Nr. 2018 − 02015), followed by the 
approval of all ECs from the other cantons. The Corona 
Imunitas study was approved by the lead EC in Zurich 
(BASEC Nr. 2020 − 01247), followed by the approval of 
all ECs from the other cantons. All participants signed a 
written informed consent.

Procedures and measurements
A poster with information about the Corona Immuni-
tas study and the study team contact information was 
placed in the Checkpoint Zurich waiting area. During 
their routine visits, SwissPrEPared participants were 
informed about the Corona Immunitas study by their 
healthcare providers, and given contact information for 
the study team. Finally, all Checkpoint Zurich SwissPrE-
Pared participants who were not yet enrolled in Corona 
Immunitas were sent a text message inviting them to 
enroll. The Corona Immunitas study team contacted all 
participants by email or telephone, answered questions, 
arranged an enrollment visit, and sent out an electronic 
version of the informed consent and Corona Immunitas 
standardized baseline questionnaire prior to the enroll-
ment visit. The Corona Immunitas standardized baseline 
questionnaire collects data on demographics and house-
hold characteristics, health and COVID-19 related symp-
toms, test results, potential exposures, and compliance 
with pandemic measures. At the visit, the informed con-
sent was signed and completeness of the questionnaire 

was checked and completed if necessary. A 10 mL blood 
sample was then taken for the seroprevalence testing. 
Participants that did not show up to their scheduled 
enrollment visit were contacted again to schedule a new 
appointment.

Further data on demographic, clinical, and sexual 
characteristics were collected within the frame of the 
SwissPrEPared study. These data were collected from all 
participants digitally via the SwissPrEPared web appli-
cation, described in detail elsewhere [1, 21]. In brief, 
the web application collects health (e.g. symptoms) and 
behavioral (e.g. number of sexual partners) data from 
participants via a digitally administered survey and 
integrates it with clinical and lab-based data (e.g. test 
results) in one comprehensive database that streamlines 
the continuity of medical care for this population. After 
participants consented to the Corona Immunitas study 
and filled out the Corona Immunitas baseline question-
naire, longitudinal data on number of sexual partners, 
sexual behavior change during the pandemic, PrEP use, 
dating app use, education, other medical diagnoses, and 
COVID-19 vaccine status were extracted from the Swis-
sPrEPared database. Participants were asked about the 
total number of sexual partners since their last visit (usu-
ally three months ago) and also whether they had sex 
with occasional partners in the last three months.

Serological testing
Participants were considered to have a positive test result 
if they tested positive for either IgG or IgA antibodies. 
As in all Corona Immunitas studies, the Sensitive Anti-
SARS-CoV-2 Spike Trimer Immunoglobulin Serologi-
cal (SenASTrIS) Luminex binding assay was used [30]. 
It was developed by the Vaud Central University Hospi-
tal (CHUV), the Swiss Federal Institute of Technology 
in Lausanne (EPFL), and the Swiss Vaccine Center, has 
a specificity of 99.7% and sensitivity of 96.6% at 15 days 
after infection, and has been validated in the general pop-
ulation as well as specific subgroups [30]. 

Statistical analysis
Descriptive statistics for the overall study population and 
by seropositivity status were calculated using median 
and interquartile range (IQR) for continuous variables 
and counts and percentages for categorical variables. To 
calculate the mean number of sexual partners during the 
study period, the number of sexual partners reported 
in the SwissPrEPared followup questionnaire was aver-
aged over all followup questionnaires filled out between 
March 1, 2020 and October 6, 2020. For questions from 
the repeated SwissPrEPared followup survey where par-
ticipants had multiple appointments during that time 
frame and may have answered differently, we took the 
most recent answer (e.g. changes in sexual behavior 

https://www.corona-immunitas.ch/en/)
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during the pandemic). Confidence intervals (CI) for 
binomial proportions were produced using the Clopper-
Pearson confidence intervals (CI) in base R (binom.test). 
To calculate the overall prevalence of antibodies in both 
the study population and the population comparison 
group, we adjusted for sensitivity and specificity using a 
Bayesian framework. The posterior distributions for the 
true prevalence were derived by applying Bayes’ theorem, 
assuming beta-distributed priors for the parameters, and 
incorporating the known test sensitivity/specificity of the 
antibody test. The adjusted prevalence and associated 
95% credible intervals were reported.

To determine whether there was a higher presence of 
SARS-CoV-2 antibodies in the SwissPrEPared population 
versus the general Corona Immunitas population-based 
sample from the same time period, propensity score 
matching was performed to balance key demographic 
characteristics (age, household size, trips abroad, educa-
tion). Because the SwissPrEPared population was pre-
dominantly male (99%) and 100% assigned male at birth, 
analyses with the Corona Immunitas population were 
restricted to men and those 65 years or below. The data 
on the general population was accessed directly from the 
Corona Immunitas study and matched with the Swis-
sPrEPared population. The aim of this analysis was to 
estimate the average marginal effect of being a member 
of the cohort taking PrEP during the pandemic while 
accounting for confounding by the included covariates. 
The propensity score was estimated using full matching 
on the propensity score and a probit regression of cohort 
membership on the covariates, which yielded better bal-
ance than did a logistic regression. The relative risk (RR) 
of being positive for COVID-19 antibodies in the Swis-
sPrEPared population versus the general Corona Immu-
nitas population was estimated along with its associated 
95% CI. Matching was performed using the MatchIt 
package [31], and covariate balance was assessed using 
cobalt [32], both in R Version 4.2.3 [33]. 

To determine which predictors were associated with 
presence of SARS-CoV-2 antibodies in both the Swis-
sPrEPared and general Corona Immunitas population of 
the same time period, exploratory logistic regression was 
performed and odds ratios (OR) and their associated 95% 
CI were reported.

Results
Study Population
A total of 218 participants were enrolled in the Corona 
Immunitas study from the SwissPrEPared cohort. This 
represents 31% (218/693) of the participants in the Swis-
sPrEPared study that visited Checkpoint Zurich during 
the study time period. Participants were all assigned male 
at birth, and almost all had a male gender identity (99%, 
1% female, 1% other), Swiss (73%), German speaking 

(71%), highly educated (73% completed a higher techni-
cal or university degree), and employed or self-employed 
(85%). The median age was 40.0 (IQR: 34.0, 45.8). Most 
lived alone (45%) or in a household with one other per-
son (42%). Demographic characteristics were very similar 
between those who were seropositive and seronegative 
for SARS-CoV-2 (Table 1; Fig. 1). Of the 218 participants 
enrolled in the study, 19 (8.7%) tested positive for SARS-
CoV-2 antibodies, corresponding to an adjusted preva-
lence of 8.7% (95% credible interval: 5.7–13.2%).

Health risk behaviors and COVID-19 seropositivity
Those who were seropositive were less likely to have ever 
been vaccinated against flu (35% vs. 51%). Compliance 
with recommended social distancing and hygiene mea-
sures was similar across those seropositive and seronega-
tive, although the seropositive were slightly less likely to 
comply with stay-at-home orders (Table  2; Fig.  1). Both 
groups reduced their social outings during the first lock-
down period, but the seronegative were more socially 
active before, during, and after the first lockdown period, 
despite the fact that the seropositive were more likely 
to live alone (Table 1; Fig. 1). Participants also reported 
during the course of the regular SwissPrEPared study 
whether they later received a COVID-19 vaccination; 
vaccine uptake was very high, with at least 96% of both 
the seropositive and seronegative receiving a COVID-19 
vaccination (Fig. 1; n = 198 (91%) of participants reported 
COVID-19 vaccination status).

Sexual behaviors and COVID-19 seropositivity
206 (94%) of participants filled in at least one follow-up 
questionnaire about sexual behaviors between March 1, 
2020 and October 6, 2020. The differences are summa-
rized in Table 3; Fig. 1. The median number of partners 
reported was higher among those who were seropositive 
(6.5 vs. 5.0). Most individuals in both groups reported sex 
with occasional partners during the study period (88% of 
the seropositive vs. 81% of the seronegative). However, 
seropositive participants were more likely to report not 
having had any sexual contacts during the first lockdown 
(29% vs. 14%). The majority of both groups reported 
reducing sexual contacts during the first lockdown (59% 
of seropositive vs. 64% of seronegative). The use of dat-
ing apps was almost universal and the same among both 
groups (93%). Those who were seropositive were more 
likely to have changed their dating app usage to be more 
for chatting than for sex in the first lockdown (50% vs. 
26%). A similar number of people were diagnosed with 
an STI during the study period in the seropositive and 
seronegative groups (18.6% vs. 17.6%).

In a logistic model including only mean partner 
count and number of trips abroad during the first pan-
demic wave in the SwissPrEPared study population only 
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Table 1 Demographic and health characteristics of study participants [n (%) or median (IQR)]
Total SARS-CoV-2 seropositivity status

Positive Negative
Participants 218 19 (9%) 199 (91%)
Male gender identity 216 (99%) 19 (100%) 197 (99%)
Assigned male at birth 218 (100%) 19 (100%) 199 (100%)
Age 40.0 (34.0, 45.8) 38.0 (35.0, 45.0) 40.0 (33.5, 46.0)
Swiss nationality 160 (73%) 15 (79%) 145 (73%)
Never smoker 124 (57%) 13 (68%) 111 (56%)
Additional household members 1.0 (0, 1.0) 0 (0, 1.0) 1.0 (0, 1.0)
Number of trips abroad February-October 2020 2.0 (0.8,3.0) 2.0 (1.0, 3.5) 2.0 (0, 3.0)
Ever vaccinated against flu* 97 (49%) 6 (35%) 91 (51%)
EuroQoL self-rated health 88.5 82.5 89.0
Obligatory schooling 1 (0.5%) 0 (0%) 1 (1%)
Vocational 34 (16%) 3 (16%) 31 (16%)
Matura 23 (11%) 3 (16%) 20 (10%)
Higher technical degree 61 (28%) 5 (26%) 56 (28%)
University 98 (45%) 8 (42%) 90 (45%)
Missing 1 0 1
Employment
Employed 167 (77%) 15 (79%) 152 (76%)
Self-employed 18 (8%) 1 (5%) 17 (9%)
Studying 15 (7%) 1 (5%) 14 (7%)
Unemployed 13 (6%) 1 (5%) 12 (6%)
*22 unsure or missing data on previous flu vaccination

Fig. 1 Overall comparison of differences between those seropositive and seronegative, ordered from greatest to least except for within the sexual risk 
taking behavior panel
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(n = 206), increasing mean partner count (OR: 1.02, 95% 
CI: 0.95, 1.07) and increasing number of trips abroad 
(OR: 1.07, 95% CI: 0.92, 1.20) were not significantly asso-
ciated with seropositivity.

Comparison with general population in Zurich
Of the 218 participants enrolled in the Corona Immuni-
tas study, 19 tested positive for SARS-CoV-2 antibodies, 
corresponding to an adjusted prevalence of 8.7% (95% 

Table 2 Differences in compliance with social distancing measures; a score of 5 corresponds to the highest compliance levels 
(“always”)

Total SARS-CoV-2 seropositivity status
Positive Negative

Participants 218 19 (9%) 199 (91%)
How often* have you in the last 7 days…
Followed social distancing** measures? 4.0 (4.0, 4.0) 4.0 (4.0, 4.0) 4.0 (4.0, 4.0)
Stayed home when possible? 3.0 (2.0, 4.0) 3.0 (1.5, 4.0) 3.0 (2.0, 4.0)
Worn a mask? 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 4.0 (4.0, 5.0)
Increased hygiene measures*** 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 4.0 (4.0, 5.0)
Average number of contacts with persons outside the household per week (> 15 min)
Pre-lockdown (until mid-March 2020) 15.0 (7.0, 25.0) 10.0 (5.0, 20.0) 15.0 (7.2, 30.0)
Lockdown (mid-March to mid-May) 2.0 (1.0, 5.0) 2.0 (0.5, 4.0) 2.0 (1.0, 5.0)
Present day (time point of survey) 7.5 (4.0, 15.0) 5.0 (3.5, 10.0) 8.0 (4.0, 15.0)
*Participants answered on a scale from 1 to 5, corresponding to the following frequencies: 1: never, 2: rarely, 3: sometimes, 4: often, 5: always

**No handshakes or hugs, maintain 2 m distance from other people

***Regular handwashing, sneezing into the elbow, using tissue

Table 3 Differences in sexual behaviors of study participants seropositive and seronegative before, during, and after the first 
lockdown in March 2020 [n (%) or median (IQR)]

Total SARS-CoV-2 seropositivity status
Positive Negative

Participants who completed at least one survey 206 (94%) 17 (89%) 189 
(95%)

Number of surveys 438 37 401
Currently taking PrEP 174 (84%) 14 (82%) 160 

(85%)
Partner count* 5.0 (3.0, 10.0) 6.5 (2.5, 14.7) 5.0 (3.0, 

10.0)
Sex with occasional partners 168 (82%) 15 (88%) 153 

(81%)
Changes in sexual behavior during the first lockdown
I only had sex with my steady partner 23 (11%) 1 (6%) 22 (12%)
I made an agreement with one of my sexual partners to only have sex with each 
other (“quarantine buddy”)

7 (3%) 0 7 (4%)

I didn’t have sexual contacts during that time 31 (15%) 5 (29%) 26 (14%)
I reduced my sexual contacts 129 (64%) 10 (59%) 119 

(64%)
I didn’t change my sexual behavior 12 (6%) 1 (6%) 11 (6%)
I had more sexual contacts 1 (0.5%) 0 1 (0.5%)
Missing 3 0 3
Use dating apps** 156 (93%) 14 (93%) 142 

(93%)
Changes in dating app behaviors during the first lockdown among those using dating apps (n = 156)
Use the same 40 (26%) 2 (14%) 38 (27%)
Fewer online dates 8 (5%) 0 8 (6%)
Use more for chatting than sex 44 (28%) 7 (50%) 37 (26%)
More online dates 61 (39%) 5 (36%) 56 (39%)
Other 3 (2%) 0 3 (2%)
*If participants filled out more than one follow-up survey, the number of partners they reported was averaged across all their follow-up surveys

**39 participants were missing data on dating app usage; 2 among the seropositive and 37 among the seronegative
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credible interval: 5.7–13.2%). When restricted to those 
with primary residence in Zurich (n = 195, 89%), the 
prevalence remained 8.7% (95% CI: 5.5–13.5%), which 
was slightly elevated compared to that of the general 
population of male 20–65 year old in Zurich during that 
time period (5.5%, 95% credible interval: 3.8–8.2%). The 
estimated RR for the SwissPrEPared cohort compared to 
the general Corona Immunitas population after propen-
sity score matching (Fig. 2) was 1.46 (95% CI: 0.53, 3.99), 

indicating a 46% increased risk of SARS-CoV-2 positivity 
for the SwissPrEPared cohort, although not statistically 
significant.

To see which of these factors were most strongly asso-
ciated with SARS-CoV-2 infections in the pooled sample 
of SwissPrEPared and Corona Immunitas participants, 
we conducted a separate logistic regression model 
(Table  4). The odds of SARS-CoV-2 infection increased 
by 1% for every additional year of age, 5% for every addi-
tional household member, 9% for every additional trip 
abroad, 97% for being a member of SwissPrEPared, and 
450% for those who completed only obligatory schooling 
(vs. having completed a university degree or higher), after 
adjusting for the covariates in Table 4. Only the number 
of trips abroad was statistically significantly associated 
with risk of COVID-19 seropositivity.

Discussion
Our study provides evidence that the risk of SARS-CoV-2 
seropositivity among those taking PrEP was higher than 
in the general population in Zurich in the first wave of 
the COVID-19 pandemic in Switzerland. The average 
number of sexual partners during the study period was 
slightly higher among the seropositive (median 6.5 vs. 
5.0). However, seropositive participants were more likely 
to report not having any sexual contacts at all during the 
first lockdown (28% vs. 14%) and using dating apps more 

Table 4 Predictors of seropositivity in a pooled logistic 
regression analysis of SwissPrEPared and general male 
population participants

OR 95% CI
Age 1.01 0.99, 1.04
Number of additional household members 1.05 0.75, 1.43
Number of trips abroad February-October 2020 1.09 1.02, 1.17
SwissPrEPared 1.97 0.84, 4.79
Education*
Obligatory schooling 4.50 0.91, 17.39
Vocational 1.15 0.48, 2.68
Matura 1.23 0.33, 3.66
Higher technical degree 0.93 0.38, 2.15
The odds ratios in bold are those significantly associated with the odds of 
having a health event that day (95% confidence interval does not cross the 
null value of 1). As there was no data on sexual behavior from the general male 
population, these variables were omitted from the model

*Comparison group: those who completed a university degree or higher

Fig. 2 Comparison of the differences in demographic characteristics among SwissPrEPared participants (black line) and the Corona Immunitas general 
male population aged 20–65 in Zurich (grey line) before and after matching
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for chatting than for sex (50% vs. 26%). Only one seroneg-
ative participant reported increasing the number of sex-
ual contacts during the first lockdown. This, linked with 
the finding that social contacts during the first wave of 
the pandemic were counterintuitively lower among those 
who were seropositive, suggests that sexual behaviors 
were not strongly linked with SARS-CoV-2 seropositiv-
ity during this time period. Those who were seropositive 
were more likely to be living alone and less likely to have 
ever received a flu vaccination, but the risk factor inves-
tigated in this study that was most robustly linked with 
SARS-CoV-2 seropositivity in both the general popula-
tion and the SwissPrEPared population was the number 
of trips abroad during the pandemic.

While sexual behavior did not appear to be linked with 
increased risk of SARS-CoV-2 seropositivity within the 
SwissPrEPared population during the first pandemic 
wave, there was still a 46% increased risk of infection with 
SARS-CoV-2 compared with the general male Corona 
Immunitas population in Zurich after propensity score 
matching for age, travel, household size, and education. 
The population of SwissPrEPared participants differs in 
important ways with that of the general male population 
from Corona Immunitas (younger, more highly educated, 
more often living alone, travel more frequently). It may be 
that other, unmeasured factors account for this increased 
risk. It is well known that cluster infections (e.g. within 
family or friend groups) played an important role in the 
early transmission of COVID-19 [34], meaning that the 
risk is not particularly linked to individual characteris-
tics, but instead social group membership.

Differences in SARS-COV-2 seropositivity between the 
cohort taking PrEP and the general population
The study shows that the prevalence of SARS-CoV-2 
infection among participants taking PrEP in Zurich was 
higher than that of the general Zurich male population 
from the Corona Immunitas study (prevalence 8.7% vs. 
5.5%) during the first pandemic wave. This increased 
risk persists even after propensity score matching the 
two populations on some key characteristics, such as 
age, education, household size, and international travel, 
although the difference in absolute terms is not large. As 
is true in other cohorts of people taking PrEP [35], there 
are key demographic differences between this group and 
the general population. Although we were able to match 
the two populations based on these five key characteris-
tics, we were not able to match on other key demographic 
characteristics that may also have been related to risk of 
COVID-19 transmission (e.g. profession and occupa-
tional exposures, pre-existing health conditions) [36–38]. 

Health and sexual behaviors and seropositivity in the 
cohort taking PrEP
Participants taking PrEP who were seropositive for 
SARS-CoV-2 differed in some key health behaviors and 
attitudes. Lifetime flu vaccine uptake was higher in the 
seronegative group (51% vs. 35%), which may translate 
to their risk attitude and other health behaviors regard-
ing infectious disease in general, known as the healthy 
vaccine effect [39]. Other studies have also found that 
those who were previously vaccinated against the flu had 
decreased risk of SARS-CoV-2 infection [40]. These par-
ticipants may also have been more likely to take protec-
tive measures against other infectious diseases, resulting 
in lower levels of exposure to SARS-CoV-2. Seropositive 
participants were more likely to be living alone. While it 
is well established that the pandemic had adverse effects 
on the mental health of those living alone [41], there is 
less evidence on how living alone affected COVID-19 
transmission and choices around protective behavior. 
However, a meta-analysis on household transmission 
found that counterintuitively those living in households 
with only one contact had higher secondary attack rates 
than those living in households with three or more con-
tacts [42]. More studies are needed. The behavioral 
finding most robustly associated with increased risk of 
SARS-CoV-2 seropositivity is travel abroad. The impor-
tant role of travel abroad in infection and transmission of 
COVID-19 in the early stages of the pandemic has been 
established in other studies [43, 44]. 

SwissPrEPared participants showed high compliance 
with social distancing measures. This high level of com-
pliance was similar among both the seropositive and the 
seronegative. The overwhelming majority of study par-
ticipants (at least 96%) also later received the COVID-19 
vaccination. The results of this study also indicate that 
SwissPrEPared participants reduced their sexual contacts 
during the pandemic, similar to what was reported in 
the United States, Israel, Brazil, and Australia [5–8]. This 
contrasts with what was found in a 2021 German study 
of PrEP users, which found no change in sexual behavior 
compared to pre-pandemic, but a similar rate of serocon-
version as that of the general population [17]. Other stud-
ies from the United States that recruited through dating 
applications suggested that MSM did not change their 
sexual behavior or even increased the number of sexual 
partners during the pandemic, but that may reflect that 
these populations were recruited from those actively on 
dating applications during the pandemic [9, 10]. Another 
study from the US found age related differences in sex-
ual behavior during the pandemic, with younger MSM 
having large decreases in testing and PrEP use, but only 
small reductions in numbers of sexual partners [45]. 

It is surprising that reported levels of social contacts 
were lower among the seropositive compared with the 
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seronegative before, during, and after the pandemic. It 
may have been that these participants were able to safely 
create opportunities to socialize and/or engage in sexual 
activities while only minimally increasing transmission 
risk (e.g. through creating “pods”). It is also possible that 
these data reflect a reporting bias; i.e., that participants 
that were aware that they had had COVID-19 under-
reported their social contacts during the pandemic. 
This would be supported by the fact that seropositive 
participants reported more sexual partners during the 
study period (median 6.5 vs. 5.0). Since these numbers 
were reported in real time during the pandemic and 
most likely prior to knowledge of COVID-19 status, 
it is unlikely that they were affected by reporting bias. 
Finally, it may be that those who were symptomatic may 
have been more likely to isolate after their symptomatic 
episode, or during specific time periods during the pan-
demic. Future studies on these behavioral aspects of sex-
ual health could incorporate qualitative research to better 
understand these findings.

The lack of association of education and other sociode-
mographic characteristics with seropositivity is similar to 
what was found in the overall Swiss population in the first 
wave of the pandemic, where only younger age was asso-
ciated with increased seropositivity [25]. This may reflect 
high compliance with overall social distancing measures 
during the initial phases of the pandemic in Switzerland.

Strengths and limitations
This study adds new evidence to the limited research on 
how sexual contact with non-steady partners was asso-
ciated with SARS-CoV-2 seropositivity during the first 
lockdown in Zurich, Switzerland. The data on sexual 
behavior was collected prospectively as part of routine 
PrEP visits and was integrated into their clinical care, 
meaning that recall bias is likely minimized compared to 
other retrospective studies of behavior change during the 
pandemic. The availability of matched population level 
comparison data from the representative Corona Immu-
nitas study provides a robust comparison group that has 
been missing from previous studies.

This study is subject to some limitations. Participants 
in this study were those that did not discontinue use of 
PrEP during the initial pandemic lockdown, meaning 
that they are likely less risk averse than participants that 
did stop attending their PrEP visits during this time. The 
number of people who were seropositive in this cohort 
was small (n = 19), meaning that the data on behav-
ioral and demographic patterns in seropositivity need 
to be interpreted with caution. SwissPrEPared partici-
pants that did not participate in the Corona Immunitas 
substudy may have differed from those that did in their 
attitude towards the pandemic, compliance with social 
distancing measures, and therefore risk of SARS-CoV-2 

infection; however, data are not available on compliance 
with social distancing or seropositivity in the other Swis-
sPrEPared participants. In addition, similar information 
on sexual behaviors during the lockdown was not avail-
able for sexually active individuals not on PrEP or those 
on PrEP but not part of the SwissPrEPared program dur-
ing this time period, so it is not possible to compare this 
group with other sexually active groups (e.g. heterosexu-
als). As mentioned above, there is a possibility of report-
ing bias, with those who had symptoms of COVID-19 
remembering being more cautious than they really were. 
However, data on sexual behavior was reported as part 
of routine PrEP follow-up visits, making it unlikely that 
underreporting is linked to COVID-19 status. In addi-
tion, data was only collected on the number of sexual 
partners, not the total number of sexual contacts, which 
may represent a more important measure of exposure to 
infection. Finally, there was likely residual confounding 
in the comparison between the cohort of people taking 
PrEP and the general male population in Zurich.

Conclusions
Overall, SARS-CoV-2 seropositivity during the first pan-
demic wave was slightly elevated in a cohort of people 
taking PrEP compared to the general male population in 
Zurich, Switzerland. Our study suggests that at least in 
the first wave of lockdown, socializing and sexual activ-
ity were less important than other factors in SARS-CoV-2 
seropositivity among those taking PrEP. While we can-
not retrospectively identify precisely what those factors 
were, the association of seropositivity with international 
travel and deprioritization of health protection measures 
such as vaccination suggest that these factors may have 
played a role. Those who were less likely to prioritize pre-
cautionary measures such as vaccines may also have been 
less likely to prioritize complying with social distancing 
measures.
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