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Background: We assessed how the Dutch restrictions imposed on
March 15, 2020, affected sexual behavior, preexposure prophylaxis
(PrEP), and condom use among PrEP users in Amsterdam.

Methods: We used data on (1) PrEP use, (2) anal sex acts, and (3)
condom use, per partner type [steady partners (SPs), known casual
partners (KCPs), and unknown casual partners (UCPs)], collected
daily through a mobile application used between December 1, 2019,
and June 30, 2020. We compared the period before versus after
March 15, 2020, regarding average proportion of days per week at
which each end point was reported and average proportion of anal
sex acts covered by PrEP and/or condoms.

Results: We included data from 136 men who have sex with men.
After March 15, 2020, the proportion of days with anal sex increased
with SPs [odds ratio (OR) = 1.26; 95% confidence interval
(CI) = 1.10 to 1.44) and decreased with KCPs (OR = 0.73; 95%
CI = 0.64 to 0.82) and UCPs (OR = 0.54; 95% CI = 0.48 to 0.61).
Shifts in partner types were most profound immediately after March

15, 2020, whereas returning to prerestriction levels mid-May 2020.
The proportion of days with PrEP use decreased from 74% before to
58% after March 15, 2020 (P , 0.001). After March 15, 2020, PrEP
use during sex decreased with UCPs (b =20.36; 95% CI =20.72 to
0.00) but not with SPs and KCPs. Condom use during sex decreased
with KCPs (b = 20.36; 95% CI = 20.67 to 0.04) and UCPs
(b = 20.24; 95% CI = 20.46 to 0.03) but not with SPs.

Conclusions: MSM decreased sex with casual partners and
increased sex with SP, but changes were transient. Decreases in
sex acts with casual partners paralleled decreases in PrEP use.
However, condom use during sex with casual partners decreased,
indicating the importance of continued sexual health services,
including sexually transmitted infections screening and PrEP care,
during COVID-19 restrictions.
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INTRODUCTION
In the Netherlands, the first case of coronavirus disease

2019 (COVID-19), caused by the SARS-CoV-2 virus, was
diagnosed on February 27, 2020. By the end of October 2020,
more than 350,000 confirmed SARS-CoV-2 infections had
been reported.1 To prevent the spread of SARS-CoV-2 virus,
the Dutch government introduced a series of restrictions
starting between March 12 and 15, 2020, such as cancelling
large events, closing public facilities, restricting international
travel, urging everyone to work from home, and minimizing
physical contact (defined as less than 1.5-m distance) with
nonhousehold members.2,3

These restrictions also included closure of meeting
venues alongside the specific recommendation of not to have
sex with partners outside the household.4 This could have
hypothetically led to decreases in sexual activity with casual
partners and increases in sexual activity with steady partners.
Consequently, the need for condoms and preexposure pro-
phylaxis (PrEP) to prevent HIV and transmission of sexually
transmitted infections (STI) including HIV could have
decreased in parallel. By contrast, decreasing HIV/STI testing
and less PrEP use could have also led to increased HIV/STI
transmission. From May 11, 2020, onward, the Dutch
government started to lift restrictions, albeit the recommen-
dation of physical distancing was not lifted.5

In the Netherlands, PrEP is indicated for men who
have sex with men (MSM) and transgender people (TGP)
who, in the previous 6 months, had condomless anal sex
(CAS) with a male partner with unknown HIV status or
detectable HIV viral load, were diagnosed with an anal STI
or syphilis, and/or used postexposure prophylaxis.6 PrEP is
predominantly provided through STI clinics as part of a
national program that started in August 2019, offering
PrEP at a reduced price; it can also be obtained at a higher
price through general practitioners. When COVID-19
restrictions were first put in place, the outpatient STI clinic
in Amsterdam scaled down PrEP care and suspended
routine HIV/STI testing from March 23. PrEP was pro-
vided only to those already using PrEP and who had a
continued need for it. HIV/STI care was restricted to only
those with STI-related symptoms, who were warned by a
partner, or victims of a sex offence, and sexual health
counseling during these consultations was minimized.
From the beginning of May 2020, restrictions were
gradually eased, and PrEP users in the National PrEP
program were contacted again for follow-up appointments.

Given the scale down of routine PrEP care, it is uncertain
whether all individuals received timely PrEP refills and adequate
PrEP care during the period of heavy restrictions. Monitoring
sexual behavior and HIV/STI prevention choices in the months
before and after restrictions among PrEP users could inform
future policy by providing a deeper understanding of sexual
behavior and PrEP needs and help to prioritize related services
during future periods of social restrictions.

Current evaluations of the effect of COVID-19 restric-
tions on PrEP use and sexual behavior have mainly relied on
cross-sectional questionnaires in which individuals were
asked to recall whether their sexual activity had changed

during restrictions.7–11 These studies are subject to recall bias.
In the Amsterdam PrEP demonstration project, participating
MSM were asked to complete a diary-based mobile applica-
tion daily, which contained questions on sexual behavior and
condom and PrEP use. We used these prospectively collected
data to assess how sexual behavior and use of condoms and
PrEP were affected by the Dutch COVID-19 restrictions
imposed in March 2020.

METHODS

Study Design and Participants
Amsterdam PrEP (AMPrEP) was a prospective, open-

label demonstration study conducted at the STI clinic of the
Public Health Service of Amsterdam, the Netherlands. Its
primary aim was to assess the uptake and feasibility of daily
and event-driven PrEP use among MSM and TGP. Detailed
study procedures have been previously published.12 In brief,
HIV-negative MSM and TGP aged 18 years or older were
eligible for inclusion if they were indicated for PrEP.
Enrollment took place between August 3, 2015, and May
31, 2016, and follow-up ended on December 1, 2020. All
participants provided written informed consent.

The study was approved by the ethics board of the
Amsterdam University Medical Centre, location Academic
Medical Center (Amsterdam, the Netherlands;
NL49504.018.14), and is registered with the Netherlands Trial
Registry (number NL5302). The study protocol is available
online (https://www.ggd.amsterdam.nl/infectieziekten/soa-hiv-
sense/prep/amprep/). AMPrEP was part of the HIV Transmission
Elimination AMsterdam (H-TEAM) Initiative, a multidisciplin-
ary and integrative approach to stop the urban HIV epidemic.

Procedures
Participants self-selected either daily or event-driven PrEP

use, both free of charge, at inclusion. Daily PrEP consisted of a
single tablet containing 245 mg of tenofovir disoproxil fumarate
combined with 200 mg of emtricitabine, taken once per day.
Event-driven PrEP consisted of 2 tablets taken between 24 and 2
hours before sexual intercourse, followed by one tablet every 24
hours after the double dose, up to 48 hours after the last sexual
intercourse.13 Participants were provided with free-of-charge
PrEP, monitored, tested for HIV and STIs every 3 months, and
allowed to switch PrEP regimens at every study visit.

A mobile application (app) was developed for Android
and iOS in which participants could report their sexual
behavior and PrEP use. Information on the design and use
of the app has been previously published.14 In brief,
participants could indicate every day whether they (1) took
a PrEP pill and (2) had anal sex. If they indicated anal sex,
follow-up questions were prompted about the type of sexual
partners and whether a condom was used during sex on that
day. We differentiated the partners as steady partners (SPs),
known casual partners (KCPs), and unknown casual partners
(UCPs). A SP was a sex partner with whom the participant
was partnered in a steady relationship (independent of length of
time). A KCP was a sex partner who was known to the
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participant but not a steady partner. A UCP was a sex partner
who was unknown to the participant. Participants could indicate
multiple sex acts and multiple partner types per day. An update
of the app was released in November 2019. Since then,
participants could also indicate the number of different sex
partners per partner type on a given day and whether they had
used a condom during each individual sex act.

Outcomes
We assessed the proportion of days per week on which

each of the following end points was reported of the total
number of days on which data were reported in the app: (1)
PrEP use (2) anal sex act, and (3) condom use, both overall
and according to partner type. In addition, we evaluated the
average proportion of anal sex acts during which PrEP and/or
condoms were used. Similar to a previous analysis,15 we
distinguished 4 possible prevention strategies per anal sex act:
(1) PrEP and condom, (2) PrEP only, (3) condom only, and
(4) no PrEP and no condom.

Statistical Analysis
For this analysis, we included data from all participants

who were still actively followed up by December 1, 2019 (ie, at
least one study visit in the 9 months before December 1, 2019)
and who filled in information in the app at least once between
December 1, 2019, and June 30, 2020. To assess possible
differences in actively followed participants who were included
and excluded from analysis, we compared characteristics and
sexual behavior at PrEP initiation between those with and those
without app data from December 1, 2019, to June 30, 2020. In
addition, we assessed and compared characteristics and sexual
behavior in included participants who recorded app data both
before and after March 15, 2020, versus those who reported data
only before or only after March 15, 2020. We obtained P values
for comparisons using the Pearson x2, Fisher exact, or rank sum
tests, as appropriate. We plotted use of the app and PrEP pill
intake over time.

We used app data from 2 periods. First, we used data
from December 1, 2019, until June 30, 2020 (ie, 15 weeks
before and 15 weeks after the restrictions imposed on March
15, 2020) to compare behavior in the periods directly before
and after the implementation of COVID-19 restrictions.
Second, we used data from December 1, 2018 until June
30, 2019 to define a control period based on the previous year
(ie, 15 weeks before and 15 weeks after March 15, 2019).

We compared the mean proportion of days per week on
which PrEP use, anal sex, and condom use was reported before
and after March 15, 2020. We modeled each outcome using
multilevel logistic regression while adding a random intercept to
account for baseline variation between participants. In addition,
we calculated variance assuming independently and identically
distributed error across individuals. We included a dichotomous
before/after restrictions covariate to calculate the odds ratio (OR)
and 95% confidence interval (CI) comparing the odds of having
an end point before versus after restrictions. To evaluate whether
changes could also be observed the previous year, we evaluated
changes in anal sex acts before and after March 15, 2019. We

accomplished this by running the same model with additional
data from this control period. To evaluate whether the difference
in anal sex acts before and after March 15 was different between
periods, we tested a 2-way interaction term between period and
before/after restrictions. We obtained P values for each
comparison using the Wald x2 test.

We then compared the average proportion of sex acts
during which PrEP and/or condom were used in the period
before versus after March 15, 2020. We simultaneously
modeled PrEP use (yes/no) and condom use (yes/no) using
bivariate probit regression, while calculating the variance
assuming independently and identically distributed error
across clusters of individuals. Again, we included a dichot-
omous before/after restrictions covariate to estimate the fold
effect on the predicted outcome probability (b) and its 95%
CIs before and after restrictions. We obtained P values for
these comparisons using the Wald x2 test.

Each of the above-described model was run separately
for each partner type. In sensitivity analyses, we restricted
analyses to participants who filled in the app $90% of days
during each month between December 1, 2019, and June 30,
2020. All analyses were performed using Stata (version 15.1,
StataCorp, College Station, TX). Heatmaps showing patterns
of PrEP use for each participant over time during the first
period were generated using the ggplot2 package in R
(version 3.6.3, Vienna, Austria).16

Role of the Funding Source
The study funders had no role in study design, data

collection, data analysis, data interpretation, or writing of the
report. All authors had full access to all data in the study. LC had
final responsibility for the decision to submit for publication.

RESULTS
Of the 376 enrolled AMPrEP participants, 302 (80.3%)

were in active follow-up by December 1, 2019. Of these, 136
(45%) reported data in the app at least once between December
1, 2019, and June 30, 2020, and were included in this analysis.
All included participants were MSM, 125 (92%) self-identified
as White and 82 (60%) lived in Amsterdam at PrEP initiation
(see Table 1, Supplemental Digital Content, http://links.lww.
com/QAI/B658). By December 1, 2019, median age was 47.5
years [interquartile range 40–56], median follow-up time was
3.9 years (interquartile range 3.7–4.1), and 91 (67%) used PrEP
daily and 45 (33%) used event-driven PrEP. Of all AMPrEP
participants who were in active follow-up by December 1, 2019,
those included in this analysis were older, more often self-
identified as White, and more often lived with a partner
compared with those excluded (see Table 1, Supplemental
Digital Content, http://links.lww.com/QAI/B658).

App Use
Between December 1, 2019, and June 30, 2020, the app

was filled in for a total of 10,751 days in the 15 weeks before and
8851 days in the 15 weeks after March 15, 2020 (Table 1), and
use of the app decreased per month (see Figure 1, Supplemental

COVID-19, PrEP Use, and Sexual BehaviorJ Acquir Immune Defic Syndr � Volume 87, Number 5, August 15, 2021

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. www.jaids.com | 1113

http://links.lww.com/QAI/B658
http://links.lww.com/QAI/B658
http://links.lww.com/QAI/B658


Digital Content, http://links.lww.com/QAI/B658). Participants
who recorded app data before and after March 15, 2020
(n = 103) were more likely to be employed compared with
participants who reported data before or after 15 March 2020
(n = 33) but did not have significantly different sexual behavior
(see Table 2, Supplemental Digital Content, http://links.lww.
com/QAI/B658).

Sexual Behavior
The number of anal sex acts with SPs increased among

29 (28.2%) participants; 56 (54.4%) reported fewer sex acts

with KCPs and 68 (66.0%) with UCPs. Figure 1 shows the
average proportion of days per week on which anal sex was
reported over time, according to partner type and period.
Compared with data before March 15, 2020, the proportion of
days with anal sex was higher with SPs (OR 1.26, 95% CI
1.10 to 1.44) and lower with KCPs (OR 0.73, 95% CI 0.64 to
0.82) after this date (Table 2). In the previous year, there was
no evidence for changes after March 15, 2019 in either
partner type (OR 1.07, 95% CI 0.96 to 1.19 and OR 0.98,
95% CI 0.89 to 1.07, respectively). A more pronounced
reduction in the proportion of days with anal sex with UCPs
was observed after March 15, 2020 (OR 0.54, 95% CI 0.48 to
0.61) compared with the same period in the previous year
(OR 0.92, 95% CI 0.83 to 1.01). When examining the
proportion of days with anal sex across weeks, the changes
during COVID-19 restrictions seemed to last for 8 weeks, and
from mid-May 2020, levels returned to comparable with those
before restrictions (Fig. 1). Similar observations were found
in a sensitivity analysis among the 58 participants who filled
in the app $90% of days during each month (see Table 3 and
Figure 3, Supplemental Digital Content, http://links.lww.com/
QAI/B658).

PrEP and Condom Use
Among 69 of the 103 participants (67.0%) who

reported data before and after March 15, 2020, PrEP use
decreased after March 15. Condom use with SPs, KCPs, and
UCPs decreased in 35 (34.0%), 26 (25.2%), and 27 (26.2%)
participants, respectively.

Using data from all 136 included participants, the
average proportion of days per week on which PrEP use
was reported decreased from 74% in the period before to 58%
in the period after March 15, 2020 (P , 0.001) (Table 1).
Patterns of PrEP use for each participant per day are depicted
in Figure 2, Supplemental Digital Content, http://links.lww.
com/QAI/B658.

Tables 3 and 4 tabulate the use of PrEP and/or condoms
per individual anal sex act according to partner type during
the periods before and after March 15, 2020. Figure 4,
Supplemental Digital Content, http://links.lww.com/QAI/
B658 shows the distribution of the 4 possible prevention
strategies across weeks. Compared with data before March
15, 2020, the average proportion of sex acts with UCPs
during which PrEP was used was lower after this date
(b = 20.36, 95% CI 20.72 to 0.00), but PrEP use during
sex with SPs and KCPs did not change (b = 20.46, 95%
CI 21.11 to 0.19 and b = 20.20, 95% CI 20.62 to 0.22,
respectively) (Table 3). The proportion of sex acts with KCPs
(b = 20.36, 95% CI 20.67 to 0.04) and UCPs (b = 20.24,
95% CI 20.46 to 0.03) covered by condoms was lower after
versus before March 15, 2020, but condom use during sex
with SPs did not change (b = 20.01, 95% CI 20.48 to 0.46).
The proportion of sex acts with KCPs and UCPs during
which PrEP and condoms were used decreased after com-
pared with that before March 15, 2020 (P = 0.0259 and
P = 0.0113, respectively, Table 4). The proportion of sex acts
during which PrEP or condoms were not used increased for

TABLE 1. PrEP Use and Sexual Behavior per Partner Type in
the 15 Weeks Before and the 15 Weeks After the
Implementation of COVID-19 Restrictions, as Reported in the
App by 136 AMPrEP Participants From December 1, 2019, to
June 30, 2020, Amsterdam, the Netherlands*

On Days
Before

March 15

On Days
From

March 15

P‡

(n = 10,751) (n = 8851)

n† %† n† %†

PrEP used ,0.001

No 2792 26 3712 42

Yes 7959 74 5139 58

Sex acts with an SP 0.088

No 10,233 95 8362 94

Yes 518 5 489 6

Condoms used during sex acts with SPs

Never 500 97 472 97

Sometimes 3 1 1 0 0.573

Always 15 3 16 3 0.517

Sex acts with a KCP 0.006

No 9984 93 8382 95

Yes 767 7 469 5

Condoms used during sex acts with
KCPs

Never 699 91 448 96

Sometimes 14 2 3 1 0.253

Always 54 7 18 4 0.854

Sex acts with a UCP ,0.001

No 9766 91 8357 94

Yes 985 9 494 6

Condoms used during sex acts with
UCPs

Never 869 88 456 92

Sometimes 43 4 10 2 0.079

Always 73 7 28 6 0.850

*On 9366 days between December 2019 and June 2020, no response was recorded
in the app: on 3529 days (38%) before March 15, 2020 and on 5837 days (62%) from
March 15.

†Unless stated otherwise.
‡P value was estimated using a multilevel logistic regression while adding a random

intercept to account for baseline variation between participants. We calculated the
variance assuming independently and identically distributed error across clusters of
individuals.

IQR, interquartile range.
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all partner types, but this increase was not significant (all
P . 0.05, Table 4).

DISCUSSION
Based on daily diary data from a mobile application

used by MSM, we provide a longitudinal assessment of
changes in sexual behavior of PrEP users after the imple-
mentation of COVID-19 restrictions on March 15, 2020 in the
Netherlands. We observed that trends in sexual behavior after
March 15, 2020 diverged by partner type. After the imposi-
tion of restrictions, the average proportion of days per week
on which anal sex was reported with casual partners declined
steeply, whereas anal sex with steady partners increased.
Overall PrEP use decreased after restrictions, suggesting a
reduced need or perceived reduced need for PrEP. Condom
use during sex with casual partners decreased, whereas PrEP
use remained largely comparable, apart from a slight
reduction for sex with UCPs.

The observed shifts in partner types suggest that the
implementation of COVID-19 restrictions, including the
recommendation to limit sex to partners within the same
household, likely steady partners,4 were followed by many of
our participants. Because these patterns were not observed for
SPs and KCPs in the same period 1 year before, and less

pronounced for UCPs, we argue that these shifts were
attributed to COVID-19 restrictions. These findings sub-
stantiate the patterns found in a limited number of cross-
sectional surveys in Australia, Brazil, the United States, and
the Netherlands.7–10,17 Because of their cross-sectional
nature, however, these studies were unable to adequately
compare changes over time.

We found that the shifts in partner types were transient
and most profound immediately after COVID-19 restrictions
were announced on March 15, 2020. Once the most restrictive
recommendations were relaxed from May 11, 2020,5 sexual
behavior seemed to return to prelockdown levels for each
partner type, although the recommendation of physical
distancing was not lifted. This rebound in sexual behavior
after COVID-19 restrictions were lifted has received little
attention in previous studies. Some authors suggest that
reductions in casual sex may have reduced HIV and STI
transmission, and preliminary evidence would suggest this to
be the case.17,18 However, if changes in casual sex are only
short-term, their impact on STI incidence will be limited. It is
indeed possible that because restrictions were implemented
and much was unknown regarding severity and transmission
of COVID-19, the perceived threat and severity of SARS-
CoV-2 infection increased and led to the sudden change in

TABLE 2. Changes in the Mean Proportion of Days Per Week on Which Anal Sex was Reported Per Partner Type in the 15 Weeks
Before Compared With After COVID-19 Restrictions, Per Period, Amsterdam, the Netherlands

Steady Partner(s) Known Casual Partner(s) Unknown Casual Partner(s)

OR 95% CI P OR 95% CI P OR 95% CI P

December 2019 to June 2020 0.0694* 0.0002* ,0.0001*

Before March 15 REF REF REF

After March 15 1.26 1.10 to 1.44 0.0011 0.73 0.64 to 0.82 ,0.0001 0.54 0.48 to 0.61 ,0.0001

December 2018 to June 2019

Before March 15 REF REF REF

After March 15 1.07 0.96 to 1.19 0.239 0.98 0.89 to 1.07 0.589 0.92 0.83 to 1.01 0.077

*P value of the 2-way interaction between period and before/after restrictions using a multilevel logistic regression while adding a random intercept to account for baseline
variation between participants.

FIGURE 1. Mean proportion of days per week on which anal sex was reported per partner type over time in the 15 weeks before
and after COVID-19 restrictions, per period, Amsterdam, the Netherlands. Dec, December; Feb, February; Jan, January; Mar,
March.
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behavior.19,20 The effect of these changes in sexual behavior
on HIV and STI incidence should be further evaluated.
Because, at our clinic, the need for STI screening during
restrictions was mostly prioritized on the presence of STI-
related symptoms, partner notification, or sex offence,
asymptomatic STIs would no longer be detected, which
would increase the probability of ongoing transmission.
Understanding how to optimize STI screening during periods
of social restrictions is, therefore, warranted.

After the implementation of COVID-19 restrictions, we
additionally observed changes in use of HIV/STI prevention
strategies with different partner types. The overall decrease in
PrEP use after the implementation of restrictions was likely
because of the decrease in sex acts with casual partners.
Similarly, in previous analyses of AMPrEP, switching to a
lower-frequency PrEP regimen and discontinuation of PrEP
were found to be partly driven by less frequent sexual contact
or fewer partners.21 PrEP use during sex with casual partners
did not differ greatly before and after the implementation of
COVID-19 restrictions, although a slight reduction was found
for sex with UCPs. It is reassuring that PrEP was used during
most of the sex acts with casual partners in a period when STI
clinics were not as easily accessible for HIV testing and
PrEP care.

On the other hand, the decrease in condom use during
sex with casual partners deserves further attention. Although
the downward trend in condom use could be an artifact of
general declines in condom use among PrEP users,22,23

alternative explanations might also be relevant. Because
participants limited the number of KCPs and UCPs during
COVID-19 restrictions, perceived risk of HIV/STI may have
been reduced in parallel, resulting in a reduction in condom
use. Participants might have also expected less frequent
sexual encounters with UCPs during COVID-19 restrictions
and consequently stopped PrEP or did not have PrEP readily
available. This could result in no HIV/STI prevention
strategies being used when sex with a UCPs occurs sponta-
neously, particularly for men whose use of condoms was
already low.

Based on these findings, there is a strong need for
ongoing PrEP provision and STI screening and counseling in
a subset of PrEP users with continued casual sex during
COVID-19 restrictions. Reasons for not taking PrEP during
restrictions, particularly with casual sex partners, need to be

established to provide input for ongoing PrEP and STI
services during restrictions. A study from Brazil reported
that lack of PrEP accessibility was the predominant reason for
PrEP discontinuation during their SARS-CoV-2 epidemic.9 If
it is also the case in the Netherlands, sexual health clinics
should look for alternative ways to provide PrEP, such as
online services, or share PrEP care and services evenly with
general practitioners who remained accessible for consulta-
tions during COVID-19 restrictions.

The strengths of this study were the availability of
longitudinal daily diary data on sexual behavior, which could
be stratified by partner type and could allow evaluation of
short-term changes. In addition, we were able to rule out any
time-based effect aside from COVID-19 restrictions by
comparing changes during the same dates 1 year before.
Daily collected data from an app is, furthermore, less likely to
be influenced by recall and social desirability bias compared
with retrospective surveys.24

However, the use of daily app data also has some
limitations. First, the distribution of some characteristics
known to influence sexual behavior, such as age and living
situation, did differ between app users and nonapp users.
Second, not all participants answered the questions in the app
every day; app use decreased over time, and some participants
stopped using the app during COVID-19 altogether. We did
not account for these missing data because they were likely
not at random but rather associated with absence of sex and
PrEP use. Accounting for missing data would have likely
further enlarged the difference between periods before versus
after restrictions. However, the effect may be limited because
we found similar patterns in sensitivity analyses among
participants who filled in the app $90% of days within each
month, and demographic characteristics and sexual behavior
were largely similar for participants who did and did not use
the app after the implementation of COVID-19 restrictions.
Third, we did not have data on sexual positioning during sex
and whether condoms were used the entire sex act and can,
therefore, not make inferences about HIV risk during
individual CAS acts. Fourth, the AMPrEP study population
is a selective group of older, highly educated, white, early
PrEP adopters who had been taking PrEP for roughly 4 years
before the COVID-19 epidemic, and results may not be
generalizable to all MSM taking PrEP. Specifically, this
cohort of experienced PrEP users has been extensively

TABLE 3. Changes in PrEP and Condom Use Per Anal Sex Act Per Partner Type Before and After the Implementation of COVID-19
Restrictions, From December 1, 2019 to June 30, 2020, Amsterdam, the Netherlands

Steady Partner(s) Known Casual Partner(s) Unknown Casual Partner(s)

b* 95% CI P b 95% CI P b 95% CI P

PrEP use

Before March 15 REF REF REF

After March 15 20.46 21.11 to 0.19 0.166 20.20 20.62 to 0.22 0.348 20.36 20.72 to 0.00 0.0504

Condom use

Before March 15 REF REF REF

After March 15 20.01 20.48 to 0.46 0.978 20.36 20.67 to 20.04 0.0264 20.24 20.46 to 20.031 0.0248

*Effect estimates, 95% CI, and P values were obtained using bivariate probit regression.
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counseled in safely starting and stopping PrEP and might,
therefore, be more equipped to estimate their HIV risk and
change their PrEP use accordingly21,25 compared with recent-
initiation PrEP users. Therefore, the results of this study
should be confirmed in other groups of PrEP users. Fifth, in
this analysis, no data were available on TGP. Finally, because
the outcomes assessed with the multilevel logistic regression
models occurred frequently, the odds ratios obtained from
these models cannot be interpreted as risk ratios.

CONCLUSIONS
In conclusion, the sex acts by MSM decreased with

casual partners and increased with SPs in response to the
Dutch COVID-19 restrictions, although these changes were
transient. The decrease in sex with casual partners was
paralleled with a decrease in PrEP use. However, condom
use during sex with casual partners decreased. Continued sex
with casual partners, although reduced, and the decrease in
condom use with these partners indicate the importance of
continued sexual health services, including STI screening and
PrEP care, during COVID-19 restrictions. Putting infrastruc-
ture into place to make these services available, while
safeguarding the potential risk of SARS-CoV-2 infection
for patients and clinical staff (eg, online consultations or
home-based testing), is of importance not only during the
current pandemic but also for potential future pandemics.

ACKNOWLEDGMENTS
The authors thank all AMPrEP participants. In addi-

tion, the authors thank the following persons for their support
to this study, Ertan Ersan, Princella Felipa, Kees de Jong,
Myra van Leeuwen, Dominique Loomans, Ilya Peters,
Adriaan Tempert, and Kenneth Yap. Furthermore, the
authors thank the members of the AMPrEP advisory board
and the community engagement group and all those who
contributed to the H-TEAM (in Supplement).

The AMPrEP data are owned by the Public Health
Service of Amsterdam. Original data can be requested by
submitting a study proposal to the steering committee of
AMPrEP. The proposal format can be obtained from the
corresponding author (lcoyer@ggd.amsterdam.nl or

amprep@ggd.amsterdam.nl). Requests for further informa-
tion can also be submitted through the same email addresses.
The AMPrEP steering committee will check each proposal for
compatibility with general objectives, ethical approvals, and
informed consent forms of the AMPrEP study and potential
overlap with ongoing work. There are no other restrictions to
obtaining the data, and all data requests will be processed in
the same manner.

REFERENCES
1. National Institute for Public Health and the Environment (RIVM).

Databronnen COVID-19. Actuele cijfers en trends covid19 in Nederland
en wereldwijd; 2020. Available at: https://www.databronnencovid19.nl/
Bron?naam=Actuele-cijfers-en-trends-covid19-in-Nederland-en-
wereldwijd. Accessed November 18, 2020.

2. Rijksoverheid. Nieuwe Maatregelen Tegen Verspreiding Coronavirus in
Nederland; 2020. Available at: https://www.rijksoverheid.nl/actueel/
nieuws/2020/03/12/nieuwe-maatregelen-tegen-verspreiding-coronavirus-
in-nederland. Accessed September 7, 2020.

3. Rijksoverheid. Aanvullende Maatregelen Onderwijs, Horeca, Sport. 15
March 2020. Available at: https://www.rijksoverheid.nl/actueel/nieuws/
2020/03/15/aanvullende-maatregelen-onderwijs-horeca-sport. Accessed
September 7, 2020.

4. Man tot. Sex Date? #NUffNIET! 2020. Available at: https://mantotman.
nl/nl/nuffniet. Accessed November 18, 2020.

5. Rijksoverheid. Vermijd Drukte, Houd 1,5 Meter Afstand; 2020. Available
at: https://www.rijksoverheid.nl/actueel/nieuws/2020/05/06/vermijd-
drukte-houd-15-meter-afstand. Accessed September 7, 2020.

6. Nederlandse Vereniging van Hiv Behandelaren (NVHB). HIV Pre-
expositie Profylaxe (PrEP) Richtlijn Nederland.Available at: https://
www.soaaids.nl/files/2019-07/PrEP-richtlijn-Nederland-versie-2-dd-15-
april-2019.pdf. Accessed September 7, 2020.

7. Hammoud MA, Maher L, Holt M, et al. Physical distancing due to
COVID-19 disrupts sexual behaviours among gay and bisexual men
in Australia: implications for trends in HIV and other sexually
transmissible infections. J Acquir Immune Defic Syndr. 2020;85:
309–315.

8. Sanchez TH, Zlotorzynska M, Rai M, et al. Characterizing the impact of
COVID-19 on men who have sex with men across the United States in
april, 2020. AIDS Behav. 2020;24:2024–2032.

9. Torres TS, Hoagland B, Bezerra DRB, et al. Impact of COVID-19
pandemic on sexual minority populations in Brazil: an analysis of social/
racial disparities in maintaining social distancing and a description of
sexual behavior. AIDS Behav. 2020;25:73-84.

10. Brawley SDJ, Nguyen CJA. Impact of COVID-19 related shelter-in-
place orders on PrEP access, usage and HIV risk behaviors in the United
States. AIDS 2020: 23rd International AIDS Conference Virtual Journal
of the International Aids Society; 2020. p. 178.

11. Stephenson R, Chavanduka TMD, Rosso MT, et al. Sex in the time
of COVID-19: results of an online survey of gay, bisexual and other
men who have sex with men’s experience of sex and HIV

TABLE 4. PrEP and Condom Use Per Anal Sex Act Per Partner Type in the 15 Weeks Before Compared With After the
Implementation of COVID-19 Restrictions, as Reported in the App by 136 AMPrEP Participants From December 1, 2019 to June
30, 2020, Amsterdam, the Netherlands

Steady Partner(s) Known Casual Partner(s) Unknown Casual Partner(s)

Before (n = 518) After (n = 489)

P*

Before (n = 680) After (n = 469)

P*

Before (n = 985) After (n = 494)

P*n (%) n (%) n (%) n (%) n (%) n (%)

PrEP only 410 (79.2) 314 (64.2) 0.151 680 (88.7) 429 (91.5) 0.324 843 (85.6) 428 (86.6) 0.813

PrEP and condoms 14 (2.7) 15 (3.1) 0.765 61 (8.0) 15 (3.2) 0.0259 107 (10.9) 29 (5.9) 0.0113

Condoms only 4 (0.8) 2 (0.4) 0.442 7 (0.9) 6 (1.3) 0.658 9 (0.9) 9 (1.8) 0.404

No PrEP and no condoms 90 (17.4) 158 (32.3) 0.149 19 (2.5) 19 (4.1) 0.280 26 (2.6) 28 (5.7) 0.142

*P value obtained using bivariate probit regression.

COVID-19, PrEP Use, and Sexual BehaviorJ Acquir Immune Defic Syndr � Volume 87, Number 5, August 15, 2021

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. www.jaids.com | 1117

mailto:lcoyer@ggd.amsterdam.nl
mailto:amprep@ggd.amsterdam.nl
https://www.databronnencovid19.nl/Bron?naam=Actuele-cijfers-en-trends-covid19-in-Nederland-en-wereldwijd
https://www.databronnencovid19.nl/Bron?naam=Actuele-cijfers-en-trends-covid19-in-Nederland-en-wereldwijd
https://www.databronnencovid19.nl/Bron?naam=Actuele-cijfers-en-trends-covid19-in-Nederland-en-wereldwijd
https://www.rijksoverheid.nl/actueel/nieuws/2020/03/12/nieuwe-maatregelen-tegen-verspreiding-coronavirus-in-nederland
https://www.rijksoverheid.nl/actueel/nieuws/2020/03/12/nieuwe-maatregelen-tegen-verspreiding-coronavirus-in-nederland
https://www.rijksoverheid.nl/actueel/nieuws/2020/03/12/nieuwe-maatregelen-tegen-verspreiding-coronavirus-in-nederland
https://www.rijksoverheid.nl/actueel/nieuws/2020/03/15/aanvullende-maatregelen-onderwijs-horeca-sport
https://www.rijksoverheid.nl/actueel/nieuws/2020/03/15/aanvullende-maatregelen-onderwijs-horeca-sport
https://mantotman.nl/nl/nuffniet
https://mantotman.nl/nl/nuffniet
https://www.rijksoverheid.nl/actueel/nieuws/2020/05/06/vermijd-drukte-houd-15-meter-afstand
https://www.rijksoverheid.nl/actueel/nieuws/2020/05/06/vermijd-drukte-houd-15-meter-afstand
https://www.soaaids.nl/files/2019-07/PrEP-richtlijn-Nederland-versie-2-dd-15-april-2019.pdf
https://www.soaaids.nl/files/2019-07/PrEP-richtlijn-Nederland-versie-2-dd-15-april-2019.pdf
https://www.soaaids.nl/files/2019-07/PrEP-richtlijn-Nederland-versie-2-dd-15-april-2019.pdf


prevention during the US COVID-19 epidemic. AIDS Behav. 2020;
25:40-48.

12. Hoornenborg E, Achterbergh RC, van der Loeff MFS, et al. Men who
have sex with men more often chose daily than event-driven use of pre-
exposure prophylaxis: baseline analysis of a demonstration study in
Amsterdam. J Int AIDS Soc. 2018;21:e25105.

13. Molina JM, Capitant C, Spire B, et al. On-demand preexposure
prophylaxis in men at high risk for HIV-1 infection. N Engl J Med.
2015;373:2237–2246.

14. Finkenflügel RNN, Hoornenborg E, Achterbergh RCA, et al. A mobile
application to collect daily data on preexposure prophylaxis Adherence
and sexual behavior among men who have sex with men: use over time
and comparability with conventional data collection. Sex Transm Dis.
2019;46:400–406.

15. Zimmermann HML, Jongen VW, Boyd A, et al. Decision-making regarding
condom use among daily and event-driven users of pre-exposure prophylaxis
in The Netherlands—a mixed-methods analysis. AIDS. 2020;34:2295–2304.

16. Wickham H. ggplot2: Elegant Graphics for Data Analysis. New York,
NY: Springer-Verlag; 2016.

17. van Bilsen WPH, Zimmermann HML, Boyd A, et al. Sexual behavior
and its determinants during COVID-19 restrictions among men who have
sex with men in Amsterdam. J Acquir Immune Defic Syndr. 2020;86:
288–296.

18. Alpalhao M, Filipe P. The impacts of isolation measures against
SARS-CoV-2 infection on sexual health. AIDS Behav. 2020;24:
2258–2259.

19. Rosenstock IM, Strecher VJ, Becker MH. Social learning theory and the
health belief model. Health Educ Q. 1988;15:175–183.

20. Leventhal H, Nerenz D, Steele DJ. Illness Representations and Coping
with Health Threats. Handbook of Psychology and Health. Hillsdale:
Lawrence Erlbaum Associates; 1984:219–252.

21. Zimmermann HM, Eekman SW, Achterbergh RC, et al. Motives for
choosing, switching and stopping daily or event-driven pre-exposure
prophylaxis—a qualitative analysis. J Int AIDS Soc. 2019;22:
e25389.

22. Hoornenborg E, Coyer L, van Laarhoven A, et al. Change in sexual risk
behaviour after 6 months of pre-exposure prophylaxis use: results from
the Amsterdam pre-exposure prophylaxis demonstration project. AIDS.
2018;32:1527–1532.

23. Hoornenborg E, Coyer L, Achterbergh RCA, et al. Sexual behaviour and
incidence of HIV and sexually transmitted infections among men who
have sex with men using daily and event-driven pre-exposure pro-
phylaxis in AMPrEP: 2 year results from a demonstration study. Lancet
HIV. 2019;6:e447-e455.

24. Langhaug LF, SherrFau-Cowan LFM, Cowan FM. How to improve the
validity of sexual behaviour reporting: systematic review of question-
naire delivery modes in developing countries. Trop Med Int Health.
2010;15:362–381.

25. Coyer L, van den Elshout MAM, Achterbergh RCA, et al. Understanding
pre-exposure prophylaxis (PrEP) regimen use: switching and discontinu-
ing daily and event-driven PrEP among men who have sex with men.
EClinicalMedicine. 2020;29-30:100650.

Jongen et al J Acquir Immune Defic Syndr � Volume 87, Number 5, August 15, 2021

1118 | www.jaids.com Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.


