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ABSTRACT
Pre-exposure prophylaxis (PrEP) is a potent and underutilized HIV prevention tool. In this
paper we review the state of knowledge regarding PrEP implementation for men who
have sex with men and transgender persons in early adopting countries. We focus on
implementation of PrEP in demonstration projects and clinical care, and describe the
status of PrEP availability and uptake. We report on approaches to identifying appropriate
PrEP candidates in real-world settings and on best practices for clinical monitoring. This
includes the exclusion of undiagnosed HIV infection prior to PrEP initiation and longitudinal measurement of renal function, in light of safety data. Since adherence is the primary
factor moderating the effectiveness of PrEP, we discuss effective adherence support interventions. Additionally, we review the evidence for risk compensation with PrEP use and
opportunities to provide PrEP as part of comprehensive and inclusive preventive health
programs. We summarize cost-effectiveness studies, including their variable conclusions
because of differing underlying assumptions, and discuss the importance of budgetary
impact for public health programs and health care insurers. Further, we emphasize a
need for greater engagement of health care providers in PrEP to increase access. We
conclude with recommendations for ways to improve future efforts at implementing PrEP.

Introduction

Introduction
The use of antiretrovirals to prevent HIV infection as part of a comprehensive prevention
package when used in conjunction with universal treatment of those who are infected
offers an opportunity for epidemic control [1]. The efficacy of using tenofovir disiproxil
fumarate-emtricitabine (TDF/FTC) for pre-exposure prophylaxis (PrEP) to prevent HIV
acquisition was established more than 7 years ago [2], but uptake has been relatively
limited, given that there are still close to 2 million new HIV infections annually [3]. Even
in the United States where PrEP was first approved for clinical use by the Food and Drug
Administration in 2012, and more than one million Americans are considered to be appropriate candidates for PrEP [4], only about 10% of those at greatest risk have accessed
PrEP [5]. Europe and other resource-rich countries are lagging behind the United States in
implementing PrEP [6]. PrEP roll-out is a work in progress, with regulatory approvals for
its use for HIV prevention completed in 15 countries, ranging from South Africa to Peru to
Taiwan, and dossiers under review in multiple other countries [6].
The current paper reviews the state of knowledge regarding PrEP in men who have sex with
men (MSM) and transgender persons, given that HIV continues to spread most rapidly in
these populations in the developed world [7]. We focus on the experiences of the earliest
adopters, recognizing that structural impediments common for at-risk heterosexuals and
people who inject drugs, particularly in resource-constrained environments (e.g. poverty
and limited health infrastructure) pose additional challenges to PrEP implementation.

Regional and national experiences with PrEP
implementation
Pre-exposure prophylaxis in the United States
In 2012, the United States became the first nation where PrEP had been granted regulatory approval. PrEP uptake has been gradual in the United States, but studies have found
that rates of new PrEP prescriptions have increased steeply in recent years [8, 9]. About
100,000 started PrEP in total in the United States. In In Table 1, PrEP implementation in the
United States as well as in Canada, Australia and Europe is summarized [4, 9-13] [14-22]. Of the
80,000 individuals who initiated PrEP in the United States from 2012 through 2015, about
75% were men and nearly 75% were white, which did not reflect the US epidemic, suggesting that racial and gender disparities in PrEP utilization remain [23, 24]. Addressing these
disparities is an urgent priority given disproportionately high rates of new HIV infections
in the United States among people of color [25, 26]. Although few data are available about
PrEP use by transgender persons in the United States, the experience of a lesbian, gay,
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bisexual, transgender (LGBT-)focused community health center in New York City illustrates
the need for culturally-tailored services for this population [27]: after implementing a more
inclusive healthcare environment for transgender people, their PrEP utilization increased
substantially [27].
Within the United States, there is heterogeneity in PrEP utilization by region and state
[9]. The states where providers are more aware of PrEP, and at-risk persons are more
likely to use it, tend to have less discriminatory climates for sexual and gender minorities
[28]
. Interventions that can decrease disparities in insurance access, increase public financing of PrEP-related costs, and improve the social environment for cultural acceptance of
sexual and gender minorities, are needed to facilitate more universal access to PrEP in the
United States.

Pre-exposure prophylaxis in Europe
In 2015, two landmark European studies, one of which was also conducted in Canada,
reported high PrEP effectiveness in MSM when used on a daily [29] or event-driven basis [30].
Subsequently, France began rolling out PrEP in January 2015, after temporary regulatory
approval, and reported having around 3400 people using PrEP by mid-2017 [10]. In August 2016, the European Commission officially granted marketing authorization for TDF/
FTC in combination with safer-sex to reduce the risk of sexually acquired HIV-1 infection
among uninfected adults at high risk, which led to national regulatory agencies providing
access to PrEP in Norway, Belgium, Portugal, Wales and Scotland [20, 31]. In England, after
the successful PROUD trial, PrEP has been temporarily made available by the National
Health Service England for 10,000 people who are at risk for HIV infection [32]. However,
no free-of-charge PrEP programs are currently in place in other European countries, and
heterogeneity in PrEP access seems to be evolving, resulting in national heterogeneity.
As a consequence of the lack of reimbursement of PrEP medication costs, in combination
with the high retail price of TDF/FTC, informal PrEP use (i.e. use of generic PrEP obtained
overseas, online, or from friends) has been reported [33, 34]. This may be contributing to
decreases in HIV infections as observed in London [35].

Pre-exposure prophylaxis in Canada
One of the sites for the Ipergay study was in Quebec [30] but it was not until February
2016 that Health Canada approved the daily oral use of TDF/FTC in combination with
safer sex practices, to reduce the risk of HIV transmission. However, PrEP funding is to be
determined at the provincial level and not yet in place throughout Canada. Canada’s first
PrEP demonstration project started in Toronto in October 2014 [36]. A clinic in Montreal has
more than 1000 people on daily and event-driven PrEP [37].

Introduction

Pre-exposure prophylaxis in Australia
Early efforts to implement PrEP in Australia have been MSM-focused. PrEP has not received full regulatory approval in Australia. Australia’s major demonstration projects have
opened in several states: the Expanded PrEP Implementation in Communities in New South
Wales program, in New South Wales [38], the pre-exposure prophylaxis expanded program
in Victoria and South Australia [39]; and Queensland PrEP study program in Queensland
[40]
. These projects represent partnerships amongst research, medical, community and
government organizations and include large-scale, rapid roll-out of PrEP in community
settings and assessment of HIV incidence, using clinical data collection systems and over
12,000 people are enrolled in these projects by July 2017 [11]. If these projects are successful, they could provide a model for enacting a coordinated public health program for
implementing PrEP in Australia and other countries.

Emerging challenges
Identifying appropriate pre-exposure prophylaxis candidates
Because PrEP entails the use of medication in otherwise healthy individuals, which has
costs and requires monitoring and adherence support, the identification of those who
would most benefit from PrEP is of great importance, but poses many challenges. The societal benefit and cost-effectiveness of PrEP will be attenuated if individuals at low risk for
HIV infection start PrEP, (“worried-well”), and if people at high risk are not interested in, or
do not access, PrEP [41]. Eligibility criteria are needed to ensure that PrEP is implemented in
an efficient way in order to not only minimize harms and maximize benefits for individuals
but also to optimize public health impact and cost-effectiveness.
Most PrEP clinical trials, demonstration projects, and national guidelines have recommended PrEP for MSM and transgender persons who report condomless anal sex (CAS),
recent sexually transmitted infection (STI), and/or use of post-exposure prophylaxis
(PEP) after sexual exposures to HIV [42], however recommendations regarding number of
partners, or recency of exposures have varied across studies/projects and guidelines.
Some subpopulations are at particularly high risk for HIV because of the concentration of
undiagnosed and untreated HIV within their sexual networks. For example, in the United
States, black MSM represent a group at very high risk of acquiring HIV infection [26, 43, 44];
however, PrEP uptake has been disproportionately low compared to non-black MSM [45-47]
which may be attributable to assortative mixing (preferentially choosing partners from
within one’s ethnic group, thereby concentrating risk per contact) and limited social
mobility, disparities in healthcare access, and distrust of culturally-insensitive healthcare
systems [48, 49]. Some data suggest that 72% of the infections among migrant MSM in Eu-
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rope occur after migration [50], but there is limited evidence [51] about PrEP uptake among
specific racial and ethnic MSM subgroups in Europe and Australia. Transgender women
also bear a disproportionate HIV burden. In the United States, estimated HIV prevalence
among transgender women is 22% [52] and in Europe, limited studies among transgender
sex workers also suggest increased HIV risk [53, 54]. However, the number of transgender
persons in the major PrEP studies (0 to 29) [2, 30, 55] has been too small to draw definitive
conclusions about PrEP efficacy for transgender people [56, 57]. Several PrEP studies focusing on transgender women are now underway; however, identifying and engaging MSM
and transgender women at highest risk for HIV infection remains challenging. The PROUD
study successfully engaged MSM at high risk by using sexual health clinics [29], and the
Ipergay [30] and US PrEP Demo Project [55] attracted MSM at high risk through community
and venue-based recruitment. These studies prove that identifying MSM at high risk is
feasible, but the question is whether less supportive jurisdictions are capable of sustaining
PrEP scale up and implementation.
To support busy clinicians in readily identifying PrEP candidates, the U.S. Centers for
Disease Control and prevention (CDC) developed an MSM risk-index score, based on
age, sexual risk behavior and substance use, to estimate risk for HIV infection [58] and
subsequent eligibility for PrEP [59]. Some providers have applied this score in their clinical practice [60], but use of this and other risk assessment tools is not widespread. Other
international guidelines do not utilize a risk score, but provide criteria to identify which
MSM and transgender women are at greatest risk [61, 62].

Clinical Monitoring
After many thousands of person-years of experience with PrEP, side effects are common
(39% in the Preexposure Prophylaxis Initiative (iPrEPX) Open Label Extension study), generally mild, and tend to peak in the first month of PrEP use, with gastrointestinal symptoms
and headache being most prevalent [63]. Clinical trials and a systematic review found that
most adverse events did not significantly differ among individuals using TDF-based PrEP
versus placebo [2, 64-67]. Because TDF can cause small, albeit reversible, reductions in estimated glomerular filtration rate (eGFR) [2, 64, 65], creatinine clearance should be monitored
every 6 months for younger people, but more frequent monitoring may be indicated for
older persons, and those with predisposing conditions. Clinically insignificant loss of bone
mineral density has been reported in association with TDF use [68, 69]; routine bone mineral
densiometry is not recommended for PrEP users, although may be indicated in patients
with pre-existing osteoporosis and/or osteopenia.
The emergence of viral resistance in PrEP users with incident HIV infection is another
safety concern. As PrEP involves only two antiretroviral agents, resistance may be selected

Belgium4

Europe

Australia3

Breach 2017 [18]

Yes [133]

Under development

Canada2

Australia

US Public Health
Services (2014) [132]

Guidance

United States

North America

Country

Large-scale
demonstration projects
only

Patchy implementation,
not in all provinces

Implemented

Implementation
underway vs.
demonstration projects
only

Implemented
MSM or transgender persons, members of
sub-Saharan populations, or individuals with an
HIV-infected sexual partner who has not been on
effective therapy for at least 6 months, AND any
of the following:
condomless anal or vaginal intercourse in the past
6 months, past use of PEP, multiple concurrent
sex partners, history of multiple STI, use of drugs
when having sex, or transactional sex

Men who have condomless sex with multiple
partners; people who share injecting equipment;
and individuals with HIV-infected partners who
are not using antiretroviral treatment or who do
not have an undetectable viral load

Not available

MSM, heterosexuals and PWID with additional
risk factors for HIV infection

Summary of indications for PrEP

Table 1. Countries in North America, Australia or Europe where PrEP implementation or demonstration projects are active
Estimated
number on PrEP1

500-1500 (expected to
start PrEP)

Around 30,000 (MSM
only, no data on other
groups)

Not available

Not applicable

around 12,000
people [11]

Not available

1 in 4 sexually active
Around 100,000
[5]
MSM (492,000);
1 in 200 heterosexual
adults (624,000)
1 in 5 persons who inject
drugs (115,000) [4]

Estimated numbers of
eligible persons
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ANRS (2015)

NVHB (2016) [19]

Norsk Forening for
Infeksjonsmedicin [16]

Under development

The
Netherlands5

Norway6

Portugal7

Guidance

France

Country

Implementation
underway vs.
demonstration projects
only

Demonstration project
only [12, 17]

Not available

Implementation
underway, a national
program has been
announced on May 29,
2017

Implemented
MSM or transgender person having condomless
anal sex with several partners in preceding
6 months and anticipated to continue; other
additional indications are past use of PEP, recent
STI, or sex while using substances/alcohol.
Individuals with HIV-infected partners who are not
using antiretroviral treatment or who do not have
an undetectable viral load

MSM or transgender person with one of the
following in the preceding 6 months: condomless
anal sex with a male partner with unknown HIV
status or HIV-infected partner with a detectable
viral load; a rectal STI; or PEP

Implemented
MSM with condomless anal sex with 2 or more
partners in preceding 6 months, or several
episodes of STI or PEP in preceding year, or sex
while using substances. People sharing needles.
For other groups consider on a case by case basis.

Summary of indications for PrEP

Not available

Not available

Around 5,200-13,100
(rough estimate)

Not available

Estimated numbers of
eligible persons

Table 1. Countries in North America, Australia or Europe where PrEP implementation or demonstration projects are active (continued)

Not available

Largest center
has 200 persons
on PrEP

Not applicable

Around 3,400 on
PrEP [10]

Estimated
number on PrEP1
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Guidelines by Public
Health Wales (not yet
available online)

MSM, transgender men and -women who are
engaging in condomless anal sex; individuals with
HIV-infected partner with detectable viral load;
other people considered to be at similar high risk

Three-year study
launched on July 17th,
2017; no limit on the
number of participants

Around 560 (range
480-620)

1700 (range 1,500 to
1,900) [20]

Around 20,000-100,000
MSM attending
genitourinary clinics.
Other populations
uncertain.

Estimated numbers of
eligible persons

Not available

Not available

Not applicable

Estimated
number on PrEP1

1 as of July 2017, unless indicated otherwise; 2 personal communication Darrell Tan; 3 personal communication Edwina Wright, Iryna Zablotska-Manos, Andrew Grulich; 4 personal communication Bea Vuylsteke; 5 personal communication Anouk Urbanus and Silke David; 6 personal communication Michelle Hanlon; 7 personal communication Sofia Ribeiro; 8 personal
communication Sheena McCormack, John Saunders, analysis of eligible population done by Sarika Desai; 9 personal communication with the Scottish National PrEP Implementation
and Monitoring Group; 10 personal communication Adam Jones.
Abbreviations: PrEP: pre-exposure prophylaxis; US: United States; MSM: men who have sex with men; PWID: persons who inject drugs; PEP: post-exposure prophylaxis; STI: sexually
transmitted infections; ANRS: National Agency of Research on AIDS and viral hepatitis; NVHB: Nederlandse Vereniging van Hiv Behandelaren (Dutch association of HIV treating physicians); BHIVA: British HIV Association.

Wales10

Implemented summer
PrEP Short Life Working MSM or transgender person with a rectal STI in
2017
Group [21]
preceding 12 months or reporting condomless
penetrative anal sex with 2 or more partners in
preceding 12 months and anticipated to continue,
individuals with HIV-infected partner with
detectable viral load or those at high risk of HIV
infection as deemed by specialist clinician

PrEP Impact trial for
10,000 participants to
start September 2017 [22]

Implementation
underway vs.
demonstration projects
only

Scotland9

MSM, transgender men and -women who are
engaging in condomless anal sex; individuals with
HIV-infected partner with detectable viral load;
other people considered to be at similar high risk

Summary of indications for PrEP

BHIVA statement
(2012, updated in
2016)- Guidelines to be
released Q4/2017

Guidance

England8

United Kingdom

Country

Table 1. Countries in North America, Australia or Europe where PrEP implementation or demonstration projects are active (continued)
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for in the setting of incident HIV infection with associated high-level viremia, particularly
in partially adherent persons. However, this risk appears to be low: in a meta-analysis, resistance mainly occurred in those starting PrEP during acute (unrecognized) HIV infection
[42]
, underscoring the importance excluding those who are viremic prior to the initiation of
PrEP. Excluding those who started PrEP during acute infection, mutations were detected
among five of 160 (3.1 %) seroconvert0rs assigned to TDF/FTC in five studies, using standard genotyping, and all were M184I/V mutations. Only one of these five cases was likely
to have selected the mutation due to PrEP use; the other four cases had no detectable
drug levels at seroconversion [70]. Among those starting PrEP during acute infection (n=17
in five studies), mutations were detected in eight persons (47%). Moreover, data suggest
that the vast majority of HIV infections that occur in PrEP users are due to medication
nonadherence, and newly diagnosed patients found to have a drug-resistant strain, may
have been infected with a resistant virus, or have selected drug-resistance by using PrEP
after infection. However, there are three case reports of acute HIV infections among PrEP
users who had protective TDF/FTC levels at the time they became infected [71-73]. In two
of the cases, drug-resistant virus was transmitted, but in the third case, a sexually active
MSM became infected with pan-sensitive virus. These data suggest that in rare cases,
PrEP alone may not be 100% protective, though efficacy in those using the medication
consistently has exceeded 90% for all populations studied in clinical trials.

Adherence
Adherence is the primary factor moderating the impact of PrEP on HIV acquisition [42].
Hence, maintenance of consistent adherence has an impact on the cost per infection
averted [74, 75]. The pharmacology of TDF/FTC suggests that there may be more “forgiveness” (efficacy in the setting of occasional missed doses) for MSM and transgender women
whose HIV exposure mode is via anal intercourse, because of increased TDF/FTC rectal
mucosal concentrations, compared to women exposed heterosexually [76]. A post-hoc analysis of the iPREX study found that none of the individuals whose tenofovir-diphosphate
concentrations in dried blood spots were consistent with using the medication at least
four times a week became HIV-infected [77, 78]. However, in the real world retention in PrEP
care may be a challenge. One study of PrEP utilization in clinics in three mid-sized US cities
found that retention in PrEP care was suboptimal, with only 57% of patients retained in
PrEP care at 6 months after initiation. Among those patients retained in care at 6 months,
the proportion of patients with optimal adherence for the prior month ranged from 33
to 77%, suggesting a need for interventions to support adherence in real-world clinical
settings [79].
It is possible that tailored PrEP use modalities improve adherence. Event-driven PrEP (two
pills within 24 hours of an exposure and a pill a day for the 2 days following) was highly
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effective in the Ipergay study for MSM [30], and was preferred by 27% of participants when
offered the choice between daily and event-driven use [80]. This approach might improve
cost-effectiveness as compared to daily PrEP, as fewer pills would generally be needed
[75]
. More data on the effectiveness of event-driven PrEP are needed, because the Ipergay
study is the sole efficacy study of this approach, and the mean number of pills taken per
month was 15. A subanalysis in a small group provided proof of efficacy in those having
infrequent sexual contact and thus using PrEP less frequently[81]. Event-driven PrEP is currently offered in demonstration projects in Amsterdam and Antwerp, and in Canada and
France [82-84].

Risk compensation, behavior and sexually transmitted infection
Concerns have been raised that PrEP provision will induce risk compensation, that is,
PrEP users will engage in more CAS if they perceive that the medication is protective.
However, increases in sexual risk have antedated PrEP availability. Increasing condomless
sex, STI and HIV spread among MSM began after effective antiretroviral drugs became
widely available in 1996 and HIV was no longer considered a deadly disease [85-87]. Sexual
risk compensation has not been universal, for example, after circumcision, men in Kenya
reduced risky sexual behavior [88].
The potential decreased use of condoms by PrEP users perceiving decreased HIV acquisition risk may be associated with increased risk for acquiring bacterial STI, which could
potentiate HIV transmission in non-adherent PrEP users, in addition to causing STI-related
morbidities [89]. The possibility exists that increasing rates of bacterial STI observed among
MSM [90, 91] may be associated with increased PrEP use [92]. However, the earliest rises in
incident bacterial STI preceded the availability of PrEP by several years in those areas
where PrEP has become widely available, and rising STI incidence has also been observed
in regions where PrEP was not been made widely available. So the observed changes in STI
epidemiology in the PrEP era are complex and multifactorial.
Most of the early PrEP clinical trials did not report risk compensation [29, 30, 90], but because
participants were usually unaware if they received placebo or active medication, and
received enhanced counseling, the generalizability of these findings to real-world settings
may be limited.
The PrEP demonstration projects and observational studies that are currently underway
will be more informative about risk compensation in real-life settings. Preliminary results from these projects and studies are conflicting [39, 55, 78, 94-96]. The fact that routine and
frequent STI screening and behavioral counseling are part of comprehensive care for PrEP
users might explain the discrepancy between trends in risk behavior and STI. On one hand,

[93]
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frequent STI screening might increase early detection and treatment of asymptomatic STI,
and prevent onward transmission, in particular when PrEP programs attract a group previously not seen in sexual health clinics. [85]. On the other hand, ascertainment bias may
also be playing a role in the increase in STI detection in people who might not regularly
present for routine screening. It has been demonstrated that STI increase might lag behind
an increase in risk behavior [86]. The maximum follow-up time in the published studies was
1.4 years and this might be too short to observe an effect on STI incidence. Interestingly,
estimates from modeling studies suggest that risk compensation is unlikely to decrease
the preventive impact of PrEP, and one study even suggested that PrEP might result in a
decrease in STI [97, 98].
Although most PrEP studies excluded MSM with hepatitis C virus (HCV) infection, tested
only a subset of the participants or did not report on HCV infection, both prevalent HCV
infections at PrEP start (5%) and incident HCV infections (range: 0.7-1.3/100 person-years)
while using PrEP have been documented [12, 29, 30, 99, 100]. These rates are higher than previously described in HIV-uninfected MSM [101-103], but data on temporal changes in HCV
incidence among PrEP users are lacking. MSM who were HCV-positive at PrEP start in the
Netherlands were infected with HCV strains already circulating among HIV-infected MSM,
suggesting an overlap between sexual networks of HIV-uninfected and HIV-infected MSM
[12]
. PrEP use is likely to increase this overlap, which might result in expanding epidemics
of HCV and other STI that are more frequent among HIV-infected MSM than among HIVuninfected men [104].
Finally, especially in regions where PrEP was recently implemented, early adopters are the
first to use PrEP and future PrEP users might behave differently. Hence, continued followup is required to assess the long-term effects of PrEP use on STI incidence and whether
risk compensation results in a lower net effect of PrEP on HIV incidence. Importantly, risk
compensation in HIV-infected MSM and HIV-uninfected MSM not on PrEP, who now live
and have sex in a world with PrEP and non-PrEP using partners, might also contribute to
changing patterns of STI and HIV spread, and should be closely monitored. A recent study
found indications, based on national cross-sectional behavioral surveys among MSM in the
period 2004-2014, that PrEP’s introduction and scale-up may be accelerating pre-existing
trends of increasing STI [105]. These data suggest that frequent STI screening, including
HCV, should be offered to all PrEP users, and risk reduction measures, including the role of
condom use in preventing STI should be discussed.

Pre-exposure prophylaxis as part of comprehensive prevention measures
Provision of PrEP offers an opportunity to integrate STI care and address sexual and
psychosocial healthcare relevant for prevention of HIV and other STI. Innovative ways to
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integrate STI and PrEP-related care could offer promising approaches to addressing STI
among persons who use PrEP. The Dean Street Express Clinic in London, United Kingdom
[99], offers a service that helps clients obtain PrEP, either by purchasing the medications
at retail prices at the clinic or by ordering these medications online at lower cost, and
provides free HIV and STI testing and clinical monitoring for individuals who use PrEP.
These services are provided in an efficient, client-centered manner and include selfadministered STI tests and rapid reporting of test results using mobile technology, with
the goal of minimizing barriers to entry and retention in STI and PrEP care [106]. In Oakland,
California, a program that was specifically designed to provide PrEP and affirming sexual
health services for young MSM, which included flexible clinic hours and other clientcentered features to create a “clinic without walls,” was associated with high utilization of
STI services and PrEP; 91% of 262 HIV-uninfected youth in the program who were offered
PrEP elected to initiate it [107]. In addition to innovative ways to integrate STI and PrEP
care, provision of PrEP in STI clinics with more traditional infrastructure could represent
an additional strategy to optimize STI testing and treatment for persons using PrEP. This
approach resulted in successful provision of PrEP and STI-related care to MSM at an STI
clinic in San Francisco as part of a demonstration project [55]. However, some STI clinics
may lack the infrastructure or budget for providing the longitudinal care that accompanies
PrEP provision, so the scale-up may require restructuring of and extra budget for some of
these clinics in order to implement PrEP successfully.
Similar to STI, behavioral health conditions (e.g. depression, anxiety, and substance use
disorders) are prevalent among persons who may benefit from PrEP and among those who
have initiated PrEP [80, 108, 109], so provision of PrEP also offers an opportunity to address
these conditions. In a study of the safety and acceptability of PrEP among black MSM
in three US cities (HIV Prevention Trials Network Study 073), representing a population
with high rates of new HIV infections, 30% of participants reported behavioral health comorbidities at enrollment [110]. Behavioral health conditions have also been associated with
unplanned discontinuations of PrEP [111]. Ensuring access to effective behavioral healthcare
could support persistence with PrEP and thus increase its effectiveness. Additionally, MSM
who are candidates for PrEP may often use recreational drugs, and ideally comprehensive
PrEP programs will address this issue, since “chemsex” can lead to high-risk sexual behavior, many adverse health consequences and nonadherence [29, 30, 80, 112, 113].

Cost-effectiveness of pre-exposure prophylaxis
In resource-rich settings, PrEP is currently a costly intervention, as annual medication costs
exceed $10,000 per person [94]. Given budgetary constraints, public health programs and
healthcare insurers will need to consider whether investing in PrEP represents good value,
despite its cost. Studies that have modeled the cost-effectiveness of implementing PrEP in

23

24

Chapter 1.1

resource-rich settings have produced variable conclusions, depending on the populations
included in these models and the assumptions underlying model development. For example,
modeling studies focused on MSM in the Netherlands, Australia, and the United States have
found that PrEP is likely to be cost-effective if it is used by subpopulations of MSM who are at
highest risk for acquiring HIV [75, 114, 115]. In contrast, a study that modeled the cost-effectiveness
of PrEP use in the United Kingdom. suggested that the use of PrEP for MSM during periods of
CAS is not cost-effective at current antiretroviral prices, but it would become cost-effective
if drug prices would be reduced [116]. Use of event-driven PrEP by individuals with occasional
HIV exposures could decrease the medication costs associated with implementing PrEP, as
was modeled in the Netherlands [75]. However, an economic evaluation of the use of eventdriven PrEP in France, based on data from the Ipergay study, found that event-driven PrEP
might not be cost-effective despite its high efficacy without substantial reductions in the
price of TDF/FTC [117]. Importantly, results from these cost-effectiveness analyses need to be
interpreted in light of methodological differences and limitations, including limited data on
the effectiveness of PrEP, long-term medication adherence, and risk compensation when
used outside of controlled studies, so further economic assessments of PrEP will be informative. The recent approval of generic TDF/FTC for use as PrEP in the U.S. could alter cost
considerations significantly, but the price of the medication has not yet been announced.

Healthcare providers and pre-exposure prophylaxis
Effective scale-up of PrEP in resource-rich settings will require the engagement of large
numbers of healthcare providers. In the United States, for example, there are an estimated
1.2 million individuals who are likely to benefit from using PrEP [4], which means that
there will be need of thousands of PrEP providers to meet demand. However, in studies of
frontline clinicians, many providers have indicated barriers to prescribing PrEP, including
concerns about the efficacy, safety, and cost of PrEP [118, 119], about practical barriers to
prescribing PrEP, and concerns about people’s financial barriers to accessing PrEP [118, 119].
A recent survey of primary care providers affiliated with a large academic medical center
in the Southeastern United States found that even though 78% of clinicians provided care
to MSM, 83% of these clinicians had not prescribed PrEP, citing lack of knowledge (60%)
and comfort (42%) as barriers to providing PrEP; a majority (56%) perceived that they had
not encountered any patient with indications for PrEP [120]. They indicated that they would
be more likely to prescribe PrEP with additional training, reference materials, and access
to consultations with infectious disease specialists by phone or pager.
Pre-exposure prophylaxis access could thus be expanded by engaging clinicians through
effective training interventions. These interventions may be most effective if they summarize efficacy and safety data for PrEP, provide locally-tailored guidance for overcoming
financial barriers to accessing PrEP, and connect clinicians with expert colleagues who can
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provide real-time clinical guidance. Busy clinicians have also indicated that they would
be more motivated to prescribe PrEP if they had access to nonclinician health system
navigators, who could assist clinicians in helping patients to access financial assistance
programs or delivering behavioral counseling [121]. Additional studies have found that a
lack of consensus about which clinicians should be primarily responsible for prescribing
PrEP (i.e. specialists or generalists), could also contribute to the slow uptake of PrEP in
the United States [122, 123]. To avoid overburden of healthcare providers, innovative models
for delivering PrEP care are needed, e.g. community-based services [124]. A recent study
demonstrated the feasibility of a pharmacist-led, community-based PrEP clinic [125]. Other
examples can be found in chronic disease management applied to other health conditions
(e.g. diabetes), such as self-management or community-based programs. A home-based
PrEP support system, including self-testing for HIV and STI was found to be acceptable
among participants and healthcare providers in a recent pilot study [126].
Because providers from a variety of training backgrounds could successfully prescribe
PrEP with appropriate training, motivation, and support, efforts to disseminate examples
of successful PrEP provision by colleagues with diverse professional roles (e.g. infectious
diseases specialists [99], primary care clinicians [127], and STI clinicians [55]) might encourage
a greater number of providers to consider PrEP as part of their clinical purview.
Another barrier to implementing PrEP is that providers may miss opportunities to identify
persons at risk for HIV acquisition, because many clinicians (outside of STI specialty clinics) do not routinely conduct comprehensive sexual health assessments. One innovative
strategy to help providers in completing these assessments includes the use of patientreported outcomes to collect information about HIV risk behaviors, such as with computer
tablets in clinic waiting rooms, or with brief risk prediction tools during clinical encounters
[128, 129]
. A qualitative study with black MSM in New York City to assess barriers to utilizing
PrEP found that participants felt mistrustful of and disempowered by healthcare providers
when discussing sexual health histories and HIV prevention options, and that a recommendation to use PrEP would not be sufficiently compelling for them to initiate PrEP
[130]
. These results indicate a need to train providers in how to conduct patient-centered,
nonjudgmental sexual health histories and discussions about PrEP, which would ideally
include elements of rigorously tested, culturally-tailored prevention messages about PrEP
for disenfranchised populations [60] and clear communication of acceptance towards LGBT
individuals.
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Conclusions
Pre-exposure prophylaxis uptake is continuing to grow (summarized in table 1), but challenges remain, including concerns about risk compensation and increases in STI, costs,
suboptimal awareness of PrEP in communities who might benefit from its use, and limited
engagement in PrEP care by providers. Demonstration projects have introduced the concept of PrEP among those who might benefit from PrEP, and also enabled public health
professionals and clinicians around the world to become familiar with PrEP implementation, and to move from being earlier adopters to being key opinion leaders and role models in implementing PrEP, which has enhanced the diffusion of this novel strategy in the
United States. However, in Europe and Australia implementation of PrEP is patchy and not
yet occurring on a wide scale, suggesting a need for more coordinated efforts at scale-up.
As daily oral TDF/FTC, “PrEP 1.0,” becomes a more established modality for HIV prevention,
studies are underway to develop novel modalities for chemoprophylaxis (e.g. long-acting
injectables) that could potentially mitigate any adherence challenges that taking daily or
event-driven pills may present for some individuals. However, none of the new modalities
will be ready for regulatory approval for several years, and there are no guarantees that
they will be more effective than TDF/FTC in clinical use. Thus, given that almost 2 million
new HIV infections are still occurring each year [3], wider implementation of TDF/FTC for
PrEP is warranted. As the rates of new infections continue at alarming rates among specific
key populations, for example transgender persons in Europe and the United States and
black MSM in the Unites States, and these populations face numerous social, structural,
and economic barriers to accessing PrEP and being retained in PrEP care [131], any efforts
at implementing PrEP must be culturally-tailored to engage and support these individuals
and must address persistent inequities (Table 2).
A causal relationship between PrEP and increasing rates of STI, which were already present before PrEP implementation, has not been clearly established, but data suggest risk
compensation is taking place. More data from demonstration projects and observational
studies in implementation settings, collected over a longer period of follow-up are needed
to clarify the impact of PrEP on STI and HIV trends in real-life settings. More information on
uptake, adherence and effectiveness of event-driven PrEP can guide PrEP implementation
programming. Also, as behavioral measurements differ across studies, the use of uniform
questions about risk compensation worldwide would help to interpret and compare future
outcomes of studies.
In summary, PrEP could have a dramatic impact on the HIV epidemic and HIV-related disparities in resource-rich settings if it is deployed in an effective, equitable, and sustainable
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manner. This will require coordinated efforts and firm commitment from public health
authorities, funding agencies, researchers, clinicians, and patient advocates operating
under diverse local constraints. Concerns about the cost-effectiveness of PrEP, if it is not
deployed in a judicious manner, cannot be dismissed in an era of widespread budgetary
constraints, even among resource-rich nations. Thus strategies are needed to increase
optimal PrEP use among those persons at greatest risk for HIV acquisition and also to
determine when it might be appropriate to transition from PrEP to less costly safer sex
approaches. In addition, the potential future impact of PrEP on STI epidemics cannot
be dismissed. If, however, PrEP can be implemented in a manner that is fiscally sound
and integrated with comprehensive preventive care, using the opportunity to address
concomitant STI and behavioral health concerns, then investments in PrEP could offer
substantial financial and public health value.
Table 2. Key Elements of Successful PrEP Implementation Programs
•

Knowledge of local epidemiology, patterns of HIV transmission

•

Determination of which facilities are best equipped for PrEP delivery

•

Reimbursement of costs of monitoring, testing and medication

•

Differentiated service delivery

•

Community engagement/Buy-in from key opinion leaders

•

Providers trained in the client-centered delivery

•

Institutional leadership

•

Staff trained to assist patients in navigating local health insurance system

•	Access to related health services, e.g. management of STI, harm reduction programs for people who
use drugs and behavioral health interventions
•

Community education

•

Education of potential referral sources
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Introduction

Outline and content of this thesis
After the publication of the efficacy of PrEP to prevent HIV infections in three large randomized controlled trials among MSM in 2012 (iPrEx [1]) and 2015 (PROUD and Ipergay
[2,3]
), important questions regarding the prevention of HIV infections in the post-trial,
“real-world” phase, remained unanswered. This thesis addresses questions regarding
implementation of PrEP in the Netherlands, in particular whether the use of PrEP is associated with changes in sexual behaviour and the incidence of STI, including hepatitis C virus
(HCV), among MSM and transgender persons using PrEP according to a daily or eventdriven regimen. Additional aims of this thesis are to evaluate the attitudes of healthcare
professionals towards the implementation of PrEP and to study the adoption of health
technology for PrEP monitoring. Data from the AMPrEP project, a PrEP demonstration
project in Amsterdam, the Netherlands, were used in all chapters except chapter 2.

Chapter 2: opinions of healthcare providers on preexposure prophylaxis
In chapter 2 of this thesis, “The acceptability of pre-exposure prophylaxis: beliefs of
healthcare professionals working in sexually transmitted infections clinics and HIV treatment centers”, we assessed the knowledge and beliefs on PrEP and their associations with
acceptability of PrEP among healthcare professionals in the period before PrEP was generally available. In addition, we assessed professionals’ preferred PrEP regimens, attitudes
towards providing PrEP for key populations, and reimbursement of PrEP costs.

Chapter 3: Characteristics of men who have sex with
men and transgender persons starting pre-exposure
prophylaxis
In chapter 3, two studies are outlined. In chapter 3.1, “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”, we described the baseline characteristics of
the 376 participants of AMPrEP, their choices of daily versus event-driven PrEP and factors
associated with the choice of PrEP regimen. In chapter 3.2, “MSM starting preexposure
prophylaxis are at risk of hepatitis C virus infection”, the unexpected high hepatitis C
virus prevalence at enrollment in the project, and phylogenetic analysis of HCV strains
in HIV-negative MSM starting PrEP, HIV-positive MSM and other non-related risk groups,
were reported.
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Chapter 4: Use of health technology to monitor adherence
of pre-exposure prophylaxis
In chapter 4, “A mobile application to collect daily data on PrEP adherence and sexual
behaviour among MSM: use over time and comparability with conventional data collection”, we assessed the use of this specifically designed application for mobile phones,
and compared data collected with the mobile application to self-reported data from a
three-monthly questionnaire.

Chapter 5: Outcomes of pre-exposure prophylaxis:
sexual behaviour and incidence of sexually transmitted
infections, hepatitis C virus infection and HIV
In the last part of this thesis, four studies are included. Chapter 5.1, “Acquisition of wildtype HIV-1 infection in a patient on pre-exposure prophylaxis with high intracellular
concentrations of tenofovir diphosphate: a case report”, is the report of failure of PrEP
to prevent HIV acquisition in a person who was consistently adherent to daily PrEP. In
chapter 5.2, “Change in sexual behaviour after six months of pre-exposure prophylaxis
use: results from the Amsterdam PrEP demonstration project”, sexual behaviour was
compared between before and six months after initiation of PrEP. Furthermore, factors associated with an increase in sexual risk behaviour were described. In chapter 5.3, “Sexual
behaviour and incidence of HIV and STI among MSM using daily and event-driven preexposure prophylaxis in Amsterdam: results from the first two years”, we assessed
trends over time in sexual behaviour and incidence of HIV and bacterial STI over two years
of follow-up. In chapter 5.4, “High incidence of HCV infection in HIV-negative MSM using
pre-exposure prophylaxis in Amsterdam: results from a demonstration project”, we assessed the incidence of HCV during the first two years of follow-up after initiation of PrEP,
and its associated risk-factors. In addition we evaluated the phylogenetic clustering of HCV
strains in HIV-negative MSM starting PrEP, HIV-positive MSM and other HCV risk groups in
the Netherlands.

Data source: The Amsterdam PrEP (AMPrEP) demonstration
study
The Amsterdam PrEP (AMPrEP) study in the Netherlands is a demonstration project of
daily and event-driven PrEP for MSM and transgender persons at increased risk for HIV
infection. The aim of AMPrEP was to assess uptake, acceptability and usability of daily and

Introduction

event-driven PrEP, as part of a comprehensive HIV reduction package offered at a large
STI clinic. The dosing regimen is at choice of the participant. Secondary objectives were to
evaluate outcomes of PrEP use: changes in sexual behaviour, incidence of other sexually
transmitted infections (STI) infection, adherence to PrEP, adverse events, HIV infections
and resistance of incident HIV, motives of choice of PrEP regimen, and psychosocial
wellbeing, including sexual health. All participants, 374 MSM and 2 transgender persons
provided written informed consent. The study was approved by the ethics board of the
Amsterdam University Medical Centers, location Academic Medical Center, the Netherlands (NL49504.018.14) and is registered in the online Dutch trial registry (registration
number NTR5411; protocol available online) [4]. AMPrEP started in August 2015, follow-up
is ongoing and planned to end by 2020. AMPrEP is part of the HIV Transmission Elimination AMsterdam (H-TEAM) initiative, a multidisciplinary and integrative approach to stop
the urban epidemic (Hteam.nl).
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Abstract
Background
Pre-exposure prophylaxis (PrEP) is highly effective for preventing HIV infections, but is not
yet implemented in the Netherlands. As the attitudes of health-care professionals toward
PrEP can influence future PrEP implementation, we studied PrEP knowledge and beliefs
and their association with PrEP acceptability among professionals in clinics for sexually
transmitted infection (STI professionals) and HIV treatment centers (HIV specialists). In
addition, we examined preferred regimens, attitudes toward providing PrEP to key populations and to reimbursement of PrEP costs.

Methods
An online questionnaire was distributed among 24 public health STI clinics and 27 HIV
treatment centers nationwide in the Netherlands between January and August 2015. The
acceptability of PrEP was measured on a 7-point Likert scale ranging from 1=low to 7=high
acceptability. Univariable and multivariable linear regression analyses were used to explore associations between demographic characteristics, PrEP knowledge, beliefs about
PrEP, and PrEP acceptability.

Results
In total, 209 people (143 STI professionals and 66 HIV specialists) completed the questionnaire. The mean acceptability of PrEP implementation was 4.28 (SD 1.68) among STI
professionals and 4.42 (SD 1.67) among HIV specialists. The mean score on self-perceived
knowledge related to PrEP efficacy was 3.90 (SD 1.57) among STI professionals and 5.68
(SD 1.08) among HIV specialists (p-value of <0.001). Beliefs associated with lower PrEP
acceptability among both groups were the fear that PrEP use will lead to a decrease in
condom use and an increase in STI, the high costs of PrEP and ethical issues regarding
prescribing antiretroviral medication to healthy individuals. No preference for a daily or
an event-driven regimen was detected. Most participants deemed the following groups to
be eligible for PrEP: men who have sex with men (MSM) who regularly get post-exposure
prophylaxis, MSM who never used condoms with casual partners and MSM with an HIVpositive partner with a detectable viral load. Over half of the participants indicated that
PrEP users should partly (54.1%) or fully (35.4%) pay the costs of PrEP.

Conclusion
In 2015, PrEP acceptability was only moderate among Dutch STI professionals and HIV
specialists, which is far from an optimal setting. Addressing barriers to PrEP acceptability
in educational programs for various types of health-care professionals is needed to successfully implement PrEP in the Netherlands.

Beliefs of Health-Care Professionals on PrEP

Introduction
Pre-exposure prophylaxis (PrEP) entails offering a regime of lower-intensity antiretroviral
therapy (ART) to HIV-negative individuals to reduce their risk of HIV infection. PrEP is offered in combination with other behavioural interventions such as condom use, counselling on sexual-risk behaviour, frequent HIV testing, and linkage to other HIV prevention
services.1-3 Several studies have demonstrated that both daily and event-driven PrEP
regimens are highly effective,4-7 and the current guidelines of a number of international
organizations include PrEP as a prevention strategy for key populations. In the developed
world, HIV spreads most rapidly in men who have sex with men (MSM).1,8 A modelling
study based on Dutch data estimated that 30% (range: 22–39%) of new HIV infections
could have been averted if half of all MSM under 30 had received PrEP in combination
with immediate ART for those who test positive.9 In addition, PrEP implementation was
estimated to be cost-effective in the Netherlands over a 40-year time frame if PrEP was
provided to the 10% most sexually active MSM.10 Despite these results and the July 2016
approval of Truvada (emtricitabine/tenofovir disoproxil) for PrEP in the European Union,
PrEP is not yet routinely available or reimbursed in the Netherlands.
For the effective implementation of PrEP, it is important to understand health-care professionals’ level of knowledge and beliefs or concerns about PrEP, as they will play a critical
role in its implementation. The acceptability of PrEP among health-care professionals at
clinics for sexually transmitted infections (STIs) and HIV treatment centers is of particular importance as PrEP is most likely to be implemented at these facilities, due to their
experience in offering prevention services to individuals at risk for HIV and experience in
providing HIV treatment, respectively.
In this cross-sectional study among professionals working at STI clinics (STI professionals)
and at HIV treatment centers (HIV specialists) in the Netherlands, we aimed to gain insight
into the acceptability of PrEP, prescription setting, potential determinants of PrEP acceptability (such as knowledge and beliefs about PrEP), and preferred PrEP regimens. We
examined attitudes toward providing PrEP to key populations and toward the reimbursement of PrEP costs. The resulting insights will guide future PrEP implementation strategies
and help design PrEP educational programs for professionals.
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Materials and methods
Procedures and recruitment
First, we conducted two focus group discussions with a total of 16 STI professionals from
the public health service of Amsterdam (three physicians, 12 nurses, and one doctor’s
assistant) in October 2014. The central topics were PrEP acceptability and underlying PrEP
beliefs. Each participant was asked about his/her opinion regarding PrEP implementation and was asked to shortly explain their most important argument(s) to support their
opinion. All arguments where thereafter discussed within the group. The results of the
focus group discussions were analysed by three researchers from diverse disciplines:
health sciences (JPB), medicine (EH), and psychology (UD). In the qualitative analyses,
PrEP beliefs measured in the focus group discussions were categorized into major themes
using thematic content analysis. Second, based on focus group discussions, we developed
two questionnaires. The first was aimed at STI professionals and included all PrEP beliefs measured in the focus group discussions. The second, aimed at HIV specialists, was
condensed to encourage maximum response from this group. It included only the major
themes derived from the qualitative analyses (Table S1 in Supplementary Material).
The questionnaire for STI professionals was distributed from January through May 2015
via email invitations to key contacts at all official public health STI clinics (n=24) in the
Netherlands. The contacts were asked to further distribute the questionnaire within their
organization. The invitation and questionnaire for HIV specialists were emailed from June
through August 2015 directly to physicians at all HIV treatment centers (n=27) and to
the nurse practitioners through their professional organization. In the email invitation
for the questionnaire, participants were informed about PrEP, the aim of the study, and
the sponsor of the study. One follow-up email was sent to increase the response rate.
Participation was voluntary, and no financial incentive was offered. As the questionnaire
was anonymous and did not request personal or sensitive data, approval by an ethics
committee was not required, according to Dutch legislation.

Measurements
Demographics, characteristics, and PrEP experience
Characteristics included age, gender, the type of professional (nurse, physician, or other, e.g.,
managers, doctors’ assistants, and administrative workers), the location of STI clinic (large
urban area/outside of large urban area) or the type of hospital (academic or general), and the
length of employment in STI clinic/hospital. HIV specialists were additionally asked for the
number of HIV-positive patients at their clinic. Experience with PrEP was measured by asking
whether participants had received questions about PrEP from clients/patients in the previous 6 months. HIV specialists were additionally asked whether they had ever prescribed PrEP.

Beliefs of Health-Care Professionals on PrEP

PrEP acceptability
Pre-exposure prophylaxis acceptability was measured via several items on a 7-point scale
ranging from 1 “completely disagree” to 7 “completely agree.” The acceptability of PrEP
implementation in the Netherlands was measured by one central item: “If PrEP is registered (i.e., granted market authorization), it should be implemented in the Netherlands as
a new HIV intervention strategy.” In addition, among STI professionals, we also measured
the acceptability of implementation at STI clinics by the item: ”If PrEP is registered, it
should be prescribed at STI clinics.” Among HIV specialists, we additionally measured acceptability toward implementation at HIV treatment centers and at general practitioners’
offices by the items: “If PrEP is registered, it should be prescribed by HIV specialists,”
and “If PrEP is registered, it should be prescribed by general practitioners.” Moreover, we
queried their willingness to prescribe through the item: “If PrEP is registered, I would be
willing to prescribe PrEP.”

Self-perceived knowledge of PrEP
For all participants (except where indicated in parentheses), the following self-perceived
items were measured on a 7-point Likert scale ranging from 1 “very poor” to 7 “very good”:
knowledge of PrEP efficacy and the frequency/severity of side effects, the efficacy to inform
patients about PrEP (only among STI professionals), the ability to identify key populations
for PrEP use (only among HIV specialists), and the capability of deciding to prescribe PrEP
(only among HIV specialists). Self-perceived knowledge about the frequency and severity
of side effects was combined in one item in the analysis (self-perceived knowledge about
side effects) as it was highly correlated (Spearman’s rho >0.9; p <0.001).

Beliefs about PrEP
Based on the focus group discussions, general beliefs about PrEP were measured with 50
items among STI professionals and 15 items among HIV specialists (Table S1 in Supplementary Material). For analyses, items were combined if they measured the same belief and
had acceptable correlation (two items: Spearman’s rho >0.6 and p <0.05; more than two
items: Cronbach’s alpha >0.7). As the data collection of general beliefs differed between STI
professionals (where all beliefs from the focus group discussions were measured) and HIV
specialists (where only the selected major themes from the focus group discussions were
measured), these correlation analyses were done separately for STI professionals and HIV
specialists, and no comparisons were performed between the groups regarding beliefs.
This resulted in 16 general beliefs about PrEP in the questionnaire for STI professionals
and eight in the questionnaire for HIV specialists. All general beliefs were measured on a
7-point scale ranging from 1 “completely disagree” to 7 “completely agree.”
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Among STI professionals, we additionally measured one belief about PrEP efficacy (ranging
from “PrEP can reduce the risk of HIV by 100%” to “Although PrEP reduces the risk of
HIV, there is still a great risk of HIV transmission”): one belief about the frequency of side
effects (side effects are rare/ are sometimes reported/appear frequently/knowledge is
still scarce/I don’t know) and one belief about the severity of side effects (side effects are
often severe/are often mild or non-severe/knowledge is still scarce/I don’t know).

Daily versus event-driven PrEP use
Beliefs about daily versus event-driven PrEP were measured with seven items in both
questionnaires, using a 7-point scale ranging from 1 “completely disagree” to 7 “completely agree” (see Table S2 in Supplementary Material for more details). Given the good
correlation between items (Cronbach’s alpha of 0.81 for STI professionals and 0.77 for HIV
specialists), all seven items were combined.

Key populations, reimbursement of PrEP costs and serodiscordant couples
Questions were asked about the perceived PrEP eligibility of key groups (MSM, heterosexuals, and commercial sex workers) within different behavioural scenarios (e.g., condom use,
repeatedly having an STI, having an HIV-positive partner, repeatedly using post-exposure
prophylaxis). For each scenario, participants were asked to assess eligibility by choosing
one of the following options: not eligible/possibly eligible/eligible.
Participants were also asked who should pay for PrEP (PrEP user/health insurance/government/partially PrEP users and partially health insurance or government/neutral).
HIV specialists were asked what intervention they prefer to prevent HIV transmission in serodiscordant couples (only ART for the HIV-positive partner/only PrEP for the HIV-negative
partner/ART for the HIV-positive partner and PrEP for HIV-negative partner as a transition
phase until the HIV-positive partner has an undetectable viral load/only counselling).

Statistical analyses
We described demographic characteristics, PrEP experience and knowledge, general beliefs
about PrEP and about event-driven versus daily use, key populations, reimbursement of costs,
and preferred interventions for serodiscordant couples. We compared distributions of acceptability and knowledge by the type of health-care provider (nurse/physician/other profession)
and between STI professionals and HIV specialists, using Student’s t-tests and one-way ANOVA
for normally distributed continuous variables and Mann-Whitney U-tests and Kruskal-Wallis tests
for not-normally distributed continuous variables. Because of the differences in how the general
beliefs were constructed among STI professionals and HIV specialists, a direct comparison between the general beliefs between STI clinic professionals and HIV specialists was not possible.

Beliefs of Health-Care Professionals on PrEP

We performed univariable and multivariable linear regression analyses to explore associations between demographic characteristics, PrEP knowledge, PrEP beliefs, and the
acceptability of PrEP implementation in the Netherlands. A multivariable model was built
using backward techniques. First, variables on PrEP knowledge and beliefs with a p-value
<0.10 in univariable analyses were entered into the model. Second, also demographic determinants with a p <0.10 in univariable analyses were entered into the model. A p-value
<0.05 was considered to be statistically significant. Interactions between the variables in
the final model were checked. As the data collection differed between STI professionals
and HIV specialists, analyses were done separately for STI professionals and HIV specialists. Analyses were performed using STATA Intercooled 13.1 (STATA Corporation, College
Station, TX, USA).

Results
Demographic characteristics and PrEP experience
All of the 24 STI clinics we contacted agreed to participate in the study (Figure 1). In the nine
STI clinics that provided data on the number of questionnaires distributed, the response
rate was 54.4% (104/191). In total, 143 STI professionals completed the questionnaire
(Table 1): 93 nurses, 37 physicians, and 13 other professionals. A majority of respondents
(113/143, 79.0%) were female; about half worked in an STI clinic in a large urban area

STI professionals

HIV specialists

Contact persons of 24 STI clinics were
approached who further distributed the
questionnaire within their organisation a

170 HIV specialists of 27 centers
were invited to participate

143 STI professionals participated b

66 HIV specialists participated
(response rate 39%)

Nurses
n=93

Physicians
n=37

Other
n=13

Nurses
n=40

Physicians
n=26

Figure 1. Flowchart of recruitment procedures of STI professionals working at STI clinics of the public health
service and HIV specialists working at HIV treatment centers, the Netherlands, 2015. (a) Total number of
persons invited by contact persons is unknown. (b) Response rate was 54% (104/191) among nine clinics that
provided data on the number of questionnaires distributed.
STI, sexually transmitted infection.
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Table 1. Demographic characteristics and PrEP experience of 209 health-care professionals, the Netherlands (2015)
STI professionals

HIV specialists

Total
Nurse Physician Other
(N=143) (n=93) (n=37)
(n=13)

Total
Nurse
(N=66) n=40)

Physician
(n=26)

n

n %

n

%

n %

n

%

n %

n %

%

Age
<40 years

57 39.9 29 31.2 20 54.1 8 61.5 11 16.7 7 17.5 4

15.4

40–49 years

41 28.7 33 35.5 6

16.2 2 15.4 27 40.9 16 40.0 11 42.3

50–59 years

34 23.8 25 26.9 6

16.2 3 23.1 19 28.8 14 35.0 5

19.2

> 60 years

11 7.7 6 6.5 5

13.5 0 0.0

23.1

9 13.6 3 7.5 6

Gender
Male

30 21.0 13 14.0 14 37.8 3 23.1 27 40.9 12 30.0 15 57.7

Female

113 79.0 80 86.0 23 62.2 10 76.9 39 59.1 28 70.0 11 42.3

Location of STI clinic
Large urban area (Amsterdam, The
Hague, Rotterdam, Utrecht)

65 45.5 42 45.2 15 40.5 8 61.5 NA

Outside large urban area

75 52.5 50 53.8 20 54.1 5 38.5 NA

Missing data

3

2.1 1 1.1 2

5.4

0 0.0

Type of hospital
Academic

NA

32 48.5 18 45.0 14 53.8

General

NA

34 51.5 22 55.0 12 46.2

Length of employment in STI clinic/hospital
0–4 years

48 33.6 24 25.8 18 48.7 6 46.2 10 15.2 7 17.5 3

11.5

5–9 years

45 31.5 33 35.5 11 29.7 1 7.7

18 27.3 10 25.0 8

30.8

10–14 years

31 21.7 26 28.0 4

10.8 1 7.7

21 31.8 17 42.5 4

15.4

>15 years

19 13.3 10 10.8 4

10.8 5 38.5 17 25.8 6 15.0 11 42.3

Number of HIV-positive patients in care
<250

NA

25 37.9 10 25.0 15 57.7

>250

NA

41 62.1 30 75.0 11 42.3

Questions about PrEP from clients in the previous 6 months
No questions

65 45.5 40 43.0 22 59.5 3 23.1 11 16.7 5 12.5 6

Very rarely (one to two in the
preceding 6 months)

51 35.7 41 44.1 7

23.0

18.9 3 23.1 28 42.4 16 40.0 12 46.2

Sometimes (one to two per month) 15 10.5 10 10.8 3

8.1

2 15.4 24 36.4 16 40.0 8

30.8

Regularly (at least once a week)

3

2.1 2 2.2 1

2.7

0 0.0

3 4.5 3 7.5 0

0.0

NA (no contact with clients)

9

6.3 0 0.0 4

10.8 5 38.5 0 0.0 0 0.0 0

0.0

Ever prescribed PrEP
No

NA

56 84.9 31 77.5 25 96.2

Yes

NA

5 7.6 4 10.0 1

3.9

NA

NA

5 7.6 5 12.5 0

0.0

NA, not applicable (item not included in the questionnaire for the indicated practice setting); PrEP, pre-exposure
prophylaxis; STI, sexually transmitted infection.

2.45 (1.82) 2.65 (1.94) 2.15 (1.62) z=-0.97,
p=0.333

NA

NA

If PrEP is registered, it should
be prescribed by general
practitioners

If PrEP is registered, I would be
willing to prescribe PrEP

3.90 (1.57) 3.67 (1.49) 4.35 (1.64) 4.23 (1.74) F(2,140)=2.91,
p=0.058

2.84 (1.39) 2.68 (1.26) 3.36 (1.53) 2.46 (1.63) H(2)=6.21,
p=0.045

2.89 (1.44) 2.69 (1.22) 3.41 (1.72) 2.85 (1.77) H(2)= 4.35,
p=0.114

NA

NA

Self-perceived knowledge of
PrEP efficacy

Self-perceived knowledge of
PrEP side effects

Self-perceived efficacy to inform
clients about PrEP

Self-perceived ability to identify
key populations for PrEP

Self-perceived capability of
deciding to prescribe PrEP

Self-perceived knowledge of PrEP (7-point scale: 1 “very poor” to 7 “very good”)

3.91 (1.97) 4.03 (2.06) 3.73 (1.87) z=-0.66,
p=0.510

NA

If PrEP is registered, it should be
prescribed by HIV specialists

4.61 (1.40) 4.33 (1.37) 5.04 (1.37) t(64)=2.07,
p=0.042

5.02 (1.33) 4.95 (1.38) 5.12 (1.28) t(64)=0.49,
p=0.625

NA

5.61 (1.34) 5.28 (1.36) 6.12 (1.15) z=2.80,
p=<0.005

5.68 (1.08) 5.48 (1.11) 6.00 (0.98) z=1.89,
p=<0.059

4.39 (1.89) 4.55 (1.72) 4.15 (2.13) z=-0.69,
p=0.489

4.48 (1.83) 4.53 (1.85) 4.42 (1.84) t(64)=-0.22,
p=0.827

4.16 (4.01) 4.01 (1.75) 4.14 (2.07) 5.31 (1.70) F(2,140)=2.86,
p=0.061

If PrEP is registered, it should be
prescribed at STI clinics

4.42 (1.67) 4.73 (1.47) 3.96 (1.89) t(64)=-1.84,
p=0.070

4.28 (1.68) 4.20 (1.56) 4.00 (1.84) 5.62 (1.56) F(2,140)=4.98,
p=0.008

If PrEP is registered, it should be
implemented in the Netherlands
as a new HIV intervention
strategy

PrEP acceptability (7-point scale: 1” completely disagree” to 7” completely agree”)

Physician

HIV nurse
vs. HIV
(N=66)
(n=40)
(n=26)
Mean (SD) Mean (SD) Mean (SD) physician

Total

Nurse

HIV specialists
Other

STI nurse
vs. STI
(N=143)
(n=93)
(n=37)
(n=13)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) physician vs.
STI other

Physician

Total

Nurse

STI professionals

Table 2. Knowledge and beliefs about PrEP among 209 health-care professionals, the Netherlands (2015)

z=-9.60,.
p=<0.001

z=-7.45,
p=<0.001

z=-1.22.
p=0.224

t(207)=-0.58,
p=0.563

STI
professionals
vs. HIV
specialists
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NA
NA

5.13 (1.34) 5.10 (1.37) 5.17 (1.32) z=0.27,
p=0.785

5.25 (1.41) 5.21 (1.44) 5.46 (1.40) 4.92 (1.20) H(2)=2.546,
p=0.280

4.97 (1.43) 5.06 (1.47) 4.65 (1.25) 5.23 (1.59) H(2)=4.15,
p=0.126

4.87 (1.21) 5.07 (1.08) 4.66 (1.34) 4.02 (1.32) F(2,140)=5.42,
p=0.005

4.86 (1.49) 4.72 (1.48) 5.05 (1.54) 5.31 (1.38) F(2,140)=1.31,
p=0.274

4.74 (1.36) 4.68 (1.33) 4.65 (1.52) 5.46 (0.97) H(2)=3.67,
p=0.160

4.67 (1.66) 4.74 (1.62) 4.20 (1.76) 5.54 (1.38) H(2)=6.99,
p=0.030

4.67 (1.23) 4.84 (1.18) 4.48 (1.31) 3.98 (1.09) F(2,140)=3.45,
p=0.034

4.66 (1.16) 4.65 (1.09) 4.87 (1.24) 4.12 (1.29) F(2,140),
p=0.134

4.56 (1.76) 4.74 (1.71) 4.43 (1.68) 3.62 (2.10) H(2)=4.08,
p=0.130

Adherence to PrEP will be
insufficient

The role of the pharmaceutical
companies in regard to PrEP is
unclear

The use of PrEP will lead to a
decrease in condom use and
increase in STI

PrEP is cheaper than lifelong HIV
treatment

PrEP is an effective intervention
to prevent HIV

PrEP prescription should be part
of routine care at STI clinics

There is not enough knowledge
yet about PrEP

Costs of PrEP are a problem

I would worry that some people
have to use PrEP lifelong

NA

NA

NA

NA

3.88 (0.89) 3.87 (0.91) 3.88 (0.89) t(64)=0.06,
p=0.954

NA

NA

5.27 (1.49) 5.09 (1.59) 5.51 (1.26) 5.85 (1.14) H(2)=3.53,
p=0.171

Taking PrEP is better than
getting HIV

NA

5.52 (1.51) 5.58 (1.46) 5.57 (1.66) 5.00 (1.41) H(2)=2.41,
p=0.300

It is unclear who has to pay for
PrEP

General beliefs about PrEP (7-point scale: 1 “completely disagree” to 7 “completely agree”)

Physician

HIV nurse
vs. HIV
(N=66)
(n=40)
(n=26)
Mean (SD) Mean (SD) Mean (SD) physician

Total

Nurse

HIV specialists
Other

STI nurse
vs. STI
(N=143)
(n=93)
(n=37)
(n=13)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) physician vs.
STI other

Physician

Total

Nurse

STI professionals

Table 2. Knowledge and beliefs about PrEP among 209 health-care professionals, the Netherlands (2015) (continued)
STI
professionals
vs. HIV
specialists
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Physician

NA

NA
NA

4.24 (1.49) 4.28 (1.41) 4.19 (1.63) t(64)=0.22,
p=0.828
3.97 (1.40) 4.03 (1.27) 3.88 (1.61) t(64)=-0.39,
p=0.694

3.97 (1.42) 4.18 (1.33) 3.81 (1.54) 2.85 (1.14) F(2,140)=5.69,
p=0.004

3.72 (1.12) 3.75 (1.12) 3.72 (1.16) 3.57 (1.15) F(2,140)=0.14),
p=0.869

3.35 (1.58) 3.51 (1.51) 2.78 (1.62) 3.85 (1.72) F(2,140)=3.57,
p=0.031

NA

NA

NA

NA

The costs of PrEP will not
outweigh the number of HIV
infections prevented

The STI clinic is not the right
place for PrEP prescription

Daily use of prevention
strategies has already been
tested

I’m worried about the long-term
side effects of PrEP

PrEP will lead to an increase in
HIV resistance

Non-biomedical HIV
interventions (i.e., behavioural)
are better than PrEP

I’m worried about the shortterm side effects of PrEP

3.12 (1.53) 3.43 (1.63) 2.65 (1.26) t(64)=-2.04,
p=0.045

4.89 (1.51) 5.05 (1.41) 4.65 (1.65) z=-0.90,
p=0.366

4.23 (1.59) 4.38 (1.39) 4.00 (1.85) z=-0.68,
p=0.495

4.27 (1.07) 4.28 (1.01) 4.04 (1.15) 4.80 (1.14) F(2,140)=2.53,
p=0.083

PrEP is a good addition to
prevention strategies

4.64 (1.72) 4.85 (1.41) 4.31 (2.09) z=-0.91,
p=0.364

4.31 (1.49) 4.44 (1.48) 4.24 (1.42) 3.62 (1.69) F(2,140)=1.79,
p=0.170

It is unethical to prescribe ART
to healthy individuals

HIV nurse
vs. HIV
(N=66)
(n=40)
(n=26)
Mean (SD) Mean (SD) Mean (SD) physician

Total

Nurse

HIV specialists
Other

STI nurse
vs. STI
(N=143)
(n=93)
(n=37)
(n=13)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) physician vs.
STI other

Physician

Total

Nurse

STI professionals

Table 2. Knowledge and beliefs about PrEP among 209 health-care professionals, the Netherlands (2015) (continued)
STI
professionals
vs. HIV
specialists
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Proportion perceived by participants
as eligble for PrEP

Proportion perceived by participants
as eligble for PrEP

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

….sometimes
use condoms
with casual
partners

….always use ….regularly have ….regularly get ….have a high
condoms with
an STI (other
PEP after a sex number of casual
casual partners
than HIV)
incident
partners

….never use ….sometimes use ….always use ….regularly have ….regularly get ….have a high
condoms with
condoms with
condoms with
an STI (other
PEP after a sex number of casual
casual partners casual partners casual partners
than HIV)
incident
partners

B. Heterosexual men and women

….never use
condoms with
casual partners

A. Men having sex with men

….have a sex
addiction

….have a sex
addiction

….have erectile ….have a high
dysfunction while level of anxiety
using condoms
for HIV
(for men)

….have erectile ….have a high
dysfunction while level of anxiety
using condoms
for HIV

….have an HIV- ….have an HIV- ….have an HIVpositive steady positive steady positive partner
partner with
partner with
and want to get
detectable viral undetectable viral
pregnant
load
load

….have an HIV- ….have an HIVpositive steady positive steady
partner with
partner with
detectable viral undetectable viral
load
load
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0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

….never use
condoms with
casual
partners/clients

….sometimes
use condoms
with casual
partners/clients

C. Commercial sexworkers

….always use ….regularly have
an STI (other
condoms with
than HIV)
casual
partners/clients

HIV physician

HIV nurse

STI other profession

STI physician

STI nurse

STI, sexually transmitted infection; PEP, post-exposure prophylaxis; PrEP, pre-exposure prophylaxis

Figure 2. Beliefs among health-care professionals as to which key populations are eligible for PrEP in the Netherlands: (A) men having sex with men, (B) heterosexual men
and women, and (C) commercial sex workers.

Proportion perceived by participants
as eligble for PrEP
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(65/143, 45.5%) and most (95/143, 66.4%) had worked for more than 4 years in an STI
clinic. About half (69/143, 48.3%) had received questions about PrEP from clients in the
preceding 6 months but only 4.3% (3/69) were queried at least once a week.
Of 170 HIV specialists invited to participate, 66 (38.8%) completed the questionnaire,
including 40 nurses and 26 physicians (Table 1). Most HIV specialists were female (39/66,
59.1%); half (34/66, 51.5%) worked in an academic hospital and 84.8% (56/66) had more
than 4 years of experience. Of these specialists, 83.3% (55/66) had received patient questions about PrEP in the preceding 6 months and 7.6% (5/66) had ever prescribed PrEP.

PrEP acceptability
Among STI professionals and HIV specialists, the mean score on the acceptability of PrEP
implementation in the Netherlands was 4.28 (SD 1.68) and 4.42 (SD 1.67), respectively
(Table 2). The mean acceptability score of PrEP implementation at STI clinics was 4.16 (SD
1.86) among STI professionals and 4.48 (SD 1.83) among HIV specialists. Among the latter,
the mean acceptability score for implementation at HIV treatment centers was 3.91 (SD
1.97) and 2.45 (SD 1.82) for implementation at general practitioners’ offices. Their mean
score for the willingness to prescribe PrEP was 4.39 (SD 1.89).

Self-perceived knowledge of PrEP
Among STI professionals, the mean score on self-perceived knowledge was 3.90 (SD 1.57)
for PrEP efficacy and 2.84 (SD 1.39) for PrEP side effects; the mean score on self-perceived
efficacy to inform clients about PrEP was 2.89 (SD 1.44) (Table 2). The mean score on
self-perceived knowledge among HIV specialists was 5.68 (SD 1.08) for PrEP efficacy and
5.61 (SD 1.34) for side effects; it was 5.02 (SD 1.33) for self-perceived efficacy to identify
key groups and 4.61 (SD 1.40) for the decision to prescribe PrEP. Self-perceived knowledge
of efficacy (z=-7.46, p<0.001) and side effects (z=-9.60, p<0.001) was significantly higher
among HIV specialists compared to that among STI professionals.

Beliefs about PrEP
Among STI professionals, the three general beliefs with the strongest agreement scores
were (Table 2) “it is unclear who will have to pay for PrEP” (mean 5.52, SD 1.51), “taking
PrEP is better than getting HIV” (mean 5.27, SD 1.49), and “adherence to PrEP will be
insufficient” (mean 5.25, SD 1.41). Among HIV specialists, the three general beliefs with
the highest agreement scores were “the use of PrEP will lead to a decrease in condom use
and an increase in STI” (mean 5.13, SD 1.34), “I’m worried about long-term side effects of
PrEP” (mean 4.89, SD 1.51), and “it is unethical to prescribe ART to healthy individuals”
(mean 4.64, SD 1.72).

0.20
0.38
-0.03

40–49 years

50–59 years

> 60 years

Ref.

<40 years

-0.74

Female

(-0.47: 0.88)

Ref.
0.14
-0.07
1.11

5–9 years

10–14 years

>15 years

0.63

0–4 years

Length of employment within STI clinic

Outside large urban area

Large urban area (Amsterdam, The Hague, Rotterdam, Utrecht)

(0.22: 1.99)

(-0.83: 0.68)

(-0.54: 0.82)

(0.07: 1.19)

1.41

Location of STI clinic
Ref.

(0.45: 2.37)

-0.20

Other

(-0.83: 0.42)

Ref.

Physician

(-1.42: -0.07)

(-2.11: 0.05)

(-0.33: 1.09)

Nurse

Profession

Ref.

Male

Gender

Age

0.069

0.027

0.008

0.031

0.101

β

(95% CI)

Multivariable analyses
p-value

β

(95% CI)

Univariable analyses

Table 3. Determinants of acceptability of PrEP implementation in the Netherlands among 143 STI professionals in the Netherlands (2015)
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0.36

0.31
0.31

Self-perceived knowledge of PrEP side effects

Self-perceived efficacy to inform clients about PrEP

-1.55
-2.83
-2.93

Although PrEP reduces the risk of HIV there is still a great risk of HIV transmission

I don’t know

(-3.55: -0.53)

-2.04
Ref.
1.13
0.70
0.42

Side effects are often severe

Side effects are often mild/non-severe

Knowledge about severity of side effects is still scarce

I don’t know

Beliefs about the severity of PrEP side effects

I don’t know

(-2.92: 0.32)

-1.3

Knowledge about side effects is still scarce

(-0.10: 1.84)

(-0.83: 2.23)

(-2.26: 2.53)

(-3.57: -0.40)

-1.09
-1.98

Side effects are sometimes reported

(-2.59: 0.41)

(-5.35: -0.51)

(-5.44: -0.22)

(-3.83: 0.73)

(0.13: 0.50)

(0.11: 0.50)

(0.14: 0.48)

(-0.19: 0.92)

Side effects appear frequently

Ref.

Side effects are rare

Beliefs about the frequency of PrEP side effects

Ref.

PrEP can reduce the risk of HIV by 100%

PrEP can significantly reduce the risk of HIV

Beliefs about efficacy of PrEP

0.31

Self-perceived knowledge of PrEP efficacy

Self-perceived knowledge of PrEP (7-point scale: 1 “very poor” to 7 “very good”)

Ref.

Yes

0.084

0.006

0.004

0.001

0.002

<0.001

0.201

p-value

(95% CI)

β

(95% CI)

β

No

Questions about PrEP from clients in the previous 6 months

Multivariable analyses

Univariable analyses

Table 3. Determinants of acceptability of PrEP implementation in the Netherlands among 143 STI professionals in the Netherlands (2015) (continued)
p-value
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0.59
-0.36
-0.25
-0.89
0.42
0.88
0.65
-0.60
-1.01
-0.41
-0.69
1.13
-0.33
-0.71
0.30

Taking PrEP is better than getting HIV

Adherence to PrEP will be insufficient

The role of the pharmaceutical companies in regards to PrEP is unclear

The use of PrEP will lead to a decrease in condom use and increase in STI

PrEP is cheaper than lifelong HIV treatment

PrEP is an effective intervention to prevent HIV

PrEP prescription should be part of routine care at STI clinics

There is not enough knowledge yet about PrEP

Costs of PrEP are a problem

I would worry that some people have to use PrEP lifelong

It is unethical to prescribe ART to healthy individuals

PrEP is a good addition to prevention strategies

The costs of PrEP will not outweigh the number of HIV infections prevented

The STI clinic is not the right place for PrEP prescription

Daily use of prevention strategies has already been tested

ART, antiretroviral therapy; PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.

-0.11

It is unclear who has to pay for PrEP

General beliefs about PrEP (7-point scale: 1” completely disagree” to 7 “completely agree”)
<0.001

<0.001

<0.001

<0.001

<0.001

(0.13: 0.47)

0.001

(-0.93: -0.49) <0.001

(-0.52: -0.14) 0.001

(0.95 : 1.31)

(-0.84: -0.55) <0.001

(-0.55: -0.26) <0.001

(-1.18: -0.84) <0.001

(-0.81: -0.40) <0.001

(0.52: 0.78)

(0.74: 1.02)

(0.25: 0.59)

(-1.06: -0.71) <0.001

(-0.44: -0.06) 0.011

(-0.55: -0.17) <0.001

(0.43: 0.75)

(-0.30: 0.07)

0.222

-0.28

0.17

0.45

-0.21

0.15

β

0.020

p-value

0.013

<0.001

(-0.51: -0.05) 0.019

(0.04: 0.30)

(0.30: 0.61)

(-0.40: -0.02) 0.034

(0.02: 0.27)

(95% CI)

Multivariable analyses
p-value

β

(95% CI)

Univariable analyses
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-0.27
0.10
-0.97

50–59 years

> 60 years

0.22

0.01
0.02
-0.72

5–9 years

10–14 years

>15 years

Ref.
0.23

<250

>250

Number of HIV-positive patients in care

Ref.

0–4 years

Length of employment within hospital

Ref.

General

-0.76

Academic

Type of hospital

Physician

Nurse

Ref.

-0.10

Female

Profession

Ref.

Male

Gender

Ref.

40–49 years

(-0.62: 1.09)

(2.06: 0.62)

(-1.27: 1.31)

(-1.31: 1.34)

(-0.61: 1.05)

(-1.59: 0.06)

(-0.94: 0.75)

(-2.48: 0.54)

(-1.17: 1.37)

(-1.47: 0.93)

0.589

0.503

0.603

0.070

0.819

0.447

p-value

-0.83

Ref.

p-value

(-1.44: -0.22) 0.008

(95% CI)

β

(95% CI)

β

<40 years

Age

Multivariable analyses

Univariable analyses
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0.05
0.17
0.12

Self-perceived efficacy to identify target groups of PrEP

Self-perceived capability of deciding to prescribe PrEP

1.09
-0.54
0.68
-0.18
-0.30
-0.23
0.04

PrEP is an effective intervention to prevent HIV

It is unethical to prescribe ART to healthy individuals

PrEP is a good addition to prevention strategies

I’m worried about the long-term side effects of PrEP

PrEP will lead to an increase in HIV resistance

Non-biomedical HIV interventions (i.e. behavioural) are better than PrEP

I’m worried about the short-term side effects of PrEP

ART, antiretroviral therapy; PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.

-0.69

The use of PrEP will lead to a decrease in condom use and increase in STI

General beliefs about PrEP (7-point scale: 1 “completely disagree” to 7 “completely agree”)

0.26

Self-perceived knowledge of PrEP side effects

0.61

Ref.

0.12

Ref.

Self-perceived knowledge of PrEP efficacy

Self-perceived knowledge of PrEP (7-point scale: 1 “very poor” to 7 “very good”)

Yes

No

Ever prescribed PrEP

Yes

No

Questions about PrEP from patients in the previous 6 months

<0.001

<0.001

0.431

0.279

0.742

0.175

0.435

0.187

<0.001

(-0.24: 0.31)

(-0.52: 0.06)

0.789

0.125

(-0.57: -0.03) 0.032

(-0.46: 0.09)

(0.47: 0.88)

(-0.75: -0.34) <0.001

(0.71: 1.47)

(-0.95: 0.43)

(-0.18: 0.41)

(-0.14: 0.48)

(-0.26: 0.36)

(-0.12: 0.64)

(-0.94: 2.15)

(-0.40: 0.64)

0.651

0.28

-0.31

0.49

β

0.023

p-value

(0.01: 0.54)

0.040

(-0.53: -0.10) 0.005

(0.07: 0.92)

(95% CI)

Multivariable analyses
p-value

β

(95% CI)

Univariable analyses
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Determinants of PrEP acceptability
In the final multivariable analyses among STI professionals (Table 3), the following beliefs
were associated with a higher acceptability of PrEP implementation in the Netherlands:
“taking PrEP is better than getting HIV” (β=0.15, p=0.020), “PrEP is an effective intervention
to prevent HIV” (β=0.45, p<0.001), and “PrEP prescription should be part of routine care at
STI clinics” (β=0.17, p=0.013). Beliefs associated with a lower PrEP acceptability among STI
professionals were “the use of PrEP will lead to a decrease in condom use and increase in
STI” (β=-0.21, p=0.034) and “the costs of PrEP are a problem” (β=-0.28, p=0.019).
In the final multivariable analyses among HIV specialists (Table 4), physicians were less likely
to have a positive attitude toward PrEP implementation than nurses (β=-0.83, p=0.008).
Beliefs associated with a higher PrEP acceptability among all HIV specialists were “PrEP is
an effective intervention to prevent HIV” (β=0.49, p=0.023) and “PrEP is a good addition
to prevention strategies” (β=0.28, p=0.040). The belief associated with a lower PrEP acceptability was “it is unethical to prescribe ART to healthy individuals” (β=-0.31, p=0.005).

Daily versus event-driven PrEP use
There was no preference for daily or event-driven PrEP, given the mean score of the
combined beliefs about event-driven versus daily PrEP of 3.99 (SD 1.00) among STI professionals and 4.14 (SD 1.01) among HIV specialists (Table S2 in Supplementary Material).

Key populations, serodiscordant couples, and reimbursement of PrEP costs
As shown in Figure 2, most participants believed the following groups to be eligible for
PrEP: MSM who regularly get post-exposure prophylaxis after a sexual exposure (136/209,
65.1%), MSM who never use condoms with casual partners (134/209, 64.1%), and MSM
or heterosexuals who have an HIV-positive steady partner with a detectable viral load
(132/209, 63.2% and 112/209, 53.6%, respectively).
To prevent HIV transmission within serodiscordant couples, most HIV specialists preferred
to treat only the HIV-positive partner (34/66, 51.5%) or to treat the HIV-positive partner
while providing PrEP to the HIV-negative partner as long as the HIV-positive partner has
a detectable viral load (26/66, 39.4%). A minority preferred only prescribing PrEP for the
HIV-negative partner (2/66, 3.0%) or prescribing ART for the HIV-positive partner and PrEP
for the HIV-negative partner without limited timeframe (2/66, 3.0%), or just counselling
(2/66, 3.0%). HIV physicians and nurses did not differ significantly in their preferences to
prevent HIV transmission within serodiscordant couples.
As to PrEP costs, over half of STI professionals and HIV specialists (113/209, 54.1%) indicated that PrEP users should partially contribute, whereas 35.4% (74/209) indicated that
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PrEP users should pay all the costs; 5.7% (12/209) favoured complete coverage by health
insurance, 4.3% (9/209) were neutral, and 0.5% (1/209) indicated that the government
should pay all the costs.

Discussion
This cross-sectional study on PrEP acceptability and its determinants found only moderate
PrEP acceptability among STI professionals and HIV specialists. These moderate levels of
acceptability are worrisome as they may impede smooth implementation of PrEP in the
Netherlands. Facilitating factors toward PrEP acceptability in the Netherlands were the
beliefs that PrEP is an effective intervention to prevent HIV, PrEP prescription should be
a part of routine care at STI clinics, PrEP is a good addition to prevention strategies, and
that taking PrEP is better than getting HIV. Beliefs forming barriers to PrEP implementation
were the perceived potential decrease in condom use and the increase in STI prevalence,
the high costs of PrEP, and the belief that it is unethical to prescribe ART to healthy individuals. Previous studies on PrEP-related beliefs of health-care professionals in developed
countries have identified concerns regarding drug resistance, low adherence, a rise in STI,
long-term toxicity, and lack of country-specific guidance.11-15 Some of these findings are
now corroborated by our data for the Dutch context.
In order to increase the acceptability of PrEP implementation among health-care professionals in the Netherlands, the beliefs that may form barriers for PrEP implementation
need to be addressed and beliefs that could facilitate PrEP implementation need to be
more broadly communicated. Regarding the concerns around the anticipated decrease
in condom use and the increase in STI in PrEP users, open-label studies showed mixed
results.16-21 If PrEP is implemented in the Netherlands, structured sexual-risk behaviour
counselling should be offered as the standard component of consultations.22 Addressing
such concerns among health-care professionals and offering them tools to intervene on
such topics among their clients may increase PrEP acceptability.
In our study and others across Europe,23 beliefs regarding the high costs of PrEP were
likewise found to be a potential barrier for PrEP implementation. The costs of PrEP are indeed high and the implementation of PrEP therefore costly, but this barrier may be partly
overcome if the study results that PrEP is most likely to be cost-effective and potentially
even cost-saving are highlighted.10,24,25 In our study, over half of participants had the
opinion that PrEP users need to contribute to the costs of PrEP. However, this was not
further explored in relation to the amount that would need to be contributed and to the
income. For those who cannot otherwise afford PrEP, the acceptability of public funding of
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costs was high in a study from the USA.26 The high costs have also shown to be a potential
barrier for the use of PrEP by potentially eligible candidates in the Netherlands.27,28 The
problem of cost combined with the lack of a reimbursement system clearly requires a solution to enable successful PrEP implementation in the Netherlands and probably in other
countries lacking PrEP reimbursement programs. The recent introduction of significantly
cheaper generic PrEP, also in the Netherlands,29 could provide a partial answer to the
growing demand from PrEP in countries that lack a reimbursement system.
Although adherence to PrEP and long-term side effects were important concerns for
participants, they were in our analysis not associated with the acceptability of PrEP implementation in the Netherlands. This finding could reflect current professional knowledge
that (1) even with suboptimal levels of adherence, PrEP still yields a high level of protection and does not lead to drug resistance;16 and (2) possible long-term side are likely to
be non-severe.7,30,31
Among STI professionals, self-perceived knowledge of PrEP efficacy and side effects was
significantly lower compared to HIV specialists, perhaps a result of their different educational and professional background. An alternative explanation is that data were collected
earlier among STI professionals than among HIV specialists, and the interim period saw
new research outcomes of PrEP studies,5-7 publication of the world health organization
PrEP guidelines,1 and publicity for the start of the Amsterdam PrEP project.32 These
developments could explain differences in knowledge between the two professional
groups. It is important to improve PrEP knowledge among STI professionals, particularly
as future PrEP programs are likely to be implemented at STI clinics. Many MSM at risk
for HIV and STI make use of free STI testing and treatment at Dutch STI clinics,33 and
therefore PrEP counselling and provision could easily be incorporated into this setting.
Our results also show that among HIV specialists, the implementation of PrEP is more
acceptable at STI clinics than at HIV treatment centers. Although HIV specialists have more
knowledge regarding ART, people wanting PrEP are not normally in need of such expensive
and specialized hospital-based knowledge or care.
In regard to use of daily or event-driven PrEP, our study showed no clear preference
among the respondents. This may reflect the timing of the survey, which was taken just
after the early interruption of two large European PrEP studies (one among daily and one
among event-driven PrEP users) that both showed 86% reduction in the number of new
HIV infections.5,6
As for key eligible populations, health-care professionals focused on MSM at a high risk of
sexual acquisition of HIV and heterosexuals with an HIV-positive partner with a detectable
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viral load. These findings align with other studies 34,35 and with recommendations for
PrEP use in guidelines,1-3 indicating that health-care professionals in STI clinics and HIV
treatment centers can correctly identify individuals eligible for PrEP.
Strengths of this study are its nationwide character, its use of both nurses and medical
doctors from two different settings, and its application of measurement tools that were
empirically generated through a qualitative elicitation process. However, some limitations
need to be addressed. First, the number of completed questionnaires and the response
rate were relatively low, as is common in survey-based research.36 Nevertheless, people
from almost all invited STI clinics responded, as did more than one-third of HIV specialists. Second, to increase the response rate in the latter group, they were provided with a
shorter questionnaire than was given to STI professionals, which made the comparison
between the two groups more limited. Third, we did not include general practitioners
in our study. As it may be likely that PrEP is implemented at general practitioners, PrEP
acceptability should also be explored among this group of health-care professionals.
In conclusion, health-care professionals in STI clinics and HIV treatment centers in the Netherlands have only a moderate level of acceptability toward PrEP implementation, and PrEP
knowledge among STI professionals is suboptimal. This may impede the smooth implementation of PrEP in the Netherlands. The high costs of PrEP, worries about a possible decrease
in condom use and an increase in STI, and the belief that it is unethical to prescribe ART
to healthy individuals were identified as influential barriers for PrEP implementation and
need to be addressed in order to successfully implement PrEP in the future. Furthermore,
it is important to increase PrEP knowledge in educational programs for STI professionals.
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SUPPLEMENTARY TABLES
Table S1. Overview of PrEP beliefs, measured items and reliability of items measured among STI professionals
and HIV specialists, the Netherlands (2015)
Beliefs and items measured among STI professionals
Beliefs

Items

Correlation1

It is unclear who has to pay for PrEP I belief it is to unclear who should pay for PrEP

NA

Taking PrEP is better than getting
HIV

I belief that taking PrEP is better than getting HIV

NA

Adherence to PrEP will be
insufficient

I would worry about adherence to PrEP when
providing PrEP

0.72

I would worry about the misuse of PrEP
The role of the pharmaceutical
companies in regards to PrEP is
unclear
The use of PrEP will lead to a
decrease in condom use and
increase in STIs

I would worry about the role of the pharmaceutical
companies when providing PrEP

NA

I belief that providing PrEP stimulates risk behaviour

0.90

I belief that providing PrEP decreases personal
responsibility to prevent HIV
I belief the use of PrEP will lead to a decrease in
condom use
I belief PrEP is a carte blanche to stop using condoms
I belief PrEP will change the norm in regards to
condom use
I belief that is more difficult to use condoms after
someone has stopped using PrEP
I belief that the use of PrEP will lead to an increase in
the number of STIs
As there will be an increase in STIs due to PrEP, I
belief that there is an increased HIV transmission risk
instead of decreased.

PrEP is cheaper than life long HIV
treatment

I belief PrEP using PrEP is cheaper than using life long
HIV treatment

NA

PrEP is an effective intervention to
prevent HIV

I belief that PrEP is an effective intervention for
individuals to prevent HIV

0.67

I belief PrEP is an effective intervention to reduce the
number of new HIV infections in the Netherlands
PrEP prescription should be part of
routine care of STI clinics

I belief it is important that the STI clinic supports new
developments, such as PrEP
I belief that PrEP prescription should be part of
routine care of STI clinics

0.82
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Table S1. Overview of PrEP beliefs, measured items and reliability of items measured among STI professionals
and HIV specialists, the Netherlands (2015) (continued)
Beliefs and items measured among STI professionals
Correlation1

Beliefs

Items

There is not enough knowledge yet
about PrEP

I belief that there is not enough knowledge yet about 0.82
the long term effects of PrEP to start providing PrEP at
the STI clinic
I belief that they key populations for PrEP is to unclear
yet
I would worry about the efficacy of PrEP
I would worry about the long term side effects of PrEP
when providing PrEP
I would worry about ART resistance when providing
PrEP

Costs of PrEP are a problem

I belief there is not enough public support to provide
PrEP

0.80

I belief there is not enough public support for the
coverage of PrEP costs
I belief it is better to spent money and resources on
other interventions than PrEP
I belief the costs of treating other STIs will increase
due to the use of PrEP
I belief that you should not provide expensive drugs to
individuals that are not willing to have safe sex
I would worry that some people
have to use PrEP life long

I would worry that some individuals would use PrEP
life long when providing PrEP

NA

It is unethical to prescribe
antiretroviral therapy to healthy
individuals

I belief it is unethical to prescribe healthy individuals
daily pills to prevent HIV

0.91

I belief that by providing PrEP we increase
medicalization
I belief taking medication to support sexual choices is
unwanted
I belief taking PrEP lifelong by healthy individuals is
worrisome
I belief taking PrEP temporarily by healthy individuals
is worrisome
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Table S1. Overview of PrEP beliefs, measured items and reliability of items measured among STI professionals
and HIV specialists, the Netherlands (2015) (continued)
Beliefs and items measured among STI professionals
Beliefs

Items

Correlation1

PrEP is a good addition to
prevention strategies

I belief PrEP is a good addition for individuals that are
not able to use condoms consistently

0.81

I belief PrEP is a good addition for individuals in a
serodiscordant relationship
I belief PrEP is a good addition for individuals with
high HIV anxiety
I belief PrEP is a good addition to increase the quality
of sex life
I belief PrEP is unnecessary as there are better
alternatives to prevent HIV 2
I belief that providing PrEP will interfere with current
counselling strategies 2
I belief that PrEP has the advantage to provide extra
counselling to those at high risk of HIV
I belief that individuals who are not able to use
condoms consistently are also not able to consistently
use daily drugs 2
We should provide both daily and event-driven
PrEP as I belief that this increases the choice of HIV
prevention options
The costs of PrEP will not outweigh
the number of HIV infections
prevented

I belief the costs of PrEP will not outweigh the number NA
of HIV infections prevented

The STI-clinic is not the right place
for PrEP prescription

I belief the STI clinic has the moral obligation to do
research on PrEP 2

0.72

I belief providing PrEP complicates current guidelines
I belief the STI clinic lacks capacity to prescribe PrEP
I belief the STI clinic lacks the knowledge and ability to
provide counselling for PrEP adherence
I belief the STI clinic is the right place to reach the key
populations for PrEP 2
Daily use of prevention strategies
has already been tested before

I would not worry about adherence because daily use
of drugs for the prevention of conditions has already
been proven to work

NA

Beliefs and items measured among HIV specialists
Beliefs

Items 3

Correlation1

Beliefs of Health-Care Professionals on PrEP
Table S1. Overview of PrEP beliefs, measured items and reliability of items measured among STI professionals
and HIV specialists, the Netherlands (2015) (continued)
Beliefs and items measured among STI professionals
Beliefs

Items

The use of PrEP will lead to a
decrease in condom use and
increase in STIs

I belief the use of PrEP will lead to a decrease in
condom use

PrEP is an effective intervention to
prevent HIV

Correlation1
0.83

I belief that the use of PrEP will lead to an increase in
the number of STIs
I belief that PrEP is an effective intervention for
individuals to prevent HIV

0.73

I belief PrEP is an effective intervention to reduce the
number of new HIV infections in the Netherlands
As there will be an increase in STIs due to PrEP, I
belief that there is an increased HIV transmission risk
instead of decreased 2
I belief PrEP will be cost effective.
I’m belief that there is not enough knowledge yet
about PrEP in a real-life setting 2
I’m worried that PrEP is not 100% effective 2
I’m worried about PrEP adherence 2
It is unethical to prescribe
antiretroviral therapy to healthy
individuals (trans)

I belief it is unethical to prescribe healthy individuals
daily pills to prevent HIV

NA

PrEP is a good addition to
prevention strategies

I belief PrEP is unnecessary as there are better
alternative to prevent HIV 2

NA

I’m worried about the long term
side effects of PrEP

I’m worried about the long term side effects of PrEP

NA

PrEP will lead to an increase in HIV
resistance

I belief that the use of ART for prevention will lead to NA
an increase in HIV resistance

Non-biomedical HIV interventions
(i.e. behavioural interventions) are
better

I think non-biomedical HIV intervention like
behavioural intervention are better than PrEP

NA

I’m worried about the short term
side effects of PrEP

I’m worried about the short term side effects of PrEP

NA

PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.
All items and beliefs were measured on a 7-point scale ranging from 1”Completely disagree” to 7”Completely agree”.
The questionnaire among STI clinic professionals included all PrEP beliefs measured in the focus group discussions.
The questionnaire among HIV treating specialists only included major themes that were derived from the analyses
from the focus group discussions.
1
Items were combined if they measured the same belief and had acceptable correlation (2 items: Spearman rho >0.6
and p<0.05; >2 items: Cronbach’s alpha >0.7)
2
The reversed scale was used to combine this item with the other items in the associated belief
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1.48 4.08

1.47 4.35

1.27 4.24

1.31 4.43

1.42 4.48

1.72 3.53

4.14

4.38

4.39

4.52

4.59

Event-driven PrEP is
a better option than
daily PrEP

Event-driven PrEP is
easier to maintain
than daily PrEP

Daily PrEP is more
effective than eventdriven PrEP1

Event-driven PrEP
will be preferred over
daily PrEP because it
will be cheaper

Event-driven PrEP will
be less of a burden
than daily PrEP

I have less objections 3.55
against providing
event-driven PrEP
than against providing
daily PrEP

Physician

1.69 3.57

1.38 4.92

1.38 4.54

1.14 4.78

1.49 4.54

Other

1.80 3.62

1.38 4.38

1.17 5.08

1.47 4.38

1.48 4.15

STI nurse vs.
STI physician vs.
STI other

1.80 F(2,140)=0.02,
p=0.981

1.71 F(2,140)=1.40,
p=0.249

1.11 F(2,140)=1.41,
p=0.249

1.45 F(2,140)=2.50,
p=0.086

1.34 F(2,140)=0.38,
p=0.683

1.00 F(2,140)=0.52,
p=0.593

Mean SD

(n=13)

1.42 4.00

Mean SD

(n=37)

1.56 4.35

Mean SD

Mean SD

Items

Nurse

(n=93)

Total

(N=143)

STI professionals

3.52

4.73

4.41

4.18

4.77

4.26

Nurse

1.82 3.75

1.33 4.78

1.60 4.35

1.49 4.50

1.61 4.83

Physician

1.58 3.15

1.35 4.65

1.56 4.50

1.32 3.69

1.48 4.69

HIV nurse vs.
HIV physician

2.11 t(207)=-1.31,
p=0.195

1.32 t(207)=-0.36,
p=0.721

1.68 t(207)=0.37,
p=0.713

1.62 t(207)=-2.22,
p=0.030

1.81 t(207)=-0.33,
p=0.746

1.76 t(64)=0.23,
p=0.820

Mean SD

(n=26)

1.19 4.31

Mean SD

(n=40)

1.43 4.23

Mean SD

(N=66)

Total

HIV specialists

Table S2. Beliefs about event-driven versus daily PrEP among 209 health care providers, the Netherlands (2015).

t(207)=0.12,
p=0.908

t(207)=-0.68,
p=0.497

t(207)=0.52,
p=0.605

t(207)=1.05,
p=0.295

t(207)=-1.72,
p=0.087

t(207)=-0.54,
p=0.589

STI professionals vs.
HIV specialists
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3.99

Overall: event-driven
PrEP is preferred over
daily PrEP2

1.00 3.97

1.45 4.84

1.03 4.02

1.42 4.97

0.95 4.00

1.48 4.85

(n=13)

0.99 F(2,140)=0.04,
p=0.964

1.72 F(2,140)=0.11,
p=0.892

4.14

4.50

(N=66)

1.01 4.10

1.63 4.73

(n=40)

0.91 4.21

1.52 4.15

(n=26)

HIV nurse vs.
HIV physician

1.17 t(64)=-0.42,
p=0.673

1.76 t(207)=-1.40,
p=0.166

Physician

t(207)=-1.05,
p=0.297

t(207)=1.66,
p=0.098

STI professionals vs.
HIV specialists

PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection; SD, standard deviation.
All items and beliefs were measured on a 7-point scale ranging from 1”Completely disagree” to 7”Completely agree”.
1
The reversed scale was used to combine this item with the other items in the overall belief “event-driven PrEP is preferred over daily PrEP”
2
Includes all items measured among STI clinic professionals and HIV treating specialists (STI clinic professionals: Cronbach’s alpha=0.81; HIV treating specialists: Cronbach’s alpha=0.77).

4.87

Event-driven PrEP is
more complicated
to use correctly than
daily PrEP1

(n=37)

(n=93)

(N=143)

Nurse

HIV specialists
STI nurse vs.
STI physician vs.
STI other

Total

Other

Nurse

Total

Physician

STI professionals

Table S2. Beliefs about event-driven versus daily PrEP among 209 health care providers, the Netherlands (2015). (continued)
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Abstract
Introduction
The Amsterdam PrEP project is a prospective, open-label demonstration study at a large
sexually transmitted infection (STI) clinic. We examined the uptake of PrEP; the baseline
characteristics of men who have sex with men (MSM) and transgender persons initiating PrEP; their choices of daily versus event-driven PrEP and the determinants of these
choices.

Methods
From August 2015 through May 2016, enrolment took place at the STI clinic of the Public
Health Service of Amsterdam, the Netherlands. MSM or transgender persons were eligible if they had at least one risk factor for HIV infection within the preceding six months.
Participants were offered a choice between daily or event-driven use of tenofovir/emtricitabine. Baseline data were analysed using descriptive statistics and multivariable analysis
was employed to determine variables associated with daily versus event-driven PrEP.

Results
Online applications were submitted by 870 persons, of whom 587 were invited for a
screening visit. Of them, 415 were screened for eligibility and 376 initiated PrEP. One
quarter (103/376, 27%) chose event-driven PrEP. Prevalence of bacterial STI was 19.0%
and mean condomless anal sex (CAS) episodes in the preceding three months were 11. In
multivariable analysis, older age (≥45 vs. ≤34, aOR 2.1, 95% CI 1.2 to 3.9), being involved
in a steady relationship (aOR 1.7, 95% CI 1.0 to 2.7), no other daily medication use (aOR
0.6, 95% CI 0.3 to 0.9), and fewer episodes of CAS (per log increase aOR 0.7, 95% CI 0.6 to
0.9) were determinants for choosing event-driven PrEP.

Discussion
PrEP programmes are becoming one of the more important intervention strategies with
the goal of reducing incident HIV-infection and we were unable to accommodate many of
the persons applying for this study. Offering a choice of dosing regimen to PrEP users may
enable further personalization of HIV prevention strategies and enhance up-take, adherence and cost-effectiveness.

Conclusions
The majority of participants preferred daily versus event-driven use. Within this majority,
a high number of CAS episodes before PrEP initiation was reported and we observed a
high prevalence of STI. Determinants of choosing event-driven PrEP were older age, fewer
CAS episodes, no other daily medication use, and involved in a steady relationship.

Uptake of daily and event-driven PrEP

1. Introduction
In the Netherlands, men who have sex with men (MSM) accounted for 65% of new HIV
diagnoses in 2015 and HIV incidence has not been markedly declining [1]. These findings
indicate the urgent need for new methods of HIV prevention.
The use of daily oral tenofovir disoproxil fumarate combined with emtricitabine (TDF/FTC)
as pre-exposure prophylaxis (PrEP) effectively protects MSM against HIV infection [2]. The
Ipergay study showed comparable efficacy in MSM when using non-daily event-driven
dosing of PrEP (i.e. taking PrEP before and after sexual contact) [3, 4].While daily PrEP use
for at-risk populations has been included in several guidelines (e.g. World Health Organization and U.S. Centers for Diseases Control and Prevention) [5, 6], event-driven PrEP use
has been recommended in French guidelines and the most recent European Aids Clinical
Society guidelines [7, 8].
Issues that impede PrEP implementation in high-income countries include uncertainty
about the numbers and characteristics of PrEP users, as well as costs related to its use [9,
10]. Event-driven use could improve cost-effectiveness since fewer pills are required [11,
12]. For client-centred and cost-effective implementation, more information is needed on
the uptake of both daily and event-driven dosing regimens in real-life settings and on the
determinants of choosing between these regimens.
We started the Amsterdam PrEP (AMPrEP) demonstration project with the aim of assessing
uptake of daily and event-driven PrEP, at the participant’s discretion, among HIV-negative
MSM and transgender persons at increased risk for HIV infection. This project was part of a
comprehensive HIV-reduction package offered at a large STI clinic. We assessed interest in
PrEP use by reporting the number of study applicants during the study application period
and evaluated baseline characteristics including STI prevalence and preference for daily
versus event-driven PrEP use. In addition, we examined the predominant self-reported
motives for PrEP use and choice of regimen, and analysed determinants for choosing
event-driven PrEP use.

2. Methods
2.1 Application procedures and study site
The AMPrEP project, a prospective, longitudinal, open-label demonstration study, began
in June 2015. A press release announced the start of the study and the number of available
spots (n=370), followed by large-scale media attention at the local and national level. We
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reached out to transgender people through their community organizations and via the
centre for prostitution and health, which offers information, advice and support to sex
workers including transgender persons. However, we did not launch a media campaign
to recruit participants. The main inclusion criteria were published online and people
interested in participating applied using a web-based form. On this form, we asked them
to select all applicable inclusion criteria. Since a high number of interested people was
expected and we wanted to allow ample time for individuals to express their interest in
participation, we decided not to include individuals on a first-come, first-serve basis, but
instead opted for a four-week application period (initial application period). All applicants
then received a randomly-assigned rank number for a subsequent screening visit. No
stratified sampling of at-risk subgroups (e.g. based on sexual behaviour characteristics,
for young MSM, or transgender persons) was employed. During the first screening visit
and prior to any assessments, applicants provided written informed consent to participate
in the study. Visits took place from 3 August 2015 to 30 May 2016 at the STI outpatient
clinic of the Public Health Service of Amsterdam (GGD). This is the largest STI clinic in the
Netherlands, performing about 45,000 consultations yearly; 38% of clients are MSM. In
2017, we diagnosed 92 HIV infections, 77 of these were MSM.
The study was approved by the ethics board of the Academic Medical Center, Amsterdam,
the Netherlands (NL49504.018.14). The AMPrEP project is part of the HIV Transmission
Elimination AMsterdam (H-TEAM) initiative, a multidisciplinary and integrative approach
to stop the urban epidemic (Hteam.nl). The AMPrEP study was registered at the online
Dutch trial registry (registration number NTR5411) and the protocol is available online
[13].

2.2 Eligibility criteria
HIV-negative MSM and transgender persons (male-to-female and female-to-male) who
have sex with men were eligible if they were at least 18 years of age and had one or
more of the following risk factors for HIV infection within six months prior to the screening visit: condomless anal sex (CAS) with casual partners, at least one bacterial STI (i.e.
syphilis, rectal or urethral chlamydia or gonorrhoea), use of post-exposure prophylaxis
(PEP) after a sexual risk incident, or an HIV-positive sexual partner with a detectable viral
load. We excluded people if they tested positive for hepatitis B surface antigen (HBsAg);
had creatinine clearance rate according to the Cockroft-Gault equation less than 60 mL/
minute [14]; had more than trace protein in urine, or had other contra-indications for TDF/
FTC use (see protocol [13]). In case of symptoms or signs suggestive of acute HIV infection,
we performed rapid point-of-care HIV RNA testing.

Uptake of daily and event-driven PrEP

2.3 PrEP dosing regimen
Participants were proposed a choice of free-of-charge daily or event-driven PrEP (TDF/
FTC) use. Also, no costs were incurred on the participants for renal function and STI
testing. Daily use consisted of one pill every day and event-driven use two tablets taken
between 24 hours and 2 hours before CAS, followed by one tablet every 24 hours up to
48 hours after the last episode of sexual intercourse [3]. In the decision-making process,
we used shared and informed decision making, (i.e. we explained both PrEP regimens
and answered questions), thus providing the necessary information for participants to
select the option most-adapted to their lifestyle. No advice was given on the suitability of
their decision of PrEP regimen. In addition, we informed participants that switching PrEP
regimen was allowed at each subsequent study visit.

2.4 Study visits
At the screening visit, eligibility criteria were verified. Urine, blood and pharyngeal/anal
samples were taken to test for STI, hepatitis B virus (HBV), HIV, serum creatinine and urine
protein (Figure 1). One to four weeks later at PrEP initiation, we verified that all diagnosed
STI had been treated according to clinic protocols, and if not we provided immediate
treatment; eligibility criteria were confirmed, a self-administered questionnaire was
completed, and blood was taken to test for HIV, hepatitis C virus (HCV) and HBV infections.
Participants were asked to return for follow-up visits one month after the PrEP initiation
visit and every three months thereafter. They will be provided with PrEP until June 2018.

2.5 Diagnostic testing
We performed HIV and STI testing according to routine STI clinic protocols. This included
HIV antigen and antibody testing (LIAISON XL Murex HIV Ag/Ab, Diasorin, Saluggia, Italy)
with immunoblot confirmation (INNO_LIPA HIV I/II Score, Fujirebio, Ghent, Belgium), and
serology testing for syphilis (LIASON Treponema Screen, Diasorin). If indicated, direct microscopy (dark-field or Gram-stained smear) was performed for samples taken from rectal
or urethral ulcers or discharge to detect the presence of Neisseria gonorrhoeae or Treponema pallidum. Nucleic amplification testing for Chlamydia trachomatis and Neisseria
gonorrhoeae (Aptima combo 2, Hologic Gen-Probe Inc., San Diego, USA) was performed
on urine, anal and pharyngeal swabs. Samples from participants without a history of HBV
vaccination were screened for anti-Hepatitis B core and anti-Hepatitis B surface antibodies
(LIAISON Anti-HBc and anti-HBs II, Diasorin) and, if negative, participants were offered HBV
vaccination.
In addition to the routine STI clinic protocol, blood taken at the PrEP initiation visit was
tested for anti-HCV antibodies (Architect anti-HCV, Abbott Laboratories, Wiesbaden, Germany) with immunoblot confirmation (INNO-LIPA HCV Score, Fujirebio, Ghent, Belgium) as
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was previously described [15]. Participants were also tested for the presence of HIV RNA,
HCV RNA and HBV DNA in pools of six plasma samples (COBAS Taqscreen MPX Test v2.0,
Roche Diagnostics, Mannheim, Germany). Samples in HBV DNA-positive pools were tested
for HBsAg (Architect HBsAg, Abbott Laboratories, Wiesbaden, Germany), and HBsAgpositive samples were individually tested for HBV DNA (CAP-CTM HBV test v2.0, Roche
Diagnostics, Mannheim, Germany). None of the pools tested positive for HIV-1/2 RNA.

Applications in
initial application
period1
(n=535)

Applications in
late application
period2
(n=335)
MSM: n=280
Not invited due to
limited capacity (n=283)

Invited for
screening (n=587)

Transgender
persons: n=3

Cancelled or did not
respond (n=172)
Screening 3,4
(n=415)
Excluded (n=27)
Eligible
(n=388)

Did not meet eligibility criteria (n=23)
Other reason (n=4)
- HIV positive (1)
- Diagnosed with serious illness (1)
- Proteinuria (1)
- Venipuncture not possible (1)

Early loss to follow up
(n=9) or withdrew
consent (n=3)
Initiated PrEP 3,5
(n=376)

Daily PrEP
(n=273)
73%

Event-driven
PrEP (n=103)
27%

figure 1. Overview of the numbers of applications, people screened and starting daily and event-driven PrEP
in AMPrEP. Baseline characteristics were obtained at the screening or PrEP initiation visit. (1) From 22 June to
2o July 2015. (2) From 20 July 2015 to 12 April 2016.
(3) Screening and PrEP initiation took place from August 2015 until June 2016. (4) At the screening visit, we obtained
informed consent and took samples to test for sexually transmitted infections, including HIV and hepatitis B virus
infection, and kidney function.
(5) At the PrEP initiation visit, we took samples for pooled HIV, hepatitis B and hepatitis C virus testing; we performed
a semi-structured interview on participants’ main reason to start PrEP and for choosing daily or event-based PrEP. We
also collected self-reported questionnaire data.

Uptake of daily and event-driven PrEP

2.6 Measurements
2.6.1 Participant characteristics and risk behaviour
At the PrEP initiation visit, participants completed a self-administered questionnaire on
risk behaviour over the past three months, socio-demographic characteristics (e.g. postal
code, sexual preference, education, employment, income and living situation), and their
main reason for participating in the AMPrEP project (from a list of 10 predefined options).
Questions were asked on concern of acquiring HIV using a Likert scale from one (very concerned) to seven (not concerned at all). Educational level was divided into low (primary
school and lower secondary vocational education), medium (intermediate and higher
secondary general education, senior secondary vocational and pre-university education)
or high (higher professional or university education). Regarding sexual behaviour, participants were asked about number and type (steady, known casual, or anonymous) of sexual
partners, the number and type (insertive or receptive) of anal sex episodes, and condom
use. Using lay terms, questions were asked on substance use, both in general and around
the time of sex, and whether they had injected any drugs. Chemsex was defined as using
gamma-hydroxybutyrate (GHB)/gamma-butyrolactone (GBL), mephedrone or crystallized
methamphetamine around the time of sex [16]. Finally, participants were asked if they
routinely used medication and pharmaceutical interactions with TDF/FTC were checked.

2.6.2 Other measurements at PrEP initiation
Participants were asked the most important reason to participate in the AMPrEP project
and to complete the Mental Health Inventory screening test (MHI-5), Alcohol Use Disorders Identification Test (AUDIT), Drug Use Disorders Identification Test (DUDIT), and sexual
compulsivity scale (SCS) [17]. The following score cutoffs were used to identify specific
problems: 60 for MHI-5 (i.e. lower than 60 suggests an anxiety or depressive mood disorder) [18, 19] , eight for AUDIT (i.e. eight and higher suggests harmful alcohol use) [20],
eight for DUDIT (i.e. eight and higher suggests drug-related problems) [21] and 24 for SCS
(i.e. 24 and higher suggests a greater impact of sexual thoughts on daily functioning and
an inability to control sexual thoughts or behaviours) [22, 23].
Semi-structured interviews were used to identify the two most important motives for
choosing daily versus event-driven PrEP at the PrEP initiation visit.

2.7 Statistical analyses
First, we described the number of applicants, number screened and number initiating
PrEP. Second, we reported the socio-demographic characteristics, risk behaviour, STI diagnoses, choice of PrEP dosing regimen and motives for participation and choice. Third, we
compared characteristics between participants who chose daily PrEP compared to event-
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driven PrEP using Chi-squared tests for categorical data and student t-test or rank sum
tests for continuous data. Fourth, variables associated at p<0.15 in univariable analysis
were included in a multivariable logistic regression model while forcing inclusion of age
as a covariable. In case of collinearity between variables (e.g. number of anal sex partners
and number of anal sex episodes), only one of the collinear variables was included. Number of CAS episodes was natural log transformed. Using a backward step-wise procedure,
we retained variables with a p <0.o5 (according to the likelihood ratio test) in the final
multivariable model. All analyses were performed using STATA Intercooled 13.1 (STATA
Corporation, College Station, TX, USA).

3. Results
3.1 Individuals applying and assessed for participation
In total, 870 online applications were submitted from June 2015 to April 2016: 535 during
the 4-week initial application period and 335 in the nine months thereafter (Figure 1).
Between August 2015 and June 2016, 587 of 870 persons were invited for a screening visit,
of whom 415 (77.6%) attended their visit. Of them, 376 (90.6%) initiated PrEP. Twentythree people did not meet any of the four risk factors for HIV infection (see methods), and
exclusion criteria disqualified four people from inclusion (Figure 1).

3.2 Socio-demographic characteristics and STI prevalence
Two of the 376 participants self-identified as male-to-female transgender persons and 374
as MSM (Table 1). Most of the participants were white (85.1%) and had a high educational
level (76.1%). The median age was 39 years [interquartile range (IQR), 32 to 48].
At PrEP initiation, 71 of 376 (19.0%) were diagnosed with a bacterial STI. Overall, 42 (11.2%)
cases of anal gonorrhoea or chlamydia and 6 (1.6%) cases of syphilis were diagnosed.
Moreover, 18 (4.8%) were positive for anti-HCV (n=17) and/or HCV RNA (n=15). Of 228
participants who had tested at the STI clinic within the preceding year, 103 (45.2%) had
been diagnosed with a bacterial STI. Two people initiating daily PrEP tested HBsAg-positive, but were enrolled despite this exclusion criterion. One had been using event-driven
PrEP, unmonitored and obtained elsewhere, while the second was mistakenly included.
We referred both to specialist care to have their HBV infection monitored. Furthermore,
we allowed continuation of study participation and advised to use PrEP daily to prevent
hepatic flares when PrEP is interrupted.

Uptake of daily and event-driven PrEP
Table 1. Baseline characteristics of daily and event-driven PrEP users in AMPrEP 2015 to 2016
Total
(N=376)

Event driven
PrEP users
(N=103)

Daily PrEP
users
(N=273)

N

%a

n

%a

n

%a

39

[32-48]

44

[35-51]

38

[30-47]

p value

Demographic characteristics
Age (years)
Median [IQR]
≤34

126 33.5

25

24.3

101 36.9

35-44

112 29.8

29

28.2

83

30.4

≥45

138 36.7

49

47.6

89

32.6

Male

374 99.5

102 99.0

272 99.6

Transgender woman

2

1

1

Gender identity

<0.001
0.016

0.473
0.5

1.0

0.4

Self-declared ethnicity b

0.160

White

315 85.1

92

89.3

223 83.5

Non-white

55

14.9

11

10.7

44

Netherlands

295 78.5

82

79.6

213 78.0

Other high-income country

39

10.4

9

8.7

30

11.0

Other

42

11.2

12

11.7

30

11.0

16.5

Country of origin

0.811

Residence

0.155

Amsterdam

230 61.2

69

67.0

161 59.0

Other

146 38.8

34

33.0

112 41.0

Low and middle

90

23.9

18

17.5

72

High

286 76.1

85

82.5

201 73.6

Educational level

0.071
26.4

Employment d

0.071

Yes

290 77.1

80

77.7

210 78.1

Student

31

8.2

3

2.9

28

10.4

No, volunteer

7

1.9

3

2.9

4

1.5

No, unable due to disability

6

1.6

1

1.0

5

1.9

No, retired

19

5.1

8

7.8

11

4.1

No, unemployed

19

5.1

8

7.8

11

4.1

Monthly net income level e

0.423

Low (≤ €1700)

99

27.7

25

25.0

74

Middle (€1701 to €2950)

151 42.3

40

40.0

111 43.2

28.8

High (> €2950)

107 30.0

35

35.0

72

28.0

91
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Table 1. Baseline characteristics of daily and event-driven PrEP users in AMPrEP 2015 to 2016 (continued)
Total
(N=376)
N
Current steady relationship

%a

Event driven
PrEP users
(N=103)
n

%a

Daily PrEP
users
(N=273)
n

p value

%a

d

0.060

No

208 55.9

49

48.0

159 58.9

Yes

164 44.1

53

52.0

111 41.1

Alone

200 53.9

61

59.2

139 50.9

With partner

121 32.2

35

34.0

86

31.5

With others

55

7

6.8

48

17.6

Living situation

0.029

14.6

Sexual behaviour characteristics
Sexual preference c

0.890

Exclusively homosexual

296 78.7

81

79.4

215 78.8

Not exclusively homosexual

79

21.0

21

20.6

58

21.3

3

[2-4]

3

[2-4]

3

[2-4]

0.843

Concerned about acquiring HIV (scale 1–7) f
Median [IQR]
Eligibility criteria g
Sexually transmitted infection h

135 35.9

29

28.2

106 38.8

0.054

Post-exposure prophylaxis used

27

4

3.9

23

0.128

CAS with casual partner(s)

359 95.5

100 97.1

259 94.9

0.356

HIV-positive partner with a detectable viral load

9

1

8

0.268

7.2
2.4

1.0

8.4
2.9

Number of eligibility criteria

0.037

1

235 62.5

75

72.8

159 58.5

2

127 33.8

25

24.3

102 37.5

3

14

3.7

3

2.9

11

4.0

Anorectal chlamydia i

19

5.1

4

3.9

15

5.5

0.516

Chlamydia i (any site)

32

8.6

6

5.8

26

9.6

0.244

i

25

6.7

7

6.8

18

6.6

0.958

Gonorrhoea i (any site)

36

9.6

11

10.7

25

9.2

0.670

Syphilis (stage 1 or 2) i

6

1.6

1

1.0

5

1.9

0.548

Hepatitis C antibody or RNA c

18

4.8

4

3.9

14

5.2

0.609

Hepatitis B surface antigen

2

0.5

0

2

0.7

STI diagnosed at PrEP initiation

Anorectal gonorrhoea

Anal chlamydia or gonorrhoea i

42

11.2

11

10.7

31

11.4

0.835

Any bacterial STI i, j (any site)

71

19.0

18

17.5

53

19.6

0.647

103 45.2

23

36.0

80

48.8

0.096

(any site) 155 61.5

41

58.6

114 62.6

0.586

STI diagnosed at clinic preceding PrEP initiation
Any bacterial STI preceding year j, k (any site)
Any bacterial STI preceding three years

j, l
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Table 1. Baseline characteristics of daily and event-driven PrEP users in AMPrEP 2015 to 2016 (continued)
Total
(N=376)

Event driven
PrEP users
(N=103)

Daily PrEP
users
(N=273)

N

%a

n

%a

n

%a

p value

Number of anal sex partners (3M)
Median [IQR]

15

[6-30]

10

[5-25]

15

[8-30]

0.015

0-1

8

2.1

4

3.9

4

1.5

0.116

2-5

67

17.8

23

22.3

44

16.1

6-9

52

13.8

16

15.5

36

13.2

10-24

116 30.9

33

32.0

83

30.4

≥25

133 35.4

27

26.2

106 38.8

Number of condomless anal sex episodes (3M)
Median [IQR]

11

[4-23]

8

[2-17]

12

[5-25]

0.008

0-1

51

13.6

22

21.4

29

10.6

0.061

2-5

73

19.4

20

19.4

53

19.4

6-9

49

13.0

15

14.6

34

12.5

10-24

115 30.6

27

26.2

88

32.2

≥25

88

23.4

19

18.5

69

25.3

None

29

7.7

14

13.6

15

5.5

Insertive only

65

17.3

16

15.5

49

18.0

Receptive only

63

16.8

19

18.5

44

16.1

Both insertive and receptive

219 58.2

54

52.4

165 60.4

Anonymous partner

344 92.0

89

88.1

255 93.4

Known casual/ex steady partner

27

7.2

11

10.9

16

5.9

Steady partner

3

0.8

1

1.0

2

0.7

Position during condomless anal sex (3M)

0.053

Most high-risk type partner (3M) c

0.238

Mental health characteristics and drug use
Depressive or anxiety symptoms
m

0.641

MHI-5 score <60 (symptoms)

78

20.7

23

22.3

55

MHI-5 score ≥60 n (no symptoms)

298 79.3

80

77.7

218 79.9

Score <8 p (no indication)

267 72.0

74

72.6

193 71.8

Score ≥8 q (indication)

104 28.0

28

27.5

76

20.2

Alcohol Use Disorder Identification Test (AUDIT) o
0.878
28.3

Drug Use Disorders Identification Test (DUDIT)r
s

0.119

Score <8 (no indication)

236 64.3

71

69.6

165 60.9

Score ≥8 t (indication)

137 35.7

31

30.4

106 39.1
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Table 1. Baseline characteristics of daily and event-driven PrEP users in AMPrEP 2015 to 2016 (continued)
Total
(N=376)
N
Sexual compulsivity scale

%a

Event driven
PrEP users
(N=103)
n

%a

Daily PrEP
users
(N=273)
n

p value

%a

c

0.394

u

Score <24 (no indication)

291 77.6

83

80.6

208 76.5

Score ≥24 v (indication)

84

22.4

20

19.4

64

235 63.3

62

61.4

173 64.1

0.632

Amphetamine w

68

18.3

18

17.8

50

18.5

0.877

Cannabis x

104 28.2

26

25.7

78

29.1

0.522

Cocaine b

98

26.5

27

26.7

71

26.4

0.948

260 70.5

67

66.3

193 72.0

0.286

146 39.4

39

38.6

107 39.6

0.859

x

66

17.9

18

18.0

48

17.8

0.972

Methamphetamine w

34

9.2

7

7.0

27

10.0

0.380

31

8.2

7.4

0.264

Alcohol use during sex (3M)

w

23.5

Drug use during sex (3M)

Erectile dysfunction drugs

b

GHB/GBLw
Ketamine

Mephedrone

w

Nitrites w
XTC/MDMA

b

11

11.0

20

259 69.8

66

65.4

193 71.5

0.252

161 43.5

40

40

121 44.8

0.407

Other y

36

10.1

10

10.4

26

10.0

0.908

Any drugs during sex (3M) z

330 89.7

89

89.0

241 89.9

0.795

Chemsex (3M)

*

156 42.0

44

43.6

112 41.5

0.718

Injecting drug use (3M) w

15

3

3.0

12

4.4

0.521

Daily medicine use

114 30.3

25

24.3

89

32.6

a

4.0

b

0.117

Percentages may not total 100 because of rounding, percentage is within group of PrEP users; 6 missing; c 1
missing; d 4 missing; e 19 missing/did not want to say; f 1 very concerned, 7 not concerned at all; g In the previous
6 months, self reported risk factors; h STI include only rectal, urethral chlamydia/gonorrhea or syphilis; i 2 missing; j
Chlamydia, gonorrhoea or syphilis diagnosed at STI clinic Amsterdam; k 148 missing; l 124 missing; m No indication of
an anxiety or depressive mood disorder; n Possible indication of an anxiety or depressive mood disorder; o 5 missing;
p
1 No indication of alcohol use disorder; q Indication of possible alcohol use disorder; r 3 missing; s No indication of
drug use disorder; t Indication of possible drug use disorder; u No indication of sexual compulsivity; v Indication of
possible sexual compulsivity; w 5 missing; x 7 missing; y 20 missing; others include: opiates (8), mushrooms (1), methylphenidate (8), testosterone (7), Methoxetamine (MXE, 2), 4-broom-2,5-dimethoxyfenethylamine (2CB, 5), Lysergic
acid diethylamide (LSD, 3), 4-Fluoroamphetamine (4FA, 15), 4-Methylethcathinone (4-MEC, 1); z other than alcohol,
8 missing; * defined as the use of GHB/GBL or Methamphetamine or Mephedrone during sex; 3M: in the previous 3
months.
Abbreviations: AMPrEP, Amsterdam PrEP project; PrEP, pre-exposure prophylaxis; IQR, interquartile range; STI, sexually transmitted infection; MHI5, Mental Health Inventory 5; RNA, Ribonucleic acid; CAS, condomless anal sex; GHB,
γ-hydroxybutyrate; GBL, γ-Butyrolactone; XTC, ecstasy; MDMA, 3,4-Methylenedioxymethamphetamine.
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3.3 Sexual risk behaviour, drug use and other measurements
Characteristics of risk behaviour and drug use in the three months prior to PrEP initiation
are described in Table 1. The median number of anal sex partners in the three months
before PrEP initiation was 15 [IQR 6 to 30] and the median number of CAS episodes was
11 (IQR 4 to 23). Of all participants, 282 (75.0%) reported receptive CAS, and 203 (54.0%)
reported at least ten CAS episodes in the preceding three months.
Of all participants, 156 (42.0%) reported chemsex and 15 (4.0%) reported injecting drug
use in the preceding three months. More than one third (35.7%) scored eight or higher on
DUDIT and 28.0% scored eight or higher on AUDIT, suggesting drug and alcohol use disorder respectively. According to the MHI-5, 20.7% scored below 60, suggesting a depressive
mood and/or anxiety disorder.

3.4 Preferences for daily versus event-driven PrEP use
Of 376 persons who initiated PrEP, 273 (72.6%) opted for daily use. Median age of daily
PrEP users was 38 years [IQR 30 to 47], 111 (41.1%) were involved in a steady relationship
and 86 (31.5%) were living with their partner. Daily PrEP users reported a median number
of 15 [IQR 8 to 30] anal sex partners in the preceding three months.
Those who opted for event-driven PrEP had a median age of 44 years [IQR 35 to 51],
53 (52.0%) were involved in a steady relationship and 35 (34.0%) were living with their
partner. In the preceding three months, they reported a median number of 10 [IQR 5 to
25] anal sex partners.

3.5 Motives for participation and choice of PrEP regimen
The main reasons for participation were to have better protection against HIV (n=184,
49.1%) or to worry less about contracting HIV (n=98, 26.1%) (Figure 2A). The two main
reasons for PrEP regimen choice are: daily PrEP – “it is easier to use” and “it is difficult to
predict when I will have sex”; event-driven PrEP – “I am able to predict sex” and “I am not
often at risk” (Figure 2B and 2C).

3.6 Determinants for choosing event-driven PrEP use
In univariable analyses, older age was positively associated with choosing event-driven
PrEP, whereas persons with higher numbers of anal sex partners and CAS episodes and
more eligibility criteria were less likely to choose event-driven PrEP (Table 1 and 2). Several
other factors, including educational level and a higher score on the screening tool for drug
disorder were not associated with choice of PrEP regimen. In multivariable analyses, older
age (≥45 vs ≤34 , adjusted odds ratio (aOR) 2.1, 95% CI 1.2 to 3.9) and being involved in
a steady relationship (aOR 1.7, 95% CI 1.0 to 2.7) were positively associated with event-
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Figure 2. (A) Main motives for joining the Amsterdam PrEP project (one motive per participant). (B) Main motives (two per participant) for choosing daily PrEP. (C) Main
motives (two per participant) for choosing event-driven PrEP. Proportions of all participants who reported a first/second reason on the x-axis and absolute numbers behind
the bars.

Figure 2C. Motives for choosing event-driven PrEP
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Figure 2B. Motives for choosing daily PrEP
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Table 2. Univariable and multivariable analysis of determinants for choosing event-driven PrEP among 376
participants in AMPrEP 2015 to 2016
n choosing event- Univariable Multivariable b p value
driven /total a (%) OR [95% CI] OR [95% CI]
Age (years)

0.027

≤34

25/126 (19.8)

1

1

35-44

29/112 (25.9)

1.4 [0.8-2.6] 1.3 [0.7-2.4]

≥45

49/138 (35.5)

2.2 [1.3-3.9] 2.1 [1.2-3.9]

Low & middle

18/90 (20.0)

1

High

85/286 (29.7)

1.7 [1.0-3.0]

Yes

83/238 (25.9)

0.5 [0.3-1.0]

No

20/31 (39.2)

Educational level

Employment/student

c

Current steady relationship c

0.045

No

49/208 (23.6)

1

Yes

53/164 (32.3)

1.5 [1.0-2.4] 1.7 [1.0-2.7]

1

Alone

61/200 (30.5)

1

With partner

35/121 (28.9)

0.9 [0.6-1.5]

With others

7/55 (12.7)

0.3 [0.1-0.8]

1

75/234 (31.9)

1

2 or 3

28/141 (19.9)

0.5 [0.3-0.9]

Living situation d

Number of eligibility criteria e

Ln of number of anal sex partners d
Per 1 increase

0.8 [0.6-1.0]

Ln of number of condomless anal sex episodes

0.005

Per 1 increase

0.8 [0.6-1.0] 0.7 [0.6-0.9]

Position during condomless anal sex
None

14/29 (48.3)

1

Top only

16/65 (24.6)

0.3 [0.1-0.9]

Bottom only

19/63 (30.2)

0.5 [0.2-1.1]

Versatile

54/219 (24.7)

0.4 [0.2-0.8]

Score <8 (no indication)

71/236 (30.8)

1

Score ≥8 (indication)

31/137 (22.6)

0.7 [0.4-1.1]

Drug Use Disorder Identification Test (DUDIT)

f

Daily medicine use

a

0.041

No other daily medicine use

78/262 (29.8)

1

Other daily medicine use

25/114 (21.9)

0.7 [0.4-1.1] 0.6 [0.3-0.9]

1

Percentages may not total 100 because of rounding, percentage is within variable group; b multivariable model
is based on 372 participants; c 4 missing; d not included in multivariable model due to collinearity; e 1 missing; f 2
missing. Abbreviations: PrEP, pre-exposure prophylaxis; AMPrEP, Amsterdam PrEP project; DUDIT, Drug Use Disorders
Identification Test.
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driven PrEP; daily medication use (aOR 0.6, 95% CI 0.3 to 0.9) and more CAS episodes in
the preceding three months (per log increase aOR 0.7, 95% CI 0.6 to 0.9) were negatively
associated with event-driven PrEP.

4. Discussion
In the Amsterdam PrEP project, the demand for PrEP among MSM largely exceeded capacity. The majority of the participants in this Dutch demonstration project preferred daily
versus event-driven use. Within this majority, a high number of CAS episodes before PrEP
initiation was reported and a high prevalence of STI, including HCV was observed. Furthermore, 42.o% reported engaging in chemsex. Determinants of choosing event-driven
PrEP were older age, fewer CAS episodes in the preceding three months, no other daily
medication use, and being in a steady relationship.
To the best of our knowledge, we are the first to report on the preferences between daily
and event-driven PrEP among MSM and the reasons for such preferences. Although most
people opted for daily use, about one quarter preferred event-driven use. People who
opted for event-driven PrEP reported fewer CAS episodes and thus would require PrEP
less often for protection; they were less likely to take daily medication whereby daily
PrEP could be conveniently integrated. Providing individuals a choice between daily or
event-driven PrEP would appear to enable further personalization of their HIV prevention
strategy and could accompany increased adherence and resulting protection. Additionally,
as event-driven users take fewer PrEP pills, offering this choice has the potential to reduce
cost at the individual and population level alike, and improve cost-effectiveness [11, 12].
In a PrEP roll-out study in France, uptake of daily PrEP is lower than in our project: 41%
of individuals preferred daily PrEP and 59% event-driven PrEP [4]. The difference in regimen preference between the French study and our own might reflect the fact that French
providers and MSM were more familiar with event-driven dosing from the randomizedcontrolled trial Ipergay in France [3].
The demand for PrEP was reflected by the large number of submitted applications to
participate in AMPrEP over a short time period. Nevertheless, we clearly stated to participants that late applicants were unlikely to be enrolled due to limited capacity. Potential
applicants interested in PrEP could have perceived their chance of inclusion as low and
thus were discouraged from participating, implying that the number of those actually
interested in initiating PrEP in Amsterdam are higher than the number of applicants to
the AMPrEP project. Currently, few data on intention to use PrEP in the Netherlands have
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been published [24, 25] and only crude estimates of the number of MSM willing to take
PrEP are available [26, 27].
The participants initiating PrEP in this study were indeed at substantial risk for HIV infection, as shown by a high median number of CAS episodes and high STI prevalence.
The proportion with a bacterial STI (19.0%) at PrEP initiation corresponded to other PrEP
cohorts (15.9-28.8%) [3, 28]. However, the prevalence of HCV infection was higher in our
study [3, 15, 29], indicating that STI testing strategies should include HCV among HIVnegative MSM initiating PrEP.
The proportion of men reporting chemsex in the three months before PrEP initiation is
high and in line with two other European PrEP cohorts [3, 19] and with studies in the
larger MSM community [30, 31]. Moreover, in our study, a large proportion scored low
on MHI-5 or high on the DUDIT, AUDIT, or SCS screening tools, indicating risk for anxiety
or depressive mood disorder, alcohol and drug use disorder, or sexual compulsivity. Even
though sexual minorities are known to have more mental health problems (e.g. alcohol
dependence 5.4% in heterosexuals compared with 10.4% in non-heterosexuals) [32],
these scores are alarmingly high. Addressing and, if indicated, referral for substance use,
sexual compulsivity and mental health should be integrated into PrEP programs, and the
quarterly visits offer ample opportunity to do so.
Despite efforts to inform all PrEP-eligible populations, our study included very few transgender persons, as was the case in other PrEP studies from Europe and elsewhere [3, 19,
33, 34]. To increase their inclusion, future studies will require additional and specificallytailored PrEP campaigns and programs based on research identifying the specific needs of
transgender people at risk for HIV infection (e.g. providing PrEP at gender-affirming care
facilities) [35, 36].
One limitation of our study is that, despite the project being conducted in an STI clinic
offering routine sexual healthcare, choices for daily and event-driven PrEP may not reflect
those in the population at large. It should be mentioned that PrEP was offered free-ofcharge, which is currently not the case in most countries. More people might opt for eventdriven PrEP under the premise that future practice would require payment. Furthermore,
our project is the first to offer access to a free-of-charge PrEP program in the Netherlands
and as a result, we may have attracted a higher number of early adopters who may not be
representative of the wider MSM community.
The major strength of this study is the knowledge generated on PrEP use and choice of
dosing regimens in a real-world setting. So far, little data have been available, especially in
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Europe. The STI clinic in Amsterdam represents an ideal location for conducting this PrEP
project given the frequent previous STI testing among participants (Table 1). Our initially
high number of online applications provides further support for implementation of PrEP
at STI clinics.
In conclusion, we were unable to accommodate many of the persons applying for this
study in the Netherlands. Participants were willing to start daily or event-driven PrEP
as part of their routine STI care. They were able to choose a dosing regimen and the
larger preference towards daily use was probably related to their risk behaviour. Offering
a choice of dosing regimen may enhance uptake, adherence, and cost-effectiveness. The
results of this study are important for policy makers, health insurers, and health care professionals concerned with implementation of efficient and cost-effective PrEP programs in
high-income countries. Until the availability of new interventions, such as an HIV vaccine,
PrEP programs are becoming one of the more important intervention strategies with the
goal of reducing incident HIV-infection. Therefore, it is of importance to provide the option
between daily and event-driven PrEP for all people at high risk of acquiring HIV.
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Abstract
Objectives and design
Hepatitis C virus (HCV) has been recognized as an emerging sexually transmitted infection (STI) among HIV-positive men who have sex with men (MSM). However, HIV-negative
MSM at high risk for HIV might also be at increased risk for HCV. We studied the HCV
prevalence in HIV-negative MSM who start pre-exposure prophylaxis (PrEP) in Amsterdam.
Phylogenetic analysis was used to compare HCV strains obtained from HIV-negative and
HIV-positive MSM.

Methods
At enrolment in the Amsterdam PrEP demonstration project, HIV-negative MSM were
tested for the presence of HCV antibodies and HCV RNA. If positive for HCV RNA, an
HCV NS5B gene fragment (709 bp) was sequenced and compared with HCV isolates from
HIV-positive MSM (n=223) and risk groups other than MSM (n=153), using phylogenetic
analysis.

Results
Of 375 HIV-negative MSM enrolled in the Amsterdam PrEP demonstration project, 18
(4.8%, 95%CI 2.9%-7.5%) of participants were anti-HCV and/or HCV RNA positive at enrolment; 15/18 (83%) had detectable HCV RNA. HCV genotyping showed genotype 1a (73%),
4d (20%) and 2b (7%). All HCV-positive MSM starting PrEP were part of MSM-specific HCV
clusters containing MSM with and without HIV.

Conclusion
HCV prevalence among HIV-negative MSM who started PrEP was higher than previously
reported. All HIV-negative HCV-positive MSM were infected with HCV strains already circulating among HIV-positive MSM. The increasing overlap between sexual networks of
HIV-positive and HIV-negative MSM might result in an expanding HCV-epidemic irrespective of HIV-status. Hence, routine HCV testing should be offered to MSM at high risk for
HIV, especially for those enrolling in PrEP programs.

Hepatitis C virus in MSM who start pre-exposure prophylaxis

Introduction
Since 2000, hepatitis C virus (HCV) has emerged as a sexually transmitted infection (STI)
among HIV-positive men who have sex with men (MSM) [1, 2]. Sexual transmission of
HCV among HIV-positive MSM has been associated with condomless anal sex (CAS); a
higher lifetime number of sex partners; recent sexually transmitted infection (STI); sexual
techniques associated with damage of the anorectal mucosa (e.g. fisting and the use of sex
toys), and recreational drugs use before or during sex [3]. Although HIV is no prerequisite
for sexual transmission of HCV, HIV-negative MSM remain largely unaffected [4-7].
Why are HIV-positive MSM disproportionally affected by HCV compared with HIV-negative
MSM? HIV itself might facilitate sexual transmission of HCV through irreversible immunological damage to the gastrointestinal mucosa – the portal of entry for sexually acquired
HCV – and increase host susceptibility to small inoculums of HCV [8]. Transport of HCV
across the gastrointestinal mucosa might be further enhanced by HIV-induced activation
of Langerhans cells [9]. HIV serosorting (i.e. engaging in sex with partners with the same
HIV status) combined with frequent HCV RNA shedding in semen and rectal fluids of HIV
co-infected MSM might also (partly) explain why sexual transmission of HCV remains
largely confined to HIV-positive MSM [10-13]. An alternative explanation may be that HIV
is more easily transmitted through sex than HCV, and therefore often precedes HCV infection. If this last hypothesis is true, increased uptake of pre-exposure prophylaxis (PrEP),
which proved highly successful in preventing HIV infection in MSM at high risk [14], could
eventually result in an expanding HCV epidemic, irrespective of HIV status.
The aim of the current study was to determine whether HIV-negative MSM starting PrEP
in Amsterdam are at increased risk for HCV infection. Phylogenetic analysis was used to
compare HCV strains obtained from HIV-negative MSM with HCV strains circulating among
HIV-positive MSM in the Netherlands.

Material and methods
Study population
The Amsterdam PrEP project (AMPrEP) project is a prospective, longitudinal, open label
cohort study to assess the uptake and acceptability of daily versus event-driven PrEP. Participants (n=376) were MSM or transgender persons, ≥18 years, who were HIV-negative
but at high-risk for acquiring HIV infection. Eligibility for AMPrEP required at least one
of the following during the preceding 6 months: (i) a documented STI (urethral or anal
Chlamydia trachomatis or Neisseria gonorrhoeae infection, primary or secondary syphilis);
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(ii) self-reported CAS with casual partners; (iii) a course of post-exposure prophylaxis (PEP)
after a sexual risk incident, or (iv) an HIV-positive partner with unknown or detectable HIV
viral load. Inclusion took place from August 2015 to June 2016. Participants were offered
daily or event-driven use of tenofovir disoproxil fumarate with emtricitabine (TDF/FTC)
and are monitored 3-monthly at the Public Health Service of Amsterdam (GGD) up to
June 2018. The study protocol was approved by the ethics committee of the Academic
Medical Center in Amsterdam and is available online [15]. All participants provided written
informed consent.

Laboratory testing
At baseline, all participants were tested for HIV antigen/HIV antibodies (LIASON XL Murex
HIV Ag/Ab, Diasorin, Saluggia, Italy) and HCV antibodies (ARCHITECT anti-HCV, Abbott
Laboratories, Mannheim, Germany) with immunoblot confirmation (INNO-LIA HIV I/II and
HCV Score, Fujirebio, Ghent, Belgium). Simultaneous nucleic amplification testing (NAT)
for HIV-1/2 RNA, HBV DNA, and HCV RNA was performed on pools of 6 plasma samples
(COBAS Taqscreen MPX v2.0, Roche Diagnostics, Mannheim, Germany). None of the pools
tested reactive for HIV-1/2 RNA. If pooled samples were reactive for HBV DNA or HCV RNA,
individual NAT testing (CAP-CTM HBV or HCV test v2.0, Roche Diagnostics, Mannheim,
Germany) was performed to identify the viremic participant. First, individual NAT testing
was performed on participant(s) who tested positive for HBsAg (Architect HBsAg, Abbott
Laboratories, Wiesbaden, Germany) or anti-HCV, respectively. If this did not reveal a
viremic participant, the remaining serologically negative samples in the pool were tested
for HBV DNA or HCV RNA. In addition, all participants were tested for syphilis (LIASON
Treponema Screen, Diasorin, Saluggia, Italy) as part of routine STI screening, and NAT was
performed for Chlamydia trachomatis and Neisseria gonorrhoeae (Hologic Gen-Probe Inc.,
San Diego, USA) on urine, anal swabs, and pharyngeal swabs.

Hepatitis C virus genotyping and phylogenetic analysis
HCV RNA isolation was performed on 400 ml of plasma using QIAmp MinElute Virus
Spin Kits (Qiagen, Hilden, Germany). Reverse transcription, PCR, and sequencing were
performed as described previously [16]. Transcribed cDNA was used as input for two
separate PCR assays targeting the NS5B region, resulting in the amplification of two
overlapping NS5B fragments. Fragment 1 (340 nucleotides; nucleotides 8001 to 8340) and
fragment 2 (421 nucleotides; nucleotides 8228 to 8709) were combined, resulting in an
NS5B sequence of a total length of 709 nucleotides. Viral genotype was determined by
phylogenetic analysis of NS5B sequences obtained from AMPrEP participants, along with
well-established GenBank reference sequences [17]. Phylogenetic trees were constructed
for each HCV subtype separately, comparing HCV sequences obtained from HIV-negative
AMPrEP participants, HIV-positive MSM and risk groups other than MSM in the Nether-
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lands. HCV strains from HIV-positive MSM were obtained from the MSM Observational
Study of Acute Infection with Hepatitis C (MOSAIC) (n=168, NS5B fragment 1) [18, 19]
and the biannual cross-sectional anonymous surveys of the Amsterdam STI clinic (n=55,
NS5B fragment 2) [20]. HCV sequence data from patients other than MSM were obtained
from the Los Alamos National Sequence Database and included all available non-MSM
HCV sequences from the Netherlands with a sampling date after 1999 (n=153). We retrieved sequences of the HCV subtypes 1a, 2b and 4d (supplementary Table S1 lists all
153 Accession Numbers with the presumed mode of transmission). HCV phylogenies were
constructed by the maximum-likelihood approach using a general time-reversed substitution model with g-distribution, assuming a certain fraction of evolutionary invariable sites
(GTR+G+I). Bootstrapping (n=500) was used to analyze the stability of the tree topology
(bootstrap values >70 represent robust clusters).

Nucleotide sequence accession numbers
HCV NS5B sequences from AMPrEP participants were submitted to GenBank (Accession
numbers: KY386877 to KY386891).

Statistical analyses
We calculated HCV prevalence and its corresponding 95% confidence interval (CI) among
MSM who started PrEP in Amsterdam. Confidence intervals around prevalence were calculated via the binomial exact method. We compared characteristics of HCV-positive and
HCV-negative participants using Fisher exact tests for categorical data and rank sum tests
for continuous data. A p-value <0.05 was considered statistically significant. Analyses were
performed using Stata Intercooled 13.1 (StataCorp, College Station, Texas, USA).

Results
Study population, HCV prevalence and determinants
From August 2015 to June 2016, 376 participants were enrolled in AMPrEP, of whom
374 were MSM (99.5%) and 2 (0.5%) self-identified as transgender women. For 375 participants, a sample was available for HCV testing. At baseline, 17/375 (4.5%) participants
tested positive for anti-HCV. HCV RNA was detected in 14/17 (82.4 %) anti-HCV-positive
participants. Pooled NAT screening yielded one additional HCV RNA-positive participant
with no detectable anti-HCV, suggestive of recent HCV-infection. Overall, 18/375 (4.8%,
95%CI 2.9%-7.5%) of HIV-negative MSM tested positive for anti-HCV and/or HCV RNA.
HCV infection had previously been diagnosed in 6 (33.3%) HCV-positive participants as a
result of lab abnormalities or partner notification. Despite previous HCV diagnosis, three
MSM with persisting HCV viremia who started PrEP had not initiated HCV treatment,
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two had recently started treatment not yet resulting in undetectable HCV RNA, and the
remaining person had spontaneously cleared his HCV infection. The remaining 12 (66.6%)
participants were not yet aware of their HCV status.
The HCV-positive participants were all MSM, and their median age was 33 years (IQR 28-42)
compared to 40 (IQR 33-48) among participants without HCV infection (P=0.019) (Table 1). Of
the 18 participants with HCV, 16 (88.9%) reported receptive condomless anal sex (rCAS) with
casual partners, compared to 265/357 (74.2%) in those who were HCV-negative at baseline
(P=0.263). In the preceding three months, 4/17 (23.5%) HCV-positive participants had injected
drugs (one HCV-positive person did not answer this question) compared to 11/353 (3.1%) of
those without HCV infection (p<0.005). Chemsex, defined as the use of gamma-hydroxybutyrate/gamma-butyrolactone (GHB/GBL), methamphetamine or mephedrone during sex, was
reported by 15/18 (83.3%) of the HCV-positive participants, compared to 141/352 (40.1%) of
the HCV-negative persons (p<0.005). The choice of PrEP modality (daily versus event-driven)
did not significantly differ between participants with and without HCV infection.

Hepatitis C virus genotyping and phylogenetic analysis
HCV genotyping was successful for all 15 HCV RNA-positive participants. HIV-negative
MSM were predominantly infected with HCV subtype 1a (n=11; 73%), followed by subtype
4d (n=3; 20%) and 2b (n=1; 7%). Phylogenetic trees were constructed separately for HCV
subtypes 1a, 4d, and 2b. Most HCV phylogenetic studies in HIV-positive MSM in the Netherlands have sequenced either the NS5B Fragment 1 (F1) or the NS5B Fragment 2 (F2),
but not both fragments. For the 15 HCV RNA-positive MSM who started PrEP, we obtained
15/15 (100%) NS5B F2 and 12/15 (80%) NS5B F1 sequences. Figure 1 shows the NS5B F2
phylogenies of HCV-1a, HCV-4d, and HCV-2b containing HCV sequences from our 15 HCV
RNA-positive AMPrEP participants plus 55 HCV sequences from HIV-positive MSM and 147
HCV sequences from risk groups other than MSM (predominantly people who inject drugs)
in the Netherlands. HCV sequences obtained from HIV-negative MSM starting PrEP are highly
interspersed with HCV sequences obtained from HIV-positive MSM: 13/15 (87%) of AMPrEP
participants were part of 6 robust MSM-specific HCV clades, including 4 HCV-1a clusters, 1
HCV-4d cluster and 1 HCV-2b pair. Figure S1 (supplementary information) shows the NS5B
F1 phylogenies of HCV-1a, HCV-4d, and HCV-2b containing 12/15 HCV RNA-positive AMPrEP
participants along with 168 HCV sequences obtained from HIV-positive MSM and 117 HCV
sequences from risk groups other than MSM in the Netherlands. Although phylogenetic
clustering for NS5B F1 is less robust than for NS5B F2 due to shorter fragment length (340
bp for F1 versus 421 bp for F2), the NS5B F1 and NS5B F2 phylogenies are highly similar. The
NS5B F1 phylogenies, however, include more HCV isolates from HIV positive MSM (n=168
versus n=55), and all 168 HIV-positive MSM in the NS5B F1 trees were diagnosed with acute
HCV infection in the period 2008-2015. Despite its less robust clustering results, the NS5B
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F1 phylogeny contains more and more recent HCV isolates from HIV-positive MSM and
suggests that in fact all 15 HIV-negative MSM with HCV who started PrEP were part of
MSM-specific HCV clusters (6 HCV-1a clusters, 1 HCV-4d cluster, and 1 HCV-2b cluster).

Table 1. Baseline characteristics, including sexually transmitted infections of hepatitis C virus-positive and
hepatitis C virus-negative MSM starting pre-exposure prophylaxis in 2015/2016 in the Netherlands.
HCV-negative
(n=357)

HCV-positive#
(n=18)

n

%

n

%

40

33-48

33

28-42

P*

Age (years)
Median (IQR)
Self-declared ethnicitya

0.019**
0.727

Western

300

85.2

14

82.4

Non-Western

52

14.8

3

17.6

STIc

124

34.7

11

61.1

0.041

Post-exposure prophylaxis used

26

7.3

1

5.6

1.000

CAS with casual partners

340

95.2

18

100

1.000

HIV-positive partner with a detectable HIV RNA

9

2.5

0

0

1.000

Chosen daily PrEP

258

72.3

14

77.8

0.789

Eligibility criteria for AMPrEPb

Number of anal sex partnersd
Median (IQR)

15

6-30

20

15-25

0.257**

Number reporting rCASd

265

74.2

16

88.9

0.263

Number of rCAS actsd
Median (IQR)

3

0-10

14

7-26

<0.001**

Any bacterial STI at PrEP startf

67

18.9

4

22.2

0.758

Any drug use during sexd,g

311

89.1

18

100

0.236

Injecting drug used,e

11

3.1

4

23.5

0.003

141

40.1

15

83.3

<0.001

d,e,h

Chemsex

AMPrEP, Amsterdam pre-exposure prophylaxis; CAS, condomless anal sex; HCV, hepatitis C virus; IQR, interquartile
range; PrEP, pre-exposure prophylaxis; rCAS, receptive condomless anal sex; STI, sexually transmitted infection.
** Rank-sum test
a
6 missing
b
All eligibility reported over the preceding 6 months
c
Self reported rectal, urethral chlamydia, gonorrhoea or syphilis
d
In the previous 3 months
e
5 missing
f
2 missing
g
8 missing
h
Chemsex is defined as the use of gamma-hydroxybutyrate/gamma-butyrolactone (GHB/GBL), methamphetamine,
or mephedrone during sex.
*All p-values are based on Fisher’s exact test, except when indicated otherwise.
# HCV RNA and/or anti-HCV positive
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Figure 1. Hepatitis C virus NS5B fragment 2 phylogenetic trees for hepatitis C virus subtypes 1a, 2b, and 4d
comparing hepatitis C virus sequences from HIV-negative MSM starting pre-exposure prophylaxis (red branches and red stars) with hepatitis C virus sequences obtained from HIV-positive MSM (blue branches and blue
dots) and unrelated hepatitis C virus-positive people other than MSM (black branches) in the Netherlands.

Discussion
The HCV prevalence in our cohort of 375 HIV-negative MSM and transgender persons who
started PrEP in Amsterdam was 4.8%, including one HCV RNA-positive anti-HCV-negative
MSM, probably a case of recent HCV infection. Similar to HIV-positive MSM in the Netherlands, HIV-negative MSM were mostly infected with HCV genotypes 1a (73%) and 4d (20%)
[18, 19]. HCV sequences of HIV-negative MSM starting PrEP were highly interspersed with
HCV sequences obtained from HIV-positive MSM; all HCV mono-infected MSM were part
of robust MSM-specific HCV clusters containing predominantly MSM with HIV infection.
HCV infection among HIV-negative MSM starting PrEP was associated with younger age,
more partners with whom rCAS was reported, an STI in the preceding six months, recent
injecting drug use (IDU), and use of GHB/GBL, mephedrone and/or methamphetamine
during sex.
The HCV prevalence of 4.8% found in our study is substantially higher than has been previously reported among HIV-negative MSM. Biannual cross-sectional surveys during the
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period 2007-2010 among HIV-negative MSM visiting the Amsterdam STI clinic showed a
low and stable anti-HCV prevalence of about 0.6% (varying between 0-1.7%) [20]. Likewise
in other western countries, the HCV prevalence among HIV-negative MSM was low (0.21.2%) [4, 21] or strongly associated with IDU [22]. Does this mean that the HCV-epidemic
is expanding to HIV-negative MSM? We have to keep in mind that HIV-negative MSM
who start PrEP are not representative of the general HIV-negative MSM population. As
the MSM who started PrEP in Amsterdam were at high risk for HIV, they may have also
been at increased risk for HCV. Recent Dutch studies suggest that the anti-HCV prevalence
among the larger population of HIV-negative MSM remained low. Among 370 HIV-negative
MSM visiting the Amsterdam STI clinic in November 2015 and 584 HIV-negative MSM
participating in the Amsterdam Cohort Studies between January to June 2016 the antiHCV prevalence was 1.4% and 0.34% respectively (unpublished data). In contrast, the
estimated HCV-prevalence (antibodies or HCV RNA) among HIV-positive MSM in HIV care
in the Netherlands is 12% [23]. Although the anti-HCV prevalence in the larger population
of HIV-negative MSM has remained low and HCV incidence among MSM seems to have
stabilized in our region [6, 23], we cannot exclude that we are observing the start of an
HCV-epidemic among HIV-negative MSM with high-risk sexual behavior, with the potential
of HCV spread to the larger HIV-negative MSM population.
Most guidelines on the use of PrEP are not specific on whether or not to test for HCV [2426]. Previous PrEP trials and demonstration projects excluded MSM with HCV [27], tested
only a subset of the participants at baseline [28], or did not report on HCV prevalence
[29-31]. In three PrEP studies, the HCV incidence rate was 0.7 to 1.3 per 100 person-years
[7, 27, 32]. If PrEP use leads to risk compensation (e.g. increased sexual risk-taking due to
less concern for HIV), this may result in a substantial number of incident HCV infections
among HIV-negative MSM on PrEP, especially in our setting where the baseline HCV prevalence was already much higher than previously reported. The indications for treatment of
chronic HCV mono-infection and HIV/HCV co-infection do not differ and include treatment
of people at risk for transmitting HCV, such as MSM with high-risk sexual behavior [33]. In
the Netherlands well-tolerated and highly effective interferon-free direct-acting antivirals
(DAA) are available for all patients with chronic HCV infection since the end of 2015. Of the
AMPrEP participants, one of three study participants who had not yet initiated treatment
for HCV infection was enrolled before the availability of DAAs for all patients; it is unclear
why treatment was not initiated by the other two HCV infected patients. Further spread
of HCV in the Netherlands may be limited by the fast uptake of DAAs among HIV/HCV
co-infected and mono-infected MSM [34]. However, DAAs are not registered for use during acute infection. Modeling studies suggest that despite high treatment uptake among
MSM, further HCV treatment scale-up and behavioral interventions are required to curb
the epidemic [35, 36].

117

118

Chapter 3.2

All HCV-positive AMPrEP participants were part of robust MSM-specific HCV clusters that
predominantly contained HIV-positive MSM. Indeed, 62% of HIV-negative MSM in AMPrEP reported HIV-positive sexual partners (data not shown). The overlap between sexual
networks of HIV-positive and HIV-negative MSM might further increase, especially if the
concern for HIV and HCV infections decreases with the availability of PrEP, combination
antiretroviral therapy for HIV and DAAs for HCV. In Amsterdam, sex parties that were previously restricted to HIV-positive MSM are now open for men on PrEP as well [37]. These
developments might facilitate introduction of HCV into the HIV-negative population and
eventually result in an expanding HCV epidemic, irrespective of HIV status. This stresses
the need for routine HCV testing in HIV-positive MSM and in MSM starting with or on PrEP,
and treatment of those diagnosed with HCV.
In our study, only 17% of participants had no detectable HCV RNA in the presence of HCV
antibodies, suggestive of spontaneous HCV clearance. This is lower than previously reported in sexually acquired acute HCV infections among MSM [5, 38]. However, a systemic
review by Micallef et al. [39] suggests a broad range in spontaneous clearance rates of
HCV (0-80% with a mean of 26%, 95% CI 22-29%) with lower rates in men (20%) compared
to women. Along with homozygosity for rs12979860 CC, female sex is a known predictor
for spontaneous clearance of HCV infection. In addition, some of the men might have
been recently infected and not yet cleared their infection, as the median time from acute
infection to viral clearance is estimated at 16 weeks [40]. Since we took a cross-sectional
sample among a highly sexually active group of MSM, we cannot exclude that some of our
participants were recently infected and therefore had not yet cleared HCV infection.
Of particular concern is the report of a rise in IDU (referred to as “slamming”) and possible needle-sharing among MSM at sex parties in the UK, which might provide a second
and more efficient route of HCV transmission among HIV-negative MSM [41, 42]. Indeed,
HCV-positive AMPrEP participants were more likely to report IDU than their negative
counterparts, as has been observed among HIV-positive men [20]. Nevertheless, IDU did
not explain HCV infection in more than half of the HIV-negative MSM who started PrEP.
A limitation of this study is that we may have missed acute HCV infections, as we tested
HCV RNA in pools, followed by individual NAT testing starting with those who were already
anti-HCV-positive. Hence, if a positive pool included both an acute and chronic case of HCV
infection, we credited the antibody-positive participant without further testing, thereby
possibly missing acute cases. Hence our findings might be an underestimation, and the
true HCV prevalence might be even higher. After 12, 18 and 24 months following the PrEP
start visit, all participants will be individually tested for anti-HCV and if positive, for HCV
RNA. Another limitation is that, not anticipating such a high HCV prevalence, we collected
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only data on recent risk behavior and not on traditional risk factors (e.g., blood transfusion
before 1992). Further research is needed to identify which risk factors are most relevant
among HIV-negative MSM. Finally, the HCV NS5B region used in this study is suitable
for diagnostic HCV genotyping, but its phylogenetic signal for detailed epidemiological
purposes is limited [43]. However, none of the NS5B sequences obtained from risk groups
other than MSM were part of MSM-specific clusters, which suggests that these clusters
represent actual sexual transmission networks of MSM. In addition, the phylogenetic
robustness of MSM-specific NS5B clusters has been confirmed by sequencing alternative
HCV genomic regions, including NS3, E2 and the hypervariable region (HVR) [18, 44],
as well as by sequencing longer NS5B fragments [16]. The fact that all HCV-sequences
obtained from HIV-negative MSM enrolled in AMPrEP were part of MSM-specific NS5B
clusters containing mostly HIV-positive MSM suggests overlap between the sexual networks of HIV-positive and HIV-negative MSM. To better characterize the extent and nature
of this overlap, more detailed information on transmission dynamics and perhaps even
individual transmission events within these MSM-specific NS5B clusters could be obtained
by choosing a less conserved HCV genomic region such as the HVR.
Based on our findings, we feel it is important to offer routine HCV testing to MSM at
PrEP start and follow-up visits. Besides education and targeted behavioral interventions,
continued monitoring of HCV infection among HIV-negative MSM is recommended for
timely detection of potential HCV spread to the larger population of HIV-negative MSM.
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SUPPLEMENTARY TABLE AND FIGURE
Table S1. Nucleotide sequence accession numbers, HCV genotypes and self-reported risk behaviors of 153
HCV positive patients who are not MSM used in Figure 1 (NS5B fragment 2) and/or Figure S1 (NS5B fragment
1).
Accession
number

HCV
genotype

NS5B
fragment 1

NS5B
fragment 2

Self-reported risk behavior

1

AY948167

1a

no

yes

Injecting drug use

2

AY948168

1a

no

yes

Injecting drug use

3

AY948169

1a

no

yes

Injecting drug use

4

AY948171

1a

no

yes

Injecting drug use

5

AY948172

1a

no

yes

Injecting drug use

6

AY948173

1a

no

yes

Injecting drug use

7

AY948174

1a

no

yes

Injecting drug use

8

AY948175

1a

no

yes

Injecting drug use

9

AY948176

1a

no

yes

Injecting drug use

10

AY948178

1a

no

yes

Injecting drug use

11

AY948180

1a

no

yes

Injecting drug use

12

EU410496

1a

no

yes

Injecting drug use

13

EU410497

1a

no

yes

Injecting drug use

14

FJ024090

1a

no

yes

Injecting drug use

15

FJ024097

1a

no

yes

Injecting drug use

16

FJ024108

1a

no

yes

Injecting drug use

17

FJ024110

1a

no

yes

Injecting drug use

18

FJ024112

1a

no

yes

Injecting drug use

19

FJ024125

1a

no

yes

Injecting drug use

20

FJ024131

1a

no

yes

Injecting drug use

21

FJ024137

1a

no

yes

Injecting drug use

22

FJ024143

1a

no

yes

Injecting drug use

23

FJ024148

1a

no

yes

Injecting drug use

24

FJ024154

1a

no

yes

Injecting drug use

25

FJ024155

1a

no

yes

Injecting drug use

26

FJ024162

1a

no

yes

Injecting drug use

27

JN426993

1a

yes

no

Injecting drug use

28

JN426996

1a

yes

no

Injecting drug use

29

JN427002

1a

yes

no

Injecting drug use

30

JN427003

1a

yes

no

Injecting drug use

31

JN427006

1a

yes

no

Injecting drug use

32

JN547481

1a

no

yes

Tattoo/Piercing

33

JN657333

1a

no

yes

Injecting drug use
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Table S1. Nucleotide sequence accession numbers, HCV genotypes and self-reported risk behaviors of 153
HCV positive patients who are not MSM used in Figure 1 (NS5B fragment 2) and/or Figure S1 (NS5B fragment
1). (continued)
Accession
number

HCV
genotype

NS5B
fragment 1

NS5B
fragment 2

Self-reported risk behavior

34

JN657339

1a

no

yes

Injecting drug use

35

JN657347

1a

no

yes

Injecting drug use

36

JN657371

1a

no

yes

Injecting drug use

37

JN657376

1a

no

yes

Injecting drug use

38

JN657382

1a

no

yes

Injecting drug use

39

JN657411

1a

no

yes

Injecting drug use

40

KX345745

1a

yes

yes

Injecting drug use

41

KX346719

1a

yes

yes

Household/Heterosexual

42

KX346720

1a

yes

yes

Tattoo/Piercing

43

KX346721

1a

yes

yes

Tattoo/Piercing

44

KX346722

1a

yes

yes

Injecting drug use

45

KX346723

1a

yes

yes

Injecting drug use

46

KX346724

1a

yes

yes

Injecting drug use

47

KX346726

1a

yes

yes

Injecting drug use

48

KX346727

1a

yes

yes

Household/Heterosexual

49

KX346728

1a

yes

yes

Tattoo/Piercing

50

KX346729

1a

yes

yes

Tattoo/Piercing

51

KX346730

1a

yes

yes

Household/Heterosexual

52

KX346731

1a

yes

yes

Injecting drug use

53

KX346732

1a

yes

yes

Tattoo/Piercing

54

KX346733

1a

yes

yes

Household/Heterosexual

55

KX346746

1a

yes

yes

No info

56

KX346747

1a

yes

yes

Injecting drug use

57

KX346748

1a

yes

yes

Needle-stick accident

58

KX346749

1a

yes

yes

Transfusion

59

KX346750

1a

yes

yes

No info

60

KX346751

1a

yes

yes

Tattoo/Piercing

61

KX346752

1a

yes

yes

Endemic (Thailand)

62

KX347725

1a

yes

yes

Nosocomial

63

JF722463

2b

yes

yes

Injecting drug use

64

JF722464

2b

yes

yes

Injecting drug use

65

JF722481

2b

yes

yes

Injecting drug use

66

JF722482

2b

yes

yes

Injecting drug use

67

JF722483

2b

yes

yes

Injecting drug use

68

JF722485

2b

yes

yes

Injecting drug use
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Table S1. Nucleotide sequence accession numbers, HCV genotypes and self-reported risk behaviors of 153
HCV positive patients who are not MSM used in Figure 1 (NS5B fragment 2) and/or Figure S1 (NS5B fragment
1). (continued)
Accession
number

HCV
genotype

NS5B
fragment 1

NS5B
fragment 2

Self-reported risk behavior

69

JF722486

2b

yes

yes

Injecting drug use

70

JF722488

2b

yes

yes

Injecting drug use

71

JF722489

2b

yes

yes

Injecting drug use

72

JF722490

2b

yes

yes

Injecting drug use

73

JF722491

2b

yes

yes

Injecting drug use

74

JF722492

2b

yes

yes

Injecting drug use

75

JF722493

2b

yes

yes

Injecting drug use

76

JF722494

2b

yes

yes

Injecting drug use

77

JF722495

2b

yes

yes

Injecting drug use

78

JF722496

2b

yes

yes

Injecting drug use

79

JF722497

2b

yes

yes

Injecting drug use

80

JF722498

2b

yes

yes

Injecting drug use

81

JF722499

2b

yes

yes

Injecting drug use

82

JF722501

2b

yes

yes

Injecting drug use

83

JF722502

2b

yes

yes

Injecting drug use

84

JF722503

2b

yes

yes

Injecting drug use

85

JF722505

2b

yes

yes

Injecting drug use

86

JF722510

2b

yes

yes

Injecting drug use

87

JF722512

2b

yes

yes

Injecting drug use

88

JF722513

2b

yes

yes

Injecting drug use

89

JF722516

2b

yes

yes

Injecting drug use

90

JF722519

2b

yes

yes

Transfusion

91

JF722520

2b

yes

yes

Injecting drug use

92

JF722523

2b

yes

yes

Injecting drug use

93

JF722526

2b

yes

yes

Injecting drug use

94

JF722527

2b

yes

yes

Transfusion

95

JF722532

2b

yes

yes

Endemic (Indonesia)

96

JF722538

2b

yes

yes

Injecting drug use

97

JF722546

2b

yes

yes

Transfusion

98

JF722548

2b

yes

yes

Injecting drug use

99

JF722549

2b

yes

yes

Injecting drug use

100

JF722557

2b

yes

yes

Injecting drug use

101

JF722570

2b

yes

yes

No info

102

JF722574

2b

yes

yes

Injecting drug use

103

JF722575

2b

yes

yes

Injecting drug use
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Table S1. Nucleotide sequence accession numbers, HCV genotypes and self-reported risk behaviors of 153
HCV positive patients who are not MSM used in Figure 1 (NS5B fragment 2) and/or Figure S1 (NS5B fragment
1). (continued)
Accession
number

HCV
genotype

NS5B
fragment 1

NS5B
fragment 2

Self-reported risk behavior

104

JF722577

2b

yes

yes

Injecting drug use

105

JF722579

2b

yes

yes

Injecting drug use

106

JF722582

2b

yes

yes

Injecting drug use

107

JF722591

2b

yes

yes

Injecting drug use

108

JF722594

2b

yes

yes

Injecting drug use

109

JF722607

2b

yes

yes

Transfusion

110

JF722608

2b

yes

yes

Transfusion

111

JF722611

2b

yes

yes

Transfusion

112

JF722614

2b

yes

yes

Injecting drug use

113

JF722615

2b

yes

yes

Injecting drug use

114

JF722616

2b

yes

yes

Injecting drug use

115

JF722617

2b

yes

yes

No info

116

JF722619

2b

yes

yes

Injecting drug use

117

JN657399

2b

no

yes

Injecting drug use

118

JQ746506

2b

yes

no

No info

119

KX346815

2b

yes

yes

No info

120

KX346816

2b

yes

yes

Tattoo/Piercing

121

KX346817

2b

yes

yes

Mother-to-child

122

KX346821

2b

yes

yes

No info

123

FJ024264

4d

no

yes

Injecting drug use

124

FJ807061

4d

yes

yes

Injecting drug use

125

FJ807063

4d

yes

yes

Injecting drug use

126

FJ807068

4d

yes

yes

Endemic (Eritrea)

127

FJ807074

4d

yes

yes

No info

128

FJ807081

4d

yes

yes

No info

129

FJ807085

4d

yes

yes

Injecting drug use

130

FJ807098

4d

yes

yes

Injecting drug use

131

FJ807099

4d

yes

yes

Transfusion

132

FJ807100

4d

yes

yes

Injecting drug use

133

FJ807103

4d

yes

yes

Injecting drug use

134

FJ807107

4d

yes

yes

Injecting drug use

135

FJ807109

4d

yes

yes

Transfusion

136

FJ807111

4d

yes

yes

Injecting drug use

137

FJ807112

4d

yes

yes

Injecting drug use

138

FJ807113

4d

yes

yes

Injecting drug use
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Table S1. Nucleotide sequence accession numbers, HCV genotypes and self-reported risk behaviors of 153
HCV positive patients who are not MSM used in Figure 1 (NS5B fragment 2) and/or Figure S1 (NS5B fragment
1). (continued)
Accession
number

HCV
genotype

NS5B
fragment 1

NS5B
fragment 2

Self-reported risk behavior

139

FJ807121

4d

yes

yes

Injecting drug use

140

FJ807122

4d

yes

yes

Injecting drug use

141

FJ807123

4d

yes

yes

Injecting drug use

142

FJ807124

4d

yes

yes

Injecting drug use

143

FJ807125

4d

yes

yes

Injecting drug use

144

FJ807128

4d

yes

yes

Injecting drug use

145

FJ807129

4d

yes

yes

Injecting drug use

146

FJ807130

4d

yes

yes

Injecting drug use

147

FJ807131

4d

yes

yes

Injecting drug use

148

FJ807133

4d

yes

yes

Injecting drug use

149

FJ807134

4d

yes

yes

Injecting drug use

150

FJ807142

4d

yes

yes

No info

151

FJ807154

4d

yes

yes

Injecting drug use

152

KX346867

4d

yes

yes

No info

153

KX346871

4d

yes

yes

Needle-stick accident

Hepatitis C virus in MSM who start pre-exposure prophylaxis

Figure S1. HCV NS5B fragment 1 phylogenetic trees for HCV subtypes 1a, 2b, and 4d comparing HCV sequences from HIV-negative MSM starting PrEP (red branches, red stars) with HCV sequences obtained from
HIV-positive MSM (blue branches, blue dots) and unrelated Dutch risk groups (black branches). The 3 red
stars outside the phylogenies reflect the 3 HIV-negative MSM starting PrEP for whom no NS5B fragment 1 was
obtained; cluster allocating was based on the NS5B fragment 2 phylogeny in Figure 1.
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Use of health technology to monitor adherence of preexposure prophylaxis
A mobile application to collect daily data on PrEP
adherence and sexual behaviour among MSM: use over
time and comparability with conventional data collection
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Abstract
Background
We studied the use of a mobile application (app) to measure HIV Pre-Exposure Prophylaxis
(PrEP) adherence and sexual behavior, assessed determinants of app use, and we compared data in app and questionnaires.

Methods
Men who have sex with men (MSM) participating in the Amsterdam PrEP project (AMPrEP)
on daily or event-driven PrEP at the Public Health Service of Amsterdam completed data
on sexual risk behavior and PrEP adherence through three-monthly standard questionnaires and on a daily basis using the project’s app. Regression analyses were used to assess
factors associated with app use. Among those who reported ≥90% of data in the app, the
number of PrEP pills taken and number of unknown casual sex partners were compared
between the app and the questionnaires by Wilcoxon signed-rank test.

Results
Of all participants (n=374), 94% (352/374) reported data in the app at least once; 72%
(261/362) reported data ≥90% of the days in the sixth month and 62% (222/359) in the
12th month following PrEP initiation. Factors associated with reporting data in the app
were using daily PrEP and recent initiation of PrEP. The reported numbers of pills taken
and unknown sexual partners were comparable between app and questionnaires.

Conclusions
The AMPrEP app was used frequently, especially by those using a daily PrEP regimen.
Data collected by app regarding adherence and sexual risk behavior were consistent with
questionnaire data among those who used the app consistently. An app is a promising tool
to measure PrEP adherence and sexual risk behavior.

App Data Collection and PrEP

Introduction
The use of oral tenofovir disoproxil fumarate combined with emtricitabine (TDF/FTC) as
pre-exposure prophylaxis (PrEP) effectively protects men who have sex with men (MSM)
against HIV infection.1 Both daily and event-driven PrEP are highly effective.1,2 Adherence
is the strongest determinant of effectiveness.1 For daily PrEP, pill counts and drug level
measurements are used to measure adherence, but event-driven use requires more advanced monitoring addressing correspondence of PrEP use and sexual activity.
The collection of data using electronic tools is an accepted strategy in many areas of
health research and is reported to improve speed and scalability of data collection, while
reducing costs.3 Computer-based technology may be an acceptable and effective way to
deliver HIV (prevention) interventions4,5 and support adherence.6 Several commercially
available mobile applications (apps) allow tracking of sexual activity.7 However, studies
on the feasibility of collecting data on sexual behavior and PrEP adherence via an app are
lacking, and the validity of those data has not been established. The aim of this study was
to investigate the use of an app to gather data on PrEP adherence and sexual risk behavior,
to determine factors associated with reporting data in the app, and to compare sexual
behavior and PrEP adherence data collected with this app with data from questionnaires.

Materials and methods
Study design Amsterdam PrEP Project
The Amsterdam PrEP project (AMPrEP) is an open-label demonstration project conducted
by the Public Health Service of Amsterdam which investigates the uptake, acceptability
and feasibility of PrEP for HIV prevention, including adherence and sexual behavior. Study
procedures were published previously.8 In short, enrolment took place at the Public Health
Service of Amsterdam between August 17, 2015 and June 24, 2016. Men who have sex
with men (MSM) and transgender people were eligible if they were at least 18 years
old, HIV negative, at higher risk of acquiring HIV, and had no contraindications for PrEP.
Participants made a choice between daily (one pill every day) or event-driven PrEP (two
pills between 24 and 2 hours before, and one pill every 24 hours until 48 hours after the
last sexual encounter). Switching was allowed at each study visit. At 3-months study visits,
participants completed a questionnaire.
Informed consent was obtained from all participants. Ethical approval for AMPrEP was
obtained from the Medical Research Ethics Committee of the Amsterdam Medical Center
(NL49504.018.14). The study protocol is registered at the Dutch Trial Register.9
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Measurement instruments
The AMPrEP app
The app was developed as a tool to collect health information and as a reminder service
to take PrEP for participants of the AMPrEP project. The app was designed for Android and
iOS. At the PrEP initiation visit, participants were requested to daily report PrEP intake and
sexual behavior in the app during study participation. Access to the app was restricted to
study participants through the use of a personal registration code and data were saved at
a protected server of our institution using a unique study identifier. Each participant was
asked to complete two to eight daily questions: (1) “Did you take the pill today?”, to be
answered by ‘yes’ or ‘no’, and: (2) “Did you have anal sex today?”, to be answered by ‘yes’
or ‘no’; and if ‘yes’: (3) “With an unknown partner?”, (4) “With a known partner?” and (5)
”With a steady partner?”, each to be answered by ‘yes’ or ‘no’. If ‘yes’ to questions 3, 4 or
5, the number of partners and condom use per category was asked.
A randomized controlled trial (RCT) on adherence support for daily PrEP users through
an extended version of the app is embedded in the AMPrEP project and is registered in
the Dutch Trial Register, number NTR5741. The extended app provided a visualisation of
self-reported pill use and sexual activity. Interfaces of the standard and the extended app
are shown in Supplementary Figure 1 and 2.

Three-monthly questionnaires
Participants completed a self-administered computer-assisted questionnaires about
sexual risk behavior and adherence every 3 months, which contained questions on the
same topics as the app but formulated differently. Questions pertinent to this analysis
were: “How many pills did you take in the past 30 days?” and “How many unknown casual
partners have you had anal sex with in the past 3 months?”.

Outcomes
Baseline characteristics
Characteristics that were recorded were: chosen PrEP strategy, age, ethnicity, residence,
sexual preference, educational level, employment, monthly net income, current steady
relationship, living situation, sexual risk behavior, alcohol use and drug use. To assess
presence of alcohol- and drug use disorders, the Alcohol Use Disorders Identification Test
(AUDIT) 10 and Drug Use Disorders Identification Test (DUDIT) 11 were used. The AUDIT and
DUDIT are validated questionnaires with, respectively, 10 and 11 items and with resulting
scores ranging from 0 to 40 and from 0 to 44. An AUDIT score of 8 or more suggests harmful alcohol use. A DUDIT score of 8 or more suggests harmful drug use.

App Data Collection and PrEP

Use of the app over time
Data of the first 12 study months of participation were used. Days in the dataset were
converted into 30-day periods (“study months”). The first study month started at the PrEP
initiation visit.
Using the app was defined as reporting data on at least one record (day). The proportion
of participants who reported data into the app over time was calculated per study month.
The proportions were categorized as 0 days (0%), 1 to 14 days (>0% to <50%), 15 to 26 days
(≥50% to <90%), and 27 to 30 days (≥90%) per study month.

Sexual behavior and PrEP adherence
To compare questionnaire and app data, we assessed the reported number of unknown
casual partners. Regarding adherence, participants could indicate whether they had taken
a pill on a particular day, but not the number of pills. In the analysis, we assumed 2 pills
were taken whenever an event-driven PrEP user started a PrEP course. Inadvertently, pills
taken reported in the questionnaire at the 12-month visit for daily PrEP users were not
registered.

Statistical analysis
Transgender people were excluded from analysis because numbers were small (n=2).
Baseline characteristics are presented as means and standard deviation for normally
distributed continuous data and total number with percentage for categorical data.
Differences in baseline characteristics between daily and event-driven PrEP users were
compared with two-sided t-tests and chi-square tests.
The first time participants stopped reporting data in the app for a prolonged period of
time was analyzed with a Kaplan-Meier curve. Time was presented as study months and
an event was defined as not reporting data in the app during at least 30 consecutive days.
To determine factors associated with reporting data on a given day in the app, Poisson
regression using generalized estimating equations was done, because each participant
provided multiple data points (up to 360 days), resulting in a ratio of count means. Factors
associated with a p-value of <0.2 in univariable regression were included in multivariable
analysis; a stepwise backward procedure was used to select significant determinants of
daily reporting in the app. For participants who switched PrEP strategy, the strategy used
at the day of reporting data in the app was used for Poisson regression. For this analysis,
data from those randomized to the intervention arm of the adherence support RCT were
censored at enrolment in the RCT.
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We conducted a negative binomial regression to determine characteristics associated with
being a consistent app user. Participants who completed ≥90% of the days in each month
for the first 6 study months were defined as consistent app users. Factors associated at
p<0.2 in univariable regression were included in multivariable analysis; through a stepwise
backward procedure we obtained a parsimonious model with adjusted prevalence ratios.
Wilcoxon signed-rank tests were used to compare the distributions of the number of pills
taken and of casual sexual partners among consistent app users, gathered through app
or questionnaire. Wilcoxon rank-sum tests were used to compare the distributions of the
number of pills taken according to the questionnaire between consistent and inconsistent
app users. Consistent app users reported data in the app ≥90% of the days preceding the
questionnaire (i.e. ≥27 days for pill count and ≥81 days for sexual partner count).
Data collected from PrEP initiation until November 28, 2017, were used. Analyses were
done with STATA 13.1 (STATA Corporation, College Station, TX).12 The significance threshold
was set at P less than 0.05.

Results
Study population
All 374 MSM participating in the AMPrEP project were included in this analysis. Three
hundred fifty-six (92.5%) of these completed 12 months of follow-up; 18 (7.5%) had
stopped participation or were lost-to-follow-up. Baseline characteristics of the full cohort
were published previously8; characteristics of the population used for this study are presented in Supplementary Table 1. Mean age was 40.6 years (standard deviation [SD] 11.6).
Most participants were white (85.1%) and living in Amsterdam (61.2%). The majority was
highly educated (76.6%) and employed (78.4%). Over one third (40.4%) had a monthly
net income between €1701 and €2950. At PrEP initiation, 272 participants opted for daily
and 102 participants for event-driven PrEP. Daily PrEP users were significantly younger
than event-driven PrEP users (mean age, 39.2 vs. 44.2). Compared with event-driven PrEP
users, daily users were less likely to be employed and more likely to be a student; a smaller
proportion of daily users lived alone and a larger proportion lived together with other
people.

AMPrEP app use over time
Figure 1 shows the proportions of days on which data were reported in the app per study
month. The percentage of participants reporting data for 27 to 30 days (≥90%) per study
month decreased over time (P <0.001). The percentage of participants reporting data for
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Figure 1. AMPrEP app use over time among MSM participating in AMPrEP, Amsterdam, 2015-2017: the proportions of days on which data were reported in the app, per study month.
Red: 0 days; orange: 1-14 days; yellow: 15-26 days; green: 27-30 days

zero days per study month increased. However, over 60% of the participants reported data
in the app for 27 to 30 days (≥90%) in the twelfth study month.
A Kaplan-Meier curve of app use over time is depicted in Figure 2. All participants (n=374)
were at risk of not reporting data in the app for 30 consecutive days. In total 10.2% of participants did not use the app in their first month in AMPrEP. The use of the app decreased
gradually during time spent in the study. After 12 months, 37.7% had a 30-day period of
non-app use.

Characteristics associated with reporting data in the AMPrEP app
Table 1 shows the variables associated with reporting data in the app. In univariable analysis, earlier study month, higher income, with a possible threshold effect at 1700 euro, and
potentially harmful drug use were significantly associated with reporting data in the app
on a given day.
In multivariable analysis, earlier study month and event-driven PrEP strategy were significantly associated with less frequent reporting of data in the app (adjusted ratio of count
means [aR] 0.98 [95% CI, 0.97- 0.99) per additional month and aR for using daily PrEP aR
0.86 [95% CI, 0.74,-1.00]).
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Figure 2. Kaplan-Meier curve of time to 30 consecutive days of non-use of app among MSM participating in
AMPrEP, Amsterdam, 2015-2017.

In sensitivity analysis, using daily PrEP and having a middle or high income were significantly associated with being a consistent app user (Supplementary Table 2).

Comparison of app data to questionnaire data
In the daily PrEP group, PrEP adherence by app data and questionnaire data was comparable: the median of the monthly number of pills taken was 30 at 3, 6 and 9 months (Table
2). Among event-driven PrEP users, the median number of pills taken according to the app
tended to be lower than the number reported in the questionnaire; this difference was
only significant in the ninth month (P=0.009).
Sensitivity analysis showed that the reported number of pills taken (questionnaire) was
similar for consistent and inconsistent app users; nevertheless the difference was significant among daily users (Supplementary Tables 3 and 4).
The number of unknown casual partners reported by both daily and event-driven PrEP
users was comparable between the app and questionnaire assessment, with the exception
of the twelfth month among event-driven PrEP users, where the number reported in the
app was significantly higher (P=0.016).

App Data Collection and PrEP
Table 1. Univariable and multivariable Poisson regression analysis using GEE to determine factors associated
with reporting data per day in the app for MSM participating in AMPrEP, Amsterdam 2015-2017.
Univariable analysis
Ratio of count
means
(95% CI)

Multivariable analysis

p-value
p-value Adjusted ratio
of count means
(95% CI)

Time
Time in study (per extra month)

0.98 (0.97, 0.99) <0.001

0.98 (0.97, 0.99) <0.001

Daily

REF

REF

Event-driven

0.87 (0.74, 1.02)

PrEP strategy
PrEP strategy

0.087

0.043

0.86 (0.74, 1.00)

Demographic variables
Age (per additional year)

1.00 (1.00, 1.00) 0.991

Ethnicity

White

REF

Non- White

0.92 (0.79, 1.06)

Residence

Amsterdam (area)

REF

Other

1.06 (0.96, 1.17)

Low and middle

REF

High

1.10 (0.97, 1.26)

No

REF

Yes

1.19 (0.98, 1.44)

Educational levela
Employmentb

Student

1.23 (0.97, 1.56)

<€1700

REF

€1701-€2950

1.19 (1.04, 1.37)

>€2950

1.19 (1.03, 1.37)

Alone

REF

With partner

1.07 (0.97, 1.19)

With others

0.96 (0.82, 1.12)

Steady relationshipb

No

REF

Yes

1.05 (0.95, 1.16)

Sexual preferenced

Exclusively homosexual

REF

Monthly net incomec

Living situation

0.257
0.222
0.139
0.180

0.030

0.267

Sexual behavior
0.319
0.194

Not exclusively homosexual 1.09 (0.96, 1.25)
Substance use
Potentially harmful
alcohol use†e

No

REF

Yes

1.01 (0.91, 1.12)

Potentially harmful
drug use‡f

No

REF

Yes

1.11 (1.01, 1.22)

0.818
0.027

Abbreviations: AMPrEP = Amsterdam PrEP project; CI = confidence interval; GEE = generalized estimating equations;
MSM = men who have sex with men; PrEP = pre-exposure prophylaxis; REF = reference category;† AUDIT score >8; ‡
DUDIT score >8; a 2 missing; b 4 missing; c 19 missing; d 1 missing; e 7 missing; f 5 missing
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Table 2. Comparison of self-reported number of pills taken and self-reported number of unknown casual
partners by MSM with recent consistent app-use in AMPrEP, between app and questionnaire, Amsterdam
2015-2017.
App data

Questionnaire
data

Difference between app
and questionnaire

Difference in self-reported number of pills taken in the 30 days before the questionnaire
Number of
Number of pills
participants#‡ taken

Median IQR
Daily
PrEP
users

Number of pills
taken

P value of Difference in
Wilcoxon pill count†
signedrank test

Median IQR

Median IQR

After 3 months

208

30

[29,30] 30

[30,30] 0.001

0

[0,0]

After 6 months

211

30

[29,30] 30

[29,30] 0.170

0

[0,0]

After 9 months

193

30

[29,30] 30

[29,30] 0.023

0

[0,0]

-

-

-

-

-

After 12 months* Event- After 3 months
driven After 6 months
PrEP
After 9 months
users
After 12 months

-

-

57

12

[7,17]

12

[6,20]

0.861

0

[-2,1]

46

14

[7,20]

14

[8,20]

0.540

0

[-2,3]

45

12

[5,19]

16

[6,24]

0.009

1

[0,3]

17

12

[6,22]

18

[4,27]

0.261

0

[-1,2]

Difference in self-reported number of unknown casual partners in the 90 days before the questionnaire
Number of
Number of
participants#‡ partners

Median IQR
Daily
PrEP
users

Number of
partners

P value of Difference in
Wilcoxon partner count†
signedrank test

Median IQR

Median IQR

After 3 months

151

10

[3,18]

10

[3,20]

0.862

0

[-4,4]

After 6 months

191

9

[3,23]

10

[4,20]

0.150

0

[-5,4]

After 9 months

180

10

[3,23]

10

[4,20]

0.529

0

[-6,4]

After 12 months
Event- After 3 months
driven After 6 months
PrEP
After 9 months
users
After 12 months
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8

[3,22]

10

[3,20]

0.422

0

[-4,3]

46

6

[2,15]

5

[1,10]

0.423

0

[-2,1]

43

4

[1,12]

4

[1,10]

0.879

0

[-2,3]

40

4

[0,16]

5

[1,10]

0.704

0

[-3,1]

16

6

[3,12]

4

[1,9]

0.016

-1

[-4,0]

Abbreviations: AMPrEP = Amsterdam PrEP project; IQR = interquartile range; MSM = men who have sex with men;
PrEP = pre-exposure prophylaxis; # Number of participants that completed the questionnaire and reported data in
the app ≥90% of the 30 days before the questionnaire for pill count; ‡ Number of participants that completed the
questionnaire and reported data in the app ≥90% of the 90 days before the questionnaire for unknown casual partner
count ; † Number reported in questionnaire minus number reported in app; * Due to a computer problem the number
of pills taken was not asked in the majority of twelve-month questionnaires for daily PrEP users
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Discussion
In this study among MSM in the Netherlands, the use of an app to collect daily data on
adherence of PrEP and sexual behavior among MSM was high in the first year. Factors
associated with reporting data in the app were study month and having chosen a daily
PrEP strategy. Among those who reported recent data in the app, app data on pill intake
and number of unknown casual sex partners were comparable to data collected with
questionnaires.
We observed a decrease in the number of days that participants contributed data to the
app over time. In the first study month, approximately 75% of study participants reported
data in the app on 90% or greater of days; this decreased to 62% in the 12th month.
This decrease over time is in line with other studies that investigated the use of apps to
improve health containing daily diaries.13,14 Similarly, we found an association of being in
the study for a shorter period of time with reporting data in the app. In addition, daily PrEP
was associated with completing daily app data. These factors are non-modifiable and thus
should be accounted for when designing an intervention, for example, regular addition of
new features to a daily data collection app.
Adherence data collected with the app were similar to those collected with questionnaires
for daily and event-driven PrEP users for those using the app consistently. However, in
the ninth month the data were variant for event-driven PrEP users. There are 3 possible
explanations. First, when adherence among daily users is maximal, 30 pills taken in 30
days, this is relatively easy to remember. For event-driven use, it may be harder to remember how many pills were taken, and hence a small variation between daily and quarterly
data collection may have occurred. Second, participants who chose a daily strategy may
be different from event-driven users in a way that causes them to be more consistent
in data reporting. In the IPERGAY study,2 where adherence was measured through pill
counts, event-driven PrEP users took a median number of 15 pills per month, which was
comparable to their questionnaire data. Measurement of adherence to PrEP is challenging, especially for event-driven PrEP use. No gold standard exists and it is difficult to assess
which method best approximates the truth.15 An additional benefit of daily data collection
is that PrEP coverage of sex acts can be assessed. Third, this could be caused by a type 1 error, due to the number of comparisons being made. However, observed changes between
app and questionnaire data were small, indicating that app data collection on pill use may
replace questionnaire data collection.
Regarding sexual behavior, a gold standard for data collection is not available. We showed
that data on sexual behavior collected daily via an app were comparable to aggregated
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quarterly data collected by questionnaire among consistent app users. This is reassuring
in 2 ways: it suggests apps may be used for daily data collection on sexual behavior, and
that app-based data collection is reliable, as it is comparable to the most common way of
eliciting sexual behavior data, by questionnaires.

Strengths
This study has several strengths. This is the first study describing the use of an app to collect data related to PrEP adherence and sexual behavior over time. We showed reliability
of data when collected daily via an app as compared to questionnaire data collected every
three months. As e-health technology is only just starting to take off and many health
apps may be developed in the coming years,16 this proof of feasibility of an app to collect
reliable adherence and sexual behavior data is very helpful for researchers and mobile
technology developers.
Furthermore, we collected data on PrEP adherence related to sexual exposure, which may
allow for accurate assessment of coverage of sex acts and accurate adherence. Eventdriven PrEP is not used widely, although a varying proportion of PrEP users is interested in
this regimen in several settings.2,8 Information on how event-driven PrEP is used is needed.
Since individualised prevention is preferable over a blanket strategy, data from this study
may aid to effectively inform and support those who want to use PrEP, resulting in optimal
HIV transmission prevention.

Limitations
This study has several limitations. First, highly educated people were over-represented in
our study and this group may adopt innovative health technology more easily than those
with less education.17,18 Transgender people were excluded as their number was too small
to derive meaningful conclusions. Whether an app designed to collect data on adherence
and sexual behavior will be used by the wider MSM and transgender community needs to
be investigated in future PrEP roll-out studies.
Second, for the comparison of app data to questionnaire data, only participants were
included who reported data in the app 90% or greater of the 30 days before the questionnaire for pill count and 90% or greater of the 90 days before the questionnaire for unknown
casual partners. The conclusion of comparability between app data and questionnaire
data may thus only apply to participants who provided data in the app on 90% or greater
of days. More data are also needed on app use in event-driven PrEP users, because sample
size in this study was relatively small. Additionally, the app did not track the number of
doses of PrEP event-driven PrEP users took.

App Data Collection and PrEP

Third, we did not investigate the reasons for not entering data in the app; qualitative
research may guide designing interventions for app engagement in the long haul.
A final limitation is that participants may have used the app when completing the standard
questionnaire to help them remember the number of pills they took and casual partners
they had.

Conclusion
The AMPrEP app can successfully monitor PrEP adherence and collect data on sexual
behavior. App use was high with a decrease over time. The majority of the data collected
with the app were similar to questionnaire data among those using the app consistently.
The use of an app aimed at collecting research data and reminding people to use PrEP
is a very promising tool to assist men in being adherent and to collect detailed data on
sensitive topics.
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Supplementary Table 1: Baseline characteristics of 374 MSM participating in AMPrEP, Amsterdam 2015-2017

MSM using
Total (n=374) MSM using
event-driven
daily
PrEP (n=272) PrEP (n=102)
N

%*

N

%*

N

%*

p-value

Demographic characteristics
Age

Mean (SD)

40.6
(11.6)

Ethnicity

White

319

85.1% 222

83.5% 91

89.2% 0.190

Non-White

55

15.0% 44

16.5% 11

10.8%

Amsterdam (area)

229

61.2% 160

58.8% 69

67.7% 0.119

Other

145

38.8% 112

41.2% 33

32.4%

Low and middle

87

23.4% 69

25.6% 18

17.7% 0.108

High

285

76.6% 201

74.4% 84

82.4%

No

49

13.2% 30

11.2% 19

18.6% 0.018

Residence
Educational levela
Employmentb

44.2
(11.6)

<0.001

Yes

290

78.4% 210

78.4% 80

78.4%

Student

31

8.4%

10.5% 3

2.9%

97

27.3% 73

28.5% 24

24.2% 0.394

151

42.5% 111

43.4% 40

40.4%

Monthly net incomec ≤€1700
€1701-€2950
Living situation

39.2
(11.4)

28

>€2950

107

30.1% 72

28.1% 35

35.4%

Alone

198

52.9% 138

50.7% 60

58.8% 0.031

With partner

121

32.4% 86

31.6% 35

34.3%

With others

55

14.7% 48

17.7% 7

6.9%

No

206

55.7% 158

58.7% 48

47.5% 0.053

Yes

164

44.3% 111

41.2% 53

52.5%

Sexual behavior
Steady relationshipb
Sexual preferenced

Not exclusively homosexual 77

20.6% 57

21.0% 20

19.8% 0.807

Exclusively homosexual

296

79.4% 215

79.0% 81

80.2%

No

263

71.7% 192

71.6% 71

71.7% 0.989

Yes

104

28.3% 76

28.4% 28

28.3%

No

234

63.4% 165

61.1% 69

69.7% 0.129

Yes

135

36.6% 105

38.9% 30

30.3%

Substance use
Potentially harmful
alcohol use†e
Potentially harmful
drug use‡f

Abbreviations: AMPrEP = Amsterdam PrEP project; MSM = men who have sex with men; PrEP = pre-exposure prophylaxis; SD = standard deviation
*
Percentages may not total to 100 because of rounding † AUDIT score >8;‡ DUDIT score >8;a 2 missing; b 4 missing; c
19 missing; d 1 missing; e 7 missing; f 5 missing.

40/96

Event-driven

Living situation

Monthly net
incomec

Employmentb

Educational levela

114/191
79/117
32/53

With partner

With others

68/103

> €2950

Alone

99/149

€1701 to €2950

19/29

Student
49/94

181/281

≤ €1700

22/47

Yes

175/278

No

48/81

High

94/140

Other

Low and middle

131/221

29/53

Non-White

Amsterdam

White

Ethnicity

Residence

196/308

Mean (SD)

Age

40.8 (11.3)

185/265

Daily

Demographic variables

PrEP strategy

PrEP strategy at baseline

N#

60.4%

67.5%

59.7%

66.0%

66.4%

52.1%

65.5%

64.4%

46.8%

62.9%

49.,3%

67.1%

59.3%

54.7%

63.6%

41.7%

69.8%

%

Consistent app users$

0.99 (0.77, 1.327)

1.13 (0.95, 1.34)

REF

1.27 (1.00, 1.61)

1.27 (1.02, 1.60)

REF

1.43 (0.95, 2.14)

1.41 (1.02, 1.93)

REF

1.08 (0.88, 1.32)

REF

1.14 (0.97, 1.33)

REF

0.86 (0.67, 1.12)

REF

1.00 (0.99, 1.01)

0.60 (0.47, 0.77)

REF

PR (95% CI)

Univariable analysis

0.368

0.054

0.065

0.483

0.113

0.264

0.890

<0.001

p-value

1.30 (1.04, 1.62)

1.25 (1.01, 1.55)

0.58 (0.45, 0.75)

REF

aPR (95% CI)

Multivariable analysis

Supplementary Table 2: Characteristics associated with being a consistent app user among MSM participating in AMPrEP, Amsterdam 2015-2017.

0.020

0.040

<0.001

p-value
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142/226
83/131

Yes

61/101

Yes

No

162/253

182/286

Not exclusively homosexual

No

43/74

102/158

Yes

Exclusively homosexual

120/199

No

63.4%

62.8%

60.4%

64.0%

63.6%

58.1%

64.6%

60.3%

%

1.00 (0.85, 1.18)

REF

0.95 (0.78, 1.14)

REF

1.09 (0.88, 1.35)

REF

1.08 (0.92, 1.26)

REF

PR (95% CI)

Univariable analysis

0.993

0.560

0.420

0.375

p-value

aPR (95% CI)

Multivariable analysis
p-value

Abbreviations: AMPrEP = Amsterdam PrEP project; aPR = adjusted prevalence ratio; MSM = men who have sex with men; PR = prevalence ratio; PrEP = pre-exposure prophylaxis; REF =
reference category; SD = standard deviation; # Only participants who completed the first six study months are included in this analysis (N=361); $ Consistent app users are participants
who reported data in the app ≥90% of the days each month the first six study months; * Percentages may not be a total of 100 because of rounding; † AUDIT score >8; ‡ DUDIT score >8;
a
2 missing; b 4 missing; c 15 missing; d 1 missing; e 7 missing; f 4 missing

Potentially harmful
drug use‡f

Potentially harmful
alcohol use†e

Substance use

Sexual preferenced

Current steady
relationshipb

Sexual behaviour

N#

Consistent app users

$

Supplementary Table 2: Characteristics associated with being a consistent app user among MSM participating in AMPrEP, Amsterdam 2015-2017. (continued)
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Supplementary Table 3: Comparison of self-reported number of pills taken according to the questionnaire by daily
PrEP using MSM with recent consistent or inconsistent app-use in AMPrEP, Amsterdam 2015-2017.

Daily PrEP
users

Consistent app users*

Inconsistent app users*

Number of pills taken
according to the
questionnaire

Number of pills taken
according to the
questionnaire

p-value of Wilcoxon
rank-sum test

Median

IQR

Median

IQR

p-value

3 months

30

[30,30]

30

[28,30]

0.002

6 months

30

[29,30]

30

[28,30]

0.004

9 months

30

[29,30]

30

[28,30]

0.028

12 months**
* consistent app users reported data ≥90% of the days in the app before the questionnaire, inconsistent users reported <90% of the days in the app before the questionnaire
** Due to a computer problem the number of pills taken was not asked in the majority of twelve-month questionnaires for daily PrEP users

Supplementary Table 4: Comparison of self-reported number of pills taken according to the questionnaire by eventdriven PrEP using MSM with recent consistent or inconsistent app-use in AMPrEP, Amsterdam 2015-2017.

3 months
Eventdriven PrEP 6 months
users
9 months
12 months

Consistent app users*

Inconsistent app users*

Number of pills taken
according to the
questionnaire

Number of pills taken
according to the
questionnaire

p-value of Wilcoxon
rank-sum test

Median

IQR

Median

IQR

p-value

12

[6,20]

12

[4,17]

0.356

14

[8,20]

13

[5,20]

0.433

16

[6,24]

10

[4,18]

0.101

18

[4,27]

19

[12,28]

0.869

* consistent app users reported data ≥90% of the days in the app before the questionnaire, inconsistent users reported <90% of the days in the app before the questionnaire
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No pill taken

Condomless sex

Pill taken

Took a pill?

No

Had anal sex?

Yes

Anal sex with steady partner?

Number of known casual sex partners?
Used a condom each time?

Yes

3
No

Supplementary Figure 1. Interface of the standard AMPrEP app. Each day, participants answered the first two
questions (“Took a pill”, and “Had anal sex?”). If they had anal sex, they answered with what type of partner
(steady, known casual and/or unknown casual; the last is not included in the figure), and per casual partner
type whether or not a condom was used each time they had sex.

January 2019
month

week

month

Number of sex partners

week

Number of pills used

(B)

no pill

unknown

PrEP and condom
nothing
ndom

Used protection

pill

Condom

Pill use in the last 30 days

(C)

supplementary figure 2. Interface of the extended AMPrEP app. Based on the answers to the daily questions (A), the trends in weekly and monthly use of PrEP and number
of sex partners (B), and used protection in the last 30 days (C) are visualized.

(A)
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Abstract
Background
Pre-exposure prophylaxis (PrEP) with emtricitabine and tenofovir disoproxil fumarate is
highly effective against acquisition of HIV infection, and only two cases of infection with
a multidrug-resistant virus have been reported under adequate long-term adherence, as
evidenced by tenofovir-diphosphate (tenofovir-DP) concentrations in dried blood spots
(DBS). We report a case of wild-type HIV-1 infection despite consistent use of emtricitabine
and tenofovir disoproxil fumarate.

Methods
The patient participated in the Amsterdam PrEP project, a demonstration project of daily
and event-driven PrEP. We did extensive testing for HIV, including plasma HIV RNA and
nested PCR on bulk peripheral blood mononuclear cells (PBMCs) and sigmoid biopsies was
performed after seroconversion.

Findings
A 50-year-old man who has sex with men and had been on daily emtricitabine and
tenofovir disoproxil fumarate for 8 months presented with fever, urinary tract infection
caused by Escherichia coli, anal lymphogranuloma venereum infection, and a positive
fourth-generation HIV test. We found an atypical seroconversion pattern, with initially
only gp160 antibodies detected in the western blot. HIV RNA could not be detected in
plasma, and nested PCR for HIV RNA and DNA on bulk PBMCs and sigmoid biopsies were
negative. PrEP was discontinued; 3 weeks later HIV RNA was detected in plasma. No drugresistant mutations were detected. Tenofovir-diphosphate concentrations in dried blood
spots (DBS) were stable and high.

Interpretation
To our knowledge, this is the first detailed case report suggesting wild-type HIV-1 infection despite good adherence, evidenced by repeatedly high concentrations of tenofovirdiphosphate in dried blood spots. PrEP providers need to be aware that infection can
occur despite good adherence. Regular HIV testing and awareness of atypical patterns of
seroconversion is highly recommended.

Case report HIV seroconversion in PrEP user

Research in context
Evidence before this study
We searched PubMed and conference abstracts on April 29, 2017, for articles or abstracts
in English, using the search terms “preexposure prophylaxis” OR “PrEP” AND “HIV” AND
“infection” AND “seroconversion”. Earlier pre-exposure prophylaxis (PrEP) trials showed
that breakthrough HIV-1 infections are a rare occurrence and have been reported in the
absence of adequate measurements that show long-term adherence. Transmission in
PrEP trials was attributed to insufficient adherence, as evidenced by concentrations of
antiretroviral medication in bulk peripheral blood mononuclear cells (PBMCs) or dried
blood spots. The two cases of PrEP failure that have been previously reported with high
tenofovir diphosphate concentrations in dried blood spots, reflecting long-term adherence, were shown to be because of infection with a multidrug-resistant virus.

Added value of this study
In this report we illustrate a case of wild-type HIV-1 infection in a participant of the Amsterdam PrEP (AMPrEP) demonstration project, despite consistent use of daily PrEP, as
was shown by high intracellular concentrations of tenofovir diphosphate in dried blood
spots. At seroconversion, while still on PrEP, HIV RNA was not detected in plasma; 12 days
after stopping PrEP, PCR for HIV RNA and integrated HIV DNA on bulk PBMCs was negative.
We also report an atypical seroconversion pattern, with initially only gp160 antibodies
detected in the western blot. Regarding the mechanism of wild-type HIV acquisition, we
hypothesise that frequent condomless anal sex with the related possibility of repeated
exposure to HIV, repeated gut-localised sexually transmitted infections, and the pharmacokinetics of tenofovir diphosphate and emtricitabine triphosphate in rectal mucosa might
all have contributed.

Implications of all the available evidence
HIV infection during consistent PrEP use is extremely rare, and PrEP is a highly effective
intervention to prevent HIV infection in individuals who are at increased risk for acquiring HIV infection. However, our findings show that infection can occur even if long-term
adherence is optimal, and emphasise the importance of regular HIV testing and awareness
of atypical patterns of seroconversion in PrEP users.
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Introduction
Pre-exposure prophylaxis (PrEP) with emtricitabine and tenofovir disoproxil fumarate is
highly effective against acquisition of HIV infection.1-4 In PrEP users in whom infection has
occurred, reliable evidence of long-term adherence is not available,1,4-6 or transmission is
attributed to insufficient adherence as was evidenced by low concentrations of antiretroviral drugs in bulk peripheral blood mononuclear cells (PBMCs) or dried blood spots.3,7
Worldwide, only two cases of PrEP failure with high tenofovir diphosphate concentrations
in dried blood spots have been reported, which reflects long-term adherence. Both individuals were infected with a multidrug-resistant virus.8,9
The Amsterdam PrEP project (AMPrEP) is a demonstration project that aims to show the
acceptability and feasibility of daily and event-driven use of emtricitabine and tenofovir
disoproxil fumarate for PrEP, including long-term adherence, among men who have sex
with men (MSM) and transgender people. The project started in August, 2015, at the
Public Health Service of Amsterdam (Amsterdam, Netherlands) with approval from the
ethics committee of the Academic Medical Center, Amsterdam, Netherlands; the protocol
is available online and the trial is registered with the Nederlands Trial Register, number
NTR5411.
PrEP is offered as part of a comprehensive HIV infection prevention programme in the AMPrEP project at the Sexually Transmitted Infection (STI) Clinic of the Public Health Service
of Amsterdam. After written informed consent was obtained, we offered participants a
choice between daily or event-driven PrEP according to the IPERGAY schedule: two tablets
(245 mg tenofovir disoproxil fumarate and 200 mg emtricitabine per pill) between 24 h
and 2 h before sex, followed by a third tablet 24 h after the first drug intake and a fourth
tablet 24 h later. At PrEP initiation, we tested HIV RNA in combined blood samples from six
participants. We monitored participants after 1 month and subsequently every 3 months,
which included testing for HIV and STIs. To measure tenofovir diphosphate concentrations
we collected blood samples to generate dried blood spots every 3 months in the first year,
followed by annual blood samples for the duration of the project (up to 3 years in total).
We report the case of an individual who participated in the AMPrEP project and acquired
wild-type HIV-1 infection while having documented stable and high concentrations of
tenofovir diphosphate in dried blood spots.

Case report HIV seroconversion in PrEP user

Case report
A 50-year-old white MSM started daily PrEP on Sept 23, 2015. He reported anal sex with
50 partners in the 3 months before enrollment, and had receptive anal sex without a condom with 37 of them. While on PrEP he reported condomless anal sex with between 12
and 75 partners per month (table 1), and he often was the receptive partner. At baseline
(ie, on the day he started PrEP) he tested negative for HIV antibody and antigen, HIV RNA,
and hepatitis C virus (HCV) RNA. During follow-up while on PrEP, pill counts and daily
diary information indicated adherence to the use of seven pills per week. We diagnosed
and treated several STIs (table 2). While on PrEP, he reported the use of drugs during sex,
including amphetamine, cocaine, GHB or GBL, mephedrone, and ketamine. He injected
ketamine twice, both times intramuscularly, but insisted clean injection equipment was
used on both occasions. HIV antibody and antigen tests were done at months 1, 3,and 6
after starting PrEP; the results were negative on all occasions.
Table 1. Sexual risk behaviour of PrEP user who seroconverted for HIV with high tenofovir-diphosphate levels
Month Month Month Month Month Month Month Month
1
2
3
4
5
6
7
8*
Anal sex partners†

75

56

56

50

38

49

66

12

Days condomless anal sex was
reported per month†

21/31

12/30

13/31

15/31

15/29

19/31

17/30

3/20

2
[1-5]

3
[1-4]

5
[2-6]

5
[1-5]

Sex partners per day if condomless 3
4.5
4
4
anal sex was reported†
[1-7.5] [2.3-8.5] [1.5-6] [1-5]

Data are n and median (IQR). PrEP=pre-exposure prophylaxis. *Until May 24, 2016. †Data were collected from daily
diary via application for mobile phone.

On May 18, 2016, almost 8 months after starting PrEP, the patient was tested for HIV by
a sexual health clinic elsewhere in the Netherlands because of symptoms of fever and
dysuria; he had no symptoms of proctitis. On May 23, he was informed that the fourthgeneration HIV antibody and antigen test was positive (table 2). Moreover, he had an anal
lymphogranuloma venereum infection; no other STIs were diagnosed (table 2). Escherichia
coli was cultured from his urine (table 2). The lymphogranuloma venereum and urinary
tract infections were treated, and he was referred to the Public Health Service of Amsterdam for confirmation of the HIV test. On May 24, we confirmed HIV-1 seroconversion
with the fourth-generation HIV antibody and antigen test, which was negative for antigen
(p24) and positive for antibodies (table 2). The western blot showed an atypical pattern,
characterised by the presence of antibodies detecting a single gp160 band (figure). We did
a qualitative point-of-care HIV RNA test and real-time PCR with a lower limit of detection
of 40 copies per mL, both were negative. We could not detect proviral HIV DNA in bulk
PBMCs (in total 2·5 × 10⁶ PBMCs) obtained on May 30, using a nested PCR that detected
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PrEP use

2234

Nonreactive

ND

Reactive†

gp120/160
+

< 40 cop/
mL

Negative§

2258

Reactive†

Stop

May 24,
2016

Negative

< 40 cop/
mL

May 30,
2016

Negative

June 6,
2016

June 23,
2016

July 18,
2016

Start

Yes

gp120/160 gp120/160+;
+; p24 ±
p24 +; p17+

12,882 101,156
cop/mL
cop/
mL||

June
14,
2016

PrEP=pre-exposure prophylaxis. ND=not done. PBMCs=peripheral blood mononuclear cells. ART=combination antiretroviral therapy. *Anal chlamydia and gonorrhoea were also diagnosed and treated in November, 2015. †Antibody positive and antigen negative. ‡Pooled HIV RNA using COBAS Taqscreen MPX version 2.0. §Analysed with the Xpert HIV-1 Qual test.
¶Analysed with the Abbott RealTime HIV-1 Viral Load Assay. ||No resistance mutations detected

ART use

HIV cDNA in sigmoid
biopsies

HIV cDNA in PBMCs

ND

Nonreactive

Western blot

Nonreactive

Yes

Anal
Anal
lymphogranuloma
chlamydia
venereum
and
gonorrhoea

ND

Negative‡

Nonreactive

Anal
chlamydia
and
gonorrhoea

Yes

Yes

Yes

Start

May 18, 2016

HIV RNA quantitative¶

HIV RNA qualitative

Tenofovir diphosphate
in dried blood spot
(fmol/punch)

Fourth-generation
antibody and antigen
test

Sexually transmitted
infection diagnosed*

March 7,
2016

September October December
23, 2015
19, 2015 7, 2015

Table 2. HIV test results and tenofovir diphosphate concentrations in dried blood spot samples of a PrEP user who seroconverted for HIV with high tenofovir diphosphate
concentrations
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Methods
Virological assays
Before the start of PrEP and during follow-up, we used the fourth-generation LIAISON XL
test to test for HIV, which detects both HIV antigen and HIV antibodies (LIAISON XL Murex
HIV Ag/Ab; Diasorin, Saluggia, Italy). Before the start of PrEP, we excluded the presence of
HIV RNA in plasma using the COBAS Taqscreen MPX Test version 2.0 (Roche Diagnostics,
Mannheim, Germany). At confirmed seroconversion, we did a qualitative point-of-care HIV
RNA test (Xpert HIV-1 Qual test, lower limit of detection [LOD] of test: 50 copies per mL;
Cepheid, Solna, Sweden), followed by a sensitive HIV RNA assay with an LOD of 40 copies
per mL in plasma (Abbott RealTime HIV-1 Viral Load Assay; Abbott Laboratories, Lake Bluff,
IL, USA).
We isolated total DNA from PBMCs with the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). Total DNA and RNA were isolated from sigmoid biopsies using the AllPrep DNA/
RNA Mini Kit (Qiagen). We used the Transcriptor First Strand cDNA Synthesis Kit (Roche,
Basel Switzerland) for cDNA synthesis of the total RNA. DNA and cDNA were subjected
to a nested PCR, which amplified a conserved region in the HIV-1 polymerase (pol) gene
with GoTaq DNA polymerase (Promega, Madison, WI, USA) and primer pairs: outer
primer sets were POL-F (5ʹTTAGTCAGTGCTGGAATCAGG3ʹ, HIV-1 genome [HXB2] positions
4199–4219) and POL-D (5ʹCCA-CTGGCTACATGAACTGCTAC3ʹ, HXB2 positions 4473–4450),
and inner primer sets were POL-E (5ʹG AT-TTTAACCTGCCACCTGTAGTAGC3ʹ, HXB2 positions
4302–4327) and POL-B (5ʹATGTGTACAATCTAGTTGCC3ʹ, HXB2 positions 4429–4410).10
For confirmation of HIV antibodies, we used the HIV blot 2.2 western blot assay (MP
Biomedicals, Geneva, Switzerland). For interpretation of antibody patterns, we defined
patterns as negative (no reactivity to HIV proteins detectable), positive (reactivity to one
or more gag, one or more pol, and one or more env proteins detectable), or indeterminate
(any other pattern of reactivity). To analyse resistance mutation, we did standard HIV-1
genotyping (appendix) and subtyping; mutations associated with drug resistance were
identified on the first sample with detectable HIV RNA, according to the International
AIDS Society-USA drug resistance mutations in HIV-1.11 The standard method is based on
population sequencing, and minor mutations can be detected with a threshold of 20%.
To increase this sensitivity, we cloned the RT-PCR product with the TOPO TA Cloning Kit
(Thermo Fisher Scientific, Waltham, MA, USA) and we sequenced 48 colonies with the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA), resulting
in detection of minor variants with a threshold of around 2%.
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We isolated PBMCs from 21 mL of whole blood collected 12 days after seroconversion,
according to a standard protocol with density-gradient centrifugation, and cryopreserved
the sample in liquid nitrogen until further use.
For the proliferation assay, we labelled PBMCs with the CellTrace Violet Proliferation Kit
(CTV; Thermo Fisher Scientific) and resuspended them in RPMI supplemented with 10%
human pooled serum and 100 U/mL penicillin and 100 μg/mL streptomycin (Thermo Fisher
Scientific). Cells were stimulated with HIV-1 consensus B gag Peptide Pool (2 μg/mL; National Institute of Health [NIH] AIDS Reagent Program, Division of AIDS, National Institute
of Allergy and Infectious Diseases, NIH, Rockville, MD, USA; catalogue number 12425) and
cultured for 6 days at 37°C and 5% CO2. As positive controls, we stimulated CTV-labelled
cells with αCD3 (0·2 μg/mL) and αCD28 (2 μg/mL) or HCMV pp65 Peptide Pool (2 μg/mL;
NIH AIDS Reagent Program; catalogue number 11549). We stained cells for 30 min at 4°C
in the dark, with directly conjugated monoclonal antibodies: CD3 FITC, CD4 PerCP Cy5.5,
and CD8 PE-Cy7 (BD Biosciences, Breda, Netherlands), and determined the fraction of
proliferating CD4 and CD8 cells. We measured tenofovir diphosphate concentrations in
red blood cells in dried blood spots, obtained at regular intervals during PrEP use and at
6 days after seroconversion, with a previously described liquid chromatography-tandem
mass spectrometry method.12

HCV testing
We tested for HCV RNA with COBAS Taqscreen MPX Test version 2.0 before the start of
PrEP and 6 days after HIV-1 seroconversion, and with COBAS AmpliPrep/COBAS TaqMan
HCV-test (Roche Diagnostics, Pleasanton, CA, USA) at 3 months after HIV-1 seroconversion.

Role of the funding source
The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.

Results
Tenofovir diphosphate concentrations in dried blood spots were 2234 fmol per punch at
6 months after the start of PrEP and 2258 fmol per punch at seroconversion, indicative of
consistent adherence between the visits, and consistent dosing in the 4–8 weeks before
the dried blood spots sampling. The mean concentration associated with daily dosing
is 1560 fmol per punch (SD 468).13 The HIV subtype was B. Using routine sequencing,
we could not detect mutations in reverse transcriptase gene analysis associated with
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resistance against tenofovir disoproxil fumarate, emtricitabine, or any other antiretroviral
agents. Furthermore, no mutations were observed in the 48 clonal sequences. These
findings endorse the conclusion of infection with a wild-type virus. Because no viral load
could be detected at seroconversion, we sought for HIV-induced immune responses.
We investigated the presence of HIV-1 gag-specific T cells (CD4 and CD8) because gag is
highly conserved and has a presumed high concentration in virions. We observed a small
expansion of CD4 cells (3·55% of proliferating cells) and CD8 cells (2·77% of proliferating
cells) in the gag-stimulated sample compared with the RPMI medium control (1·19% of
proliferating cells). These findings suggest the presence of an HIV-induced T-cell response
at the moment of seroconversion (appendix).
HCV RNA was negative in samples taken at the start of PrEP, and 6 days and 3 months after
seroconversion.

Discussion
We describe acquisition of infection with wild-type HIV-1 that occurred while on daily
PrEP in an MSM who reported frequent condomless anal sex, indicating possibly repeated
exposure to HIV. Another PrEP study showed that HIV-1 infection is a rare occurrence.2 Our
case differs from reports of HIV-1 infections in previous PrEP studies by the documentation
of long-term adherence, as evidenced by repeated high tenofovir diphosphate concentrations in dried blood spots5,6 and from the two HIV-1 infections in fully adherent PrEP users
by the absence of drug-resistant mutations.8,9 Although periods of non-compliance were
possible, we believe this was unlikely to have happened because the dried blood spots
concentrations were stable over time and high, suggesting consistent adherence. PrEP
efficacy is high if taken regularly: in a subgroup analysis among PrEP users of tenofovir
diphosphate concentrations in dried blood spots compatible with the use of four to seven
tablets per week, the hazard ratio for HIV infection was 0·00 (95% CI 0·00–0·17).7 The
underlying mechanism of HIV-1 acquisition in our case remains speculative. Perhaps the
sheer volume of viral inoculum coupled with the amount of mucosal injury related to
sexual activity and STIs led to repetitive localised infection in the gut, and overwhelmed
the effect of PrEP.14,15 Variable pharmacokinetics of emtricitabine and tenofovir disoproxil
fumarate in rectal mucosa might also have contributed. Although we cannot exclude penile acquisition of infection, our patient reported that when he had sex, it was often with
several partners on the same day, often he was the receptive partner, and most sex acts
were condomless. Moreover, he reported injecting and non-injecting drug use during sex,
which is associated with high-risk condomless anal sex and acquisition of STIs among HIVpositive MSM.16,17 Indeed, we documented several anal STIs in this patient while on PrEP,
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and around the time of seroconversion we diagnosed lymphogranuloma venereum infection, an ulcerative STI that is associated with infections such as hepatitis B, hepatitis C, and
HIV.18 Additionally, tenofovir diphosphate and emtricitabine triphosphate concentrations
in rectal mucosa are presumably important determinants of protection against HIV infection in MSM. Although tenofovir diphosphate reaches higher concentrations in rectal mucosal mononuclear cells than in PBMCs, emtricitabine triphosphate concentrations can be
lower in rectal mucosal cells.19,20 Moreover, two MSM acquired HIV infection while taking
tenofovir disoproxil fumarate alone for treatment of hepatitis B virus infection,21 indicating
that this drug alone does not offer full protection against HIV infection. The observation
that plasma viraemia became detectable after PrEP withdrawal might be suggestive of a
mucosally contained infection that had not disseminated systemically. This notion would
support the hypothesis of insufficient tenofovir diphosphate concentrations rectally, allowing an initial localised and disseminating infection after withdrawal of emtricitabine
and tenofovir disoproxil fumarate. We could not show HIV DNA or HIV RNA in gut biopsies,
but the small number of biopsies might have led to a sampling error. Finally, in non-human
primates, breakthrough infections during adequate PrEP have been documented.22,23 We
deemed HIV-1 acquisition less likely to be through injecting drugs while on PrEP, as the
participant reported the use of clean injecting equipment for intramuscular injection on
two occasions. Moreover, in a randomised controlled trial among injecting drug users, the
efficacy of PrEP to prevent infection was similar to that in MSM.3,24
Diagnosis of HIV infection was not straightforward in our case because results were atypical for acute infection. Diagnosis of acute HIV-1 infection is usually based on the sequential
appearance of diagnostic tests: viral RNA measured by PCR, p24 and p31 viral antigens
measured by ELISA, HIV-1-specific antibody detected by ELISA, and finally HIV-1-specific
antibodies detected by western blot.25 Studies in human beings and non-human primates
showed that during PrEP use, without actual infection, HIV-specific T-cell responses can be
induced.23,26,27 Therefore, the observation in our patient that seroconversion and induction
of HIV-specific T cells occurred without viraemia might reflect infection with viral load
suppressed by emtricitabine and tenofovir disoproxil fumarate, but alternatively, the antibody and T-cell responses might reflect early immune priming by multiple HIV-1 exposures
without overt infection, with full blown infection only occurring after PrEP is stopped.
The 3 week interval between stopping of PrEP and detection of plasma viraemia provides
support for this hypothesis. Finally, the patient could have acquired HIV after stopping
PrEP; however, as he repeatedly denied having condomless anal sex and injecting drug use
after stopping PrEP, we think this is a less likely scenario.
A western blot typically shows a sequential appearance of antibodies during natural
infection, starting with the appearance of antibodies directed against p17 and p24. In the
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western blot of our patient we initially detected only gp160-specific antibodies, which
normally appear late in the course of acute infection. This observation could be explained
by the possibility that the gp160 antibodies detected were in fact reacting to a multimer
of gp41 (a transmembrane proximal region of the virus). This multimer appears very early
during acute infection, around a week after plasma viraemia and exceeding 100 copies
per mL.28,29 Importantly, our findings illustrate the possibility that people who acquire HIV
while on PrEP might show atypical patterns of seroconversion.
We decided to stop PrEP at diagnosis of seroconversion for fear that we would select
for resistance in the case of a true breakthrough infection, which we could not formally
confirm at that time. One might argue that if we had continued PrEP or had started
combination antiretroviral therapy immediately, infection could have been aborted, and
with the knowledge gained from this case, one might consider this in future comparable
cases. However, with such a scenario it is possible that viraemia would never be detected,
and structured treatment interruption of combination antiretroviral therapy might be
indicated as the only way to prove the presence of infection before deciding to expose a
person to lifelong treatment.
Taken together, this report emphasises the importance of regular HIV testing of PrEP users
and promotes awareness of atypical patterns of seroconversion. Provision of PrEP should
be closely monitored by trained health-care providers.
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Appendix to “Acquisition of wildtype HIV-1 Infection while
on PrEP with documented high intracellular tenofovir
diphosphate concentrations: a case report”
Additional methods: Resistance mutation sequencing
Sequencing of HIV-1 reverse transcriptase
HIV-1 RNA was isolated from EDTA plasma using the QIAamp Viral RNA mini kit (Qiagen
Benelux BV, The Netherlands). As input 140 µL EDTA plasma was used. Isolation was performed according to the manufacturer’s instructions.
Twenty µL of eluate was used for amplification of the RT gene (aa 1-303) using the
Superscript III One-Step RT-PCR System with Platinum Taq High Fidelity (Invitrogen,
ThermoFisher Scientific, Waltham MA). The amplification conditions were 30 min 55°C,
2 min 94°C, 45 cycles of 15 sec 94°C, 30 sec 55°C, 1 min 68°C, and finally 5 min 68°C. The
RT-gene was amplified using 5’RT1 (TAGGACCTACACCTGTCAACATAAT) and 3’RT2 (CTGCCAGTTCTAGCTCTGCTTC).
PCR products were analysed on a 1% agarose gel to check for correct amplification size
(956 nt). Subsequently, PCR products were purified using PCR clean up reagent (Abbott
Molecular, Abbott Park IL) for 15 min at 37°C and 15 min at 80°C.
Amplification products were diluted 1/10 and sequenced using Big Dye Terminator
Sequencing kit V1.1 (Applied Biosystems, Foster City CA). Sequence PCR conditions
were 1 min 96°C, followed by 25 cycles of 10 sec 96°C, 5 sec 50°C, 4 min 60°C. Primers 5’RT-A (CACCTGTCAACATAATTGGAAG), 5’RT-B (GGGATGGAAAGGATCACC), 3’RT-C
(GGTGATCCTTTCCATCCC), and 3’RT-D (GTTAGTGGTACTATTTCTGT) were used. Sequence
reactions were purified using Centri Pure 96 plates (Emp Biotech GmbH, Germany) and
sequenced on an ABI 3730 capillary sequencer (Applied Biosystems, Foster City CA).

Quality standards of the laboratory of the Department of Medical Microbiology
of the Academic Medical Center
The laboritory meets the requirements of ISO standards (RvA M178). Furthermore the
laboratory participates in quality programs: SKML for serological assays, QCMD for molecular assays. Yearly the lab runs 5000 HIV screening assays, 150 Western blots, 5100
HIV-1 RNA assays, and almost 400 genotypic resistance tests.

CTV, Cell Trace Violet

Supplementary Figure. Low proliferative response of CD4+ and CD8+ T cells upon stimulation with HIV-1 gag peptide. PBMCs were isolated at time of HIV seroconversion,
labeled and cultured for 6 days in the presence of gag consensus B peptide pool, CMC pp65 peptide or CD3/CD28 as positive controls, and medium. Each dotplot is gated
on total lymphocytes.

Supplementary figure

Case report HIV seroconversion in PrEP user
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Change in sexual behaviour after six months of preexposure prophylaxis use: results from the Amsterdam
PrEP demonstration project

Elske Hoornenborg*, Liza Coyer*, Anna van Laarhoven, Roel Achterbergh, Henry de
Vries, Maria Prins, Maarten Schim van der Loeff; on behalf of the Amsterdam PrEP
Project team in the HIV Transmission Elimination Amsterdam Initiative.
* These authors contributed equally to this manuscript
Published in AIDS 2018; 32(11):1527-1532
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Abstract
Objective
HIV pre-exposure prophylaxis (PrEP) use may lead to higher STI incidence via behavioural
risk compensation. We examined changes in sexual behaviour between baseline and 6
months after PrEP initiation among men who have sex with men (MSM) and transgender
women (TGW).

Design
Prospective, open-label demonstration study at a large sexually transmitted infections
(STI) clinic in Amsterdam, the Netherlands.

Methods
Participants answered questions about sexual behaviour in the preceding 3 months, including number of anal sex partners and frequency of anal sex with and without condom
by partner type and were tested for STI. Sexual behaviour at baseline was compared with
6 months after PrEP initiation using Wilcoxon signed rank tests. Logistic regression was
used to identify factors associated with an increase in receptive condomless anal sex acts
(rCASa) with casual partners.

Results
Data were available for 328 (99 %) MSM and 2 (1 %) TGW. The number of receptive and
insertive condomless anal sex acts (CASa) increased (baseline: median 11, interquartile
range 4-23; 6 months: median 14, interquartile range 6-26, p<0.001), whereas the number
of anal sex partners (p=0.2) and anal sex acts (p=0.8) remained unchanged. Prevalence of
STI was stable. Older age, prior engagement in chemsex, recent use of post-exposure prophylaxis and choosing a daily PrEP regimen at baseline were associated with an increase
in rCASa with casual partners.

Conclusions
Over the first six months after initiation of PrEP, an increase in insertive and receptive
CASa with casual partners was observed. Long-term follow-up data are needed and STI
incidence needs to be closely monitored.

Sexual risk behaviour after 6 months of PrEP use

Background
In the Netherlands, men who have sex with men (MSM) accounted for 65% of approximately 850 new HIV diagnoses in 2015 [1]. In 2015 we started the Amsterdam PrEP project
(AMPrEP), a prospective, longitudinal, open-label demonstration study on the uptake, acceptability and usability of daily and event-driven pre-exposure prophylaxis (PrEP) as part
of a comprehensive prevention program for MSM and transgender persons at increased
risk for HIV infection[2]. Concerns have been raised that PrEP use may lead to behavioural
risk compensation (i.e., MSM who initiate PrEP may reduce use of other prevention strategies), but studies show conflicting results [3-8]. We aimed to assess changes in sexual
behaviour in participants of AMPrEP.

Methods
Amsterdam pre-exposure prophylaxis project study design, participants and data
collection
Eligible for participation in AMPrEP were HIV-negative MSM and transgender persons who
have sex with men, who were at least 18 years old and had one or more risk factors for
HIV infection in the 6 months preceding the screening visit [9]. After obtaining written
informed consent, we offered eligible participants a choice of daily or event-driven PrEP
(tenofovir disoproxil and emtricitabine) use. Participants were monitored quarterly at
the Public Health Service of Amsterdam. Event-driven use consisted of two tablets taken
between 24 and 2 hours before sexual intercourse, followed by one tablet every 24 hours
up to 48 hours after the last sexual intercourse [10].
Testing for sexually transmitted infections (STI) according to clinic protocols was performed at screening for PrEP eligibility and quarterly after initiation of PrEP. Information
on socio-demographic characteristics, drug use and mental health was collected by
self-administered questionnaires at initiation of PrEP (baseline). Participants answered
questions on sexual behaviour, including number of anal sex partners, frequency of anal
sex with and without condom, and sexual position (insertive or receptive), by partner type
(unknown casual, known casual or steady) over the preceding 3 months. In this report,
we use the term ‘partners’ to refer to anal sex partners. Participants who completed the
sexual behaviour questions at baseline and six months after starting PrEP (5-7 months
range) were included in this analysis.
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Data inconsistencies, such as reporting more condomless anal sex acts (CASa) than total
number of ASa, were adjusted according to the most detailed answer(e.g., if ASa was 10
and CASa was 12, we changed ASa to 12). These corrections did not affect the results.

Statistical analysis
The number of partners and number of ASa in the preceding 3 months had positively
skewed distributions and were compared between baseline and 6 months using Wilcoxon
signed rank tests. The main outcome of interest for the regression analysis was an increase
in number of receptive CAS acts (rCASa) with casual partners, as this is strongly associated
with an increased risk of HIV transmission [11]. This was defined as ≥1 rCASa with casual
partners at 6 months for those with none at baseline, a two-fold or higher increase for
those with one to four rCASa with casual partners at baseline, and an increase of four or
more at 6 months for those with >4 rCASa with casual partners at baseline.
Logistic regression analysis was performed to identify factors associated with an increase
in rCASa with casual partners. All variables with a p-value less than 0.20 or a strong association (defined as OR≤0.5 or OR≥2.0) in univariable analyses were included in the initial
model; age was forced in the model. The multivariable model was constructed using a
stepwise backward procedure; variables with p greater than 0.05 were removed from
the model. The standard errors on the log scale were examined to identify collinearity.
Adjusted odds ratios (aORs) were computed with 95% confidence intervals (CIs) and Wald
test p-values. All statistical analyses were performed using STATA version 19 (StataCorp,
College Station, Texas, USA).

Results
Study participants
Of the 376 AMPrEP participants, 42 (11%) did not return for a visit between 5 and 7 months
after initiating PrEP. Another 4 (1%) were excluded due to missing sexual behaviour data
at 6 months, leaving 330 (88%) participants for this analysis. Of those included 328 (99%)
were MSM (Table 1). Median age was 40.5 years [interquartile range (IQR) 33-49]. Most
identified themselves as white (86%), were living in Amsterdam (61%), were highly educated (77%) and employed (78%). At baseline, 44% reported being in a steady relationship
and 41% had engaged in chemsex with casual partners in the preceding 3 months. Overall,
248 (75%) initially chose to start with daily PrEP and 82 (25%) with event-driven PrEP.

2

Transgender (born male)

253

High (higher professional or university)
255
55

Yes

No, volunteer/disabled/retired

Employmentd

77

Low/middle (primary or secondary education)

Educational level

202
128

Amsterdam

Other

Place of residence

279
45

White

Non-white

Self-declared ethnicity

328

Male

Gender

126

≥45

17

78

77

23

39

61

14

86

1

99

38

30

32

106
98

<35

[33-49]

40.5

35-44

Median [IQR]

Age (years)

Increase
in rCASa
with casual
partners*

33

22

99

96

33

52

77

13

111

1

128

51

45

31

40

39

38

43

41

38

29

40

50

39

41

46

1

1.05

1

0.82

1

1.11

1

0.59

1

N/A

1.50

1.88

(0.58-1.91)

(0.549-1.37)

(0.71-1.75)

(0.30-1.18)

(0.87-2.59)

(1.06-3.33)

95% CI

0.808

0.441

0.650

0.125

0.087

2.05

2.10

1

P value aOR

(1.14-3.69)

(1.15-3.81)

95% CI

0.019

P value

Univariable logistic regression Multivariable logistic regression

N=330 100%%a,b n=129 39.1%b,c OR

AMPrEP
participants

Table 1 Characteristics of included AMPrEP participants, and associations with an increase in receptive condomless anal sex with casual partners (N=330).
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139
94

Middle (€1701-€2950)

High (>€2950)

8
125

Eligibility criterion 2: HIV-positive partner with a detectable
viral load past six months

Eligibility criterion 3: STI past six months

38

2

95

20

65
314

80

264

Eligibility criterion 1: CAS with casual partner(s) past six
months

Not exclusively homosexual

Exclusively homosexual

Sexual preferenceg

32

105
50

With partner

With parents/flatmate(s)

15

53

44

56

30

44

26

5

175

Alone

Living situation

182
144

No

Yes

In a steady relationshipf

83

16

Low (≤€1700)

Monthly net incomee

No, unemployed

Increase
in rCASa
with casual
partners*

53

3

121

20

109

20

39

70

52

74

36

51

34

5

42

38

39

31

41

40

37

40

36.1

40.7

38

37

41

31

1.25

0.93

0.63

0.63

1

0.92

0.89

1

0.82

1

0.89

0.84

1

0.72

(0.79-1.97)

(0.22-3.97)

(0.23-1.71)

(0.35-1.13)

(0.48-1.75)

(0.54-1.46)

(0.53-1.29)

(0.49-1.64)

(0.48-1.46)

(0.24-2.12)

95% CI

0.337

0.925

0.365

0.115

0.884

0.402

0.819

P value aOR

95% CI

P value

Univariable logistic regression Multivariable logistic regression

N=330 100%%a,b n=129 39.1%b,c OR

AMPrEP
participants

Table 1 Characteristics of included AMPrEP participants, and associations with an increase in receptive condomless anal sex with casual partners (N=330). (continued)
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12

41

Yes

Event-driven

PrEP regimen chosen at baseline

Yes (MHI-5 score <60)

No (MHI-5 score ≥60)

Depressive or anxiety symptoms at baselinek

25

19

62
82

81

37

63

41

59

25

268

208
122

No indication (DUDIT score <8)

Indication (DUDIT score ≥8)

Drug-related problems at baselinej

193
132

No

Chemsex with casual partners in three months prior to baselineh,i

≥36

20

82
66

11-20

21-35

43

12
141

[6-25]

8

Median [IQR]

25

0-10

Total number of anal sex partners in three
months prior to baseline

Eligibility criterion 4: Post-exposure prophylaxis used past six
months

Increase
in rCASa
with casual
partners*

20

24

105

55

74

61

67

15

28

35

51

17

24

39

39

45

36

46

35

37

42

43

36

68

1

0.98

1

1.49

1

1.62

1

1.02

1.30

1.31

1

3.66

(0.62-1.73)

(0.94-2.34)

(1.03-2.34)

(0.49-2.10)

(0.72-2.36)

(0.75-2.29)

(1.53-8.76)

95% CI

0.946

0.089

0.038

0.714

0.002

1

1.72

1

3.09

P value aOR

P value

0.003

(1.07-2.77) 0.026

(1.24-7.71) 0.016

95% CI

Univariable logistic regression Multivariable logistic regression

N=330 100%%a,b n=129 39.1%b,c OR

AMPrEP
participants

Table 1 Characteristics of included AMPrEP participants, and associations with an increase in receptive condomless anal sex with casual partners (N=330). (continued)
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248

75

109

44

2.43

1.38-4.29

95% CI
0.001

2.48

P value aOR

(1.38-4.47)

95% CI

P value

Univariable logistic regression Multivariable logistic regression

*An increase in number of receptive CAS acts (rCASa) with casual partners was defined as ≥1 rCASa with casual partners at six months for those with none at baseline, a two-fold or
higher increase for those with 1-4 rCASa with casual partners at baseline, and an increase of four or more at six months for those with >4 rCASa with casual partners at baseline. aColumn percentages, bPercentages may not total 100 because of rounding. cRow percentages, d14 missing e4 missing f4 missing g on a 7-point scale ranging from exclusively homosexual
to exclusively heterosexual preference;1 missing h5 missing. iChemsex was defined as the use of crystal methamphetamine, gamma hydroxybutyrate and/or mephedrone around the
time of sex. jA score of ≥8 (ranging from a minimum of 0 to a maximum of 44) on the 11-item Drug Use Disorders Identification Test (DUDIT) was considered indicative of drug-related
problems [16]. kParticipants with a score <60 (ranging from a minimum of 0 to a maximum of 100) on the 5-item Mental Health Inventory (MHI-5) were categorized as showing depressive or anxiety symptoms [17].
Abbreviations: AMPrEP, Amsterdam PrEP project; CAS, condomless anal sex; DUDIT, Drug Use Disorders Identification Test; IQR, inter-quartile range; MHI-5, Mental Health Inventory 5;
N/A, not applicable; PrEP, pre-exposure prophylaxis; STI, sexually transmitted infections

Daily

Increase
in rCASa
with casual
partners*

N=330 100%%a,b n=129 39.1%b,c OR

AMPrEP
participants

Table 1 Characteristics of included AMPrEP participants, and associations with an increase in receptive condomless anal sex with casual partners (N=330). (continued)
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Sexual risk behaviour after 6 months of PrEP use

Change in sexual behaviour
Number of anal sex partners
At baseline, the median total number of partners, unknown casual partners, known casual
partners and steady partners in the previous 3 months was 12 (IQR 6-25), 7 (IQR 3-20), 3
(IQR 1-6) and 0 (IQR 0-1), respectively. No evidence for a change in the number of partners
over 6 months was found overall (p=0.194, Figure 1a), or for the number of unknown
casual partners (p=0.831, Suppl. Table 1). There was some evidence for an increase in
the number of known casual partners (median at 6 months: 8, IQR 2-18, p=0.054). The
number of steady partners decreased slightly (median at 6 months: 0, IQR 0-1, p=0.010).
p=0.194

p=0.797

20

Frequency
40

60

p=0.797

0

0

20

Frequency
40

60

p=0.194

Baseline

6 months

Baseline

6 months

1d. Number of receptive condomless anal sex acts with casual partner(s)
80

80

1c. Number of condomless anal sex acts

p<0.001

Frequency
40

60

p<0.001

20
0

0

20

Frequency
40

60

1b. Total number of anal sex acts
80

80

1a. Total number of anal sex partners

Baseline

6 months

Baseline

6 months

Figure 1. Reported sexual behaviour in the 3 months preceding the baseline and the 6 months follow-up visits,
among AMPrEP participants, 2015-2017.
(a) Total number of anal sex partners. (b) Total number of anal sex acts. (c) Number of condomless anal sex acts. (d)
Number of receptive condomless anal sex acts with casual partners. Lines represent: 1.5 IQR of 75th percentile, 75th
percentile, median, 25th percentile, 1.5 IQR of 25th percentile.

Number of anal sex acts
The median total number of ASa was 22 (IQR 11-36) at baseline and remained practically
unchanged at 6 months (p=0.797, Fig1b), as did the number of insertive and receptive ASa
(p=0.308 and p=0.840, respectively). The total number of CASa rose from a median of 11
(IQR 4-23) at baseline, to 14 (IQR 6-26) at 6 months (p<0.001, Fig 1c). A similar increase
was observed for the number of insertive and receptive CASa separately (both p<0.001).
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The median number of rCASa with casual partners increased from 2 (IQR 0-6) to 4 (IQR
0-11) (p<0.001, Fig 1d). In contrast, the number of ASa with steady partners decreased
(p=0.031), and there was no evidence for a change in the number of CASa with these
partners (p=0.167).

Sexually Transmitted Infection prevalence
The prevalence of any STI (chlamydia, gonorrhoea, or recent syphilis) was 17.1% (56/328)
at baseline and 17.0% (56/329) at 6 months.

Factors associated with an increase in number of receptive condomless anal sex acts with
casual partners
We observed an increase in rCASa with casual partners among 129 (39%) and a decrease
among 73 (22%) participants. In multivariable analysis, older age, post-exposure prophylaxis (PEP) use in the 6 months prior to baseline (aOR 3.09, 95% CI 1.24-7.71), engaging
in chemsex with casual partners in the 3 months prior to baseline (aOR 1.72, 95% CI
1.07-2.77) and PrEP regimen choice (daily vs. event-driven, aOR 2.48, 95% CI 1.38-4.47) at
baseline were factors associated with increased rCASa with casual partners at six months
compared to baseline (Table 1). No interaction was found between age and choice of PrEP
regimen (p=0.603). A sensitivity analysis, using an alternative definition of an increase in
rCASa with casual partners (≥1 rCASa at 6 months if none at baseline; ≥50% increase if ≥1
rCASa at baseline), yielded largely similar results (data not shown).

Discussion
In participants of a PrEP demonstration project in the Netherlands, we observed an increase in insertive and receptive CASa across two casual partner categories - unknown and
known-, with a stable median total number of casual partners, at 6 months after initiation
of PrEP. Older age, PEP use prior to baseline, reporting chemsex with casual partners prior
to baseline, and choosing daily PrEP at baseline were factors associated with an increase
in rCAS with casual partners. STI prevalence did not increase.
To our best knowledge, this is one of the first studies reporting on associated factors of a
change in sexual behaviour after PrEP initiation. By identifying those who are most likely
to increase their sexual behaviour, we can allocate resources for additional monitoring,
counselling and other interventions (e.g. referral for support for drug-related issues), limiting a possible negative impact of PrEP on sexual health. This study included both daily and
event-driven PrEP users, which enabled us to study the effect of PrEP regimen on sexual
behaviour change. Interestingly, choosing a daily PrEP regimen was a factor independently

Sexual risk behaviour after 6 months of PrEP use

associated with an increase in rCASa. This finding needs further investigation. Possible, as
has been reported before, people who are having periods of frequent HIV exposure are
inclined to seek PrEP, and more specifically a PrEP regimen that fits their need [5].
The proportion without a visit between 5 and 7 months after starting PrEP may seem high
(42/376, 11%). However, of those, 24 did return for a visit after 7 months and 18 people
did not return at all. Thus, actual loss to follow-up around six months after initiation of
PrEP was only 5% (18/376).
The median number of reported partners in the preceding three months in our study
(12) is comparable to that reported in other demonstration projects or open label studies
(11-19) [3, 4]. The stable number of partners reported in our study was in line with results
from other open label studies [6, 12-14]. Moreover, our results are in line with some studies showing an increase in CAS but conflict with other studies that did not observe an
increase [3-7, 12, 13, 15].
In contrast to other studies, which reported on number of partners, proportions reporting
(receptive) CASa [4, 12], proportion using a condom during the last ASa [14] or probability
of using a condom [3], we collected more detailed data on number and type of ASa for
three different partner categories. Actual numbers of (r)CASa with casual partners may be
more informative of exposure to HIV and STI than the proportion of participants reporting CASa, as data on frequency of exposure per partner is lacking in the latter measure.
Another strength of this study is that data were collected in the setting of a demonstration
project, mirroring routine clinical practice.
There are some limitations of this study. This analysis incorporates only one time point
-6 months- after PrEP initiation. Sexual behaviour after PrEP may change when observed
over a longer time period, and long-term follow-up data of PrEP users are needed. For
unknown partners, the number of ASa was presumed to equal the number of partners,
whereas participants might have had several sex acts with one unknown partner. This may
have resulted in an underestimation of ASa. Moreover, as this is a one-arm study lacking
a control group, observed changes in sexual behaviour possibly result from non-causal
trends over time. In view of the short follow-up period of this study, this is not very likely.
In conclusion, we showed an increase in both insertive and receptive CASa with casual
partners, without an increase in STI prevalence. Although further work is needed on longterm sexual behaviour and STI incidence in daily and event-driven PrEP users, these data
suggest that counselling and behavioural interventions should be offered to all starting
PrEP, and especially to those who are older, report chemsex or PEP use before PrEP initiation, or opt for daily PrEP use.
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Summary
Background
Pre-exposure prophylaxis (PrEP) for HIV might induce risk compensation, defined as increased sexual risk behaviour leading to increased incidence of bacterial sexually transmitted infections (STIs). We examined the incidence of HIV, STIs, and sexual behaviour after
initiating daily and event-driven PrEP.

Methods
AMPrEP is a demonstration study that assessed the incidence of HIV and bacterial STIs and
sexual behaviour among PrEP users at the STI clinic of the Public Health Service of Amsterdam (Amsterdam, the Netherlands). Eligible adults (aged ≥18 years) were HIV-negative
men who have sex with men (MSM) and transgender people who had reported one or
more of the following in the previous 6 months: condomless anal sex with casual partners,
at least one bacterial STI, use of post-exposure prophylaxis after a sexual risk incident, or
an HIV-positive sexual partner with detectable viral load. Participants were given a choice
of daily PrEP or event-driven PrEP regimens. Participants were seen every 3 months for HIV
and STI testing. Participants also completed self-administered questionnaires about sexual
behaviour at each visit. Over the first 2 years, we assessed the number and incidence rate
of HIV and chlamydia, gonorrhoea, and syphilis, including STIs diagnosed in between study
visits and assessed changes in incidence over time using piecewise exponential survival
models. The number of sexual acts and sexual partners were also analysed and changes
over time were assessed using negative binomial regression models. This study is ongoing;
the data cutoff for this analysis was June 30, 2018.

Findings
Between Aug 3, 2015, and May 31, 2016, 376 participants were recruited, of whom nine
participants were lost to follow-up, thus 367 participants were included in the analysis.
Overall, 365 MSM and two transgender women were included, contributing 681·7 personyears of follow-up. At enrolment, 269 (73%) of 367 participants chose daily PrEP and
98 (27%) participants chose event-driven PrEP. Two individuals in the daily PrEP group
became HIV-positive; overall HIV incidence rate was 0·30 per 100 person-years (95%
CI 0·07–1·19). 253 participants were diagnosed with one or more STI during the first 2
years (incidence rate 90·4 per 100 person-years). STI incidence did not change over time
(adjusted incidence rate ratio [aIRR] 1·00 per 3 month follow-up, 95% CI 0·93–1·07). More
than a quarter of all STIs were diagnosed from tests done in between study visits. STI
incidence was lower in the event-driven PrEP group than the daily PrEP group (aIRR 0·59,
95% CI 0·46–0·75). The number of condomless anal sex acts with casual partners per 3
months increased, but the number of partners and sex acts remained stable.
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Interpretation
Although the overall incidence of STIs did not change during 2 years of PrEP use, the
incidence of STIs was higher among participants using daily PrEP than those using eventdriven PrEP, which is likely a result of differences in sexual behaviour. This finding suggests
the need to tailor STI prevention interventions according to behavioural profiles.

Research in context
Evidence before this study
We searched MEDLINE and conference databases (International AIDS Society Conference
[2017, 2018] and Conference on Retroviruses and Opportunistic Infections [2017, 2018])
without language restrictions from database inception to Nov 28, 2018, for articles or
abstracts, using the search terms “pre-exposure prophylaxis”, “PrEP”, “HIV”, “sexually
transmitted infection”, “STI”, “sexually transmitted disease”, and “STD”. Our search yielded
347 articles. We selected open-label and demonstration studies because they provide
more real-life insight with regard to sexually transmitted infections (STIs) than blinded
studies, and results are more applicable to pre-exposure prophylaxis (PrEP) implementation settings. Included studies were heterogeneous regarding changes in STI diagnoses
after initiation of PrEP: some reported an increase, whereas others reported a stable rate
or a decrease in STI diagnoses. Most studies only offered daily PrEP, with the exception
of studies from France and Belgium. A recent meta-analysis, which included data from
eight open-label and observational studies on daily PrEP found that the risk of having an
STI was slightly higher in people using PrEP than people not using PrEP (odds ratio [OR]
1·24, 95% CI 0·99–1·54, p=0·059, I2=50%) and the risk of rectal chlamydia was also higher
(OR 1·59, 1·19–2·13, p=0·002, I2=23%). These findings were based on diagnosis rates at
various follow-up intervals, ranging from 6 to 12 months. However, in studies published
after 2016, an increase in STI incidence was more frequently reported. Data on sexual
behaviour were not uniformly reported across studies. Most studies reported a decrease
in condom use.

Added value of this study
The Amsterdam PrEP (AMPrEP) demonstration project uniquely offered participants
a choice of daily and event-driven PrEP regimens using tenofovir disoproxil fumarate
plus emtricitabine. This is the first study to report STI incidence across chosen regimens
within the same catchment area. We estimated STI incidence not only using data collected at study visits but also using data collected at additional visits to our STI clinic for
STI-associated complaints or after receiving partner notification. Hence, our STI estimates
could be considered more reflective of current PrEP users than most previous studies.
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Our results show a stable and high incidence of STIs during 2 years of PrEP use. This incidence is comparable to other PrEP studies, but markedly higher than that of the broader
community of men who have sex with men (MSM). STI incidence was also higher among
participants using daily PrEP than those using event-driven PrEP. Moreover, no new HIV
infections occurred among participants using event-driven PrEP in our study. Additionally,
we report detailed data on sexual behaviour, and found an increase in condomless anal sex
with casual partners over the 2 year study period in participants who used daily PrEP and
those using event-driven PrEP who never switched PrEP regimen. Overall, daily PrEP users
reported more partners and sex acts than participants using event-driven PrEP.

Implications of all the available evidence
PrEP is a powerful tool to prevent HIV infections. PrEP uptake is slowly expanding in an
era of increasing STI incidence among MSM in several geographical areas, which predates
the introduction of PrEP. Available data on related outcomes, such as changes in STI incidence and sexual behaviour, are limited and conflicting, and the causal link between these
outcomes and PrEP use is unclear. Whether STI incidence increases after initiation of PrEP
and during PrEP use is not yet established. However, available evidence and the results
of our study suggest that STI incidence is higher among users of daily PrEP than users of
event-driven PrEP, most likely as a result of differences in sexual behaviour. We also found
that many STIs are diagnosed at additional, non-study clinic visits, indicating that these STI
diagnoses should be considered in future studies. Furthermore, evidence suggests that
event-driven PrEP is effective for the prevention of HIV, and condom use decreases after
PrEP initiation in daily PrEP users and never-switchers on event-driven PrEP. Standardised
data collection of both STI and behavioural data would benefit future research aimed at
better understanding sexual behaviour and STI incidence during the use of PrEP.

Introduction
Despite early initiation and widespread use of antiretroviral treatment among people
diagnosed with HIV, the annual number of new HIV diagnoses among men who have sex
with men (MSM) in the Netherlands was 545 in 2016.1 In that year, 11,807 new diagnoses
were reported among MSM in the European Economic Area, indicating a pressing need to
scale-up prevention programmes for this key population.2
The effectiveness of both daily and event-driven (before and after sexual contact) oral
pre-exposure prophylaxis (PrEP) with tenofovir disoproxil fumarate and emtricitabine has
been observed in randomised-controlled trials and demonstration studies.3 PrEP is currently available in routine care for free or at low cost in a limited, but growing, number of
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countries.4,5 To increase PrEP implementation, the European Centre for Disease Prevention and Control issued options for action in 2016, 6 which included evaluating outcomes
in demonstration projects aimed at identifying optimal models for service delivery and
strengthening monitoring of HIV and sexually transmitted infections (STIs). Strengthening
of HIV monitoring resulted from concerns that PrEP use would lead to risk compensation
(reduction in condom use due to decreased perceived HIV risk) and as a result, increased
STI acquisition.
Existing data on sexual behaviour and STI incidence in MSM using PrEP are conflicting.
Most studies have reported decreasing condom use, but few have reported increasing STI
incidence and others observed no such changes7 Although event-driven PrEP is available
at a lower cost than daily PrEP, is preferred by some users, has been included in several international guidelines8,9 and is currently available in a number of European countries,5,10,11
sexual behaviour and STI incidence among people taking event-driven PrEP have not been
compared with those taking daily PrEP.
To gain insight into longer-term outcomes during PrEP use, in a setting where daily and
event-driven PrEP are offered as part of comprehensive HIV and STI services, we report
results from the Amsterdam PrEP (AMPrEP) study, a demonstration project among HIVnegative MSM and transgender people. We aimed to assess the incidence of HIV and
bacterial STIs, and sexual behaviour during the first 2 years of daily and event- driven PrEP.

Methods
Study design and participants
The AMPrEP study is a prospective, open-label demon- stration study done at the STI
clinic of the Public Health Service of Amsterdam (Amsterdam, the Netherlands). The study
design and procedures of the AMPrEP study have been described previously.12 Eligible
individuals were HIV-negative MSM or transgender people who had sex with men aged 18
years or older, who had reported one or more of the following in the previous 6 months:
condomless anal sex with casual partners (defined as partners who are not their regular,
long-term partner), at least one bacterial STI, use of post-exposure prophylaxis after a
sexual risk incident, or an HIV-positive sexual partner with detectable viral load. 12 This
study is ongoing; the data cutoff for this analysis was June 30, 2018. All participants provided written informed consent.
The study was approved by the ethics board of the Academic Medical Center (Amsterdam,
the Netherlands; NL49504·018·14) and is registered with the Netherlands Trial Registry,
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number NTR5411. The study protocol is available online. AMPrEP is part of the HIV Transmission Elimination AMsterdam (H-TEAM) Initiative, a multi-disciplinary and integrative
approach to stop the urban HIV epidemic.

Procedures
We offered participants a choice of free-of-charge daily PrEP (tablet containing tenofovir
disoproxil fumarate 245 mg combined with emtricitabine 200 mg, one tablet per day) or
event-driven PrEP (two tablets taken between 24 h and 2 h before sexual intercourse, followed by one tablet every 24 h up to 48 h after the last sexual intercourse).13 Participants
self-selected the regimen most adapted to their lifestyle and personality, and could switch
regimens at each study visit.
We monitored participants every 3 months. At each 3-month study visit, we did HIV and
STI testing according to routine protocol at the clinic. HIV antigens and antibodies were
tested for using the LIAISON XL Murex HIV Ag/Ab assay (Diasorin, Saluggia, Italy) with
immunoblot confirmation (INNO_LIPA HIV I/II Score; Fujirebio, Ghent, Belgium), and serology testing for syphilis was done using the LIAISON Treponema Screen assay (DiaSorin,
Saluggia, Italy). We analysed urine, anal, and pharyngeal swabs using nucleic amplification
testing for Chlamydia trachomatis and Neisseria gonorrhoeae (Aptima Combo 2 assay;
Hologic, San Diego, CA, USA). Additional testing in participants with suspected STI symptoms or in patients who had received partner notification was done in between regular
study visits. We included results from any visit to our clinic in this analysis. We collected
self-reported data on STI diagnosed elsewhere (eg, at the general practitioner or other STI
clinics). However, these data did not include complete information on anatomical location
and were excluded from analysis.
If an STI was detected, we provided immediate treatment free of charge. For pharyngeal
gonorrhoea infections, we did a test-of-cure assessment after 7 days. For anal and urethral
gonorrhoea infections and for other STIs, tests of cure were not considered necessary due
to low levels of resistance in the Netherlands. All participants were advised to return in
case of persistent symptoms.
At baseline and follow-up visits, participants completed a self-administered questionnaire,
which included detailed questions on sexual behaviour in the previous 3 months. Study
methods have been published previously.12,14

Outcomes
We assessed the number and incidence rate of HIV, chlamydia, gonorrhoea, and syphilis
(stage 1 or 2) infections. We defined any bacterial STI infection as having one or more
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STI (chlamydia, gonorrhoea, or syphilis) diagnosed at a visit. We stratified chlamydia and
gonorrhoea infections by infection site (anal, urethral, or pharyngeal), with any diagnosed
anal chlamydia or gonorrhoea infection referred to as any anal STI.
We also evaluated sexual behaviour (number of anal sex partners, number of anal sex acts,
and number of condomless anal sex acts with casual partners) in the 3 months before
each study visit as main behavioural outcomes. Additionally, we analysed the number of
condomless anal sex according to sexual position (insertive or receptive) and partner type
(unknown casual, known casual, or steady). Herein, the term partners refers to anal sex
partners and sex acts refers to anal sex acts.

Statistical analysis
We defined baseline as the enrolment visit. Patients were followed up every 3 months
until the 24 month visit, PrEP discontinuation, loss to follow-up, or HIV seroconversion,
whichever occurred first. Participants discontinuing PrEP were allowed to re-enter the
study if they remained HIV-negative, in which case follow-up time was defined from PrEP
re-initiation. PrEP regimen was included in all analyses as a time-dependent variable.
We calculated STI incidence rates per 100 person-years as the total number of any STI
divided by the person- years of observation. We included repeated STI infections over time
in the nominator. We calculated HIV incidence rate as the total number of HIV infections
divided by person-years of observation. For patients with HIV seroconversion, we defined
the midpoint between the date of last HIV negative test and date of first positive test as
the point of HIV seroconversion. We calculated 95% CIs for incidence rate using quadratic
approximation or exact Poisson methods. We calculated incidence rate for the overall
study population and stratified by PrEP regimen.
We evaluated change in STI incidence over the 3 month time intervals using a piecewise
exponential survival model with γ-distributed shared frailty to account for between-subject
variability.15 We estimated the unadjusted incidence rate ratio (IRR) and 95% CI per each 3
month follow-up period and IRR (95% CIs) adjusted for the following time-dependent variables: calendar year, age category (≤34, 35–44, ≥45 years), and STI testing frequency (≤3,
4–5, ≥6 tests per year). We calculated p values using the Wald test. To evaluate whether
changes in STI incidence over interval time differed between PrEP regimens, we included
the interaction between interval time and regimen in the model. We calculated stratumspecific IRRs directly from this model. We did not test for changes in HIV incidence due to
the low number of HIV infections during follow-up.
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We calculated median number of sexual partners and acts and accompanying IQRs within
the past 3 months in analysis on sexual behaviour. We obtained p values using a Wilcoxontype test for trend. We evaluated change in sexual behaviour over 3 month time intervals
using a negative binomial regression model with generalised estimating equations,
accounting for within-subject variability with an exchangeable correlation matrix and
robust SEs. Parameter estimates with 95% CIs were reported and interpreted as a relative
ratio, comparing number of sexual partner and sex acts per 3 month time interval, both
unadjusted and adjusted for calendar year and age category. We also assessed whether
changes in sexual behaviour differed between PrEP regimens over 3 month time intervals
by testing for interaction between interval time and regimen.
In sensitivity analyses, we restricted analyses to participants who did not switch regimen,
to evaluate whether including participants who switched regimens influenced our findings. Since sexual behaviour data for the 3 months preceding baseline were also collected,
we also assessed whether the inclusion pre-PrEP data altered our findings. All statistical
analyses were done using Stata (version 13.1).

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 and MP
and HJCdV had final responsibility for the decision to submit for publication.

Results
Between Aug 3, 2015, and May 31, 2016, 376 participants were enrolled. Of 376 participants, nine were excluded due to no follow-up data. Of the 367 included in the analysis,
365 participants were MSM and two participants were transgender women. At PrEP initiation, median age was 40 years (IQR 32–48), 315 (86%) of 367 participants self-identified as
white, and 223 (61%) of 367 participants lived in Amsterdam (appendix). Median follow-up
time was 2·0 years (IQR 1·9–2·0), corresponding to 681·7 person-years.
Of the 367 participants included, 269 (73%) chose daily PrEP and 98 (27%) participants
chose event-driven PrEP (appendix). 260 participants continued their initial PrEP regimen, 69 switched regimens once, and 38 switched more than once. Of the 153 regimen
switches, 80 (52%) were from daily to event-driven PrEP and 73 (48%) switches were from
event-driven to daily PrEP. In the first and second year, respectively, 13 participants (ten
participants in the daily PrEP group and three participants in the event-driven PrEP group)
discontinued participation in the first year and seven participants (five participants in
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PrEP

PrEP= pre-exposure prophylaxis
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Table 1. HIV incidence by PrEP regimen.
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the daily PrEP group and two participants in the event-driven PrEP group) discontinued
participation in the second year. Four participants (three participants in the daily PrEP
group and one participant in the event-driven PrEP group) who discontinued PrEP in the
first year restarted PrEP during follow-up.
Two people in the daily PrEP group acquired HIV infection within a year after starting PrEP.
One person stopped taking PrEP several months before acute HIV diagnosis, whereas the
second individual was consistently taking daily PrEP.16 Overall HIV incidence was 0·30 per
100 person-years (95% CI 0·07–1·19; table 1).
In the first year on PrEP, 193 (53%) of 367 participants were diagnosed with one or more
STIs (incidence rate 93·5 per 100 person-years; appendix) and during the second year on
PrEP, 175 (51%) of 343 participants were diagnosed with one or more STIs (incidence rate
86·9 per 100 person-years; appendix), corresponding to an overall incidence rate of 90·4
per 100 person-years (appendix). Of the 357 participants with available anal STI results,
188 (51%) had at least one anal STI (incidence in first year 62·1 per 100 person-years;
incidence in second year 57·5 per 100 person-years). Overall incidence of anal gonorrhoea
infection was highest (34·1 per 110 person-years), followed by anal chlamydia (33·1 per
100 person-years), pharyngeal gonorrhoea (24·9 per 100 person-years), and syphilis (12·2
per 100 person-years). We diagnosed 31 anal lymphogranuloma venereum infections
(13·8% of 224 anal chlamydia infections; data not shown).
68 (23%) of 290 chlamydia infections, 96 (28%) of 340 gonorrhoea infections, and 25 (30%) of
82 syphilis infections were diagnosed during additional, non-study visits to our clinic (appendix). Symptoms were reported during 93 (60%) of 155 non-study visits and during 47 (10%)
of 454 study visits at which an STI was diagnosed. 102 (28%) of 367 participants reported at
least one STI diagnosis or treatment outside our clinic (appendix; not included in analysis).
No significant differences in overall incidence of any STI over time were observed before
(IRR 1·01 per 3 months, 95% CI 0·98–1·05, p=0·55; figure 1; appendix) and after adjustment for calendar year, age category, and yearly testing frequency (adjusted IRR [aIRR]
1·00, 0·93–1·07, p=0·94; table 2), or for any other individual STI (overall and by anatomical
location). Although the incidence of any STI, in particular urogenital chlamydia and syphilis, seemed to increase among event-driven PrEP users (figure 1B), the effect of time was
not significant (aIRR per 3 months 1·04, 0·94–1·15, p=0·46; table 2).
Overall incidence of any STI was 41% lower among event-driven PrEP users than daily PrEP
users (aIRR 0·59, 95% CI 0·46–0·75, p<0·0001; table 3, figure 1B). The incidence of any
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anal STI, any chlamydia (particularly anal), and any gonorrhoea (all anatomical sites) were
significantly lower among
(table
Overallevent-driven than daily PrEP usersDaily
PrEP 3).
Event-driven PrEP
p value
aIRR (95% CI)
Participants aIRR (95% CI)
with
year, ≥1
participants
had a median 12 (IQR 6–25)
positive
test, n

Positive
tests, n

p value

aIRR (95% CI)

In the first and second
and 11 (IQR 5–22)
partners per 3 month interval, and a median 11 (IQR 5–25) and ten (IQR 4–21) casual
Any STI
630
255
1·00 (0·93–1·07) 0·94
0·99 (0·92–1·06) 0·74
1·04 (0·94–1·15)
partners per 3 month interval, respectively (appendix). Participants engaged in a median
Any anal STI
421
192
1·00 (0·92–1·09) 0·95
1·00 (0·92–1·09)
1·0
1·02 (0·89–1·17)
of Any
20 chlamydia
(IQR 10–35) anal
first
year and
anal0·66
sex acts1·04in(0·89–1·20)
the
300sex acts
180 in the0·99
(0·90–1·09)
0·8018 (IQR
0·989–32)
(0·89–1·08)
Anal chlamydia
147 of ten0·97
(0·87–1·09)
0·65
0·97 (0·87–1·09)
0·59 with
1·01
(0·85–1·20)
second
year, including233
a median
(IQR
4–21) condomless
anal sex acts
casual
Urogenitalper
chlamydia
75
64in the first
0·99 (0·82–1·21)
0·96 (0·78–1·17)
1·16 (0·88–1·53)
partners
3 month interval
year, four 0·95
(IQR 0–11)
of which 0·66
were receptive,
Pharyngeal chlamydia
29
25
1·07 (0·78–1·45) 0·69
1·08 (0·79–1·49) 0·62
1·01 (0·67–1·52)
andAnyten
(IQR 3–22) condomless
anal sex0·99
acts
per 3 month interval
in the second year,
three
gonorrhoea
352
186
(0·90–1·08) 0·84
0·99 (0·90–1·08) 0·80
0·99 (0·86–1·15)
(IQR
0–11·5)
of
which
were
receptive.
Anal gonorrhoea
240
133
1·00 (0·90–1·12) 0·98
1·00 (0·89–1·12)
0·97
1·02 (0·85–1·23)
Urogenital gonorrhoea

64

46

Pharyngeal gonorrhoea

171

120

0·97 (0·85–1·10)

0·62

83

75

0·99 (0·83–1·19)

0·95

Syphilis (stage 1 or 2)

1·05 (0·84–1·30)

0·69

1·04 (0·84–1·30)

p value

pinteractio

0·46

0·28

0·74

0·72

0·64

0·40

0·93

0·63

0·31

0·13

0·98

0·69

0·92

0·94

0·80

0·76

0·85

0·95

0·71

1·03 (0·73–1·46)

0·97 (0·85–1·10)

0·61

0·98 (0·80–1·19) 0·80

0·93

0·94 (0·78–1·13)

0·50

1·16 (0·91–1·47)

0·058

0·23

Incidence was adjusted for calendar year, age, and number of STI tests per year. PrEP=pre-exposure prophylaxis. aIRR=adjusted incidence rate ratio. STI=sexually transmit
infection. *Interaction between 3 month time intervals and PrEP regimen.
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300
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352
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64

171

83

Any anal STI

Any chlamydia

Anal chlamydia

Urogenital chlamydia

Pharyngeal chlamydia

Any gonorrhoea

Anal gonorrhoea

Urogenital gonorrhoea

Pharyngeal gonorrhoea

Syphilis (stage 1 or 2)

75

120

46

133

186

25

64

147

180

192

255

Participants with
≥1 positive test, n

0.99

0·97

1·05

1·00

0·99

1·07

0·99

0·97

0·99

1·00

1·00

aIRR

0·83-1·19

0·85-1·10

0·84-1·30

0·90-1·12

0·90-1·08

0·78-1·45

0·82-1·21

0·87-1·09

0·90-1·09

0·92-1·09

0·93-1·07

95% CI

0·95

0·62

0·69

0·98

0·84

0·69

0·95

0·65

0·80

0·95

0·94

p value

0·94

0·97

1·04

1·00

0·99

1·08

0·96

0·97

0·98

1·00

0·99

aIRR

0·78-1·13

0·85-1·10

0·84-1·30

0·89-1·12

0·90-1·08

0·79-1·49

0·78-1·17

0·87-1·09

0·89-1·08

0·92-1·09

0·92-1·06

95% CI

Daily PrEP

0·50

0·61

0·71

0·97

0·80

0·62

0·66

0·59

0·66

1·0

0·74

p value

1·16

0·98

1·03

1·02

0·99

1·01

1·16

1·01

1·04

1·02

1·04

aIRR

0·91-1·47

0·80-1·19

0·73-1·46

0·85-1·23

0·86-1·15

0·67-1·52

0·88-1·53

0·85-1·20

0·89-1·20

0·89-1·17

0·94-1·15

95% CI

0·23

0·80

0·85

0·80

0·92

0·98

0·31

0·93

0·64

0·74

0·46

p value

Event-driven PrEP

0·058

0·93

0·95

0·76

0·94

0·69

0·13

0·63

0·40

0·72

0·28

pinteraction*

Incidence was adjusted for calendar year, age, and number of STI tests per year. PrEP=pre-exposure prophylaxis. aIRR=adjusted incidence rate ratio. STI=sexually transmitted infection.
*Interaction between 3 month time intervals and PrEP regimen.
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Sexual behaviour and incidence of STI over 2 years of PrEP use
Table 3. Adjusted STI incidence per 3 month time interval during the first 2 years on PrEP between daily and
event-driven PrEP users
Variable

aIRR

95% CI

p value

Any STI

0·59

0·46-0·75

<0·0001

Any anal STI

0·47

0·34-0·65

<0·0001

Any chlamydia

0·54

0·39-0·75

0·0003
0·0014

Anal chlamydia

0·53

0·36-0·78

Urogenital chlamydia

0·69

0·39-1·25

0·22

Pharyngeal chlamydia

0·89

0·36-2·25

0·81

Any gonorrhoea

0·50

0·36-0·70

0·0001

Anal gonorrhoea

0·42

0·27-0·65

0·0001

Urogenital gonorrhoea

0·40

0·17-0·90

0·027

Pharyngeal gonorrhoea

0·63

0·41-0·96

0·032

Syphilis (stage 1 or 2)

1·22

0·76-1·97

0·41

The daily PrEP group was used as the reference group. Incidence was adjusted for calendar year, age category, and
yearly testing frequency. PrEP=pre-exposure prophylaxis. aIRR=adjusted incidence rate ratio. STI=sexually transmitted infection.

After adjustment for calendar year and age, the number of condomless anal sex acts
with casual partners increased over time (adjusted relative ratio 1·05, 95% CI 1·02–1·09,
p=0·0016), whereas the number of partners and sex acts were stable (table 4).
Among daily PrEP users, the number of condomless anal sex acts with casual partners
increased in the multivariable model (adjusted relative ratio 1·06, 95% CI 1·02–1·09,
p=0·0021), but the number of partners (1·00, 0·97–1·04, p=0·83) and number of sex acts
(1·01, 0·98–1·04, p=0·45) did not change. Among event-driven PrEP users, the number of
condomless anal sex acts with casual partners did not change with time (1·02, 0·98–1·07,
p=0·28). The number of partners decreased (0·96, 0·93–1·00, p=0·050), but the number of
sex acts remained stable (0·98, 0·94–1·02, p=0·33). Interaction between time on PrEP and
PrEP regimen was only observed for number of partners.
The median number of partners, sex acts, and condomless anal sex acts with casual
partners was significantly higher among daily PrEP users than event-driven PrEP users in
univariable and multivariable models (all p<0·0001; figure 2, table 5, appendix).
We restricted analyses on incidence of any STI and sexual behaviour to participants who
did not switch regimens during follow-up (n=260; 207 daily PrEP users and 53 event-driven
PrEP users). Results were largely similar to the primary analysis, however, the incidence
of syphilis increased among never switchers taking event- driven PrEP (aIRR 1·34, 95% CI
0·98–1·84, p=0·067), whereas no increase was observed among never switchers taking
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1·05

1·02-1·09

0·98-1·03

0·97-1·03

95% CI

0·0016

0·65

0·95

p value

1·06

1·01

1·00

aRR

1·02-1·09

0·98-1·04

0·97-1·04

95% CI

Daily PrEP

0·0021

0·45

0·83

p value

1·02

0·98

0·96

aRR

0·98-1·07

0·94-1·02

0·93-1·00

95% CI

Event-driven PrEP

0·28

0·33

0·050

p value

0·16

0·12

0·047

pinteraction*

aRR adjusted for calendar year and age category. aRR=adjusted relative ratio. PrEP=pre-exposure prophylaxis. *Interaction between 3 month time intervals and PrEP regimen.

2591

Condomless sex acts with casual partners, n

1·01

1·00

2597
2597

Sexual partners, n

Anal sex acts, n

aRR

Variable

Overall
Visits
with
data, n

Table 4. Changes in sexual behaviour per 3 months time interval during the first 2 years on PrEP
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Condomless sex acts with casual
partners, n

2591

1·05 (1·02–1·09)

0·0016

1·06 (1·02–1·09)

0·0021

1·0

aRR adjusted for calendar year and age category. aRR=adjusted relative ratio. PrEP=pre-exposure prophylaxis. *Interaction betwe
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Figure
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visit
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PrEP=pre-exposure
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aRR (95% CI)
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<0·0001
Table 5. Overall comparison of sexual
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18 (IQR 9–32) anal sex ac
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<0·0001
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aRR
95% CI
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casual partners per 3 mon
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infections,
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(adjusted infections,
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analysis,
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(appendix).
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differences
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Median number in past 3 months
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Anal sex partners among daily PrEP users
Anal sex partners among event-driven PrEP users
Anal sex acts among daily PrEP users
Anal sex acts among event-driven PrEP users
Condomless anal sex acts with casual partners among daily PrEP users
Condomless anal sex acts with casual partners among event-driven PrEP users
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Discussion
In the first 2 years after initiation of daily PrEP or event- driven PrEP among MSM and
transgender people, HIV incidence was low and STI incidence was high. Overall, the incidence of STIs was stable, despite an increase in condomless anal sex with casual partners,
predominantly observed in daily PrEP users. The incidence of any STI among participants
taking event-driven PrEP was about 50% lower than that among participants taking daily
PrEP, while at the same time participants taking event- driven PrEP reported lower numbers of sexual partners, sex acts, and condomless anal sex acts with casual partners than
participants taking daily PrEP. The high incidence of any STI observed (90·4 cases per 100
person- years) is consistent with several open-label studies7,17,18 reporting STI incidence
(range 54–120 per 100 person-years), and much higher than among HIV-negative MSM
included in the Amsterdam Cohort studies on HIV/AIDS in 2016 (19·6 per 100 personyears, 95% CI 16·2–23·7).19
An important finding of our study was that more than a quarter of STIs, including 30% of
all syphilis diagnoses, were made at additional, non-study clinic visits. Thus, STI incidence
in our study was underestimated, since we did not include STI tests done elsewhere in
our analyses. Many previous studies7,17,18 have only reported diagnosis rates during study
visits or did not specify whether diagnoses made in between scheduled study visits were
included in their final analysis. Exclusion of additional visits from analyses could result in a
substantial underestimation of STI incidence.
A major strength of our study is the practical information inferred from a demonstration
project with a very high retention rate and choice of two PrEP regimens. To our best
knowledge, this study was the first to enable participants to choose their own PrEP regimen, while providing the opportunity to switch regimens. Consequently, we are the first
to report STI incidence stratified by PrEP regimen. We found that the incidence of STIs was
higher among daily PrEP users than event-driven PrEP users, which is consistent with the
lower level of risk behaviour observed in event- driven PrEP users. Previously, we reported
that participants choosing event-driven PrEP at baseline were more likely to be older, report less condomless anal sex acts, not use other daily medication, and not have a steady
partner preceding PrEP initiation.12 The lower level of risk behaviour observed at baseline
and during follow-up among event-driven PrEP users compared with daily PrEP users is
likely to have contributed to the observed differences in STI incidence. PrEP users with
lower risk profiles might require less frequent testing. Studies involving longer follow-up
and more in depth analysis of sexual behaviour in subgroups or transmission rates per sex
act are needed to better understand patterns in STI incidence and thus help inform STI
testing strategies.

Sexual behaviour and incidence of STI over 2 years of PrEP use

Another strength of this study is the relatively long follow-up period. The majority of
previous PrEP studies7,17,18 have reported data for 12–18 months of PrEP use, whereas our
participants were followed up for 2 years. We showed that between the first and second
year after initiating PrEP, STI incidence remained stable.
We previously reported that the number of condomless anal sex acts with casual partners
increased in the first 6 months after PrEP initiation when compared with baseline14 In this
study, we demonstrated that the number of condomless anal sex acts with casual partners
during the first 2 years of PrEP use also increased. Although condomless anal sex acts
with casual partners increased among both daily PrEP users and never-switchers on eventdriven PrEP, a corresponding increase in STI incidence was not observed during PrEP. Some
studies20-22 have reported increasing STI incidence or point prevalence when comparing
periods before PrEP initation with periods after PrEP initiation and one study23 found an
increase in STI incidence between the first 3 months of PrEP use and the subsequent 9
months. Other studies7,10,17,18,24,25 have found no increase in any STI, or only an increase
in some STIs, including anal chlamydia and urethral gonorrhoea.11,26 A meta-analysis7 of
eight studies including more than 4000 participants showed a small increase in the risk of
STI diagnosis. However, in this study, aggregated data were compared between baseline
and follow-up, which did not account for repeated measurements, resulting in underestimation of SEs. Additionally, the observed rise in STI incidence among MSM in several
countries from 200027 preceded the era of biomedical interventions for HIV prevention,
suggesting that increases in STI incidence might be unrelated to PrEP.
Condoms are the mainstay of effective protection against STIs. However, an important
reason for initiating PrEP is because an individual has decreased willingness to use
condoms.28,2926 The decrease in condom use over time that we observed might reflect
participants’ increasing confidence in the effectiveness of PrEP. Innovative approaches to
decrease STI incidence are much needed and could include increasing testing frequency,
promoting discussion of recent test results with sexual partners, promoting selective condom use, using point-of-care STI testing, and curbing drug use around the time of sex.27,30,31
In contrast to the high STI incidence observed in our study, HIV incidence was low, consistent with previous studies. 3 For event-driven PrEP use, the existing research supporting
protection against HIV acquisition is robust, although scarce.10-12 Our results build on
previous evidence underscoring the high effectiveness of event- driven PrEP, even when
provided according to user preference.
Our study had some limitations. We could not calculate STI incidence rates before PrEP
initiation. Therefore, we could not compare STI incidence before and after PrEP initiation,
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and were only able to report changes during PrEP use. Data on sexual behaviour were
available for the 3 months before PrEP initiation and were included in sensitivity analyses.
To adequately study the effect of PrEP on behavioural changes, data collection for a longer
period before initiation of PrEP would be required. We have collected data on renal outcomes, adherence, and hepatitis C and will report these outcomes elsewhere. Despite our
efforts to inform all PrEP-eligible populations, our study included few transgender people
and results are therefore difficult to generalise to this population.
In conclusion, we found that STI incidence was stable over time among both daily PrEP
users and event-driven PrEP users, and condom use decreased mostly among daily PrEP
users. The incidence of STIs was higher among daily PrEP users than event-driven PrEP
users. Considering that more than a quarter of STIs were diagnosed between study visits,
studies should strive to include all STIs diagnosed in their analysis, with harmonisation of
STI data collection across studies. We confirm that daily and event-driven PrEP regimens
are effective for the prevention of HIV, despite a high incidence of STIs among MSM using
PrEP in the Netherlands. Regular HIV and STI testing remain of great importance among
MSM using PrEP. Frequency of STI testing, and behavioural and other STI prevention interventions might be tailored specific to sexual behaviour. These public health strategies
need to be considered by both clinicians and policy makers.
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Appendix
Additional Tables
Table A1. Baseline characteristics of AMPrEP participants with follow-up, overall and by PrEP regimen chosen
at baseline, Amsterdam, the Netherlands, 2015-2018.

Baseline characteristic

Total
(N=367)

Eventdriven
PrEP
(n=98)

N (%)

n (%)

Daily PrEP P-value
(n=269)

n (%)

Age (years), median [IQR]

40 [32-48] 44 [35-52] 38 [30-47] <0∙001

≤34

121 (33∙0)

23 (23∙5)

98 (36∙4)

35-44

111 (30∙3)

28 (28∙6)

83 (30∙9)

≥45

135 (36∙8)

47 (48∙0)

88 (32∙7)

365 (99∙5)

97 (99∙0)

268 (99∙6)

2 (0∙5)

1 (1∙0)

1 (0∙4)

White

315 (85∙8)

87 (88∙8)

228 (84∙8)

Non-white

52 (14∙2)

11 (11∙2)

41 (15∙2)

Amsterdam

223 (60∙8)

64 (65∙3)

159 (59∙1)

Other

144 (39∙2)

34 (34∙7)

110 (40∙9)

Less than college degree

87 (23∙7)

16 (16∙3)

71 (26∙4)

At least college degreee

280 (76∙3)

82 (83∙7)

198 (73∙6)

283 (78∙0)

75 (76∙5)

208 (78∙5)

0∙016

Gender
Male
Transgender female

0∙463

Self-declared ethnicity
0∙329

Residence
0∙282

Education level
0∙045

Employed
Yes
No

18 (5∙0)

8 (8∙2)

10 (3∙8)

Other (retired, volunteer, disabled, student)

62 (17∙1)

15 (15∙3)

47 (17∙7)

0∙216

Monthly net income level (n=16 missing)
≤€1700

97 (27∙6)

25 (25∙8)

72 (28∙4)

€1701-€2950

150 (42∙7)

39 (40∙2)

111 (43∙7)

> €2950

104 (29∙6)

33 (34∙0)

71 (28∙0)

No

204 (56∙2)

46 (47∙4)

158 (59∙4)

Yes

159 (43∙8)

51 (52∙6)

108 (40∙6)

Alone

195 (53∙1)

57 (58∙2)

138 (51∙3)

With partner

117 (31∙9)

34 (34∙7)

83 (30∙9)

With parents/flatmates

55 (15∙0)

7 (7∙1)

48 (17∙8)

289 (79∙0)

77 (79∙4)

212 (78∙8)

0∙538

In steady relationship (n=4 missing)
0∙042

Living situation
0∙040

Sexual preference (n=1 missing)
Exclusively homosexual

0∙906
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Table A1. Baseline characteristics of AMPrEP participants with follow-up, overall and by PrEP regimen chosen
at baseline, Amsterdam, the Netherlands, 2015-2018. (continued)

Not exclusively homosexual

Total
(N=367)

Eventdriven
PrEP
(n=98)

77 (21∙0)

20 (20∙6)

Daily PrEP P-value
(n=269)

57 (21∙2)

Bacterial STI diagnosed at PrEP initiation
Any STI (n=2 missing)

72 (19∙7)

16 (16∙3)

56 (21∙0)

0∙323

Any anal chlamydia or gonorrhoea (n=12 missing)

45 (12∙7)

9 (9∙6)

36 (13∙8)

0∙292

Any chlamydia (n=9 missing)

36 (10∙1)

6 (6∙2)

30 (11∙5)

0∙138

Anal chlamydia (n=13 missing)

24 (6∙8)

4 (4∙3)

20 (7∙7)

0∙341

Urogenital chlamydia (n=11 missing)

14 (3∙9)

1 (1∙0)

13 (5∙0)

0∙124

Pharyngeal chlamydia (n=13 missing)

8 (2∙3)

1 (1∙0)

7 (2∙7)

0∙454

Any gonorrhoea (n=8 missing)

35 (9∙8)

9 (9∙3)

26 (9∙9)

0∙855

Anal gonorrhoea (n=12 missing)

24 (6∙8)

5 (5∙3)

19 (7∙3)

0∙516

Urogenital gonorrhoea (n=11 missing)

3 (0∙8)

1 (1∙0)

2 (0∙8)

1∙000

Pharyngeal gonorrhoea (n=12 missing)

18 (5∙1)

5 (5∙2)

13 (5∙0)

0∙965

Syphilis (stage 1 or 2) (n=9 missing)

5 (1∙4)

1 (1∙0)

4 (1∙5)

1∙000

9∙5 [5-20]

13 [7-25]

0∙008

Number of anal sex acts (past 3 months), median [IQR]

22 [11-36] 20.5 [8-35] 22 [12-37]

0∙109

Number of condomless anal sex acts (past 3 months),
median [IQR]

11 [4-23]

8 [3-18]

12 [4-23]

0∙070

Number of condomless anal sex acts with casual partners
(past 3 months), median [IQR]

6 [2-14]

4 [1-9]

7 [3-15]

<0∙001

0∙264

Number of anal sex partners (past 3 months), median [IQR] 12 [6-25]

Position during condomless anal sex (past 3 months)
None

26 (7∙1)

11 (11∙2)

15 (5∙6)

Top only

62 (16∙9)

15 (15∙3)

47 (17∙5)

Bottom only

62 (16∙9)

18 (18∙4)

44 (16∙4)

Versatile

217 (59∙1)

54 (55∙1)

163 (60∙6)

Chemsex (past 3 months) (n=5 missing)

155 (42∙8)

43 (44∙8)

112 (42∙1)

0∙648
0∙470

Alcohol Use Disorder Identification Test (AUDIT) (n=4 missing)
Score <8 (not indicative of problematic use)

263 (72∙5)

73 (75∙3)

190 (71∙4)

Score ≥8 (indicative of problematic use)

100 (27∙6)

24 (24∙7)

76 (28∙9)

Score <8 (not indicative of problematic use)

230 (63∙0)

67 (69∙1)

163 (60∙8)

Score ≥8 (indicative of problematic use)

135 (37∙0)

30 (30∙9)

105 (39∙2)

MHI-5 score ≥60 (no symptoms)

291 (79∙2)

76 (77∙6)

215 (79∙9)

MHI-5 score <60 (symptoms)

76 (20∙7)

22 (22∙5)

54 (20∙1)

Score <24 (not indicative of compulsive sexual behaviour)

283 (77∙3)

79 (80∙6)

204 (76∙1)

Score ≥24 (indicative of compulsive sexual behaviour)

83 (22∙7)

19 (19∙4)

64 (23∙9)

Drug Use Disorder Identification Test (DUDIT) (n=2 missing)
0∙149

Depressive or anxiety symptoms
0∙619

Sexual Compulsivity Scale (n=1 missing)
0∙363

Abbreviations: IQR, interquartile range; MHI-5, 5-item Mental Health Inventory; PrEP, pre-exposure prophylaxis; STI,
sexually transmitted infection.

-

355

-

358

-

358

-

Positive tests outside regular visits,
n (%)

Participants (n) with ≥1 test, n

1526

367

1st year

382

330

12-15

Months

364

317

15-18

Months

366

314

18-21

Months

351

305

21-24

Months

1463

346

2nd year

First

2989

367

2 years

51 (14)

51 (13·9) 43 (12·3) 194 (13·3) 414 (13·9)

293

333

324

329

367

327

313

314

304

343

367

15 (31·6) 24 (43·6) 26 (41·9) 28 (49·1) 93 (42·3) 17 (34·7) 15 (29·4) 18 (35·3) 12 (27·9) 62 (32·0) 155 (37·4)

46 (13·4) 55 (13·8) 62 (15·9) 57 (14·5) 220 (14·4) 49 (12·8)

335

397

387

388

1507

380

361

365

349

1455

2962

290

332

322

329

367

325

312

313

302

12 (26·1) 14 (25·5) 14 (23·0) 21 (37·5) 61 (28·0) 10 (20·4) 13 (26·0) 15 (29·4) 7 (16·3)

342

367

45 (23·3) 106 (25·8)

46 (13·7) 55 (13·9) 61 (15·8) 56 (14·4) 218 (14·5) 49 (12·9) 50 (13·9) 51 (14·0) 43 (12·3) 193 (13·3) 411 (13·9)

339

398

388

390

1515

381

363
31 (8·5)

365
27 (7·4)

350
33 (9·4)

1459
124 (8·5)

2974
290 (9·8)

292

333

323

329

8 (17·4) 12 (21·8) 13 (21·3) 9 (16·1)

367

42 (19·3)

326

313

7 (14·3) 12 (23·5)

313

4 (7·8)

303

3 (7·0)

343

26 (13·4)

367

68 (16·5)

46 (13·6) 55 (13·8) 61 (15·7) 56 (14·4) 218 (14·4) 49 (12·9) 51 (14·0) 51 (14·0) 43 (12·3) 194 (13·3) 412 (13·9)

36 (10·1) 38 (11·2) 45 (11·3) 41 (10·6) 42 (10·8) 166 (11·0) 33 (8·7)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Chlamydia

394

331

9-12

Months

45 (12·7) 52 (17·9) 60 (18·1) 47 (14·6) 54 (16·4) 137 (37·3) 44 (13·5) 41 (13·1) 43 (13·7) 44 (14·6) 119 (34·8) 188 (51·2)

355

Positive tests outside regular visits,
n (%)

Participants with ≥1 anal STI, n (%)

391

329

6-9

Months

45 (12·7) 53 (15·8) 62 (15·6) 48 (12·4) 59 (15·2) 222 (14·7) 47 (12·4) 44 (12·2) 45 (12·3) 46 (13·2) 182 (12·5) 404 (13·6)
-

Participants (n) with ≥1 test, n

398

338

3-6

Months

72 (19·7) 77 (26·3) 88 (26·4) 74 (22·8) 76 (23·1) 193 (52·6) 72 (22·0) 56 (17·9) 65 (20·7) 66 (21·7) 175 (51·0) 253 (68·9)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Anal STI

Participants with ≥1 any STI, n (%)

365

-

Positive tests outside regular visits,
n (%)

Participants (n) with ≥1 test, n

343

361

0-3

Months

72 (19·7) 78 (22·7) 93 (23·4) 78 (20·0) 85 (21·6) 334 (21·9) 75 (19·9) 59 (16·2) 70 (19·1) 70 (19·9) 275 (18·8) 609 (20·4)

365

367

Baseline

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Any STI

Participants (n) in follow-up

Variable

Table A2. Number of tested and diagnosed STI (chlamydia, gonorrhoea, syphilis) at baseline and in the first two years on PrEP in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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359

-

1st year
12-15

Months

358

-

389

389

1515

380

363

21-24

Months
2nd year

First
2 years

365

349

1457

2972

27 (8·6) 31 (10·2) 102 (29·7) 175 (47·7)

18-21

Months

292

333

323

329

367

326

313

313

303

8 (17·4) 16 (29·1) 11 (17·7) 21 (37·5) 56 (25·6) 10 (20·4) 7 (13·7) 17 (33·3) 6 (14·2)

343

40 (20·7)

367

96 (23·3)

46 (13·6) 55 (13·8) 62 (15·9) 56 (14·4) 219 (14·5) 49 (12·9) 51 (14·0) 51 (14·0) 42 (12·0) 193 (13·2) 412 (13·9)

5 (1·4)

332

397
16 (4·0)

390
11 (2·8)

390
7 (1·8)

1509
42 (2·8)

380
13 (3·4)

364
9 (2·4)

365
10 (2·7)

350
8 (2·3)

1459
40 (2·7)

2968
82 (2·8)

8 (2·8)

286

2 (4·6)
16 (4·8)

333

4 (7·4)
11 (3·4)

324

6 (9·8)
7 (2·1)

329

2 (3·6)

41 (11·2)

367

14 (6·5)

13 (4·0)

325

5 (10·2)

9 (2·9)

313

3 (5·9)

10 (3·2)

313

0 (0·0)

8 (2·6)

304

3 (7·1)

38 (11·1)

343

11 (5·7)

74 (20·2)

367

25 (6·1)

44 (13·3) 54 (13·6) 61 (15·6) 55 (14·1) 214 (14·2) 49 (12·9) 51 (14·0) 51 (14·0) 42 (12·0) 193 (13·2) 407 (13·7)

8 (2·4)

Abbreviations: PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.
NB. The results in this table are based on continuous time, meaning that observation time for each participant was censored after exactly two years on PrEP. Some of the “24-month
visits” actually took place after the censoring date and were thus not included in the analyses in this table. However, those visits and the infections diagnosed at those belated 24-month
visits were included in the main statistical analyses reported in the manuscript and Tables. Therefore the sample size included in those Tables differ slightly form those reported in this
table.

Participants with ≥1 syphilis, n (%)

358

-

5 (1·4)

Positive tests outside regular visits,
n (%)

Participants (n) with ≥1 test, n

398

29 (9·3)

15-18

Months

35 (9·7) 49 (16·8) 47 (14·1) 38 (11·8) 45 (13·7) 132 (36·0) 38 (11·7) 31 (9·9) 41 (13·1) 33 (10·9) 104 (30·3) 185 (50·4)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Syphilis (stage 1 or 2)

Participants with ≥1 gonorrhoea,
n (%)

359

-

Positive tests outside regular visits,
n (%)

Participants (n) with ≥1 test, n

339

9-12

Months

35 (9·7) 49 (14·5) 50 (12·6) 39 (10·0) 48 (12·3) 186 (12·3) 42 (11·1) 31 (8·5) 46 (12·6) 35 (10·0) 154 (10·6) 340 (11·4)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

6-9

Months

36 (10·1) 37 (12·7) 45 (13·5) 40 (12·4) 40 (12·2) 120 (32·7) 32 (9·8)

Gonorrhoea

3-6

Months

Participants with ≥1 chlamydia, n
(%)

0-3

Baseline

Variable

Months

Table A2. Number of tested and diagnosed STI (chlamydia, gonorrhoea, syphilis) at baseline and in the first two years on PrEP in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018. (continued)
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Variable

-

-

-

Positive tests outside regular visits, n (%)

296

9-12
1172

1 year

st

289

12-15

Months

271

15-18

Months

276

18-21

Months

259

21-24

Months

1095

2 year

nd

2267

2 years

First

277

303

287

291

1158

287

268

276

258

13 (32∙5) 19 (46∙3) 21 (42∙9) 24 (51∙1) 77 (43∙5) 13 (34∙2) 13 (32∙5) 17 (41∙5) 7 (23∙3)

1089

2247

50 (33∙6) 127 (39∙0)

40 (14·2) 41 (13∙5) 49 (16∙9) 47 (15∙9) 177 (15∙1) 38 (13∙1) 40 (14∙8) 41 (14∙9) 30 (11∙6) 149 (13∙6) 326 (14∙4)

279

304

287

291

1163

10 (25∙0) 12 (29∙3) 13 (27∙1) 18 (39∙1) 53 (30∙3)
288

270

276

258

8 (21∙0) 11 (28∙2) 14 (34∙2) 4 (13∙3)

1092

37 (25∙0)

2255

90 (27∙9)

40 (14∙4) 41 (13∙5) 48 (16∙7) 46 (15∙8) 175 (15∙1) 38 (13∙2) 39 (14∙6) 41 (14∙9) 30 (11∙6) 148 (13∙6) 323 (14∙4)

279

7 (17∙5)
304

288

292

9 (22∙0) 12 (25∙0) 6 (13∙0)

1163

34 (19∙4)

287

270

5 (13∙2) 10 (25∙0)

276

4 (9∙8)

258

2 (6∙7)

1091

21 (14∙1)

2254

55 (17∙0)

40 (14∙3) 41 (13∙5) 48 (16∙7) 46 (15∙8) 175 (15∙0) 38 (13∙2) 40 (14∙8) 41 (14∙9) 30 (11∙6) 149 (13∙6) 324 (14∙4)

-

Positive tests outside regular visits, n (%)

7 (17∙5) 12 (29∙3) 9 (18∙4) 19 (41∙3) 47 (26∙7)

8 (21∙1)

7 (17∙5) 16 (39∙0) 3 (10∙0)

34 (22∙8)

81 (24∙9)

40 (14∙3) 41 (13∙5) 49 (17∙0) 46 (15∙8) 176 (15∙1) 38 (13∙2) 40 (14∙8) 41 (14∙9) 30 (11∙6) 149 (13∙7) 325 (14∙4)

26 (9∙9) 44 (15∙8) 41 (13∙5) 33 (11∙5) 42 (14∙4) 160 (13∙8) 33 (11∙5) 26 (9∙6) 43 (15∙6) 27 (10∙5) 129 (11∙8) 289 (12∙8)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

262

-

Gonorrhoea

290

6-9

Months

30 (11∙5) 34 (12∙2) 40 (13∙2) 35 (12∙2) 3 (11∙3) 142 (12∙2) 26 (9∙0) 28 (10∙4) 22 (8∙0) 26 (10∙1) 102 (9∙3) 244 (10∙8)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

261

-

Positive tests outside regular visits, n (%)

Chlamydia

304

3-6

Months

36 (13∙8) 47 (17∙0) 56 (18∙5) 42 (14∙6) 51 (17∙5) 196 (16∙9) 37 (12∙9) 38 (14∙2) 40 (14∙5) 37 (14∙3) 152 (14∙0) 348 (15∙5)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

261

-

Positive tests outside regular visits, n (%)

Anal STI

282

0-3

Months

56 (21·0) 70 (24·8) 79 (26∙0) 63 (21∙7) 72 (24∙3) 284 (24∙2) 59 (20∙4) 49 (18∙1) 60 (21∙7) 54 (20∙9) 222 (20∙3) 506 (22∙3)

267

Baseline

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Any STI

Months

Table A3a. Number of tested and diagnosed STI (chlamydia, gonorrhoea, syphilis) at baseline and in the first two years on PrEP, among daily PrEP users, in the AMPrEP study,
Amsterdam, the Netherlands, 2015-2018.
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Variable

-

Positive tests outside regular visits, n (%)

13 (4∙3)

303

3-6

8 (2∙8)

289

6-9

Months

6 (2∙1)

292

9-12

Months

34 (2∙9)

1161

1 year

st

7 (2∙4)

287

12-15

Months

7 (2∙6)

271

15-18

Months

6 (2∙2)

275

18-21

Months

5 (1∙9)

259

21-24

Months

25 (2∙3)

1092

2 year

nd

59 (2∙6)

2253

2 years

First

2 (5∙1)

3 (7∙5)

4 (8∙3)

2 (4∙4)

11 (6∙4)

3 (7∙9)

3 (7∙5)

0 (0∙0)

2 (6∙7)

8 (5∙4)

19 (5∙9)

39 (14∙1) 40 (13∙2) 48 (16∙6) 45 (15∙4) 172 (14∙8) 38 (13∙2) 40 (14∙8) 41 (14∙9) 30 (11∙6) 149 (13∙6) 321 (14∙2)

7 (2∙5)

277

0-3

Months

Abbreviations: PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.

-

4 (1∙5)

260

Baseline

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Syphilis (stage 1 or 2)

Months

Table A3a. Number of tested and diagnosed STI (chlamydia, gonorrhoea, syphilis) at baseline and in the first two years on PrEP, among daily PrEP users, in the AMPrEP study,
Amsterdam, the Netherlands, 2015-2018. (continued)
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-

Positive tests outside regular visits, n (%)

9 (9∙3)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

97

-

Positive tests outside regular visits, n (%)

Gonorrhoea

-

6 (6∙2)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

97

-

Positive tests outside regular visits, n (%)

Chlamydia

-

9 (9∙6)

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

94

-

Tests outside regular visits, n (%)

Anal STI

61

0-3
94

3-6
101

6-9

Months

98

9-12

Months

354

1 year

st

93

12-15

Months

93

15-18

Months

90

18-21

Months

92

21-24

Months

368

2 year

nd

722

2 years

First

6 (6∙4)

94
6 (6∙0)

100

5 (38∙5)

8 (8∙3)

97

93

26 (7∙5) 10 (10∙8)

349

4 (40∙0) 16 (37∙2) 4 (36∙4)

6 (6∙5)

93

2 (18∙2)

5 (5∙6)

89

1 (10∙0)

9 (9∙9)

91

30 (8∙2)

366

56 (7∙8)

715

5 (38∙5) 12 (26∙7) 28 (31∙8)

14 (4∙9) 13 (12∙9) 10 (10∙2) 43 (12∙1) 11 (11∙8) 11 (11∙8) 10 (11∙1) 13 (14∙1) 45 (12∙2) 88 (12∙2)
5 (35∙7)

5 (5∙3)

94

2 (14∙3)

6 (5∙9)

101

1 (7∙7)

9 (9∙3)

97

3 (30∙0)

24 (6∙8)

352

8 (18∙6)

7 (7∙5)

93

2 (18∙2)

3 (3∙2)

93

2 (18∙2)

5 (5∙6)

89

1 (10∙0)

7 (7∙6)

92

3 (23∙1)

22 (6∙0)

367

8 (17∙8)

46 (6∙4)

719

16 (18∙2)

9 (9∙6)

94

3 (21∙4)

6 (5∙9)

101

1 (7∙7)

6 (6∙2)

97

3 (30∙0)

26 (7∙4)

352

8 (18∙6)

9 (9∙7)

93

2 (18∙2)

5 (5∙4)

93

2 (18∙2)

3 (3∙4)

89

0 (0∙0)

8 (8∙8)

91

1 (7∙7)

25 (6∙8)

366

5 (11∙1)

51 (7∙1)

718

13 (14∙8)

1 (16∙7)

4 (28∙6)

2 (15∙4)

2 (20∙0)

9 (20∙9)

2 (18∙2)

0 (0∙0)

1 (10∙0)

3 (25∙0)

6 (13∙6)

15 (17∙2)

6 (10∙0) 14 (14∙9) 13 (12∙9) 10 (10∙3) 43 (12∙2) 11 (11∙8) 11 (11∙8) 10 (11∙2) 12 (13∙2) 44 (12∙0) 87 (12∙1)

5 (8∙3)

60

1 (16∙7)

6 (10∙0) 14 (14∙9) 13 (12∙9) 10 (10∙3) 43 (12∙2) 11 (11∙8) 11 (11∙8) 10 (11∙2) 13 (14∙1) 45 (12∙3) 88 (12∙2)

4 (6∙7)

60

2 (33∙3)

6 (10∙3) 14 (14∙9) 13 (13∙0) 10 (10∙3) 43 (12∙3) 11 (11∙8) 11 (11∙8) 10 (11∙2) 13 (14∙3) 45 (12∙3) 88 (12∙3)

6 (10∙3)

58

2 (33∙3)

6 (9∙8)

16 (16∙3) 8 (13∙1) 14 (14∙9) 15 (14∙9) 13 (13∙3) 50 (14∙1) 17 (18∙3) 10 (10∙8) 10 (11∙1) 16 (17∙4) 53 (14∙4) 103 (14∙3)

98

Baseline

Positive tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Any STI

Variable

Months Months

Table A3b. Number of tested and diagnosed STI (chlamydia, gonorrhoea, syphilis) at baseline and in the first two years on PrEP, among event-driven PrEP users, in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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-

Positive tests outside regular visits, n (%)

0 (0∙0)

5 (9∙1)

1 (1∙8)

55

0-3

3 (3∙0)

101

6-9

1 (1∙0)

98

9-12

Months

8 (2∙3)

348

1 year

st

6 (6∙5)

93

12-15

Months

2 (2∙2)

93

15-18

Months

4 (4∙4)

90

18-21

Months

3 (3∙3)

91

21-24

Months

15 (4∙1)

367

2 year

nd

23 (3∙2)

715

2 years

First

1 (7∙1)

2 (15∙4)

2 (15∙4)

0 (0∙0)

2 (18∙2)

0 (0∙0)

0 (0∙0)

1 (8∙3)

3 (6∙8)

6 (7∙0)

14 (14∙9) 13 (12∙9) 10 (10∙2) 42 (12∙1) 11 (11∙8) 11 (11∙8) 10 (11∙2) 12 (13∙2) 44 (12∙0) 86 (12∙0)

3 (3∙2)

94

3-6

Months

Abbreviations: PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.

-

1 (1∙0)

98

Baseline

Tests outside regular visits, n (%)

Total number of positive tests, n (%)

Total number of tests, n

Syphilis (stage 1 or 2)

Variable

Months Months

Table A3b. Number of tested and diagnosed STI (chlamydia, gonorrhoea, syphilis) at baseline and in the first two years on PrEP, among event-driven PrEP users, in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018. (continued)
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45

Any anal STI, n (IR)

24

14

8

Anal chlamydia, n (IR)

Urogenital chlamydia, n (IR)

Pharyngeal chlamydia, n (IR)

88·7

6-9

Months
87·1

9-12

Months
357·4

1st year
85·0

12-15

Months
83·1

15-18

Months
81·4

18-21

Months
66·8

21-24

Months
316·3

2nd year

First
673·7

2 years

8 (8·7)

16 (17·8)

24 (26·7)

9 (10·0)

36 (40)

50 (55·6)

6 (6·7)

9 (10·0)

37 (41·2)

62 (69·0)

62 (69·0)

6 (6·9)

12 (13·8)
16 (4·5)

40 (11·2)
3 (3·5)

10 (11·8)
1 (1·2)

7 (8·4)

1 (1·2)

9 (11·1)

7 (8·0)

11 (12·4)

7 (8·0)

21 (23·7) 21 (24·1)

5 (5·6)

42 (11·8)

92 (25·7)

34 (9·5)

5 (6·0)

9 (11·1)

13 (15·3)

9 (10·8)

10 (12·3)

24 (28·2) 14 (16·8) 20 (24·6)

6 (7·1)

24 (27·1) 35 (40·2) 127 (35·5) 26 (30·6) 21 (25·3) 31 (38·1)

39 (44·0) 48 (55·1) 186 (52·0) 42 (49·4) 31 (37·3) 46 (56·5)

3 (3·4)

9 (10·1)

31 (35·0) 31 (35·6) 129 (36·1) 28 (33·0) 25 (30·1) 18 (22·1)

48 (54·1) 59 (67·7) 222 (62·1) 47 (55·3) 44 (52·9) 45 (55·3)

48 (54·1) 59 (67·7) 222 (62·1) 47 (55·3) 44 (52·9) 45 (55·3)

8 (12·0)

18 (26·9)

7 (10·5)

25 (37·4)

35 (52·4)

6 (9·0)

7 (10·5)

24 (35·9)

46 (68·8)

46 (68·8)

27 (4·0)

73 (10·8)

224 (33·2)

40 (12·6)

76 (24)

27 (8·5)

82 (12·2)

168 (24·9)

61 (9·1)

103 (32·6) 230 (34·1)

154 (48·7) 340 (50·5)

11 (3·5)

33 (10·4)

95 (30·0)

182 (57·5) 404 (60·0)

182 (57·5) 404 (60·0)

Abbreviations: PrEP, pre-exposure prophylaxis; IR, incidence rate; STI, sexually transmitted infection.
NB. The results in this table are based on continuous time, meaning that observation time for each participant was censored after exactly two years on PrEP. Some of the “24-month
visits” actually took place after the censoring date and were thus not included in the analyses in this table. However, those visits and the infections diagnosed at those belated 24-month
visits were included in the main statistical analyses reported in the manuscript and Tables. Therefore the sample size included in those Tables differ slightly form those reported in this
table.

5

3

18

Urogenital gonorrhoea, n (IR)

Pharyngeal gonorrhoea, n (IR)

Syphilis (stage 1 or 2)

13 (14·2)

24
26 (28·4)

32 (34·9)

35

49 (53·4)

1 (1·1)

10 (10·9)

30 (32·7)

53 (57·8)

53 (57·8)

Anal gonorrhoea, n (IR)

Any syphilis, n (IR)

89·9

3-6

Months

78 (85·1) 93 (103·4) 78 (88·0) 85 (97·5) 334 (93·5) 76 (89·4) 59 (71·0) 70 (86·0) 70 (104·7) 275 (86·9) 609 (90·4)

91·7

0-3

Months

Any gonorrhoea, n (IR)

Gonorrhoea

36

Any chlamydia, n (IR)

Chlamydia

-

72

Any STI, n (IR)

Baseline

Person-years of follow-up

Variable

Table A4. STI incidence rates per 100 person-years in the first two years on PrEP in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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-

-

Gonorrhoea (site unknown)

Syphilis (site unknown)

-

-

Gonorrhoea (site unknown)

Syphilis (site unknown)

-

-

Gonorrhoea (site unknown)

Syphilis (site unknown)

0

1

1

0

5

1

0

6

2

0-3

Months

0

1

1

2

3

5

2

4

6

3-6

Months

0

1

1

0

8

8

0

9

9

6-9

Months

0

3

2

3

11

10

3

14

12

9-12

Months

0

6

5

5

27

24

5

33

29

1st year

0

1

0

0

7

4

0

8

4

12-15

Months

1

0

1

4

8

5

5

8

6

15-18

Months

0

2

0

1

5

2

1

7

2

18-21

Months

1

2

1

0

5

2

1

7

3

21-24

Months

2

5

2

5

25

13

7

30

15

2nd year

First

2

11

7

10

52

37

12

63

44

2 years

Abbreviations: PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection
NB. If the date of the self-reported STI diagnosis or treatment was missing, the midpoint between the date of the study visit at which the STI was self-reported and the study visit prior
to this visit was taken. These results were not included in the STI incidence analysis.

-

Chlamydia (site unknown)

Event-driven PrEP

-

Chlamydia (site unknown)

Daily PrEP

-

Baseline

Chlamydia (site unknown)

Overall

Variable

Table A5. Number of self-reported STI (diagnosed or treated elsewhere) in the first two years on PrEP, overall and by PrEP regimen in the AMPrEP study, Amsterdam, the
Netherlands, 2015-2018.
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1·02

0·99

0·99

1·01

1·08

1·01

1·02

0·99

0·98

1·00

Any STI

Any anal STI

Any chlamydia

Anal chlamydia

Urogenital chlamydia

Pharyngeal chlamydia

Any gonorrhoea

Anal gonorrhoea

Urogenital gonorrhoea

Pharyngeal gonorrhoea

Syphilis (stage 1 or 2)

95% CI

0·91-1·10

0·92-1·05

0·89-1·10

0·96-1·07

0·96-1·05

0·92-1·27

0·91-1·11

0·93-1·04

0·95-1·05

0·97-1·06

0·98-1·05

0·979

0·639

0·829

0·596

0·778

0·362

0·913

0·628

0·828

0·460

0·551

P-value

IRR

0·94

0·98

0·99

1·01

1·01

1·10

0·96

0·98

0·98

1·01

1·00

0·84-1·06

0·91-1·06

0·88-1·11

0·95-1·08

0·96-1·06

0·92-1·33

0·86-1·08

0·92-1·04

0·93-1·04

0·97-1·06

0·96-1·04

95% CI

Daily PrEP

0·317

0·612

0·812

0·691

0·821

0·302

0·533

0·504

0·584

0·595

0·940

P-value

IRR

1·15

1·00

1·00

1·05

1·02

1·00

1·19

1·03

1·05

1·05

1·06

0·96-1·37

0·85-1·18

0·74-1·35

0·90-1·23

0·90-1·45

0·72-1·39

0·94-1·49

0·89-1·20

0·93-1·19

0·94-1·18

0·98-1·15

95% CI

0·137

0·973

0·996

0·514

0·784

0·979

0·144

0·644

0·414

0·363

0·166

P-value

Event-driven PrEP

Abbreviations: CI, confidence interval; PrEP, pre-exposure prophylaxis; IRR, incidence rate ratio; STI, sexually transmitted infection.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

IRR

1·01

Variable

Overall

0·070

0·810

0·929

0·644

0·870

0·625

0·107

0·494

0·334

0·518

0·220

P-value

Interactiona

1·14

0·57

0·38

0·43

0·49

0·84

0·70

0·51

0·52

0·47

0·57

IRR

0·71-1·83

0·37-0·89

0·17-0·86

0·28-0·67

0·35-0·69

0·34-2·11

0·39-1·25

0·34-0·75

0·37-0·73

0·33-0·65

0·45-0·73

95% CI

0·588

0·012

0·021

<0·001

<0·001

0·714

0·230

0·001

<0·001

<0·001

<0·001

P-value

Event-driven vs. daily PrEPb

Table A6. Unadjusted changes in STI incidence per 3 months in the first two years on PrEP, overall and by PrEP regimen in the AMPrEP study, Amsterdam, the Netherlands,
2015-2018.
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366

1st yeara
324

15
313

18
308

21

Month

298

24

Month

340

3 [1-6]

7 [2-16]
3 [1-7]

6 [1-15]
3 [1-7]

7 [2-16]
3 [1-6]

6 [1-15]
3 [1-6]

6 [1-15]
3 [1-6]

4 [1-15]

3 [1-6]

3 [1-6]

5 [1-15] 5 [1-15]

5 [1-14]

6 [1-16·5]

8 [2-22]

9 [2-21]

6 [1-15]

7 [2-18]

9 [2-21]

6 [0-15]

8 [1-18]

9 [1-22]

6 [1-17]

8 [1-19]

9 [1-20]

6 [1-15]

7 [1-18]

9 [2-20]

6 [1-16]

6 [1-16]

8 [1-20]

10 [3-23] 11 [3-23] 10 [3-23] 10 [3-22] 8 [2-20]

5 [1-15]

6 [1-18]

8 [2-19]

9 [2-20]

9 [2-21] 8 [2-20]

5 [0-16]

6 [1-17]

5 [1-15] 5 [1-16]

7 [1-18] 6 [1-17]

6·5 [1-19] 7 [2-19] 7 [1-19]

8 [2-20]

4 [1-11]

0 [0-1]

Receptive condomless
sex acts

0 [0-1]

4 [1-14]

0 [0-1]

9 [2-21]

0 [0-1]

Insertive condomless sex
acts

0 [0-1]

Receptive sex acts

0 [0-1]

10 [2-24]

0 [0-1]

Insertive sex acts

0 [0-1]

11 [4-23] 14 [5·5-25] 14 [6-26] 15 [7-30] 15 [6-30] 14 [6-27] 15 [6-26] 14 [5-26] 15 [6-28] 15 [5-30] 15 [5-27]

0 [0-1]

22 [11-36] 21 [9-35] 20 [10-35] 20 [11-38] 20 [10-35] 20 [10-35] 19 [9-34] 19 [10-31] 16·5 [7-31] 18 [8-33] 18 [9-32]

0 [0-1]

Number of sex acts

0 [0-1]

12 [5-23] 12 [5-25] 12 [5-25] 11·5 [5-25] 11 [5-21] 11 [5-25] 11 [4-22] 10 [4-20] 10 [4-20·5] 10 [4-21] 10 [4-21]

3 [1-7]

7 [2-18]

Condomless sex acts

Anal sex acts

Number of steady
partners

Number of casual
partnersc

3 [1-6·5]

8 [2-15·5]

Test for
trend

0·711

0·682

0·069

0·044

0·957

0·003

0·241

<0·001

0·041

<0·001

<0·001

-

5 [1-15]

6 [1-17]

8 [2-20]

10 [2-21]

14 [6-26]

20 [10-35]

0 [0-1]

11 [5-22]

3 [1-6]

6 [2-15]

12 [5-24]

367

2nd year P-valuea,b Overalla

3 [1-5]

327

12

Month

Number of known casual
partners

338

9

Month

7 [2-18]

342

6

Month

Number of unknown
casual partners

348

3

Month

12 [6-25] 12 [6-25] 12 [6-25] 12 [5-26] 11 [6-23] 12 [6-25] 12 [5-23] 11 [5-21] 10 [4-21] 10 [5-23] 11 [5-22]

367

Baseline

Month

Number of partners

Anal sex partners

Participants with sexual
behaviour data

Variable

Month

Table A7. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP in the AMPrEP study, Amsterdam, the Netherlands,
2015-2018.
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Chapter 5.3

Baseline

2 [0-5]

3 [0-10]

3 [0-9]

1 [0-4]

1 [0-3]

Condomless sex acts

Insertive sex acts

Receptive sex acts

Insertive condomless sex
acts

Receptive condomless
sex acts

2 [0-6]

2 [0-6]

1 [0-4]

1 [0-3]

Insertive sex acts

Receptive sex acts

Insertive condomless sex
acts

Receptive condomless
sex acts

Condomless sex acts

6 [2-14]

2 [0-6]

Condomless sex acts

With casual partnersc

5 [2-12]

Number of sex acts

With known casual partners

7 [2-18]

Number of sex acts

With unknown casual partners

Variable

9 [4-20]

1 [0-5]

1 [0-5]

2 [0-6]

2 [0-7·5]

4 [0-9]

5 [2-11]

1 [0-5]

2 [0-5·5]

2 [0-8]

3 [0-10]

4 [1-10]

8 [2-15·5]

3

Month

1 [0-5]

1 [0-6]

2 [0-7]

2 [0-7]

4 [0-10]

5 [1-12]

1 [0-5]

2 [0-7]

2 [0-8]

3 [0-10]

4 [1-11]

7 [2-16]

9

Month

6 [1-15]

15

4 [0-10]

2 [0-6]

2 [0-6]

3 [0-8]

2·5 [0-8]

6 [1-15]

18

Month

1 [0-5]

2 [0-6]

2 [0-8]

3 [0-10]

1 [0-5]

2 [0-6]

2 [0-8]

2 [0-8]

1 [0-5]

1·5 [0-5]

2 [0-7]

2 [0-8]

4 [0-10]

4 [0-10]

1 [0-5]

1 [0-5]

2 [0-8]

2 [0-6·5]

1 [0-5]

2 [0-5]

2 [0-6]

2 [0-8]

4 [0-9]

5 [1-12]

1 [0-5]

1 [0-6]

1 [0-7]

2 [0-7]

4 [1-10] 4 [0-12·5] 4 [0-11]

7 [2-16]

1st yeara

Month

6 [2-14] 5·5 [2-12] 5 [1-13]

1 [0-5]

1 [0-7]

2 [0-7]

2 [0-8]

4 [1-10]

6 [1-15]

12

Month

2 [0-6]

2 [0-5]

2 [0-7]

2 [0-6]

4 [0-10]

5 [1-12]

0 [0-4]

1 [0-6]

1 [0-6]

2 [0-7]

3 [0-11]

4 [1-15]

21

Month

1 [0-5]

2 [0-6]

1 [0-7]

1 [0-5]

2 [0-5]

2 [0-6]

2 [0-6]

1 [0-5]

2 [0-5]

2 [0-6]

2 [0-7]

4 [0-10] 4 [0-10]

5 [1-12] 5 [1-12]

1 [0-5]

2 [0-5·5]

1 [0-7]

2 [0-8]

3 [1-13] 4 [0-12]
2 [0-7]

Test for
trend

0·735

0·286

0·297

0·639

0·251

0·489

0·080

0·142

0·175

0·001

<0·001

0·300

<0·001

9 [3-20]

1 [0-5]

1 [0-5]

2 [0-6]

2 [0-7]

4 [0-10]

5 [1-12]

1 [0-5]

2 [0-5]

2 [0-8]

2 [0-8]

4 [1-10]

6 [2-15]

2nd year P-valuea,b Overalla

5 [1-15] 5 [1-15]

24

Month

10 [4-20] 10 [3-22] 10 [3-22] 10 [4-21] 10 [4-21] 10 [3-20] 10 [3-23] 10 [3-24] 10 [3-22]

1 [0-5]

2 [0-5]

2 [0-6·5]

2 [0-7]

4 [0-10]

6 [2-12]

1 [0-5]

2 [0-6]

2 [0-8]

3 [0-10]

4 [1-10]

7 [2-18]

6

Month

Table A7. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP in the AMPrEP study, Amsterdam, the Netherlands,
2015-2018. (continued)
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2 [0-6]

Receptive condomless
sex acts

0 [0-2]

0 [0-2]

0 [0-6]

0 [0-3]

0 [0-3]

0 [0-2]

0 [0-2]

Condomless sex acts

Insertive sex acts

Receptive sex acts

Insertive condomless sex
acts

Receptive condomless
sex acts

0 [0-2]

0 [0-2]

0 [0-3]

0 [0-3]

0 [0-5]

0 [0-6]

4 [0-11]

6

Month

0 [0-2]

0 [0-2]

0 [0-3]

0 [0-4]

0 [0-7]

0 [0-8]

3 [0-10]

9

Month

0 [0-2]

0 [0-3]

0 [0-3]

0 [0-3]

0 [0-8]

0 [0-8]

4 [0-12]

12

Month

Abbreviations: IQR, interquartile range; PrEP, pre-exposure prophylaxis.
a
Excluding baseline. bWilcoxon-type test for trend. cKnown and unknown partners together.

0 [0-3]

0 [0-4]

0 [0-5]

0 [0-10]

0 [0-8]

3 [0-10]

3

Number of sex acts

With steady partners

Baseline

Variable

Month

0 [0-2]

0 [0-2]

0 [0-3]

0 [0-3]

0 [0-6]

0 [0-8]

4 [0-11]

1st yeara

0 [0-2]

0 [0-1]

0 [0-2]

0 [0-2]

0 [0-5]

0 [0-6]

4 [0-13]

15

Month

0 [0-2]

0 [0-3]

0 [0-2]

0 [0-3]

0 [0-5]

0 [0-6]

3 [0-10]

18

Month

0 [0-2]

0 [0-2]

0 [0-3]

0 [0-3]

0 [0-6]

0 [0-7]

3 [0-12]

21

Month

0 [0-2]

0 [0-2]

0 [0-2]

0 [0-3]

0 [0-5]

0 [0-5]

Test for
trend

0 [0-2]

0 [0-2]

0 [0-2]

0 [0-2]

0 [0-5]

0 [0-6]

0·302

0·708

0·139

0·389

0·292

0·103

0·972

0 [0-2]

0 [0-2]

0 [0-2]

0 [0-3]

0 [0-6]

0 [0-7]

3 [0-10]

2nd year P-valuea,b Overalla

3 [0-12] 3 [0-11·5]

24

Month

Table A7. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP in the AMPrEP study, Amsterdam, the Netherlands,
2015-2018. (continued)
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Chapter 5.3

1·01 0·98-1·04

Condomless sex acts with casual partners

0·555

0·031

0·050

95% CI

1·01 0·98-1·05

0·99 0·96-1·01

0·98 0·96-1·01

P-value IRR

0·436

0·219

0·267

P-value

Daily PrEP

Abbreviations: CI, confidence interval; PrEP, pre-exposure prophylaxis; RR, relative ratio.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

0·98 0·96-1·00

Number of anal sex acts

95% CI

IRR
0·98 0·95-1·00

Variable

Number of partners

Overall
95% CI

P-value

0·98 0·95-1·01

0·95 0·92-0·99
0·240

0·005

0·95 0·92-0·97 <0·001

RR

Event-driven PrEP

0·169

0·130

0·060

P-value

0·64

0·69

0·69

RR

P-value

0·54-0·77 <0·001

0·61-0·78 <0·001

0·62-0·76 <0·001

95% CI

Interactiona Event-driven vs. daily PrEPb

Table A8. Unadjusted changes in sexual behaviour per 3 months in the first two years on PrEP, overall and by PrEP regimen in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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8 [3-20]

3 [1-6]

12 [6-25]

0 [0-1]

Number of known casual
partners

Number of casual partnersc

Number of steady partners

10 [3-25]

10 [2-21]

4 [1-14]

3 [1-12]

Receptive sex acts

Insertive condomless sex
acts

Receptive condomless
sex acts

8 [3-20]

3 [1-7]

3 [0-10]

3 [0-10]

1 [0-4]

Number of sex acts

Condomless sex acts

Insertive sex acts

Receptive sex acts

Insertive condomless sex
acts

With unknown casual partners

10 [3-21]

2 [0-6]

2·5 [0-10]

3 [0-10]

4 [1-11]

9 [3-18]

6·5 [1-16]

6·5 [2-17]

2 [0-7]

2 [0-10]

3 [0-10]

5 [1-12]

8 [3-20]

8 [1-18]

7 [2-18]

10 [2-23]

11 [4-23]

2 [0-7]

2 [0-10]

3 [0-10]

5 [1-14]

9 [3-20]

7 [1-19]

8 [2-20]

11 [2-25]

11 [3-24]

15 [8-32]

10 [3-24]

15 [8-29]

Insertive sex acts

15 [7-27]

12 [4-23]

0 [0-1]

13 [6-27]

4 [1-7]

9 [3-20]

13 [7-30]

251

9

Month

22 [12-37] 22 [12-37] 22 [12-40] 22 [12-41]

0 [0-1]

14 [7-27]

4 [2-7]

8 [3-20]

15 [7-27]

257

6

Month

Number of sex acts

0 [0-1]

13 [6-25]

3 [1-7]

9 [3-18]

14 [7-26]

262

3

Month

Condomless sex acts

Anal sex acts

13 [7-25]

Number of partners

269

Baseline

Number of unknown casual
partners

Anal sex partners

Participants with sexual
behaviour data

Variable

2 [0-8]

2 [0-10]

3 [0-10]

5 [1-15]

8 [2-19]

8 [1-20]

9 [2-21]

10 [3-25]

12 [4-25]

17 [8-35]

24 [12-41]

0 [0-1]

13 [7-24·5]

4 [2-8]

8 [2-19]

13·5 [7·5-25]

248

12

Month

2 [0-7]

2 [0-10]

3 [0-10]

5 [1-12]

8 [3-20]

7 [1-18]

8 [2-19]

10 [2-25]

11 [3-24]

15 [8-30]

23 [12-40]

0 [0-1]

13 [7-25]

4 [1-7]

8 [3-20]

14 [7-27]

294

1st yeara

2 [0-7]

2 [0-10]

2 [0-8]

5 [1-15]

6·5 [1-18]

7 [1-20]

7·5 [1·5-17]

9·5 [2-24]

10 [2-21]

16·5 [8-27]

21 [12-35]

0 [0-1]

13 [5-25]

3 [1-7]

6·5 [1-18]

14 [5·5-25]

241

15

Month

0 [0-1]

11 [5-24]

3 [1-7]

6 [2-18]

12 [6-25]

229

21

Month

0 [0-1]

12 [5-25]

3 [1-6]

7 [2-18]

13 [5-25]

221

24

Month

0 [0-1]

12 [5-25]

3 [1-7]

7 [2-18]

13 [6-25]

270

2nd year

2 [0-7]

2 [0-9]

3 [0-9]

5 [1-14]

8 [2-16]

6 [1-17]

8 [2-19]

9 [2-21]

10 [3-22]

17 [8-29]

2 [0-7]

2 [0-10]

3 [0-9]

4 [0-15]

6 [2-18]

6 [1-19]

7 [1-20]

8 [1-23]

9 [2-22]

16 [7-31]

2 [0-7]

2 [0-10]

2 [0-10]

5 [1-15]

7 [2-18]

6 [1-19]

9 [2-20]

8 [2-21]

11 [3-23]

17 [6-32]

2 [0-7]

2 [0-10]

3 [0-9]

5 [1-15]

7 [2-18]

6 [1-19]

8 [2-19]

9 [2-22]

10 [3-22]

17 [7-30]

20 [12-35] 20 [10-35] 21 [10-37] 20 [10-36]

0 [0-1]

13 [6-24]

3 [1-7]

8 [2-16]

15 [6-25]

229

18

Month

0·85

0·019

0·054

0·648

0·766

0·427

0·101

0·188

0·497

0·309

0·068

0·456

0·03

0·107

0·011

0·031

-

P-valuea,b

Test for trend

2 [0-6]

2 [0-10]

3 [0-10]

4 [1-13]

8 [2-19]

6 [1-17]

7 [2-18]

10 [2-23]

10 [3-23]

15 [7-30]

22 [11-38]

0 [0-1]

13 [6-25]

3 [1-7]

8 [2-19]

13 [6-25]

305

Overalla

Table A9a. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP, among daily PrEP users in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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Chapter 5.3

1 [0-3]

Receptive condomless
sex acts

3 [1-7]

2 [0-6]

2 [0-6]

1 [0-4]

1 [0-3]

Condomless sex acts

Insertive sex acts

Receptive sex acts

Insertive condomless sex
acts

Receptive condomless
sex acts

2 [0-7]

0 [0-2]

Receptive condomless
sex acts

0 [0-2]

0 [0-3]
0 [0-2]

0 [0-3]

0 [0-3]

0 [0-4]

0 [0-5]

0 [0-7]

5 [0-13]

11 [5-23]

2 [0-5]

2 [0-5]

3 [0-8]

3 [0-8]

4 [1-10]

7 [2-13]

1 [0-7]

6

Month

0 [0-2]

0 [0-2]

0 [0-4]

0 [0-4]

0 [0-7]

0 [0-8]

4 [0-13]

12 [4-25]

2 [0-6]

2 [0-5]

2 [0-8]

3 [0-8]

5 [0-10]

6 [2-14]

1 [0-7]

9

Month

0 [0-3]

0 [0-4]

0 [0-3]

0 [0-5]

0 [0-9]

0 [0-10]

5 [1-15]

12 [6-26]

2 [0-8]

2 [0-7]

3 [0-10]

3 [0-10]

5 [1-11]

7 [2·5-15]

1 [0-6]

12

Month

0 [0-2]

0 [0-3]

0 [0-3]

0 [0-4]

0 [0-8]

0 [0-8]

5 [0-13]

11 [5-24]

2 [0-6]

2 [0-6]

3 [0-8]

3 [0-8]

5 [1-10]

6 [2-14]

1 [0-6]

1st yeara

Abbreviations: IQR, interquartile range; PrEP, pre-exposure prophylaxis.
a
Excluding baseline. bWilcoxon-type test for trend. cKnown and unknown partners together.

0 [0-2]

Insertive condomless sex
acts

0 [0-3]

0 [0-4]

0 [0-3]

0 [0-2]

Insertive sex acts

0 [0-6]

Receptive sex acts

0 [0-6]

0 [0-10]

Condomless sex acts

0 [0-9]

4 [0-12]

10 [4-22]

2 [0-5]

2 [0-5]

3 [0-8]

2 [0-8]

4 [1-10]

6 [2-12]

1·5 [0-5]

3

Month

Number of sex acts

With steady partners

7 [3-15]

Condomless sex acts

Receptive condomless
sex acts

With casual partnersc

6 [2-13]

Number of sex acts

With known casual
partners

Baseline

Variable

0 [0-2]

0 [0-2]

0 [0-2]

0 [0-2]

0 [0-6]

0 [0-6]

5 [0-16]

12 [5-23]

2 [0-6]

2 [0-5]

2 [0-8]

2 [0-8]

4 [1-10]

6 [2-15]

1 [0-8]

15

Month

0 [0-2]

0 [0-3]

0 [0-2]

0 [0-4]

0 [0-6]

0 [0-7]

4 [0-13]

12 [5-24]

2 [0-5]

2 [0-6]

2 [0-6]

2·5 [0-8]

5 [1-10]

6 [1-13]

1 [0-7]

18

Month

0 [0-2]

0 [0-2]

0 [0-3]

0 [0-3]

0 [0-7]

0 [0-8]

4 [0-16]

12 [4-25]

2 [0-7]

2 [0-6]

2 [0-8]

2 [0-7]

5 [1-12]

6 [2-15]

1 [0-6]

21

Month

0 [0-2]

0 [0-3]

0 [0-2]

0 [0-3]

0 [0-5]

0 [0-5]

4 [0-15]

14 [5-25]

2 [0-5]

2 [0-5·5]

2 [0-8]

3 [0-8]

5 [1-12]

5·5 [2-14]

1 [0-7·5]

24

Month

0 [0-2]

0 [0-3]

0 [0-2]

0 [0-3]

0 [0-6]

0 [0-6·5]

4 [0-15]

12 [5-25]

2 [0-6]

2 [0-6]

2 [0-8]

2 [0-8]

5 [1-10]

6 [2-15]

1 [0-7]

2nd year

0·280

0·778

0·096

0·652

0·546

0·169

0·953

0·149

0·459

0·116

0·469

0·829

0·242

0·327

0·408

P-valuea,b

Test for trend

0 [0-2]

0 [0-3]

0 [0-3]

0 [0-3]

0 [0-6]

0 [0-8]

4 [0-13]

11 [4-23]

2 [0-5]

2 [0-5]

2 [0-8]

3 [0-8]

4 [1-10]

6 [2-14]

1 [0-6]

Overalla

Table A9a. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP, among daily PrEP users in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018. (continued)
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2 [1-4]

9 [4-20]

0 [0-1]

Number of known
casual partners

Number of casual
partnersc

Number of steady
partners

0 [0-1]

8 [4-22]

87

9

Month
79

12

Month

0 [0-1]

7 [3-20]

2 [0-6]

4 [1-10]

0 [0-1]

9 [2-17]

2 [0-5]

4 [0-12]

0 [0-1]

7 [2-14]

2 [0-5]

2 [0-9]

7 [4-20] 10 [3-20] 7 [3-14]

85

6

Month

0 [0-1]

8 [3-17]

2 [0-5]

4 [1-10]

8 [3-18]

116

a

1 year

st

84

18

Month
79

21

Month

2 [0·5-4]

2 [0-8·5]

2 [0-4]

1 [0-5]

0 [0-1]

0 [0-1]

0 [0-1]

8 [3-14] 5 [2-12·5] 5 [1-14]

2 [0-5]

3 [0-10]

8 [3-16] 6 [2·5-13] 5 [2-15]

83

15

Month

0 [0-1]

7 [2-14]

1 [0-5]

3 [0-7]

8 [2-15]

77

24

Month

0 [0-1]

5 [2-14]

2 [0-5]

2 [0-8]

6 [2-15]

107

2 year

nd

8 [3-18]

8 [2-25]

7 [2-22]

3 [0-12]

Insertive sex acts

Receptive sex acts

Insertive
condomless sex acts

4 [1-15]

5 [1-12]
5 [1-15]

4 [0-11]
8 [1-17]

5 [0-12]
3 [0-10]

4 [1-13]

5 [1-15]

5 [1-12]

7 [1-18]

3 [0-15]

4 [0-10]

4 [0-13]

5 [1-13] 5 [1·5-13] 5 [1-10]

5 [1-15] 5·5 [1-13] 5 [1-15]

10 [3-22] 12 [5-26] 8 [2-18] 10 [3-20] 7 [3-19] 7·5 [3-18] 7 [2-20]

6·5 [2-20] 7 [2-18] 10 [2-21] 5 [0-15]

8 [3-20]

3 [0-11]

5 [1-12]

3 [0-13]

8 [2-20]

4 [0-12]

5 [1-12]

5 [1-14]

7 [2-20]

20·5 [8-35] 14 [5-30] 14 [6-29] 15 [7-30] 12 [4-23] 14 [6-29] 13 [4-23] 11 [4-21] 10 [4-23] 13 [4-21] 11 [4-22]

Condomless sex
acts

Number of sex acts

Anal sex acts

5 [1-15]

5 [1-13]

Number of
unknown casual
partners

2 [1-5]

8 [4-22]

86

98

9·5 [5-20]

3

Baseline

Number of partners

Anal sex partners

Participants with
sexual behaviour
data

Variable

Month

0·031

0·713

0·005

0·088

0·010

0·317

0·003

0·216

<0·001

0·002

-

P-valuea,b

Test for trend

4 [0-14]

5 [1-13]

6 [1-17]

9 [3-20]

13 [5-27]

0 [0-1]

7 [3-15]

2 [0-5]

3 [0-10]

8 [3-16]

143

Overalla

Table A9b. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP, among event-driven PrEP users in the AMPrEP
study, Amsterdam, the Netherlands, 2015-2018.
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4 [0-9]

Receptive
condomless sex acts

2 [0-7]

2 [0-6]

1 [0-3]

0 [0-2]

Insertive sex acts

Receptive sex acts

Insertive
condomless sex acts

Receptive
condomless sex acts

4 [1-10]

1·5 [0-5]

2 [0-5]

2 [0-4]

0 [0-3]

0·5 [0-3]

Number of sex acts

Condomless sex
acts

Insertive sex acts

Receptive sex acts

Insertive
condomless sex acts

Receptive
condomless sex acts

With known casual
partners

2·5 [0-8]

1 [0-4]

Condomless sex
acts

1 [0-2]

1 [0-4]

1 [0-4]

2 [0-5]

2 [0-6]

4 [1-9]

0·5 [0-2]

1·5 [0-5]

1 [0-5]

3 [0-8]

5 [1-13]

5 [1-15]

3 [1-8]

3

Month

Number of sex acts

With unknown casual partners

Baseline

Variable

0 [0-2]

1 [0-4]

1 [0-3]

2 [0-4]

2 [0-7]

3 [0-8]

1 [0-2]

1 [0-5]

1 [0-4]

3 [0-8]

2 [1-8]

4 [1-10]

3 [0-8]

6

Month

0 [0-4]

1 [0-6]

0 [0-4]

1 [0-6]

2 [0-7]

4 [0-8]

0 [0-2]

2 [0-6]

1 [0-3]

3 [0-8]

2 [0-8]

4 [0-12]

4 [0-10]

9

Month

0 [0-3]

0 [0-5]

1 [0-4]

0·5 [0-6]

1 [0-6]

3 [0-7]

0 [0-2]

1 [0-3]

0 [0-3]

1 [0-3]

1 [0-6]

2 [0-9]

3 [0-10]

12

Month

0 [0-3]

1 [0-5]

1 [0-4]

1 [0-6]

2 [0-7]

3 [0-8]

0 [0-2]

1 [0-5]

1 [0-4]

2 [0-7]

2 [0-7]

4 [1-10]

3 [0-9]

1st yeara

0·5 [0-4]

0 [0-4]

1 [0-4]

1 [0-4]

2 [0-7]

3 [0-9]

0 [0-2]

1·5 [0-4]

1 [0-4]

2 [0-6]

2·5 [0-6]

3 [0-10]

4 [0-10]

15

Month

1 [0-4]

1 [0-4]

1·5 [0-4]

1 [0-5]

2 [0-5]

3 [0-8]

0 [0-2]

0 [0-5]

0·5 [0-3]

1 [0-5]

1 [0-5]

2 [0-8·5]

4 [1-9·5]

18

Month

1 [0-3]

1 [0-5]

1 [0-3]

1 [0-5]

2 [0-6]

3 [0-8]

0 [0-2]

0 [0-3]

0 [0-2]

0 [0-4]

1 [0-5]

1 [0-5]

2 [0-8]

21

Month

1 [0-4]

0 [0-4]

1 [0-5]

0 [0-5]

2 [0-6]

2 [0-8]

0 [0-2·5]

0 [0-3]

0 [0-3]

1 [0-3]

2 [0-5]

3 [0-7]

4 [0-10]

24

Month

1 [0-4]

1 [0-4]

1 [0-4]

1 [0-5]

2 [0-6]

3 [0-8]

0 [0-2]

0·5 [0-3]

0 [0-3]

1 [0-4]

2 [0-5]

2 [0-8]

4 [0-9]

2nd year

0·244

0·499

0·458

0·063

0·688

0·146

0·211

0·003

0·011

<0·001

0·008

<0·001

0·924

P-valuea,b

Test for trend

0 [0-3]

1 [0-4]

1 [0-4]

1 [0-5]

2 [0-6]

3 [0-8]

0 [0-2]

1 [0-4]

1 [0-4]

2 [0-6]

2 [0-6]

3 [0-10]

4 [0-9]

Overalla

Table A9b. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP, among event-driven PrEP users in the AMPrEP study,
Amsterdam, the Netherlands, 2015-2018. (continued)
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2 [0-5]

Receptive
condomless sex acts

0 [0-9]

0 [0-2]

0 [0-5]

0 [0-2]

0 [0-4]

Condomless sex
acts

Insertive sex acts

Receptive sex acts

Insertive
condomless sex acts

Receptive
condomless sex acts

0 [0-1]

0 [0-1]

0 [0-1]

0 [0-1]

0 [0-4]

0 [0-5]

2 [0-5]

5 [3-12]

3

0 [0-1]

0 [0-1]

0 [0-1]

0 [0-1]

0 [0-3]

0 [0-6]

2 [0-6]

6 [2-15]

6

Month

0 [0-3]

0 [0-2]

0 [0-3]

0 [0-2]

0 [0-6]

0 [0-7]

1 [0-6]

8 [1-15]

9

Month

0 [0-1]

0 [0-0]

0 [0-2]

0 [0-0]

0 [0-3]

0 [0-3]

2 [0-6]

5 [1-11]

12

Month

0 [0-1]

0 [0-1]

0 [0-2]

0 [0-1]

0 [0-4]

0 [0-5]

2 [0-6]

6 [2-13]

a

1 year

st

Abbreviations: IQR, interquartile range; PrEP, pre-exposure prophylaxis.
a
Excluding baseline. bWilcoxon-type test for trend . cKnown and unknown partners together.

0 [0-10]

Number of sex acts

With steady
partners

4 [1-9]

Baseline

Condomless sex
acts

With casual
partnersc

Variable

Month
18

Month
21

Month

0 [0-0·5]

0 [0-0]

0 [0-1]

0 [0-0·5]

0 [0-2]

0 [0-2·5]

2 [0-6]

0 [0-1]

0 [0-0]

0 [0-1·5]

0 [0-0·5]

0 [0-3]

0 [0-4]

2 [0-5]

0 [0-1]

0 [0-1]

0 [0-1]

0 [0-2]

0 [0-3]

0 [0-5]

2 [0-6]

5 [2-13] 5 [2-10·5] 4 [1-14]

15

Month

0 [0-1·5]

0 [0-0·5]

0 [0-2·5]

0 [0-1]

0 [0-4·5]

0 [0-4·5]

3 [0-7]

4 [1-13]

24

Month

0 [0-1]

0 [0-0]

0 [0-1]

0 [0-1]

0 [0-3]

0 [0-4]

2 [0-6]

5 [1-13]

2 year

nd

0·860

0·192

0·966

0·342

0·276

0·393

0·657

0·122

P-valuea,b

Test for trend

0 [0-1]

0 [0-1]

0 [0-2]

0 [0-1]

0 [0-4]

0 [0-5]

2 [0-6]

5 [2-13]

Overalla

Table A9b. Reported sexual behaviour (median, [IQR]) in the past 3 months at baseline and in the first two years on PrEP, among event-driven PrEP users in the AMPrEP study,
Amsterdam, the Netherlands, 2015-2018. (continued)
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1·01

Syphilis (stage 1 or 2)

0·90-1·13

0·93-1·10

0·87-1·13

0·86-1·30

0·922

0·799

0·885

0·465

0·598

0·610

0·977

0·898

0·948

0·268

0·345

P-value

IRR

0·93

1·00

0·97

1·02

1·01

1·06

0·96

0·99

0·98

1·02

1·01

0·82-1·07

0·92-1·10

0·84-1·12

0·95-1·09

0·95-1·07

0·84-1·35

0·84-1·10

0·92-1·06

0·93-1·05

0·97-1·08

0·96-1·05

95% CI

Daily PrEP

0·319

0·927

0·660

0·592

0·775

0·610

0·576

0·815

0·695

0·363

0·753

P-value

IRR

1·29

1·06

1·13

1·07

1·06

1·03

1·18

1·02

1·06

1·05

1·10

1·00-1·66

0·81-1·34

0·79-1·61

0·88-1·30

0·90-1·24

0·67-1·58

0·89-1·55

0·85-1·22

0·91-1·24

0·91-1·22

0·99-1·23

95% CI

0·053

0·656

0·500

0·523

0·474

0·891

0·245

0·825

0·443

0·485

0·085

P-value

Event-driven PrEP

Abbreviations: CI, confidence interval; PrEP, pre-exposure prophylaxis; IRR, incidence rate ratio; STI, sexually transmitted infection.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

1·01

Pharyngeal gonorrhoea

0·96-1·09

1·02

0·99

Anal gonorrhoea

Urogenital gonorrhoea

0·96-1·07

1·06

1·01

Pharyngeal chlamydia

Any gonorrhoea

0·93-1·06

0·89-1·13

1·00

1·00

Anal chlamydia

Any anal STI

Any chlamydia

Urogenital chlamydia

0·98-1·08

0·94-1·06

1·03

1·00

Any STI

95% CI

0·98-1·06

IRR

1·02

Variable

Overall

0·025

0·699

0·426

0·671

0·566

0·896

0·191

0·771

0·391

0·725

0·136

P-value

Interactiona

1·22

0·54

0·66

0·49

0·53

1·25

0·99

0·58

0·64

0·50

0·63

IRR

0·66-2·28

0·28-1·01

0·23-1·89

0·27-0·89

0·33-0·86

0·39-3·93

0·49-1·99

0·35-0·96

0·42-0·98

0·32-0·78

0·44-0·89

95% CI

0·522

0·055

0·443

0·020

0·010

0·709

0·970

0·034

0·039

0·003

0·008

P-value

Event-driven vs. daily PrEPb

Table A10a Unadjusted changes in STI incidence per 3 months in the first two years on PrEP among those who never switched PrEP regimen, overall and by PrEP regimen in
the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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1·02

1·03

Pharyngeal gonorrhoea

Syphilis (stage 1 or 2)c

0·83-1·28

0·87-1·19

0·96-1·67
0·766

0·801

0·090

0·814

0·636

0·815

0·729

0·622

0·569

0·752

0·651

P-value

0·96

1·01

1·24

1·01

1·02

1·07

0·93

0·96

0·96

1·01

1·01

aIRR

0·77-1·20

0·86-1·18

0·94-1·64

0·88-1·15

0·91-1·14

0·70-1·64

0·72-1·18

0·85-1·10

0·85-1·07

0·91-1·12

0·92-1·09

95% CI

Daily PrEP

0·727

0·895

0·135

0·894

0·761

0·762

0·539

0·567

0·450

0·827

0·902

P-value

1·34

1·07

1·42

1·05

1·07

1·02

1·10

1·00

1·03

1·04

1·10

aIRR

0·98-1·84

0·81-1·42

0·95-2·13

0·84-1·32

0·89-1·29

0·60-1·75

0·78-1·55

0·81-1·23

0·86-1·23

0·88-1·23

0·96-1·25

95% CI

0·067

0·611

0·091

0·657

0·468

0·930

0·580

0·967

0·780

0·647

0·157

P-value

Event-driven PrEP

0·021

0·643

0·442

0·686

0·551

0·858

0·252

0·737

0·404

0·718

0·137

P-value

Interactiona

Abbreviations: aIRR, adjusted incidence rate ratio; CI, confidence interval; PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

1·27

Urogenital gonorrhoea

0·89-1·16

0·92-1·15

1·03

0·75-1·22

0·70-1·58

0·96

1·05

Urogenital chlamydia

Pharyngeal chlamydia

1·02

0·86-1·08

0·85-1·10

0·97

0·97

Any chlamydia

Anal chlamydia

Any gonorrhoea

0·94-1·11

0·92-1·12

1·02

1·02

Any STI

Any anal STI

Anal gonorrhoea

95% CI

aIRR

Variable

Overall

1·37

0·64

0·78

0·51

0·57

1·57

0·96

0·63

0·69

0·53

0·68

aIRR

0·73-2·57

0·34-1·20

0·28-2·18

0·28-0·93

0·35-0·92

0·49-5·03

0·47-1·97

0·38-1·06

0·45-1·05

0·34-0·84

0·48-0·95

95% CI

0·333

0·162

0·634

0·027

0·021

0·447

0·920

0·081

0·081

0·007

0·026

P-value

Event-driven vs. daily PrEPb

Table A10b. Changes in STI incidence per 3 months in the first two years on PrEP among those who never switched PrEP regimen, overall and by PrEP regimen, adjusted for
calendar year, age category and yearly testing frequency in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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0·309
0·267

0·99 0·96-1·01

Number of anal sex acts

Condomless sex acts with casual partners 1·02 0·99-1·05

95% CI

1·02 0·98-1·06

0·99 0·96-1·02

0·99 0·95-1·02

RR

0·281

0·517

0·376

P-value

Daily PrEP
95% CI

1·01 0·96-1·05

0·96 0·93-1·00

0·96 0·93-0·99

RR

0·765

0·068

0·021

P-value

Event-driven PrEP

0·633

0·242

0·283

P-value

Interactiona

0·52

0·60

0·59

RR

0·001

P-value

0·37-0·72 <0·001

0·46-0·79 <0·001

0·42-0·81

95% CI

Event-driven vs. daily PrEPb

0·418

0·549

95% CI

0·99 0·94-1·04

0·99 0·94-1·03

P-value aRR

0·031

0·591

0·590

P-value

Event-driven PrEP

1·07 1·04-1·12 <0·001 1·06 1·01-1·13

1·01 0·98-1·04

1·01 0·97-1·05

95% CI

Daily PrEP

Abbreviations: aRR, adjusted relative ratio; CI, confidence interval; PrEP, pre-exposure prophylaxis.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

0·001

Condomless sex acts with casual partners 1·07 1·03-1·11

0·567
0·502

1·01 0·97-1·05

P-value aRR

1·01 0·98-1·04

95% CI

Number of partners

aRR

Number of anal sex acts

Variable

Overall

0·777

0·268

0·301

P-value

Interactiona

0·50

0·60

0·57

aRR

0·001

P-value

0·36-0·69 <0·001

0·45-0·78 <0·001

0·42-0·79

95% CI

Event-driven vs. daily PrEPb

Table A11b. Changes in sexual behaviour per 3 months in the first two years on PrEP among those who never switched PrEP regimen, overall and by PrEP regimen, after
adjusting for calendar year and age category in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.

Abbreviations: CI, confidence interval; PrEP, pre-exposure prophylaxis; RR, relative ratio.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

0·226

P-value

Number of partners

95% CI

RR
0·98 0·95-1·01

Variable

Overall

Table A11a. Unadjusted changes in sexual behaviour per 3 months in the first two years on PrEP among those who never switched PrEP regimen, overall and by PrEP regimen
in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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0·037
0·005

Condomless sex acts with casual partners 1·03 1·01-1·06

95% CI

1·03 1·01-1·07

1·00 0·97-1·01

1·00 0·97-1·02

RR

0·001

0·487

0·681

P-value

Daily PrEP
95% CI

P-value

0·99 0·96-1·03

0·795

0·94 0·92-0·97 <0·001

0·95 0·92-0·97 <0·001

RR

Event-driven PrEP

0·054

0·004

0·003

P-value

Interactiona

0·69

0·76

0·73

RR

P-value

0·54-0·88

0·002

0·67-0·88 <0·001

0·65-0·81 <0·001

95% CI

Event-driven vs. daily PrEPb

Abbreviations: aIRR, adjusted relative ratio; CI, confidence interval; PrEP, pre-exposure prophylaxis.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

0·225

95% CI

0·96 0·93-0·99

0·016

P-value

0·111

1·01 0·99-1·04

0·469

P-value aRR

0·076

0·609

95% CI

1·01 0·98-1·04

Event-driven PrEP

0·97 0·93-1·00

1·01 0·98-1·03

Number of anal sex acts

0·715

P-value aIRR

Daily PrEP

Condomless sex acts with casual partners 1·08 1·04-1·11 <0·001 1·08 1·04-1·12 <0·001 1·04 0·99-1·09

Number of partners

95% CI

aRR
1·00 0·98-1·03

Variable

Overall

0·070

0·004

0·003

P-value

Interactiona

0·69

0·76

0·73

aIRR

P-value

0·54-0·88

0·002

0·67-0·88 <0·001

0·65-0·81 <0·001

95% CI

Event-driven vs. daily PrEPb

Table A12b. Changes in sexual behaviour per 3 months at baseline and in the first two years on PrEP, overall and by PrEP regimen, after adjusting for calendar year and age
category in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.

Abbreviations: CI, confidence interval; PrEP, pre-exposure prophylaxis; RR, relative ratio.
a
Interaction between quarter time-intervals and PrEP regimen. bDaily PrEP was taken as reference.

0·127

0·98 0·97-1·00

P-value

Number of anal sex acts

95% CI

RR
0·99 0·97-1·00

Variable

Number of partners

Overall

Table A12a. Unadjusted changes in sexual behaviour per 3 months at baseline and in the first two years on PrEP, overall and by PrEP regimen in the AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
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Abstract
Background and Aims
Hepatitis C virus (HCV) has emerged as a sexually transmitted infection (STI) among HIVpositive men who have sex with men (MSM). We evaluated HCV-incidence and its riskfactors among HIV-negative MSM using HIV pre-exposure prophylaxis (PrEP).

Methods
Participants of the Amsterdam PrEP project were tested for HCV antibodies or HCV-RNA
every 6 months. Participants used daily or event-driven PrEP and could switch regimens
during follow-up. We calculated incidence rates (IRs) for overall HCV-infection and separately for primary and re-infection. A univariable Bayesian exponential survival model was
used to identify risk-factors associated with incident HCV-infection. The HCV NS5B gene
fragment (709 bp) was sequenced and compared to HCV isolates from HIV-positive MSM
and other risk groups (n=419) using phylogenetic analysis.

Results
Among 350 participants contributing 653.6 person-years (PY), we detected 15 HCV infections
in 14 participants (IR=2.30/100PY). There were eight primary infections (IR=1.27/100PY)
and seven re-infections (IR=27.8/100PY). IR was 2.71/100PY in daily and 1.15/100PY in
event-driven PrEP-users. Factors associated with incident HCV-infection were higher number of receptive condomless anal sex acts with casual partners (posterior Hazards Rate
(HR)=1.57 per ln increase, 95% Credibility Interval (CrI)=1.09-2.20), anal STI (posterior
HR=2.93, 95%CrI=1.24-7.13), injecting drug use (posterior HR=4.69, 95%CrI=1.61-12.09)
and sharing straws when snorting drugs (posterior HR=2.62, 95%CrI=1.09-6.02). We identified robust MSM-specific HCV clusters of subtypes 1a, 4d, 2b and 3a, which included
MSM with and without HIV.

Conclusions
HIV-negative MSM on PrEP are at risk for incident HCV-infection, while identified riskfactors are similar to those in HIV-positive MSM. Regular HCV-testing is needed, especially
for those with a previous HCV-infection and those reporting risk-factors.

HCV incidence in MSM on PrEP in Amsterdam

Lay summary
We report that hepatitis C virus infections are frequently acquired among HIV-negative
men who have sex with men (MSM) using pre-exposure prophylaxis to prevent HIVinfection. New infections occurred more frequently in those reporting receptive anal sex
without using condoms, having an anal sexually transmitted infection, injecting drugs,
and sharing straws when snorting drugs. The viruses found in HIV-negative men using
pre-exposure prophylaxis are genetically similar to those in HIV-positive men, but not in
other hepatitis C risk groups, suggesting that (sexual) transmission is occurring between
HIV-positive MSM and HIV-negative MSM using pre-exposure prophylaxis.
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Introduction
The majority of hepatitis C virus (HCV) infections worldwide are transmitted via injection
drug use (IDU).1 Since the early 2000s, however, HCV has emerged as a sexually transmitted infection (STI) among HIV-positive men who have sex with men (MSM).2,3 Sexual
transmission of HCV among HIV-positive MSM has been associated with receptive condomless anal sex (CAS), recent (ulcerative) sexually transmitted infection (STI), sharing
of sex toys, sexual techniques damaging the anorectal mucosa (i.e. fisting), and use of
recreational drugs before or during sex.4 It has been hypothesized that HIV-negative MSM
have remained largely unaffected by HCV5-8 due to (1) lower biological susceptibility to
HCV compared to those with HIV-infection as a result of more efficient immunological
responses in the gastrointestinal mucosa when small HCV inoculums are present in semen9,10, (2) engaging in sex with partners of the same HIV-status (“serosorting”), and (3)
lower sexual transmissibility of HCV compared to HIV, hence explaining why HIV-infection
often precedes HCV-infection.10-12 Increased uptake of pre-exposure prophylaxis (PrEP),
which successfully prevents HIV-infection but not HCV-infection, could usher increasing
overlap in sexual networks between HIV-negative and HIV-positive MSM, eventually
resulting in an expanding HCV epidemic among MSM irrespective of HIV-status. Indeed,
sero-discordant CAS has increased among HIV-negative MSM since 2005.13
We previously reported an HCV-prevalence of almost 5% among HIV-negative MSM who
started PrEP in Amsterdam.12 We aimed to determine whether this elevated risk carried
over during the first two years of PrEP-use among MSM in Amsterdam. We assessed HCVincidence over time, both overall and according to primary/re-infection or by PrEP regimen (daily/event-driven), while examining its associated risk-factors. We also evaluated
whether strains of incident HCV infections in HIV-negative MSM clustered with strains
from HIV-positive MSM and other HCV risk groups in the Netherlands.

Material and methods
Study population and design
The Amsterdam PrEP (AMPrEP) study is a demonstration project conducted at the Public
Health Service of Amsterdam. Study design and procedures have been described previously.14 All participants provided written informed consent. The study was approved by
the institutional ethics board. Inclusion took place from 3 August 2015 to 31 May 2016
and follow-up is ongoing.
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Eligible participants were offered a choice of daily or event-driven PrEP and were given
the opportunity to switch PrEP regimens at each study visit.15 We monitored participants
at 3-month visits. Participant characteristics were collected every 3 months (sexual behaviour) or 6 months (behavioural risk-factors for HCV-infection) through computer-assisted
self-reported questionnaires.14,16 Blood samples from each 3-month visit were collected
and stored. STI-testing was performed at 3-month study visits and additionally in case of
partner notification or clinical indications in between visits.17
We restricted our analyses to participants with at least two HCV-test results.

HCV-testing procedures
HCV-testing initially occurred every 12 months and from December 2016 every 6 months
(based on analysis demonstrating high baseline HCV prevalence12). Additional HCV-testing
was performed in the event of partner notification or clinical indication. HCV-RNA positive
participants were referred to a reference center for further evaluation and treatment.
At inclusion, participants were tested for HCV-RNA (COBAS Taqscreen MPX v2.0, Roche
Diagnostics) and HCV antibodies (ARCHITECT anti-HCV, Abbott Laboratories) and if antibody-positive, immunoblot confirmation (INNO-LIA HIV I/II and HCV Score, Fujirebio).12
During follow-up, participants without detectable HCV antibodies at the previous visit
were tested for HCV antibodies (Liaison XL HCV-Ab, DiaSorin). Participants with a previous
HCV antibody-positive test result and HCV-naïve participants with newly detected HCV
antibodies were tested for HCV-RNA using a validated in-house HCV PCR targeting the 5’
non-coding region.18,19 Earlier samples from participants identified with incident HCV (re-)
infection were retrospectively tested for HCV-RNA and HCV antibodies (primary infection)
or HCV-RNA (re-infection, supplement figure 1).

Genotyping and phylogenetic analysis
HCV-RNA isolation, reverse transcription, amplification and sequencing were performed as
described previously.12 In short, we used isolated HCV-RNA obtained from 400 μl of plasma
as input for two separate PCR assays targeting the NS5B region, resulting in the amplification of two overlapping NS5B fragments. Fragment 1 (nucleotides 8001-8340) and fragment 2 (nucleotides 8228-8709) together form an NS5B fragment with a total length of 709
nucleotides (nt 8001-8709). Phylogenetic trees were built for each HCV subtype separately
containing HCV sequences from (i) HIV-negative AMPrEP participants with prevalent and/
or incident HCV-infection (n=29), (ii) HIV-positive MSM acquiring HCV after 2010 obtained
from three HIV treatment centers in Amsterdam (n=137), (iii) HCV-RNA positive Dutch
blood donors in 1997-2018 (n=84), and (iv) all additional Dutch HCV NS5B sequences in
Genbank [mainly from people who inject drugs (PWID) and HIV-positive MSM diagnosed
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with HCV before 2010] (n=198). Maximum-likelihood phylogenies were constructed using
a general time-reversed substitution model with γ-distribution, assuming a certain fraction
of evolutionary invariable sites (GTR+G+I) in Mega v6.0. Bootstrapping (n=500) was used
to analyze the stability of tree topology (bootstrap values >70 represent robust clusters).
HCV NS5B sequences from AMPrEP participants were submitted to GenBank (baseline
infections: KY386877-KY386891; incident infections: MK616411-MK616424).

Outcomes
Primary HCV-infection, re-infection and possible re-infection, were defined according to
the recommendations from the European Association for the Study of the Liver (EASL)
(Supplementary table 1).20 The date of infection was estimated by calculating the midpoint between last negative and first positive HCV-RNA test date. The estimated date of
infection for HCV-RNA positive participants without detectable HCV antibodies was determined as 28 days prior, which is equivalent to half of the mean HCV-seroconversion time.21
A cured infection was defined as a sustained virological response (SVR) ≥12 weeks after
the end of treatment. Spontaneously resolved infections were categorized as (i) proven:
no HCV-treatment and having two HCV-RNA negative test results within a ≥24-week timeinterval20 or (ii) possible: no HCV-treatment and having one HCV-RNA negative test result,
or having two HCV-RNA negative test results <24 weeks apart.

Risk-factors
We evaluated the following risk-factors for incident HCV-infection: age; ethnicity (white
versus non-white); PrEP regimen (daily versus event-driven); number of receptive CAS
acts with casual partner(s) and having had anal sex with an HIV-positive partner in the
past 3 months; sharing of sex toys, fisting without gloves and engaging in chemsex in
the past 6 months; sharing straws when snorting drugs and injecting drugs in the past
year; and having anal chlamydia and/or gonorrhea diagnosed at study visit (termed herein
as “recent anal STI”). We defined chemsex as self-reported use of methamphetamine,
γ-hydroxybutyric acid(GHB)/γ-butyrolactone(GBL) and/or mephedrone during sex.22
All covariates except ethnicity were time-updated. Missing data due to questions not being asked every three months were imputed from the subsequent visit with available data.

Statistical analysis
Follow-up began at enrolment and ended at HIV-seroconversion, definite PrEP-discontinuation, 2-year visit, or last study visit before 30 September 2018, whichever occurred first.
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We calculated overall, primary infection (among anti-HCV negative participants), and
re-infection IRs (among participants who had been cured or spontaneously cleared HCVinfection).
For all calculations, follow-up included gaps during which PrEP-use was temporarily discontinued and if incident HCV-infection occurred, follow-up was allowed to continue after
end of successful treatment or spontaneous clearance.
In risk-factor analysis, we expected that few outcomes would be observed with respect to
total number of studied variables and that sets of covariates would perfectly predict the
outcome. These issues would likely give rise to “sparse data”, making parameter estimates
based on maximum likelihood estimation exaggerated.23 In order to minimize this bias, we
used a penalized regression approach.24
Briefly, we fit univariable Bayesian exponential survival models for each covariate separately. Priors for hazard ratio (HR) distributions were based on their anticipated strength
of association, as deemed by the most “plausible range” from both previous research and
clinical observations.25 These priors were selected on the basis of risk-factors identified
from studies conducted in the Netherlands and Canada (Supplementary table 2).4,12,16,26
The prior for IR without risk-factors was based on an overall HCV-IR reported in a study
among MSM PrEP-users in France and was estimated at 1 per 100PY [95% credible intervals (CrI) 0.3-4.0].27 Using these priors and the data, a posterior median HR was estimated
along with 95% CrI using the “bayes” prefix commands in Stata. Multivariable analysis was
precluded by the small numbers of events expected.
All statistical analysis was performed using Stata 15 (Statacorp, College Station, TX, USA).

Sensitivity analysis
First, we assessed IR of re-infection while not considering possible re-infections. Second,
since posterior HRs could be highly influenced by specification of the prior distribution,28
we repeated risk-factor analysis using (1) non-informative priors for each covariate,
and (2) a different prior for daily PrEP regimen (vs. event-driven) and anal sex with ≥1
HIV-positive partner. Third, we repeated the analyses using a non-penalized regression
approach (exponential survival model using maximum likelihood estimation).
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Results
Study population
Of the 376 enrolled participants, 26 did not have at least two HCV-test results and were
excluded. Of the 350 analyzed participants, 348 were MSM and 2 transgender women.
At enrolment, median age was 40 years (IQR 33-48), 298 (85.1%) self-identified as white,
261 (74.6%) lived in Amsterdam and 10 (2.9%) reported injecting drugs within 3 months
before enrolment (table 1). Initially, 257 (73.4%) participants chose daily and 93 (26.6%)
event-driven PrEP. There were 17/350 (4.9%) participants with HCV antibodies at baseline,
15 of whom were HCV-RNA positive.
Table 1. Characteristics at baseline and at the time of first incident HCV-infection or at last visit before censoring, AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
Baseline

Follow-up

Total (N=350)

First incident HCVinfection
n=141

No incident HCVinfection2
n=336

N (%)

n (%)

n (%)

Age (years), median [IQR]

40 [33-48]

37.5 [28-41]

42 [35-50.5]

≤34

115 (32.9)

5 (35.7)

82 (24.4)

35-44

105 (30.0)

7 (50.0)

106 (31.6)

≥45

130 (37.1)

2 (14.3)

148 (44.1)

348 (99.4)

14 (100.0)

334 (99.4)

2 (0.6)

0 (0)

2 (0.6)

White

298 (85.1)

12 (85.7)

286 (85.1)

Non-white

52 (14.9)

2 (14.3)

50 (14.9)

Amsterdam

216 (61.7)

6 (42.7)

210 (62.5)

Other

134 (38.3)

8 (57.1)

126 (37.5)

Gender
Male
Transgender female
Self-declared ethnicity

Residence

Education level
Less than college degree

82 (23.4)

0(0)

82 (24.4)

At least college degree

268 (76.6)

14 (100.0)

254 (75.6)

Exclusively homosexual

276 (79.1)

14 (100.0)

262 (78.2)

Not exclusively homosexual

73 (20.9)

0 (0)

73 (21.8)

Event-driven

93 (26.6)

2 (14.3)

95 (28.3)

Daily

257 (73.4)

12 (85.7)

241 (71.7)

Sexual preference

PrEP regimen
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Table 1. Characteristics at baseline and at the time of first incident HCV-infection or at last visit before censoring, AMPrEP study, Amsterdam, the Netherlands, 2015-2018. (continued)
Baseline

Follow-up

Total (N=350)

First incident HCVinfection
n=141

No incident HCVinfection2
n=336

N (%)

n (%)

n (%)

2 [0-6]

10 [6-17]

3 [0-11]

Receptive condomless anal sex acts with
casual partners, median [IQR]@
0-1

141 (40.3)

1 (7.7)

134 (40.6)

2-5

113 (32.3)

2 (15.4)

79 (23.9)

6-9

38 (10.9)

3 (23.1)

25 (7.6)

10-24

44 (12.6)

4 (30.8)

61 (18.5)

14 (4.0)

3 (23.1)

31 (9.4)

Having had anal sex with ≥1 HIV positive partner

@

no

126 (36.0)

3 (23.1)

161 (48.9)

yes

224 (64.0)

10 (76.9)

168 (51.1)

≥25

Recent anal STI
no

294 (87.0)

9 (64.3)

280 (86.7)

yes

44 (13.0)

5 (35.7)

43 (13.3)

Sharing sex toys

$

no

n.a.

7 (70.0)

239 (75.4)

yes

n.a.

3 (30.0)

78 (24.6)

no

n.a.

7 (70.0)

238 (75.1)

yes

n.a.

3 (30.0)

79 (24.9)

Fisting without gloves

$

Sharing straws when snorting drugs$
no

n.a.

4 (40.0)

226 (71.3)

yes

n.a.

6 (60.0)

91 (28.7)

no

336 (97.1)@

6 (60.0)^

301 (95.0)^

yes

10 (2.9)

4 (40.0)

16 (5.1)

no

196 (56.8)@

4 (36.4)$

191 (58.8)$

yes

149 (43.2)

7 (63.6)

134 (41.2)

Injecting drug use

Reporting chemsex

Abbreviations: PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection; HCV, hepatitis C virus; IQR, interquartile range; n.a., not assessed.
Chemsex is defined as the use of GBH/GBL, crystal methamphetamine or mephedrone around the time of having sex
in the past 3 (@) or 6 months ($)
1
14 individuals were diagnosed with 15 HCV infections
2
At last visit before censoring
@
in the last 3 months
$
in the last 6 months
^
in the last 12 months
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HCV-incidence
Median cumulative follow-up was 2.0 years (IQR 1.9-2.0), totaling 653.6 PY at risk, during
which time we identified 12 incident HCV infections and three possible incident HCV infections among 14 MSM (table 2) (overall IR 2.30/100PY, Supplementary table 3). HCV was
not diagnosed among transgender women. Primary infection occurred in 8 of 333 at-risk
participants over 628.4 PY of follow-up (IR 1.27/100PY) and re-infection occurred in 7 of
21 at-risk participants over 25.2 PY of follow-up (IR 27.8/100PY). When excluding the three
possible re-infections, the overall and reinfection IRs were 1.84/100PY and 16.6/100PY,
respectively. No participant with incident HCV-infection acquired HIV.
The overall IRs for daily and event-driven PrEP regimens were 2.71/100PY and 1.15/100PY,
respectively (Supplementary table 3). IRs of primary infection were 1.51/100PY in daily
PrEP and 0.61/100PY in event-driven PrEP, and IRs of re-infection 41.4/100PY and 9.3/100
PY, respectively. One person with incident HCV-infection (table 2, participant 11) was likely
infected during PrEP discontinuation, while PrEP was re-continued at HCV diagnosis.
Of the fourteen MSM with incident HCV-infection(s), thirteen had chosen daily PrEP and
one event-driven PrEP at baseline. At the estimated date of first incident HCV-infection,
twelve were using daily and two event-driven PrEP. For 7/15 incident HCV infections, HCVRNA was detectable in stored samples 62 to 189 days prior to HCV-diagnosis.
Of the four proven re-infections, all had been treated with direct-acting antivirals for their
primary HCV-infection and had achieved SVR12. The three possible re-infections occurred
in two persons. In these cases, we could not exclude relapse of a previous infection because
there was only one negative HCV-RNA (table 2, participant 13, first infection) or there were
two negative HCV-RNA tests available <24 weeks apart (participant 13 [second infection]
and participant 14; supplement materials) without a documented switch in genotype.

Risk-factors for incident HCV-infection
We found that HCV-incidence was associated with increased number of receptive CAS
acts with casual partners in the past 3 months (posterior HR 1.57 per ln increase, 95% CrI
1.09-2.20) and recent anal STI diagnosis (posterior HR 2.93, 95% CrI 1.24-7.13). Higher IRs
were also found among those who shared straws when snorting drugs (posterior HR 2.62,
95% CrI 1.09-6.02) and those who injected drugs in the past 12 months (posterior HR 4.69,
95% CrI 1.61-12.09) (table 3 and figure 1).
Using non-informative priors resulted in CrI with increased uncertainty (Supplementary
table 6), yet all identified factors for incident HCV-infection were retained with the exception of sharing straws when snorting drugs. A stronger prior for daily PrEP regimen

HCV-incident
infection (if more
than one)

-

6

-

-

-

10

11

12

Daily

Daily

-

Daily
460

472

127

606

Daily

(2)#

556

Eventdriven

(1)$

389

253

40

662

425

603

129

454

133

9

Days between initiation of PrEP
to estimated date of incident
HCV-infection

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

lnitial PrEP
regimen

4d

-

-

1a

-

1a

2b

NA

NA

NA

NA

NA

NA

NA

NA

Genotype of
prevalent HCV–
infection

4d

1a

-

1a

1a

1a

1a

3a

1a

1a

1a

1a

1a

1a

2b

Genotype at
incident HCVinfection

0

0

0

0

0

91

62

166

182

91

91

189

0

0

0

cured

cured

cleared

cured

cured

cured

cured

cured

cured

cured

cured

cured

cured

cured

cured

Days between first sample with
HCVdetectable HCV-RNA and HCVoutcome
diagnosis

*RNA was tested as part of follow-up during post-exposure prophylaxis use
@
HCV-RNA but no HCV antibodies were detected at 182 days before diagnosis, revealed by additional testing of an earlier stored sample
^
Intermittently detectable HCV-RNA over a 13-month period since PrEP-initiation, revealed by additional HCV-RNA testing of earlier samples.
$
Only one negative HCV-RNA test
#
Two negative HCV-RNA tests less than 24 weeks apart

14

#

13

Possible HCV re-infections

-

9

HCV re-infections

7

-

-

5

-

-

4

8^

-

3

@

-

-

1*

2

Primary HCV infections

Partici-pant
number

Table 2. Characteristics of HIV-negative men who have sex with men using PrEP who acquired an HCV-infection during follow-up, AMPrEP study.
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Table 3. Prior and posterior estimates of risk-factors for incident HCV infection in HIV-negative MSM using
PrEP, AMPrEP study.
Risk-factor1

n (cases)2

PY

Prior HR (95% CrI) Posterior HR (95% CrI)

n=15
Age (per 10 year increase)3

0.90 (0.23-3.60)

0.76 (0.50-1.12)

Ethnicity
White

13

557.9

1

Non-white

2

95.6

1.0 (0.25-4.0)

Event-driven

2

174.1

1

Daily

13

479.5

1.0 (0.25-4.0)

1.56 (0.85-2.83)

1.25 (0.31-5.00)

1.57 (1.09-2.20)

0.98 (0.33-2.58)

PrEP regimen

Receptive condomless anal sex acts (per ln increase)

6,7

Having had anal sex with ≥1 HIV positive partner6
No

4

273.9

1

Yes

10

367.1

1.5 (0.38-6.0)

No

10

573.9

1

Yes

5

79.7

2.0 (0.5-8.0)

No

8

406.9

1

Yes

3

121.0

2.0 (0.5-8.0)

1.91 (0.81-4.33)

Recent anal STI
2.93 (1.24-7.13)

Sharing of sex toys5
1.64 (0.64-4.07)

Fisting without gloves5
No

8

393.6

1

Yes

3

134.3

2.0 (0.5-8.0)

No

5

372.5

1

Yes

6

155.4

2.0 (0.5-8.0)

No

7

498.4

1

Yes

4

29.5

2.0 (0.5-8.0)

Sharing straws when snorting drugs

1.51 (0.59-3.90)

4

2.62 (1.09-6.02)

Injecting drug use4
4.69 (1.61-12.09)

Reporting chemsex5
No

5

297.2

1

Yes

7

200.2

1.5 (0.38-6.0)

2.02 (0.83-4.89)

PrEP: Pre-exposure prophylaxis; PY; person years; STI: sexually transmitted infection; HCV: Hepatitis C virus; HR: Hazard ratio; CrI: credible interval; ln: natural log
1
Risk-factor as reported or measured at the earliest visit after estimated date of HCV infection, with the exception of
ethnicity (data collected at enrolment).
2
Cases denote infections
3
Cases per age category: <35: n=6, 35-44: n=7, >=45: n=2; age was centered at 18 years
4
In the last 12 months; 5in the last 6 months; 6in the last 3 months
7
With casual partners, cases per category: 0-1: n=1, 2-5: n=3, 6-9: n=3, 10-24: n=4, >=25: n=3, missing: n=1
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HCV incidence rate (per 100 person-years)

20.0
Factor not present

18.0

Factor present

16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0
Overall
HCV IR

Sharing straws
when snorting
drugs

Injecting
drug use

Any
anal STI

Risk factor
Figure 1. Modeled HCV-incidence rates, overall and by levels of risk-factors, identified among HIV-negative
MSM using PrEP, AMPrEP study, Amsterdam, the Netherlands, 2015-2018. The number of receptive CAS acts
with casual partners, identified as a risk-factor, was not included.

and for reporting sex with at least one HIV-positive partner (prior HR 2 for both) did not
substantially alter posterior HRs (1.78, 95% CrI 0.95-3.32 and 2.07, 95%CrI 0.92-4.83, respectively). Finally, HRs estimated from the non-penalized regression approach resulted in
much higher HRs with larger 95% confidence intervals as expected (supplementary table
6).

Hepatitis C virus genotyping and phylogenetic analysis
Of the eight primary infections, six were subtype 1a, one 2b and one 3a. All four proven
re-infections were subtype 1a. Of the three possible re-infections, one was subtype 4d,
one 1a and one unsuccessfully genotyped.
Figure 2 shows the maximum likelihood phylogenies of HCV-1a, HCV-2b, HCV-3a and HCV4d, including all incident and prevalent HCV infections among AMPrEP participants together with HCV strains from HIV-positive MSM, PWID and blood donors in the Netherlands.
Phylogenetic trees revealed ten robust MSM-specific clusters of HCV-1a (n=7), HCV-2b
(n=1), HCV-3a (n=1) and HCV-4d (n=1), which ranged in size from 3 to 53 sequences. HCV
sequences from HIV-negative MSM were highly interspersed with those of HIV-positive
MSM: 27/29 (93.1%) strains of HIV-negative MSM were part of ten MSM-specific clusters
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HCV genotype 2b

9

HCV genotype 1a

Cluster 2b-1 (n=12)

100

Cluster 1a-4
(n=24)

10

Cluster 1a-2
(n=43)

66
0.007

HCV genotype 3a
Cluster 3a-1 (n=6)
100

70

0.008

Cluster 1a-7
(n=5)

12

84
54

Cluster 1a-1
(n=26)

97
91

66
71

9
12

HCV genotype 4d

Pair 1a-8
(n=2)

Cluster 4d-1 (n=53)

10
Cluster 1a-5
(n=6)
Cluster 1a-6
(n=3)

Cluster 1a-3
(n=13)

79
0.009

14
14

Figure 2. HCV NS5B fragment 2 phylogenetic trees for HCV subtypes 1a, 2b, and 4d comparing HCV sequences
from HIV-negative MSM who had prevalent HCV-infection upon PrEP-initiation (red branches, red dots), and
incident infection during PrEP-use (red branched, red stars) with HCV sequences obtained from HIV-positive
MSM (blue branches, blue dots) and unrelated HCV-positive individuals other than MSM, predominantly people who inject drugs, (black branches) in the Netherlands.

also containing HIV-positive MSM, one formed a homologous pair with a strain from an
HIV-positive MSM, and one strain from an HIV-negative MSM had a singleton sequence.
Six of 17 participants with prevalent or resolved HCV-infection were diagnosed with a reinfection during follow-up. Of those, two had resolved their initial infection prior to enrolment, leaving four participants for whom we could compare the primary and re-infecting
HCV strain. Phylogenetic analysis showed that three participants had two different HCV
infections over time: participant 10: HCV 1a-1 and HCV 1a-2, participant 12: HCV 1a-1
and HCV 1a-8, and participant 9: HCV 2b-1 and HCV 1a-1 (Figure 2). Participant 14 was
classified as possibly re-infected and had two viraemic episodes with two highly similar
HCV 4d-1 strains separated by two HCV-RNA negative visits more than 2 months apart.
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Discussion
Among HIV-negative MSM enrolled in the Amsterdam PrEP project, we found a high incidence of HCV primary and re-infection, with a much lower IR for primary than re-infection.
Factors associated with HCV-infection were receptive CAS with casual partners, being
diagnosed with an anal STI, injecting drug use and sharing straws when snorting drugs.
Phylogenetic analyses revealed that HCV sequences of HIV-negative MSM starting or using
PrEP were highly interspersed with HCV sequences from HIV-positive MSM.
Several studies have reported small numbers of incident HCV infections among HIVnegative MSM.8,15,29-35 HCV-IRs among HIV-negative MSM on PrEP were assessed in three
cohorts, with observed IRs varying from 0/100PY in Canada to 3.0/100PY in France in
2017.27,35,36 In our study, the overall HCV-IR was more comparable to the French study.
The differences in reported IRs across the different studies may be explained by variations
in sexual networks and risk behaviour, geographic region, calendar time, and whether
re-infections have been included in IR estimations.37
The IRs of overall HCV infection and re-infection observed in HIV-negative MSM on PrEP
are comparable to those observed in HIV-positive MSM.2,5,38-41 In contrast, HIV-negative
MSM not on PrEP have a 19-fold lower HCV-incidence compared to HIV-positive MSM
according to a recent meta-analysis.42 The prevalence of HCV antibody-positive serology
among HIV-negative MSM in Amsterdam participating in cross-sectional surveys at our
STI clinic varied between 0.0% and 1.7% and did not change from 2007-2017.43 These
findings imply that there is no overflow of HCV infections observed in HIV-positive MSM
and HIV-negative MSM starting or using PrEP to the larger HIV-negative MSM population,
at least for the time being. Taken together, this evidence adds to the need for routine
HCV-screening among MSM if initiating or using PrEP, as well as continued surveillance of
HCV infections within the broader HIV-negative MSM population.
The reasons explaining why HIV-negative PrEP-using MSM acquire HCV may be twofold:
their sexual networks are more likely to overlap with those of HIV-positive MSM, in whom
HCV is more prevalent, and after initiating PrEP, the protection against HIV provided by
PrEP makes the use of other prevention strategies, such as serosorting and condom use,
less important. Several studies have indeed shown decreases in condom use during the
course of PrEP-use17,44, which likely results in increased exposure to HCV and susceptibility to HCV-transmission when STI are present.3 We demonstrated that factors associated
with incident HCV-infection were related to both sexual contact (receptive CAS with casual
partners and a recent anal STI) and drug use (injecting drug use and sharing straws when
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snorting drugs). These factors are largely comparable to those found in HIV-positive
MSM.2,5
Similar to our study, two studies from France have reported that HCV isolates from HIVnegative MSM, of whom the majority was using PrEP, were infected with HCV strains
also found in HIV-positive MSM.31,35 Our phylogenetic analysis, using longer HCV NS5B
fragments and larger subsets of HCV isolates obtained from various risk groups of both
MSM and non-MSM, confirms the existence of robust MSM-specific HCV clusters. This
emphasizes the overlap between sexual networks of MSM with and without HIV.
The major strengths of our study are that we report not only HCV-IRs but also factors associated with incident HCV-infection and phylogenetic clusters from a PrEP demonstration
study. In addition, we report HCV-IRs of MSM using daily and event-driven PrEP, which
have yet to be reported by other trials or prospective cohorts.
This study does have some limitations. Risk-factors for HCV re-infection in MSM have not
been studied extensively and all relevant risk-factors might not have been included. We
tested for HCV-RNA every 6 months and re-infections lasting shorter than this interval
could have gone undiagnosed, leading to underestimated IRs. This limitation is shared,
however, with other studies reporting irregular or unclear HCV-testing frequencies frequency.8,15,27,32-34 One participant had two HCV infections with viral strains that, genetically,
were highly comparable. It remains uncertain whether he was re-infected via a related
source (i.e. the same sexual partner) or had chronic HCV-infection with low intermittent
viraemia.
PrEP prevents HIV, but not HCV-infection. Currently, sexually active MSM intending to
use PrEP are recommended to be screened for HCV-infection at PrEP-initiation, while the
advised testing frequency during PrEP-use varies with 3-month intervals45,46, regularly47,
annually48 or even ‘consider annual testing’.49 Based on our results, we recommend that all
MSM be tested for HCV antibodies at PrEP-initiation, followed by a minimum of 6-month
testing intervals during PrEP. More frequent testing should be considered for those with
previous HCV-infection and those reporting HCV risk-factors.
In conclusion, we demonstrate ongoing sexual transmission of HCV and high IR of primary
and re-infection in a cohort of HIV-negative MSM using PrEP. Both rates and risk-factors
are comparable to those among HIV-positive MSM. Phylogenetic analysis suggests shared
sexual networks of MSM with and without HIV. Our findings highlight the importance of
an integrated sexual health approach, which includes professional education concerning
HCV, frequent provider- or client-initiated testing and treatment of those with detectable
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HCV-RNA. Additional preventive interventions are certainly needed, such as campaigns to
inform MSM about the risks of HCV and effective behavioural interventions, particularly
for those at risk of (re-)infection.
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Part of the findings were previously reported at the International Symposium on Viral
Hepatitis and Liver Diseases (ISVHLD) held from June 14th to 17th, 2018, in Toronto,
Canada (https://onlinelibrary.wiley.com/doi/full/10.1111/jvh.03_12935), and at the
international AIDS conference, held from July 23th to 27th, 2018, in Amsterdam, the
Netherlands (https://onlinelibrary.wiley.com/doi/full/10.1002/jia2.25148).
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SUPPLEMENTARY MATERIAL
AMPrEP procedures
The Amsterdam PrEP (AMPrEP) study is a demonstration study conducted at the Public
Health Service of Amsterdam. Study design, and procedures have been described previously.1 Briefly, participants are HIV-negative MSM (n=374) or transgender persons (transgender women, n=2) who had sex with men and fulfilled one or more of the following
criteria in the six months preceding inclusion: CAS with casual partners, at least one bacterial STI, use of post-exposure prophylaxis after a sexual risk incident, or an HIV-positive sex
partner with a detectable viral load.1
Eligible participants were offered a choice of daily (one tablet TDF/FTC per day) or eventdriven PrEP (two tablets taken between 24 and two hours before sexual intercourse,
followed by one tablet every 24 hours up to 48 hours after the last sexual intercourse).

Detailed background information on possible re-infections
Two persons had in total three possible HCV re-infections. The first person with a possible
re-infection (manuscript table 2, participant 14) had an HCV infection at enrolment (HCV
antibody negative, HCV RNA positive) and was subsequently tested HCV RNA positive with
a very low viral load, followed by an undetectable HCV RNA, both in the referral center
(hospital outpatient clinic). He was discharged from the clinic. At a study visit two months
after discharge, HCV RNA was undetectable, but six months later HCV RNA was again
detected. Phylogenetic analysis revealed identical genotypes (4d) and viral sequences in
both samples.
The second person (manuscript table 2, participant 13, and Supplementary table 4 tested
HCV antibody positive and HCV RNA negative at enrolment and had never been tested for
HCV prior to enrolment. HCV RNA was not detected during regular testing at month 12,
but was detected at the study visit 523 days following initiation of PrEP, after which he
was linked to care and treated. Several additional tests on earlier stored samples revealed
intermittently detectable HCV RNA, as shown in Supplementary table 4. We defined that
the first possible reinfection occurred between the enrolment visit and the visit at day
253. Subsequently, HCV RNA was not detected at two consecutive 3-month study visits 91
days apart, followed by the visit at which incident HCV infection was originally diagnosed,
523 days after enrolment. We defined this as his second possible re-infection.
For both reinfections, a relapse from the infection acquired before enrolment cannot be
excluded: viral sequencing was only successful for the second reinfection at the visit at 523
days after enrolment, thus we were unable to compare viral sequences over time.
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HCV Ab and HCV RNA
(enrolment)

if negative

if positive

HCV Ab (6-month visits)1

HCV RNA (6-month visits)1

if positive

if positive

HCV RNA

HCV RNA at t=-3 months2,3

if positive
HCV Ab & RNA at t=-3
months2
if negative
HCV RNA at t=-6
months2,3
Supplementary Figure 1. HCV testing procedures for HCV primary infection and re-infection, at enrolment
and follow-up, AMPrEP study, Amsterdam, the Netherlands, 2015-2018.
Abbreviations: Ab: antibodies; HCV: Hepatitis C virus
1 Initially, testing for HCV was annually; from December 2016 onwards we tested every 6 months
2 Or more recent if a more recent sample was available.
3 Additional non-study samples were tested if available and clinically indicated
t=-3: the sample from the preceding study visit, i.e., 3 months earlier
t=-6: the sample from the study visit 6 months earlier
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General Discussion
In this thesis we addressed the outcomes of a demonstration project among MSM and
transgender persons using PrEP according to a daily or event-driven regimen in the Netherlands. The choice of regimen was up to the user, after being informed about the two
regimens. In addition, we assessed the attitudes of professionals towards the implementation of pre-exposure prophylaxis (PrEP) and we evaluated the adoption of an application
for mobile phone for monitoring PrEP adherence and behavioural characteristics.

1. Update on the implementation of PrEP in high-income
countries
A general description of the implementation of PrEP up to mid 2017 is provided in the
introduction of this thesis. Here we present an update.

1.1 PrEP in the United States
In the United States, about 140,000 people ever started PrEP, and more than 70,000
people used PrEP in the fourth quarter of 2017 according to a study based on prescribing
data [1, 2]. Of those 70,000 individuals, about 96% were men. Over the period 2012 to 2017,
the annual prevalence of PrEP use increased; the increase was faster among men than
among women, among 25- to 34-year olds compared to other age categories, and in the
Northeast region compared to the South. Individuals aged less than or equal to 24 years
and residents of the South had lower levels of PrEP use relative to epidemic needs [1].

1.2 PrEP in Europe
In Europe, the European Medicines Agency (EMA) granted a marketing authorisation for
Truvada (TDF/FTC) for preventive use in July 2016 [3], followed by authorisation for several
generic formulations of TDF/FTC. Some European countries started implementing PrEP,
however, Europe and other resource-rich countries are still lagging behind the United
States in implementing PrEP [4]. France was the first European country to start rolling out
PrEP in January 2015, and reported an estimated number of 12,000 people using PrEP
by end-2018 (personal communication J-M Molina). Since market autorisation by the
European Commission for TDF/FTC, national regulatory agencies approved TDF/FTC for
preventive use in France, Norway, Belgium, England, Wales, Scotland, Denmark, Czech
Republic, Germany, Greece, Ireland, Italy, the Netherlands, Slovenia, Spain, Portugal and
Sweden by April 2019 [3, 5]. The IMPACT trial in the UK, originally designed for 10,000 participants, increased its capacity because of high demands for PrEP from 10,000 to 26,000
[6, 7]
. In addition, PrEP programmes at low or no costs for the user are currently in place in
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Belgium, Norway, Sweden and Portugal (small-scale early-access program), and planned
to start in Ireland, the Netherlands and Germany in 2019 (table 1). As of November 2018,
a PrEP roll-out plan is not yet in place for other European countries. The availability of
generic PrEP by 2017 in several European countries, which is one of the measures to
increase availability of PrEP, has led to an increase in uptake in some settings compared to
the period when only the patented product was available [5, 8]. Generic PrEP has also been
mentioned as a contributing factor to decreases in HIV infections as observed in London
[9]
. A more detailed overview of the current state of the availability of PrEP in Europe is
presented in table 1 and figure 1, 2 and 3, and is available online [5].

1.3 PrEP in Australia
In Australia, the number of MSM using PrEP has increased rapidly since 2017. Recently,
the Australian EPIC-NSW team reported on a decline in new HIV diagnoses in New South
Wales from 295 in the 12 months before PrEP roll-out to 221 in the 12 months after rollout, corresponding with a relative risk reduction of 25.1% (95% CI -4.5 to 36.6)[10]. This is
one of the first studies reporting on the potential impact of PrEP, if combined with other
interventions such as immediate treatment upon diagnosis, on the epidemic. In April 2018,
PrEP was approved, thereby providing broader access to PrEP for Australian residents[11].

2. Implementing PrEP to prevent HIV infection: getting
there
2.1 Starting the Amsterdam PrEP project
The efficacy of PrEP to prevent HIV infections among men who have sex with men (MSM)
was established in 2010 by the landmark randomised controlled trial iPrEx and confirmed
by additional research in 2014 (iPrEx OLE) and 2015 (Ipergay and Proud studies) [12-15]. In
an editorial in the Lancet, the publication of the efficacy of HIV PrEP was called “a defining moment in the global AIDS response”, where treatment of all people living with HIV
infection and prevention with antiretroviral medication for those at risk of an infection,
together are very promising to change the course of the HIV epidemic [16].
By the start of research into PrEP around 2010, condoms had been promoted for decades,
and although use had been high in the 80’s and early 90’s as response of the HIV epidemic
[17]
, it decreased when effective treatment for HIV infection became generally available
[18, 19]
. Despite this, Dutch researchers stated in 2013 that only in exceptional situations use
of PrEP would have added value in HIV prevention [20].

Austria

Europe

Australia

German-Austrian guideline for HIVPrEP[173]

Australasian Society for HIV,
Viral Hepatitis and Sexual Health
Medicine HIV pre-exposure
prophylaxis: clinical guidelines.
Update April 2018[172]

Biomedical HIV Prevention Working
Group of the Canadian HIV Trials
Network (2017)[171]

Canada

Australia

United States Public Health Services
(2014)[170]

Guidance

United
States

North America

Country

Implemented

Implementation status by November
2018

(1) MSM or transgender-people, who report condomless anal sex
within the last 3-6 months and/or presumably within the next months
OR an STI within the last 12 months
(2) Serodiscordant couples with one HIV-positive viremic partner not
on ART, on non-suppressive ART or in the early stages of ART
(3) Other individual substantial risks (e.g. people who have
condomless sex with partners who are likely to have an undiagnosed
HIV-infection or PWID not using sterile injection equipment)

Men who have condomless sex with multiple partners; people who
share injecting equipment; and individuals with HIV-infected partners
who are not using antiretroviral treatment or who do not have an
undetectable viral load

Implemented

Implemented

Implemented
MSM and transgender women who report condomless anal sex and
have any of: infectious syphilis or rectal bacterial STI, recurrent PEP, an
HIV-infected partner with substantial risk of transmission, or a highincidence risk index (HIRI)-MSM risk score ≥ 11

MSM, heterosexuals and PWID with additional risk factors for HIV
infection

Summary of indications for PrEP

Table 1 (part 1). PrEP implementation in early adopting countries by November 2018.
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No formal guidelines. PrEP is given
only in one hospital; there are local
guidelines.

ANRS (2018) and Haute sanité de
santé (2017) [175, 176]

Deutsche AIDS Gesellschaft (2018)

Not available

Croatia

France

Germany

Greece

[173]

Rijksinstituut voor Ziekte- en
Invaliditeitsvereniging (2017)[174]

Guidance

Belgium

Country

Not implemented, one pilot program

Available but not reimbursed; expected
(1) MSM or transgender persons reporting anal sex without condom
decision about reimbursement in July
within the last 3-6 months and / or expected having anal sex without
2019
condoms in the next months or with a history of an STI in the last 12
months.
(2) HIV serodiscordant constellations with a viremic HIV positive
partner without ART, non-suppressive ART or in the initial phase of an
ART
(3) In addition, there can be a substantial individual risk justifying PrEP
prescription, especially for people practicing sex without condom
with partners for whom undiagnosed HIV infection is likely and PWID
without use of or access to sterile injection equipment

Implemented in January 2016. In
2018: starting and one visit per year at
hospital; renewal of prescriptions by
GP or STI clinic

Implemented in September 2018, fully
reimbursed. Can be given to anybody
with health insurance in Croatia and an
indication.

MSM with (1) inconsistent condom use,( 2) STI in the last 12 months,
(3) ever used PEP, (4) had experience with chemsex, or (5) are worried
about getting HIV which impairs their sex life, (6) have an HIV+ partner
who is not taking ART
MSM and transgender people who reported condomless anal sex with
2 or more partners in preceding 6 months, or several episodes of STI
or PEP in preceding year, or having sex while using substances. People
sharing needles. Sex workers who have condomless sex, other people
with high risk of HIV

Implemented in June 2017

Implementation status by November
2018

MSM who reported condomless anal sex with 2 or more partners in
preceding 6 months, or several episodes of STI or at least one PEP in
preceding year, or having sex while using substances. People sharing
needles. Sex workers who have condomless sex, other people with
high risk of HIV. People with an HIV-positive partner with a detectable
viral load

Summary of indications for PrEP

Table 1 (part 1). PrEP implementation in early adopting countries by November 2018. (continued)

268
Chapter 6

National guidance has been
developed but not yet published;
PrEP is not yet reimbursed[177]

Guidance

MSM or transgender person having condomless anal sex with several
partners in preceding 6 months and anticipated to continue; other
additional indications are past use of PEP, recent STI, or sex while using
substances/alcohol.
Individuals with HIV-infected partners who are not using antiretroviral
treatment or who do not have an undetectable viral load

Norway

Norsk Forening for
Infeksjonsmedicin[178]

MSM or transgender person with one of the following in the preceding
6 months: condomless anal sex with a male partner with unknown HIV
status or HIV-infected partner with a detectable viral load; a rectal STI
or syphilis; or PEP

No, refer to BHIVA/BASHH guidelines

high risk of sexual transmission and also other modes of transmission,
so it could be used for PWID or sex workers

(1) MSM or transgender women having sex with men
(2) HIV negative individuals having condomless sex with a HIV positive
person who is not stably suppressed on antiretroviral therapy
(3) Other HIV negative heterosexual men, heterosexual women and
transgender men considered by a senior clinician specialising in HIV
Medicine to be at substantial risk for sexual acquisition of HIV

Summary of indications for PrEP

The
NVHB (2019)[53]
Netherlands

Malta

Luxembourg No, refer to French guidelines

Ireland

Country

Table 1 (part 1). PrEP implementation in early adopting countries by November 2018. (continued)

Implemented (autumn 2017); from
2018 financing of HIV drugs from state
to hospitals, so GPs can no longer
prescribe PrEP, and PrEP users are
transferred by GPs to the hospital

Both implementation projects and
small-scale implementation; national
implementation (for a 5-year study
period) is expected in the third quarter
of 2019

2016: informal PrEP use; PrEP obtained
abroad online

Available at the National Service for
Infectious Diseases as a pilot project
(2017-2019)

Available (on a private prescription
through community pharmacies)
but not reimbursed; national
implementation expected in 2019

Implementation status by November
2018
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MSM who have
- sex with HIV+ partners either not treated or with detectable viral
load
- sex with unknown partners
- PEP or STI during last 12 months
- sex under in the influence of drugs/alcohol
People who inject drugs
Sex workers

Polish AIDS Society[179]

Departamento da Qualidade na
Saúde[180]

Referensgruppen för AntiViral terapi
(RAV)[181]

Dirección General de Salud
Pública[182]

Poland

Portugal

Sweden

Spain

For MSM and transgender people: not infected with HIV AND at least
TWO of the following (referring to last year): more than 10 sexual
partners, condomless anal sex, engaging in chemsex, use of PEP more
than once, diagnosis of STI.
For other populations: sharing needles/syringes while injecting
substances and having condomless sex OR sex workers having
condomless sex OR highly vulnerable persons reporting condomless sex
with more than one partner with unknown HIV status OR condomless
sex with more than one partner belonging to high prevalence groups
(people from regions with high HIV prevalence (>1%) or with people
who inject drugs) OR an ulcerating STI within last year

PrEP is primarily recommended for MSM who have sexual behavior
that poses a significant risk of being infected with HIV and where other
protection measures are considered insufficient. PrEP may also be
considered for other persons where the risk of infection is considered
significant

MSM reporting condomless sex with a recent STI, a partner with an
unknown HIV status, of who is HIV positive and not treated or with
detectable viral load, use chemsex, PWID and have no access to clean
injection equipment

Summary of indications for PrEP

Guidance

Country

Table 1 (part 1). PrEP implementation in early adopting countries by November 2018. (continued)

Implementation studies (n=2), clinical
trial (n=1) (Catalunya, Comunitat
Valencia and Basque Country) and
users who buy PrEP at own cost.
PrEP monitoring is provided at NGO
programs and public STI clinics free of
charge.

PrEP is implemented nation-wide
(2018). All visits are free from
costs. PrEP is prescribed within the
framework of general healthcare
insurance, including medication.

A national early-access program for
200 people started in April 2018;
hospital-based.

Not nationally implemented, but
available to those who want to use it
and can pay for all costs

Implementation status by November
2018
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Implementation status by November
2018

MSM and transwomen who report condomless anal sex in previous
6 months and ongoing; individuals with HIV-infected partner with
detectable viral load or less than 6 months on cART; other people
considered to be at similar high risk

(1) Current sexual partners, irrespective of gender, of people who are Implemented July 2017
HIV positive who have a detectable viral load.
(2)Cis and transgender gay and bisexual men, other men who have sex
with men, and transgender women with a documented bacterial rectal
sexually transmitted infection in the last 12 months.
(3) Cis and transgender gay, bisexual men and other men who have sex
with men, and transgender women reporting condomless penetrative
anal sex with two or more partners in the last 12 months and likely to
do so again in the next three months.
(4) Individuals, irrespective of gender, at an equivalent highest risk of
HIV acquisition, as agreed with another specialist clinician
MSM, transgender men and -women who are engaging in condomless Three-year study launched on July
17th, 2017; no limit on the number of
anal sex; individuals with HIV-infected partner with detectable viral
load; other people considered to be at similar high risk
participants

PrEP Short Life Working Group[184]

Public Health Wales[185]

Scotland

Wales

Three-year PrEP IMPACT trial for
26,000 participants, started September
2017

TDF/FTC is not approved for the use of
HIV-negative persons at high risk of HIV infection. High risk may be
PrEP in Switzerland. It can therefore
indicated by behavioural factors (high number of sexual partners,
difficulties using condoms consistently for anal or vaginal sex),recently only be prescribed off-label
acquired infections such as syphilis or lymphogranuloma venereum,
use of so-called chemsex drugs, or repeated use of HIV post-exposure
prophylaxis.

Summary of indications for PrEP

BHIVA/BASHH guidelines
on the use of HIV preexposure prophylaxis[116]

Eidgenössische Kommission für
sexuelle Gesundheit (EKSG)[183]

Guidance

England

United
Kingdom

Switzerland

Country

Table 1 (part 1). PrEP implementation in early adopting countries by November 2018. (continued)
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Not available

Not available

970

Not available

Austria

Belgium

Croatia

France

Europe

Australia

Around 30,000 (MSM only, no data on
other groups)

Not available

Canada

Australia

1 in 4 sexually active MSM (492,000); 1
in 200 heterosexual adults (624,000); 1
in 5 persons who inject drugs (115,000)

Estimated number of eligible persons*

United
States

North America

Country

12,000

30

2000 (personal
communication)

600

Around 12,000 people

Not available

Around 100,000 [5]

Daily and eventdriven, choice of
user

Daily is
recommended

Daily and eventdriven, choice of
user

Daily, event-driven
in exceptional
situations

Daily

Daily, event-driven
can be considered

Daily

Yes
Yes (July 2017)
Depends on location: in hospital small
amount for consultation and testing; in STI
clinics completely free

No

Yes, 11.90 euro for 30 PrEP tablets, costs of
testing if exceeding 2 tests/year
No

Yes (Jan 2018)

Yes

Yes

Yes

Generic drugs
available

Yes, 50 to 60 euro per month

No

Depending on insurance

Estimated number on
Daily and/or event- Co-payment
PrEP* (November 2018) driven PrEP

Table 1 (part 2). PrEP implementation in early adopting countries by November 2018.
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Around 5,200-13,100[186]
The
Netherlands
Around 1500-2000

85

Malta

500

100

Around 10,000[177]

Ireland

Luxembourg unknown

70 in pilot program
As PrEP is only being
accessed informally,
these data are not
available

Not available

Greece

5,000-8,000

Daily and eventdriven, choice of
user

Daily and eventdriven, choice of
user

Daily and eventdriven, choice of
user

Daily and eventdriven, choice of
user

Official
recommendation
is daily

No

No reimbursement

Yes (2017)
Expected: 12 euro/30 tablets from 2019
onwards through national roll-out program.
Alternatively: a proportion of GPs prescribes
PrEP, in this case costs are for the generic
PrEP (around 40 euro/30tablets and STI/HIV
test costs are covered by health insurance
after the deductible is paid

No

Yes

Yes (Oct 2017)

Generic drugs
available

Fully reimbursed by social security

People need to purchase PrEP drugs
themselves. Many public STI/HIV/ID clinics
offer PrEP consultations, prescriptions and
monitoring. In public clinics, all services are
provided for free, including HIV/STI testing.

Depends on location: tests are free at
some VCT sites and some physicians would
prescribe tests on health insurance cost,
while other VCT sites and physicians would
require out-of-pocket payment from the
clients, costs of PrEP tablets paid by user

Estimated number on
Daily and/or event- Co-payment
PrEP* (November 2018) driven PrEP

Not available

Estimated number of eligible persons*

Germany

Country

Table 1 (part 2). PrEP implementation in early adopting countries by November 2018. (continued)
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Not available

The Federal Commission of sexual health
estimated that 1,000 people were
eligible in 2016. Others believe that this
may be a conservative estimate, and
4000 is more realistic.

Switzerland

Approximately 500 MSM per year will be 100 (Stockholm,
eligible if the national recommendation Göteborg and Uppsala)
is followed. Probably more MSM will be
eligible for PrEP as it is expected that
anyone who wants PrEP will get it as
long as no medical contraindications
exist.

Sweden

Spain

Not available

Portugal
Daily

Daily and eventdriven, choice of
user

Daily and eventdriven, choice of
user

No surveillance system
is in place. A very rough
estimation is about
1,000 to 1,500 users

Daily and
event-driven are
recommended

National guidelines
Approximately 1,100
recommend daily
(implementation
studies, clinical trial and regimen
public STI clinics)

228

600-800

5,000-10,000

Poland

800-1000

Yes, but
officially
they can be
prescribed
only for
treatment

Testing is free in STI clinics; PrEP tablets at
own cost

Co-payments for lab-tests and consultations No
are covered by the obligatory health
insurance. However, some people have a
high deductible to be paid before the health
insurance will cover the costs. Costs for
tablets are paid for by the user.

Yes (July 2018)

Only costs for drugs, which are prescribed
at reduced price. The total cost for all
medicines prescribed during a twelvemonth period is approximately 200 Euro

No

Yes (Oct 2017)

All costs paid by user (testing, consultation,
PrEP tablets)
No

Yes

Generic drugs
available

No

Estimated number on
Daily and/or event- Co-payment
PrEP* (November 2018) driven PrEP

Not available

Estimated number of eligible persons*

Norway

Country

Table 1 (part 2). PrEP implementation in early adopting countries by November 2018. (continued)
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Previous estimate 1700 (range 1,500 to
1,900) has not been updated[184]

Around 560 (range 480-620)

Scotland

Wales

Daily and eventdriven, choice of
user
Daily

313[187]

Daily and eventdriven, choice of
user

More than 2,000

Around 10,000
(IMPACT) and an
unknown number that
self-obtained PrEP

No

No

Estimated number on
Daily and/or event- Co-payment
PrEP* (November 2018) driven PrEP

Yes

Yes

Yas

Generic drugs
available

* Data collected via personal communication unless mentioned otherwise
Acknowledgements for providing information: Kenneth Mayer and Douglas Krakower (US), Teymur Noori, ECDC, Irene Kaszoni-Rueckerl (Austria), Marie Laga (Belgium), Anna Kubatova
(Czech Republic), Josip Begovac and Milan Dominkovic (Croatia), Jean-Michel Molina (France), Heiko Jessen, Ulrich Marcus and Uwe Koppe (Germany), Vasilios Raftopoulos (Greece),
Caroline Hurley on behalf of the HIV PrEP Working Group (Ireland), Vic Arendt (Luxembourg), Valeska Padovese, Leif-ove Hansen (Norway), Bo Hejdeman (Sweden), Carlos Iniesta and
Luis Miguel García Sousa (Spain), Hans Benjamin Hamel (Switserland), Sheena McCormack and Hamish Mohammed (England), and Claudia Estcourt, on behalf of the HIV PrEP National
Monitoring and Research Group (PrEP-MAR) (Scotland),
Abbreviations: PrEP: pre-exposure prophylaxis; US: United States; MSM: men who have sex with men; PWID: persons who inject drugs; PEP: post-exposure prophylaxis; STI: sexually
transmitted infections; ANRS: National Agency of Research on AIDS and viral hepatitis; NVHB: Nederlandse Vereniging van Hiv Behandelaren (Dutch association of HIV-treating physicians); BHIVA: British HIV Association; ART: antiretroviral therapy; GP: general practitioner; BASHH: British Association for Sexual Health and HIV; NGO: non-governmental organization;
VCT: voluntary counseling and testing; EKSG: Eidgenössische Kommission für Sexuelle Gesundheit (federal commission for sexual health)

Around 20,000-100,000 MSM attending
genitourinary clinics. Other populations
uncertain.

Estimated number of eligible persons*

England

United
Kingdom

Country
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Status of formal PrEP implementation in Europe
March, 2019

Source: ECDC. Dublin Declaration monitoring 2018; validated unpublished data.

figure 1. Status of formal HIV PrEP implementation in Europe, by November 2018

Green: PrEP nationally available, costs are (largely) reimbursed; light green: ongoing pilot or research project; very
light green: generics available, but PrEP costs not reimbursed; red: PrEP not implemented or available. Overlap is possible, e.g., in the Netherlands, generics are available and a research project is ongoing. For Spain, regional variations
in implementation status are illustrated.
Courtesy of Teymur Noori, ECDC

figure 2. Implementation of daily only and both daily and event-driven PrEP at choice of the user
Daily only (yellow) versus a choice of daily or event-driven PrEP (blue), according to national
guidelines or common practice

http://yourfreetemplates.com

General Discussion

figure 3. Availability of generic PrEP in Europe by end of 2018

Generic TDF/FTC available (pink) or only Truvada available for PrEP (dark blue)

http://yourfreetemplates.com

In 2013, dr. Han Fennema, medical director of the Public Health Service of Amsterdam (GGD
Amsterdam) requested Prof. dr. F. van Griensven to perform a consultancy on how to reduce
HIV transmission in Amsterdam. One of the key recommendations of the report was to start
“a demonstration or experimental project in which publicly funded state-of-the-art HIV exposure prophylaxis is made available to high-risk MSM for the prevention of HIV infection” [21]. In
line with this report, the Public Health Service of Amsterdam reasoned that additional interventions were dearly needed to stop HIV from spreading, and PrEP, as part of comprehensive
preventive care, could have an additional impact on the epidemic. In that period the annual
number of new HIV infections among MSM did not substantially decrease in the Netherlands.
Our approach to PrEP research was pragmatic (“Additional interventions are needed to stop
further spread of HIV”) and research-based (“Considering the outcomes of the Ipergay and
Proud trials, we can study the uptake, acceptability and outcomes of daily and event-driven
PrEP at choice of the participant”). This aim was the basis of the Amsterdam PrEP (AMPrEP)
demonstration project, which started in 2015, preceding European marketing authorization
of PrEP[22]. Although earlier studies had showed the efficacy (i.e., to which extent an intervention produces the desired effect under perfect circumstances) of PrEP to prevent HIV infection, much less was known about the effectiveness (i.e., the degree of beneficial effect under
“real-world” clinical settings) and about potential undesired effects of PrEP, e.g., decreases in
condom use and increases in incidence or prevalence of sexually transmitted infections (STI).
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We were in close contact with a community group established for this project, which
provided input for the design, management, and communication strategies of the project
(see also paragraph 2.6). Moreover, AMPrEP was embedded in the broader approach to
stop the epidemic in Amsterdam, the HIV Transmisson Elimination Amsterdam initiative
(H-TEAM) [23]. The H-TEAM represents a city-focused approach to the HIV epidemic and
combines various innovative interventions to prevent transmission of the virus by promoting prevention, earlier HIV testing and immediate treatment (see also paragraph 4.2).
Being part of this comprehensive approach to the epidemic illustrated to funders, media,
communities and the general public that we did not see PrEP as the silver bullet, but rather
as an intervention that may have an additional effect on reaching epidemic control [16].

2.2 Other PrEP-related activities and policy making in the Netherlands
A Dutch national working group on PrEP, “Prepared”, started in June 2015, with the aim to
develop a comprehensive approach to PrEP implementation, including models for service
delivery in the Netherlands [24, 25]. The non-governmental organisation Soa Aids Nederland
chaired this working group, and was very active in the national lobby for PrEP. In 2018, an additional working group “ We are Prepared: PrEP care in the Netherlands” started working on
preparing framework conditions for implementation of PrEP in the country [26]. Meanwhile,
starting in 2016, a community initiative was initiated: PrEPnu [27]. PrEPnu is a grassroots
initiative started in 2015 with the aim of making PrEP and PrEP care available to all those
who need PrEP in the Netherlands. It was founded by a group of committed gay men who
strive to inform key populations about PrEP and who started a lobby to make PrEP available.
In 2017, several STI clinics started medical care programmes for those who obtained PrEP
informally or requested a prescription to buy PrEP at their own costs in a pharmacy; by the
end of 2018, around 11 (out of 24) public STI clinics had prescribed PrEP (personal communication Noëmi Nijsten) [28, 29]. The latter occurred mainly after generic TDF/FTC appeared on
the Dutch market, in November 2017, and costs of PrEP were substantially reduced. Some
general practitioners also started prescribing PrEP and providing medical care [30]. In some regions, specialised professionals in hospitals provided PrEP care including PrEP prescriptions
for those who could not access care elsewhere (personal communication Marc van der Valk).
In October 2017, following the European marketing authorization in July 2016, Minster
Schippers, former Minister of Health, Welfare and Sport, asked the Health Council to
advise on the public benefits of providing PrEP, key groups and expected other outcomes,
e.g., changes in HIV resistance and in the prevalence STI other than HIV. On March 27th,
2018, the Health Council provided the advisory report to the new minister for Medical
Care, Minister Bruins[31] and recommended to start a PrEP programme for MSM who have
a high risk for HIV infection, to provide good medical support, and to start this programme

General Discussion

urgently to prevent non-supervised PrEP use, to monitor PrEP use and to re-evaluate the
program after five years.
Subsequently, on July 10th 2018, two weeks before the start of the 22nd International AIDS
Conference in Amsterdam, Minister Bruins informed the House of Representatives about
his decision to provide PrEP for a period of 5 years to MSM with an increased risk for
acquisition of HIV, and to other groups at substantial risk for HIV, through public health
services[32]. The national programme is currently being prepared and expected to start in
the third quarter of 2019.

2.3 Opinions about PrEP in the media in the Netherlands
Our work in the Netherlands did not remain unnoticed and, next to many neutral and
positive items in magazines, papers, and on national television, various concerns were
heard. For example, at the Amsterdam broadcasting channel AT5 an activist voiced the
concern that by spending money on PrEP in Europe, more people with an HIV infection
in African countries would be left without ART[33]. In the weekly magazine for all Dutch
doctors Medisch Contact, a columnist stated that “PrEP will lead to more sex in darkrooms
and saunas, as men will feel protected. At the end of the day this will result in more HIV
infections and many more other STI, such as syphilis. Sex without love will cause damage
to your body, either with or without PrEP” [34]. A letter in the daily newspaper het Parool
stated that “Costs of our healthcare system cannot be contained; that is why our parents
live in care homes and use incontinence pads while the urine is running down their pants.
So do not provide PrEP at our costs” [35]. A research group from Rotterdam stated in Lancet
HIV that clarification of normative considerations, e.g., own responsibility to use a condom
and the relevance of being free from fear for acquiring HIV is needed before nation-wide
implementation of PrEP [36]. Internationally, the AIDS Healthcare Foundation voiced their
concerns about implementation of PrEP. These concerns included healthcare barriers that
would limit implementation of PrEP, low efficacy because of poor adherence, increases in
risky sexual behaviour (labeled by the authors “a potentially damaging culture change”) and
increased transmission of other STI [37]. Other researchers commented on the comparison
between PrEP and other preventive interventions, e.g.,contraceptives and condoms [38, 39].
Such remarks were often followed by the comment that contraceptives and condoms are
not provided free-of-charge, hence it would be inconsistent if PrEP costs were reimbursed
[40]
. However, one could draw a comparison with hepatitis B vaccination for MSM to prevent
sexual transmission of hepatitis B, which is provided free-of-charge in the Netherlands
and is a cost-effective prevention intervention for this group [41].The use of contraceptives
by women revoked many judgmental remarks (e.g., “contraception allows people (even
married people) to have sex purely for enjoyment”) in the early years after its availability,
before they became widely accepted [42, 43]. Would it just take time for PrEP to be embraced?
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2.4 Attitudes of health care providers and intentions to start PrEP among MSM
Effective scale-up of PrEP will require the engagement of a large number of healthcare
providers. However, clinicians may have barriers to prescribing PrEP, for example regarding
the efficacy, safety, and cost of PrEP. Among health care professionals working at public
health STI clinics in the Netherlands one measurement of attitudes towards PrEP was
done, which showed a moderate acceptability (just above neutral) towards the use of PrEP
in 2015 (chapter 2 of this thesis). In the Netherlands, the previously mentioned nationwide We are Prepared PrEP educational program funded by the AIDSfonds, made use of
the information about barriers to PrEP use and facilitating factors found in this project [26].
This project reached general practitioners and public health professionals from all regions
in the Netherlands and improved knowledge about, and possibly also acceptability of
providing PrEP, although no formal assessment of knowledge and acceptability was done
[25]
. In 2016 a survey conducted in Belgium found an accepting attitude towards PrEP in the
majority of the participating HIV specialists and primary care providers [44].
How acceptable is the use of PrEP among the most relevant key group in the Netherlands,
MSM? In the Amsterdam Cohort study on HIV (ACS), the intention to start PrEP was assessed in 2012/2013 and in 2015 [45, 46]. Intention increased from 13% to 30% and intention
was higher among those who were eligible for PrEP. These findings support the hypothesis
that, as awareness and knowledge about PrEP increase, its use becomes more acceptable
as a preventive measure against HIV.

2.5 Moving forward to PrEP implementation
No matter what the public opinion was, or the acceptability among professionals, the willingness to participate in AMPrEP largely exceeded capacity of 370 participants (chapter
3.1). When designing the project in 2014/2015, the initial end date of the project was set
at 1 June 2018, with the expectation that PrEP would be available in standard public or
primary health care by mid 2018. However, as mentioned in paragraph 2.2, policy makers
on the national level took a long time to decide about making PrEP available to the larger
group that can benefit from it. In Amsterdam, the city council partly filled this gap by
providing resources for providing PrEP-related care to another 250 MSM and transgender
persons who obtained their PrEP informally (InPrEP project) in 2017 [28, 47]. Rightly, the
deputy mayor mentioned that this is not a topic to be solved by local politicians, and a
nationwide solution was dearly needed [48]. In conjunction, several activities from multiple
stakeholders directed to the Ministry of Health, Welfare and Sport were undertaken to
lobby for a rapid implementation of PrEP [49-51]. The delay in nationwide PrEP provision,
next to research questions on long-term use of PrEP, prompted us to try to prolong the
AMPrEP project until 2020.
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Guidelines on the use of PrEP initially existed only in the United States of America [52].
As a growing interest in, and various questions about PrEP from health professionals
and clients were noted in the Netherlands, a writing group was established by the Dutch
Association of HIV-treating Physicians (NVHB) to develop a multidisciplinary professional
guideline on the use of PrEP in 2016 [53]. Input from several research projects including
AMPrEP and from international guidelines was used. When the first version of the national
guideline was published in September 2016, PrEP was not yet implemented and not available through a national reimbursement programme, nor were generic products. However,
some people used the websites prepster.info and Iwantprepnow.co.uk or the Dutch advocacy group PrEPnu (PrEPnu.nl) to obtain PrEP. The guideline enabled them and their
health care providers to get the necessary information regarding PrEP use and monitoring,
including testing. Health policy makers have referred to the professional guideline, e.g., in
their recommendations about prioritization of key groups for PrEP and testing during use
of PrEP [31].
With the availability of generic PrEP by the end of 2017 and the publication of the
guideline, several public health services and general practitioners started to provide PrEP
care and prescribe PrEP, resulting in 3,000 people who had been prescribed PrEP at least
once by the end of 2018, according to data from Dutch pharmacies; participants of PrEP
studies are not included in this number [54]. Of those prescriptions, 73% were by general
practitioners (personal communication, J. Lukaart, Stichting Farmaceutische kengetallen,
to J. van Bergen).
The Dutch national PrEP guideline was updated in April 2019 [53].

2.6 Community engagement and activism
Good participatory practice in biomedical prevention studies is advocated by the Joint
United Nations Programme on HIV/AIDS (UNAIDS) and the AIDS Vaccine Advocacy Coalition (AVAC), and helps ensure the ethical and scientific quality of research, as well as its
relevance to the community [55, 56]. In addition, the involvement of participants in trials is
known to improve enrolment [57].
In 2015, we established an AMPrEP community group consisting of key figures from the
Amsterdam gay party and sex scene. The group consisted of persons using PrEP, those
with the intention to start PrEP and persons not planning to initiate PrEP. The community
group functioned as a think tank and a sounding board between the participants and
the researchers. Ideas and experiences were shared, as well as research questions and
outcomes, resulting in new/improved research questions, a better management of the
project, and effective communication to the study group as a whole.
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In parallel, several community efforts started with the aim of promoting knowledge
about, and to advocate for implementation of PrEP. One of the most active ones in the
Netherlands is PrEPnu (figure 4 and paragraph 2.2). An example of the synergy between
community, advocates, researchers, clinicians, and policy makers was seen during the first
PrEP in Europe summit in Amsterdam in 2018 [58]. Also, a combined lobby for implementation of PrEP in the Netherlands by several stakeholders, including COC Nederland, Hiv
Vereniging, Soa Aids Nederland, the Dutch Association of HIV-treating Physicians (NVHB),
which involved letters to Minister Bruins and other activities, was undertaken [59].

Figure 4. Website of the Dutch advocacy group PrEPnu, courtesy of team PrEPnu
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2.7 Early PrEP adopters
For PrEP to have an impact on the epidemic, those with a substantial risk of HIV infection
need to use PrEP. The participants of AMPrEP, selected on sexual behaviour characteristics, history of STI and use of HIV Post-exposure Prophylaxis, were “early adopters”: they
were among the first to adopt the innovation of HIV protection with a pill. Considering the
reported sexual behaviour characteristics at baseline and the high STI prevalence (chapters 3.1 and 3.2), we indeed, after random selection of all who applied for participation,
included participants that were at considerable risk of HIV and could benefit from PrEP.
Data on sexual behaviour while using PrEP and incidence of STI (chapter 5.3 and 5.4)
further provide support for this conclusion.
According to the theory of innovation, early adopters will be followed by the early majority, late majority, and laggards [60]. An important question is whether this shift in groups
using PrEP will affect outcomes of PrEP. The societal benefits and cost-effectiveness of
PrEP will be attenuated if individuals at low risk of HIV, e.g., those who consistently use
condoms, have few sexual partners, and who are not involved in chemsex (i.e., the use of
drugs around sex) or group sex, will start PrEP. The same applies to situations where HIV
risk decreases while an individual continues using PrEP.
Despite efforts to inform all PrEP-eligible populations, only very few transgender persons
were included in AMPrEP,. This was also the case in other PrEP studies from Europe and
elsewhere [12, 13, 15, 61, 62]. Specific efforts need to be undertaken to find early adopters for
PrEP among transgender populations, who subsequently may be followed by early and
late majorities.
New groups at considerate risk that are not initially reached may be engaged in PrEP care
at a later stage. They may seem to be late majority but in fact be early adopters within
their larger community group. Similarly, young people who start to become sexually active
will enter the group eligible for PrEP. Early adopters in these groups may inform their
peers. As long as HIV transmission is ongoing, each new generation will need its own early
adopters and champions.
Some time in the future, when very little HIV transmission is taking place or vaccination
is available, the debate about the need for continued PrEP in the Netherlands will have
to start. Cost-effective analyses can provide input for continuation of PrEP programmes.

2.8 Event-driven use of PrEP
AMPrEP is the first project worldwide to offer a choice of daily and event-driven PrEP to
its participants. We were able to do so because of the results from the Ipergay study that
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reported the high efficacy of event-driven PrEP [12]. A few months after the initiation of
AMPrEP, the Belgium Be-PrEP-ared study (Institute of Tropical Medicine, Antwerp, Belgium), with a similar design of offering two regimens, started [63]. Event-driven PrEP is also
offered in several other European countries and in Canada (figure 2, table 1). The proportions of event-driven PrEP users in AMPrEP (chapter 3.2) and in most other, subsequently
started PrEP demonstration studies or implementation projects where a choice of daily
and event-driven PrEP is offered, are relatively small (14-34%), resulting in lower numbers
and limited power to draw conclusions[63-65]. The exception is France, where around threequarter chose for event-driven PrEP use [12, 66].
Some interesting observations regarding event-driven PrEP use were made in AMPrEP. No
HIV infections were diagnosed during event-driven PrEP use among AMPrEP participants.
The number of sexual partners, acts and condomless anal sex acts with casual partners
was lower during event-driven PrEP use, and the number of PrEP tablets used during
event-driven PrEP was about half of the number used during daily PrEP. Other studies that
include event-driven PrEP have not yet reported follow-up outcomes, or did not stratify
outcomes to PrEP regimen[63, 64, 66].In AMPrEP, switching between regimens occurred frequently in both directions: from daily to event-driven and from event-driven to daily [67].
These data show that there is a clear interest in taking event-driven PrEP at least in some
periods by a significant proportion. Motives for choosing a regimen were assessed using
quantitative (chapter 3.1) and qualitative methods [68]. The latter showed that a wide array of motives was reported, and that choices for a PrEP regimen can be addressed as a
continuum of flexible and changing options over time. Future joint analyses combining
data from several studies will result in more power and provide a better substantiation of
conclusions and recommendations, especially concerning event-driven PrEP use [69].

2.9 Hepatitis C prevalence
An unexpected finding from the AMPrEP project was the high baseline prevalence of
hepatitis C virus (HCV) infections (4.8%), likely sexually acquired [70]. Previously, HCV
prevalence was low (0.6%) among HIV-negative MSM visiting our STI clinic[71], and more
recent data confirmed this low prevalence [72]. The findings form both studies suggest that
the HCV epidemic is confined to relatively small groups of HIV-negative MSM and has
not yet spread to the larger HIV-negative MSM community. Phylogenetic analysis showed
that HCV sequences of HIV-negative MSM starting PrEP were highly interspersed with HCV
sequences obtained from HIV-positive MSM, suggesting that sexual transmission is occurring between these groups.
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What gets measured gets done. Systemic testing of HCV among participants of AMPrEP
resulted not only in one of the earlier reports about high HCV prevalence among HIV
negative MSM starting with PrEP (chapter 3.2) but also contributed to the worldwide attention for HCV among HIV negative MSM [73-76]. We urged for vigilance and HCV testing in
all MSM PrEP cohorts and PrEP implementation programmes. We increased frequency of
HCV testing in AMPrEP after we became aware of the high baseline prevalence. From 2017
onwards, several international PrEP guidelines included HCV testing in their recommendations for MSM (see table 2) [77-80].

3. Outcomes of PrEP
3.1 Behavioural outcomes
Condoms are the cornerstone of effective protection against STI, including HIV. Although
in theory condoms could offer 100% protection against HIV, in real life, among MSM, this
is around 70-91%, as condoms may break, slip off or not been used when needed [81-84]. In
recent years, especially after the availability of antiretroviral therapy (ART), condom use
decreased among MSM [18, 19, 85-87].
In addition, the landmark HPTN052 and PARTNER studies [88-91], which showed that HIVpositive persons with an undetectable viral load cannot transmit HIV sexually (“Undetectable is Untransmissable, “U=U”), most likely contributed to this decrease. PrEP may also
play a role in the decrease in condom use: as people have increasing confidence in PrEP,
condoms may more often be omitted. Some voiced that this decrease in condom use
seems to reflect a change in community norms, either predating widespread use of PrEP
[86]
, or accompanying the increasing uptake [85, 87]. Disentangling the role of PrEP and U=U
versus other reasons for the observed decrease in condom use is complex. Moreover,
standardised reporting of a minimum set of behavioural data is scarce, resulting in the lack
comparability between studies.
In the AMPrEP study we found that condom use decreased six months after the initiation of PrEP compared to baseline (chapter 5.2). However, not all participants changed
their behaviour: 39% of participants reported an increase in sexual risk behaviour (i.e., an
increase in the number of receptive condomless anal sex acts with casual partners) from
baseline to six months after initiation of PrEP. The short time-line suggests an effect of
initiating PrEP, but this observation included only one follow-up time-point. Data from the
first two years of PrEP use confirmed these findings: condoms use with casual partners
decreased. However, the number of partners and sex acts were stable over time (chapter
5.3). In the absence of a control group, it remains uncertain which part of the observed
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changes is due to PrEP. Our findings correspond with those from most other studies (reviewed by Traeger et al), reporting decreases in condom use among PrEP users [92]. These
outcomes indicate that, while respecting individual decisions about sexual expression, a
new and effective condom narrative is needed.
Table 2. (Inter)national testing guidelines for sexually transmitted infections and hepatitis C virus in HIV negative MSM who start and use PrEP
STI testing
recommendation

Frequency of
STI testing

According to local
guidelines

When starting
PrEP and 3- or
6-monthly
HCV antibody
according
to local
guidelines

When starting
PrEP and
annually

NG, CT, syphilis
pharyngeal, rectal,
urine

When starting
PrEP and
HCV, not specified
6-monthly

When starting
PrEP; annual
retesting for
persons with
ongoing risk
of HCV can be
considered

EACS European
Guidelines for
treatment of HIV2018
positive adults in
Europe, version 9.1[78]

Not specified

When starting
PrEP and
HCV, not specified
regularly
during use of
PrEP

When starting
PrEP and
regularly
during use of
PrEP

BHIVA/BASHH
guidelines on the use
2018
of HIV pre-exposure
[116]
prophylaxis

NG, CT, syphilis
pharyngeal, rectal,
urine

When starting
PrEP and
HCV, not specified
3-monthly

When starting
PrEP and
3-monthly
Annually, more
frequently
in case of
elevated
transaminase
levels or in
individuals at
high risk

Guideline
WHO
implementation tool
for pre-exposure
prophylaxis (PrEP)
of HIV infection,
Module 1[79]
CDC Pre-exposure
prophylaxis for the
prevention of HIV
infection in the
United States[170]

Year

2017

2017

HCV testing
recommendation

Antiretroviral Drugs
for Treatment and
Prevention of HIV
Infection in Adults.
2018
Recommendations
of the International
Antiviral Society–USA
Panel [115]

Not specified
which STI,
pharyngeal, rectal,
urine

3-monthly

Dutch HIV PrEP
guideline[53]

NG, CT, syphilis
pharyngeal, rectal,
urine

When starting HCV antibody; if
positive: HCV RNA
PrEP and
and/or ALT
3-monthly

2019

HCV antibody

Frequency of
HCV testing

3-monthly; if
HCV antibody
positive
6-monthly

Abbreviation: STI: sexually transmitted infections, PrEP: pre-exposure prophylaxis, CT: Chlamydia trachomatis, NG:
Neisseria gonorrhoeae, WHO: World Health Organization, CDC: Centers for Disease Control and Prevention, EACS:
European AIDS Clinical Society, BHIVA: British HIV Association, BASHH: British Association for Sexual Health and HIV,
USA; United States of America
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3.2 eHealth tools
Monitoring sexual behaviour via an app for daily data collection can provide better insight
into (short-term) pattern of sexual activity compared to quarterly, aggregated data. However, it was previously unknown whether it would be feasible and acceptable to collect
daily data on PrEP use and sexual behaviour through an app. Evidence of the validity of
this app-based data collection was also lacking. We reported in chapter 4 about the specifically designed AMPrEP app for smartphone that aimed to support adherence to PrEP
and collect daily data (Supplementary figures 1 and 2 in chapter 4). Data were reported
on a daily base by the majority of participants after twelve months of study participation,
indicating that such a data collection instrument is acceptable, at least in a research setting. The sexual behaviour data collected via the app were comparable to data collected
by 3-monthly questionnaires. These results paved the road for more research studies to
use apps for daily data collection. However, caution is needed to prevent a tsunami of
new apps in the research and/or sexual health field [93-99]. It may be wise to focus on the
development of one overarching, national app for sexual health in the Netherlands.
Three studies reported on the use of an eHealth intervention to improve PrEP adherence.
In a randomised controlled substudy of the PrEP Brasil study, weekly interactive text messaging was associated with increased odds of achieving protective drug concentrations (OR
2.13, 95% CI 1.02–4.47) at week 48 from initiation of PrEP among people aged 18-24 years
[100]
. Another study from California among MSM and transgender persons found that nearperfect adherence was higher in the intervention arm using individual texting to improve
adherence (51.0% vs 37.4%; P = 0.02) vs. the control arm after 48 weeks [95]. Finally, Liu et
al reported about a randomised controlled trial using a bidirectional text messaging-based
PrEP support intervention among people aged 18-29 years in Chicago. They reported that
users of the intervention were more likely to have tenofovir-diphosphate levels consistent
with ≥4 doses/week (72% vs. 57%, OR=2.05, 95%CI 1.06-3.94) compared to young persons
initiating PrEP and not using the intervention [93]. The use of app-based interventions (as
opposed to text-based interventions) to improve adherence has not yet been reported
and warrants further research.
In a few settings (e.g., San Francisco and Bangkok) PrEP is now also provided through
an online service for those who prefer this delivery method [96, 98]. We expect that more
countries will look at opportunities for online PrEP provision, with the aim to increase
capacity of programmes, to make services more cost-effective and to improve accessibility
for those who experience barriers to visit a health care provider [101].
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3.3 PrEP effectiveness and breakthrough infections
Studies showed that PrEP has 86% effectiveness to prevent HIV among MSM [12, 15]. In
subgroup analyses among those with high adherence, effectiveness was even higher than
95% [13]. We reported in chapter 5.3 that in AMPrEP the incidence of HIV was low among
MSM over the first two years of participation (n=2, incidence 0.30/100 person-years, 95%
CI 0.07-1.19).
Objectively measuring long-term adherence to PrEP is possible by assessing tenofovir
diphosphate levels in dried blood spots. However, only few laboratories perform this
analysis, limiting its use in daily practice. In research projects, outcomes of drug levels
have been informative to distinguish between infection during non-adherence and PrEP
failure (i.e., acquisition of HIV despite well-documented long-term adherence to PrEP) in
breakthrough infections. Currently, little is known about the phenomenon of PrEP failure
worldwide. Seven well-documented cases of breakthrough infections despite documented
good adherence have been reported [102-108]. Six were infections with a multiresistant virus
strain, and the only case of wild-type virus infection was observed in our study (chapter
5.1). In all seven cases, as well as in an additional case reported in 2008 in a person who
was infected during use of PrEP as PEP [109], low-level viremia and delayed antibody formation were found. Infections were missed when only third generation antibody tests were
used [110]. The unusual HIV test results in the context of antiretroviral medication were
the topic of a recent expert meeting of the World Health Organization (WHO). One of the
recommendations from this meeting was to prioritise research into establishing an HIV
diagnosis in cases of repeated discrepant results of HIV serological and virological tests in
a current or former PrEP user [111].
The PrEP failure case reported by our group gave rise to a discussion in Lancet HIV. One
group worried about risk compensation behaviour by PrEP users because of perceived
high effectiveness of PrEP over time [112]. Another group remarked that, as we did not find
any HIV proviruses in peripheral blood mononuclear cells, the infection was probably mucosally contained, and not starting ART was, in retrospect, a missed opportunity because a
very early start of treatment is associated with favourable outcomes such as a low or even
absent immune activation[113]. We replied that starting ART indeed was considered [114].
However, the case was complex and unprecedented, with a very unusual seroconversion
pattern. The HIV infection was suspected, as the 4th generation ELISA test was positive,
but the diagnosis could not be confirmed at antibody seroconversion, in spite of extensive
diagnostic efforts. Still, evidence is limited about how to handle cases of PrEP failure.
In case of a suspected HIV infection while on PrEP, the IAS-USA guideline advises to stop
PrEP and use other prevention methods until HIV infection is confirmed [115]. However, the
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same guideline states that if HIV infection is strongly suspected (not further explained)
or confirmed, fully suppressive ART should be administered immediately. The BHIVA/
BASHH guidelines from the United Kingdom recommend that the current best practice is
to intensify ART while investigations are ongoing if a seroconversion event is suspected on
PrEP [116]. Other guidelines do not give specific recommendations, or advise to consult an
expert for atypical cases[53, 78]. In conclusion, while waiting for more evidence, one might
decide on the best approach on a case-by-case basis, and the advantages of an early start
of ART after diagnosis need to be weighted against starting ART while a diagnosis has not
been fully established.

3.4 STI
The era of PrEP resulted in decoupling trends of HIV and STI: where HIV incidence has
been very low in several PrEP demonstration projects, STI prevalence and incidence were
high, especially among MSM [62, 66, 100, 117]. A high incidence and prevalence of STI were not
only observed among those using PrEP, but also in the larger MSM population of both
HIV positive and HIV negative MSM in the Netherlands and globally [118, 119]. The availability of PrEP is urging clinicians, researchers and communities to focus on STI, which may
result in creative approaches to the integration of HIV and STI research and programmes.
This way, PrEP might even act as a gateway to enhanced STI surveillance through more
frequent testing, to improved community education about both PrEP and STI, and be an
accelerator for STI prevention research. The Ipergay PrEP trial sub-study of doxycycline for
the prevention of syphilis is an example of how a PrEP project can facilitate STI prevention
research[120].
Over the first two years of follow-up in AMPrEP, we diagnosed and treated more than 700
STI, and 253/367 (69%) participants were treated at least once for a STI; the incidence
of STI did not increase over time (chapter 5.3). While we stated that “In the first two
years after initiation of daily or event-driven PrEP (...) STI incidence was high”, one could
question how to interpret the indication “high”.
It is important to note that in our study we did not have a control group or a good comparator “before-PrEP” observation period, because data on STI in the period before enrollment were not systemically collected. Some studies did compare STI rates before and after
PrEP retrospectively. Nguyen et al showed, after adjusting for differences in frequency of
testing to account for detection bias, a small, non-significant increase in STI comparing
the year before and after initiation of PrEP [121]. However, as was pointed out in a letter
to the editor by another research group, the authors did not adjust for temporal changes
in STI unrelated to PrEP, which could have explained part of the increase [122]. Another
study using a case- crossover design showed an increase in rectal chlamydia and syphilis
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diagnoses, but not in other STI, when comparing the period before and after initiation
of PrEP [123]. Interestingly, they found that increases in STI were detected in only 28% of
participants. Traeger at al found an increase of 12% in STI in the year after initiation of PrEP
compared with the year before, after adjusting for testing frequency [117]. In this study, the
majority of STI (76%) were diagnosed in only 25% of the participants. In these two studies,
no adjustments for temporal changes were made either. An additional methodological
flaw was observed and commented on by our group [124].
The STI incidence rates in AMPrEP were not high in comparison to other PrEP demonstration and implementation projects [62, 66, 100, 117], although methods to assess incidence varied
across studies. Can we compare these rates with STI rates in other MSM groups in the
Netherlands to help putting these numbers into perspective?
(1) Among clients visiting STI clinics, we do not have good incidence data to compare,
as people often attend clinic services only when there is a reason, e.g., experiencing
symptoms suggestive for an STI, having received a partner notification, or a sense of having been at risk for an STI. Frequent testing, defined as 6-monthly testing, is relatively
uncommon (18.5%) [125]. Moreover, at many public STI clinics clients can test anonymously,
limiting longitudinal analyses.
(2) The STI incidence among MSM participating in the Amsterdam Cohort studies on HIV
(ACS) was 19.6/100 PY (95%-CI 16.2-23.7) in 2016, which is considerably lower than among
AMPrEP participants (90.4/100 PY) [126]. However, the ACS cohort is not comparable to the
AMPrEP cohort, as ACS is an open longitudinal cohort study among MSM living in the
Amsterdam area who reported to have had sex with other men in the preceding 6 months,
whereas AMPrEP inclusion criteria allow only enrollment of those with higher levels of risk
behaviour. Despite this, an international meta-analysis on STI among MSM on PrEP did use
data from the ACS and comparable cohorts of MSM to investigate associations of PrEP with
STI rates [127]. Considering the differences between eligibility for the observational cohorts
of MSM such as the ACS and PrEP cohorts, it was not surprising that the authors found
much higher STI rates among MSM using PrEP. However, their recommendations were well
stated: to offer frequent STI testing among MSM using PrEP and provide comprehensive
preventive services, including partner services.
In conclusion, STI rates were high among AMPrEP participants, as has been observed in
other cohorts of MSM using PrEP. Interpreting these rates is not an easy task, because
PrEP usually was started for a reason (e.g.,having or desiring to start sexual activities that
put one at risk of HIV) and inclusion criteria restricted participation in studies to MSM
with higher levels of sexual behaviour. Participants of a PrEP study may thus not be rep-
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resentative of the wider population of MSM. Whether STI increases are associated with
the initiation of PrEP is still unclear, as STI increases predated the introduction of PrEP[119].
In addition, high rates or increases of STI are reported in subsets of MSM participating
in PrEP studies, rather than in the group at large [117], suggesting that testing frequencies
and prevention interventions may be tailored based upon behavioural profiles. In AMPrEP,
a large proportion of STI were diagnosed during non-scheduled visits in-between study
visits (chapter 5.3); this finding provides additional support for tailoring testing to a clinical or behavioural indication.

3.5 HCV
Sexually acquired HCV is known to occur predominantly among HIV positive MSM[128, 129].
However, high incidence rates have been reported among HIV negative MSM using PrEP
in the Netherlands (chapter 5.4) and France[73, 74, 130]. HCV re-infection rates among HIV
negative MSM were only reported for our AMPrEP study and were remarkably higher than
primary rates (chapter 5.4), possibly resulting from both behavioural and sexual network
characteristics. Interestingly, recent studies from the UK and France reported that of all
new HCV diagnoses among MSM, 40% and 45% in 2017, respectively, were in those who
were HIV-negative [130, 131]. These outcomes should urge clinicians to offer frequent HCV
testing among both HIV positive and HIV negative MSM eligible for, starting with and using
PrEP.
Since the introduction of direct-acting antivirals (DAAs), the elimination of HCV as a public
health threat is considered feasible [132-134]. However, similarly to PrEP not being the sliver
bullet in elimination of HIV, up scaling of DAAs is not the one and only solution to stop the
HCV epidemic. Modelling studies revealed that a comprehensive package of prevention,
screening, behavioural and treatment interventions is needed for a significant impact on
the epidemic [135-137]. In table 2 the current HCV test recommendations for MSM starting
with or using PrEP are summarised. Because most guidelines on PrEP for MSM advice
to test for HCV, PrEP may be a gateway to HCV diagnosis and treatment in those who
otherwise would not have been tested and treated. However, prevention interventions for
HCV (re-)infection, especially targeting behaviour, and affordable tests to diagnose HCV
re-infection are much needed.

3.6 STI testing challenges
Effective testing strategies should incorporate characteristics of the person who is tested
(e.g., pre- and post-test probability of the presence of a disease), test characteristics (e.g.,
sensitivity, specificity, costs, turn-around time, and invasiveness), and cost-effectiveness
of testing programmes [138]. In the early days of PrEP, risk compensation (i.e., a decrease in
condom use due to an anticipated lower risk of HIV) after initiation of PrEP was feared [139].
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To detect possible increases in STI rates, which would be an undesired effect of a PrEP
programme, frequent testing of STI has been part of the PrEP trials, demonstration studies
and guidelines since. However, the more you look, the more you find, and the relevance of
diagnosing and treating asymptomatic Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) is debatable. Most PrEP guidelines for MSM advise STI testing regardless of
symptoms at 3-month intervals (table 2). In AMPrEP, about 90% of the STI (CT, NG, and
syphilis) diagnosed during 3-month study visits were asymptomatic. In contrast, of the STI
diagnosed at additional, non-study visits (e.g., for STI-related complaints or after receiving
a partner notification), 40% were asymptomatic (chapter 5.3). Several of those asymptomatic STI might have remained unnoticed without a PrEP programme, as 3-month testing is
not generally advised outside of PrEP programmes, not even for sexually active MSM.[140]
Testing and treatment of those asymptomatic STI put pressure on the services provided
by sexual health clinics, not only in the Netherlands but also in several other countries
[101]
. Another possible negative consequence of treating asymptomatic infections is the
emergence of antimicrobial resistance [141]. WHO took the lead and organised an expert
meeting to determine which STI services are needed and how they can be optimised in
PrEP programmes, given potential unintended consequences, in March 2019. Preliminary
action points from this meeting include to drive advocacy (e.g., convene partners on the
HIV/STI syndemic, and investigate how PrEP can serve as a gateway to STI services), to
advocate for funding (e.g., for STI services in PrEP programmes), to assess the landscape
of the current and future diagnostics pipeline (e.g., need for cheaper, better STI testing)
and to pursue innovations in service delivery (e.g., home delivery of STI testing kits and
self-testing) (personal communication Teodora Wi, WHO; report in preparation).
Detection of HCV re-infections is challenging as antibody tests cannot be used and HCV
RNA tests come at a much higher costs compared with HCV antibody tests. For this reason,
Alanine Aminotransferase (ALT) levels have been used to guide HCV RNA testing, a strategy
which is known to be less sensitive to diagnose re-infections in HIV positive MSM [142, 143].
Another alternative is testing for the hepatitis C core antigen, which is less expensive than
viral-load testing, and slightly less sensitive compared to HCV RNA[144].
It is remarkable that in some countries including France and the Netherlands, it is now
recommended to test for HCV more often in HIV negative MSM on PrEP than in HIV
positive MSM [53, 130]. In addition, in the Dutch PrEP guidelines, the recommended testing
frequency is higher for individuals without a previous HCV infection compared to those
with a previous HCV infection[53], whereas higher incidence rates of reinfections than rates
of primary infection were found in our study (see chapter 5.4), as well as in studies among
HIV positive MSM [143, 145, 146]. The fact that the Dutch PrEP guideline advises less frequent
testing among those with a history of HCV compared to those without may seem wise
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from a cost perspective, as HCV RNA testing is costly, but foolish from a public health
perspective (table 2).

4. Striving for Epidemic Control
4.1 Lessons learned
What have we learned from AMPrEP about the potential of PrEP in contributing to stop
the epidemic? We learned that the wish to start PrEP among Dutch MSM largely exceeded
the capacity of our project, and that people were looking for alternative ways to get PrEP,
including buying it abroad and using it without adequate monitoring/testing and without
being properly counseled[147, 148]. Besides Dutch MSM aged about 30 to 50 years, it was
hard to serve all key groups, including transgender people, bisexual men, young MSM
and migrant MSM. It became clear that both daily and event-driven regimens should
be offered, and many people switched regimens over time. We observed the, generally
positive, experiences of participants with PrEP [68] and a tremendous commitment to the
project, both for individual benefits but also to contribute to the availability of PrEP for a
group beyond the early adopters in AMPrEP.
We added data to existing evidence that PrEP is effective and safe. And although we diagnosed and treated many STI, the incidence of STI did not increase over time on PrEP. A
new group that is at risk of HCV infection was identified, and this group should be tested
regularly.
We translated some of our lessons learned into ten recommendations for a successful,
sustained implementation of PrEP (see boxed text).

4.2 City-based approach to the epidemic
More than half the world’s population lives in cities and it is projected that this will further
increase to 60% by 2030 [149]. As dynamic hubs for economic activities, education, and
positive social change, cities can be incubators for innovation and drivers of sustainable
development. Cities also have inherent advantages in accelerating responses and in delivering services to all inhabitants in an equitable and efficient way. Collaborations, including
meetings and events for stakeholders and key groups are relatively easy established if all
are based in the confinement of a city. Travel time will be limited and public transport (or
the bicycle, if based in Amsterdam) can be used to travel to meetings. The Fast-Track Cities network, launched by the International Association of Providers of AIDS Care (IAPAC),
The Joint United Nations Programme on HIV/AIDS (UNAIDS), the United Nations Human
Settlements Programme (UN-Habitat) and the City of Paris, serves to provide support to
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Ten points for a successful, sustained implementation of PrEP
We are at the verge of a new era in the Netherlands: in the coming five years we will be providing PrEP
to MSM and others at considerable risk of HIV. How are we going to ensure that PrEP will become a
success?
1.

Be inclusive, in the set-up of clinics, in language, in a non-judgmental attitude towards gender
and sexual expression, in welcoming and providing services to all key groups. Provide continued
education for health care providers, both on PrEP and on motivational interviewing and inclusive
communication.

2.

Reduce PrEP stigma and its negative impact on the HIV epidemic. A multilevel approach to reduce
stigma is necessary to ensure PrEP can be utilised by all individuals who can benefit from it.

3.

Do not hesitate to provide PrEP. Although prescribing ART is new for many primary care and public
health doctors and nurses, resulting in feelings of uncertainty, PrEP is a safe, effective and much
valued prevention strategy that allows users to take the responsibility to stay safe, and use PrEP at
a well-chosen moment of the day.

4.

Allocate resources to reach all PrEP key groups, including young MSM, transgender persons, migrant MSM, sex workers, and people who inject drugs; create demand for PrEP beyond the groups
currently enrolled in PrEP care, e.g., using information campaigns and role models.

5.

Do not restrict the number of participants in the national PrEP programme; if this number is not
sufficient, this restriction will create inequity, as marginalized and hard to serve populations will
likely present later for PrEP care than other groups, risking to be turned away, lose faith in public
health services and acquire HIV.

6.

Offer tailored care. Sexual behaviour may vary over time as a result of changes in relationships, life
events and milestones such as moving to another city or starting a new job. These changes demand
tailored prevention. In addition, different people have different beliefs, attitudes and preferences.
Providing a choice, e.g., for daily or event-driven PrEP use, an opportunity to switch and stop over
time, and information about safely starting and stopping PrEP may increase uptake and adherence.

7.

Look beyond the five years of the national programme. Start planning for the period after the
national programme sooner rather than later.

8.

With scaling-up of PrEP use and immediate treatment of newly diagnosed HIV infections to prevent
onward transmission, the end of the epidemic is close in some countries. However, the last mile is
the most difficult. Continued political, organizational and financial support will be needed for many
more years if we want to reach the goal of ending the epidemic.

9.

Integrate PrEP care with comprehensive sexual health care, which includes motivational interviewing about sexual behaviour and condom use, STI and HCV testing and prompt treatment according
to professional standards, PEP if needed, rapid testing trajectories for acute HIV testing and linking
to care, partner notification and treatment.

10. Monitor PrEP care on the national level, including uptake related to expected uptake and outcomes
(e.g., STI incidence), stratified by key groups.
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cities to fast-track their HIV responses and to end the AIDS epidemic by 2030 [150]. The
network was launched on 1 December 2014. Amsterdam was among the first cities to sign
the Paris declaration [151], indication the city’s commitment to attain the UNAIDS 90-90-90
targets by 2020: 90% of all people living with HIV will know their HIV status; 90% of all
HIV-positive people will receive ART, and 90% of all HIV-positive people receiving ART will
achieve viral suppression, and there is zero stigma. Amsterdam is currently part of the
cohort of champion cities that have reached 90-90-90 and now move towards 95-95-95
and zero new infections. More than 300 cities and municipalities had joined the network
by the end of 2018.
In Amsterdam, the H-TEAM, initiated in 2014 by the late dr. Joep Lange, embodies the citybased approach to the epidemic through an innovative integrated approach on HIV care,
involving both prevention and treatment[23]. The H-TEAM consists of people working for
NGOs, general practitioners, professionals from hospitals, and the Public Health Service
of Amsterdam, and representatives of community groups. Interventions developed and
evaluated in H-TEAM include, next to those studied in the AMPrEP project, innovative HIV
testing including an acute HIV test and link-to-care project, several activities to promote
HIV testing by general practitioners and an HIV test week [152-154]. In addition, barriers to test
and treat strategies were studied [23]. The successful development, evaluation and finally
implementation of activities after a successful pilot, incorporating cross-links between
the projects, are ensured through multi- and interdisciplinary collaboration between all
stakeholders.
Other successful city-based approaches are the “Getting to Zero initiative” in San Francisco
and the “End the Epidemic project” in New York, USA [155, 156].

4.3 Estimating the impact of PrEP on the HIV epidemic
What do we know about the impact of PrEP on public health, in relation to decreases in
condom use and increases in STI on the one hand, and getting closer to reaching epidemic
control for HIV on the other hand?
A study from Australia reported on population level changes in condom use coinciding
with a large increase in PrEP use from 2013 to 2017 [85]. In this study an increase occurred in the proportion of men using PrEP that reported condomless anal sex with casual
partners. The proportion of men not on PrEP reporting consistent condom use with casual
partners did not change, suggesting that mostly men on PrEP changed their behaviour.
The authors suggested that monitoring of the behavioural effect of PrEP at a population
level (i.e., not only in PrEP users) is justified to anticipate and detect changes in existing
prevention practices at a population level. However, in the ACS, we found a decrease in
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condom use among study participants, of which the majority was not using PrEP (WPH van
Bilsen et al, manuscript submitted).
An HIV-negative person who has condomless anal sex with a person who is HIV-positive
with an undetectable viral load or with a person who states to be on PrEP might feel
protected against HIV, resulting in population-wide decreases in condom use. Although
herd immunity (e.g., a growing proportion of the population cannot acquire or pass on
HIV) may indeed offer protection beyond those using PrEP, surveillance is needed for early
detection of population-wide changes in the use of preventive interventions.
Large reductions in the number of new HIV diagnoses have been reported from jurisdictions with a large uptake of PrEP. In the state New South Wales in Australia, the annual
number of HIV diagnoses in MSM declined (relative risk reduction of 25·1%) in the year
after PrEP was rolled-out to 3700 people [10]. In London, HIV diagnoses in MSM visiting
selected sexual health clinics fell by 32% in one year in a period when PrEP was purchased
online by an unknown but presumed large number of MSM [9]. It is unclear to what extent
this decrease is associated with more testing, rapid initiation of treatment on HIV diagnosis
and an increase in PrEP use. However, this remarkable decrease suggests that controlling
the epidemic may be achievable if several interventions are combined and implemented
at a larger scale. In San Francisco, community-based surveys estimated that the proportion of HIV negative MSM reporting current PrEP use increased about fourfold between
2014 to 2017, while the number of new HIV diagnoses showed a decreasing trend from
458 in 2012 to 221 in 2017 [157]. However, in other jurisdictions, no changes in number of
new HIV diagnoses have been recorded, regardless of uptake of PrEP. In the United States
as a whole, for example, the number of new HIV diagnoses remained stable between
2012 and 2016 whereas PrEP uptake increased [158, 159]. In the European Union/European
Economic Area (EU/EEA) there is evidence of a decline in the rate of new HIV diagnoses;
nevertheless, HIV rates continue to increase in one-third of EU/EEA countries [160]. The
decrease seems to be driven by a decrease in HIV diagnoses among MSM in Belgium,
Greece, the Netherlands, Spain and the United Kingdom. Interestingly, PrEP has not been
implemented at large scale in Greece, Spain and the Netherlands, and only recently in
Belgium and the UK, suggesting that the decrease is largely due to interventions other
than PrEP, of which immediate treatment after diagnosis (“U=U”)[91] is probably the most
important. Moreover, in France, which was the first country in the EU where PrEP was
nationally implemented, in 2016[161], 12,000 people were on PrEP by end-2018 (personal
communication J-M Molina), but no decline in the annual number of HIV diagnoses has
been noted [160]. A full explanation is lacking, but the facts that France is a country where
(1) heterosexual transmission is the most commonly reported mode of HIV transmission
among newly diagnosed cases, (2) more than half of those diagnoses are among migrants
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originating from countries with generalised HIV epidemics, and (3) the uptake of PrEP is
almost exclusively by MSM, may partly explain this finding. This clearly indicates the need
for information campaigns and demand creation for PrEP among the non-MSM population
at risk of HIV when implementing PrEP, not only in France but also in other countries
where heterosexual transmission is an important factor in sustaining the epidemic.

4.4 Impact on the HIV epidemic in the Netherlands
This thesis has not covered the impact of PrEP on the population-level in the Netherlands.
The annual number of new HIV diagnoses has steadily been decreasing in the Netherlands
since 2008 [162]. In 2008, 1236 new diagnoses were made (870 among MSM), and in 2017
this number was 692 (516 among MSM). At public health STI clinics, 393 new diagnoses in
2008 (320 among MSM) and 249 in 2018 (224 among MSM) were made[118, 162, 163]. In the
same period, HIV testing has increased [118], late diagnosis has decreased, mostly among
MSM, and treatment is started sooner after diagnosis [162]. In the UN Global AIDS update
2018, the Netherlands is mentioned as one of just six countries worldwide that have
reached the 90-90-90 target [164]. The effect of each of the individual interventions on
these outcomes is uncertain. In 2015 and 2016 PrEP was started by MSM participating in
AMPrEP, followed by MSM participating in the InPrEP study in 2017 and 2018, and through
purchasing PrEP online or through local pharmacies with a prescription from a general
practitioner or public health service from 2017 onwards. Considering that the decrease in
new HIV diagnoses started well before enrolment in AMPrEP and InPrEP was completed,
and before the availability of generic PrEP in 2017, it is unlikely that PrEP has already had
a large effect on the HIV epidemic in the Netherlands. Possibly, the effects of PrEP have
added to the effect of improvements in HIV testing, early diagnosis and prompt treatment on the epidemic. Future data, stratified by risk group, on uptake of PrEP, HIV testing
and proportions testing positive, number of new HIV diagnoses, proportions with acute
HIV infection and proportions presenting late for care may provide further insights. Data
from the ACS and other cohort as well cross-sectional studies on HIV will provide further
insights in HIV incidence and prevalence, on uptake of PrEP by key groups, and on possible
additive population effects of PrEP on the HIV epidemic.

4.5 The prevention cascade
The 90-90-90 target set by UNAIDS in 2014 has been a major advocacy tool and has stimulated governments and programmes to ensure that all HIV-positive people are offered
treatment. The UNAIDS target is based on a cascade, starting with people living with HIV,
followed by the proportion diagnosed among those living with HIV, the proportion that
started treatment among those diagnosed, and the proportion having an undetectable
viral load among those that started treatment. If targets are reached, this improves the
health of people living with HIV and renders them no longer infectious. Such a simple,
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clear strategy is less well applicable to the HIV prevention field considering the diversity
of priority populations and interventions. Recently, a generic prevention cascade was proposed in Lancet HIV, consisting of three domains of motivation, access, and effective use
(e.g., PrEP adherence during periods at risk of HIV) in a priority population that is eligible
for PrEP (figure 5) [165]. Methods for measuring the domains of the cascade must be developed and validated. HIV prevention cascades can improve implementation of programmes
by identifying gaps in motivation, access, and effective use, and by using them as advocacy
tools. Cascades per key population can provide further insights in the most important gaps
for each group, informing prevention programmes.
In the Netherlands, data on the motivation to use PrEP by MSM, the first step of the
prevention cascade for MSM, are available [45, 46]. However, data about access, the second
step, are lacking as the national PrEP programme has not yet started. Effective use (i.e.
adherence, the third step) is currently being evaluated among the AMPrEP participants,
which will be partly informative for a larger group of MSM using PrEP. However, to evaluate effective use of event-driven PrEP is complicated as use needs to be assessed related
to episodes of risk. Data collection instruments that are easy to use, e.g.,apps, need to be
developed, evaluated and improved together with the community.

5. Recommendations
5.1 Monitoring and surveillance
Monitoring systems are needed to measure uptake of PrEP, stratified by key population,
ethnicity, and age. Monitoring the uptake among groups that need specific attention is
particularly important. These groups include young MSM, transgender persons, migrant
MSM, sex workers, and people who inject drugs. Denominators, i.e., numbers eligible for
PrEP, for these groups are needed to adequately assess PrEP coverage. Next to uptake, use
of daily versus event-driven PrEP regimens and its determinants, switching between those
regimens, PrEP persistence (i.e., continuing the use of PrEP while at risk for HIV infection)
adherence, reasons for stopping (or not starting), and use of other preventive measures
should be assessed. These data will enable us to fine-tune our campaigns, to evaluate
whether programmes reach vulnerable groups, and to estimate the impact of PrEP on the
epidemic and the cost-effectiveness of PrEP programmes.
Collecting data beyond the official programme may be undertaken using an app or another eHealth-based application for PrEP users. Such data collection instruments would
facilitate to collect additional data from the wider real-life setting, e.g.,also from informal
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PrEP users and those who use PrEP via general practitioner practices, where surveillance
systems are generally not in place.
Considering the high incidence of STI among PrEP users, and awaiting further research
on optimal testing frequency, we recommend 3-monthly testing of STI (CT and NG in
pharynx, rectum and urine, and syphilis) among MSM who use PrEP. HCV should be tested
bi-annually for those who never had an HCV infection; 3-monthly testing should be considered for those who had a previous HCV infection, as re-infection incidence rates are high.
Management of HIV breakthrough infections in a PrEP users should be determined on a
case-by-case basis. Expert advice can be sought if an infection occurs during presumed
good adherence, in which case a dried blood spot sample should be collected for assessing
long-term adherence by measuring tenofovir diphosphate levels. Expert advice can also
be helpful if a 4th generation ELISA test is positive in combination with an undetectable serum HIV RNA, In such cases diagnosis is not straightforward and highly sensitive viral load
tests, measuring integrated HIV DNA, or testing samples from other locations (e.g.,sigmoid
biopsies) should be considered.
In addition, immunological studies among PrEP users are needed to increase our understanding of PrEP failures.
During consultations, beliefs and attitudes of the PrEP user rather than those of the
health care provider should be taken as a starting point,. We recommend to explicitly
respect individual decisions about sexual expression, and use non-judgmental language;
motivational interviewing techniques should be used when speaking about (changing
one’s) sexual behaviour. The guideline “Motivational interviewing in the context of PrEP”
may be used for background information and practical information [166]. As mental health
problems and the use of drugs around sex (chemsex) are common among MSM using PrEP,
these topics should also be discussed, and referral for appropriate specialised care should
be offered if needed.

5.2 PrEP implementation for maximum impact
With the long-awaited start of the national PrEP programme in the Netherlands (planned
for the third quarter of 2019), we need to think ahead about how to ensure that PrEP will
be widely available and accessible in the next 5 years. For those who are young not yet
aware that they need PrEP for better protection and those who need to overcome barriers
to enter PrEP care, good access to PrEP is important. Denying access to PrEP to underserved
or marginalised populations because the maximum number of the programme is reached,
would be unacceptable. If the maximum capacity of 6,500 people is reached before the
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end of the 5-year programme, expanding the programme is needed to continue to meet
the needs of all key groups and provide truly comprehensive HIV preventive care. The
process of establishing national policies about a biomedical HIV prevention intervention
has proven to be fairly difficult and slow in the Netherlands (and elsewhere in Europe).
Realizing this, it seems wise to start sooner rather than later to formulate strategies for
future, sustainable PrEP implementation in the Netherlands after 2024.
Access to PrEP, as part of comprehensive preventive services, should be accessible, affordable and equitable. Services should be lesbian, homosexual, trans, intersex, and queer
(LHBTIQ)-friendly, and be culturally, financially and geographically accessible for all those
who may benefit from PrEP. Currently, several groups at risk of HIV may not feel that they
can benefit from PrEP, or do not consider PrEP as a valuable and important option for
them, and creation of demand is needed. The involvement of peers and communities can
contribute to this.
Offering PrEP at various types of health care settings (e.g., public and private clinics for
sexual health, and general practitioners) improves accessibility and should be considered.
To ensure affordability of PrEP care, and keeping in mind that those using PrEP are often
healthy people and not patients, hospital-based care is not the preferred type of care,
except for those with co-morbidities warranting the involvement of specialised health care
professionals. Task-shifting, e.g., from doctors to nurses (which is already the case in many
Dutch sexual health clinics) or non-medical personnel, should be explored. In addition, innovative and differentiated delivery models for the provision of PrEP may improve uptake
and warrant further evaluation.
People want options so they can make choices. We recommend offering a choice of daily
and event-driven PrEP and providing information on safely starting and stopping PrEP.
When new PrEP formulations or regimens that have a potential to create demand among
underserved populations enter the market, their added value should be assessed either in
demonstration projects or routine care.
It is of great importance that PrEP roll-out does not compete with other sexual health
services such as counseling and testing for women and contraceptive services. The risk of
decreased access to sexual health care for certain groups due to service pressure related
to PrEP care is not inconceivable: the proportion of consultations offered to MSM at the
Amsterdam STI clinic increased from 25% in 2014 to 40% in 2018 (personal communication Martijn van Rooijen). Ensuring accessibility of services for all populations in need is
crucial, and resources should be sufficient to cover additional costs related to PrEP care.
Co-payments in public health are uncommon in the Netherlands, but in the national PrEP
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programme an unprecedented system of co-payment for the PrEP medication will be
implemented. Whereas co-payments may be experienced as fair in the case of preventing
HIV [31] and could improve sustainability of programmes for all key groups, the accessibility
of the services should not be at stake, and waivers for certain groups may be needed.

5.3 Future research
Data on event-driven PrEP use are limited. Event-driven use of PrEP is not offered in many
countries, and if offered, the proportions opting for this regimen have generally been
smaller than for daily PrEP. Adherence to event-driven regimens is more difficult to assess
than for daily PrEP, as precise data on moments of HIV risk in conjunction with use of PrEP
are needed. In addition, people may alternately use event-driven and daily PrEP. More
research is needed to better characterize periods of event-driven PrEP use, and related
characteristics. To increase power, pooling data from settings where a choice between
daily and event-driven regimens are offered, should be considered.
The optimal frequency of testing for STI and HIV during PrEP use is not known. Quarterly
testing is used in many settings, mostly because this was the testing frequency in many of
the earlier PrEP trials and demonstration studies. Further research is needed to investigate
whether testing frequency can be reduced or should be increased, both overall and for
certain subgroups, depending on behavioural characteristics. Such studies should incorporate the potential negative outcomes for the individual (e.g., complications of untreated
STI), public health (e.g., more onward transmission, viral and antimicrobial resistance),
and cost-effectiveness.
Further cost-effectiveness analyses of programmes offering a choice of daily and eventdriven PrEP could provide important input for implementing PrEP. Costs for monitoring
and testing currently exceed medication costs in setting where generics are available, and
variations in monitoring and testing could be incorporated in these analyses for improved
insights.
People want options and programmes tailored to their needs; therefore, research into
innovative and differentiated delivery PrEP models is needed. Online PrEP provision, with
or without web-based consultation with a health care provider (ePrEP pathways) could
improve uptake and continued use among certain groups, e.g., those experiencing stigma
when visiting health care facilities, young people, or those with demanding jobs. Homebased self-sampling tests (i.e., the self-collected samples are sent to a certified laboratory
for testing), and, when available, good quality self-tests (i.e. the sample is a self-collected
and the test is performed by the client at home) for STI, warrant further assessment, with
special attention for counseling and clinical follow-up when testing positive.
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New PrEP formulations/regimens are needed to increase options. Several new products
are currently being investigated in preclinical and clinical settings [167]. We advocate for
the continuation of this research, including assessing the efficacy of innovative products
such as implants, films, fast-dissolving inserts, or multipurpose products that may protect
individuals not only from HIV but also other STI or pregnancy. Advocates and health care
policy makers will need to ensure that new products are priced in a way that ensures
access for all at risk of HIV.
Current tests for STI, especially NAAT-based tests for NG and CT, need advanced laboratory
facilities, have a turn-around time of hours to days, and are costly. Innovations in laboratory testing of STI are long awaited, to meet the needs for affordable point-of-care tests.
Considering the high STI incidence rates, PrEP cohorts are well-placed for research into
STI prevention, e.g., gonorrhoea vaccination or treatment trials, PrEP with doxycycline
to prevent syphilis [120], or behavioural intervention studies. We recommend developing
effective interventions to prevent and detect early HCV (re-) infections.
This thesis is not about PrEP for women. However, in many countries, (young) women
are at very high risk for HIV [168]. Not mentioning women at all in this thesis would be a
missed opportunity, and research on optimal PrEP programmes for women is needed.
Likewise, especially in jurisdictions where harm reduction measures are not in place,
people who inject drugs may be at risk of HIV infection. We recommend leaving no one
behind, and to focus on the development and implementation of effective PrEP products
and programmes for women, and implement comprehensive harm reduction programmes
including provision of PrEP for people who inject drugs.
The prevalence of HIV and STI among unselected populations of transgender persons is
unknown. We did not succeed in reaching transgender populations at risk of HIV in our
project. Assessment of their needs, characteristics, and preferred methods of receiving
gender-affirmative care is much needed.
Data on long-term adherence outcomes, especially using an objective adherence measure
such as tenofovir diphosphate in dried blood spots, are rare. Effective interventions to
improve adherence to PrEP are scarce; further research on such interventions is needed,
because adherence to PrEP is the key determinant of the efficacy to prevent HIV. Especially
eHealth-based strategies are promising and require further research.
We provided insight on a population-level into behaviour and incidence of STI in MSM
using PrEP. Nevertheless, there could be substantial variation between individuals with
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respect to trajectories of behaviour and acquisition of STI [169]. Insights into this variation and determinants of longitudinal patterns of STI risk could provide opportunities for
improved tailoring of care.
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Summary

Summary
Pre-exposure prophylaxis (PrEP) involves the use of antiretroviral agents, namely those
commonly used in the treatment of HIV, to prevent HIV infection. HIV-negative persons
engaging in behaviours that place them at high risk for HIV infection can substantially
decrease this risk through the use of PrEP. In the Netherlands, both men who have sex
with men and transgender persons with additional risk factors for HIV infection, such as
having anal sex without the use of a condom with casual partners, are key groups that
could benefit from PrEP. Previous research has shown that PrEP prevents HIV effectively, if
taken as prescribed, and is safe to use.
In this thesis, we discuss various aspects of implementing PrEP among men who have sex
with men and transgender persons in the Netherlands. In particular, we aimed to shed
light on whether the use of PrEP is associated with changes in sexual behaviour and the
incidence of sexually transmitted infections, including hepatitis C virus. We use data from
the Amsterdam PrEP demonstration project (AMPrEP), which started in 2015 with the
intent of assessing PrEP uptake, and acceptability and usability of PrEP in HIV-negative
men who have sex with men and transgender persons. One innovative part of AMPrEP’s
design is that participants were offered a choice of regimen: daily use of PrEP (one tablet
once daily) or event-driven use (consisting of two tablets before having sex, followed by
one tablet 24 hours and one tablet 48 hours later). Additional specific aims of this thesis
are to evaluate the attitudes of healthcare professionals towards PrEP implementation
and to study the adoption of health technology in order to monitor adherence.

Introduction and opinions of healthcare providers on pre-exposure prophylaxis
In chapter 1, we provided an overview of general information about PrEP, and its use
and implementation in high-income countries. We reviewed the scientific evidence on
which key groups are indicated for PrEP; the efficacy, toxicity, and adherence of PrEP;
the changes in sexual behaviour and occurrence of sexually transmitted infections such
as syphilis, gonorrhoea, chlamydia and hepatitis C during PrEP; the cost-effectiveness of
PrEP; and the attitudes of healthcare providers towards PrEP.
The engagement of various healthcare providers will be pivotal to effectively scale-up PrEP.
However, there could be barriers to prescribing PrEP observed within certain providers. For
instance, clinicians may be reluctant to give PrEP due to questions regarding its perceived
efficacy, safety, and cost. We studied the beliefs of healthcare professionals working in
clinics for sexually transmitted infections and HIV treatment centers in the Netherlands
(chapter 2). In 2015, acceptability of PrEP among healthcare professionals was observed
to be moderate. Educational programs for various types of healthcare professionals could
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help address barriers to PrEP acceptability and are needed to successfully implement PrEP
in the Netherlands.

Characteristics of men who have sex with men and transgender persons starting
pre-exposure prophylaxis
In chapter 3.1, we reported that the number of applications to participate in AMPrEP
was high and exceeded capacity. Most of the participants (374/376) were men who have
sex with men and two were transgender women. About three-quarters chose to initiate
daily PrEP and the remainder started event-driven use of PrEP. Participants reported a
high number of anal sex acts without using a condom before initiation of PrEP and we
observed a high prevalence of sexually transmitted infections at baseline. Those starting
event-driven PrEP were older, reported fewer condomless anal sex acts, used other daily
medication less often, and were more often involved in a steady relationship.
One remarkable finding, as reported in chapter 3.2, is that upon initiation of PrEP, about
one in 20 participants had evidence of hepatitis C infection. This prevalence is much higher
than previously reported among HIV-negative men who have sex with men. Viral strains of
AMPrEP participants with hepatitis C were compared to those found in HIV-positive men
who have sex with men, a well-known group at risk for hepatitis C infection, and to those
found in other risk groups. We found that viral strains in HIV-negative participants eligible
for PrEP were genetically similar to those in HIV-positive men who have sex with men, but
not in other risk groups for hepatitis C. This finding suggests that sexual transmission of
hepatitis C virus is occurring between HIV-positive and HIV-negative men who have sex
with men.

Use of health technology to monitor adherence of pre-exposure prophylaxis
In chapter 4, we described the use of a mobile application (app) to assess PrEP adherence
and sexual behaviour. Pill counts and drug level measurements can be straightforwardly
used to measure adherence in daily PrEP users; however, these indicators need to account
for sexual activity when assessing PrEP adherence in event-driven user. It is unknown
whether data on sexual behaviour and PrEP adherence can be feasibly collected via an
app. We found that among AMPrEP participants, the app was frequently used over the
first year, especially among those using daily PrEP. Among those consistently using the
app, adherence and sexual behaviour data collected through the app on a daily basis
were consistent with data from 3-monthly questionnaires. We concluded that an app is a
promising tool to assess PrEP adherence and sexual risk behaviour.

Summary

Outcomes of pre-exposure prophylaxis: sexual behaviour and incidence of
sexually transmitted infections, hepatitis C virus infections and HIV
In our project, akin to others, PrEP is observed to be effective in preventing HIV infection.
Of all AMPrEP participants, only two became infected with HIV. One person had stopped
taking daily PrEP and after receiving notification that a partner was infected with HIV,
was tested and diagnosed with acute HIV infection. The other person was a unique case,
which was assessed in detail (chapter 5.1). In this case report, we described how wild-type
HIV, that is, a virus without resistance to HIV medication, was diagnosed in a 50-year-old
participant. He reported consistent use of daily PrEP before testing positive, which was
substantiated with medication levels in dried blood spot samples. We reported the extensive workup in order to establish diagnosis. Since only an anti-HIV antibody response was
initially present, and no HIV was detected in various samples (including blood, leucocytes,
and rectal biopsies), confirming HIV infection was complex. Currently, this remains the
only case worldwide of a breakthrough infection with wild-type HIV despite good, proven
adherence to PrEP.
In the early days of PrEP, a decrease in condom use due to lower perceived risk of HIV
after initiation of PrEP was feared. This phenomenon is known as risk compensation. We
assessed various outcomes of PrEP, including those suggesting risk compensation: changes
in sexual behaviour and incidence of sexually transmitted infections. We compared sexual
behaviour in the three months before and in the fourth to sixth months after initiation of
PrEP (chapter 5.2). The number of times participants had sex without a condom increased
after starting PrEP, but the number of sexual partners and total number of sexual acts were
stable. Older age, the use of recreational drugs around the time of having sex, recent use
of post-exposure prophylaxis (that is, use of antiretroviral medication after known, at risk
exposure to HIV during sex) and choosing a daily PrEP regimen at baseline were associated
with an increase in sexual risk behaviour.
In the next part (chapter 5.3), we further elaborated on the potential for risk compensation
and evaluated sexual behaviour, incidence of HIV and of sexually transmitted infections for
both daily and event-driven use of PrEP during the first two years. In this comprehensive
chapter, we showed that despite the high overall numbers of diagnosed sexually transmitted infections, the incidence did not change over time. The rate of sexually transmitted
infections was higher in daily PrEP users compared to those using PrEP according to
the event-driven regimen, most likely as a result of differences in sexual behaviour. We
confirmed our previous finding that the number of condomless anal sex acts with casual
partners increased, yet the number of partners or total number of sexual acts did not
change over time. In addition, we reported a very low incidence of HIV.
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Incidence of hepatitis C infection during use of PrEP was assessed in chapter 5.4. We
reported a high incidence of hepatitis C infection, both of primary infection and of reinfection. Factors associated with hepatitis C infection during use of PrEP were receptive
anal sex without using a condom with casual partners, a recent anal sexually transmitted
infection, recent injecting drug use, and sharing straws when snorting drugs. Previously,
HIV-negative men who have sex with men were not considered to be a risk group for
hepatitis C infection, and guidelines have not advised for systematic screening in this
population nor including them in screening programs. However, the results from this chapter and chapter 3.2 clearly indicate an elevated risk for hepatitis C among men who have
sex with men in the setting of PrEP use. Recently, national and international guidelines
have included recommendations to screen HIV-negative men who have sex with men for
hepatitis C infection when starting and using PrEP.

General Discussion
In chapter 6, we summarise our results and provide several recommendations: how to
implement PrEP while achieving optimal impact on the HIV epidemic, how to monitor
PrEP adherence, and how surveillance can be implicated in PrEP users. The recommendations include monitoring PrEP uptake among young men who have sex with men, migrant
men who have sex with men, and transgender persons. Our existing campaigns and
programmes need to be fine-tuned to reach these vulnerable groups, while assessment
of their success requires evaluation. We suggest developing an eHealth-based application
to collect additional data on PrEP from non-research, real-life settings, where surveillance
systems are not always set in place. During consultations, beliefs and attitudes of PrEP
users themselves, rather than health care providers, should be taken as a starting point.
We recommend explicitly respecting individual decisions about sexual expression, while
using non-judgmental language to allow individuals to arrive at decisions. Offering PrEP at
various types of health care settings, including public and private sexual health clinics and
general practitioners, improves accessibility and should be considered. We also recommend offering a choice of daily and event-driven PrEP and providing information on safely
starting and stopping PrEP. It is of great importance that PrEP does not compete with
other sexual health services, such as counseling and testing for women and contraceptive
services, and services need to be allocated accordingly.
We also provide an overview of the current research gaps and opportunities for future
research. Data on event-driven PrEP use are limited, and more data are needed to improve our insights. Among transgender persons, assessing the prevalence and incidence
of HIV and other sexually transmitted infections, characteristics, and preferred methods
of receiving gender-affirmative preventive care remains a priority. The optimal frequency
for HIV and other sexually transmitted infection screening is not yet known for PrEP users.

Summary

Cost-effectiveness analysis of programs offering a choice of daily and event-driven PrEP, as
well as varying testing frequencies, could provide important input for PrEP implementing.
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Dit proefschrift gaat over het voorkómen van een hiv-infectie door het gebruik van medicijnen die een remmende werking hebben op hiv. Dit preventief gebruik van medicijnen
om een hiv-infectie te voorkómen noemen we pre-expositie profylaxe (PrEP). De pil is
bedoeld voor mensen die geen hiv hebben, maar die wel een verhoogd risico lopen om
geïnfecteerd te raken. In Nederland wordt PrEP vooral gebruikt door mannen die seks hebben met mannen en transgender personen die risico lopen op hiv. Dat is bijvoorbeeld door
het hebben van anale seks met losse partners zonder een condoom. Eerder onderzoek uit
het buitenland toonde al aan dat PrEP een effectieve manier is om hiv te voorkomen als
de pillen goed worden gebruikt. Ook weten we uit eerdere studies dat PrEP veilig is om te
gebruiken.
In dit proefschrift bestuderen we diverse aspecten van de implementatie van PrEP in Nederland. We gebruiken daarbij gegevens uit het Amsterdam PrEP project (AMPrEP). AMPrEP is een demonstratieproject voor hiv-negatieve mannen die seks hebben met mannen
en voor transgender personen. AMPrEP is gestart in 2015 met het doel om te onderzoeken
hoeveel mensen PrEP willen gebruiken en hoe het PrEP gebruik wordt ervaren. Het is de
eerste keer dat PrEP in Nederland wordt onderzocht en wereldwijd de eerste keer dat
deelnemers in een proefproject de keuze krijgen tussen dagelijks PrEP of PrEP volgens een
vaststaand schema voor en na seks zonder condoom. We onderzochten ook de mening
over en de houding ten opzichte van PrEP bij professionals in de gezondheidszorg, en het
gebruik van een mobiele applicatie voor het monitoren van het gebruik van PrEP.

Introductie en de mening van professionals in de gezondheidszorg over PrEP
In hoofdstuk 1 geven we een overzicht van de beschikbare kennis over PrEP en de status
wat betreft het gebruik van PrEP in landen met een hoog inkomen. We vatten de wetenschappelijke stand van zaken samen wat betreft de effectiviteit van PrEP, de bijwerkingen,
therapietrouw, veranderingen in seksueel gedrag en het optreden van andere seksueel
overdraagbare infecties zoals syfilis, gonorroe, chlamydia en hepatitis C. Ook gaan we in
op de verhouding tussen kosten en baten van de toepassing van PrEP, en op de meningen
van gezondheidszorgprofessionals over PrEP.
Om PrEP breed toe te passen zijn meerdere gezondheidszorgprofessionals nodig, maar
mogelijk hebben deze professionals barrières om PrEP voor te schrijven, of zorgen
rondom effectiviteit, veiligheid en kosten. Wij hebben meningen over PrEP onderzocht
onder gezondheidszorgprofessionals op poliklinieken voor seksuele gezondheid en in
hiv-behandelcentra in Nederland (hoofdstuk 2). We vonden dat de acceptatie van toepassing van PrEP niet hoog maar ook niet laag was in 2015. Om de acceptatie van PrEP te
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verbeteren en een succesvolle implementatie van PrEP in Nederland mogelijk te maken
adviseren we om de barrières die we vonden te verwerken in onderwijsprogramma’s voor
diverse groepen gezondheidszorgprofessionals.

Karakteristieken van personen die starten met PrEP
De interesse om deel te nemen aan AMPrEP was groter dan de capaciteit van het project;
voor wetenschappelijk onderzoek is dit zeer ongebruikelijk. Dit rapporteren we in hoofdstuk 3.1. Vrijwel alle deelnemers waren mannen die seks hebben met mannen (374 van
de 376 deelnemers) en slechts twee waren transvrouw (persoon die geboren is als man,
maar zich vrouw voelt). Ongeveer driekwart van de deelnemers koos ervoor om dagelijks
PrEP te gaan gebruiken, en de rest koos voor gebruik van PrEP rondom seks. Deelnemers
rapporteerden dat ze voordat ze met PrEP startten regelmatig zonder condoom anale seks
hadden. Daarnaast vonden we een hoge prevalentie (het vóórkomen van een ziekte of
infectie op een bepaald moment in een populatie) van seksueel overdraagbare infecties bij
inclusie in de studie. Deelnemers die kozen voor het gebruik van PrEP rondom seks waren
ouder vergeleken met degenen die kozen voor dagelijks gebruik. Ook rapporteerden zij
minder anale seks zonder condoom, gebruikten minder vaak andere dagelijkse medicijnen
en hadden minder vaak een vaste relatie.
Een bijzondere bevinding die we bespreken in hoofdstuk 3.2 is dat ongeveer 1 op 20
deelnemers een hepatitis C infectie bleek te hebben bij het starten van PrEP. Dit is veel
meer dan eerder werd gevonden bij hiv-negatieve mannen die seks hebben met mannen. De virusstammen bij deelnemers aan AMPrEP hebben we vergeleken met stammen
die werden gevonden bij hiv-positieve mannen die seks hebben met mannen en andere
risicogroepen voor hepatitis C. Het bleek dat de hepatitis C virusstammen gevonden in de
hiv-negatieve AMPrEP deelnemers leken op de stammen in hiv-positieve mannen die seks
hebben met mannen, maar niet op die in andere groepen. Dat suggereert dat er sprake
is van seksuele overdracht van hepatitis C tussen hiv-positieve en hiv-negatieve mannen
die seks hebben met mannen en PrEP starten. We adviseren daarom dat mannen die seks
hebben met mannen en die starten met PrEP of al PrEP gebruiken routinematig worden
getest op hepatitis C.

Het gebruik van en mobiele applicatie voor het monitoren van het gebruik van
PrEP
In hoofdstuk 4 beschrijven we het gebruik van een mobiele applicatie (app) om de therapietrouw (de mate van correct gebruik van medicijnen) van PrEP en seksueel gedrag
te meten. Voor het meten van therapietrouw bij dagelijks PrEP kan gebruik worden gemaakt van het tellen van het aantal pillen dat over is en het meten van medicijnspiegels
in bloed. Voor het bepalen van de therapietrouw van PrEP gebruikers die PrEP rondom
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seks gebruiken zijn meer geavanceerde methoden nodig, omdat het gebruik van PrEP in
relatie tot het hebben van seks zonder condoom moet worden meegenomen. Het gebruik
van een app voor het verzamelen van gegevens over seksueel gedrag en PrEP was nog
niet eerder onderzocht. Wij vonden dat tijdens het eerste jaar van deelname aan AMPrEP
de app regelmatig werd gebruikt, vooral door gebruikers van dagelijks PrEP. De gegevens
die dagelijks werden verzameld met de app waren vergelijkbaar met de gegevens van
driemaandelijkse vragenlijsten bij degenen die de app regelmatig gebruikten. We concluderen daarom dat een app een veelbelovende manier is om data te verzamelen over
therapietrouw van PrEP en seksueel gedrag.

Uitkomsten van PrEP: seksueel gedrag en het optreden van bacteriële seksueel
overdraagbare infecties, hepatitis C en hiv
In hoofdstuk 5.1 beschrijven we de ziektegeschiedenis van een 50-jarige deelnemer bij
wie we een hiv-infectie vaststelden met een normaal-gevoelig virus, dus zonder resistentie
tegen hiv-medicijnen. De deelnemer had zijn dagelijkse PrEP trouw geslikt, wat aangetoond werd in zijn bloed. Hierbij was een speciale test gebruikt die de medicijnspiegel
bepaalt in een op papier ingedroogde bloeddruppel. Deze test geeft het medicijngebruik
weer over een periode van enkele weken voor afname van het bloed. In dit hoofdstuk
rapporteren we over de moeilijkheden bij het stellen van de hiv-diagnose. Dit was omdat
er wel antilichamen tegen hiv werden gevonden, maar het virus zelf in eerste instantie niet
kon worden aangetoond in bloed, noch in witte bloedcellen of biopten uit de endeldarm.
Deze casus van een infectie met een normaal-gevoelig virus bij bewezen juist gebruik van
PrEP is tot nu toe de enige ter wereld.
Toen PrEP voor het eerst werd onderzocht waren er zorgen over zogenoemde “risico
compensatie”. Dat is het nemen van meer risico door een lagere inschatting van het risico
op een hiv-infectie bij gebruik van PrEP. Wij onderzochten diverse aspecten die kunnen
wijzen op risico compensatie, waaronder veranderingen in seksueel gedrag en de incidentie (het aantal nieuwe gevallen van een ziekte in een populatie per tijdseenheid) van
seksueel overdraagbare infecties. In hoofdstuk 5.2 vergelijken we seksueel gedrag in de
drie maanden voor starten met PrPEP, en maand 4 tot en met 6 na het starten met PrEP.
Over deze periodes vergeleken nam het aantal keren seks zonder condoom toe, maar het
aantal sekspartners en het aantal keren seks bleven stabiel. Factoren die samenhingen
met een toename van seksueel risico gedrag waren een hogere leeftijd, het gebruik van
drugs tijdens seks, gebruik van post-expositieprofylaxe (een kortdurende behandeling met
hiv-remmers nadat er risico is geweest op hiv via seks) en het kiezen van dagelijks PrEP bij
start van deelname aan AMPrEP.
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In hoofdstuk 5.3 gaan we verder in op veranderingen in seksueel gedrag, en bespreken
we de incidentie van hiv en seksueel overdraagbare infecties in de eerste twee jaar. Dat
doen we voor zowel dagelijks gebruik van PrEP als gebruik rondom seks. In dit uitgebreide
hoofdstuk laten we zien dat we veel soa hebben gevonden, maar dat de incidentie niet
toenam over de tijd. Dagelijks PrEP gebruikers hadden frequenter seksueel overdraagbare
infecties dan deelnemers die PrEP gebruikten rondom seks, wat vermoedelijk een gevolg
is van verschillen in seksueel gedrag tussen beide groepen. We bevestigen onze eerdere
bevinding dat het condoomgebruik afneemt, maar het aantal sekspartners en het aantal
keren seks veranderen niet over de eerste twee jaar. Verder rapporteren we dat PrEP in
ons project, net als in eerdere onderzoeken, effectief bleek in het voorkomen van een
hiv-infectie.
Naar aanleiding van de eerder gerapporteerde bevinding van een hoge prevalentie van
hepatitis C bij het starten van PrEP, bestudeerden we in hoofdstuk 5.4 de incidentie van
hepatitis C infecties tijdens PrEP gebruik. Deze incidentie was hoog, en zowel eerste
infecties als her-infecties (een nieuwe infectie na een succesvolle behandeling of spontane genezing van een eerdere hepatitis C infectie) kwamen frequent voor. Factoren die
samenhangen met een nieuwe hepatitis C infectie zijn het rapporteren van receptieve
anale seks met losse partners zonder condoom, een recente anale seksueel overdraagbare
infectie, het injecteren van drugs, en het delen van rietjes tijdens het snuiven van drugs.
Eerder werden hiv-negatieve mannen die seks hebben met mannen niet beschouwd als
een risicogroep voor hepatitis C infectie, en werd niet geadviseerd om hen te screenen.
De resultaten van dit hoofdstuk en hoofdstuk 3.2 tonen een verhoogd risico op hepatitis
C aan in een setting van PrEP gebruik door hiv-negatieve mannen die seks hebben met
mannen. Nationale en internationale richtlijnen adviseren nu om hiv-negatieve mannen
die seks hebben bij start en tijdens het gebruik van PrEP te testen op hepatitis C.

Discussie en aanbevelingen
In hoofdstuk 6 bespreken we alle resultaten en doen we diverse aanbevelingen: voor het
implementeren van PrEP zodanig dat het een belangrijke impact heeft op de hiv-epidemie,
voor het monitoren van PrEP en voor het analyseren van de effecten van PrEP in Nederland. Een van de aanbevelingen betreft het monitoren van het gebruik van PrEP door
jonge mannen die seks hebben met mannen, mannen met een migratieachtergrond die
seks hebben met mannen en transgender personen, zodat we de campagnes aan kunnen
passen en evalueren of de PrEP programma’s deze kwetsbare personen wel bereiken. We
suggereren om een applicatie gebaseerd op eHealth te ontwikkelen, om op deze manier
gegevens te verzamelen bij personen die PrEP gebruiken buiten officiële programma’s
en onderzoeksprojecten. De meningen en opvattingen van de PrEP gebruiker moeten
centraal staan, en niet die van de zorgverlener. We adviseren om individuele beslissingen

Nederlandse samenvatting

over expressie van seksualiteit expliciet te respecteren, en om te communiceren op een
niet-oordelende wijze.
Het aanbieden van PrEP bij diverse gezondheidszorglocaties, waaronder publieke en
private zorginstellingen en huisartspraktijken, vergroot de toegankelijkheid tot PrEP en
zou moeten worden overwogen. We raden aan om een keuze tussen dagelijks gebruik
van PrEP en gebruik rondom seks aan te bieden, gecombineerd met informatie over de
verschillende innameschema’s en over hoe veilig gestart en gestopt kan worden met
PrEP. Het is van groot belang dat PrEP andere vormen van seksuele gezondheidszorg niet
verdringt, zoals voorlichting en contraceptie voor jonge vrouwen.
Ook schetsen we de lacunes in de huidige kennis over de toepassing van PrEP en mogelijkheden voor toekomstig onderzoek. Gegevens over het gebruik van PrEP rondom seks zijn
relatief beperkt, en meer gegevens zijn nodig om ons inzicht hierin te verbeteren. Over
de prevalentie van hiv en seksueel overdraagbare infecties bij transgender personen in
Nederland is weinig bekend. Ook is er weinig onderzoek gedaan naar de manieren waarop
transgender personen passende preventieve zorg op het gebied van seksuele gezondheid
zouden willen krijgen.
De optimale frequentie van testen op hiv en seksueel overdraagbare infecties onder
mensen die PrEP gebruiken, is niet bekend. Kosteneffectiviteitsanalyses die verschillende
programma’s die een keuze aanbieden tussen dagelijks PrEP en PrEP rondom seks met elkaar vergelijken, en verschillende frequenties van testen onderzoeken, kunnen belangrijke
inzichten verschaffen voor de implementatie van PrEP.
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PHD training
Year

General courses

2014

Basic course on Regulations and Organisation for clinical investigators (BROK),
AMC, the Netherlands

ECT

2017

Project Management, AMC Graduate School, the Netherlands

0.6

2018

BROK re-registration training

0.5

1

Specific courses
2014-2019

Weekly PhD educational hour (Seminars, Journal Club, Peer Education,
Epidemiology class), Department of Infectious Diseases, Public Health Service of
Amsterdam, the Netherlands

2014

Biostatistical methods I, Basic Principles, Netherlands Institute for Health
Sciences (NIHES), Erasmus Medical Center, the Netherlands

10.5

2

2015

Media training (8 hours)

0.5

2017

Logistic Regression, Netherlands Institute for Health Sciences (NIHES), Erasmus
Medical Center, the Netherlands

1.4

2018

Motivational Interviewing, STI clinic, Public Health Service of Amsterdam, the
Netherlands

1

Seminars, workshops, master classes
2015

Workshop on PrEP, Nationaal Congres Soa Aids Nederland soa*hiv*seks 2015
(co-organiser of this workshop)

0.2

2016

Workshop: Op weg naar 0 nieuwe hiv-infecties: PrEP helpt daarbij, Nationaal
Congres Soa Aids Nederland soa*hiv*seks 2016 (co-organiser of this workshop)

0.2

2017

Workshop on PrEP consultations, Nationaal Congres Soa Aids Nederland
soa*hiv*seks 2017 (co-organiser of this workshop)

0.2

2016

PrEP workshop at the GGD Amsterdam by prof Sheena McCormack, London (coorganiser of this workshop)

0.2

Oral (abstract) presentations (first author only)
2015

Early experiences from the Amsterdam PrEP project, Netherlands Conference
on HIV Pathogenesis, Epidemiology, Prevention and Treatment (NCHIV),
Amsterdam, the Netherlands

0.5

2015

Beliefs and attitudes towards pre-exposure prophylaxis prescription among
health care providers: a qualitative study, AIDS Impact conference, Amsterdam,
the Netherlands

0.5

2015

Pre-exposure prophylaxis for HIV prevention among MSM in Amsterdam: the
AMPrEP demonstration project, AIDS Impact conference, Amsterdam, the
Netherlands

0.5
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2016

More participants prefer daily PrEP to event-driven PrEP: baseline characteristics
in a Dutch PrEP Demonstration Project, Netherlands Conference on HIV
Pathogenesis, Epidemiology, Prevention and Treatment (NCHIV), Amsterdam,
the Netherlands

0.5

2017

Acute infection with a wild-type HIV-1 virus in pre-exposure prophylaxis (PrEP)
user with high TDF levels, for yearly meeting of the Dutch Association of HIVtreating Physicians (NVHB)

0.5

2017

HIV and sexually transmitted infections (STI) in daily and event-driven PrEP
users: interim results from the Amsterdam PrEP demonstration project,
Netherlands Conference on HIV Pathogenesis, Epidemiology, Prevention and
Treatment (NCHIV), Amsterdam, the Netherlands

0.5

2018

High incidence of hepatitis C virus (re-)infections among PrEP users in the
Netherlands: implications for prevention, monitoring and treatment, for the
International AIDS conference, Amsterdam, the Netherlands

0.5

Poster abstract presentations (first author only)
2016

More participants prefer daily PrEP to intermittent PrEP: baseline characteristics
in a Dutch PrEP Demonstration Project, International Aids Conference, Durban,
South Africa

0.5

2017

High prevalence of hepatitis C virus among HIV negative MSM in Amsterdam
PrEP project, Conference on Retroviruses and Opportunistic Infections, Boston,
US

0.5

2017

Acute infection with a wild-type HIV-1 virus in PrEP user with high TDF levels,
Conference on Retroviruses and Opportunistic Infections, Boston, US

0.5

2018

Incident HIV, hepatitis C and other STI in daily and event-driven PrEP users,
Conference on Retroviruses and Opportunistic Infections, Seattle, US

0.5

2018

Different PrEP modalities for different people: switches between daily and
event-driven PrEP among MSM and TGP, International AIDS conference,
Amsterdam, the Netherlands

0.5

Invited talks
2015

Presenter on PrEP as prevention at the Norwegian national HIV conference,
Oslo, Norway

0.5

2015

PrEP en het AMPrEP project van de GGD Amsterdam: onderdeel van het
H-TEAM, soa & hiv expertmeeting, RIVM, Bilthoven, the Netherlands

0.5

2016

The Amsterdam PrEP project, for the Second European HIV prevention summit,
European AIDS Treatment Action group and AVAC, Brussels, Belgium

0.5

2016

Pre-expositie Profylaxe voor hiv preventie: update en eerste resultaten vanuit
het Amsterdam PrEP project, soa & hiv expertmeeting, RIVM, Bilthoven, the
Netherlands

0.5

2016

Eligibility Criteria for PrEP in Europe, European Centers for Diseases Control,
Meeting on pre-exposure prophylaxis in the EU/EEA setting: challenges and
opportunities, Stockholm, Sweden

0.5

2016

Speaker at the PrEP debate: PrEP (n)iets voor jou, in de Balie

0.2
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2017

Understanding the Amsterdam seroconversion case and retesting with serology
on PrEP, closed technical meeting on quality HIV testing services in the context
of ARVs, World Health Organization, Durban, South Africa

0.5

2017

Speaker at the “ PrEP Debacle”, by AIDSFonds and Club Church, Amsterdam, the
Netherlands

0.2

2017

Speaker at the yearly information meeting for people living with HIV in Carré,
Amsterdam, the Netherlands

0.2

2017

Presentation about a PrEP failure case at the Public STI clinic of San Francisco,
US

0.2

2018

PrEP implementation: drawing lessons from the past, PrEP Summit, Amsterdam,
the Netherlands

0.5

2018

Panel about PrEP at expert meeting about the future of HIV, organised by the
HIV vereniging, Amsterdam, the Netherlands

0.2

2018

PrEP in Europe: challenges and opportunities, for the International Union
against Sexually Transmitted Infection (IUSTI), Dublin, Ireland

0.5

2018

Transgender persons, HIV and prevention, including PrEP, in the Netherlands: an
update, for the pre-conference to the International AIDS conference 2018: HIV
prevention among transgender people, Amsterdam, the Netherlands

0.5

2018

PrEP in the Netherlands: Monitoring and reporting, for the European Centers for
Diseases Control, Pre-exposure prophylaxis in the EU/EEA. PrEP service delivery
and monitoring: minimum standards and key principles, Stockholm, Sweden

0.5

2019

Country perspective on management of STIs within PrEP services, STI and PrEP
Think Tank Meeting, World Health Organization, Montreux, Switzerland

0.5

2019

Wat hebben we geleerd van AMPrEP? Soa & hiv expertmeeting, RIVM,
Bilthoven, the Netherlands

0.5

(Inter)national conferences visited
2014

Controlling the HIV Epidemic with Antiretrovirals, IAPAC, London, UK

0.4

2015

AIDS impact conference, Amsterdam, the Netherlands

0.6

2015

Netherlands Conference on HIV Pathogenesis, Epidemiology, Prevention and
Treatment (NCHIV), Amsterdam, the Netherlands

0.2

2015

Controlling the HIV Epidemic with Antiretrovirals, IAPAC, Paris, France

0.4

2016

Conference on Retroviruses and Opportunistic Infections, Boston, US

0.9

2016

International AIDS Conference, Durban, South Africa

1.5

2016

Netherlands Conference on HIV Pathogenesis, Epidemiology, Prevention and
Treatment (NCHIV), Amsterdam, the Netherlands

0.2

2017

Conference on Retroviruses and Opportunistic Infections, Seattle, US

2017

IAS Conference on HIV science, Paris, France

1.5

2017

Netherlands Conference on HIV Pathogenesis, Epidemiology, Prevention and
Treatment (NCHIV), Amsterdam, the Netherlands

0.2

1

2018

Conference on Retroviruses and Opportunistic Infections, Boston, US

0.9

2018

Internistendagen, Maastricht, the Netherlands

1.1

2018

Conference of the international Union against Sexually Transmitted Infection
(IUSTI), Dublin, Ireland

1
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2018

International AIDS Conference, Amsterdam, the Netherlands

1.5

2019

Conference on Retroviruses and Opportunistic Infections, Seattle, US

0.9

2019

Internistendagen, Maastricht, the Netherlands

1.1

Other academic activities
2014-current Member of the H-TEAM core group

3

2015-2019

Work visits to San Francisco, US, (2015, 2017), Antwerp (2015, 2017, 2018,
2019)

3

2015

Delegate to the Wilton Park meeting: A new era: redefining the response to HIV
in Europe, London, UK

1

2015-current Member of the Acute HIV test and linkage to care project, GGD Amsterdam

1

2018-current Member of the “Syfilis project in Amsterdamse MSM” (SIAM) research team

0.5

2018

Member of the core group for the local activities GGD Amsterdam, AIDS 2018
conference, Amsterdam

2018-current Member of the We Are Prepared team (preparation of national implementation
of PrEP)

2
0.8

2017-current Local co-investigator of the international multicenter DISCOVER study

2

2017 -2019

Co-writer of the Dutch PrEP guidelines (2017), and the updated version (2019)

2

2018

Member of the STI guidelines writing committee, the Netherlands

1

2018

Member of the local organizing committee of the pre-conference to the
International AIDS conference 2018: Understanding and Addressing the HIV and
STI Syndemics, Amsterdam, 2018

1

2015-2019

Peer-reviewer for international journals: OFID (1), Lancet HIV (3), Sexually
Transmitted Infections (2), The Journal of Infectious Diseases (1)

1.5

2018

Peer-reviewer of abstracts submitted to the HIVR4P conference, 2018, Spain

0.2

2019

Participant of the European AIDS Treatment Network (NEAT) consensus
conference on Acute HCV, Amsterdam, 2019

0.2

Societal Impact activities
2015

AMPrEP was covered by the Dutch broadcasting organisation (NOS) and RTL
news in the evening news on Dutch national television

2015

Short live interview in the talk show “Jinek” with Eva Jinek

2015

Interview at national radio program “De Kennis van Nu”

2015

“Hiv-killer mag op proef aan de slag”, frontpage interview about AMPrEP in the
national daily newspaper Het Parool

2015

“Hiv voorkomen met een pil. Dat kan nu.” Frontpage article on AMPrEP in the
national newspaper NRC next

2015-2018

Series of 3 articles on user experiences of PrEP in national daily newspaper de
Volkskrant

2016

“Een jaar lang aan de PrEP”, article in national daily newspaper NRCHandelsblad

2016

“Amsterdams team zoekt naar mensen met hiv die het zelf niet weten”, item on
the H-TEAM, including AMPrEP, in television news show “Nieuwsuur”
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2017

“Halt aan hiv”, article in Quest, a magazine on science for the general population

2017

Live short interview in late night show “Lekker Laat!” with Paul de Leeuw

2017

Participation in PrEP&ME, a documentary on PrEP by Tim Dekkers

2018

“Op zoek naar de laatste 400 Amsterdammers met hiv (die dat zelf niet weten)”,
item on the H-TEAM, including AMPrEP, in television news show “Nieuwsuur”

2018

“De jarenlange emancipatiestrijd voor anti-hiv-middel PrEP”, interview and
article in monthly magazine Vrij Nederland

2018

Several activities, including the sceening of documentary PrEP&Me, and
participating in the Positive Flame tour, at the Global Village during the
International AIDS Conference 2018, Amsterdam, the Netherlands

2015-2018

Interviews/articles about AMPrEP in Dutch media targeting MSM: Winq (4
times), Gaykrant (1 time), Hello Gorgeous (2 times), Poz and proud (1 time)

2016-2019

International dissemination of AMPrEP results through media: the Guardian
(1 time), Aidsmap.com (8 times), poz.com (3 times), thebodypro.com (1 time),
hivplusmag.com (1 time)
Teaching

Year

Tutoring, Mentoring

2015-2016

Nathalia Vredeveld, trainee from city of Amsterdam: “International profile of
Amsterdam with regard to its HIV control efforts”

ECT
2

2015-2016

Fernando Dias, bachelor student medicine (University of Amsterdam),
“Knowledge, attitudes and beliefs of HIV specialists and HIV nurse practitioners
about pre-exposure prophylaxis for HIV prevention”

2

2016

Marieke Vlek, master student medicine (University of Groningen), “Sexual
satisfaction in men who have sex with men starting on pre-exposure prophylaxis
for HIV”

2

2016

Anna van Laarhoven, master student medicine (University of Amsterdam),
“Changes in sexual (risk) behaviour among daily PrEP users after 6 months of
use in the AMPrEP study”

2

2017

Renee Finkenflügel, master student biomedical sciences (Vrije Universiteit
Amsterdam), “Feasibility of using a mobile application to gather data on preexposure prophylaxis adherence and sexual risk behaviour among men who
have sex with men: use over time and comparability with conventional data
collection”

2

2018

Patricia Zaandam, master student epidemiology (University of Maastricht),
“Improving adherence to oral HIV pre-exposure prophylaxis with a mobile
application among men who have sex with men and/or transgender persons
in Amsterdam: interim results from a randomized controlled trial nested in a
cohort study”

2

2018

Sanne Wildbret, bachelor student medicine (University of Amsterdam), “Risk
compensation among users of preexposure prophylaxis for HIV”

1

2018

Julian Alexander Portocarrero, PhD student (Epidemiology, Universidad
Autónoma de Madrid), Public Health Internship and research into disclosure of
use of PrEP as a proxy of PrEP-related stigma in AMPrEP

1
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2019

Francine van Wifferen, master student biomedical sciences (University
of Nijmegen), “PrEP in men who have sex with men: impact on the costeffectiveness of optimizing the testing protocol of HIV, other sexually
transmitted infections and kidney function”

2016-2018

Initiator of peer supervision for PhD students at the GGD Amsterdam

2

0.5

Supervising
2014-current Supervision of dermatologists in training during their internship at the STI clinic

5

2014-2016

1

Supervision of interns social medicine and dermatology

2018-current Supervision of Mark van den Elshout, PhD student in the AMPrEP study team

2

2018-current Supervision of Ceranza Daans, PhD student at Center of Expertise on Gender
Dysphoria and GGD Amsterdam, studying HIV and STI in transgender persons

1.5

2019

Supervision of Vita Jongen, PhD student in the AMPrEP study team

1

Lecturing
2016-2018

PrEP protects against HIV… should we implement it?? For the PhD course
Infectious Diseases of the AMC Graduate School

0.5

2017-2018

Public Health implications of HIV infections, HIV Masterclass, Virology Education

0.5

2015-2018

PrEP and AMPrEP, HIV, hepatitis B and C, for European dermatologists in training
for the European Association of Dermatology and Venerology (EADV)

1

2017-2018

PrEP and AMPrEP, HIV, hepatitis B and C, for Dutch dermatologists in training

2017-current PrEP and AMPrEP, HIV, hepatitis B and C, for medical doctors and nurses at the
Netherlands School of Public Health (NSPOH)
2018-2019

Nieuwste wetenschappelijke gegevens rond PrEP en AMPrEP en de toekomst
van PrEP, for general practitioners in Amsterdam, Amsterdam, the Netherlands

2019

PrEP protects against HIV… should we implement it?? For the Epidemiology
of Infectious Diseases course of the Netherlands Institute for Health Sciences
(NIHES)
Parameters of Esteem

Year

Scholarships

2016

International Scholarship 2016, to attend the International AIDS conference,
Durban, South Africa

2017

New Investigator Scholarship, 2017, to attend the Conference on Retroviruses
and Opportunistic Infections, Seattle, US

2018

New Investigator Scholarship, 2018, to attend the Conference on Retroviruses
and Opportunistic Infections, Boston, US
Research funding obtained

2015

ZonMw grant infectieziektebestrijding 2015-2019: Evaluation of a demonstration
study of daily and intermittent, event-driven PrEP for HIV prevention in MSM in
Amsterdam (project leader)

0.5
0.5
1
0.5
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2015-2019

Research grant from Gilead Sciences for the AMPrEP project (PrEP medication
2015-2019; additional grant 2018-2019)

2019

Additional grant from ZonMw: Non-daily use of HIV Pre-exposure prophylaxis: a
tale of two cities (project leader, co-PI)

2019

AIDSfonds grant, Nederland naar nul nieuwe hiv-infecties programma: EZI-PrEP
(E-health for Zero Infections) - facilitating access to and use of Pre-Exposure
Prophylaxis (PrEP) in The Netherlands (co-PI)
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andere Boston en Londen. Dank voor alles, en ik ben blij dat we in de toekomst samen
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problemen of complicaties. Wij blijven heel nauw samenwerken; daar heb ik veel vertrouwen, en zin in.
Beste Maarten, co-promotor. Ik herinner me nog goed ons eerste gesprek: je was kritisch
over PrEP, maar wel van mening dat het onderzocht moest worden. Die instelling hielp bij
de communicatie over de start van AMPrEP toen er ook wel kritische geluiden waren. Je
mening stel je gelukkig ook bij indien van toepassing. Je bent heel precies, in formuleren
van onderzoeksvragen, rapportage van resultaten, voorbereiden van vergaderingen, en
dat maakte van ons een goede match.
Het AMPrEP team: Roel, wat was het fijn dat jij kwam, en om samen met jou het team
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artikelen geschreven, en nog veel meer. De deelnemers waren dol op je, en vaak raakte je
echt een gevoelige snaar tijdens de consulten.
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noten.
Allerbeste deelnemers van AMPrEP, de meeste dank gaat uit naar jullie! Jullie hebben
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Speciale dank gaat ook uit naar de huidige en voormalige leden van de community groep
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van hiv, PrEP en soa. Bart-Jan, mijn dank aan jou voor het vormgeven, organiseren en
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plezierige discussies: Marie Laga, Marc van der Valk, Menno de Jong, Janneke van de
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Mede (voormalig) onderzoekers en andere collega’s: dank voor alles. Freke (tevens fijne
kamergenoot!), Ellen (maar kort kamergenoten geweest, wel heel gezellig gehad), Astrid,
Elske M (twee Elske’s op één afdeling, dat was wel heel bijzonder), Susanne, Ward, Eline,
Tamara, Marita, Silvia, Bas (ik bewonder je werk voor de InPrEP studie, dat doe je super
goed!), Ceranza (spannend onderzoek, ben blij dat ik je mag begeleiden), Marije (eerst
al samengewerkt binnen het H-team, ben blij dat je nu voor onderzoek bij de GGD hebt
gekozen), Maartje Dijkstra, Maartje Basten, Amy, Maarten Bedert, Wendy, Samantha,
Leeann, Ivette, Laura, Marc van W, Iris, Ai-Hsiang, Robert (redders in nood bij ingewikkelde
begrotingen en afrekeningen), Clarissa, Juan Carlos, Menne, Jeroen, Marleen, Adriaan (je
bent een grote hulp), Marjo, Marjolein, Daniela, Wijnand, Myrthe, Yuda, Jannie, Carolien,
Nienke, Ronald, en Ineke.
Ook dank aan de stagiaires binnen AMPrEP: Fernando, Marieke, Anna, Renee, Jasmina,
Patricia, en Francine.
It was great to have researchers from abroad to collaborate: thank you Alexander Portocarrero from Colombia/Spain for your contributions.
Vanaf de eerste voorbereidingen voor AMPrEP was er samenwerking met de onderzoeksgroep van het Instituut voor Tropische Geneeskunde in Antwerpen, België, onder leiding
van Marie Laga, die met Be-PrEP-ared een vergelijkbaar onderzoek opzette. Dank aan
Marie, Bea, Thijs, Christiana, Tom, Irith, Kristien, Laura en Kurt voor de prettige bezoeken
over en weer. Thijs, het was nuttig en plezierig dat jij enkele maanden op uitwisseling
bij ons was. Heel mooi dat we nu financiering hebben om de samenwerking verder in te
vullen, met hulp van Vita en Mark.
Allerbeste medewerkers van de soa-poli Amsterdam, wat voel ik me welkom bij jullie, eerst
als supervisor, en nu als jullie hoofd. Jullie vormen een bonte mix van mensen met heel
veel en diverse kwaliteiten. Dank voor jullie samenwerking, goede ideeën, opbouwende
kritiek, support en gezelligheid. Ik kijk uit naar de toekomst met jullie samen!
Maria Oud, wij delen een grote interesse voor internationale samenwerking. Heel fijn dat
jij de teams daarin ondersteunt. De AIDS 2018 conferentie in Amsterdam was de kers op
de taart, en jij was de spin in het web- wat hebben we super veel georganiseerd. En nu op
naar de grote ISSTDR conferentie in 2021 in onze stad.
Beste H-TEAM collega’s, Peter Reiss, Godelieve de Bree, Febe Deug, Marc van der Valk, Jan
van Bergen, Maria Prins, Michiel Heiderijk, Suzanne Geerlings, Ard van Sighem, Anthony
Oomen, Udi Davidovich, Wim Zuilhof, Pieter Brokx, Judith van der Schaaf, Nina Schat,
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Saskia Bogers, samen staan we sterk! Ik ben er trots op dat we met zo veel achtergronden
en organisaties samenwerken om hiv in Amsterdam terug te dringen op alle mogelijke
manieren. Laten we dat blijven doen zolang als nodig is. Dank voor jullie input, nuttige
suggesties en ondersteuning van AMPrEP, waarmee dit proefschrift het eerste (en ongetwijfeld niet het laatste) is van het H-TEAM.
Dank aan alle co-auteurs die ik nog niet heb genoemd: Peter Anderson, Doug Krakower,
Ken Mayer, Jan Prins, Marion Cornelissen, Suzanne Jurriaans, Jelle Koopsen, Neeltje Kootstra, Janke Schinkel en Lycke Woittiez.
“Ik zal mijn vrienden nooit vergeten, want wie me lief is, blijft me lief.”
Ramses Shaffy
Ook al lukt het niet altijd om regelmatig af te spreken, ik ben blij met mijn vrienden!
Enkelen wil ik graag even speciaal noemen.
Lieve Marijke, fluitist, vogelaar, natuurkenner en voorlichter op Schiermonnikoog. Heel
eigenwijs je eigen pad gekozen, met keuzes die niet altijd voor de hand lagen. Samen
op de eerste vakantie zonder ouders, vogels kijken, heel veel kopjes thee drinken, in het
prachtige Suriname -muskieten trotserend- op bezoek bij de schildpadden, en zo kan ik
nog wel even door gaan. Wat een bijzondere vriendin ben jij!
Lieve Marieke, idealist vol passie en energie, liefde voor muziek, betrokken huisarts, hart
voor educatie. We waren veel samen op pad, met de IFMSA, en later ook samen weekendjes weg, en skiën. Tijdens onze studie organiseerden van alles, we waren altijd bezig met
verbindingen maken, voorlichten. Schreven een brief naar Desmond Tutu en kregen ook
nog antwoord. Die basis die wij samen legden kwam heel goed van pas bij het organiseren
van AMPrEP. Ik vind het altijd fijn om jou, Maarten, Anne, Tobias en Casper te zien.
Lieve Nienke, ook onze vriendschap gaat al heel lang mee. Samen zeilen, naar de wadden,
lekker eten, goede gesprekken. Het avontuur is nooit ver weg in jouw leven, en dat vind
ik inspirerend.
Lieve Roos, wat ik zo leuk aan jou vind is dat jij zo open en geïnteresseerd bent. Lang
geleden gingen we samen liften, naar België, en zelfs naar Berlijn; die tijd is voorbij maar
wie weet wat de toekomst nog gaat brengen.
Lieve pap en mam, dank voor alle liefde, ondersteuning, het stimuleren van avontuurlijkheid en reizen, het bijbrengen van liefde voor lezen, muziek, kunst&cultuur, en bovenal
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het waardevolle advies om zo veel mogelijk en zo lang mogelijk te blijven leren. Zie hier
het resultaat: mijn verhaaltjesboom heeft een wetenschappelijk tintje gekregen en zo heb
ik tóch nog een boek geschreven.
Lieve Marianne, lieve zus, zo verschillend als we zijn, zo verbonden voel ik me met jou. Ik
bewonder het hoe je je eigen pad kiest en je hart volgt. Rob, Thijs en Sarah, het is altijd
fijn om jullie te zien. Een heel goede tijd gewenst op jullie superavontuurlijke wereldreis.
Lieve Daniël, altijd veel goede ideeën, bijnamen voor iedereen, family man, super leuke
oom. Ik ben benieuwd of je zelf ook nog een keer gaat promoveren… Heel fijn dat je
me bijstaat als paranimf! Lieve Tiffany, wat ben jij heerlijk enthousiast en motiverend. Ik
bewonder je visie, je energie, en je gedrevenheid en ik word altijd vrolijk van jullie en van
Floris.
Lieve Bob en Cilia, jullie bijdrage is niet gering: zonder alle hulp was dit boekje nog lang
niet af geweest. Een snelle rekensom komt uit op 750 dagen dat “de meisjes” bij jullie
waren. En altijd mochten we mee eten en was er tijd om even bij te praten. Jochgem,
Amber, Herman, met Bobbie, Rover, Meis, en baby-op-komst: wat een heerlijke familie
zijn jullie!
Lieve Lieve en Bente, dank jullie voor de duizenden knuffels die jullie me altijd geven,
grapjes die jullie maken, en gezelligheid! Het schrijven van dit boek was de afgelopen jaren
mijn werk, en dat vond ik leuk om te doen. Als ik thuis kwam, waren jullie er. Dan was het
gezellig, kletsten we, deden we dingen samen. Dat is zo fijn, en herinnerde me er altijd
weer aan wat het allerbelangrijkste is in mijn leven. Ik hoop dat jullie later ook je eigen pad
zullen volgen, en kiezen om iets te gaan doen wat je leuk en belangrijk vindt. Ook al weet
je nu nog niet wat dat is, als je open blijft staan voor nieuwe ervaringen en avonturen dan
kom je daar vanzelf achter.
Lieve Foke, je bent aangekomen bij het leukste stuk van mijn proefschrift! Ik mag hier
niet schrijven wat iedereen al schrijft… dus niet dat ik eindelijk weer meer tijd voor je zal
hebben, dat dit proefschrift er niet zou zijn zonder jouw niet-aflatende steun, en dat ik
altijd voor goede adviezen bij je terecht kan… dus dat doe ik dan ook maar niet. Je hebt
vele talenten, en hebt het prachtige omslag gemaakt voor dit boek. Dank! We kiezen nooit
voor de makkelijkste en meest voor de hand liggende weg, en daarmee is ons leven niet
saai. Ik ben blij met je, en kijk uit naar ons volgende avontuur. Wat zou het worden? Het
kan vele kanten op, en dat is een heerlijk gevoel!
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